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* DEVILS LAKE FLOOD CONTROL PROJECT
V SECTION 205

DETAILED PROJECT REPORT

THE STUDY

On October 3, 1979, the Devils Lake Basin Joint Water Management

Board requested that the Corps of Engineers investigate the

feasibility of flood control measures at Devils Lake, North Dakota.

The board requested the study because the water level of Devils Lake

has increased about 28 feet in the last 40 years. This rising water

level threatens to flood a considerable amount of property. The

request from the board and a supporting resolution from the Souris-

Red-Rainy River Basin Committee of the Upper Mississippi River Basin

Commiision are in appendix H.

In February 1980, the St. Paul District of the Corps of Engineers

completed a reconnaissance report. That report concluded that flood

control measures were potentially feasible and recommended that more

detailed studies be prepared. This detailed project report has been

prepared in response to the reconnaissance report recommendation

under the authority of Section 205 of the 1948 Flood Control Act, as

amended.

PRIOR REPORTS

-4 Except for the reconnaissance report, no prior reports specifically

address the flood threat to the city of Devils Lake. The following

4 studies generally address water resource problems in the Devils Lake

basin:

1. Proposed interim report on the Devils Lake basin.

In the early 1960's, the St. Paul Distriot held a series of public

meetings throughout the Red River basin, including one at Devils Lake

1_X _ 1p'.4



arA another at Lakota, North Dakota. The principal water resource

prohlem reported was the inundation of agricultural lands caused by

floodwaters collecting in depressed wetland areas and -3mal' lake3

wIth inadeqgiate outlets. Flooding caused by nigh water levels in

Devili Lake was not a concern at trat time. The 5t. Paul District

levplops'i a plan to reduce flood damages by impro/;ng the natural

onannel tnrough the chain of lakes north of Devils Lake to tne main

lee via Majvai.9 Coilee and Big Coulee near Churches Ferry, North

-I'a)ta. However, because of the circuitoun rout- of the nat iral

ihannel ani the large number of bridge changes, local interest.3

fsvore.i a mcre lirect route involving construction of a new channel

from Dry Lake to Devils Lake. As a result, the proposed interim,

report on the Devils Lake subbasin was not comp!ioted.

2. Souris-Red-Rainy River Basins, Comprehensive Study: Type II

Study of Selected Subbasins of the Red River of the North Basin,

Souris-Red-RaIny River Basins Commission, 1972.

This report describes the Devils Lake basin and flood problems, flood

damages, and alternative flood damage reduction measures. It refers

to the local plan (prepared with technical assistance from the Soil

Conservation Service) for channel improvement in the Starkweather

Water3hed, including the outlet (channel A) from Dry Lake to Six Mile

Bay. Channel A was constructed and operated during the spring of

1979 as an emergency measure to prevent excessive flooding in the

area north of Devils Lake.

3. Water Quality Studies. Information Report Proposals to

Freshen. Restore and Stabilize Devils Lake Chain of Lakes U.S.

Department of the Interior, Bureau of Reclamation, 1975.
I

This information report was published in 1975 as part of the Garrison

Diversion Unit studies. The report updates data developed in the

1960's. It outlines the basic plan to restore desirable lake levels

by transfer of Missouri River water from the proposed Warwick

irrigation canal to Devils Lake and division of the lake into nine

. -- ---



pools separated by dikes and outlet control structures. This feature
W of the Garrison Diversion Unit, which is dependent upon development

of the Warwick-McVille Irrigation area, has been indefinitely

deferred, primarily because of Canadian obje~ctions to Missouri River

waters entering streams flowing into Manitoba and because of concerns

voiced by various wildlife organizations in the United States.

4~. Study Report. The Devils Lake Basin Study, Devils Lake Basin

Advisory Committee, Devils Lake, North Dakota, October 1976.

This report was authorized and funded by the North Dakota P

Legislature. It inventories the land and water resources he

basin, identifies problems and discusses alternative ins.

Structural recommendations include channel Improvements, c, I

structures, and grade stabilization projects throughout the basin.

Nonstructural recommendations include land treatment and floodplain

management measures. The report recommends the following additional

studies:

a. Additional environmental, hydrologic, and sociological

data collection.

b. Comprehensive floodplain zoning program below the

meander line of Devils Lake.

c. Impacts of land drainage.

d. Determination of an acceptable outlet from the basin.

5. An Analysis of Lake Levels on State Highways. Devils Lake

Area, North Dakota State Highway Department, August 1979.

This report classifies the highways in the Devils Lake basin by

elevation. About 6 silos of highway are below elevation 14135 feet

eel (feet above mean aea level), 13 miles are below 1440, 24I miles

are below 14II5, and 29 miles ame below 1450. The report recommends
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tiat. the highways be raised to an elevation of 1440 feet msl

(s-eevition 1435 plus 5 feet of freeboard). As of April 1981, the

State had programmed $7,000,000 for this work.

6. Section 205 Flood Control Reconnaissance Report, Devils

:ake, North Dakota, St. Paul District, U.S. Army Corps of Engineers,

February 1980.

Tnis report is a preliminary analysis of several structural and

n:,strctur l measures to reduce the adverse effects of high lake

lpvels. It investigates seven possible roLtes for diverting water

from the lake to the Sheyenne River and a plan to provide local

protection to the city of Devils Lake. The report also discusses

flood proofing, ovacuation, and floodplain managemert measures. The

report concludes that a plan to protect the city from the immediate

flood threat should be developed and implemented as soon as possible.

The report also concludes that development of a long-term plan is

desirable to prevent major damages throughout the basin if the lake

level continues to rise.

7. Devils Lake Subbasin, Red River of the North Reconnaissance

Report, St. Paul District, U.S. Army Corps of Engineers, December

198.

This preliminary report provides an overview of the water and land

resoarce problems and needs in the Devils Lake basin. It 'ncludes

discussion of the flood threat to the city.

FUTURE STUDIES

p An April 29, 1980, letter from the Devils Lake Basin Joint Water

Management Board requested Corps assistance for a long-term plan to

prevent major damages throughout the Devils Lake basin if the lake

level continue to rise. The St. Paul District is developing a

preliminary study of the water resource problems in the Devils Lake

basin to determine if detailed feasibility studies are warranted.

" ,I'



The preliminary 3ubbasin study includes the potential feasibility of

an o'tlet for the lake. The preliminary study is scheduled for

compietion in 1983. A detailed feasibility study couid best be

prepared under the general Red River of the North basin authorities.

However, as of June 1983, no funds for these authorities were in the

fi.-7al year 1984 Federal budget.

The Devils Lake subbasin study would address all water resource

problems in the entire subbasin, including both structural and

nonstructural solutions to the problems associated with the rising

lake levela. Implementation of any measures that address the flood

problem in the city of Devils Lake could take 15 to 20 years, and

substantial flood damages could occur before then.

This Section 205 detailed project report addresses the immediate need

to protect the city of Devils Lake from rising lake levels. It deals

with one problem - flooding - and with a small geographical study

area - the city of Devils Lake. An expeditious planning and project

implementation schedule Is essential.

The Section 205 study and the subbasin study complement each other.

As information generated by the subbasin study becomes available, it

will be incorporated, where appropriate, into the 205 study.

STUDY PARTICIPANTS AND COORDINATION

The St. Paul District prepared this Section 205 study with the
assistance of the Devils Lake Basin Joint Water Management Board and

the city of Devils Lake. The study has been coordinated with local,

State, and Federal agencies. Appendix H contains copies of pertinent

correspondence and a summary of coordination meetings. Hydrologic,

hydraulic, geotechnical, design, economic, environmental, social,

cultural, and recreational investigations were conducted by St. Paul

District staff. Real estate information was provided by the St. Paul -

District office of the North Central Division. Topographic and

cultural resource information was collected by private contractors.

ootrot*s
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EXKISTING CONDITIONS

LuocArlV)U AND DEZcnIPr[ON

Tr ,i~ty or Devils Lake, Niorth Dakota, is in Ramsey County aonut 90O

miles west of Grand Forks. U.S. Highway 2 runs east and west through

tne nity. State Highways 19, 20, and 57 also pass through or

o'1inatP, in the city. Burlington Northern and Soo Line railroad

main line track:s pass through the city In an east/we.4t .tirection.

Burlington Nortnern has branch lines running north and south of the

-ity, aithough the south branch line was recently abandoned. Figure

1shows the location of the ' ity.

The city lies along the north shore of Devils L-ike. Creel Bay, an

arm or the lake, lies along the southwest side of the city.
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TOPOGRAPHY a

The Devils Lake basin is entirely in the Drift Prairie section of the

Central Lowlands physiographic province. It is a large, closed

drainage basin between the Turtle Mountains to the northwest and a

series of prominent hills to the south of Devils Lake. The land

surface Is a rolling glacial plain characterized by numerous prairie

potholes, sloughs, and occasional morainic ridges. Maximum relief in

the subbasin is about 315 feet, with Devils Lake occupying the lowest

area at roughly elevation 1428 feet msl and with the high elevation

being 1740 feet msl at the crest of hills immediately south of Devils

Lake.

The land surface in the area of the proposed embankments was smoothed

ty sedimentation and wave action in Devils Lake when it was at a much

higher level. At the site of the Creel Bay or main embankment, the

ground surface rises gently from a low elevation of 1428 feet msl to

a high elevation of 1445 over a distance of 600 to NUO feet. Total

relief at the smaller embankments near Highways 19 and 20 is l'ss

than 10 feet over a distance of 2,500 to 3,000 feet.

GENERAL GEOLOGY

The geology of the Devils Lake subbasin is uncomplicated. it

consists essentially of a mantle of glacial drift resting on an

un-venly eroded Cretaceous bedrock surface. Sandy clay till

comprises most of the drift, but beds, lenses, and channels of sand

and gravel in the till are common. The thickness of the glacial

drift varies from only a few feet in areas of bedroxc highs to more
than 350 feet in buried bedrock valleys. Little or no modification

of the drift by erosion has occurred except in areas previously

inundated by lakes. In those areas, surface irregularities were V
smoothed by wave action, low areas filled with fine-grained '

lacustrine sediments, and ooarse-grained beach ridges developed alaing

the old shorelines.

I! I!11'7
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Bedrock iinderlying the drift is the Cretaceous Pierre Formation,

which has a maximum thickness of 600 feet. This formation is a dark

gt'ay clay shale. Below the contact with the drift, the upper 50 to

20o feet of this shale are badly fractured. A thick sequence of

Mesozoi' and Paleozoic sedimentary bedrock underlies the Pierre

Formation b-it is w!!! below the influence of the proposed work and is

not dis ussrd in this report.

SITE ;EOLOGY

In contrast to the simple overview presented for the regional

geology, detailed iite-spectfic stratigraphy in glacial drift is

commonly complex. Such is the case at Creel Bay embankment where

overburden materials are classified into four units, according to the

time and mode of deposition. Two glacial tills separated by

glacioaqueous sediments are recognized along with lacustrine

sediments laid down in poet-glacial Devils Lake. Plate E-4 shows the

correlation of the units for the Creel Bay embankment. The units are

discussed in the following paragraphs, along with discussions of the

underlying bedrock.

Recent Lacustrine Sediments

Sediments classified as recent lacustrine are those materials

deposited in Devils Lake since the last glacier receded from the
area. These materials are primarily clays with minor amounts of silt

and fine sand. They have never been consolidated by an overlying

load of sediments or ice. These sediments exhibit a penetration

resistance of 3 to 10 blows per toot (bpf) in standard penetration

tests. A maximum of 17.4 feet of this material was encountered at

the Creel Bay embankment site, 12.4 feet at the Highway 20 embankment

site, and 10.9 feet at the Highway 19 embankment site.

i "



Younger Glacial Till

Sediments classified as younger glacial till were deposited directly

by the ice during the last glacial event. The material is

predominantly sandy gravelly clay with occasional thin beds of sand

and gravel. It shows a penetration resistance of 5 to 25 bpf in

standard penetration tests. Zones with a penetration resistance less

than 10 bpf are confined to areas immediately below a former surface

that was inundated by the poet-glacial lake and that is now mantled

by recent lacustrine sediments. The reason for this lower

penetration resistance is interpreted partially as reworking of the

till by wave action but primarily as a residual high water content.

Glacioagueous Sediments

Glacioaqueous sediments consist of lacustrine and possibly some

fluvial sediments composed predominantly of clay with some silt and

sand. These sediments are interpreted to have been consolidated by

an overlying mass of ice after deposition. They exhibit a

penetration resistance of 4G to 150 bpf (blows per foot) in standard

penetration tests. They are easily differentiated from younger till

by their uniform texture and high penetration resistance. Their

stratigraphic position and high penetration resistance allow easy

differentiation from recent lacustrine sediments.

Older Glacial Till

Sediments classified as older glacial till were encountered only on

the abutments for the Creel Say embankment. These sediments consist

of gravelly sandy clay and clayey sand. The material is

characterized by a low water content and a high penetration

resistance ranging from 53 to 280 bpf in standard penetration teste.

This material Is differentiated from glacioequeous sediments by its

heterogeneous texture and from younger till by its lower water

content and higher penetration resistance. The older till is

'.:.



interpreted to have been deposited by an early glaciation and to have

been consolidated by subsequent ice and overburden loads.

Bedrock

Bedrock is the Pierre Formation that underlies glacial drift

throughout most of the region. The formation is a soft to moderately

hard, dark gray clay shale. In the Devils Lake basin, the upper 50

to 20o feet are fractured sufficiently to serve as an aquifer. The

3hale was penetrated to a minimum depth of 14 feet in borings for the

Creel Bay * mhankment. At that location, the shale is badly weathered

and fractured at the overburden contact. It is more like a soil than

a rock for I to 3 feet below the contact with the drift mantle. The

shale improves in quality with depth, but it is badly fractured and

-haracterized by a high water content to the depth penetrated during

the borings. Samples of the shale were obtained by drive sampling.

Resistance to standard penetration tests ranged from 55 bpf at the

overburden contact to over 100 bpf within a few feet. The light

loading proposed for the site and thick cover of impervious material

make more detailed evaluation of the strength and water-bearing

characteristics of the shale unnecessary.

CLIMATE

The weather at Devils Lake varies widely with the season. Records at

the Devils Lake weather station show mean monthly temperatures from

68 degrees Fahrenheit in the summer to 4 degrees Fahrenheit in the

winter. The maximum reoorded temperature is 112 degrees, and the

minimum is 46 degrees below zero. The frost-free growing season

lasts from about May 15 to September 23.

The mean annual precipitation is 16.98 Inches. Mean snowfall is 36

4 inches. Snowmelt can cause flooding from March through May. Large

rainfalls from May through September can cause low-oapaoity channels

to overflow, resulting in flood damages to crops. Because the

subbasin has no outlet near the existing water surface elevation, the

10
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meteorlogical conditions that cause agricultural spring and summer

$ S flooding nan also result in increasing levels in Devils Lake and

Stump Lake.

WATER QUALITY

The water quality of the Devils Lake chain of lakes significantly

changes with lake stage and the location within the chain of lakes.
4During periods of low lake levels, the concentration of dissolved

solids increases; and, during periods of high lake levels, the

concentration decreases. For example, with the increase of lake

level from 1404 feet msl in 1948 to 1415 feet msl in 1950, the

concentration of dissolved solids dropped from 25,000 to about 6,500

parts per million. Since 1950, the concentration of dissolved solids

has generally continued to decrease with the rising lake levels.

This improvement in water quality is reflected in the increase in the

number of sport fish and the recreational use of the lake.

Sedimentology studies have shown substantial variations in salinity,

probably caused by changing lake levels, for a period of over 6,000

years. There is also a decrease in salinity following large spring

inflows and an increase during the summer and fall.

Water quality data show an increa~s in salinity from the western to

eastern end of the chain of lakes. For example, in January 1979

total dissolved solids In milligrams per liter varied from 3,620 in

Devils Lake to 169,000 in East Stump Lake. This variance probably

-4 occurred because most of the inflow to the lake flows into the

northwest corner of the lake (auvais Coulee).

Mauvais Coulee (Big Coulee), channel A, and the city of Devils Lake

sewage lagoons are the three main sources of nutrients to the lake.

The city of Devils Lake discharges water from its sewage lagoons into

Creel Day. Stormwater runoff from the city is diverted to holding

ponds and eventually is alsa discharged into Creel Bay. This water

contains nutrients, particularly nitrogen and phosphorus, that

ME M an
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degrade the water quality of Creel Bay and Devils Lake. Channel A-

and Mauvais Coulee carry high levels of nutrients and frequently

exceed State standards. Agricultural runoff and wetland drainage are

some of the practices suspected of causing these high levels.

Nitrogen and phosphorus are carried into the Lake and stimulate the

growth 3r' aquatic plants such as algae.

Surface water in the Devils Lake basin is relatively nigh in

Jlisolved minerals compared to most other drainage systems in North

America. The surface waters are high in dissolved materials because

of the geologically youthful character of the area, because of the

cold, semi-arid climate that prevents excessive leaching of the

soil3, and because of the concentrating effect caused by the lack of

an outlet.

The waters of the Devils Lake area generally contain excessive levels

of' hardness, total dissolved solids (TDS), and sulfates. They also

have a high pt. Metals such as bariam, boron, and lithium also cause

water quality problems at times. Runoff from agricultural operations

is the major contributor to the high metals and TDS concentrations.

The water in Devils Lake does not meet North Dakota water quality
standards.

Devils Lake is the Most important water-based recreation area in

eastern North Dakota. Primary species of game fish include northern
pike, walleye, white bass, crappie, and yellow perch. A primary

forage fish species is the fathead minnow. Some Invertebrates that

-. +

provide important fish food in the lake include midge, oaddiafly, and
amphipod. Groundwater supplies are generally good, although some

have excessive levels of nitrates and sulfates.

TERR!STRIAL VEGETATION

Prior to Euro-Ameriam settlement, the Devila Lake basin wan

primarily a tall grass prairie, vegetated with a whatgrae

(Atropyron) prbluestem (Andropo ron) -geidlegrass (Stioa)

12
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association. Most of the woodland in the basin lies along

W watercourses and in the morainal hills around Devils Lake. Today,

much or the tall grass prairie and some of the woodland areas have

been cleared and converted to agricultural uses.

Upland portions of the project arpa are urban, residential, or

agricultural. Most of the agricultural areas are pastureland covered

with milkweed, Canada thistle, foxtail barley, goldenrod, curly dock,

little sunflower, buckbrush, gumweed, poison ivy, and various grasses

and sedges.

AQUATIC VEGETATION

Aquatic vegetation, except the planktonic algae, occupies the

littoral zone (the interface between the land and open water). The

wetlands, stream channels, and lakes in the Devils Lake basin

generally have extensive littoral areas because of their low relief

and shallowness.

In the immediate project area, the most significant wetland habitat

consists of a three-cell, 270-acre sewage lagoon, the surrounding

holding ponds, and the headwaters of Creel Bay. A 113-acre holding

pond for effluent from the sewage lagoons is north of the lagoons.

This holding pond is an artificially flooded wetland with emergent

vegetation that includes cattail, horsetail, bulrush, and sedge.

Immediately west or the sewage lagoon is a 65-acre emergent wetland

impounded by the "Dump Road" (Landfill Road). Predominant vegetation

in this wetland consists of the above species plus common reed.

Southwest of the sewage lagoon is a 38-acre, intermittently-flooded

wetland. Predominant vegetation there includes Nuttall's

" ;alkaligrass, foxtail barley, guaweed, curly dock, and kookia. The

* headwater area of Creel Bay is an intermittently-flooded wetland that

is either vegetated, open water, or mudflat, depending on the water

level of the lake. The lakeshore and areas with more permanent water

are vegetated with oattail, sedge, grass, foxtail barley, kookia,

prairie oordgrass, and other species. Between Highway 20 and the

13



abandoned Burlington Northern railroad branch line Is an

approximately 4O-acre wetland. This wetland i3 vegetated by cattail,

bulrush, sedge, and common reed. The northern two-thirds of the

wetland appear to be seasonally flooded, and the rest appears semi-

permanently flooded.

These wetland areas provide good habitat for waterfowl, especially

ducks. The fairly abundant aquatic vegetation provides food, while

cover is available along the shore of the lake and wetlands where

taller vegetation grows.

THREATENED AND ENDANGERED SPECIES

The bald eagle and peregrine falcon are the only federally-listed

endangered species that may occur in the project area. The presence

of the falcon in the basin would be very rare. The bald eagle

migrates through the area In the spring and fall but does not nest

there.

POPULATION

In the past decade, the city ot Devils Lake has experienced

econsiderable growth in population, in sharp contrast to its

surrounding rural communities (see table 1). Of the counties forming

most or the watershed (Benson, Towner, and Ramsey), only Ramsey

showed any Increase in population. Most of the small communities in

the city's immediate vicinity declined to some extent. Because a

-4 very high percentage of' persons changing residencs in this region

remain in their same county, Devils Lake serves as a significant

* population magnet. Some cities on the perimeter of the watershed

also exhibit this trend.

A significant portion of the basin residents are of Norwegian

descent, ranging from 36 percent in Walsh County to 50 percent in

Benson. Approximately 45 percent of the Cavalier and Rolette county

populations are of Canadian descent. The Fort Totten Reservation is
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the home of the Devils Lake Sioux and occupies a total of 2144,000

W acres. The total Indian population on the reservation was estimated

in 1979 as 2,815.

Table 1 - Population in and around Devils Lake, North Dakota,

______ 1270-1980 ___

Per~centage of

1980 1970 change

Watershed Counties

Ramsey 13,0148 12,915 + 1.0

Benson 7,944 8,2145 - 3.7

Towner 4052 465-12.8

Subtotals 25,044 25,805 - 2.9

Cities near Devils Lake

(county in parentheses)

Devils Lake City (Ramey) 7,1442 7,078 + 5.1

Lakota (Nelson, 963 9614 - 0.1

Cando (Towner) 1,1496 1,512 - 1.1

Fort Totten (Benson) 1,1141 N/A N/A

Minnewauken (Benson) 461 496 - 7.1

Starkveather (Ramsey) 210 193 * 8.8

Leeds (Benson) 678 626 + 8.3
New Rockford (Eddy) 1,791 1,969 -9.0

Watershed Perimter Cities

(county in parentheses)

Langdon (Cavalier) 2,335 2,182 *7.0

Cooperstown (Eddy) 1,368 1,1485 -11.9

Carrington (Foster) 2,6411 2,4191 *6.0

IF



LAND USE

A September 1974 satellite Imagery analysis of land use showed that
about 70 percent of the basin is cultivated land, 8 percent

grassland, 3 percent woodland, 16 percent water, and 3 percent

muiscel laneous area.

Forested areas are mainly in the 3oUthcentral portion of the basin

along the shore of Devils Lake and in the Devils Lake Indian

Reservation. Although most of the land is cultivated, the richest

soils are In the central and northern parts of the basin. Pasture

and rangeland are more common in the southern portion of the

subbasin.

Within the city of Devils Lake, Most recent growth has occurred In

the southwest. Significant subdivision zoning exists between the

lake and the city. Commercial strip development is extensive along

Highway 2.

Figure 2 is a land-use map for the city.
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EM4PLOYMENT

Although farm employment has decreased during recent years, it is

still the mosit important sector In the Devils Lake basin economy.

EmpI .yment in the basin centers around agriculture, retail trade,

services, and education. These four sectors are estimated to account

for more than ?0 percent of the basin's employment. While farm

employment has decreased, other sectors have increased, and the basin

has had an increase in total employment. Between 1970 and 1977,

total employment increased from 9,4i89 to 12,340O, an increase of 30

percent.

Unemployment in the basin averaged about 6.5 percent during the

1970's. Employment is high during the spring, summer, and fall,

which comprise the construction season and the time when agricultural

crops are planted and harvested. During the winter, many

agricultural activities decrease drastically.

INCOME

Total personal income for the basin increased from $160 million to

$203 million between 1969 and 1977 (as expressed in 1979 dollars).

Farm Income accounts for more than half of the total personal income,

and cash grain sales amount to more than 70 percent of the total farm

income. Average per capita income during the same years increased

from $5,875 to $7,2142, which was slightly above the 1979 averageI Income figure of $6,859 for the whole State.

AGRICULTURE

Agriculture is the predominant sector in the economy of the Devils

Lake basin. The produotion of small grains is the most important

agricultural component. Approximately 70 percent (or 1,787,136
acres) of the subbasin's land area is cultivated and another 8

percent is pastureland.

NN IS ALO
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The major crops grown in the basin are identified in table 2. Wheat

is the leading crop, accounting for 54 percent of the harvested

.aoreage. This is followed by barley, sunflowers, hay, oats, and

flax, which collectively amount to 45 percent of the harvested

acreage. There are also minor acreages of rye, potatoes, sugarbeets,

and corn. The importance of sunflowers has increased dramatically

luring the 1970's. Between 1977 and 1978, sunflower production in

North Dakota incre.ased by more than 50 percent. In tne Devils Lake

hansin, iunflowers have became the third leading crop, accounting for

R percent of the total harvested acreage.

Crop patterni. witnin the basin floodplain are similar to those

r' jighoit th- b .sin. Major crops are small gr Irr3, sunflowers,

potatoes, corn, noybeans, and sugarbeets.

Table 2 - 1978 Crop Statistics. Devils Lake rasin ..

Harvested Yield Per Total

Crop Acres Acre Production

Wheat 617,100 30.9 bushels 19,068,390

Barley 284,450 42.5 bushels 12,089,125

Sunflowers 94,470 1,313 pounds 124,039,110

Hay 85,680 2.0 tons 171.360

Sr ,- ulf 3outh Research Institute.

MANUFAUTURING

rhere are 55 manufacturing establishments in the Devils Lake basin,

29 of of them in the city of Devils Lake. More than 30 percent of

the manufacturers are related directly to agriculture. The

remainder of the manufacturers are a diversified industrial mix and

account for about 6 percent of the basin's manufacturing employment.

!• The manufacturing establishments are grouped in table 3 according to

their Standard Industrial Code (SIC) numbers.

4
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Table 3 - Manufacturing Establishments. Devils Lake Basin

Estimated

U SIC Description Employment

14 Mining of Nonmetallic Minerals 27

17 Construction-Special Trade Contractors 18

20 Food and Kindred Products 80

24 Lumber and Wood Products 9

27 Printing and Publishing 95

29 Petroleum Refining and Related Industries 20

30 Rubber and Plastics Products 20

32 Stone, Clay, Glass, and Concrete Products 60

34 Fabricated Metal Products 9

37 Transportation Equipment 9

39 Miscellaneous Manufacturing Industries 150

.2 motor Freight Transportation/Warehousing 45

50 Wholesale Trade-Durable Goods 9

51 Wholesale Trade-Nondurable Goods 54

54 Food Stores 70

76 Miscellaneous Repair Services i8

TOTAL 693

1 17 - 1'1 )irectry _f Norui Dakota N kufactiring.

SRADE

In 1977, total trade receipts tor the Devils Lake basin exceeded $24O

million (expressed in 1979 dollars). Approximately 65 percent (or

$156.6 million) of the receipts were in wholesale trade. Retail

trade and selected service receipts were $83.5 million and $7.9

million, respectively, in 1977.

CULTURAL RESOURCES

In compliance with Section 106 of the National Historic Preservation

Act of 1966, the National Register of Historic Places has been

consulted. As of May 18, 1983, the study area had no sites on the

National Register. Initial project coordination and report reviews

21
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nave been oordinated with the North Dakota State Historic 4

Preservation Officer and the National Park Service.

During September 1991, a cultural resources literature and records

search arnJ review plus a field reconnaissance survey of the Devils

L.Ake pr'ect irea were conducted. No historic or prehistoric sites

were re .rdeJ in the project area. However, there is a high

potential fr sites in the surrounding area. At least 15 prehistoric

bt-ix, -noinds, 2 prehistoric occupation sites, and 5 historic

c'itra. resource sites are close to the project area. Fluctuating

1AKe levels iffect the location and probability of Identifying sites.

Appenhix ,G has additional information on cultural resources.

DEVELJPMENT AND ITS RELATIONSHIP TO LAKE LEVELS

Ea-ly fjr trade activities in the Devils Lake area are sketchy.

Howeve, sometime between 1817 and 1827, trader Robert Dickson, in an

agreement with the Hudson Bay Company, established a post at Devils

Lake. The post was on Graham's Island, almost 10 miles west and

slightly north of the city of Devils Lake. At an undetermined date,

possible in the 1820's, an American Fur Company post, Fort Rice, may

have been established on the site where Fort Totten was built in

1867.

Fort Totten w-.! established on July 17, 1867, on the south shore of

the West Pay of Devils Lake. This site is about 10 miles south of

the city of Devils Lake. The fort was one in a series of military

outposts designed to protect the overland route from St. Paul to the

sold fields of Montana and Itaho. It was also intended to protect

settlers moving into the area and to serve as a control point for the

Indian Reservation established earlier that year. Fort Totten

remained a military post until 1890 when it became an industrial

4 , school for Indians.
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At the time the Devils Lake area officially opened for settlement In

1883, about 15,000 acres were being cultivated by 3,000 squatters.

The first squatters were former military personnel from Fort Totten

who began developing tracts on Graham's Island in 1880.

Lieutenant Heber M. Creel, a topographic engineer at Fort Totten,

resigned his position in 1882 and squatted on land then on the north

shore of Devils Lake. The lake was at about elevation 1435, or 7

feet above Its present elevation. Creel surveyed a townsite and

named it Creelsburg. A post office was established there, and in

1883 the name was changed to Creel City. In 1884, the village was

incorporated and the name changed to Devils Lake.

Devils Lake became a major commercial trading center for the regionIand has maintained its role to the present. The city's early sUCCess
resulted from its association with the steamboat shipping industry

and with the delayed westward railroad construction that allowed the

community to be the railhead for 3 years. Steamboat navigation began

in 1883 but ended in 1909 because of the steady decline in lake

levels and because a rail line to Minnewauken was completed (a

village on the west end of the lake). By 1910, construction or the

five rail lines serving the Devils Lake area was complete.

The city of Devils Lake remains a minor railroad hub and the leading

commercial center in a predominantly agricultural area.

Wide fluctuations in the water level of Devils Lake have affected

conditions in the subbasin for several thousand years and willii

probably continue to do so. Fluctuating lake levels in prehistoric

times affected game habitat and water quality in the lake. These

fluctuations resulted in significant ch.anges in patterns of Indian K
settlement, hunting, and fishing. Cultural artifacts in beach
strands at different elevations provide evidence of these changes.

In the late 1800's and early 1900's when early Euro-American

( settlement took place, lake levels were relatively high. Railroads,
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roads, and development were constructed at higher elevations.

Steamboat transportation was feasible. The good water quality

associated with the high water levels encouraged the development of

recreational facilities.

By 1940, the steadily declining water levels had destroyed the

steamboat industry and increased the salinity of the lake to the

point where sport fishing, boating, and other water-related

recreational opportunities were gone. The declining water levels

also exposed large, flat areas of lakebed adjacent to the city of

Devils Lake. The city had developed as a transfer point between

steamboat and railroad transportation; however, by 1940 it was

landlocked. Water planning work, such as the Garrison Diversion Unit

studies, addressed the problem of low water level and poor water

quality up to the 1960's and early 1970's.

Since 1940, the water level of the lake has risen in a sawtoothed

fashion. The water quality of the lake has improved substantially,

and sport fishing and other recreational water activities are once

again popular. However, the rising level is beginning to threaten

the substantial amount of development constructed on the dry lakebed

during the eirlier low water period. In the spring of 1979, Landfill

Road (Dump Road) had to be raised to protect the city sewage lagoons

from damage. By the summer of 1983, the lake level had reached

elevation 1128 feet mal - the highest level in about 100 years.

RECREATIONAL RESOURCES

The Devils Lake basin is one of the major recreation areas in North
Dakota. Hunting is very popular. Upland game is limited because of K-;
lack of habitat, but the numerous wetlands and shallow lakes provide

excellent habitat for migratory waterfowl. The area Is known

nationwide for goose hunting.
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Devils Lake provides bating, water-skiing, picnicking, and camping

(opportunities. Fishing 13 very good in the lake: 48 percent of the

19714-1975 State pike harvest was tra, the lake.

Several parks and other recreational facilities are in the immediate

area of the city of Devils Lake. These facilities offer

opportunities for swimmuing, picnicking, ice skating, fishing, tennis,

and other activities.

More detailed recreation information is in appendix G.
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FUTURE CONDITIONS

The future condition of the city will continue to depend on the lake
level. It is very probable that, over the long term, the lake level

will continue to fluctuate.

ir a project is not constructed, the former lakebed area will

probably flood again. This flooding would result in substantial

economic losses and would disrupt local and regional road, sewer,

telephone, and electric services. Loss or the city's sewage

treatment plant would have environmental and health impacts.

Economic and social impacts associated with flooding of the former

lakebed could significantly retard future growth.

0 If a project is constructed, there would be no flood-induced

disruption to the economy or to utility services unless the lake

level exceeds the design water surface level for the project.

THE PROBLE14

A number of water resource problems in the Devils Lake basin were

discussed in the initial correspondence and coordination meetings

with local interests and other public agencies (see appendix H).

These problems include wetland drainage and its effects on

agricultural production, wildlife habitat, and storage of

floodwaters; the water quality of Devils Lake and its relation to the

water level of the lake, to discharge from the city's sewage lagoons,
.4

and to storm-water holding ponds; the potential effeots of spreading
the effluent from the **wag* lagoons on land; and the flooding caused

by the rising water level in Devils Lake. The flooding problemK

* 1associated with the increasing lake level has been divided into two
components: (1) the immediate flood threat to the city of Devils

Lake and (2) the flood threat to other cities in the subbasin, Fort

Totten Indian Reservation, Camp Grafton, agrioultural production,

roads, and utilities.
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Thi3 Section 205 detailed project report addresses only the immediate

3 threat of floodi'ng to the city of Devils Lake. All or the other

problems are beyond the scope of the budget and schedule for a

Section 205 study.

PAST WArER LEVELS

Ac, ording to the accounts of early travelers to the area, the

elevation of Devils Lake was about 1446 feet msl in 1830. After this

date, the elevation of the lake fell in an irregular pattern until it

reacned a low of 1402 feet usl in 1940. After 1940, the lake began

to rise and reached elevation 1428 feet in 1983. Figure 3 is a stage

hydrograpn for the lake. Figure 4 shows the approximate shoreline of

the lake in 1882, 1928, and 1942.

Inspection of the stage hydrograph indicates that the period of

record is too short to show any clear pattern of variation in lake

levels. However, archaeological and sedimentological investigations

provide some additional insight. Beach strands and cultural

artifacts show that the lake elevation has changed significantly in

the last 2,000 years. The land surface in the area shows evidence of
being smoothed by sedimentation and wave action when Devils Lake was

at an elevation much higher than it is now. The lake level has

probably been up between elevations 1440 and 1453 feet Msl and down

to nearly dry several times during this period.

Some of the artifacts associated with the high lake levels are being

analyzed to help estimate some of the dates of the high water levels.

The cultural resource sections of the environmental assessment

contain additional information on arohaeologioal investigations.

27
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7 \ DEVILS LAKE
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SHORELINE IN 1882 a EL. 1434
SHORELINE IN 1928 a EL. 1413
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SCALE IN MILES

DEVILS LAKE SHORELINE
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Edward Callender's 1968 dissertation, "The Postglacial Sedimentology

of Devils Lake, North Dakota" (University of North Dakota) discusses

the postglacial sedimentology of Devils Lake. Callender constructs a

lacustrine chronology for the lake, using the chemical contents of

several core samples. This chronology extends 6,000 years before the

present time and indicates substantial variation in lake levels. The

chronology does not directly relate to lake level elevations in feet

above mean sea level. However, some of the layers of sediment would

be typical of the fresh water conditions expected with a lake outlet.

Such conditions require a lake elevation of about 1455 to 1460, given

today's topography. Other layers would be typical of dry conditions.

Callender concludes that "the level of Devils Lake has fluctuated

considerably during the past 6,500 years. Significantly higher lake

levels occurred around 4,300; 3,500; 2,300; 1,250; 1,000; 750; and

250 years ago. Most of these dates coincide with periods of cooler,

wetter climate in the Northern Hemisphere. Significantly lower lake

levels occurred around 6,000; 4,000; 3,000; and 500 years ago which

coincide with periods of warmer, drier climate in the Northern

Hemisphere."

Saul Aronow's 1957 dissertation, "Problems in Late Pleistocene and

Recent History of the Devils Lake Region, North Dakota" (University

of Wisconsin), develops a chronology of lake-level fluctuations in

the Devils Lake basin. This chronology is based on buried soils

interatratified with beach sand and gravel, bison skulls, and rooted

stumps of bur oak submerged In Stump Lake. His chronology also

indicates substantial variations in lake levels over the last several

thousand years.

* EEROINCY ACTYONS

As an emergency measure in the spring of 1979, the Corps of

Engineers, in cooperation with the State Water Commission and the

city of Devils Lake, raised the "Dump Road" (Landfill Road). This

road lies between the head of Creel Say and the oity's sanitary
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sewage lagoons. The crest of the road was raised to about elevation

C 1431 feet ms?.. Allowing 2 to 3 feet of freeboard for waves and

Increased water levels due to wind, the emergency raise would protect

the lagoons and the southwest aide of the city from water levels up
to about 11429 feet mal. Temporary pumps handle the interior drainage
when the lake elevation precludes gravity flow.

PLANNING OBJECTIVES

According to Federal guidelines, national economic development (NED)
Is the national planning goal for water resource projects. Regional

development (RD), other social effects (OSE), and environmental

quality (EQ) are also important considerations. Objectives including

NED, EQ, RD, and OSE have been established to evaluate the

alternative plans from the national perspective.

Additional objectives reflecting local considerations were developed

after an examination of the existing conditions in the study area, of

the most probable future condition if no Federal action is taken, and

of the study area's problems, needs, and opportunities. These local

objectives are: (1) to contribute to the economic health of the city
of Devils Lake by reducing the flood threat during the period from
19814 to 2084 and (2) to contribute to the health and sense of

security of local residents and business interests by reducing the
flood threat during the period from 1984 to 2084.

ALTERNATIVE PLANS

Several plans were considered In the early stages of planning and
rejected. The reconnaissance report considered seven channels thatt
would divert water from Devils Lake to the Sheyenne River. These

plans were very expensive, ranging in coat from $6,000,000 to
$14,000,000. Each would require a complete economic, environmental,

and engineering analysis for the entire Devils Lake basin. The scale
of these alternatives would require a congressionally authorized
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study and possibly 15 to 20 years to implement. Because the flood

threat to the city appears to be imminent, the diversion channel

alternatives were rejected for this study.

The reconnaissance report also considered a relief channel from

Devils Lake to Stump Lake without provision for transfer of water to

the Sheyenne River. Stump Lake could store about 170,000 acre-feet

of water if its level were raised from 1410 to 1430 feet Ms1. By

using this Stump Lake storage, the elevation of Devils Lake could be

lowered about 3 feet from 1433 to 1430 feet a. Thereafter, since

Devils Lake and its connected waters have about five times the

storage capacity of Stump Lake, a raise to elevation 1435 feet mal on

Devils Lake could only be reduced to 1434.2 by using Stump Lake

storage. If Stump Lake were Used for storage above elevation 1430

feet msl, then additional right-of-way would have to be purchased

around Stump Lake. Natural overflow to Stump Lake would not occur

until Devils Lake reached about elevation 1449 feet M31. This plan
would cost more than $5,000,000. This relief channel plan was

rejected because of its high cost and limited effectiveness.

The reconnaissance report recommended raisi-ng about 1 mile of

Landfill Road and 1.5 Miles of State Highway 19 to elevation 1445
feet msl. This action would meet the immediate need to protect the

city of Devils Lake from the rising lake level. This plan also

included a pumping station or facilities for emergency pumps. The

plan was rejected for further study because detailed topographic

mapping showed that a flood barrier could be constructed across the
-* head of Creel Bay more ecoonomically by moving the alignment of the

embankment about 1,700 feet vest or Landfill Road.

*Structural and nonstructural plans were developed and analyzed that

* would provide protection to water surface elevations of 1435 (plan

A), 14140 (plar, 8), 14415 (plan C), and 14150 (plan D) feet mini. Plan A
would allow the lake to rise only about 7 feet before the design
surface elevation would be reached. This plan was selected as a
minimum-scale alternative. Plan D would allow the lake to rise about
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22 feet and was chosen as a maximum-scale alternative. The plans

a were developed in sufficient detail so that they could be evaluated
according to their fulfillment of the planning objectives and so that

the best plan could be selected.

The common characteristics of each plan are described first, and then

each plan is described in more detail. The engineering, economic,

and environmental information in this section of the report is

preliminary. The selected plan is refined and analyzed in more

detail in the detailed description of the selected plan.

ECONOMIC FEASIBILITY

Since the cause of the fluctuating lake levels is not well understood

and since the period of record for meteorological and hydrological

data is very limited compared to the length of the trends for

changing lake levels, a stage/frequency relationship could not be

developed. This inability to develop a stage/frequency relationship

is discussed in detail in appendix D. Because this relationship

could not be developed, the traditional benefit/cost ratio analysis

that draws upon discharge or stage frequency-damage relationships was

not possible.

There is no certainty that the lake will continue to rise. However,

it was at much higher elevations in the early 1800's and at several

times in the geologic past. The standard project flood inflow tj the

lake (a flood based on the maximum probable precipitation in the

watershed) would cause the lake to rise about 18 feet above its

present elevation (see appendix D). Since the economic damages that

would result from higher lake levels are significantly greater than

the cost of constructing flood control measures to these levels, it

appears prudent to construct these measures.

In order to better understand the economic feasibility of

implementing flood control measures, economic data was collected and

analyzed in terms of three scenarios for future lake levels. The
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eoonomic data is an Inventory of all property from elevation 1426 to

141)5 feet msl in or Immediately adjacent to the city of Devils Lake.

The flood damages that would result from each scenario were

calculated. The annualized damages were then used to calculate the

benefit-cost (B/C) ratio.

With a traditional flood control project, the level of protection

provided by the 100-year project could be estimated, and a 100-year

floodplain and ')00-year floodway could be established. However, the

lick of a stage-frequency relationship prevents definition of a

floodplain or floodway for this project.

Since the level of protection provided by the project cannot be

identified, it would be prudent to manage the area threatened by the

rising lake level to avoid endangering additional development. From

the Federal perspective, this management program would limit the risk

to the Federal investment in private and public development in the

threatened area. This program would also be consistent with the

principle that development in an area that faces a risk from

inundation should not be encouraged by any Federal action. The

management program could be developed by local interests in close

coordination with the North Dakota State Water Commission, the

Federal Emergency Management Agency, and the Corps of Engineers. No

benefits for future development were computed because the land

management plan would regulate future development. Appendix A

contains the economic analysis. t
COSTS

Preliminary plan layouta and detailed cost estimates were prepared

for the structural plans that would provide protection to water

surface elevations of 1435, 1440, and 1445 feet mal. The cost

estimates are in appendix B. The cost for a structure that would

protect to 1450 feet mel was extrapolated from a curve of cost versus

Swater surface elevation prepared from the 1435, 144O, and 1445

elevation data. Theme data are shown on ftigur 9.
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3 The cost of the nonstructural evacuation plan for each water surface

design elevation was determined using the total market value of the

property that would have to be acquired. A publin agency would

acquire all property with a first-floor elevation at or below the

plan elevation. Property owners would then have the option of

repurchasing and salvaging their property. The inventory of

property used for the economic analysis was used as the source of

market values.

HYDROLOGY

Devils Lake 1s in the Devils Lake subbasin of the larger Red River of
the North basin. Figure 5 shows the location of these drainage

areas. The Devils Lake basin includes about 3,580 square miles. The

natural drainage system has a large number of wetlands, streams, and

coulees. There are many shallow lakes, some of which are

interconnected. In general, most of the surface water drains3 from

north to south in eight watersheds. A ninth watershed that drains

from south to north lies along the south shore of Devils Lake. Most
of the water eventually flows into Devils or Stump Lakes. The Devils

Lake basin has no outlet until it reaches a water surface elevation
of about 11457 feet (about 29 feet above the present level of Devils

Lake). At about elevation 14450 feet sal, water would flow through

the chain of lakes from west to east from West Bay of Devils Lake to
Stump Lake. At about elevation 11457 feet sl, the water would flow

from the southwest corner of Stump Lake down Tolna Coulee to the

4Sheyenne River. Figure 6 shows the Devils Lake chain of lakes. The

natural drainage system has limited capacity and has been
supplemented by channels and ditches for agricultural drainage.

Precipitation data from 1870 to the present and temperature data from
1905 to the present are available. Evaporation data from 1930 to the
present and stage data from 1901 to the present are also available.

U.S. Geological Survey (USGS) gaging stations are available on five

coulees that represent a contributing draininge area of 2,879 square

__ __ __ __ __ _ __ __ __ __ _ _ __ __ ___35_
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miles (out of the total subbasin area of 3,580 square miles).

Records date back to 1950 for one coulee, to 1958 for two coulees, to

1975 for one coulee, and to 1979 for another. Because of the limited

streamflow data, the hydrologic budget equation was used to calculate

monthly inflow values. USGS Information indicates that groundwater

flow was not significant.

Several methodb were considered for estimating future Devils Lake

water levels. Attempts were made to estimate the likelihood or

future lake levels using the HEC-4 computer model and a statistical

analysis. Because the HEC 4 model gave unrealistic results, it was

rejected. Upon close examination, the hydrologic and meteorologic

data was judged not adequate for a reliable statistical analysis.

The hydrologic analysis was coordinated with hydrologists at the

Corps North Central Division office and Hydrologic Engineering Center

and with scientists at the Unversities of Colorado, Minnesota, and

North Dakota.

A probable ma Imum flood (PMF) was developed for the Devils Lake

basin from detailed studies conducted for the Goose, Wild Rice, and

Sheyenne Rivers in North Dakota. The standard project flood (SPF)

flow to Devils Lake was estimated at 40 percent of the PHF. Por the

lake's present elevation of about 1428 feet mal, the SPF inflow would

raise the lake to elevation 14416 feet mel, or about 18 feet. The

spring inflow with a 1-percent ohance of ocourring in any one year

would raise the lake to elevation 1132.5 feet msl, or about 1.5 feet

above the present leveL Appendix D contains the detailed hydrology

-E* analysis. 1*
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4 INTERIOR DRAINAGE

The Interior drainage facilities would consist of a basic system

needd fr al th alernaivestrcturl panswith adtoa

facilities for plan D to accommodate drainage from the eastern part

of the city.

The interior drainage System for plans A, B. C, and D would consist

of two holding ponds, a large Pumping station and a system of ditches

and culverts linking the holding ponds to the pumping station. The

north holding pond would be combined with the existing sewage lagoon

effluent holding pond. The effluent presently meets State water

quality standards and is periodically discharged to the lake. The

combined storm and effluent water would also be discharged to the

lake through the pumping station.

The Interior drainage system for plan D would Consist of the basic

system plus an additional holding pond, pumping station, and

ditch/culvert system. The interior drainage systems are shown on

figure 7. Appendix C discusses interior drainage.
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GE)TECIE4ICAL

Boring and testing data indicate no geotechnical problems that would
complicate or adversely affect design or construction of the
alternative plans. Appendix 2 discusses the geotechnical

investigations that have been completed.

The proposed flood control structures could be expected to act as
flood barriers for extended periods. Failure of these structures
could cause catastrophic damages. The structures would therefore be
designed in accordance with dam safety criteria. However, the

structures would not cause the lake to rise as a dam would. They

would Instead prevent rising water levels from inundating developed
property. The basic structures for each alternative are embankments.

All structural plans would use two borrow areas. One is immediately

south of the airpcrt across Trunk Highway 19. The other Is about 11
miles south of the city and is spoil from the construction of

existing storm-water settling ponds. Soil from these sites has been
tested and found to be appropriate till for the embankments.

ENVIRONMENTAL IMPACT

A preliminary analysis did not identify any significant negative
environmental impacts associated with the alternative plans.

Constructing an embankment at the head of Creel Bay would have minor
4 environmental Impacts. The construction would destroy some upland

and lowland vegetation. The amount of lowland vegetation affected
would depend on the lake level. This embankment also would affect
the natural appearance of the landscape. for scme people, the

* embankment would adversely affect the athetics of the area.

Protecting the city from water levels up to 1440 fest mal would
require emankments weet or the city neer the airport and southeast
of town as well so the embankment at the head of' Creel Day. These
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additional embankments would be constructed in pasture or grassland

that has moderate wildlife value. For most people, such additional
embankments would have a minor adverse effect on the aesthetics of

the area.

Protecting the city to a water surface elevation of 1445 feet msl

would require higher and somewhat larger embankments than the

previous plans. Impacts would be similar to those for the previous

plans except somewhat greater because of the increased size of the

embankments.

Protecting the city to a water surface elevation of 11450 feet Ma

would require a nearly continuous embankment enclosing the south and

western sides of the city. An additional interior drainage system

would also be needed to accommodate storm water from the eastern half

of the city. Impacts would be greater for this plan than for the

previous plans because of the additional structures.

Construction of the embankments would destroy some upland vegetation

that has moderate wildlife value. However, after construction the

embankments would be revegetated and would provide habitat similar to

pre-project conditions. The embankment at the head of Creel Bay

would also destroy some benthic habitat. However, after construction

the riprap would provide habitat of greater variety than exists now.

Two small wetland areas southwest of the city would be affected by

the 1440-, 1445-, and 1450-foot mal pa'ns. The existing outlets of

these wetlands would be blocked by the project, and new drainage

would have to be constructed to prevent flooding. However, control

structures could be designed to matoh the elevation of the existing

outlets and the water levels of the wetlands would not be affected.

Environmental impacts associated with not oonstructing a project

could be substantial. Higher water elevations could inundate the

swage treatment lagoon, storm water facilities, and a large amount

of development. Raw sewage effluent and debris from the flooded area

could oontaminate the lake. evauation of all development, Inoluding

OVIOUSl PAGE
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sanitary and storm sewage facilities, from the former lakebed and

relocation to upland sites would have limited environmental Impacts.

However, evacuation would be prohibitively expensive and disruptive

to the community.

Several potential environmentally beneficial project features have

been identified. Interior drainage ponds north and south of the

sewage lagoons and immediately east of' the embankment at the head of

Creel Bay could be designed and operated to serve as wetland areas.

However, sufficient wat-ar storage capacity would have to be
maintained to prevent flooding from runoff' on the city side of the

embankment. Combining the north sewage effluent pond with the storm

water holding pond could dilute the effluent and filter it through an

enlarged wetland. This process could benefit the water quality in

Creel Bay. Spreading the effluent (and perhaps the storm water from

the northern holding pond) on land has been proposed. However,

because planning and funding of this feature have not progressed, it

does not appear that this feature could be Implemented in conjunction

with the flood control project.

Much of the recent development in the city has occurred on the former

lalcebed. All alternative would include a land management plan. The

land management plan discussed in the economics section would limit

the risk of flooding of future development. It would help preserve
wetlands and upland habitat. Executive Order 11988 on floodplain

management is supported when planning efforts protect, manage, and

enhance or restore the values of a floodplain. All the alternative

.4 plans would be consistent with this order.

All the alternative plans also would be consistent with Executive
4 Order 11990, protection of wetlands. There is very limited potential {

that a project would induce the drainage of wetlands behind the

$ embankments because of the natural topography and U.S. Fish and
Wildlife Service vetland easements in the area. The design of

Interior drainage facilities would be based on no future drainage of
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wetlands within the interior drainage watershed&. Wetland drainage

in theme areas 13 discouraged.

The ball eagle and peregrine falcon, both on the Federal list of

endangered species, could be found In the project area. However, the

U.-'% Fish and Wildlife Service has concurred with the St. Paul

District's Assessment that the project would not adversely affect

these birds. Letters from the U.S. Fish and Wildlife Service are in

append ix 1.

The St. Paul District has initiated coordination with the National

Park Service, State Archaeologist, State Historic Preservation

Officer, U.S. Fish and Wildlife Service, Environmental Protection

Agency, North Dakota Game and Fish Department, and other State and

Federal agencies. No significant impacts or areas of controversy

have been identified. The St. Paul District has prepared an

environmental assessment and finding of no significant impact for

the project. These documents are included in a later section of the

report. Placement of fill in the waters of Devils Lake is authorized

under the Corps of Engineers nationwide permit program because Devils

Lake is a closed basin and is not tributary to Interstate waters.

Special conditions of the permit will be met and best management

practice followed as far as practical. In accordance with the

special permit, neither a Section 404(b)(1) evaluation nor a Section

40O1 water quality certification is needed to comply with the

provisions of the Clean Water Act.

The selected plan's compliance and consistency with executive orders,

laws, and regulations are discussed in later sections of this report.
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SOCIAL IMPACT

Construction equipment would generate some noise. However, no

sensitive receptors (such as hospitals or schools) are in the

affected area, and the construction noise would have no appreciable

effect. Some loss of aesthetic values could result because the

proposed embankments would affect views of the lake and views from

the shore to the upland aras. Construction activity could

temporarily disrupt traffic. However, traffic patterns would not be

significantly affected.

Substantial benefits to the public health and safety would result

from protecting the local sewage, storm water, transportation, and

electric utilities. There might be a minor negative effect on social

cohesion because the project would protect the city but not other

areas adjacent to the lake. Areas without protection (such as Camp

Grafton, Fort Totten Indian Reservation, and the city of

Minnewauken), might feel that they were unfairly treated.

The project would have substantial beneficial effects on community

growth and development: (1) protection of vital city facilities

(sewage, storm-water, transportation, and electric facilities), (2)

protection of a major recreation and economic resource (the lake

would not be contaminated with raw sewage and debris from inundation

of development), (3) minor economic stimulus during construction, and

(4) protection of development in the floodplain.

J.4 None of the structural alternative plans would require the relocation

of homes or businesses. All of the nonstruotural evacuation plans

would require a substantial amount of relocation efforts and would be

disruptive to the community.

All of the plans would provide a not social benefit. The plans with

higher levels of protection would reduce the risk of flooding the

most and would have the greatest not social benefit.
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There is a potential for controversy around several issues: (1)

allocation of local costs, (2) the limited area protected, and (3)

the land management plan.

CULTURAL RESOURCES

Ir no project Is implemented, cultural resources would potentially be

affected as the lake level rises and falls. Prehistoric and historic

sites culd be flooded and might be buried or sustain increasing

amounts or erosion and weathering. With repeated occurrences of the

lake level rising and falling, historic structures would continue to

be inundated, causing structures to sustain structural damage from

flooding and erosion. Additionally, the architectural, historic, and

scientiftc integrity of the buildings would be increasingly

jeopardized.

The pond ing and embankment areas for plans A and B were surveyed

during September 1981. No recorded cultural resource sites are

within the ponding and embankment areas that these plans would

affect.

The pond ing areas and part of the embankment areas for plans C and D

would provide protection to elevation 1445 and were surveyed in

September 1981. These plans were not completely surveyed because

they were not developed until after the initial survey was completed
If one of these plans is selected, a complete cultural resource

survey will be conducted for it.

The borrow areas for the selected plan will be surveyed by a St. Paul t {
District archeologist in June 1983. It this new survey discovers any

significant cultural resource sites, the St. Paul District will

develop a mitigation plan with the help of the North Dakota State

Historic Preservation Officer.

All plans have a high potential for affecting cultural resource
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sites. The St. Paul District will conduct additional coordination

with the North Dakota State Historic Preservation Officer after

selection of a recommended plan to determine the need to monitcr

,:onstruction activities.

RECREATION

Appendix F discusses recreation concepts and potential recreation

development associated with the project. Because the project would

not significantly affect the water levels in the lake, it therefore

would not affect the recreational opportunities associated with the

lake.

The detailed discussion of the selected plan section of the report

covers the potential recreational development associated with the

project.

PLAN A - PROTECTION TO A WATER ELEVATION OF 1435

Structural

Plan A structural would protect the city from lake levels up to 1435

feet msl. A single embankment 1,100 feet long with a top elevation

of 1440 feet msl would be constructed across Creel Bay about 1,700

feet west of Landfill Road. All structural plans would also include

the interior drainage system discussed earlier. Total coat would be

about $1,600,000. Figure 7 shows the plan. Table 4 presents the

project first cost, annual cost, annual benefit, annual net benefit,

and benefit-cost ratio for each plan.

* Nonstructural

Plan A nonstructural would require evacuation of all buildings with a

first-floor elevation of 1435 fet ral or lower. According to the

inventory prepared for the economic analysis, about $41,000 of
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* residential property, $10,802,000 of commercial property and

$3,444,000 of public property, for a total of $14,287,000 of

property, would have to be acquired.

PLAN B - PROTEC;TION TO A WATER ELEVATION OF 1440

Structural

Plan b -structiral would protect the city from lake levels up to 1440

feet msi. This plan would require several structures: (1) a 1,700-

foot-long, low embankment immediately south of the airport, (2) a

4,000-foot-long main embankment across the head of Creel Bay, and (c)

a 5,100-foot-long embankment south of the lagoon area. The structure

woild have a top elevation of 1445 feet m31. ?otal cost would be

about $2,51-,000. Figure 7 shows the plan. The detailed discussion

of the sele~ted plan In this report has a revised cost estimate and

description for plan B.

Nonstructura l

Plan B nonstructural would require the evacuation of all buildings

with a first-floor elevation of 1440 feet msl or lower. According to

the inventory prepared for the economic analysis, about $693,000 of

residential property, $12,612,000 of commercial property, and

$8,333,000 of public property, for a total of $21,638,000 of

property, would have to be acquired.

.4 PLAN C - PROTECTION TO A WATER ELEVATION Of 1445

. . Structural 4

Plan C structural would protect the city from lake levels up to 11445

feet ml. This plan would require two structures: (1) a 16,000-

foot-long embankment across the head of Creel Bay, and (2) a 7,200-

foot-long embankment south or the lagoon area. The structure would

(P 6"s
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nave a top elevation of 1450 feet usl. Total cost would be about 3
$5,097,000. Figure 7 shows the plan.

Nonstructural

Plan C tionstructiral would require the evacuation of all buildings

with a rfrst-floor elevation of 1115 feet msl or lower. According to

the inventory prepared for the economic analysis, about $3,119,000 of

residertial property, $15,992,000 of commercial property, and

$27,223,000 of public property, for a total of $46,334,000 of

property, wo~ild have to be acquired.

PLAN D - PROTECTION TO A WATER ELEVATION OF 1450

Structural

Plan D structural would protect the city from lake levels up to 1A450

feet msl. This plan would require a continuous emban;kment around the

west and south areas of the city. This embankment would have a top

elevation of 1455 feet m3l. Total cost would be about $8,800,000.

Nonstructura l

Plan D nonstructural would require the evacuation of all buildings

with a first-floor elevation of 1450 feet msl or lower. According to

the inventory prepared for the economic analysis, about $6,983,000 of

residential property, $19,577,000 of commercial property, and

$33,000,000 of public property, for a total of $59,560,000 of

* property, would have to be acquired.

* NED PLAN

The plan with the greatest net national economic development benefits

is designated the NED plan. One way to determine the NED plan is to
plot the economic benefits compared to implementation costs.

s0
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Appendix A details the economic benefits, and appendix B contains the

4 cost estimates.

The economic optimum for each benefit-cost curve i the tangent drawn

at a 45-degree angle to either axis. Figure 8 plots the curves and

45-degree tangeni, lines for each of the three lake-rise scenarios.

Scenario number 2 (with the middle rate of lake rise) shows that the

NED plan would have an implementation cost of $3.3 million and

benefits of $9.9 million. According to the graph of cost versus lake

elevation shown on figure 9, a project cost of $3.3 million would

provide flood protection for lake elevations up to about 1441.5 feet

on1.

Because plan B would provide protection most similar to this

theoretical optimum, this alternative was designated the NED plan.

PLAN LEAST DAMAGING TO THE ENVIRONMENT

The plan that would make the greatest net environmental contribution

to the project area is designated the EQ plan. No EQ plan could be

developed for this project because no opportunities for clearly

improving environmental quality would be related to or created by the

project.

Even though no EQ plan exists, no significant 108 of environmental

quality could be predicted for any of the plans. The plans with a

higher level of protection would require more construction activity

and would disturb larger areas of upland and lowland vegetation.

However, these plans would also provide the greatest reduction in the

threat of inundation of the oity's sewage treatment facilities and

thus would reduce chances of contaminating the lake.4
Because plan B provides the beat combination of these effeots, it was

designated the least environmentally damaging plan.
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S'ELECTION OF THE RECOMIENDKD PLAN3

F'.an B. the recommended plan, provides the best combination of

Poonomic, environmental, and engineering characteris3tics. Summaries
3r the .tdvantages an~i disadvantages of plans A, B, C, and D follow.

tii 4Is a summary oomparison of the alternative plans.

-in A wuI not provide 3urficient flood protection for t-e city.

1! wnViJ prote't against a lake rise of only 7 feet above its present

'eve:. As shown by recent history, such a rise could occur in only a

few years. The standard project flood (SPF) would cause the lake

level to rise about 18 feet.

Plan B is the NED plan. It is an economically efficient plan because

it fully exploits the opportunities for flood control provided by the

nat uirl topographic features in the area. Plan B requires only one

main embankment across a narrow neck in Creel Bay plus two relatively

short, low tieback embankments.

Plans C and D are considerably more costly because they would require

a nearly continuous ring embankment around the south and west sides

of tne city plus additional interior drainage features. The higher

the design water surface level, the less likely it is that the lake

will reach this level.

In addition, alternative measures to relieve flooding in the entire
Dev.ls Lake basin would probably be taken before the lake would reach

the levels of protection provided by plane C and D. Action would be

needed to protect against substantial damages to developed property,

farmland, utilities, highways, and railroads. The city of Devils
Lake would be isolated, with all major transportation facilities and

utilities under water. This large amount of potential damages would

probably provide sufficient reason to dig an outlet to stabilize the

lake level.
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Insot lnA provides isuff:iiet prtcto for the cityo. Pla

cost. Plans C and D are considerably more costly, and damages
throughout the basin associated with such high lake levels would be

so great that stabilizing the lake level would probably be a better

alternative.

Other ractors considered during selection of plan B include the

following:

1. All plans were formulated for consistency and compliance with

environmental and other laws, regulations, and executive orders.

Plan B provides the best tradeoff between environmental benefits and

Costs. It was designated the least environmentally damaging plan.

2. None of the plans would affect any identified cultural
resources. The plans with the higher levels of protection would

protect more potential cultural resource sites; however, they would

also require more construction activity and would increase the chance

of disturbing unidentified sites. Based on existing data, cultural

resource considerations do not significantly determine selection of a

plan.

3. All plans would have a net social benefit. The plans with

the higher levels of protection would offer somewhat greater net

social benefits.I.

-4 4. The nonstructural evacuation plans are clearly not economi- '

eally feasible and were rejected.

S. If the lake continues to rise and if an outlet is not

excavated, the embankments for plan B could be used as a base forI
constructing either higher emergency levees or permanent levees. If

4 an outlet is exoavated, implementation of plan 3 would allow the lake
to be stabilized at a higher level. This higher level would reduce

the coat of the outlet and would provide greater benefit. for water
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quality, water supply, and recreation. Plan B would not constrain

any future decisions that say be made.

6. Local interests support selection or plan B.

5A
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DESCRIPTION OF THE RECOMMENDED PLAN3

After selection of plan B as the recommended alternative, the St. Paul

District conducted more detailed economic, environmental, and engineering

analyses of this plan. The recommended plan was coordinated with the

eity of DevikL3 Lake, the North Dakota State Water Commission, the North

Dakota State Highway Department, the U.S. Fish and Wildlife Service, and

other agencies and interests.

The original plan B (described in the Previous section of this report)

has been revised to reflect updated costs, benefits, design refinements,

and environmental considerations. Figure 10 shows the general features

of the recommended plan.

ALIGMENT

The recommended plan would have four separate flood barriers: the Creel

4 Bay embankment, the Creel Bay south tieback embankment, the Creel Bay

north tieback embankment, and the south embankment. Continuous

stationing for the embankments Was started at the east end of the south
embankment (station 0 + 00) and extended through the north end of the

Creel Bay embankments (station 212 + 00). Plate 1 shows the general

plan. Plates 2 through~ 9 show additional detail.

South Embankmen t

The south embankment would be south of the city, just north or where
Trunk Highway 20 and the abandoned Burlington Northern Railroad line run

immediately adjacent to each other. This embankment is needed to keep

wvater in the main body of Devils Lake from flowing up a valley and behind
* the "ain embankment mcosma Creel Bay. Such flows would occur when Lake

stages are greater than 1435 feet mal. The mouth embankment would be

'S



S3,100 feet long and would vary from 0 to 9.5 feet high. (The plan and

profile for this reach of the embankment are shown on plates 2 and 3.)

The south embankment begins where the abandoned railroad embankment

intersects with the natural ground at elevation 1,1445 feet. For

approximately its first 1,4100 feet, the embankment would be built on the

existing abandoned railroad embankment. The measure would reduce fill

quantities and impacts on agricultural land. The embankment would then

run due west for about 1,700 feet, except for the last 500 feet, which

would be bent north to avoid some homes. The west end of the embankment

would tie Into high ground at Trunk Highway 20.

The service road on the east side of the highway would have to be raised

about 3 feet where the embankments would cross the road. The road would

ramp over the levee and would match the existing ground about 200 feet

north and 200 feet south of the centerline of the levee. Fill would be

placed in the ditch between the service road and the highway.

After plan B Was selected, several alternative plans for providing flood

control in the south levee area were identified and analyzed.

Three additional embankment alignments north of the original alignment

and four methods to handle interior runoff (pumping, fill, an open ditch,

and an intercepter sewer) were developed.

An open ditch would have been economical, but would have drained a 40-I

acre wetland. It was therefore determined to be unacceptable.

An interoeptor sewer, fill, or pumping plant was needed for three of the

alignments. However, it was determined that the fourth and selected

'1 alignment did not require any interior runoff features because this

alignment is on the drainage divide between Creel Bay and the main body

of' Devils Lake.
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The relocated and refined south embankment plan Costs about $400,000 l0ss

than~ the south embankment plan developed earlier. All of the buildings

that lie between the earlier and revised alignments have a first-floor

elevation of 1,1440 feet *sl or higher. Since no future development

benefits were taken for any of the study area, the projected economic

benefits for the south embankment alternatives are the same. The revised

south embankment alignment therefore saved about $400,000 without any

reduction in economic benefits.

Creel~ Emb_ ankment

The Creel Bay embankment would be west of the City's sewage lagoon, about

1,500 feet west of Landfill Road (also referred to as Dump Road). As

Creel Bay approaches the city from the west, it narrows to a neck and

then broadens considerably. The Creel Bay emban~kment would be

construc ted across this neck. The embankment would be 1,810 feet long

and would vary from 0 to 27 feet high. Plate 5 shows the plan and

profile for this reach of embankment.

South Creel Bay Tieback Embankment

The south Creel Bay tieback embankment is 1,030 feet long and varies from

0 to 3 feet high. Plate 4 shows the plan and profile for the south Creel

Bay tieback embankment.

This reach of levee was reevaluated after plan B was seleoted and

additional topographic information was available. The reevaluation

determined that the south 1,300 feet of the original design would be 1
foot high or less, would have gently sloping land on both sides, and

would be relatively well protected from large waves. The embankment for

this 1,300-root-long reach was therefore eliminated. As a result, the

natural elevation in this area would allow 4 feet of freeboard rather

than the 5 foot that the embankments allow.



North Creel Bay Tieback Embankment

The north Creel Bay tieback embankment is northwest of the main

embankment. This tieback embankment is needed to keep Creel Bay waters

from flanking the main embankment for lake stages of 1,L438 feet or

higher. This embankment would be about 2,400 feet long and would vary

from 0 to 8.5 feet high.

Trunk Highway 19 and the north/south township road immediately west or

the airport woAld have to be raised. These roads would be the northern

terminus of the embankment. Trunk Highway 19 would be raised 1 foot.

Highway ramps about 500 feet long on the east andI 350 feet long on the

west side of the embankment would be constructed to provide a safe

transition over the embankment. The township would be raised a maximum

of 3 feet and would have a ramp length of about 620 feet. Plates 6 and 7

show the plan and profile for this levee.

CROSS SECTION

Plate 8 shows typical embankment sections. Plate 9 shows typical road

raise and borrow area sections.

All of the embankments would provide flood protection for lake stages up

to 1,440a feet mal. Each embankment would have a completed top elevation

or 1,l445 to provide 5 teet of freeboard. The freeboard analysis section

of this report describes the calculations of the treetoard requirement.

The south and tieback embankments are relatively long, low structures.
Compacted impervious fill would be placed to a top elevation of 1,445

feet. The city side of the embankments would have a slope of I toot

vertical for every 3 feet horizontal. The mild slope on the lake side
would protect the embankment from erosion at a lower ost than that of

r~prap. Six inches of topsoil would be stripped before the levee till
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w:i- p'iio,-, ex,,ept tinder the I vertical on 15 horizontal slope where no

ztr'-.pp'Kg wn il, ! be neces,.ary. The south and tieback embankments would

h,ve ., top width of i1) feet. The surfaces of the embankments would be

-evered with 4 inches of topsoil and seeded with native gra.s species.

These rea,-hes of" embankment are all in upland areas.

The ma.n embaankment across Creel Bay can be expected to serve as a flood

for many leoades. Since failure of this embankment would result

in, -'astroph>l damages, the embankments are designed to meet dam safety

,o-tpria. A akeside cofferdam and probably a city-side cofferdam (the

;-ontractor might choose to use Landfill Road as the city-side cofferdam)

wcji re needed so that the structures could be constructed in the dry.

71,e oofferdams would be constructed by pushing or end-dumping impervious

fi2 across Creel Bay. The bay presently has 3 to 4 feet or water at the

proposed eofferdam locatioi. After the lakeside cofferdam is no longer

neede, it would be pulled back toward tie main embankment to form a

7'he akesliJe cofferdam is necessary to construct the main embankment;

K )wever, it could also provide flood protection for the city until the

ma'n embankment is in place.

The main embankment would have a top widtn of 20 feet. Both sides would

have slopes of 1 foot vertical for every 3.5 feet horizontal. The lake

side would be protected by 9 inches of aggregate bedding material plus 18

inches of riprap.

Borings indicate that the foundation soils are relatively impervious.

Seepage through the embankment would be controlled by the use of

4 impervious fill and a sand drain. An inspection trench 6 feet deep and

10 feet wide would be excavated across the valley and filled with

compacted impervious material. The sand drain would be protected by 6

inches of bedding and 12 inches of riprap where the dral., surfaces on the

eity side of the embankment.
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All surface area not protected by riprap would be covered with 4 inches

of topsoil and seeded with native grass species. One foot of topsoi'

would be stripped from under the main embankment. To allow for settling,

the embankment would be overbuilt by one foot to a top elevation of 1,446

feet.

Plates 8 and 9 snow the road raise cross sections and profiles. Plans

and specifications for these raises will be coordinated with the North

Dakota Highway Department and township officials.

One foot of topsoil would be stripped from the Creel Bay borrow areas.

After the borrow is removed, these areas would be graded for drainage,

covered with four inches of topsoil, and seeded.

Appendix E contains additional information on the geotechnical design of

the project.

INTERIOR FLOOD CONTROL FACILITIES

The interior flood control system was formulated to meet the following

concerns:

1. To provide the most cost-effect plan.

2. To provide facilities for pumping during high lake stages and

gravity flow during low stages.

3. To minimize the impact on wetlands. I

4. To be compatible with future plans to land-spread treated

effluent from the sewage lagoons.

The recommended plan includes a yatom of storm-water holding ponds, a

*pumping station, and culverts and ditches. The capacities of the holding
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ponds and pumping station were optimized to provide the most cost-

effective system. Large amounts of relatively low-cost former lakebed

land are available for ponding. By using the maximum ponding available,

tne recommended plan minimizes the required capacity of the pumping

station and the total cost of the Interior flood control system.

During low lake stages and gravity flow conditions, the interior flood

"ontrol system could accommodate, with no damages, a storm with a 1-

percent probability of occurring in any single year. During high lake

stages and blocked gravity conditions (pumping mode of operation), the

proposed system could accommodate, with no damages, a 15-day, 4-percent

storm event. With present high lake stages (elevation 1,428 feet in Hay

1983), the existing system probably cannot accommodate a 4-percent event

without damages.

An economic analysis showed that increasing the size of the pumping

station to accommodate a design storm larger than a 4-percent event would

not be justified.

To reduce future pumping costs, a siphonic pump design was chosen. With

this design, the pump only needs to lift the water for the height that is

the difference between the water elevations on both sides of the

embankment rather than for the total height of the embankment. Because

the pumps might have to operate for many years, this design could result

in considerable energy cost savings.

Special attention was also given to insulation, earth sheltering, and

ventilation because of the need for extended pumping during all seasons I
of the year. A gravity outlet was incorporated into the design of the

pumping station so that, if lake levels fall to 1,42g feet mal or lower,

pumping costs could be eliminated.

The interior flood control system is not designed to aocommodate any

significant increase in interior runoff area. Because of the topography
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in the area, it i4 unlikely that additional wetland water storage areas

would be drained to flow into the interior runoff area. Any j

drainage is strongly discouraged because of the negative ef

drainage on the interior flood control system as well as

wildlife habitat.

I_act on Wetlands

An important design consideration was to minimize the impact on wet 3.

The proposed south embankments would block the existing control for a 0-

acre wetland immediately north of that embankment. However, a new oet

at the same elevation would be excavated. A shallow, sod-lined s e

would be constructed to drain toward an existing culvert under k

Highway 20.

The project would also drain a 38-acre intermittently-flooded we d

southwest of the sewage lagoon plus a 20-acre wetland between Land 1
Road and the proposed Creel Bay embankment. These wetlands mus e

drained to allow sufficient slope in the ditches that would transi  t

water from the holding ponds to the pumping station. After the pros t

is constructed, these areas would be intermittently flooded when ne d

for ponding capacity, but they would have less water for shoe r

durations than under existing conditions.

About 167 acres of permanent wetland would be maintained in the nAh

ponding area. The 65-acre wetland between Landfill Road and the se ge

lagoon would be preserved. Notches would be out down to elevation 1,1128

feet ml in the borm along the wetland. During high-flow conditions,

water from the north holding pond would recharge the wetland. Under
existing conditions, the only exterior source of water is sewage effluent

that the city may choose to pump into the area.
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The intorior flood control plan was reviewed and approved by the U.S.

Fish and Wildlife Service.

La a di~of _ Sewa "Effluent

A long-tprm goal of the city is to eliminate the discharge of treated

sewage effluent into Creel Bay. The effluent presently meets State and

Federal water quality standards.

In 1983, the city initiated planning studies for land-spreading or

evaporation of the sewage effluent. At present, there appears to be

lilited further economic benefits associated with combining the storm

waber and effluent water pumping facilities. In addition, the schedules

for the flood control and land-spreading projects do not correspond.

Pumping facilities for sewage effluent have therefore not been

incorporated into the flood control project.

If opportunities for combining these facilities are well developed before

planning for the flood control project is completed, the decision not to

incorporate land-spreading could be reevaluated. Any additional project

costs for pumping sewage effluent to land-spreading or evaporation

facilities would be a local cost.

Pond, rAsjM

-4a Interior flood control facilities would consist of five holding ponds: a

299-acre north pond, a 195-acre south holding pond, a 127-acre east pond,

a 107-acre Landfill Road pond, and a 32-acre pond between the proposed

* |embankment and Landfill Road, for a total of 760 acres.

i
4 Except for the north and Landfill Road ponds, the ponds would only have

water when runoff was greater than the capacity of the pumping station

and only until the pumping station could drain down the ponds. However,
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a large storm might require several days for the pumping station to draw

down the ponds.

Although 'his land could be used for grazing, hay meadows, or other

compatible purposes, these areas would have to remain available for

ponding water at any time.

Pipes and Ditches

Three culverts would be removed from under Trunk Highway 19, and two new

36-inch by 58-inch arch pipes would be installed. Each new pipe would

have a weir to maintain a minimum water elevation of 1426.75 feet in the

north holding pond.

As discussed earlier, notches would be out in the existing berm adjacent

to the Landfill Road pond to recharge this wetland and to provide ponding

capacity. Minor clearing and grading in the existing storm-water ditches

adjacent to the sewage lagoon would increase their capacity. The

existing culverts under Landfill Road would be removed and a new 72-inch

pipe installed there.

As discussed earlier, a new sod-lined swale would be constructed to

control the elevation of the wetland adjacent to the south embankment.

This swale would have the same control elevation as the present wetland

control.

Puming Station

The pumping station would be on the south abutment of the Creel Bay

embankment. The pumping station would be designed for all-season

operation and would have two 8,000-gallon per minute submersible electric

pulps.

PMS
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Plates 10, 11, and 12 show the holding ponds and other interior flood

control features. Plates 15, 16, and 17 show the pumping station.

Appendix C is a detailed analysis of the interior flood control system.

FREEBOARD ANALYSIS

Freeboard requirements for the embankments comply with the criteria and

principles in a Corps publication, ETL 1110-2-221, "Wave Runup and Wind

Setup on Reservoir Embankments," dated November 29, 1976. Overland wind

velocities were adjusted to over-water conditions for an effective fetch

of 2.11 miles. Wind velocity computations resulted in a design wind of

55 mph over a 28-minute duration. Recommended procedures for developing

wind setup and and maximum wave runup on a riprapped embankment produced

a 5.0-foot freeboard requirement. The maximum wave runup was determined

to bc 4.7 feet with a wind setup equivalent to 0.3 feet. The design

water surface elevation of 1440.0 feet along with the computed freeboard

allowance of 5.0 feet established the top of embankment at elevation

1445.0 feet for all reaches of embankment. As discussed earlier, a

portion of the embankment was eliminated in an area that has 4 feet of

freeboard with its present elevation.

GROUND WATER AND SEEPAGE

Natural foundation materials at all of the embankment sites are

predominantly Impervious. Out of 546.2 linear feet of overbiirden samples

for the project, only 31.2 feet were evaluated as pervious. These

pervious materials occurred as beds less than 5 feet thick in an

impervious soil mass. A total of 97.11 linear feet of fractured shale was

sampled. In all oases, the fractured shale was mantled by an Impervious

soil cover.

Although not verified by borings for this project, glacial till is

normally weathered and occasionally fissured to a depth of 5 to 10 fet.

In areas of poor surface drainage, water is requently stored in fissures
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in this zone. Water may also seep into shallow excavations. Migration

of water through these fissures is, however, generally not significant.

Movement of water therefore would be limited to thin, sandy beds in the

overburden and to the fractured shale. Based on this interpretation,

seepage under the embankments is not a problem caused by a limited

ability of the foundation to receive and transmit water.

The water table was poorly defined for this study because of the low

permeability of the soils and the short observation time allowed for

water levels in boreholes to become static. Based on the simple

definition of the water table as the surface of the zone of saturation,

the water table is interpreted as fairly shallow at all sites. Free

water is, however, not readily available.

IMPACT ON GROUND WATER

The project is prVosed to protect the city of Devils Lake from

Inundation. It will not cause a perceptible difference in the level that

the lake would atta$ if no action were taken. No adverse impact on the

ground water of the area would, therefore, result from the project. The

project would, in fact, provide some relief to normal high ground-water

levels under the city by maintaining surface drainage and by keeping

sewers functioning during periods of high lake levels.

Although the project should have no adverse impact on the ground water of

the area, a brief discussion of ground water at the city of Devils Lake

and probable ground-water conditions during periods of excessively high

lake levels follows to clarify what might otherwise be perceived as a

project-related prob am.

The city of Devils Lake is underlain by glacial drift and minor

lacustrine sediments resting on shale of the Pierre Formation. Free

ground water is present in sand seams, lenses, and channels in the
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glacial drift. Such features often yield water to shallow excavations,

particularly in the west and central parts of town. Seepage from shallow

water-bearing seams is also evident in a drainage ditch around the north

and east sides of the city. This seepage reportedly contributes to

sewage treatment demands because of infiltration into the sewer pipes.

Watcr is 31so present in fractured shale of the Pierre Formation, which

In too deeply buried to be encountered in excA-ations for normal

,-onstruction. Wolls tapping this source are over 40 feet deep, but those

In the drift are as shallow as 12 feet.

Other major aquifers under or near the city are the Dakota and the

Spiritwood Aquifers. The Dakota Aquifer lies 1,500 feet below ground

surface. It Is a sandstone that yields salty water under artesian

pressure. The Spiritwood Aquifer is a drift-filled bedrock valley south

and west of the city. This aquifer produces poor quality water from sand

and gravel beds in the drift.

The only water-bearing strata of interest in the evaluation of the

relationsh.p of ground-water and lake levels are the shallow sandy beds

in the drift. These sandy beds are recharged by local precipitation.

Natural drainage from these beds is poor because they lack a hydraulic

connection with an effective base level. Drainage is presently assisted

by ditches to the lake and infiltration into sewer pipes. These

artificial factors make drainage responsive to lake levels only when the

lake is at a lower level than the area drained.

Since the level of the lake depends directly on precipitation, high lake

levels would naturally coincide with high ground-water levels in the

city. A casual observer could therefore easily misinterpret the high

ground-water levels as the result of the high lake level.

With the project in place, a pumping facility would provide some relief

to high ground-water levels by maintaining surface drainage and by

keeping the sewer systems operational. Subsurrse sepage from the lake
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to the protected area Is predicted to be insignificant because of the

overall fine texture of the soils. Demands on the pumping facility due

The non-federal project sponsor would be responsible for acquiring all

lands, easements, and rights-of-way for the project. The easements

described below are the minimum interests that the sponsor would have to

acquire. The sponsor may choose to acquire a greater interest, such as
fee title ownership, however.

About 32 acres would be needed for the earth embankments, pumping

station, and access road. The city would have to acquire a perpetual

easement.

About 760 acres would be needed for interior runoff ponding areas. The

city would have to acquire a perpetual easement for these lands. The

pond ing land could be used for compatible purposes, such as grazing or

hay meadows. However, such uses would have a lower priority and could not

interfere with the primary purpose of the land, whiich would be to store

water.

Perpetual easements would be needed for the Trunk Highway 20 and township

road raise near the airport and for the service road raise near the south

embankment.

Fill for the project would be excavated from an existing stockpile of

earth south of the city (approximately 300,000 cubic yards of earth

excavated from store-water settling pands) and from borrow areas north of

.he Creel Dy embankment. The city owns the stockpile of earth, but it

would have to acquire temporary borrow easements north of the main

eanksment.
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3
Much or the land needed for the project lies below the meander line of

the lake, which generally varies between 1435 and 1137 feet mel in the

Creel Bay area. State officials have indicated that the State of North

Dakota owns this land. Several recent court cases have confirmed the

State ownership of this land. State officials have indicated the State-

owned land necessary for the project would be conveyed to the project

sponsor.

Some of the land needed for the main Creel Bay embankment is owned by the

city. The balance of the land needed for the project is owned by three

or four private parties.

Appendix B includes the real estate cost estimate.

RFLOCATION OF BUILDINGS, STREETS, AND UTILITIES

No known buildings, streets, or utilities would need to be relocated for

construction of the recommended plan. Relocation of these items would be

a local responsibility.

An underground water main would pass beneath the south embankment. This

pipe may need to be modified so that failure of the main and the

resulting breakage would not endanger the embankment. These

modifications are considered an integral part of the structures. The

cost of such modifications would be a Federal responsibility.

-4 ECONOMIC BENEFITS

As discussed in appendix A, the traditional benefit-coat ratio analysis

that uses discaarge or stage froquenoy-damage relationships could not be

conducted for this projeot. However, the lake will probably ontinue to

rise. The standard project flood inflow to the lake would cause the lake

to rise about 16 feet above Its present elevation (1428-plue feet al).
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Becaaise the economic damage resulting from higher lake levels would be

mzh greater than the cost to protect against these damages, it appears

pr-ient to construct the proposed flood control measures. A lake level

of 1440 feet msl 'the design water surface for the recommended plan)

wo'lJ f:ood about $26,000,000 worth of property. The cost of a project

to prnte-t against these damages would be about $2,000,000.

T.,ree scenarios for future lake levels were developed and are analyzed in

appenlix A. The national economic development (NED) average annual

beneflts w ere calculated using scenario 2. This scenario involves an

inter-ellate rate of lake rise.

Tne tota: present value of future damages, basel on scenario 2 and a

es'gn water surface elevation of 14L feet msl, is $9,880,00. For a

")2-year proleo t :ife and a 7-7/8 percent interest rate, the average

a-nn-a" economic benefits associated with the project would be

$,77O5, 002'

The tnree scenarios indicate "he sensitivity of the economic feasibility

to the rate of rise of lake levels. However, the economic analysis

showed that, even for the most conservative rate of lake rise (scenario

3. where the lake would not get to elevation 1a30 feet until the year

2000', floo- control measures would be economically feasible. Benefit-

cost ratios for the seleoted plan range from 5.3 to I (scenario 1) down

to '.r, to ':scenario 3).

The total present value of future damages was updated for the

recommended plan using an interest rate of 7-7/8 percent and a base year

of 1484. These figures differ from those presented for plan B during an
earlier stag* of the study because the earlier figures used an interest

rate of '-5/8 percent and a base year of 1932. Updating all of the -

alternatives would not have resulted in selection of a different plan.

?
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LEVEL OF PROTECTION/FLOODPLAIN MANAGEMENT

For a traditional flood control project, the level of flood protection

proviied can be estimated. This level of protection is generally stated

in terms of the probability of occurrence for a flood larger than the

project is designed to control. However, the lack of a stage-frequency

ra'ationship for the Devils Lake water levels makes it impossible to

calculate this probability for the recommended plan.

The standard definition of a floodplain includes the land with a 1-

percent chance of being inundated in any one year. The lack of a stage-

frequency relationship also makes it impossible to define the floodplain

in the project area according to standard criteria.

Since the level of flood protection provided by the project cannot be

identified, the area protected by the flood barriers cannot be removed

from the floodplain and must be managed to avoid endangering additional

development.

From the Federal perspectives, this management program would limit the

risk to the Federal investment in public development within the area.

The Federal flood control project must also be consistent with the

principle that Federal action should not encourage development in an area

at risk from flooding. Executive Order 11988 requires that the Corps

avoid inducing development in the floodplain.

The need for floodplain management in the project area has been stressed

by Corps representatives at several meetings with local and State

interests. These interests concur with the need for such a management

program. In cooperation with the North Dakota State Water Commission,

the Federal Emergency Management Agenoy, and the Corps, the city of

Devils Lake is developing a floodplain management ordinance. mnaotment

and enforcement of this ordinance would be an item in the local

cooperation agreement. (See local responsibility item 9 on page 84.)
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F.g.re 3hw contour lines for elevation 1440Q feet ,s (the design

water surface for the recommended plan) and the approximate elevation of

the natira' -nJtlet. The figure also shows a profile across Creel Bay,

t-,e iewaga lagoonn, ani the city.

T7.e starlri project flood SPF) would cause the lake to rise to

P.-wition '.4O) feet msl from its 1983 elevation of 1i428. This SPF level

w 1 1 te ' foot over the top of the levee and 6 feet above the design

wator ;rfa-e level for the project. However, because of the slow rate

'p r. e :f the lake, emergency action to raise the levee or excavate

. t w be feasible. If these actions were not taken, there

* "e to evacuate people and removable property.

N;: ,4NMETAz EFFECTS

"Te re:omeniel plan is preferred from an environmental standpoint.

hatitat losses resultirg from the project have been minimized. The higher

ualtty wetlands In the project area would not be adversely affected by

the prote.t. A minimum water level would be held in the north holding

ponj to maintain a wetland. Terrestrial habitat losses would be

restricted to grassland areas, and those losses would be replaced by

grass plantings on the levees.

Other measures are also in the recommended plan to help minimize

environmental impacts. The project would be compatible with a system to

land-spread waste water. The city, in cooperation with State and Federal

agencies, is investigating such a system.

. A land management plan is also part of the recommended plan. This land

management plan would help to reduce future flood damages and to preserve

the floodplain values of the area.
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As part of the selected plan, wetland drainage is discouraged.

Discouraging drainage would preserve wetland values and maintain the

effectiveness of the interior drainage facilities.

The recommended plan is designed to minimize environmental impacts. The

loss of aquatic habitat at the head of Creel Bay is not considered

iignificant. The recommended plan does not result in unacceptable

impaots. It is also the least environmentally damaging plan.

SOIAL EFFECTS

Construction equipment would generate some noisp. However, no sensitive

receptors (such as hospitals or schools) are in the construction area,

and the noise would have no appreciable effect. Views of the lake and

upland areas would be affec ted by the structures. To some this effect

could be a loss of aesthetic values, but to others the structure could be

an attractive item of interest. Traffic patterns would not be

significantly affected by construction activity.

Substantial benefits to the public health and safety would result from

protecting the local sewage, storm water, transportation, communication,

and electric utilities. The project could have a minor negative effect

on community cohesion because it would protect the city but not other

areas adjacent to the lake. Residents and businesses in those areas not

protected (such as Camp Grafton, Fort Totten Indian Reservation, and

Minnewauken) might feel unfairly treated.

The project would have substantial beneficial effects on community growth
" iand development. The project would (1) protect vital city services, (2)

"*, protect a major recreation and economic resource (the lake would not be

contaminated with raw sewage and debris from inundated development), (3)

provide minor economic stimulus during construction, and (4) protect the

development in the floodplain.
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The recommended plan would not require relocation of homes or businesses.

Although there is the potential for controversy about the issues of

allocation of local costs, the limited area protected, and the .loodplain

management plan, no project-related controversy is apparent. Local,

regional, and State interests have shown strong, continuing support for

the project. Their chief concern has been that the schedule for

implementition of a plan be accelerated to prevent imminent flooding.

CULTURAL RESOURCES EFFECTS

No cultural resource sites are known within the area of the recommended

plan. All proposed project lands have been surveyed except for the

access road to the pumping station and the north borrow area. The access

road location was not identified until after surveys were completed.

Permission to survey the north borrow area could not be obtained. When

permission from this property owner is obtained, the access road and

borrow area will be surveyed.

If any significant cultural resource sites are discovered in the project

area, the St. Paul District will initiate coordination with the North

Dakota State Hi.toric Preservation Officer to develop a mitigation plan.

RECREATION AND AESTHETICS

St. Paul District representatives and local public officials have i
discussed recreational opportunities associated with the project. The

St. Paul District has prepared a conceptual plan showing trails on the

Creel Bay embankments and associated facilities. Although local officals

were interested in these concepts and confirmed the need for these

facilities, they did not indicate a firm willingness to participate in

recreation features. Therefore, no recreation features are in the

recommended plan.
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Plantings will be used to visually screen project structures. Native

grass species will be used when appropriate to provide wildlife habitat,

minimize maintenance, and provide a more natural appearance.

PUBLIC LAWS, REGULATIONS, AND EXECUTIVE ORDERS

The project was reviewed with respect to Executive Order 11988

(floodplain management), Executive Order 11990 (protection of wetlands),

the Council on Environmental Quality (CEQ) memorandum of June 11, 1980,

(impacts on prime and unique farmland), items specified by Section 122 of

Public Law 91-611, the Clean Water Act of 1977, and Public Law 96-159

(endangered species).

This review determined that the project would be consistent with these

laws, regulations, and executive orders. The reasons for this

determination are discussed in the environmental assessment section of

this report.

PROJECT IMPLEMENTATION COSTS

Table 5 shows the total investment cost needed to implement the project.

4 The annualized total project investment cost, benefit-cost ratio, and net
annual economic benefits are indicators of the economic feasibility of a
project. Table 6 shows these indicators for the Devils Lake flood

control project.
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' Table 5 -Total Project Investment Cost

$(~1Construction (each item includes a 15-percent contin~ency)

Embankments $819,000

Road raises, access road 105,000

Puri, Ing plant 540_000

irect construction cost subtotal $1,464,000

Engine,,ring and design (includes 176,000

preparation of plans and specs.)

Supervision and administration 1271000

Indirect constru-tion cost subtotal 303,000

Tot a] const rtjct i on cost $1,767,000

Lands., easements, and rights-of-way 160,000

Interest during construction 46,000

total project investment cont 1,973,000

Table 6 - Economic Feasibility

Annualized total project investment cost

($1,973,000 x 0.07879)
( 1)  $155,000

Annual operating and maintenance cost
( 2 )  6,000

Total annual cost 161,000

Annual benefits 649,000

Annual net benefits ($649,000 - $161,000) 488,000

Benefit-cost ratio ($649,000 t $161,000) 4.0

(1) Based on an interest rate of 7-7/8 percent and a 100-year

evaluation period.

(2) $3,500 for operation and maintenance of pumping plant. $2,500

i for mowing and maintenance of embankments and ponding areas.
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IMPLE4ENTATION RESPONSIBILITIES

The single purpose of this project is flood control. Costs between local

and Federal interests would be allocated according to current Federal

flood control law.

The Federal 5overnment would bear all of the costs for construction of

the flood barriers and interior flood control facilities, up to a maximum

cost of $4,000,000. Local interests would provide all lands, easements,

and rights-of-way. Local interests would be assigned all costs for the

relocations of any buildings, roads, or utilities (none have been

identified). Local interests would also operate and maintain the project

after completion.

Table 7 shows allocations of project costs between the local sponsor and

the Federal Government.

Table 7 - Allocation of Project Costs (May 1983 price levels)

Item Federal (1 ) Iocal Sponor Total

Construct ion $1,767,000 so $1,767,000

Lands, easements
and rights-of-way 0 160LO. 160,000

Total project cost 1,767,000 160,000 1.927.000

(1) Does not include $5.000 for the initial reconnaissance report or

$295.000 for detailed studies prior to authorization of project

construction.
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LOCAL RESPONSIBILITIES

Non-Federal Interests must agree in writing to:

1. Provide, without cost to the United States, all lands, easements, and

rights-of-way, including ponding and borrow areas, necessary for the

construction, operation, and maintenance of the project.

2. Accomplish, without cost to the United States, all alterations and

relocations of buildings, streets, and utilities except those utilities

that are an integral part of project structures, necessary for the

construction, operation, and maintenance of the project.

3. Hold and save the United States free from damages caused bv the

construction and subsequent operation and maintenance of the project,

except damages due to the fault or negligence of the United States or its

contractors.

4. Provide all project costs in excess of the $4,000,000 Federal

statutory cost limitation.

5. Maintain and operate the project after completion, without cost to

the United States, in accordance with regulations prescribed by the

Secretary of the Army.

6. Prevent any encroachment on constructed works and pond ing areas that

would interfere with the proper runctioning of the project and, if

pondins Is impaired, provide promptly and without cost to the Unit

-.4 States, substitute storage or equivalent pumping capacity.

7. Comply with the applicable provisions of the Uniform Relocation
Assistance and Real Property Acquisition Policies Act of 1970, Public Law

91-646, approved January 2, 1971, in the acquisition of lands, easements,

and rights-of-way necessary for the construction and subsequent

maintenance of the project and advise affected persons of pertinent

procedures, policies, and benefits in connection with the Act.
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8. Comply with Section 601 of Title VI of' the Civil ikghts Act or 1964

'Public Law 88-352) and Department of Defense Directive 5500.11 issued

pur3,sut tnereto anI published in Part 300 of Title 32, Code - f Federal

Regjlatton s, in connection with the construction, operation, and

maintenance rf the project.

9. Witr,.n ore year after the execition of this igre;me;it, e.-,a t and

rmmeno tie enforcement of a floodplain zoning orJ1knan,e ahi~h shall

ipFp to that part of the area protected by the project, whlch 14o subject

t) the zolng aithority of the City of Devils Lake, North Dakota. The

iail ordinance shall:

a. Prohibit all new construction or additions or improvements to

existing structures which will Increase the existing assessed

valuation by a factor of 50 percent or more, ' low e'lev-tion 1440

feet, mean sea level, unless elevated, floodproofed or otherwise

protected against damages resulting from floods occurring at or

below elevation 1440 feet, mean sea level.

b. Be coordinated with the State and Federal Emergency Management

Agencies and be consistent with State and Fcderal fr )odplain

management regulations.

c. Be amended, upon receipt of written notification from the

undersigned District Engineer or his sccessor, to reflect the

results of further hydrologic studies by the Corps of Engineers

which result in development of a stage-probability relationship

-4 indicating probable flooding to an elevation other than 1440 feet,

mean sea level, by applying the said prohibition of construction to

said elevation.

10. The City shall cause an annual publication of notification in a

newspaper of general circulation in the City, advising all who may be

conoerned that all land below elevation 1157.1 feet, mean sea level, the

elevation of the natural lake outlet, has been inundated by the waters of

Devils Lake in the past, and could be so inundated again.
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11. The City shall notify in writing all persons requesting land use or

building permits In connection with land lying below elevation 1*457.1
feet, the elevation of the natural lake outlet, that suoh land has been
inundated by the waters of Devils Lake in the past and could be so

Inundated again.

FEDERAL RESPONSIBILITIES

Federal (Corps of Engineers) responsibilities would include the

following:

1. To prepare construction plans and specifications.

2. To administer and superviset construction.

3. To bear all oC the Costs for construction of the flood barrier and
interior flood conirol system up to the Federal Cost limit of $4I,000,O00.

4a. To provide t city an operating and maintenance manual for the

project.

The final projectfost would be determined after final payment to the

construction contractor. The local share of project coats would then be

adjusted to reflect actual rather than estimated coat.

PUBLIC VIEWS AND COORDINATION

The Devils Lake Section 205 flood control has been closely coordinated K
with the city or' Devils Lake and with State and Federal agencies. The

project was .iscussed at several meetings with city, regional, and State

officials. These meetings were open to the public. The project was also
coordinsted through many letters and telephone conversations with these

interests. Appendix H contains documentation of the most signifioant

inundted ga6n

FEDEAL RSPONIBILTIE



coordination items. Local and State interest:a hive shown strong,

continuijng support for the project, and they have taken an active rolp in

helping to formulate the final plan.

SUM4ARY ANALYSIS OF FINAL PLAN

Taole 8 summarizes the final plan and shows contributions of the plan to

the four national planning accounts (national economic development (NED),

environmental quality (EQ), regional development (RD), and other social

effects (OSE).

One local planning objective, to contribute to the economic health of the

city of Devils Lake by reducing the flood threat during the 1984 to 2084

period, was determined to be very similar to the national objective of

regional development. The local objective of economic health is

therefore discussed in the regional development sections. Similarly,

another local planning objective, to contribute to the sense of security

of local residents and business interests by reducing the flood threat,

was combined with the other social effects national objective.

Table 8 compares the final plan to the existing conditions and to the

most probable future if the plan is not implemented. The environmental

assessment section of this report contains additional summary Information

on the compliance of the plan with the requirements of Section 122 of17
Public law 91-611, and with other environmental laws, regulations, and

* policies.

Table 9 summarizes the response of the recommended plan to the evaluation

criteria.

6



-'>0a '1 7 0

C-. o0: a OE-

*7- 71 . - C C 1 .7

-A t, c:0C.l-

71

7-~ -7..41

xc 4. CL1.4

o ..- LO 7...C '44

W-a

A.-... J9 o

.7.

-AllS



Table 9 Response to Evaluation Criteria

1et em Re sonse. o_ f Pl 1an

acc eptabiIitV Favorable. Plan is acceptable or -trotigli supported

by all identified groups.

Ompleteness Favorable. The plan woold provide (rmplet e exterior

and interior flood protect ion for the des ign events.

v, fect ivvness Favorable. The plan would make ;igni I Ica lt c(,Mtri-

butions to all planning accounts.

e t fienc'v Favorable. The plan would full- exploit flood control

opportunities provided by the natural topography.

tr.1 1ft v Favorable. Although the prohabilitv of fuature lake

stages could not be quantified, rec ,nt trinds and

past lake elevations indicate that th lake will

continue to rise. The risk of constrzctin a project

that is not needed because ldke levels ;uddenly and

consistently fall appears to be small. The risk

appears to be much greater for expensive., inefficient.

and unsafe emergency action:' and/or catastrophic

damages if the lake continues to rise.

geographic scope The plan applies only to the city of Devi Is Lake.

riversibility Favorable. If the lake level falls, the gravity outlet

could be opened and the drainage system would function

as it did before the lake level reached its current

elevation. If lake levels rise and an outlet is

constructed, the prolect would allow the lake to be

stabilized at higher levels.

stability Favorable. Three scenarios for lake levels reachinit

elevation 1430 feet in 1983, 1991, and the year 2000

were analyzed. The project was feasible for all three

scenarios.

benefit-coat ratio Favorable. 4:1
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RECOM 4ENDATIONS

I recommen.i that the United States construct a flood control project at

,-vil. i.akP, North Dakota, generally in accordance with the selected plan

de:iribed in thi.i report, provided that the local sponsor fulfills the

itpmn of local eooperation. The project would have an estimated total

,o-,t 4f $!.'A7,000, with a Federal cost of $1,767,000 and a non-Federal

co3t of $h60,000.

Date Edward C. Rapp
(:olonel, Corps of Engineers
IJistriot Engineer
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( 1.00 SUMMARY

MAJOR FINDINGS AND CONCLUSIONS

1.01 The goal of the selected plan for the Devils Lake Section 205 flood

control project is to satisfy specific needs of the study area and to show a

positive contribution to the objectives of national economic development (NED)

and environmental quality (EQ). Plan B has been designated as the selected,

NED, and least environmentally damaging plans.

1.02 Plan B would provide flood protection up to a water surface elevation of

1440 feet msl (feet above mean sea level). Three embankment structures would

be needed: at the head of Creel Bay, west of the city of Devils Lake, and

south of the city. Interior drainage facilities would be located north and

south of the existing city sewage lagoons. A land management plan to regulate

future development is also part of the plan. Wetland areas would be created

or maintained at the head of Creel Bay, the interior drainage areas, and near

the south embankment. Disturbed areas would be revegetated after

construction.

1.03 The selected plan has a benefit/cost ratio of 5.0 and is considered

implementable. (See other sections of this detailed project report for a more

complete description of the selected plan.)

1.04 The selected plan is considered to be in compliance with Executive Order

11990, Protection of Wetlands, because it does not cause unacceptable wetland

4 impacts. Because the land management plan helps regulate future floodplain

development, the selected plan is also considered to comply with Executive

Order 11988 on Floodplain Management.

1.05 Discharge of fill in Devils Lake is covered by the nationwide permit

program of the Corps of Engineers (33 CPR 330.4, Federal Register, July 22,

1982, Vol. 47, No. 141). Because the special conditions for the nationwide

permit will be followed, a Section 404(b)(1) evaluation and State

Certification are not required.

IA-'



RELATIONSHIP TO ENVIRONMENTAL PROTECTION STATUTES AND OTHER ENVIRONMENTAL

REQUIREM4ENTS

1.06 Table 1 describes the relationship of applicable environmental

regulations to the feasible alternatives that were developed in detail. (See

the alternatives sections of this assessment and the muain report for

dircussions of plans.)

ZA-2
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2.n0 NEED FOR AND OBJECTIVES OF ACTION

STUDY AUTHORITY

.O 1 On October 3, 1979, the Devils Lake Basin Joint Water Management Board

requosted that the Corps of Engineers investigaLe the feasibility of

implamenting flood control measures at Devils Lake, North Dakota. In February

1980, the St. Paul District of the Corps completed a reconnai3sance report

t;)at concluded flood control measures were potentially feasible and that

recommended more detailed studies. This detailed project report has been

prepared in response to that recommendation under aathority of Section 205 of

the 1948 Flood Control Act, as amended.

PUBLIC CONCERNS

2.02 Through meetings, reports, and correspondence, local interests and

various government agencies identified the following concerns: controlling

floodplain development, controlling flooding caused by rising lake levels,

improving water quality, controlling wetland drainage, and preserving wildlife

habitat, aesthetic values, recreation, and cultural resources.

PLANNING OBJECTIVES

2.03 The primary planning objective of this project is to develop an

implementable plan with an acceptable level of protection against rising lake

levels and with minimal or no environmental impacts.

2.04 Alternative plans were developed and evaluated in terms of national

economic development, environmental quality, regional development, and other

social effects. The economic health of the city and the health and security

of its inhabitants were also major considerations.

4~ **4. -



3.00 ALTERNATIVES

3.01 Seven alternatives were developed and studied to varying degrees of

detail during the course of this study. As the study progressed, it became

evident that only the embankment alternatives would be implementable. Each of

the alternatives, including the no action alternative, is summarized below.

More detailed discussions are in the main report.

NO ACTION (WITHOUT-PROJECT CONDITIONS)

3.02 The following is a description of the most probable future "without-

project" conditions.

1. It is not possible to predict future lake levels, but the recent

trend has been toward higher levels.

2. Emergency actions would be taken if necessary to protect existing

developments.

3. Wetland drainage in the immediate project area would probably not be

significant, but adjacent watersheds might experience substantial losses.

4. The existing sewage treatment facilities would not be relocated, but

the treated wastewater may be spread on land to reduce water quality impacts

at Creel Bay.

5. Both residential and industrial development would continue and

possibly be located in the historic lakebed or floodplain.

6. Wildlife habitat in the area, which is primarily grassland, would

continue to degrade because of grazing and urban development.

7. Impacts to cultural resources would continue to occur because of

(cultivation and deterioration oaused by flooding of sites in the floodplain.
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8. Social cohesion would continue within the community and interest

groups.

PLANS NOT CONSIDERED IN DETAIL

Nonstructural Plan

3.O1 The nonstructural plan would require evacuation of all structures that

suffer first-floor flooding under a specific flood elevation. Depending on the

elevation of protection, this plan would require acquisition of property worth

between $114,000,000 and $60,000,000. The sewage treatment facilities either

would have to be relocated or protected by levees. The high cost and the lack

of economic feasibility made this plan unimplementable. In addition, because

of the uncertainties surrounding the elevation that requires protection, this

option would be socially controversial. All historic properties affected by

the non-structural plan would have to be evaluated for their eligibility to

the National Register of Historic Places. If' any properties were determined

eligible, a mitigation plan would be developed for all eligible properties

affected by the plan.

Road Raise

3.014 Early in the stage 2 planning for this project, one alternative was

considered that involved the raising of the road west of the existing sewage

lagoons. Further investigations showed that other alternatives would be les3

costly and just an effective, and that they would be sooially and
environmentally acceptable. Therefore, the road raise alternative was dropped

from further consideration.

PLANS CONSIDERED IN DETAIL

3.05 During stage 2, it become evident that the most desirable plans from the

standpoint of economics and loal aceptability would involve embankents at
Creel Blay and various locationa around the city. Four alternative levels of
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protection were proposed. These plans are displayed in the main report and

are discussed in the following sections.

Measures Common to All Detailed Plans

3.06 AIL of these plans would require interior drainage facilities both north

and south of the existing wastewater treatment lagoons. A pump station would

be located at Creel Bay. Hydric (wet) conditions would become established in

both of these ponding areas because of the operation of the ponds. A wetlar .1

with a maximum depth of about 1.6 feet would be maintained in the north

holding pond. This wetland would filter the drainage/sewage water and would

help improve the water quality of Creel Bay.

3.07 An existing 65-acre wetland west of the sewage lagoons is frequently

used to hold treated sewage water. As part of the proposed project, notches

would be cut at an elevation of about 1428 feet msal in the dike that contains

the wetland. These notches would make it possible to use the wetland for

ponding interior drainage water and to maintain its wetland values for

waterfowl. The total area of the wetland would neither be increased nor

decreased.

3.08 A land management plan would be a component of all alternatives.

Because the level of flood protection provided by the project cannot be

identified, it is prudent to control development in the flood-prone areas.

The plan is being developed by local interests in cooperation with the State

Water Commission, the Federal Emergency anagement Agency, and the Corps of

Engineers. The land management plan would be a part of the local cooperation

* agreement.

3.09 The city, in cooperation with the State Public Health Department and

U.S. Environmental Protection Agency, is investigating the potential for

spreading the interior drainage/sewage water on land. This land-spreading

-
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appears to be an acceptable alternative to discharge into Creel Bay and should

help improve the Creel Bay water quality. This measure would be compatible

with the selected plan.

3.10 The road west of the sewage lagoons would be maintained in its present

condition with all of these alternatives.

Plan A

3.11 This plan would protect the city from lake levels up to 1435 feet mel.
It would require a 1,100-foot-long embankment with n top elevation of 1440

feet msl at Creel Bay. Total cost of plan A would be about $i,530,000, with a

benefit-cost (B/C) ratio of 4.6.

Plan B

3.12 This plan would protect the city from lake levels up to 1440 feet mel.

it would require three embankments with a top-of-structure elevation of 1445

feet: a 2,400-foot-long embankment south of the airport, a 2,900-foot-long

embankment at the head of Creel Bay, and a 3,100-foot-long embankment
southeast of the lagoon area. An existing 40-acre wetland south of the city

would require construction of a new outlet. The new outlet would be at the

same elevation as the existing one. Total cost of plan B would be $1,920,000,

with a B/C ratio of 5.0.

Plan C

3.13 This plan would protect the city from lake levels up to 1445 feet meal.

The top elevation of the embankments would be 1450 feet. Plan C would require

a 16,000-foot-long embankment at Creel Bay and a 7,200-foot-long embankment

south of the lagoon area. This plan affects the same wetland area as plan B.
Plans C and D require removal of a portion of small woodland area. In

9A-8
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(addition, the embankment on the west end of the city would be in a U.S. Fish

and Wildlife Service wetland easement. Total cost of plan C would be about

$5,097,000, with a B/C ratio of 2.0.

Plan D

3.1L This plan would protect the city from lake levels up to 1450 feet mal.

The top-of-structure elevation would be 1445 feet. Plan D would require an

almost continuous e-bankment around the south and southwest portions of the

city. An additional pump station and interior drainage pond would be required

south of the city. Additional wetlands and upland grassland areas would be

affected south of the city. Plans C and D require removal of a portion of a

small woodland area. Total cost of plan D would be about $8,800,000, with a

B/C ratio of 1.2.

4.00 AFFECTED ENVIRONMENT

4.01 The 3,700-square-mile Devils Lake basin is an interior drainage basin

(from which no water has flowed out in historic times) in northeast central

North Dakota. Surficial deposits in the Devils Lake region are entirely

glacial drift, ranging from 10 to 400 feet thick. The glacial till is

predominantly ground-up Pierre shale and limestone. Many pothole depressions

(formed by the melting of ice blocks) dot the landscape. Post-glacial

lacustrine deposits of sand, silt, clay, and gravel form the bed of the Devils

Lake system.

4.02 Agricultural activities have drastically altered the terrestrial ecology

of the Devils Lake basin. The project area is in Ramsey County, which has

about 80 percent of its land devoted to agricultural uses (table 2).

IU-9

KA-9



Iii

Table 2 - Land Use Characteristics of Ramsey County, North Dakota
(1 )

Land Use Acres Percent

Cropland 661,900 79.0

Pasture 83,800 10.0

Water 40,200 4.8

Wetland 23,400 2.7

Urban 20,100 2.4

Woodland 8,900 1.1

Totals 838,300 100.0

(1) Based on preliminary data from North Central Forest Experiment Station,

U.S. Forest Service, St. Paul, Minnesota.

4.03 Land use in the project area is primarily urban, pasture, and

agricultural. Wetland habitat is present in Creel Bay, at the sewage lagoons

and holding ponds, and to the south and west of the city.

VEGETATON AND WILDLIFE RESOURCES

4.04 The project area is primarily upland grassland and wetland ranging from

open water to emergent vegetation. The upland areas are urban, residential,

and agricultural pastureland. The pastureland is vegetated with milkweed,

buttaloberry, sagebrush, Canada thistle, foxtail barley, curly dock,

buckbrush, sunflower, and various grasses and sedges.

4.05 Th- wetland habitat in the project area consists of the sewage lagoons,

holding ponds, Creel Bay, and some natural marsh areas. The vegetation of

* these areas includes cattail, bulrush, sedges, alkaligrass, ourly dock,

kockia, and prairie oordgrass. A
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4.06 The wildlife value of the pastureland is rather limited because of the

urban surroundings and grazing. These areas provide nesting and refuge, and

they therefore complement the adjacent wetlands. The wetland areas have good

wildlife value, especially for waterfowl.

4.07 There are 251 species of birds in the Devils Lake basin. Of these, 128

species are associated with wetland and prairie habitats, which have been

severely reduced by intensive agricultural practices. The basin is one of the

most important waterfowl production areas in the State. It serves as a major

staging area during duck and goose migration. Native prairie, when found in

combination with wetlands, forms an ecosystem that supports diverse and

abundant wildlife populations. These associations are found in the project

area and provide wildlife values. But because of the urban nature of the

area, these prairie-wetland associations are not equal in value to those in a

more rural setting.

4.08 The bald eagle and peregrine falcon are the only Federally-listed

endangered species that may occur in the project area. The presence of the

falcon in the basin is very rare. However, the bald eagle migrates through

the area in the spring and fall, and it can be found in and around the waters

of Devils Lake. The bald eagle does not nest in the basin, however.

4.09 No federally-listed threatened or endangered plants are located in the

project area, but a plant listed as rare in North Dakota, a Illinois

brundleflower (Desmanthus illinoensis), is found within a mile of the

embankment that would be south of town. This plant is found in sandy soil

along lakes (W.T. Barker, G. Larson, and ft. Williams, "Rare and Unique Plants

of North Dakota," North Dakota State University).

WATER QUALITY

4.10 Analysis of Devils Lake indicates that the water generally contains

excessive levels of hardness, total dissolved solids (TDS), sulfate, and pH.

Metals suoh as barium, boron, and lithium also present ocoasional water
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quality problems. Runoff from agricultural operations is the major

contributor to the metals and TDS concentrations. High levels of nitrates and

phosphates, although naturally occurring, also result from livestock and

cropland erosion.

4.11 The city of Devils Lake discharges stormwater runoff and treated

wastewater from its sewage lagoons into Creel Bay. Although this sewage water

meets State standards, it contains high levels of nutrients, particularly

nitrogen and phosphorous, which further deteriorate the water quality of Creel

Bay and Devils Lake. The city, in cooperation with the State Public Health

Department and the U.S. Environmental Protection Agency, is currently studying

the feasibility of land-spreading these wastewaters. Eliminating this

discharge would improve the water quality of Creel Bay and would be more

acceptable from a recreational standpoint. Elimination of the discharge would

also benefit the public health and aesthetics of the area.

RECREATION RESOURCES

4.12 Devils Lake is the most important water-based recreation area in eastern

North Dakota. Fishing and other water-oriented activities provide a major

economic resource for the local economy and are very important to the overall

well-being of the area. Major game fish species Of the lake include northern

pike, walleye, white bass, crappie, and yellow perch. Creel Bay provides fair

spawning habitat for walleye and pike but is considered good for crappie,

bass, and perch. The Devils Lake area is also one of the best waterfowl

hunting areas in the State and is a valuable economic asset to the local

economy.

SOCIAL ENVIRONMENT

4.13 As the largest city (1980 population 7,442) in the Devils Lake basin and

the only one larger than 1,000 residents to grow in the last decade, Devils

Lake& serves as an important regional center for agricultural service,

retirement, and reoreation. O
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8 4.114 Much of the city's recent commercial and residential growth is in the

area that would be threatened by a continued rise in the lake level. Part of

this area lies outside the city limits, in Creel Township.

4.15 The areas where embankments would be constructed are 1 to 2 miles beyond

the developed urban area. The eastern embankment would be near a small

subdivision, and the other embankments would be near only a few homes.

4.16 Although the Devils Lake Basin Joint Water Management Board requested
this Corps study, the eventual local sponsor may be the city of Devils Lake.

The board would continue to support this study, however, and will actively

pursue a long-range solution for fluctuating lake levels. The city, Creel

Township, and the board all have legal authority to finance water resource

projects and to participate in floodplain management. Both the city and the

township participate in the Federal Flood Insurance Program. (Since Creel

Township manages its portion of the floodplain, the city does not exercise its
extraterritorial authority in that area.) The State of North Dakota is also

actively involved with the study. The State Water Commission is assisting in

the revision of floodplain ordinances. The State also claims title to

property below the meander line of the lake. The State plans to transfer

title for project purposes, but the city anticipates paying private owners who

believe they have legitimate claims to that land.

4.17 Although the city can use different methods to finance the project (and

to allocate those costs among its taxpayers), property in Devils Lake

currently (1981) has the highest sill rate levy of any city in the State.

CULTURAL RESOURCES

4.18 In compliance with Section 106 of the National Historic Preservation Act

of 1966, the National Register of Historic Places has been consulted. As of
May 18, 1983, the project area had no sites listed on the National Register.

The project has been coordinated with the North Dakota State Historic

c Preservation Officer and the National Park Service.
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4.19 During September 1981, a cultural resources literature and records

search and review and a field reconnaissance survey of the project area were

conducted. No historic or prehistoric sites were recorded. However, there is

a high potential for sites in the surrounding area. At least 15 prehistoric

burial mounds, 2 prehistoric occupation sites, and 5 historic cultural sites

are near the project area. The location and probability of identifying sites

are affected by the fluctuating lake levels.

4.20 The Devils Lake basin began filling with water around 13,500 BP (before

present). The water level of glacial Devils Lake stabilized at 1453 feet msl.

It may have remained at this level for a long period (800 to 4000 years).

Around 12,800 BP, the water level of the lake declined because the glacial

meltwater that fed it was diverted into glacial Lake Agassiz. No

documentation is available on lake levels or fluctuations until historic times

(Steven J. Fox, 1982, Excavations at the Irvin Nelson Site, 32BE208, draft

report submitted to the U.S. Fish and Wildlife Service, Denver, Colorado).

4.21 From 1867 to the present, the varying levels of the lake have been

recorded. In 1867, Devils Lake was at its highest recorded level, 1438.5 feet

msl. From 1890 to 1907, the level stablized between 1428.4 and 1428.8 feet.

From then until 1940, the levels declined. In 1940, the lake had its lowest

recorded level, 1401.2 feet. Since 1940, the lake levels have been

increasing, with the present lake level being 1428-plus feet (S. Fox 1982).

4.22 Recent excavations at the Irvin Nelson site, on the south shore of

Devils Lake, revealed stratigraphic evidence that the lake had been at the

maximum 1453-foot line at least once since the early Holocene times (S. Fox

1982). Evidence in core samples from the bottom of Devils Lake contrastingly

determined that around 6,120 BP Devils Lake completely dried up (Callander,

1967, in S. Fox, 1982).

4..
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4.23 As long as the lake level remained at 11457.1 feet mal, Devils Lake

flowed through Big Stoney Spillway into the Sheyenne River. When the lake

level dropped below 11457.1 feet but remained above 11445 feet, Devils Lake

flowed through the Jerusalem Outlet into Stump Lake but would not have flowed

on into the Sheyenne River. So once the lake level fell below 11457.1 feet,

the lake became an internal closed System fluctuating with the varying

environmental conditions (Aronow, 1957, in S. Fox, 1982). Additionally, if

the lake level falls below 1420.8 feet, the salinity of the water increases,

with a high level Of sulphate.

14.214 Periods Of lake level fluctuations or stabilization and the subsequent

environmental conditions associated with each change also affected the human,

faunal, and floral populations that occupied the area prehistorically and

historically.

4.25 Our understanding of the human occupation of the Devils Lake area from

prehistoric to historic times is limited. The Devils Lake area has probably

been occupied by People since Pleistocene or early Holocene times, although

most occupational evidence comes from the Middle Woodland period (S. Fox,

1982). The excavations at the Irvin Nelson site (32BE208) have yielded data

from these later periods.

4I.26 Two prehistoric occupations are represented at 32BE208:

The earliest cultural materials from this site are of Middle Woodland
cultural ascription and suggest a seasonal big game, bison, huntingI
focus. The Late Woodland cultural level also contained evidence ofa

seasonal flood procurement pattern; however, these data indicate that a
wider range of seasonally available resources were exploited. Especially

noteworthy is the fact that the Late Woodland inhabitants of the site

made but minimal use of the bison. Both Woodland components exhibit

technologies containing lithic, ceramic, and bone artifacts. Local

materials were widely used in stone tool manufacture.

(3. Fox, 1982)
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4.27 Knowledge of the adaptations and settlement patterns of prehistoric 4

human groups in the Devils Lake area is Just beginning to be acquired. Future

research into the prehistoric Occupations and seasonal Use patterns of the

Devils Lake area will further knowledge of changes in lake levels and

environmental conditions over time, and It will increase our understanding of
peoples' adaptations to a unique set of environmental conditions.

4.28 The history of the Devils Lake area was also affected by the

fluctuations in lake levels. Kurt Schweigert (1977, Historic Sites Cultural

Resources Invetory in the Devils Lake Reion, Central North Dakota Setin

Garrison Diversion Unit. North Dakota, final report submitted to the Bureau of'

Reclamation, Billings, Montana, Contract No. 14-06-600-1575A), briefly summed

up the effects with the following statement:

The fluctuation of Devils Lake in historic times has had a large effect

on the economy and settlement of the region. When the area to the north

of the lake Was surveyed prior to being officially opened for

homesteading in 1883, Devils Lake was a series of four connected bays

twenty-four miles long and up to seven miles wide. Water up to 35 feet

deep covered an estimated 60,000 acres, and was surrounded by 180 miles

of shoreline (Simpson 1912:1140). The lake was extensive and deep enough

to support a thriving steamboat operation, and several town31tes were

specifically located to front on the lakeshore. Between 1880 and 1910

the lake level declined about 12 feet, and commercial navigation of the

lake Was no longer Possible. By 19140 the lake Consisted of two or three

isolated pools no more than three feet deep, surrounded by sterile

alkaline flats. The salinity and brackishness Of the lake increased as

the lake receded, and by 1932 the bathing beaches were closed at the

major resort on the lake (Babcock 1952: 21, 96, 10, 1142). Dessication

of the lake also led to the decline of the area as a waterfowl hunting

resort, an industry which plays a considerable part in the local economy.
A>~I
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Additional Information

4.29 Additional information about existing environmental conditions is in the

main report.

5.00 ENVIRONMENTAL EFFECTS

5.01 This section discusses the environmental effects of the four major

embankment alternatives considered in detail (plans A, B, C, and D). None of

the impacts associated with the project would be significant. The recommended

alternative is plan B. Therefore, the impacts of the proposed project are

discussed in more detail in the section on plan B. The discussions of other

plans cover additional impacts specific to each alternative.

PLAN A

5.02 This plan involves one embankment and a pump station at the head of

Creel Bay. Ponding areas would be located both north and south of the sewage

lagoons. The major impacts of this plan would occur at Creel Bay and would

involve aquatic organisms. These impacts at Creel Bay are included in the

discussion of plan B.

5.03 Plan A was surveyed for cultural resources during September 1981. No

recorded cultural resource sites are within the areas affected by this

plan.

PLAN B (SELECTED PLAN)

5.0 This plan conaists of a system of embankments and ponding areas as

described earlier in this report. A pumping station would be located at Creel

Bay.

U- 17
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Vegetation and Wildlife Impacts

5.05 The upland areas where the embankments would be located are dominated by

grazed and ungrazed grass'ands. After construction, the disturbed areas would

be reseedei. Impacts of the embankment construction would be temporary and

minor. The embankment on the south side of town is near the rare Illinois

b rndleflower, which is listed as a rare plant species in North Dakota.

However, because this flower is usually found on sandy lake shorelines, it

shoulJ not be affected by plan B. An estimate of land requirements is in

append ix B.

.Of Overall, wetland habitat would be maintained in the area. A wetland on

the south side Df town would have to be diverted to the north, however. Water

levels in this wetland would not be modified because the new outlet would be

at the same elevation as the existing outlet. The ponding areas are presently

semi-aquatic areas that would remain as such with the project.

5.07 A 65-acre wetland west of the sewage lagoons would be preserved because

of the system of dikes that surrounds it. Notches would be cut in the dike at

about elevation 1428 feet so that the wetland could be periodically

replenished with ponding water and so that this area could serve as additional

storage. A 35-acre wetland southwest of the sewage lagoons would be drained

as a result of the project. The invert elevation of the culvert at the north

holding pond would be constructed to maintain a wetland with a maximum depth

of 1.6 feet.

5.08 The embankment at Creel Bay would destroy some wetland habitat that

would be replaced with riprap/grassed embankment. Aquatic organisms would be

destroyed, but new organisms should recolonize the new habitat quickly. This

portion of Creel Bay provides good spawning habitat for bass, perch, and

crappie. Because the placement or fill in water during the months of Hay and

June would be detrimental to spawning, it therefore is desirable to prohibit

fill placement during this peried. If practical and if no emergency

conditions exist, this prohibition would be a provision in the plans and

specifications.
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5.09 Two borrow areas for fill material have been identified for the project.

One area consists of the excavated material from two holding ponds south of

the city. No impacts would result from use of this material. The other

borrow area is at Creel Bay. The surface material of this crop/grass area

would be removed and replaced after subsurface material is excavated. The

area would then be reseeded. The impacts of using this borrow area would be

minimal.

5.10 Because it is not possible to predict how high lake levels may rise, a

land management plan is part of the embankment alternatives. This land

management plan would regulate future developments and would help reduce

potential damages. The land management plan is being developed in cooperation

with the city, the State Water Commission, and the Federal Emergency

Management Agency.

5.11 Future uncontrolled wetland drainage would influence runoff, fish and

wildlife resources, and the capacity of the interior drainage facilities.

However, most of the potential drainage areas are to the north, and it appears

to be difficult to-'drain these areas across the railroad and Highway 2

embankments into the ponding areas. In addition, some of these wetland areas

are under U.S. Fish and Wildlife Service easements, and they are therefore

regulated against drainage. In any event, wetland drainage is discouraged

because it'has significant fish and wildlife impacts and because it influences

the time, rate, and amount of water runoff.

-4 5.12 The impacts on terrestrial and aquatic habitat and wetlands would be

4inor. These impacts are discussed earlier in this section.

5.13 During construction, the contractor would be required to follow good
management techniques and to avoid the contamination of surface or ground

water and the disturbance of or damage to fish and wildlife resources. Solid

wastes would be removed from the site and disposed of properly. Chemicals
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would be stored at the site and removed from the work area in accordance with

existing regulations. Protection of environmental resources would be a

component of the plans and specifications for project construction.

Water Quality Impacts

5.1~4 If the ponded wastewater and interior drainage water are spread on land,

this action would be compatible with the operation of the alternative. This

land-spreading would help improve the water quality of Creel Bay. No health

problems appear to be associated with spreading the water on land, except that

livestock use would need to be controlled immediately after spreading.

Depending on the amount of wastewater involved, it may not be economical to

spread the water since there may not be enough suitable land available. This

feature is being coordinated with the city, EPA, and State Public Health

Department. No other water quality impacts are anticipated to result from the

implementation of the plan.

Recreation Impacts

5.15 Construction of trails on top of the embankments at Creel Bay is being

investigated. These features are being coordinated with the local sponsor and
would be finalized in later planning stages if they are incorporated in the

project.

5.16 The embankments would affect the aesthetic values of the area. The

embankments would be revegetated after construction, but they may obstruct
views in some areas, especially at Creel Bay and near homes, and therefore may
be objectionable to people. The fill material borrow area near Creel Day

would be considered for beautification features such as tree plantings. These

features would be compatible with project purpoaes and with the desires of the

local sponsors.
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( Social Impacts

5.17 Significant negative social impacts (in terms of public health and

safety, and of public facilities and services) would be averted by the project

If thie lake rises to the maximum protected elevation. Protection of specific

residences and businesses will be supplemental to the primary benefit of

protecting the o'ity sewage lagoon from the lake and the lake from the lagoon.

5.18 Substantial benefits also would result from preventing numerous home and

business relocations from the areas that might otherwise flood. Scarce energy

resources would be conserved by preventing flooding rather than moving (or

abandoning) the structural investments presently in the floodplain.

Cultural Resource Impacts

5.19 This plan was surveyed for cultural resources during September 1981. No

recorded cultural resource sites are within the areas affected by this

proposed plan.

5.20 All borrow areas for the proposed selected plan will be surveyed by a

St. Paul District archeologist in June 1983. If any significant cultural

resource sites are discovered, the St. Paul District will initiate

coordination with the North Dakota State Historic Preservation Officer to

develop a mitigation plan.

Section 122 Evaluation Categories.41
5.21 The evaluation categories identified in Section 122 at the River and

Harbor Act of 1970 (Public Law 91-611) have been evaluated. The environmental

impact assessment matrix in table 3 summarizes the impacts of plan B,

Including the Section 122 categories. Specific impacts are discussed in the

preceding paragraphs.
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I Compliance with Environmental Regulations

5.22 Public Law 96-159, Endangered Species Act of 1973. as Amended- In

compliance with the Endangered Species Act, the St. Paul District, Corps of

Engineers, has conducted coordination with the U.S. Fish and Wildlife Service

to determine if any species on the Federal list of endangered or threatened

species are in the study area and if the proposed plan could have any impact

on endangered or threatened species. The Fish and Wildlife Service identified

the peregrine falcon and the bald eagle, two listed species, as being in the

project area. The recommended plan components would have no adverse effects

on the continued existence or critical habitat of either species. (See

appendix I for the endangered species correspondence).

5.23 Executive Order 11990. Protection of Wetlands, May 24, 1977 - The Devils

Lake basin is in the "Prairie Pothole Region." The basin is considered

significant waterfowl production habitat for the North American continent.

Because of this significance, the protection and enhancement of wetlands is an

important consideration. The development of alternatives tried to maintain

and improve wetland habitat as much as practical.

5.24 Various features of the recommended plan would affect wetlands.

However, existing habitat would be maintained or improved as much as possible,

and the wetland impacts are not considered signficant.

5.25 The recommended plan is considered the most responsive to wetlands

protection and enhancement. It would not result in unacceptable impacts on

the environment or wetlands and therefore is considered to comply with the

executive order on wetland protection.

5.26 Executive Order 11988. Floodplain Manatesent, May 24. 1977 - The city

of Devils Lake and Creel Township presently participate in the Federal Flood

Insurance Program. Although a l00-year floodplain elevation is not known for

this closed drainage area, the city is working with the Corps and the State

CWater Commission to set an arbitrary elevation that will apply to revised
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Soning ordinances. The intent ot this effort Is to comply with Executive

Order 11988, as far as possible, within the limitations imposed by the

uncertainty about the floodplain.

5.27 Rxecutive Memorandum, Analysis of Impacts on Prime and Unique Farmlands,

Council on Environmental Quality Memorandum, August 30. 19T76 - Much of the

Devils Lake basin, including the floodplain and upland areas, is classified as

prime farmland. Portions of the embankments would be built in areas

designated as prime farmland. However, the commitment of prime farmland to

the construction of flood damage reduction structures is considered an

acoeptable tradeoff and use of the resource.

5.28 Clean Water Act, as Amended (33 USC 1251, et seq.). Section 404, 1977

(Public Law 95-217) - Placement of fill in the waters of Devils Lake is

authorized under the Corps of Engineers nationwide permit program because

Devils Lake is a closed basin and is not part of a surface tributary to

interstate waters (33 CFR 330.1, Federal Register, July 22, 1982, Vol. 47, No.

141).

5.29 The special conditions of the nationwide permit will be met, and the

beast management practices will be followed as far as practical. The special

conditions and best managemet practices are summarized below (33 CFI 330.5

and 330.6).

5.30 The following special conditions will be met:

1. Discharge will not occur near a public water supply intake.-4

2. Discharge will not occur in a shellfish harvesting area. V
3. Discharge will not Jeopardize a threatened or endangered species

listed under the ftdangered Speoieo Act.

3A-21
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life. 4. Discharge will not significantly disrupt the movement of aquatic

5. Discharge material -1.11 be free of toxic materials in toxic amounts.

6. Any fill will be properly maintained.

7. Activity will not occur in a component of the National Wild and

Scenic River System.

8. Activity will not cause an unacceptable interference with navigation.

5.31 The following best management practices would be followed to the maximum

extent practicable:

1. Discharge into waters shall be minimized.

2. Discharge in spawning areas during spawning seasons shall be avoided.

3. Discharge shall not restrict movement of aquatic species.

14. Adverse impacts on aquatic systems shall be minimized.

5. Discharge In wetlands shall be avoided.

6. Equipment working in wetlands shall be placed on mats.

7. Discharge into breeding areas for migrating waterfowl shall be
avoided.*

8. Temporary fills shall be removed.
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5.32 Because the special conditions and best management practices listed

above will be followed, as required by the nationwide permit program, a

Section 404~(b)(1) evaluation and State certification are not required for this

project.

Fish and Wildlife Coordination Act

5.33 The Bismarck Field Office of the U.S. Fish and Wildlife Service believes

that the selected plan has merit, and they have no major objections to its

impl.ementation. Their Coordination Act Report makes a number of

recommendat ions. The complete text of this report is in appendix I of the

Jetailed project report. A summary of the recommendations and the method of

incorporating them into the selected plan is presented in appendix I and the

main report.

PLAN C

5.3J4 This plan is similar to plan B except that plan C provides flood

protection to elevation 14I45 msl and therefore requires higher and longer

embankments.

5.35 The impacts of plan C are basically the same as those of plan B, although

with some additional impacts. The embankment south of town would require

clearing some natural woodlands that may require mitigation. The embankment

at Creel Bay would be one continuous structure passing through two wetland

areas. The impacts on a wetland south of Creel Bay could be minimized by

placing new outlet structures at existing outlet elevations. The West end of

the control structure would pass through a wetland regulated by a U.S. Fish

and Wildlife Service easement. Because use Of ttk.:s wetland is controlled by

Federal law, mitigation (which could include replacement or struotural

modification) would be required.

5.36 Aesthetic impacts associated with plan C would be greater than those of'
plan 9 because of the increased size ot the embankments.
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5.37 Plan C has not been surveyed for cultural resources because it was

introduced as an alternitive after the initial survey work was completed.

Since plan C is not considered feasible, further cultural resources work is

unnecessary.

PLAN D

5.38 This plan is simil-Ar to plans B and C, except that plan D protects to an

elevation of 1450 feet m3l. This level of protection would require almost

continuous embankments west and south of the city. An additional pump station

and ponding area would be required at the south embankment.

5.39 The impacts of plan D are similar to those of plans B and C, but it

would have some additional impacts. The second pump station and ponding area

would change the existing vegetative cover to a more hydric (wet) composition.

The type of vegetation would depend on the frequency and duration of water

storage in the ponding area.

5.40 The additional embankments would affect both upland and lowland

habitats. Aesthetic impacts would also increase because of the larger size of

the embankments.

, 5.41 This alternative was not evaluated in detail because it was not

seriously considered in stage 3 planning.

5.4I2 Like plan C, plan D has not been surveyed for cultural resources because I
it was introduced as an alternative after the initial survey work was

completed. Since plan D is not considered feasible, future cultural resources

work is unnecessary.

NATIONAL ECONOMIC DEVELOPMENT AND ENVIRONMENTAL QUALITY PLANS

5.43 The national economic development (NED) plan is the plan that has the

S greatest not economic benefits. Of the alternatives considered, plan B (which
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provides flood protection to a lake elevation of 1440 feet msl) would have the

maximum benefits.

5. The environmental quality (EQ) plan is the alternative that makes the

greatest net envirc:nmental contrlbition. Plans A through D are basically

similar and have increasing impacts a3 the level of flood protection

.n reases. Pith plans C and D wouild adversely afrect a U.S. Fish and Wildlife

we, Land easement; and, in general, these two plans have greater impacts on

ooth aquJatic ani terrestrial resources. Plan A has the least environmental

impact, but plan B includes measures to maintain wetlands, to reseed di.;turbed

areas, to develop a land management plan, to discourage wetland rainage, and

t provile for the p-ss3ble land-spreading of interior drainage and sewage

water. Therefore, plan B is designated the least environmentally damaging

;.an.

6.0C PUBLI INVOLVEMENT

;.D' The St. Paul District, Torps of Engineers, has coordinated the proposed

Devils lake Section 2D5 flood control project with the U.S. Fish and Wildlife

Serv.ce, U.S. Soil ]onservation Service, U.S. Environmental Protection Agency,

North Dakota Pujtlic Health Department, North Dakota Game and Fish Department,

North Dakota State Water Commission, National Parx Service, North Dakota

Historic Preservation Office, North Dakota State Archaeologist, and other

interested agencies and individials. No significant project-related issues

have been identified to late.

-1 6.^2 The draft assessment and detailed project r, port will be distributed to

concerned agencies and the interested public for review and comment. All

comments received during this review period were considered during the

preparation of the final report.
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APPENDIX A

ECONOMIC BENEFITS

FLOOD THREAT

The rising water levels in Devils Lake have created a serious flood

threat to the city of Devils Lake, North Dakota. The lake fell from

about 1446 feet msl (feet above mean sea level) in the year 1830 to

elevation 1401 feet in the year 1940. Since the year 1940, the lake has

risen in an irregular sawtooth manner to elevation 1428 feet in 1983. As

discussed in the main report, there is evidence the lake has varied from

nearly dry to about 1457 feet during the last several thousand years.

The elevation of the natural outlet through East Devils Lake, Stump Lake,

and Tolna Coulee to the Sheyenne River is 1457.1 feet (Bureau of

Reclamation data).

Much of the development from 1940 through the 1970's took place on the

former lakebed that became available when the water levels declined

during the first half of this century. This land was flat, inexpensive,

and easily developed. It was also made easily accessible by the

construction of new and improved highways. There is a substantial amount

of this newer development, and it would be threatened first by the rising

lake levels. Much of the older development lies near or above the

elevation of the natural outlet of the lake and is therefore not

threatened by flooding. However, before the natural outlet elevation

would be reached, access to the older parts of the city would be out off.

The Soo Line and Burlington Northern Railroad tracks and the major roads

entering the city would be inundated by water levels less than the outlet

elevation.
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FUTURE LAKE LEVELS

The long-term rise and fall of the lake is not well understood. Some of

the possible causes include long-term changes in climate, changes in land

use, drainage, and ground-water effects.

Significant evidence indicates long-term changes in climate between warm,

dry periods and cool, wet periods. When the lake is below the elevation

of its natural outlet, changes in climate could cause the lake level to

fluctuate. Analysis of sediment samples indicate the lake has gone

through several high/low water cycles in the last 6,000 years. Analysis

of beach strands, cultural artifacts, and tree stumps confirms these

cycles for the last 2,000 years. Evidence indicates the lake has varied

from dry to between elevations 1455 and 1460 feet. This theory is

consistent with the hypothesis that long-term changes in climate caused a

period of frequent floods on the Red River of the North in the early

1800's, a period of infrequent floods, and then the more frequent floods

in recent years.

Another possible cause for the fluctuations in lake levels is the change

in land use. Much of the land was changed from prairie to cultivated

land with the settlement of the late 1800's and early 1900'a. Some of

the land has been drained in connection with the change of land use.

These changes would result in an increased run-off rate and quantity,

which in turn would contribute to a rise in lake levels. Although

changes in land use may be a contributing cause, it is probably not the

principal cause. Changes in ground-water levels are probably another
indicator of the factors causing the lake level to change rather than a

cause of the lake-love) changes. The geology of the area is not

4 appropriate for the transfer of significant amounts of water into or out

of the Devils Lake basin.

Because the cause of the fluotuating lake levels is not well understood

and because the period of record for meteorological and hydrological data



is very limited compared to the length of the trends for changing lake

levels, a stage/frequency relationship is discussed in appendix D.

Because this relationship could not be developed, the traditional

benefit-cost ratio analysis that uses discharge or stage frequency-damage

relationships was precluded.

ECONOMIC FEASIBILITY

There i- no certainty that the lake will continue to rise. However, it

has risen to much higher elevations several times before. Standard

project flood inflow to the lake would cause the lake to rise about 18

feet above its present elevation (see appendix D). Since the economic

damages that would result from higher lake levels are significantly

greater than the cost of constructing flood control measures to these

levels, it appears p.udent to construct the measures.

In order to increase the understanding of the economic feasibility of

implementing flood control measures, economic data were collected and

analyzed in terms of three scenarios for future lake levels.

This analysis shows the sensitivity of the economic feasibility to the

rate of increase of the lake levels. It also shows the economic

feasibility of the plans relevant to each other and is an aid for

selection of a recommended plan.

An inventory of all property by 5-foot increments from elevation 14 2 6

feet msl up to elevation 1455 feet was developed. The inventory was

broken down by residential urban and non-farm rural, commercial urban and

non-farm rural, and public damages. The following asaumptions were made:

*1 1. The cost of moving household goods from the residential

structures in imminent danger of flooding was not included. t
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2. The cost of demolishing or moving abandoned structures would be

offset by their salvage value.

3. The value of the land for the non-farm rural residential and

commercial structures was not included.

14. The value of the land for the mobile home parks Was included in

the value of the commercial mobile home parks. However, not all

mobile homes are located in these parks. The Cost to move

a mobile home Was assumed to be $1,000.

5. The loss of business, loss of non-removable equipment, and
moving expenses for commercial properties are for the surveyed

properties only. About 614 percent of the commercial properties

were surveyed.

6. Once the water level reaches the first-floor elevation of the

structure, the structure and land would no longer have utility.

7. The October 1981 values were updated to October 1982 values

based on the ENR building cost index.

8. Flood damages would begin at elevation 1429 feet and continue to

elevation 11455 feet. The natural outlet of the hamn of lakes

to the Sheyenne River is at about elevation 11457 feet.

Assumptions 1, 3, 4, 5, and 6 result in conservative damage figures and

were made because of lack of data. Assumptions 2, 7, and 8 represent our

best estimate and are at an appropriate level of detail for the purposes

of this analysis. Additional economic data collection and analysis could

reduce the number of assumptions. However, this additional effort would

not be cost-effective. Table A-I and figure A-I are summaries of flood

damage data. Table A-2 lists public and commercial properties at or

below elevation 11440.
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Three scenarios of future lake levels were developed. Scenario 1 is an

extrapolation of the approximate peaks on the stage hydrograph from 1940

to 1980. Scenario 2 in an extrapolation of the approximate means for

this period, and scenario 3 is an extrapolation of the approximate

troughs for this period. Figure A-2 shows these scenarios superimposed

on the stage hydrograph for the lake. It was assumed that the damages

for each 5-foot increment are uniformly distributed over that increment.

For example, it it took 10 years for the lake to rise 5 feet, 10 percent

of the total damages for the 5-foot rise would occur each year. The

present value of the damages associated with each year's rise in lake

level above the previous year's level was calculated and accumulated for

each scenario. Sample calculations are shown on page A-10.

-4
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According to scenario 1, the waater surface would be at elevation 11430

feet in the year 1983. Since damages begin at elevation 1429 feet and

the project would not be completed until 1984;, it Was assumed that

existing or somewhat improved emergency protection measures would protect
the threatened property until the project is completed. The lake would

rise from elevation 14130 feet in the year 1983 to elevation 1455 feet in
2033 in a linear manner. Figure A-3 shows the calculation of damage if

the lake rises according to scenario 1.

According to scenario 2, the lake would rise from elevation 1430 feet in

the year 1991 to elevation 13455 in 2041. Figure A-4I shows the

calculation of damages for scenario 2.

According to scenario 3, the lake would rise from elevation 1430 feet in
the year 2000 to elevation 1455 in 2050. Figure A-5 shows the

calculation of damages for scenario 3.

Table A-2 is a summary of the damages that would occur according to these

three scenarios.

These scenarios show that constructing structural measures to protect the
city would be economically feasible for a wide range in the rate of
fuiture lake level increases. Past lake leVels and the standard project

flood analysis indicate that these scenarios are reasonable expectations,

although probabilities of their occurrence could not be calculated.

.4 There would be no residual damages if the lake does not rise above theI.
level of protection provided by the project. In the event that it

* appears the lake will rise above the level of protection, local or

Federal governments probably would take action to prevent overtopping andI I
* the associated residual damages. The most probable alternatives would be

construction of an outlet for the lake or (using the project levee as a
base) construction of a higher levee. The lake would rise gradually over
an extended period, allowing time to implement either alter-native.
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Table A-3
Sample Calculation, Cumulative Present

Value Of Damages, Scenario 1

Year: 1983

Elevation: 1430 feet asi

Damages, el. 1426 to 11430: $2.34M (from table A-1)

Time increment: 1 year (years beyond base year at 1982)

Damages/year during this year: *2.3141/year

Present value of damages during this increment: $2.17M4

Cumulative present value of damages: $2.17M4

Year: 1993

Elevation: 1435

Damages, el. 1430 to 1435: $16.141 (from table A-1)

Time increment: 10 years (years to rise from 1430 to 11435)
Damages/year during this increment: *1.614/year

Present value of damages during this increment: $10.140M4

Cumulative present value of damages: $2.17M4 + $10.140 z*12-57M4

Year: 2003

Elevation: 11440

Damages, el. 1435 to 11440: $7.37M4

Time increment: 10 years (year. to rise from 11435 to 11440)

Damages/year during this increment: $7.37M4/10 years $ 0.7141/year
Present value of damages during this increment: $2.254
Cumulative present value of damages: $12.57M4 $ 2.2514 * 14.8214

N4 million.
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Table A-4

Summsary of Present Vleof

future Damages/Benefit to Cost Ratio

(In millions of dollars)

Elevation Plan Scenario I Scenario 2 Scenario 3

1435 A 12.57/8.22 6.99/4.57 3.60/2.35

1440 B 14.82/5.27 8.24/2.93 4.25/1.51

1445 c 18.66/3.66 10.37/2.03 5.35/1.05

11450) D 19.50/2.22 10.84/1.23 5.59/0.64
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40

UPDATED ECONOMIC DATA 7

FOR THE RECOMMENDED PLAN

Table A-5 shows the updated benefits and costs and the calculations for

the updated benefits of the recommended plan (plan B).

Table A-5

Updated Economic Data For

The Recommended Plan

Benefits

The following graph shows the damages for scenario 2, plan B (design

water surface elevation of 1440 feet msl), 7-7/8 percent interest rate

compounded annually, base year 1984.

3"

0 $234M

$164M/YR

L&J

a~ S 0.74 M/YR

-4 0
0-- 2030

Elv0 2000 2010 2020 0

YEAR
"iElevation 1430 1435 1440

Year 1991 2001 2011

Present Value of Damages $1.38M $7.02M $1 .48M

Accumulative Present Value $1.38M $8. 40M $9.88M

of Damages
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Costs

Updated costs are converted from May 1983 to October 1982 levels using

ENR construction index (0.9566 factor).

May 1983 Cost $1,973,000

October 1982 Cost $1,887,000

Calculations For Updated Benefits

1. Year: 1991

Elevation: 1430

Damages, elevation 1426 to 1430: $2.34M (from table A-i, Oct. 82

values)

Present value of damages during this increment: Assumes damages

occur in 1991, 7 years after project would be completed in the base

year (1984).

P A 2.34M $1.38M
(1+i) n  (1.07875) 7
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2. Year: 2001

Elevation: 1435

Damages, elevation 1430 to 1435: $16.4M (from table A-i, Oct. 82

values)

This increment: 10 years (years to rise from 1430 to 1435)

Damages/year during this increment: $1.64M/year

Present value of damages during this increment:

Years

Past Present

Year Amount 1984 Value

1991 $1.64M 7 $0.965M

1992 .C 8 0.894

1993 1.64 9 0.829

1994 1.64 10 0.768

1995 1.64 11 0.712

1996 1.64 12 0.660

1997 1.64 13 0.612

1998 1.64 14 0.567

1999 1.64 15 0.526

2000 1.64 16 0.488

Present value of damages $7.021M

P $1.64H

(1.07875)n

I
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3. Year: 2011

Elevation: 1440

Damages, elevation 1435 to 14140" $7.4M (from table A-1, Oct. 82

values)

Time increment: 10 years (years to rise from 1435 to 1440)

Damages/year during this increment: $0.74M

Present value of damages during this increment:

Years

Past Present

Year Amount 1984 Value

2001 $0.74M 17 O.0204M

2002 0.74 18 0.189

2003 0.74 19 0.175

2004 0.74 20 o.162

2005 0.74 21 0.151

2006 0.74 22 0.1140

2007 0.714 23 0.129

2008 0.74 24 0.120

2009 0.74 25 0.111

2010 0.74 26 0.103

Present value of damages $1.484M

P $0.74m

(1. 07875 )n

4 , -A 1
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PRELIMINARY COST ESTIMATES

4FOR ALTERNATIVE PLANS

DEVILS LAKE, NORTH DAKOTA, FLOOD CONTROL PROJECT,

MARCH 1982 PRICE LEVELS

Plan A, Des3gn Water Surface Elevation 1435 Feet

Embankment $335,000

ChanneIs 4,000

Pumping Plant 951,000

Engineering and Design 158,000

Supervision and Administration 91,000

Real Estate 61,000

1,600,000

Plan B. Design Water Surface Elevation 1440 Feet

Embankment $1,307,000

Channels 4,000

Pumping Plant 951,000

Engineering and Design 249,000

Supervision and Administration 162,000

Real Estate 134.000

2,807,000(1 )

Plan .CLDesign Water Surface Elevation 1445 Feet

Embankment $3,263,000

Channels 4,000

Pumping Plant 951,000

Engineering and Design 401,000

Supervision and Administration 290,000

Real Estate 188,000

1 5,097,000 *

(1) This plan was recommended for construction. In the last stage of
planning, the plan was refined, and a more detailed, revised cost

estimate was prepared.
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4DISPOSITION FORM
4€, v.. h *-, *oe. s* AR 340.13. Ako p..o..* e-cy to TA&CCN.

Preliminary Real Estate Cost Estimate, Section 205
.. _Flood Control Study at Devils Lake, ND

X9 THRU: NCDRE-S (Ditch)" FRO- :)ATE CuTi

TO: rNCSED-PB (Fo~berg) NCDRE-S 12 March 1982
ZOOK/lj1/7041

1. This is in response to your request of 5 February 1989 concerning real estate
.:st estimates on the above subject project. The following assumptions were made
in cetermining the estimated right-of-way costs: 1) estimated dam/levee width of
l0 feet; 2) the easterly ponding area would encompass approximately 75± acres;
3) the State has legal title to riparian lands necessary for the north and south
:,c'tJinc areas and any development on the riparian lands would be above the
necessary ponding level.

2. Based on the maps and data furnished by you, the estimated right-of-way costs
of acquisition are: $61,000 for top of dam 1440; $134,000 for top of dam 1445;
$188,000 for top of dam 1450; and, $376,000 for top of dam 1455.

3. P L-eakdown of estimated costs is as follows:

Top of Dam Elevation 1440 1445 1450 1455
Value of Part Taken
and Severance $50,500 $111,900 $156,400 $313,450

20' Contingency $10,100 $ 22,380 31,280 62,690

Total $60,600 $134,280 $187,680 $376,140

Call $61,000 $134,000 $188,000 $376,000

4. These estimates are based on the need to acquire in fee or perpetual easement
the following acreage:

Top of Dam 1440 1445 1450 1455
Levee/Dam -"5± U'-6± 5-T.3± 72.9±
Ponding 220t 220± 220± 295±

Total Acreage 224.25± 242.61 271.3± 367.9±

-4 No structures are to be acquired or relocated.

Thp above estimates include no estimated costs for administrative. -elocation of
* puolic roads, streets or highways, railroads, pipelines, or public utilities.

MICHAEL C. ZOOK
Staff Appraiser

Jack Gordon
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0 RDEVILS LAKE, N.D.
4 205 REPORT - SUMMARY OF CONSTRUCTION COSTS

MAY 1983 COSTS

Federal First Costs,

Embankments

Creel Bay Embankment $395,000
Creel Bay Tieback Embankment 113,000
South Embankment 138,000

Drainage

Creel Bay 35,000
Tieback 8,000
South 3,000

Pumping Plant 22,000
Borrow Area Work 105,000

Total Embankment Work $819,000

Roads

T.H. 19 25,000
Service Road 17,000
Access Road 63,000
Total Roads 105,000

Pumping Station 540,000

Total Est. Federal First Cost (Direct) $1,464,000

Engineering & Design 176,000

Supervision & Administration

Inspection 66,000
Overhead 61,000

Total Eatimatec Cederal First Costs (Indirect) 303,000

Total Estimated Federal First Costs (Direct 6 Indirect) $1,767,000

B-3
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Unit

4 Unit Quantity Price Total

Federal First Costs (Cont)

Embankments

Creel Bay Embankment

Remove 
22

43" x 27" C.M.P.A. LF 74 3.00 222

43" x 27" C.M.P.A. LF 74 3.00 222

24" CMP 
LF 58 3.00 174

57" x 66" C.M.P.A. LF 62 5.00 310

Construct

Cofferdam CY 8,100 2.50 20,250
Stripping 12" CY 4,460 5.00 22,300

Inspection Trench CY 5,880 8.00 47,040

Impervious Fill CY 36,850 2.00 73,700

Riprap CY 4,040 25.00 101,000

BIding CY 2,020 15.00 30,300

Sand Drain CY 7,560 5.00 37,800

Topsoil CY 1,490 4.50 6,705

Seeding Acre 3 900. 00 2,700

Contingencies 
395,000

Total Embankment Work (Creel Bay)

Drainage (Creel Bay)

R.C.P.A. 36" x 58" (2 ea 80')LF 160 98.00 15,680

R.C.P. 72" Class II LF 48 145.00 6,960

Concrete Wiers (2 c) Job Sum 2,000

End Sections:
36" x 58" Ea 4 850.00 3,400

72" Ea 2 1,180.00 2,360

Contingencies

Total Drainage (Creel Bay) 35,000

Creel ay Tieback Embankment

E-bankment

Stripping 6" CY 1,990 3.00 5,970

4 Impervious Fill CY 33,835 2.00 67,670

Stabilize Aggregate CY 335 12.00 4,020

4" Topsoil CY 3,260 4.50 14,670

Teeil Acre 60 900.00 5,400

Remove 24" CM LF 70 2.00 140

Contingencies

Total Embankment 
113,000

B-4



ii

Unit

Unit Quantity Price Total

Federal First Costs (Cont)a

Creel Bay_,Tieback Embankment (Cont)

Drainage (Tieback)

RCP 24" LF 90 40.00 3,600

End Section 24" Ea 2 200.00 400

Ditch:
Excavate CY 630 3.00 1,890

Topsoil CY 115 4.50 518

Seeding Acre .2 900.00 180

Contingencies 
1.412

Total Drainage (Tieback) 8,000

South Embankment

Remove 42" CMP LF 55 3.00 165

Stripping 6" CY 2,600 3.00 7,800

Impervious Fill CY 41,820 2.00 83,640

Topsoil 4" CY 4,490 4.50 20,205

Seeding Acre 8.5 900.00 7,650

Contingencies 
18,540

Total Embankment Work (South Embankment) 138,000

Drainage

CMP 24" LF 55 40.00 2,200

End Sections 24" Ea 2 200.00 400

Contingencies 
400

Total Drainage (South Embankment) 
3,000

Roads

T.H. 19:
Granular Base CY 170 12.00 2,040

Bituminous Material SY 3,970 5.00 19,850

Contingencies 
3.110

Total T.H. 19 
25,000

Service Road (East of T.H. 20)

Granular Base CY 740 12.00 8,800

Bituminous Material SY 1,070 5.00 5,350

Contingencies 
2.770

Total Service Road 
17,000
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Unit

Unit Quantity Price Total

Borrow Area Work
Area I Job Sun * 5,000

Area 2:

Stripping 12" (No Haul) CY 13,240 2.00 26,480

Topsoil 4" (Salvaged) CY 4,410 2.00 8,820

Seeding Acre 8.5 400.00 3,400

Area 3:
Stripping 12" (No Haul) CY 16,100 2.00 32,200

Topsoil (Salvaged) CY 5,370 2.00 10,140

Seeding Acre 10 400.00 4,000

Contingencies 
14_360

Total Borrow Area Work 
105,000

Pumping Plant

Pump Station (16,000 gpm) Job Sum 275,000

20" Steel Discharge Pipe LF 180 150.00 27,000

Gatewell Job Sum 35,000

72" Sluice Gate Ea 1 25,000.00 25,000

72" RCP Class 111 LF 30 160.00 4,800

72" RCP Class IV LF 120 180.00 21,600

72" RCP Class V LF 60 220.00 13,700

72" End Section Es 1 1,180.00 1,180

Headvall Job Sum 44,000

72" Sluice Gate Ea 1 25,000.00 25,000

Contingencies 
68,220

Total Pumping Plant 
540,000

Drainage

Excavation CY 6,400 3.00 19,200

Contingencies

Total Drainage, Pumping Plant 
22,000

Access Road

Stripping CY 740 3.00 2,220 j
Excavation CY 360 3.00 1,080

fill CY 1,640 2.00 3,280

Subbase CY 1,760 12.00 21,120

24" CMF LP 60 50.00 3,000

Bituminous Pavement 2" SY 3,820 5.00 19,100

Topsoil CY 770 4.50 3,465

Seeding Acre 1.4 900.00 1,260

Contingencies 
9 475

Total Access Road, Pumping Plant 
63,000
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INTEREST DURING CONSTRUCTION

(Construction and Real Estate Costs)

Months Before Monthly Investment-
Project Completion Expenditure SPCAF~l) Cost

0 $278,600 1.0000 $278,600
1 278,600 1.0066 280,400
2 278,600 1.0132 282,300
3 278,600 1.0200 284,200
4 278,600 1.0267 286,000
5 278,600 1.0334 287,900
6 0 1.0403 0
7 0 1.0471 0
8 20,200 1.0540 21,300
9 53,500 1.0610 56,800

10 3,500 1.0680 57,100
11 53,500 1.0750 57,500
12 60,000 1.0821 64,900
13 7,500 1.0893 8,200
14 7,500 1.0965 8,200

1,927,300(2) 1,973,400

Interest during construction:

Total investment cost $1,973,400
Total expenditures 1,927,300

46,100

Say 46,000

(I)Single payment compound amount factor for I through 14 months. 7-7/8
percent annual or 0.66 percent monthly interest rate. SPCAF(1+i)n;
n-number of periods, i-interest rate for period.

(2)Does not correspond to total construction and lands cost of $1,927,000
shown in main report because of rounding-off.
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4 ~ Construct stage 2 , 4 months

NCD reviews P&S. Advertise and

award. Notice to proceed.

Icc

Complete P&S stage 2, 1 month at
$20,200.C

Ptepare P&S stage 2 and construct

stage 1, 3 months at $53,500.>

.0

Prepare P&S stage 2, 1 month at $60,000.

4.

Prepare P&S stage 1, 2 months at $7,500. -4

Accumulated Expenditure ($1 .000)
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C INTERIOR FLOOD CONTROL

EXISTING CONDITIONS

DESCRIPTION OF WATERSHED AND DRAINAGE PATTERNS

The five major areas, with two of them further subdivided, which contribute

runoff to the proposed protected area of Devils Lake, are delineated on

plate C-I and further defined in the following paragraphs.

Area 1 consists of the 179.1-acre area north of Highway 2 about 1 1/2 miles

northwest of Devils Lake. Runoff from this area is in a southwesterly

direction and discharges under Highway 2 into Area 2. Area 1 is generally

quite flat with a short, steeper region in the upper reaches of the water-

shed. Land use consists entirely of farming.

Area 2 includes the 2054.2-acre area southwest of Highway 2, north of High-

way 19, and east of the gravel road just west of the airport, plus a small

area just south of Highway 19 and another small area just west of the gravel

road. Runoff from the area is generally to the south and east into the

North ponding area.

Area 2 slopes gently from the north and west sides toward the North ponding

area. Elevations in the area vary from a high around 1470 in the north end

to a low of about 1426.0 in the North ponding area. Land use consists

generally of farming, except for the airport in the southwest corner and a

-4 small area of development along the south side of Highway 2. A:
Area 3 consists of about 547.3 acres located in the city of Devils Lake

" itself. The area is bounded by Ist Avenue and the railroad tracks on the

east, Highway 2 on the south and west and high ground along the northwest

side. Runoff from this area is currently carried by storm sewer to the south-

west and discharges through a 72-inch RCP into an existing stormwater pumping

C!
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station located )ust east of the sewage lagoons. The runoff is then

pumped into two stormwater detention ponds connected in series. For low

flows, the runoff discharges from the first pond into the second through

an 18-inch RCP. In turn, the runoff then flows from the second pond into

a ditch through another 18-inch RCP. For higher flows, the runoff in the

detention pond area flows through the two 18-inch RCPs as well as over a

series of two riprapped overflow weirs. The runoff again follows the

same sequence from the pumping station into the first pond, over the first

weir into the second pond4 and then over the second weir into the ditch.

The ditch thence carries the runoff along the south side of the sewage

treatment lagoons, through the Landfill Road and Creel Bay ponding areas

into Creel Bay.

Area 3 slopes gently to the southwest with elevations ranging from about

1460 in the north end to about 1430 along Highway 2. The area is almost

entirely developed with a mixture of residential. coierical and industrial

property. The remaining portion of the city of Devils Lake. located to the

south and east, is not included because runoff from this area is handled by

a storm sewer and ditch system that carries the runoff to the south through

a series of two detention ponds and on into Devils Lake.

Area 4 includes the 1289.2-acre area bounded generally by Highway 19 and

the sewage lagoons on the north, Highways 2 and 20 on the east, and high

ground and the proposed embankments on the south and west. This area is

further subdivided as shown by the dashed lines on plate C-1. Runoff from

area 4A occurs to the north and south into the Creel Bay ponding area in

.4 the center. Area 4B runoff also flows to the north and south but into the

Landfill Road ponding area.

* Runoff from area 4C discharges into the ditch along the sewage lagoons after

flowing to the ditch from the north and south. Area 4D runoff flows from

south to north into the South ponding area, thence into the ditch along the

* sewage lagoons.

C-2
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A

Area 4 is relatively flat with the north portion sloping to the south

and the south portion sloping to the north. Two high, steeper regions

exist in the south md east parts of the area. Elevations over the area

range from a high of 1495 in the south to a low around 1425 west of Land-

fill Road. The area is largely undeveloped or used for farming with the

high regions mentioned above residentially developed.

Area 5 consists of the 366.4-acre area south of Highway 2, west of the

;reat Northern Railroad tracks, north of the proposed south embankment

and east of Highway 20. The area is further subdivided as shown by the

dashed line on plate C-1. Runoff from areas 5A and 5B flows from south

to north and from east to west, respectively, and then discharges under

Highway 20. The runoff from areas 5A and 5B discharges into areas 4C and

4D. respectively.

Area 5 generally slopes mildly to the northwast with elevations ranging

from a high of 1465 in the middle to a low of 1430 in the north end. There

is a small amount of residential development along Highway 20 and in area 5A.

The remainder of area 5 is undeveloped or used for farming.

Following is a description of how runoff from the areas described above

combines and flows to the line of protection. After discharging under

Highway 2 through a 36-inch RCP culvert, the runoff from area I flows across

area 2 and combines with the runoff from area 2. As the combined runoff

from the two areas accumulates in the North ponding area, the runoff dis-

charges under Highway 19 through three 041P culverts. Two of the culverts

.4 are 27-inch x 43-inch C041 arches and the third is a 24-inch CMP. The run-

off discharging under Highway 19 flows into area 4B and the Landfill Road

ponding area.

Runoff from area 5A discharges under Highway 20 through a 30-inch RCP cul-

vert. flows across area 4C and combines with the runoff from area 4C. After

C- 3



combining, the runoff enters the ditch along the sewage lagoons and sub-

sequently combines with the runoff from area 3. If the combined runoff

exceeds the capacity of the ditch, the excess runoff temporarily ponds

in the East ponding area. The runoff from area 3 enters the ditch from

the stormwater detention ponds as previously explained. The ditch carries

the combined runoff from the three areas along the south side of the

sewage lagoons.

Runoff from area 5B discharges under Highway 20 through a 30-inch RCP cul-

vert, flows across area 4D and combines with the runoff from area 4D. The

combined runoff from the two areas accumulates in the South ponding area

and discharges into the ditch along the south side of the sewage lagoons.

Runoff from the five areas, 3, 4C, 4D, 5A and 5B. combines and flows to the

west in this ditch. At the southwest corner of the sewage lagoons, the

combined runoff discharges through a 60-inch CMP culvert under a ramp across

the ditch. If the capacity of the ditch or culvert is exceeded, the excess

runoff temporarily accumulates in the South and East ponding areas. After

exiting the 60-inch CHP culvert, the runoff enters area 4B and the Landfill

Read ponding area.

The runoff from areas 1 and 2 flows to the south in a ditch along the west

end of the sewage lagoons and discharges through five 24-inch RCP culverts

under a ramp across the ditch. The runoff existing the culverts combines

with the runoff from areas 3. 4C. 4D. 5A and 5B and the local area 4B. The

combined runoff from the eight areas flows to the west in a ditch that angles

from the sewage lagoons to Landfill Road. Then the runoff discharges under

. ~Landfill Road through a 72-inch equivalent CIMP arch. The excess runoff

temporarily ponds in the Landfill Road ponding area if the capacity of the

ditch or culvert is exceeied. Under existing conditions, the runoff exiting

the culvert under Landfill Road combines with the runoff from area 4A and j

flows west into Creel Bay. i .
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PONDING AREAS

There are currently two ponding areas that are used to store treated

sewage effluent. One is located north of Highway 19. and the other is

between the sewage lagoons and Landfill Road. The city pumps the treated

sewage effluent from the lagoons into these ponding areas and stores it

there until a favorable time to release it into Devils Lake. Once the

proposed Creel Bay embankment is built, three additional ponding areas

will be created. Two of the new ponding areas will be located south and

east of the sewage lagoons, while the third will be located between the

proposed embankment and Landfill Road. All five of the ponding areas will

ie used to store stormwater runoff after the proposed embankment is built.

Elevation-area-storage curves for each of the five ponding areas are shown

individually on plates C-3 through C-7 and combined on plate C-8. Under

design conditions for the North ponding area, a conservation pool at ele-

vation 142b.75 will be maintained to mitiga e the loss of wetlands in

other areas. Therefore, plate C-3 has an elevation-storage curve for both

existing and design conditions. Any area below elevation 1427.7 in the

bermed area immediately west of the sewage lagoons is not included in the

elevation-area-storage curves for the Landfill Road ponding area (plate C-6).

This area will continue to be maintained as a wetland and will be used to

store treated sewage effluent.

DAMAGE-ELEVATION RELATIONSHIPS

A damage-elevation curve for the city of Devils Lake was developed for the

.4 purpose of defining flood damages from interior runoff. The curve, pre-

sented on plate C-9, was updated to October 1982 price levels and is based

on October 1980 conditions. The zero damage elevation for the city of

Devils Lake is 1429.0.

C- 5
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SANITARY SEWERAGE SYSTEM

The present sanitary sewerage system for the city of Devils Lake conveys

the sewage to a lift station located southeast of the intersection of

Highway 2 and 4th Street South. This lift station pumps the sewage under

Highway 2 to the city's sewage treatment lagoons located about 1,500 feet

to the west. Both the lift station and sewage treatment lagoons are shown

(in plate C-1. Under existing conditions, the treated sewage effluent Is

released into Devils Lake during favorable times of the year. Once the

proposed project is built, the system will operate in a similar fashion

except that the released effluent will have to be pumped over the embankment.

The amount of sewage effluent was not included in the analysis performed to

determine the pumping station size. This flow was not included because the

sewage effluent can be released at a time when the ponding areas have been

pumped down to a minimum elevation and when rainfall is generally not

expected. In addition, the city of Devils Lake is presently developing

a plan to land spread the treated sewage effluent. If this plan is imple-

mented, the effluent will not have to be pumped over the embankment.

FUTURE DEVELOPMENT

It was assumed that relatively limited future development will occur with-

in the interior flood control watershed. Some development may occur along

Highway 2 in the north end of area 2. The city of Devils Lake itself,

area 3, may experience a small amount of additional residential or coummercial

development and the high portions of areas 4C, 4D and 5A may also be developed;

however, no other land use changes are anticipated. In areas 4C, 4D and 5A.

commerical development will tend to occur along Highway 20, while the re-

midrwill be residential. As part of the local cooperionUI agreement,

the city of Devils Lake will be required to regulate development below the

project's design water surface elevation of 1440. This will restrict develop-

sent near the ponding areas and pumping statiom. i
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LAKE LEIVU. INFORMATLION

A lake stave hvdrograph Is Included as figure 3 of the main report. The

per iod of retord for which lake levels have been recorded Is too short

t,:kicvv lo anI g trqun dat a or show any clear pat t e'n 0of var ia-

i in in lAe levels. A more extensive discussion of past water levels, some

has~ed on archaeological and sedimentological studies, is presented on pages 27

ifoh10 of thi, main report. Additilonal (fjs(1its00o is in ;I, ix 1), Hydrology.

RAUINFiAl. IN~t)RMAI'ION

Both hypothi't ical and historical rainfall data were investigated for the

design of the interior flood control facilities and are further discussed

in the following paragraphs. References made in the following and sub-

sequent paragraphs are listed at the end of this appendix.

lY PoTHET ICAI. RAINFALL

Hypothetical storms were developed for the 1-. 2-, 3-, 6-, 12-, 24-, 48-,

and 96-hour duration rainfall depths for the 100-, 50-, 20-, 10-. 4-, 2-,

1-percent exceedence frequency and standard project storms at Devils Lake.

In addition, 7- and 10-day duration rainfall depths for the 50-, 20-, 10-,

4-. 2- and I-percent storms were also obtained for use in the pumping

station probabilistic-economic analysis. Rainfall data were obtained

from the United States Weather Bureau Technical Reports Nos. 40 and 49

(references a and b), Rainfall-depth-duration-frequency relations were

determined from these data in accordance with criteria presented in

EM-1110-2-1410 (reference c) and are presented In table C-1 and plates C-10

* . md C-1l. The standard project storm for the Devils Lake area was developed

in accordance with criteria presented in EM 1110-2-1411 (reference d) and

is also shown In table C-1 and plate C-10. tncremental rainfall amounts

for the seven selected hypothetical and standard project storms are pre-

sented in table C-2.
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HlO kI ltAl. RA INFAI.I

Hi.t,,r ial riinfal I data were obtained from the U.S. Department of

, 'eMer, V pub! icat ion, 'Cl imatological Data" (reference e). Hourly

r.iint.ii I xenount w, hen available, were obtained for the recordinW stat ion

it :)*.''ils I IJkv in -one instances, only daily rainfall amounts were

1 .0, , If s, hour I ra in fall records were obt a ined from n.a rbv

re, ,1 n, t at ions at Cando , leeds, Shevenne , and Towner. Amounts of

un t l I i nrtn4 in each hour of a given storm at the recording station

Yr ,nverttud int, per, entages of the total rainfall occurring during
ti C rtr ."rhTse pe rcent.aes were then appli ed to the same storm at the

1,-cV Iake we-at her st at ion. Table C-3 shows the hourly rainfall amounts

'r ti. ten ,St s-v.vere events at Devils l.ake during the 34-year period

tr, l.Y114 to 1983. Runoff hydrographs were developed only for the most

- 'e,-o event which occurred on 5-6 June 1956. Monthly and annual pre-

ipitit ion data were obtained for the 107-year period from 1870 to 1977.

rhk- avera,e annual precipitation is 17.15 inches with a maximum annual

x,,,int ot 2-.39 inches in 1921.

'.Il H'iI)R0,RAPHS

Lnit ivirographs for the interior watersheds, shown in table C-5, were

Aevviot)d using the HEC computer program UHCOMP. The watershed character-

istits required to generate these unit hydrographs are shown in table C-4.

Surface cover, watershed lengths and slopes were obtained from USGS quad

sheets and detailed topography of the areas. Flow velocities in each area

were obtained using figure 3-1 in Soil Conservation Service Tschnical

kelease No. 55 (reference f). Times of concentration were calculated

"* by dividing the watershed length by the velocity. Clark's method was used

t, generate the unit hydrographs because some of the areas, especially

areas 1, 2 and 4, have rather long times of concentration. Clark's

attenuation constant, R, is based in part on data from a similar basin

1.,
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near Cooperstown. North Dakota. A full description of Clark's method

appears in HEC's "Hydrograph Analysis," (reference g). The UHCOMP

computer program also computes values of Snyder's coefficients Cp and

Tp. which are -shown in table C-4.

RCNOFF HNl)RX;APHiS

Runotf hvdr-graiphs for each of the nine interior watersheds were generated

usingt the HEC computer program LTHCOMP. First, the UJHCOMP program takes

thc hypothetical hvetographs or historical rainfall values and develops

rainfall excess hv'etographs by applying the selected losses. An Initial

isof 0.) inch and a constant loss rate of 0.1 inch per hour were used.

The runoff hvyr.',:raphs are then obtained by applying the rainfall excess

hvtograplis to the unit iiydrographs described in the preceding paragraph.

Runoff hvdrographs for the hypothet ical 2- and ]-percent and standard pro-

ject storm-, are presented in tables C-6 throizgh C-8. Table C-9 presents

runoff hvdrographs for the selected historical event of 5-6 June t9 5 6 .

Since limited future development Is expected, no differentiation was made

between runoff hydrographs for existing and future conditions.

S E EPAG E

Because the foundation materials are largely impervious, seepage is con-

hidered to be negligible. Seepage is further discussed on pages 68

through 69 of the main report.

C-9
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AL.TERNATIVE PLANS CONSIDERED

G;ENERAL

Alternate interior flood control plans were considered for two major

areas, the propos--d Creel Bay embankment area and the proposed South

embankment area, of Devils Lake. Several alternatives of a plan, con-

sisting of the proposed Creel Bay embankment, several culverts, a

gravity outlet and a pumping station, were considered for conducting

flow to. through and over the proposed embankment. Three different

plans were also examined to determine the location of the proposed South

emhank-nent. The alternative plans considered in each area are further

discussed in the following paragraphs.

PROPOSED CREEL. BAY EMBANKMENT

With this plan, runoff from the interior watershed will flow to the line

(if protection generally as described in the Existing Conditions section.

After reaching the embankment, the runoff will discharge into Creel Bay

either through the gravity outlet or be pumped over the embankment by the

pumping station. Alternatives considered were concerned with which exist-

ing culverts, if any, could remain in place, what size the culverts under

Highway 19 and Landfill Road should be and what size the gravity outlet

should be. The only other alternative considered, which was just slightly

different than the plan described above, involved building a dike along

the north edge of the South ponding area. With this plan, a culvert would

be required from the South ponding area to the Landfill Road pondIng area.

This plan was considered because the zero damage elevation around the South

ponding area is higher and more storage could be obtained by building the
dike. It was later found that sufficient storage was available without the

dike; therefore, this plan was eliminated.

C- 10
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PROPOSED) SOUTH EMBANKMENT

Three different locations were considered for this embankment. For

Plan 1. the embankment would be located on or along the gravel road

south of the city of Devils Lake and shown on plate C-1. A 36-inch

RCP gravity outlet and a small pumping station with a capacity of

ahb.ut 1,000O gpm would be required with this plan. i

With plan 2, the. embankment would be located about 1.000 feet north of

the gravel road. Once again, a 3-Inch RCP gravity outlet and small

pumping .stat ion. but with a capacity of 1,500 gpm, would be required.

Also considered for plans I and 2 was a ditch and/or interceptor system

that would carry runoff from this area into the South ponding area.

In plan 3, the embankment would be located about 2.650 feet north of

[t gravel road and would tie into Highway 20 on the west end and the

railroad tracks on the east end. No gravity outlet or pumping station

would be required with this plan because runoff from area 5B would flow

north and discharge into area 4D through an existing culvert under High-

way 20). Plan 3 was selected because it was found to be significantly

ch~eaper th~an plans I and 2 since no outlet or pumping station is required.

RECOMMENDED PIAN

GENRAL

The recommended interior flood control plan will consist of two interior

culverts. one gated gravity outlet five designated ponding areas and

a 16.000 gpm pumping station. Two existing culverts, one at the south-

west corner of the sewage lagoons and the other along the west side of

the lagoons, will have ai a 36-inch existing C P culverts underetadm

Hihay 19 will have to be plugged or removed. F-Isting ditches alongw ronp

-- pwt
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the south and west sides of the sewage lagoons. from the southwest

corner of the lagoons to Landfill Road, and from Landfill Road to the

gravity outlet and pumping station will have to be cleaned.

A plan view showing the location of proposed interior flood control

features is presented on plate C-2 and also on plate I and plates 10

through 13 of the main report. A profile of culverts A and B plus the

gravity outlet is presented on plate 14 of the main report. Table C-10

presents the required size, length, elevations and other design information

for the proposed interior culverts and gravity outlet. The required

facilities are further defined in the following paragraphs.

DESIGNATED PONDING AREAS

The designated ponding areas are defined on page C-5 and shown on plate

C-2 and plates 10 through 12 of the main report.1

INTERIOR CULVERTS

Twin 36" x 58" RCP arch culverts will be required under Highway 19. In

order to maintain a conservation pond in the North ponding area, am over-

flow weir will be constructed across the culvert inlets as shown on

plate 14 of the main report. A 72-inch RCP culvert will be required

under Landfill Road.

GRAVITY OUTLET i
The proposed gravity outlet is a 72-inch RCP outlet with a gatewell and

*1 sluice gate located in the proposed Creel bay embankment.

PUMPING STATION

A 16,000 gpa pumping station. equipped with two 8,000 gpm pumps, will be

located adjacent to the gravity outlet. The required size of pumps, number

C-1 2
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,,f pumps and other design and operating requirements based on standard

Corps of Engineers criteria are presented in tables C-li, C-12 and C-13

and on plate C-12. A 20-inch, axial flow pump (per model curve 18)#

appears to meet the design criteria most satisfactorily. Although a

20-inch axial flow pump was initially selected as the prototype pump in

the Devils lake pumping station, a submersible sewage pump meeting the

same design conditions and having certain operational advantages has

heen selected. Details of the operational advantages and a comparison

of the operating cost of the submersible pump are contained in Appendix F.

Each submersible pump will be equipped with a safety shutdown for motor

and seal failure and automatic control equipment.

STATION IAYO)UT

The Devils Lake pumping station will include the following facilities:

a. A 72-inch RCP connecting sewer frou, the Creel Bay ponding area

to the intake chamber.

b. A manually controlled slide gate at the inlet of the 72-inch

connecting sewer.

c. An Intake chamber with stop log supports located at the entrance

to the intake chamber.

d. Stop log supports located between the intake and pump chambers.

e. Two separate sump chambers, each housing one pump, a trash rack,

raking facilities, ladders, and operating platforms to facilitate cleaning

operations.

f. A superstructure housing the motors and controls and providing an

operating room with a deck.

C-13
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R. A stop log storage area and fireproof storage container for flammuable

materials above the intake chamber at the finished ground level.

h. Hoisting equipment to lower and raise the submersible pump.

i. Two pump discharge pipes which discharge directly into the gravity

outlet gatewell.

j . A sutryi pump wilIl be prov ided t o dra In the s tat ion dur Ing t ime s when

the station is not in use.

The pumping station layout is based on the most practical and economical

plan which will provide good operating conditions. The stormwater pump

chambers will be large enough to accommodate the pumps and to provide

adequate cycling and good flow conditions to the pump intakes. Layout

of the floors and superstructure are based on the minimum desirable working

clearance required for cleanup. inspections, repair, and/or removal of the

submersible pumps, and control equipment. The pump station will be accessible

to service vehicles. Layout details for the Devils Lake pumping station are

shown on plates 13 through 16 of the main report.

PLAN OF OPERATION

During periods when Devils Lake is low, the sluice gate in the gravity outlet

will be open and runoff from the interior watersheds will discharge directlyj

into Devils Lake. Runoff from the interior watersheds will generally followf

the same drainage patterns as previously described in the Existing Conditions

Section with the following exceptions. The combined runoff from areas I and

* 2 will discharge under Highway 19 through the proposed twin 36" x 58" RCP

arch culverts rather than the three CMP culverts. As this runoff flows
d south in the ditch along the west end of the sewage lagoons, it will no

* jlonger have to pass through the five 24-inch RCP culverts tinder a ramp in
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in the ditch as the culverts will be removed. Likewise, the combined
runoff frown areas 3, 4C, 4D, 5A and 5B will no longer have to pass through

the 60-inch CMP culvert under a ramp at the southwest corner of the sewage

lagoons, as this culvert will also be removed. The combined runoff from

areas 1. 2, 3. 4B, 4C, 4D, 5A and 5B will discharge under Landfill Road

through the proposed 72-inch RCP culvert that will replace the existing

72-inch equivalent CMP arch culvert. The runoff exiting the culvert under

L.andfill Road will combine with the runoff from the local area, 4A, accumu-

late in the Levee ponding area and eventually discharge into Creel Bay

through the proposed 72-inch RCP gravity outlet.

During periods when Devils Lake rises above elevation 1427.0, the sluice

gate in the gravity outlet will be closed, the gates at the entrance to

the pumping station will be opened and the pumps activated. The normal

operating range of the pumps will be from elevation 1425.0 to 1424.0.

Pump-on levels recommended for the two pumps are 1424.5 and 1425.0, and

pump-off levels recommended are 1424.5 and 1424.0. The estimated cycle

times with one or two pumps operating are 7.1 and 16.8 hours, respectively.

The proposed pump station will be equipped for both automatic and manual

control operations.

Should the interior pond level rise 1 foot above or more above the current

lake stage, the gravity outlet will be temporarily opened. When the

interior pond level recedes to the same level as the lake, the gravity

outlet will then be closed again.

PROJECT JUSTIFICATION

PERFORMANCE OF PROPOSED STORMWATER SEWERAGE SYSTEM ,i

Table C-14 presents the maximum interior pond levels and resulting damages

.' which would have occurred with existing and proposed conditions during a

C
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2-, I-percent and standard project hypothetical storm and the largest

historical storm of record (presented in table C-3). The maximum pond

elevations were obtained by routing the selected rainfall events through

the selected ponding areas, interior culverts and the gravity outlet.

Estimated damages are based on the maximum pond elevations and were

obtained from the elevation damage curve shown on plate C-9. The estimated

interior ponds levels for the I-percent and standard project storm gravity

flow conditions are also presented in table C-10.

ENVIRONMENTAL REQUIREMENTS

Because excess storage is available in the north ponding area, the existing

Intermittent wetland would be maintained as a permanent wetland. A weir

at elevation 1426.75 would be constructed across the inlet to the culvert

under Highway 19 in order to maintain these wetlands. As described in the

Ponding Areas paragraph on page C-5, the bermed area in the Landfill Road

ponding area, immediately west of the sewage lagoons, will still be main-

tained as a wetland.

JUSTIFICATION OF GRAVITY DESIGN

As indicated in table C-14, culverts A and B and the gravity outlet are

more than adequate to maintain I-percent pond levels less than or equal

to those with existing conditions. No damages would occur during a I-

percent flood for either existing or proposed conditions. Although

damages would still occur during the standard project storm, they are

significantly less than for existing conditions.

.4
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SELECTION OF GATE CIOSURE ELEVATION

A recommended gate closure elevation of 1427.0 was selected because

closure at a higher elevation would greatly reduce the volume of available

storage below the 7ero damage elevation of 1429.0. With a gate closure

elevation of 1427.0. there is about 1.106 acre-feet of storage available

between elevation 1427.0 and 1429.0. At a lower gate Aosure elevation,

the pumping station would have to operate significantly longer and the

increase in available storage would be negligible.

POND FREQUENCY INFORMAIION

pond frequency information is available directly from the probabilistic-

economic analysis that was performed. Pond level and estimated damages,

for the pump rates and hypothetical storms considered, are shown in table

C-15. Table C-16 summarizes the required storage, pond l evel and estimated

damages for the one-percent event.

JUSTIFICATION OF PUMPING STATION

The recommended size of the Devils Lake pumping station is about 16,000 gpm,

which based on criteria presented in EM 1110-2-3102 (reference h) for a

two-pump station is equivalent to a design capacity of about 12,000 gpm.

As described in tlie Economic Evaluation paragraphs on page C-20 and as

shown on table C-16, the recommended station appears to have the maximum

benefit-cost ratio. With a 16,000 gpm station capacity, the one-percent

hypothetical event will result in a pond level of 1429.64 and will require

an estimated 1.690 acre-feet of storage which will be removed in about

23.9 days. A pond level of 1429.64 will result in about $13,000 in damages

to several commercial structures along Highway 2.

i C-17



DESIGN CRITERIA 4

DEGREE OF PROTECTION

The Devils Lake area is considered to be Class 11 urban development, as

defined in EM 1110-2-1410 (reference c). The design of the gravity outlet

and culverts for the low lake level (gravity) condition is, therefore,

initially based on the inflow from a 2-percent event. The required outlet

or culvert size is subsequently modified, if necessary, to limit interior

flood damages from the standard project storm to an acceptable level.

The select ion of the required pumping station capacity is based on the

most economical combination of pumping rate and storage which will also limit

residual flood damages to only rare occasions and/or a sall magnitude of

damages and meet design criteria presented In ENf 1110-2-3102 and EM 1110-2-

3105 (references h and I).

DESIGN OF CULVERTS AND GRAVITY OUTLET

Procedures outlined in EM 1110-345-283 and Th 5-820-4 (references j and k)

provide the basis for the hydraulic design of the gravity outlet and culverts.

The gravity outlet and culvert. are to be reinforced concrete pipe with their

design based on a Manning's "in" value of 0.014. Ke is assumed to be 0.5 for

both concrete headwall entrances and flared end sections. In the design of

the gravity outlet. Devils Lake is assumed to be low enough so that it will

not limit discharge from the outlet. Pipe sizes were selected to maintain

the design water surface elevations near the pipe crown; however, at peak
discharges, some pipes will be under slight pressure heads. The gravity out-

* let will be furnished with a safety guard at the Inlet to improve safety and

reduce debris deposition in the outlet. A sluice gate will be required in

the gatewell of the gravity outlet. In accordance with criteria presented

in paragraph 4-09 and chart 3 of EM 1110-2-1410 (reference c), a supplemental

service gate is not required on the gravity outlet. Discharge rating curves
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for culverts A and B and the gravity outlet are shown on plates C-13, C-14

and C-IS, respe(tively.

PUMPING REQUIREMENTS

he required capacity of the pumping station was determined based on a

probabilistic-ec)nomic analysis using the 50-, 20-, 10-, 4-, 2-. and 1-percent

hvpothetical storms and pump rates of 6,000, 9,000, 12,000, 18,000, 24,000,

30,000, 36,000 and 42,000 gpm. Because Devils Lake may remain high for an

extended and undetermined period of time, the probability of blocked

gravity conditions was assumed to be 100 percent. Therefore, the prob-

ability of a particular maximum pond level would be equal to the probability

,)t the rainfall event that produced it. The pumping station was assumed to

have two pumps of equal capacity with the first pump starting at an elevation

of 1424.5 and the second pump starting at an elevation of 1425.0. When the

pond level recedes to an elevation of 1424.5, the second pump shuts off. As

the pond level recedes further to the minimum sump elevation of 1424.0, the

first pump shuts off. A prbabilistic-economic analysis was considered be-

cause insignificant seepage is anticipated.

The need for a pumping station at Devils Lake is obvious based on the

possibility that Devils Lake may remain high for an extended period of time.

If no pumping station were provided, runoff would accumulate in the ponding

areas behind the levee and eventually inundate the city. Table C-15 summarizes

the maximum pond levels for the various hypothetical storms and pump rates

considered, including no pumping.

The estimated maximum pond levels were computed using a 360-hour runoff
; summation curve for each of the hypothetical storms. A 360-hour (I-day) ;

curve was used because it takes about that long for the 6-hour storms to
discharge under gravity conditions. It takes 15 days because there is limited

head and extensive storage available. Seven- and ten-day duration rainfall

C-19
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depths were obtained from the United States Weather Bureau Technical

Report No. 49 (reference b). The rainfall data were further extrapolated,

as shown on plate C-16. to 15 days using a coimmon log curve fit method.

Next, the rainfall was broken down into 36 ten-hour increments and re-

arranged in a distribution as follows: 6, 4, 2, 1, 3, 5, etc. In this

distribution. I is the largest ten-hour increment, 2 the second largest

and so on. The rainfall was then converted to rainfall excess by multi-

plying by an assumed constant excess rate of 70 percent. Rainfall excess

was then converted to runoff in acre-feet by multiplying by the total

t intributing watershed in acres and dividing by 12. The incremental

run. (fs were added to form the runoff S curve and then the curve was plotted.

Each of the various pump rates considered were also plotted on the S curves.

For a specific pump rate. the maximum vertical distance between the S-curve

and the plotted pump rate equalled the storage required. Finally, the

mraximum pond level was determined by finding the elevation corresponding

to the storage required on the combined elev.ation-storage for the five pond-

ing areas (plate C-8).

The estimated damages indicated in table C-15 are based on the maximum pond

level for each hypothetical storm and pump rate and the elevation-damage

curve for the city of Devils Lake presented on plate C-9. The estimated

benefits developed with each selected pump rate are equal to the difference

between the amount of damages with and without pumping.

ECONOM4IC EVALUATION

The economic evaluation consisted of determining pond level frequency

relationships for each selected hypothetical storm-pump rate combination.
-. J converting the pond levels to damages. determining average annual pumpingF I

station cost and average annual benef its. and selecting the size of pump-

ins station . Maximzu not benefits were not used to select the pumping

station size because no station could be justified based on net benefits.
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As a secondary measure, benefit-cost ratios were used to select the re-

commended pumping station size. Benefit-cost ratios for the various pump

rates considered are summarized 'n table C-16.

The pond level frequency relationships based on the hypothetical storms

considered and the selected pump rates are presented on plate C-17 and

summarized in table C-l. The curves were obtained by plotting the maxi-

mum pond levels in table C-15 against the frequency of the storm which

produced it.

Damage-frequency curves for the selected pumping conditions are presented

on plate C-lh and are based on damage-frequency relationships presented

in table (-1). Average annual damages are equal to the area under each

curve. Average annual benefits are equal to the difference between average

annual damages with and without pumping.

Estimated average annual costs for the selected pumping station capacities

were obtained from a pumping cost-capacity curve supplied by Design Branch

and presented on plate C-19. Costs obtained from that curve were updated

to the October 1982 level by multiplying the January 1981 cost by the ratio

of the October 1982 ENR construction index (3876) divided by the January 1981

ENR construction index (3350). All average annual benefits and costs are

based on an interest rate of 7 7/8 percent. Because it is assumed all storm-

water runoff must be pumped and the pumps will, therefore, operate much more

per year, the annual cost of pumps, motors and valves is based on a 20-year

life rather than the normally used life of 35 years. The average annual

cost of all other features is based on a 100-year life expectancy.

SELECTION OF PUMPS

The number and size of pumps required are based on criteria presented in

EM 1110-2-1410, EM 1110-2-3101 and EM 1110-2-3105 (references c, h and i,

respectively). Sample computations for sizing the pumping station are
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shown in table C-13. The design static head for the Devils Lake pumping

station is measured from the crown of the discharge pipe at the gravity

outlet gateweil to the pond level where the second pump will shut off.

Dynamic heads are obtained by adding to the static heads, friction losses

for the pipes, bends, and fittings and velocity head losses at the outlet

of the discharge pipe. The equivalent length method was used to determine

the losses in bends and fittings based on equivalent pipe lengths obtained

from data published by the Crane Company. The equations used in determining

the friction loss are as follows:

Cast-iron pipe and fittings:

H /100 feet of pipe - .0595V
D1.17

Steel pipe and fittings:

Hf/10 feet of pipe - .0366V .85

D .17

Where:

Hf - friction reqistance of fluid in feet;

V - velocity in feet per second; and

D - inside diameter of pipe in feet

The equation for cast-iron pipe is comparable to a Hazen-Williams roughness

coefficient of about 100, and the equation for steel is comparable to a

roughness coefficient of about 130.

. 4
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Table C-1

Accuute 96huAyohtcal rainfall amounts

Rainfall Rainfall frequency in percent

duration

in hours 100 50 20 10 4 2 1 SPS

0.5 0.56 0.82 1.18 1.45 1.77 1.99 2.23 2.38

1.0 0.66 0.99 1.48 1.83 2.26 2.57 2.88 3.23

1.5 0.70 1.04 1.56 1.91 2.36 2.68 3.00 4.01

2.0 0.74 1.09 1.63 1.99 2.46 2.78 3.11 4.79

2.5 0.78 1.14 1.70 2.07 2.55 2.88 3.22 5.46

3.0 0.82 1.18 1.76 2.14 2.64 2.97 3.32 6.08

3.5 0.85 1.22 1.81 2.21 2.72 3.06 3.42 6.64

4.0 0.88 1.26 1.86 2.28 2.80 3.14 3.52 7.05

4.5 0.91 1.30 1.91 2.34 2.87 3.22 3.61 7.44

5.0 0.93 1.34 1.96 2.40 2.94 3.30 3.70 7.77

5.5 0.95 1.37 2.00 2.45 3.00 3.38 3.78 8.07

6.0 0.97 1.40 2.03 2.49 3.05 3.45 3.86 8.34

6.5 
8.54

7.0 
8.64

7.5 
8.72

8.0 
8.79

8.5 
8.86

9.0 
8.92

9.5 
8.97

10.0 
9.01

10.5 
9.05

11.0 
9.08

11.5 
9.11

12.0 1.10 1.60 2.31 2.83 3.44 3.89 4.34 9.14

18.0 1.20 1.71 2.48 3.05 3.71 4.20 4.69 9.53

24.0 1.27 1.80 2.58 3.16 3.83 4.33 4.83 9.68

48.0 1.50 2.11 3.05 3.76 4.55 5.12 5.66 10.82

72.0 1.63 2.31 3.32 4.07 4.94 5.57 6.19 11.40

96.0 1.74 2.49 3.56 4.33 5.25 5.93 6.61 11.56
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Table C-2
g Incremental rainfall amounts

Rainfall frequency in percent

Rainfall
distribut ion
in hours 100 0 20 10 4 2 1 SPS*

Rainfall by 0.5-hour inc.rements during maximum 6-hour accumulation
0.0-0.5 0.02 0.03 0.03 0.04 0.05 0.07 0.08 0.03

0.5-1.0 0.02 0.03 0.04 0.05 0.06 0.08 0.08 0.03
1.0-1.5 0.02 0.04 0.05 0.06 0.07 0.08 0.09 0.04
1.5-2.0 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.06
2.0-2.5 0.03 0.04 0.05 0.07 0.08 0.08 0.10 0.07
2.5-3.0 0.03 0.04 0.05 0.07 0.08 0.09 0.10 0.10
3.0-3.5 0.04 0.04 0.06 0.07 0.09 0.09 0.10 0.27
3.5-4.0 0.04 0.05 0.07 0.08 0.09 0.10 0.11 0.33
4.0-4.5 0.04 0.05 0.07 0.08 0.10 0.10 0.11 0.41
4.5-5.0 0.04 0.05 0.08 0.08 0.10 0.11 0.12 0.62
5.0-5.5 0.10 0.17 0.30 0.38 0.49 0.58 0.65 0.78
5.5-6.0 0.56 0.82 1.18 1.45 1.77 1.99 2.23 0.85
6.0-6.5 2.38
6.5-7.0 0.78
7.0-7.5 0.67
7.5-8.0 0.56
8.0-8.5 0.39
8.5-9.0 0.30
9.0-9.5 0.20
9.5-10.0 0.08

10.0-10.5 0.07
10.5-11.0 0.05
11.0-11.5 0.04
11.5-12.0 0.03

Rainfall by 6-hour increments during maximum 24-hour accumulation

0-6 0.97 1.40 2.03 2.49 3.05 3.45 3.86 8.34
6-12 0.13 0.20 0.28 0.34 0.39 0.44 0.48 0.80

12-18 0.10 0.11 0.17 0.22 0.27 0.31 0.35 0.39
18-24 0.07 0.09 0.10 0.11 0.12 0.13 0.14 0.15

Rainfall by 24-hour increments during maximum 96-hour accumulation

0-24 1.27 1.80 2.58 3.16 3.83 4.33 4.83 9.68
24-48 0.23 0.31 0.47 0.60 0.72 0.79 0.83 1.14 .
48-72 0.13 0.20 0.27 0.31 0.39 0.45 0.53 0.58

- 72-96 0.11 0.18 0.24 0.26 0.31 0.36 0.42 0.16

; ' *In accordance with criteria in E 1110-2-1411, rainfall amounts for the standard
*' project storm are rearranged and are for a maximum 12-hour accumulation.
4
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Table C-3

Hourly rainfall amounts for historical
storms of record at Devil. Lake, North Dakota

Rainfall in inches

16-17 5-6* 11-12 10-11 28 19-20 22 11-12 4 25
Aug Jun Jul Aug Jul Jun Jun Jun Jul Aug

Date 1955 1956 1957 1962 1970 1974 1975 1976 1978 1978

Time in
hours
after
start of
storm

1 0.08 1.08 0.06 0.92 1.14 0.13 0.90 0.94 0.80 1.10
2 0.02 0.49 0 0.17 0.22 0.13 0.19 0.20 0.30 0.30
3 0 0.18 0.99 0.27 0.34 0.10 0.52 0.15 0.10 0.30
4 0.97 0.29 0.25 0.18 0.13 0.08 0.22 0.39 0
5 0.44 0.07 0.08 0.05 0.04 0.17 0.49 0
6 0.19 0.23 0.06 0.02 0.08 0.19 0.16 0
7 0.26 0.01 0 0.13 0.13 0.01 0
8 0.29 0.26 1.17 0.05 0
9 0.23 0.32 0.06 0.08 0
10 0.05 0.14 0.06 0.03 0
11 0.02 0.01 0.10 0.02 0
12 0.01 0 0.01 0
13 0 0 0.01 0
14 0 0.02 0 0
15 0 0 0
16 0 0.20 0
17 0 0 0.20
18 0 0 0.40
19 0 0
20 0 0
21 0 0.01
22 0.12
23 ____0.07 ___ ___ ___ __________

Total 1.70 3.39 11.45 12.36 1l.83 2.1 25 .4 1.80 1.70

*Largest historical storm of record

4
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Table C-5

30-minute unit hydrographq for interior watersheds

Area 1 2 3 . .4 5
hubarea 4A 4B 4C 4D 5A 5B

Time in
hours

0.0 0 0 0 0 0 0 0 0 0
0.5 6 8 46 14 21 19 13 14 15
1.0 20 30 156 47 67 65 46 47 52
1.5 37 61 248 78 84 100 89 75 85
2.0 52 95 242 82 59 92 134 73 88
2.5 58 131 167 61 31 60 168 50 64
3.0 55 167 100 39 16 36 184 30 38
3.5 43 204 60 24 9 22 179 18 23
4.0 29 237 36 15 4 13 152 11 14
4.5 20 262 22 10 2 8 118 7 8
5.0 13 279 13 6 1 5 92 4 5
5.5 9 286 8 4 1 3 72 2 3
6.0 6 286 5 2 0 2 56 1 2
6.5 4 278 3 2 1 43 1 1
7.0 3 257 2 1 1 34 1 1
7.5 2 226 0 1 0 26 0 0
8.0 1 193 0 20
8.5 1 165 16
9.0 1 141 12
9.5 0 121 10
10.0 103 7

10.5 88 6
11.0 76 5
11.5 65 4
12.0 55 3
12.5 47 2
13.0 40 2
13.5 35 1
14.0 30 0
14.5 25
15.0 22
15.5 18
16.0 16
16.5 13
17.0 12
17.5 10
18.0 8

o 18.5 7
19.0 6
19.5 5
20.0 5
20.5 4
21.0 3
21.5 3
22.0 2
22.5 0
23.0
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Table C-6

Hypothetical runoff hydrographs

Area I Area 2 Area3

C"r t- per elt aP ecnt ipercent ispS percent percent SPS

0 0 0 0 0 0 0
01 0 ( 0 0 1 I I 0

I'm 0 0 0 0 4, 6 2
* 0 1 I 0 11 1 -

0 2 2 0 8 21 7

0 3 3 0 24 26- 11

0 5 5 i 2, 30 115

1 7 8 3 31 36 25

* 3 1 13 8 36 5 55

*11 161 19 '1 45 57 :15

23 23 2 I 7 56 69 26

49 35 4 91 e7 103 321,
37 80 72 o, 139 23. 265 .6

7,4 2 119 162b . 4 669
b18 226 26 .. ". 6.7 8 9.7

"56 245 318 3h- 61 5,3 65 11-9

A' 292 -13 4.7 833 3" -.4 1149

312 5.07 580 1,). 23 '6. 99-
30" 596 663 1299 - 59 8:1

* " 272 6-5 769 1526 B 95 649

710 8371) 1721 5 58 5)7

j~ 1s- 7t2 866 lag. 31 34 369
1.)3 7. f) 8-13 1992 i 21 253"

106 7 8 859 2042 3 172
78 72 819 2038 8 ::3

* 5. 659 "46 1980 4 7

38 3.168 3 4

S26 .92 5 57 1713 2 3 26
7 1339 2 2 15

. 12 3 13,. 2 9
: i e 306 38 9 119.

. - .63 29" 1039 0 ' 2

* 3 2 5 .1 5. 0 
S i9. 219 '.K 1

2 1 187 66

G 5., :9 50),~
2 1:0 136 .3,
2. 102 26 422 S

1 6 i 352

* 6 86 3,1
* 6- 72 259
* 56 ~3 22
1 .6 5. 189

* 40 .6 6
34 38 1-

30 3,
. 25 28 i V

0 23
i 20 73

4 15 17 62

13 15 53

10 11 .9

58 9 3.

7 U 7 a 26

.4 2..0 3 3 15

S. 2 3 9
29. ') 2I,2

95 , 2

3o. 1 I I I Ig

31.0 0 0 I6 31 -5
32.0 I
32.5 i
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Table C-7

Hypothetical runoff hydrographs

Time Area 4A Area 4B Area 4C
in 2- 1- 2- 1- 2- 1-
hours percent percent SPS percent percent SPS percent percent SPS

0 0 0 0 0 0 0 0 0 0
0.5 0 0 0 0 0 0 0 0 0
1.0 0 0 0 0 0 0 0 0 0
1.5 0 0 0 0 0 0 0 0 0
2.0 0 0 0 0 0 0 0 0 0
2.5 0 0 0 0 0 0 0 0 0
3.0 0 0 0 0 0 0 0 0 0
3.5 0 2 1 1 2 2 1 2 2
4.0 2 5 8 3 6 12 3 6 11
4.5 5 9 25 7 11 34 7 12 34
5.0 10 14 54 11 14 65 12 17 71
5.5 20 25 93 23 28 103 25 31 118
6.0 64 74 140 87 99 145 86 99 173
6.5 143 162 208 181 204 215 190 215 256
7.0 202 228 299 197 222 308 250 282 367
7.5 196 221 371 133 149 341 214 242 443
8.0 142 160 384 69 78 295 138 156 432
8.5 90 102 342 36 41 232 83 94 365
9.0 56 63 285 20 22 179 51 57 297
9.5 35 40 229 9 10 136 30 34 236

10.0 23 26 179 4 5 96 19 21 179
10.j 14 16 134 2 3 63 12 13 129
11.0 9 10 93 2 2 38 7 8 87
11.5 5 6 63 0 0 21 4 5 55
12.0 4 5 40 10 2 3 35
12.5 2 3 26 5 2 2 21
13.0 2 2 16 3 0 0 12
13.5 0 0 11 1 7
14.0 6 1 4
14.5 3 0 2
15.0 2 1
15.5 1 1
16.0 1 0
16.5 0
17.0
17.5
18.0
18.5
19.0
19.5
20.0
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Table C-8

Hypothetical runoff hydrographs

ft Time Area 4D "Area 5A Area 5B
in 2- 1- 2- 1- 2-
hours pcent pent SPS ent SPS percent percent SPS

0 0 0 0 0 0 0 0 0
0.5 0 0 0 0 0 0 0 0 01
1.0 1 0 1 1 0 0 0 0
1.5I I 0 1 1 0 0 0 0
2.0 3 3 0 2 2 0 0 0 0
2.5 4 4 1 3 3 1 0 0 0

3.0 6 7 1 3 3 I 0 0 0
3.5 9 10 4 3 5 3 0 2 1
4.0 12 14 12 5 8 11 2 5 9
4.5 16 21 31 9 12 27 6 10 28

5.0 23 31 68 12 16 54 10 15 59
5.5 38 49 128 22 27 91 22 27 102

6.0 87 105 214 66 76 133 71 82 152
h.5 179 208 344 142 160 197 157 178 225

7.0 287 329 520 191 216 281 219 247 322
7. 390 443 710 172 194 342 209 236 397
8.0 458 519 888 115 130 342 147 166 407
8.5 I 480 543 1021 69 78 294 87 99 357
9.0 450 508 1088 42 47 240 53 60 291

9.5 374 423 1083 26 29 191 32 36 232
10.0 391 329 1008 16 18 i47 19 21 178
10.5 337 256 892 9 10 108 12 13 129
11.0 177 200 770 5 5 74 7 8 88
11.5 138 155 647 3 3 48 4 5 57

12.0 10b 120 531 2 3 30 2 3 35
12.5 83 94 426 2 2 19 2 2 21
13.0 64 72 338 0 0 12 0 0 13
13.- 50 56 264 6 7
14.0 39 44 206 3 4
14.5 30 34 161 2 2
15.0 24 27 125 1 1

15.5 18 20 98 1 1

16.0 15 17 75 0 0

16.5 12 14 60
11.0 10 11 47
17.5 7 8 37

18.0 5 6 28
18.5 4 5 21

19.0 2 2 16
19.5 I 1 11

20.0 0 1 6 1
20.5 0 4

S"21.0 3
21.51
22.0 1
22.5 0

23.0
23.5
24.0
24.5
25.0
25.5
26.0
26.5
27.0

C-31

,,,!7 4



4 Table C-9

Runoff hydrographs for the historical store of 5-6 June 1956

Time inArea

hours 1 2 3 4A 4B 4C 0D 5A 5B

0 0 0 0 0 0 0 0 0 0
1 11 17 112 26 37 36 27 26 30

2 36 67 244 63 72 80 96 60 72

3 54 138 193 58 48 65 164 50 62

4 47 219 131 40 29 43 183 33 42

5 37 291 96 28 20 30 158 23 30

6 25 337 66 19 13 20 128 15 20

7 21 356 85 24 23 29 109 21 26

8 25 344 104 29 29 35 108 26 32

9 28 327 108 31 28 36 116 27 34

10 26 314 75 22 16 24 113 19 14

11 17 298 34 10 3 9 92 7 10

12 8 277 15 4 1 3 63 3 4

13 4 243 5 1 0 1 39 1 1
14 2 201 2 0 0 0 23 0 1
15 2 156 2 0 0 0 13 0 0
16 2 115 2 0 0 0 8 0 0
17 2 85 2 0 0 0 5 0 0
18 2 62 2 0 0 0 3 0 0
19 2 45 2 0 0 0 2 0 0
20 2 33 2 0 0 0 1 0 0
21 2 25 9 0 0 0 0 0 0
22 2 21 i8 1 2 2 1 1 2
23 2 18 13 2 3 3 4 2 3
24 1 17 7 1 0 1 7 1 2

25 1 16 3 0 0 6 0 1
26 1 15 2 4 0
27 1 13 2 3
28 0 10 2 2
29 7 2 1
30 5 2 1
31 3 1 0
32 2 1
33 1 1
34 1 1

36 1
37 0 ~
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Table C-lO

Design of culverts and gravity outlet

Ident ification Culvert A Culvert B Gravity

location (North ponding area) (Landfill Road) Outlet

Pipe diameter, inches 36 x 58 arch 72 72

Number of pipes 2 1 1

Design discharg., cfs 92 220 211

Slope. ft./ft. 0.0015 0.0010 0.0010

U'pstream invert elevation 1425.5 1422.0 1421.0

Length. tt. 88 64.5 200

Maximum design water
surface elevation

I-percent 1428.7 1428.5 1427.6

SPS 1431.0 1430.5 1429.5

Zero damage elevation 1429.0 1429.0 -
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Table C-l1

Data for stormwater pumps

Data on jup ing stat ion

Total discharge requirement at design
flt)(,d .tage (gpm) 16,000

Type of pump (all single stage) Axial

Number of pumps 2

Size (if pump nozzle (inch-nominal) 18

Size of diischarge line (inch-nominal) 24

Speed RPM 870

Nominal motor horsepower (BHP) 50

Lffective length in feet 216

Water level elevations

Gravity outlet gate closure 1427.0

Design lake stage 1440.0

Maximum sump elevation 1425.0

Minimum sump elevation 1424.0

Design sump level for pump activation 1424.5

Maximum elevation of discharge line 1445.0

Pump head capacity requirements (one pump operating)

Capacity (gpm) 8,000

Static head (ft.) 15.5

Friction head (ft.) 0.8

Velocity head (ft.) 0.5-4
. Total dynamic head (ft.) 16.8
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Table C-13

Pump Performance Computations

NOZZLE DIAMETER- Is. INCHES
MODEL BISCNAS6E ON. 3377. GPM
ITERJEsCTION COORDIbNATE ex. 11544. 8PM
INTgmSUcTzON COORDNATEv N3. £7.0 FEET

TESTED SPEED (1PM). 374.
SPECIFIC SPEED "3PM). 10000.
PUMP S1ZE (I")- so.

Y*LU(9 FRO* NOBEL CURVEIS
INN. 5 .041 IS." 16.00 30.0 31.00 35.00
9M. 6300f.00 16100.0150.00 14300.00 111300.0011 133144.00
Pp* 57.041 17.50 73.00 37.50 103.00 37.001

"Co'nM 0.787368
19DNfb)31* 0.310000
VOLUES FROM MODEL C6WID BAUD ON NC' 767. 3PM
opt-.cCP,3Ne333)30C PPI.((DPfSM)v3333PC

NC - 3.10 6.80 9.30 113.40 13.33 11.50
OC - 13887.78 111176.418 11367.311 11*5336 313.58 19033.5
PC * 37.331 331.31 33.07 43.71 53.11 47.3S
0,1. 10714.50 10063.06 9634.07 3130.0$ 7143.00 8413.S4
PPI. 81.54 36.63 30.34 34.60 43.10 33.3

IECoNMEND STAD FULL SPEED. 370. (IPM
LINE 330.3 IMSE. I
NI. 3.83 6.46 5.63 11.33 30.03 16.16
03. 10133.43 10433.63 3337.63 9311.53 7003.33 311S.31
PN 13.33 113.41 33.33 36.38 45.87 40.31

c"ECE SPECIFIC SPEE111 I*@*$.
ACTUAL SPECIFIC SP0U91 1000.
IECOINK3 041194411 FULL SPEED.e 870. 4191)

-4 INTE1R5CTIGM1 WITH SYSTE" M CUlug
35101 he 17.24 09 730.73 P. 43.41
MTEN Me 16.53 0o 35120.311 P- 41.33S

SUCITON CONDITIONS 3E1OU NININA01011-P -9.04 3ITENATIUWS
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Table C-16

One-percent pond level, estimated damages

and required storage with and without pumping

Required One- Estimated

Pumping storage percent damages
rate in pond In Benefit/cost
iljp .. acre-feet level $ ratio

0 2,753 1430.86 42,000 -

f,"000 !,355 1430.42 30,000 0.0728

9.00()0 2,155 1430.20 25,000 0.0853

12,000 1.957 1429.96 20,000 0.0896

11 .000 1,580 1429.50 10,000 0.0882

24,000 1,390 1429.25 5,000 0.0852

30,000) 1,300 1429.13 2,000 0.0827

3b,000 1,230 1429.03 500 0.0739

4-1000 1,180 1428.96 0 0.0709
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(APPENDIX D

HYDROLOGY ANALYSIS

CLIMATOLOGY

GENERAL

rie climate in the vicinity of the Devils Lake basin is typically

continental characterized by cold, rather long, snowy winters and summers

with warm days and cool nights. There is a variety of weather in any

season due to the frequent passage of weather systems over the area. Hot

humid summer (lays are rare, but cold waves and blizzards can be expected

during the winter season due to outbreaks of arctic air from the north.

Meteorological data for this area are available from a number of National

Weather Service stations. Temperature and precipitation records are

maintained at stations in Devils Lake, Bisbee, Edmore, Leeds and Munich.

The periods of record for these stations in the basin are shown in

Table D-1.

TABLE D-1

NATIONAL WEATHER SERVICE STATIONS IN DEVILS LAKE BASIN. NORTH DAKOTA

Precipitation Temperature

Records Available Records Available
Station From To From To

Devils Lake Jan 1870 Date Jan 1905 Date

Bisbee Apr 1905 Date Apr 1905 Date

Edmore Jan 1933 Date Jan 1933 Date

Leeds Sap 1935 Date Sep 1935 Date7

Munich Jan 1947 Date Jul 1947 Date

D-1
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PREC It' I TATION

The average annual precipitation at Devils Lake is 17.15 inches,

with 77 percent falling during the growing season (April through

September) and 46 percent falling during May, June and July. June

is usually the wettest month of the year, averaging over 3 inches of

precipitation. The average annual snowfall for the Devils Lake basin

is approximately 35 inches, although the amount may vary considerably

from year to year. Average monthly precipitation at the Devils Lake

station is shown in Table D-2.

TABLE D-2

AVERA(;E MONTHLY PRECIPITATION AT DEVILS LAKE, NORTH DAKOTA

Mean Precipitation
Month in inches

Jan .56

Feb .40

Mar .86

Apr 1.11

May 2.27

Jun 3.39

Jul 2.28

Aug 2.11

Sep 2.07

Oct .90

Nov .64

Dec .56

Annual 17.15

D-2
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r L- l'ERATU RE

There is a considerable range in temperature from summer to

winter and often from day to day. At D~evils Lake the highest temp-

eratuire ever recorded was 112-F and the lowest temperature ever

recorded was -46-F. The average annual temperature is 38.7*F.

Averag~e monithly temperatures at the Devils Lake station are shown

in Table D-3.

TABLE D-3

AVERA('E MONTHL.Y TEMPERATURE AT DEVILS LAKE. NORTH DAKOTA

Kean Temperature
Mon th in *F

J1an 4.2

Feb 9.1

Mar 21.6

Apr 40.1

May 52.4

Jun 62.5

Jul 68.9

Aug "?. 3

Sep 5J.8

Oct 45.2

Nov 26.1

Dec 11.2

Annual 38.7I
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DRAINAGE BASIN, STREAMFLOW, AND LAKE ELEVATION DATA

DRAINAGE BASIN

The watersheds of the Devils Lake basin are shown on Plate D-1.

They represent a closed drainage basin with a total area of approxi-

mately 3,810 square miles. The cumulative drainage from eight of

nine watersheds flows into Devils Lake and results in about 3,580

square miles of contributing drainage area. Stump Lake lies about

10 miles southeast of the eastern bay of Devils Lake and receives

runoff from a separate area of about 230 square miles. The principle

drainage patterns interconnect the five northern watersheds via the

Sweetwater-Morrison Lake chain. These include the Edmore, Starkweather,

Chain Lake, Mauvais and Hurricane Lake watersheds. Devils Lake is

divided into several bays and separate lakes which are interconnected

when the lake is at higher elevations. This chain of lakes has no outlet.

STREANFLOW RECORDS

The U.S. Geological Survey maintains several gaging stations through-

out the Devils Lake basin for collecting streamflow data. The station

at Big Coulee near Churcha Ferry records streamflow from the largest

drainage area (2.510 square miles) with records since 1950. Stations

at Edmore Coulee near Edmore and Mauvais Coulee near Cando measure

streamflow from drainage areas of approximately 385 square miles with

records since 1956. More recently installed streamflow gages exist at

2. Little Coulee near Brinsmade (350 square miles) and Starkweather Coulee

near Webster (310 square miles). Pertinent data for the gaging stations

and streamflow records are given in Table D-4. The U.S. Geological

Survey has also maintained gage-height records since 1979 for Webster

Coulee at Webster (670 square-mile drainage area).

100
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LAKE ELEVATIONS

Stages at Devils Lake are available on somewhat of an irregular

monthly basis from 1901 through 1959 and on a regular monthly basis

from 1960 to present. One observed stage is available for each of the

towing six years: 1867, 1879. 1883, 1887. 1890 and 1896. The

U.S. Geological Survey has also published a lake elevation of 1,446

feet for the year 1830 (and lower thereafter) based on tree growth

noted from 1885 to 1889. Plate D-2 indicates the variations in water

surface elevations of Devils Lake over a period of about 150 years.

From 1830 to 1940, the water level has decreased from about 1,446 feet

to a minimum of 1,401 feet. From 1940 to present, the water level

at Devils Lake has risen to its present elevation of about 1,426 feet.

FUTURE LAKE ELEVATIONS

GENERAL

The long-term rise of water surface elevations at Devils Lake

necessitated an attempt at determining an appropriate method which

would yield reasonable results for predicting future stages. The

following data was available for analysis: j
a. Precipitation - (1870-present) on a monthly basis at Devils Lake.

b. Evaporation - (1930-present) on a monthly basis for the Devils

Lake area derived from a previous study for the Red River basin. The

evaporation record was extended to 1910 by use of the Thornwaite method

of estimating potential evapotranspiration using temperature values.

c. Temperature - (1910-present) on a monthly basis at Devils Lake.

d. Stages - (1901-present) on a monthly basis at Devils Lake. In-

eomplete records necessitate graphical approximation of a few monthly

stages. One observed stage is available for each of the following years:
1867, 1879, 1883, 1887, 1890 and 1896.
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These data were analyzed to identify any long-term trends in

and precipitation were plotted against time on a monthly basis for

the p rind of record. This graphical analysis revealed no obvious

long-term trend for precipitation or evaporation; thus, there appears

to be no correlation of either evaporation or precipitation with

stages on Devils Lake.

No streamf low gages are representative of total Inflow to Devils

Lake. Therefore, the hydrologic budget equation (inflow + precipitation

over the lake - evaporation over the lake + storage) was used to cal-

culate monthly inflow values. Based upon information obtained from the

U.S. Geological Survey, groundwater flow was considered to be in-

significant. A graphical representation of Devils Lake inflow versus

time indicated a fairly high degree of correlation between inflow and

change in stage.

Several methods were considered for projecting future water elevations

4 of Devils Lake. Attempts to develop a method using both the IEC-4 com-

puter model and statistical analysis were pursued.

HEC-4

The computer program HEC-4 (Monthly Streamf low Simulation) was used

to analyze monthly data to determine their statistical characteristics

and to generate a sequence of hypothetical values for 400 years having

.4 those same characteristics. Since monthly elevations on a lake without

an outlet are not independent of one another, a statistical analysis of

* Devils Lake stages was not performed. Instead HEC-4 runs were made for

statistical analysis of evaporation, precipitation, and inflow; 400 years

of hypothetical values were generated on a monthly basis for all three

variables.
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The standard version of HEC-4 internally performs a logarithmic

transformation of incremental monthly values and will only generate

values in integer form. It was necessary for the Hydrologic Engineering

Center to revise the program for statistical analysis of evaporation

and precipitation so that no logarithmic transformation would be made

of the data and values would be generated to two decimal places. The

standard HEC-4 version was used for t.nthly inflow data.

The values generated by HEC-4 for all three parameters were combined

so that monthly changes in storage could be computed from the hydrologic

budget equation. Using the storage-capacity curve at Devils Lake,

400 years of lake elevations were tabulated on a monthly basis.

It was recognized at the start of this study that HEC-4 would not

be capable of generating large lake elevation cycles similar to the one

observed over the last 114 years at Devils Lake. However, by statisi-

cally analyzing the three parameters that have accounted for this long-

term change in stage, it was hoped that HEC-4 would generate values

that, in combination, would produce reasonable lake stages that were

somewhat cyclic in nature. The HFC-4 analysis did not, however, produce

this cyclic trend. Lake elevations projected for the next 400 years

appeared to fluctuate on a random basis between a minimum elevation of

1,412 feet and a maximum elevation of 1,423 feet (3 feet below the

current elevation of Devils Lake) on a 1-foot to 2-foot change per year.

Based on an observed low of 1,401 feet, a historic high of 1,446 feet

(observed high of 1,438 feet), and changes in stage as great as 7 feet

per year, the HEC-4 study projections do not appear to be realistic.

Although HEC-4 was considered to be an appropriate method for indirectly

predicting Devils Lake elevations, It cannot be accepted because of the

generation of unreasonable results.

t
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STATISTICAL ANALYSIS: PROBABILITY VERSUS STAGEj

For any statistical analysis. it is necessary to assume that the

available flood data constitute a reliable and representative time

sample of random homogeneous events. A frequency analysis contains

the following basic assumptions:

a. Climatic trends - Any hydrologic analysis assumes that the

variable is not affected by climatic trends or cycles. In the analysis

of climatological data that affect Devils Lake stages, no obvious

trend was evident in evaporation or precipitation. 9

b. Randomness of events - A group of data must be considered a 9* 4

sample of random and independent events. For a closed basin such as

Devils Lake, lake stages can be considered neither random nor independent

since stages are directly influeced by the previous year's lake elevation.

C. Watershed changes - The only data that should be used for

'r.equency analysis are those that represent relatively constant water-

shed conditions. A significant amount of channelization has apparently

occurred over several years in the Devils Lake watershed and has prob-

ably resulted in nonhomogeneous data.

d. Reliability of data - The possibility of measurement errors

must be recognized. However. measurement errors are usually random,

and the variance Introduced from stage errors is probably small In

.4 comparison to the year-to-year variance in Devils Lake stages.

* . Devils Lake stage data do not met all of the basic assumptions

for performing a statistical analysis. Specifically, lake stages are

not Independent events. The occurrence of any event Is dependent on

or related to previous lake elevations because of the absence of an
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outlet. Since lake elevations are neither random nor independent, a

stage-frequent'v analvsis cannot be considered an appropriate method

for determining the likelihood of stages on Devils Lake.

PROBABLE MAXIMUM FLOOD

A probable maximum flood (PMF) was computed for the Devils Lake

basin for the purpose of developing the standard project flood. Results

of detailed PMF studies conducted for the Goose River at Portland, Wild

Rice River at Twin Valley, and the Sheyenne River at both Baldhill Dam

and Kindred were used to establish the peak discharge and duration of

the Devils lake PMF. A relationship was developed between peak dis-

charge per square mile of drainage area versus total drainage area

based on the tour known PMF sites. Linear regression analysis produced

a correlation coefficient of 0.99 for this relationship. Using the

Devils Lake drainage area of 3,580 square miles yielded a PMF peak

dischazge of 110,000 cfs.

Relationships were also developed for duration of discharge versus

drainage area for 25, 50, 75 and 90 percent of the peak discharges of

each of the four known PMF hydrographs. Again linear regression analysis

indicated high correlation. From these relationships, durations were

determined for discharges equivalent to 25, 50, 75 and 90 percent of the

PM.F peak discharge at Devils Lake.

The U.S. Geological Survey gaging station at Big Coulee at Churchs V
Ferry represents approximately 70 percent of inflow to Devils Lake.

Gaged streamflow data at this location was used to establish the rising

limb of the PNF hydrograph at Devils Lake. This information along with I
the peak discharge and duration data was utilised in developing the

probable maximum flood hydrograph at Devils Lake as shown on Plate D-3.

D-lO



STANDARD PROJECT FLOOD

The standard project flood (SPF) for Devils Lake was developed

using guidelines contained in EM 1110-2-1411 which states that the

SPF usually is equivalent of 40 to 60 percent of the PMF flow values.

Because of the large amount of wetland area available for storage of

runoff, the SPF was selected as being equal to 40 percent of the PMF.

The standard project flood hydrograph at Devils Lake is shown on

Plate D-4.

Standard project flood routings into Devils Lake were done for

three different initial water surface elevations - 1,405 feet, 1,415

feet and 1,428 feet. Elevation 1,405 feet was selected as being fairly

representative of one of the lowest observed water surface elevations.

Elevation 1,415 feet was considered to be an approximate mean annual

water surface elevation and 1,428 feet is representative of the current

water surface elevation at Devils Lake. Routings were done in 12-hour

increments and results are indicated in Table D-5. Differences of

10 feet and 20 feet in starting water surface elevations did not result

in corresponding 10-foot and 20-foot differences in final water surface

elevatlions due to the increased storage capacity available at the higher

elevations at Devils Lake. Standard project flood stage hydrographs at

Devils Lake are shown on Plate D-5 for the three different starting

water surface elevations.

TABLE D-5

STANDARD PROJECT FLOOD ROUTING AT DEVILS LAKE, NORTH DAKOTA

Initial water surface elevation Final water surface elevation

in feet above mel in feet above msl

1,405 1,435.5

1,415 1.438.2

A 1,428 1,46.0

D-11
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1 PERCENT EXCEEDENCE FREQUENCY FLOOD

A volume-frequency curve was developed for spring inflow to Devils

Lake for determining the water surface elevation resulting from a flood

with an exceedence frequency of 1 percent (based upon the current

elevation of 1428.0). The volume-frequency curve was based on the

change in water surface elevation between the fall and spring seasons

for 54 years of data. The 1 percent exceedence frequency flood having a

volume of 270.000 acre-feet would produce a water surface elevation of

1432.5 feet at Devils Lake based upon an initial (current) elevation of

1428.0 feet.

Ja
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TOPOGRAPIIY

'he Devils Lake basin is located entirely in the Drift Prairie section
of the Central Lowlands physiographic province. It is a large closed drain-
age basin that extends from the edge of the Turtle Mountains to the northwest
to a series of prominent hills south of Devils Lake. The land surface is
a roll:ng glacial plain characterized by numerous prairie pot holes, sloughs
and occasional morainic ridges. Maximum relief in the basin is about 315
feet with Devils Lake occupying the lowest area at roughly elevation 1425
feet above N.G.V.D. of 1929 and a high elevation of 1740 occurring at the
crest of hills immediately south of Devils lake.

The land surface in the area of the proposed embankments was smoothed
by sedimentation in and wave action of Devils Lake when it was at a level
much higher than present. At the Creel Bay, or main, embankment the ground
surface rises gently from a low elevation of 1425 to a high elevation of
1445 in a distance of bOO to 700 feet. Total relief at the sr'ller embank-
ments near Highways 19 and 20 is less than 10 feet in a distance of 2500 to
30i)o feet.

GENERAL GEOLOGY

lhe geology of the Devils Lake basin is uncomplicated and consists

essentially of a mantle of glacial drift resting on an unevenly eroded
Cretaceous bedrock surface. Sandy clay till comprises most of the drift,
but beds, lenses and channels of sand and gravel are conmon in the till.
The thickness of glacial drift varies from only a few feet in areas of bed-
rock highs to more than 350 feet in buried bedrock valleys. Little or no
modification of the drift by erosion has occurred except in areas previously
inundated by lakes. In those areas, surface irregularities were smoothed by
wave action, low areas filled with fine-grained lacustrine sediments and
coarse-grained beach ridges developed along old shore'ines.

Bedrock underlying the drift is the Cretaceous Pierre Formation which
has a maximum thickness of 600 feet. The formation is a dark gray clay shale
of which the upper 50 to 200 feet below the contact with the drift are badly
fractured. A thick sequence of Mesozoic and Palezoic sedimentary beds under-
lies the Pierre Formation but is well below the influence of the proposed
work and is not discussed.

4 SITE GEOLOGY

In contrast to the simple overview presented for the regional geology,
detailed site-specific stratigraphy in glacial drift is commonly complex.

" Such is the case at the Creel Bay embankment where Perburden materials have
been classified into four units based on time and mode of deposition. Two
glacial tills separated by glacioaqueous sediments are recognized along
with lacustrine sediments laid down in post-glacial Devils Lake. Correlation
of the units is shown graphically for the Creel Bay embankment on Plate E-4,
and the units are discussed in the following paragraphs along with discussion

of the underlying bedrock.

E-1
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RICENT LACUSTRINE SEDIMENTS

Sediments classified as Recent Lacustrine are those materials deposited

in Devils Lake since the last glacier receded from the area. The materials
are primarily clays with minor amounts of silt and fine sand. They have
never been consolidated by an overlying load of sediments or ice and exhibit
a penetration resistance of 3 to 10 blows per foot (bpf) to standard pene-
tration tests. A maximum of 17.4 feet of this material was encountered at
the Creel Bay embankment. 12.4 feet at the Highway 20 embankment and 10.9
feet at the Highway 19 embankment.

YOUNGER GLACIAL. TILL

Sediments classified as Younger Glacial till are those deposited directly
by the ice during the last glacial event. The material is predominantly
sandy gravelly clay with occasional thin beds of sand and gravel. It has
a penetration resistance of 5 to 25 bpf to standard penetration tests. Zones
with a penetration resistance less than 10 bpf are confined to areas immedi-
ately below a former surface inundated by the post-glacial lake and now
mantled by Recent Lacustrine sediments. This lower penetration resistance
is interpreted to be due partially to reworking of the till by wave action
but primarily to a residual high water content.

;LACIOAQUEjOUS SEDIMENTS

Glacioaqueous sediments consist of lacustrine and possibly some fluvial
sediments composed predominantly of clay with some silt and sand. These
sediments are intepreted to have been consolidated by an overlying mass of
ice after deposition and exhibit a penetration resistance to standard pene-
tration tests between 40 and ISO bpf. They are easily differentiated from
Younger Till by their uniform texture and high penetration resistance.
Their stratigraphic position and high penetration resistance allow easy
differentiation from Recent Lacustrine sediments.

OLDER GIACIAL TILL

Sediments classified as Older Glacial till were encountered only on
the abutments for the Creel Bay embankment and consist of gravelly sandy
clay and clayey sand. The material is characterized by low water content
and a high penetration resistance ranging from 53 to 280 bpf to standard
penetration tests. This material is differentiated from Glacioaqueous

o4 Sediments by its heterogeneous texture and from Younger Till by its lower
water content and higher penetration resistance. The Older Till is inter-
preted to have been deposited by an early glaciation and to have been l

consolidated by subsequent ice and overburden loads.

BEDROCK

Bedrock is the Pierre Formation which underlies glacial drift throughout
S most of the region. The formation is a soft to moderately hard, dark gray

clay shale. In the Devils Lake basin the upper 50 to 200 feet are suffi-
cie-tly fractured to serve as an aquifer. The shale was penetrated to a
maximan depth of 14 feet in borings for the Creel Bay embankment. At that

E- 2
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location the shale is badly weathered and fractured at the overburden con-
tact and is more like a soil than a rock for 1 to 3 feet below the contact.( Uhcshale improves in quality with depth, but it is badly fractured and
characterized by i high water content to the depth penetrated. Samples of
shale were obtained by drive sampling. Resistance to standard penetration
tests ranged from 55 bpf at the overburden contact to over 100 blows within
Ja few feet . The light loading proposed for the site and thick cover of
impervious material make more detailed evaluation of the strength and water
bearing characteristics of the shale unnecessary.

GROUND WATER AND SEEPAGE

The foundation materials at all of the embankment sites are predomi-
nantly impervious. Out of 546.2 linear feet of overburden sampled for the
project only 31.2 feet were evaluated as pervious and occurred as beds
less than 5 feet thick in an impervious soil mass. A total of 97.4 linear
feet of fractured shale was sampled which in all cases was mantled by an
impervious soil cover. Although not verified by borings for this project,
glacial till is normally weathered and occasionally fi:;sured to a depth of
5 to 10 feet. In areas of poor surface drainage, water is frequently stored
in fissures in this zone and nay seep into shallow excavations. Migration
of water through these fissures is, however, generally not significant.
Mkovement of water is, therefore, interpreted to be limited to thin sandy
beds in the overburden and the fractured shale. Based on this interpreta-
tion. seepage under the embankments is evaluated to not be a problem due
to a limited ability of the foundation to receive and transmit water. The
water table was poorly defined for this study due to the low permeability
of the soils and short observation time allowed for water levels in bore-
holes to become static. Based on the simple definition of the water table
as the surface of the zone of saturation, it is interpreted to be fairly
shallow at all sites. Free water is, however, not readily available.

SUJBSURF:ACE INFORMATION, SOIL AND LABORATORY TEST DATA

WORINGS

A total of 23 borings and 2 test pits were taken during 1980 and 1981
by the Corps of Engineers at anticipated construction locations for the pro-
ject. The locations of the borings and test pits are shown on Plate r
The boring logs are presented in order of increasing boring number oi, tiates
E-12 through E-14.

SOILS DATA

The soils in the project area generally consist of impervious clays and

sandy clays underlain by--a highly fractured cretaceous shale. The soil strata
canbe ivied ntoanupper strata of normally consolidated lacustrinecly

underlain by normally and overconsolidated glacial clays.



LABORATORY TEST DATA

Laboratory tests performed include: insitu moisture contents, Atter-
berg limits, mechanical analyses, undisturbed and remolded strengths, com-
paction and consolidation. The insitu moisture contents and Atterberg
limits are shown on the boring logs. Other individual lab test results are
presented on Plates I-15 through E-28. The individual strength test results
were used to develop summary strength plots whenever sufficient data were
available. The summary plots for a given structure are grouped with other
plates pertaining to that structure.

[the undisturbed samples for strength and consolidation testing were
frequently obtained from a boring offset -lightly from a pilot boring.
This sampling piocedure permits preselection of sampling depths based on
information obtained from the pilot boring and, therefore, provides samples
that are more representative of the foundation material. Where this proce-
dure was used, the offset boring number appears on the individual laboratory
test results, with the subsurface conditions shown by a detailed log of the
pilot boring. The location of the pilot boring is used to designate the
location of both borings in plan. It is important that the reader recognize
that boring numbers ending in the letters MU (81-22MU) represent borings
offset slightly from the pilot boring having the same prefix number but
ending in the letter M (81-22M).

DESIGN CONSIDERATIONS AT INDIVIDUAL STRUCTURE LOCATIONS

A discussion of design considerations at each structure location is
presented in the following paragraphs.

CRI;LL BAY

The plan of the Creel Bay Dam is shown on Plate E-2. Foundation condi-

tions at the site are shown on the geologic profile on Plate E-4.

Embankment Design

The typical embankment design is shown on Plate E-3. The embankment
has a top width of 20 feet to provide access for maintenance vehicles and
for constructability. The lakeward slope of the embankment will be IV on
3.5H to satisfy partial pool criteria and will be protected with 18 inches

•- of riprap placed on 9 inches of bedding. The landward slope of the embank-
mnt will be IV on 3.SH to satisfy steady seepage criteria and will be
protected from erosion from 2 feet above the top of the sand drain to
elevation 1445 by 4 inches of topsoil and seeding. The remainder of the
slope will be protected by 12 inches of riprap with 6 inches of bedding.
The berm located on the lakeward slope of the dam is to be constructed
from the material used to build the cofferdam. The berm shall be protected
from erosion by 4 Inches of topsoil and seeding, if it is above the lake

4 elevation at the time of construction.

Stripping to a depth of 12 inches will be required beneath the embank-
ment where the existing ground surface is below elevation 1430. Above
elevation 1430, stripping to a depth of 6 inches will be required. No
stripping will be required beneath the lakeside berm.

E-4



4 The construction sequence for the project will be altered if the
4 emergency cofferdam is built before construction of the pump station and

Ir main embankment begins. The impact will be that part of the emergency
cofferdam will have to be removed when the discharge channel from the
pump station is excavated.

Seepage Control

Seepage through the embankment will be controlled by the impervious
embankment fill and the sand drain. Existing borings indicate that, in
general, the foundation soils are relatively impervious. On the abutments
and across the valley floor, a 6-foot deep inspection trench will be exca-
vated in the foundation soil and backfilled with impervious fill.

Stability

The strength data for the materials at the Creel Bay Dam site have
been summarized on Plates E-8 through E-i. These design strengths were
used to perform stability analyses of the embankment section. The cases
analyzed were End of Construction, Partial Pool, and Steady Seepage at

laximum Storage Pool. The three cases were analyzed with and without a
seismic coefficient of 0.025. Results of the analyses are shown on Plates
1-5, L-b. and E-7. A IV on 311 lakeward and IV on 311 landward slope were
analyzed but did not satisfy minimum design criteria. The sudden drawdown
cases were not analyzed because Devils Lake has no outlet and, therefore,
sudden drawdown is not applicable.

Settlement of the Embankment Foundation Soils

The materials underlying the embankment at the center of Creel Bay
consist of normally consolidated lacustrine and overconsolidated glacial
clays as shown on Plate E-4. The expected ultimate settlement of the embank-
ment due to consolidation of the foundation soils is 1.5 feet. Assuming that
one-third of the settlement will occur during construction, an overbuild
section having a maximum height of I foot is required. Because of the
expected embankment settlement, the sand drainage blanket will be placed on
a 1.5% slope so that it will be nearly horizontal after complete consolidation.

Pump Station

Foundation conditions favor placing the pump station in the south abut-
ment. Founding the pump station on the overconsolidated material in this
abutment minimizes settlement and bearing capacity problems and also mini-
mizes inlet and discharge channel excavation.

Proposed Distribution of Required Excavation and Borrow K t

A total of 44,950 cubic yards of embankment and berm fill will be
required to construct the dam as designed. Essentially all of the material

excavated from the inlet channel can be used in the embankment. The remain-
ing embankment material will be obtained from borrow area 3.

C
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4 REMAINING EMBANKI4IUNT AREAS

The plans for the remaining areas are shown on Plates 2 through 7 of

the Main Report.

Lmbankment Design

A typical embankment section is shown on Plate E-3. The embankment has
a 15-foot top width, IV on 1511 lakeward slope, and IV on 3H landward slope.
Both slopes and the top of the embankment will be protected from erosion by
4 inches of topsoil and seeding. The IV on 1511 lakeward slope proved to be
less expensive than a steeper slope protected with riprap and bedding. The
existing ground will be stripped to a depth of 6 inches beneath the embankment
in the area delineated by a IS-foot top width and IV on 311 side slopes as
shown on Plate E-3.

The abandoned Great Northern Railroad embankment will be used for
part of the south embankment. The existing embankment top width varies from
10 to 12 feet in width and has IV on 2H side slopes.

The existing embankment will be modified by placing impervious fill on
a IV on IS lakeward slope and IV on 3H landward slope up to elevation 1445.0.
Above elevation 1445, the existing embankment will not be modified. The
embankment side slopes and the foundation areas delineated by IV on 311
side slopes shall be stripped to a depth of 6 inches, as shown on Plate E-3.
A 16-inch CIP waterline is located approximately 70 feet west of the existing
railroad centerline. Before a treatment for this pipe will be recommended,
..!.tional boring, testing and analysis will be scheduled to determine settle-

ment problems.

Seepage Control

Embankment seepage control other than that provided by the impervious

embankment fill will not be required because of the long seepage path and
the low hydraulic head that will be maintained against the structure at the
design lake elevation. Because the alignment of the south embankment was
Tecently shifted, no borings have been taken along the new alignment.
dorings will be required prior to plans and specifications to verify that
no foundation stability, settlement, or seepage problems exist along the
new alignment.

Stability and Settlement

-4 Stability of the embankment slopes and settlement of the embankment
are not expected to be problems because of the relatively low embankmentheight.

PONDIN(; AREA L.EIVEIL

The locations of the "onding areas are shown on Plate 2 of the Main
Report.
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North Ponding Area

( The design water surface elevation of 1429.6 for Pond 2 will pond
approximately 3.5 feet of water against the existing Highway 19 embankment.
The embankment has a minimum elevation of approximately 1432.5, thereby
providing adequate freeboard at its present height. The existing roadway
has three culverts connecting the proposed ponding area with the drainage
ditch south of Highway 19. The three culverts will be removed and a control
structure installed. The existing road embankment has a 38-foot wide graded
roadbed with IV on 4H side slopes. No erosion control other than that
provided by the existing grassed slopes will be required as the embankment
will only retain %ater for short periods of time. Seepage should not be a
problem as Boring Number 80-16NI indicates the embankment fill is a clay soil
underlain by a clay foundation. No significant settlement is expected under
the control structure as there will be little or no increase in loading.

SOURCIIS OF STONEF AND AG(;REGATE CONSTRUCTION MATERIALS

The closest source of concrete aggregate previously approved for work
on a Corps of Lngineers' project is at Fordville, North Dakota, a distance
of approximately 00 miles. Any alternative source would have to be sampled
and tested prior to approval.

Riprap and bedding is not readily available locally. The closest
source of fieldstone is in the area surrounding Fordville, North Dakota.

Bedding material is also available in the Fordville area. The closest
reliable source of quarried stone is Ortonville, Minnesota, a distance of
350 miles.
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APPENDIX F
DESIGN ENGINEERING

PURPOSE

1. This appendix describes the structures to be built and methods to be used
to design the structures and equipment for the Devils Lake Flood Control Pro-
ject. For features that were not designed for this report past designs for
similar structures and equipment with similar loading and operating conditions
were used to arrive at approximate designs. Supporting information is included,
such as design criteria, structural materials, soil parameters, loads and load-
ing conditions, and typical design computations for structures that were
designed.

1. STRICTURAL AND ARCHITECTURAL DESIGN ANALYSIS

DESIGN CRITERIA

I. WORKING STRESSES

Working stresses to be used in the design will conform to those specified in
Fngineering Manual 1110-1-2101, "Working Stresses for Structural Design",
including Change 2, dated January 1972. Loading conditions, design assump-
tions, and other criteria will be based on the applicable parts of the follow-
ing references:

a. EM 1110-2-2000, "Standard Practice for Concrete", dated September
1982.

b. EM llLO-2-2103, "Details of Steel Reinforcement for Cast-in-Place
Concrete', dated May 1971.

c. EM 1110-2-3102, "General Principles of Pumping Station Design and
l.avout", dated December 1962.

d. EM 1110-2-3103, "Architectual Design of Pumping Stations", dated
February 1960.

e. EM 1110-2-3104, "Structural Design of Pumping Stations," datedJfune 19~8.

t. EM 1110-2-2501, "Wall Design, Floodwalls", including Changes I

through 3, dated June 1962.
.4
4g' EM 1110-2-2502, "Retaining Walls", including Changes I through 3,

dated January 1965.

h. ETL 1110-2-256, "Sliding Stability for Concrete Structures", dated 24
June 1981.

i. EN 1110-2-2902, "Conduit, Culverts and Pipes", including Changes 1
4 and 2, dated April 1971.

j. ETL 1110-2-192, "Design Criteria for Seep Rings on Conduits and PipesC Through and Beneath Leveess", dated August 1974.

k . Building Code Requirements for Reinforced Concrete, (ACI 318-63 and
77).

1. Technical Report SL-SO-A, 'Strength Design of Reinforced Concrete
Hydraulic Structures", by Waterways Experiment Station, dated July 1960.

. - - -- i VI 1I I I!
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'. vTl l0-2-2b5, "Strength Design Criteria for Reinforced Concrete

lvdroinii. Structures", dated 15 September 1981.

-. Rureau of Reclamations, "Moments and Reactions for Rectangular
1 ,-,*' , ono.,:r.tph No. 27, dated 1963.

.. RINY RF.D CONCRErE STRUCTURES

r *,d -nrrete structures will be designed in accordance with Working
qtrs ' eqIn [SD). and'or by !'tirnate Strength Design (USD). A concrete

,;r,,sgve strength of 3.000 pounds per squre inch (psi) will be used in the
, of . the structures. Fur USD, a steel ratio of 25 percent of the

i'A I ,TI,-' steel ratio and load factors of 1.5 and 1.9 for dead and live loads,
repectivelv, will he used for the design of hydraulic structures.
3ei' ,r,:lng, steel will be deformed billet-steel bars with yield strength of

, ' i a' d .8.0h0 psi for grade 40 and bO respectively. Reinforcing will

., ntun i111 be -)ol-T6. Working stresses to be used in the design will be
:n .a,,or,!ance ith FM 1110-1-2101.

* S7 7::. SiEY PII.LING

,-,,'. -.eot ilinFg will conform to the requirements of ASTM A328.

"'SC5 LLA;EOL'S STRUCTURAL STEEL

'!:s,eilaneous structural steel will conform to the requirements of ASTM-A36.
W;r.klng stresses for the design of structural steel will be in accordance with

X- ' . ONSA.NTS

The %iil to be used for backfilling all structures will be the native glacial
till. :, is estimated to have a dry density of 105 pounds per cubic foot

(pc!), a saturated density of 125 pcf, a cohesive strength of zero pounds per
square foot (psf) and an angle of internal friction of 30 degrees. Pressures
e~erted by soil backfill on structures will be determined based on active,
passive, and at-rest coefficients. The allowable bearing capacity is

* estlmated to be greater than 3,000 psf.

SETTLEMENT

* Settlement of structures is not anticipated.

q S. DEPTH OF COVER

The minimum depth of cover required for protection against frost action is
6.25 feet. Either this minimum depth vill be provided at all structures or a
nonfrost susceptible material will be provided under structures.

F-2
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DESIGN OF STRUCTURES

9. GENERAL

The design of the pumping station gate well, outlets, and pipes, is described
in the following paragraphs.

10. PUMPING STATION (Plate 15)

The Creel Bay pumping station was designed using one-way or two-way bending,
as appropriate. Moments and reactions for two-way bending were determined
using Monograph No. 27. The pumping station will be partially earth-
sheltered, with the remaining exposed surfaces insulated to prevent freezing
during winter operation of the station. During these months the aump will be
kept dry, when not in use, by closing the gate on the 72" RCP at the headwall
and pumping the sump dry. Insulation will also be used over the inlet pipe to
minimize frost penetration and freezing in the pipe. For maintenance or
tepair, pumps will be removed from the station by hoisting them onto dollies
and roll,,l them through the doors. The floor slab will be designed for a
live Load of 150 psf and a point load of 8000 lb. Forty pif will be used for
snow load on the roof of the superstructure. Design wind loading will be
in accordance with ANSI A58.1. Hatches over trashracks, stop logs, and
ladders, will be designed for point loading from the pumps.

The Creel Bay pumping station is envisioned to be cast-in-place concrete.
Because of its location and environment, there is no need for a complex
exterior treatment. The station will show good detail, but every attempt will
be made to keep the details and image as simple and clear cut as possible.
Skylights will be used to provide natural light to the interior of the station.

Site development adjacent to the pumping station will include the construction
of hard surfacing on which to park and walk. These surfaces will tie Into an
access road. The site also has some unique features because of the land forms
formed by the construction. Landscaping will serve to enhance the appearance
of the pumping station and will be used to shade and define the parking lot.
Species, primarily of deciduous trees, will be selected on the basis of their
visual appearance, hardiness, disease resistance, and compatability with the

area.

I. GATE WELL (Plate 16)

-4 The Creel Ray outlet gatewell will be designed using one-way or two-way
bending, as appropriate. Moments and reactions for two-way bending will be

determined using Monograph No. 27. The gate lift will be hand-operated, with
provisions for gas or electric-powered operators. Stop logs vill be placed or
removed from the top of the gatevell. The top hatch will be insulated to
prevent ice from forming in the outlet pipe and gatewoll during winter
operation. Sheetpile retaining wells will tie the gateell to the top of the
embankment to retain fill over the pump discharge pipes.

-4 12. PIPES AND OUTLETS (Plate 14)

(Reinforced concrete pipe (ICP) will be designed using a safety factor of 2.0
when in the embankment and 1.0 elsewhere. RCP that is in or adjacent to the
embankment will have bell and spigot joints. In other areas, tongue and groove
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joints may be used. RCP placed in the embankment vill not have collar-, around

the joints because settlement is not anticipated in this area. Additional

soil investigation is necessary to design protection for the 16-inch cast iron

pipe watermain through the south embankment, shown on plate 2.

13. HEADWALL (Plate 16)

A T-tvpe retaining wall will be used to retain the parking area fill for frost

protection over the inlet pipes for the Creel Bay outlet. A 1.5 safety factor

for sliding stability, with base resultant in the middle one-third for over-

turning will be used. Allowable bearing pressures will not be exceeded. 72"

RCP inlets for the gravity flow and pumping station will be cast in the wall.

Both inlets will have safety guards, and the pumping station inlet will be

Rated at the wall.

II. MLCHANICAI, AND ELECTRICAL DESIGN ANALYSIS

MECIAN I CAL

1. FLOOD CONTROL PUMPS

a. ,he size of pum.ps in the Creel Bay pumping station have been deter-
r-incd in accordance with EM lll0-2-1410, EM 1110-2-3102 and E3 1110-2-3105.
Thu types and speeds of the pumps will not be in accordance with EM 1110-2-
3105. A 20-inch discharge size submersible sewage pump will be used and
?.,4tch the given head and capacity requirements already developed. The
purzps have been sized to provide two-thirds of the required station capa-
city in the event one pump should fail. Two submersible pumps, each having
a capacity of 8000 g.p.m., will be provided. The pumps will be of the
submersible motor, direct coupled, centrifugal, sewage-type pump with a
rail-type lift-out feature mating to a permanently anchored discharge shoe
connection. No external lubrication system Is required for this type of

pump. A cantilever jib crane and hoist-trolley system will be provided
for routine service and inspection of the pumps. The pumps may be removed

through the double doors for off-site major service or repair. The sub-
mersible sewage pumps have been proven in municipal service over the last
15 to 20 years. A 20-inch submersible pump is currently available from

at least three manufacturers and its cost is comparable to a conventional
pump. A detailed cost analysis of alternate pumps and pump maintenance/

, removal systems is developed on Plate ?-I. These pumps could not be spec-
.4 Ified using CE-2303.01; however, a specification has been prepared based

on current manufacturer's equipment and previously developed specifications
by other Corps Districts. This type of pump should provide better main-
tenance capability to the user, and the concept of its use in the instant

4 case has been indoised by the city of Devils Lake.

b. The ti 8000 g.p.m. pumps will be pumping against a nriming static
head at gate closure of 20.0 feet. The static head during the design lake stage,
elevation 1440.0 will be 20.5 feet and at gate closure will be 3.0 feet with

a 2.0 feet pumping range. The equivalent length of the discharge pipe

is about 227 feet. The use of a manifolded discharge was investigdted and

rejected on economics in favor of the integrity of separate discharge systems.
A Justification for siphonic discharge is developed on Plate F-3. Specifications
will require satisfactory low head operation and testing will require such a
demonstration.

.... i mr p ,m, 7-'
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2. SIUICE GATE LIFTS

The lift for the gate at the headwall will be an electrically-operated
unit. The inlets at the pumping station vil' be'provided with stoplog
slots. The gate at the headwall will be provided with heating capabilitien
and a stringent allowance for leakage will be called for in the specification.

The gravity closure gate will be manually operated with a provision for
portable electric or hydraulic operator.

1. CRANF

A $-ton jib crane will be located on a concrete column on the inside
face of the west wall with the capability uf swinging the 5-ton wire rope
hoist unit ov r either of the two pumps. The pumps may be raised to the

,,,urating floor and placed on cribbing or bridging over the pump hatch
C-,IvC r. if off-site servicing is needed, either pump may be removed

through the double entry door.

4. VENTI LATI nN

a. Creel bay pumping station will be provided with two separate and

indept.ndent ventilating systems. Mechanical ventilation will be provided
for tht surip space below the operating floor. Mechanical ventilation will
be pr,,vided for the operating room.

b. The sump ventilation system consists of an inline fan, mounted in
the rump room, that removes air from the sump at the rate of 12 air changes
per hour. The air is supplied to the sump through two supply openings
in the wall equipped with back-draft dampers which will decrease the
gravitv flow of cold outside air into the sump during the winter. The
sump ventilation system will be started manually. The operating room

ventilation will be started manually.

5. IIEATING AND HUMIDITY CONTROL

The heat loss of the Pump Room will be calculated at 400 F. room
temperature and -140 F. outside temperature. Insulation will be used
to meet North Dakota Energy Codes. Heating will be provided by electric
unit heater(s) that will be manually activated. No strip heaters will
be provided in the submersible motors. The entire sump area vill be
insulated and the building earth-bermed to minimize icing problems.

6. SU.MP SIZE

The size of sump bays were increased by 65 inches in width and 10
feet in length from the forebay gate to the backwall, then for a sump
proportioned to Hydraulic Institute (H.I.) standards. 'he result is the
submersible pump suction is approximately 7 feet closer to the forebay
openings. There is every reason to expect satisfactory performance for
the submersible-type pump in the modified standard sump. Minimum sub-
mergence will be one foot over the pump volute, at normal heads.

7. SUPERSTRUCTURE

The size of the building was considered for reduction to minimum size
for the submersible type pump. After design considerations based on struc-

( tural and architectural aspects as well as operational benefits, the build-
ing was retained at the normal size for conventional pumps. Floor loading
is based on the submersible pump being placed anywhere on the floor except
the pump hatch covers. Special signs and warning will caution the operator
only to place the pum on cribbing or bridging over the hatch cover.

F-s
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8. I IHMNIC DI sHARGF

rhe station will make use of a siphon.c discharge. The large number

f perating hours and the smali percentage of gravity flow available

make siphonic discharge attractive. The station will be sized for pump-

ing as a vented svstem and the pumping capacity increased by use of si'-

phonic di'charge with reduced operating time. An electrically-controlled .

val-.vc A, tul.td 1. %vn .,uxilary contact on the pump motor will "make" aod

"break" the s(hbn. The siphon will be "made" after an on-delay time
allows the trapped air to escape. A manual valve or manual facility on
the electrically operated valve will he provided,

q, OPFRATION

The station will have certain intrinsic and operational advantages and
disadvantages when either a conventional or submersible pump is considered.
Rased on the phvsical comparison chart developed on Plate F-2 and the cost
comparison developed on Plate F-I, it is recommended that submersible
pumps be used for the Creel Bay pump station. The submersible pumps are
rocommended for ease of nintenance and accessibility, although the pro-

Je ted oneratinR costs over the project life will be higher.

ELECTRICAL

1f0. ELECTRIC PO.'FR SOURCE

a. Electrical power for the pumping station will be supplied by No Dak Rural
I lcctril (ompan\. which serves the Devils Lake area. Three different types
,,I scrvices were rnsidered.

(1) Three-phase secondary service from power company owned equipment.

(2) Three-phase primary service from city-owned equipment.

(3) Three-phase primary service for pumps and single-phase service for

lightinR and heating loads. City to own primary three-phase equipment, power
company to own single-phase equipment.

b. It is recommended that alternative (1) be selected. The secondary

service will be a 490Y/277, volts, three-phase. 4-vire, grounded system. The
two stormwater pumps, jib crane, and unit heaters will utilize 480 volt three-
phase power. A dry type step-down transformer will be used to provide a 120/240

volt, I phase, 3 wire system for lighting and convenience outlets and valve
actuator.

c. 480 volt secondary service Is recommended for these reasons:
-4

(1) The city does not have personnel trained in the maintenance of
high voltage equipment.

(2) The power company will provide better maintenance to the high
voltage equipment than the city could provide.

(3) The reliability of the station will be increased.

11. SERVICE

The power company will install transformers and metering equipment near the

pumping station.

12. SERVICE CAPACITY

Service capacity will be furnished in accordace vith Plate 7-4. ShorteIrcult
capacity required shall be In accordamce with Plate 1-S.

so'



1 3. PVMP MOTORS

a. The stormwater submersible pump motors will be housed in an airfilled

t .tertight casing and will have Class F insulated moisture resistant w%ngings.
Fich motor will he supplied with bearing and stator thermistors for thermal
protection, and a leakage sensor for protection against seal failure.

h. The motor will be designed to operate on a three-phase, 460-volt
electrical syster. The pump motors will have cooling characteristics suit-
able to permit continuous operation in a totally, partially, or nonsubmerged
condI t Ion.

14. CONTROL CENTER E'UIPHENT

:1. Enclosure. The described equipment will be housed in a NE24 12,
freestandin: 'Sptor Control Center. The Control Center will be NEMA Class I,
Type b construction. The design will be in accordance with the latest
ipplicahle T.hA standards for industrial controls and systens. (Pub. No. ICS
2-78)

b. .,irinK. All wiring will have 600-volt insulation and all power

wirino and bus work will be in complete conformity with the National
71ectrical Code and applicable NEMA Electrical Standards. Control wiring
will he color coded.

c. Power Supply and Metering. The power supply will be 480 volts,
three-phase, four wire, 60 cycle. The metering will be done ahead of the
main disconnect switch and will be installed accordance with power com-
r any requiremrents.

d. Main Circuit Breaker. A three-pole, molded-case circuit breaker
will be provided as the main disconnecting device. This breaker will have
i L interrupting rating of 22,000 amps at 600 volts, A.C. and a trip
ratinz of 600 amperes.

e. Lighting Transformer Circuit Breaker. A two-pole molded-case cir-
cuit breaker with 40 ampere trip rating, will be provided ahead of the
lighting transformer.

f. Lighting Transformer. A 10 KVA two-winding, dry-type, lighting
transformer with :480-volt primary and 110/220 volt secondary will be furn-
ished in the assembly ahead of the lighting panel.

g. Lighting Panel. A 12 circuit, circuit-breaker type lighting panel
With 50A main circuit breaker will be furnished in the control center.

.4
h. Combination Starters. The Control Center will include combination

starters with circuit breakers or Motor Circuit Protectors (MCP) depending
on motor size. The starters will protect the motors against overload and
undervoltage conditions. They will have overload relays in the three lines
of each unit. Overload relay resets will be operable through the door of
the enclosure. Individual control power transformers will be provided for
120 VAC motor starter operation.

I. dand Off Auto Selector Switches. A heavy-duty, three position,
selector switch will be flush-mounted on the front door of the control
center for the operation of each motor starter with automatic control.
This selector switch will operate the starter when it i placed in the
"manual" or "automatic" position. The automatic control system will
operate the equipment in the manner described in Paragraph 6.
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j Pil,,t 1licht.. [Xor-ointed pilot lights will be provided to ndi- --

,.1to pu-p motor status. Theeqe li hts will provide the following indications; -W
,,,ontr,, ;,,wt'r on. ptu'p runnins, pump moisture detected, pump bearing over-

in,! ,,-np stator ,verterip.

Runnln.: i- lic- Meters. \ running t i me meter .ieasuring hours and
, -- ,i 1, )QQ' . hoirs will be furnished for each pump motor.

.V.i'" , .,"S P"p is~hirc1' I ne siphon breakers will be

,ii" Vr 1 utori . The A,t i.it ors will be cont rolled by an
.'-ont.," the pu-p :"otor starter through an "(IN" timc delav

r'. ,';,, ,t .. ':l .,: th'. siphon 'rvikier is J'ssribe,! In P.lratraph g.

.:,'ve levol-responisiie aut07.j tic pump controller and alarm
. : , e so lie,1. it will utilize four direct-,ictinv float switcheq,

rdwr'. in.r i Diuplex Pu"p Controller/Alternator.

. :' I.at witch. will be of Type 316 stainless steel construction
ercuv ,~witches -,bedded inside. The floats will be flexibly-mounted
ailes- steel , t.ips on a vertical 1" pipe mounted in the pump chamber.

"
>
.
'  s-onne,' ted t,, provide In.',!pendent ON. comron OFF pump operation

v,: hi,2 c: , -onit,-r ilar-,

Pilot ,ontrol o- tho ptmp notot starters will be nrovided by a
n:r,, ier h.a'ine the fo'lloinz features; 120 VAC Input Power "both pumps

i-r iti'n at the 3r! float lexel, auto.-atic alternation of the two
2-p¢ ,:- :ca.te s-arts, ,o-ion off float switch, and high-level monitor/

, 7e .:- , .i Ito.! 1,v the ton float.

A r.icket t'pe door nodule shall be furnished "ith Float Circuit
-.c': .~t.-* to i -ulate level sensor operation. LED Indicators will be

...........,. . te .,epration of the sensor circuits. The door module will
.' "be equipped with an Alternator O3verride Control allowing manual or
I. " iti eq.,.en.,e Aete,-ination.

:6. ANNINC I ATI oN

A lo,,il alar- svsten will be mounted on the out;ide of the pump station.
It will nrovi,e a visually brilliant red strobe alarm and audi le bell
which will be activated in response to the occurance of any of four malfunc- :
tioni. ;he alarm system will normally operate on 120 volts A.C. It will
auto-naticallv transfer to a 12 VIC-gelled electrolyte battery on a float
Ociarter in the event of failure of the norms power source. The four-

"q a,arm functions used will be control power failure, phase failure/unbal-
ance, hige level in the station well, and pump motor sensors or overload
relay trippel.

fluorescent 11ghting fixtures U.L. labeled for damp locations will be used
in the pump operating room. The lighting level in the pimp operating room
will be 10 foot-candles. Incandescent lighting fixtures U.L. labeled for

F-8
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wet locations will be used in the sump locations. The lighting level in(the sump will be 5 foot-candles. Fluorescent lighting fixtures shall be
equipped with ambient compensated "cold weather" ballasts. The exterior
of the pumping station will be illuminated by low pressure sodium security
l ighting.

IA. WIR!, ANT) CABIF

a. The wire and cable used will be in accordance with guide specifica-
tIcns ( ~404.04 Instilated Wire and Cable (for Hydraulic Structures). Con-
duktor material for all control and power cable smaller than No. I/OAWC will
he of copper. Aluminum conductors will be permitted in dry locations and
for sizes 1/0-AWC and larger onlv. Conductors will not be smaller than
No. 12 AWC.

b. Conductors will be installed in conduit. Power cables will be
sized for current-carrying capacity and voltage drop.

10. RECIPTACL.ES

Interior receptacles will be of the grounded-duplex type. Exterior re-
ceptacles will be of the weatherproof, tamperproof, grounded type. All
receptacles will he protected with ground-fault circuit interrupters.

20. CtROMlI)I NC

All equip ,nt will be grounded in accordance with the current edition of the
National Electrical Code, ANSI CT including connections to the steel dis-
charge pipes. A No. 4/0 AWG stranded, bare-copper, station grid will be
conne, ted to foundation rebar.

1A
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ST PAUL DISTRICT T 2 Api 9 IPAGL OE UMURII

COMPUTATION SHEET 22 April 1983 1 3

NANE Of OFFICE COMWUATID IDesign En ineering Section coscoainSSUIJECI 
SOUICE DAIA

SCreel Bay

COMPUTED IV CNECK[O my APPROVEO IT

Based on 18" SAFV @ 875 Based on 20" CP3500 @ 504Equipment Costs rpm by Patterson Pump and rpm by Flygt Pump and AF16-S
Pump and Motor 18LM @ 880 rpm by Aurora @ 705 rpm by A.B.S. Pump Co.

Pump $42,500 (Range 338,000 (Range $37,000 -
40,000-42,500) $39,000)

Horsepower (nominal) 75 hp. 100 h.p.
--... (Range 55-60 bhj2 (Range 60-75 bhv)

Lubricator Yes $ $3500.00 No

Motor Condensation Yes $ $500.00 No
Control Heater Cost

Heater Frequency of use $78 year - $968.00* 75
607 of year/every year
over 50 year life.'
Pump Operating Costs 60 kv X 1654 hrs 75 kw X 1654 hrs
Assume 278 days & 12 hrs/ 99240 kwh @ $.05/kwh 124050 kwh @ $.05/kwh
day every year for 50 yr $4962.00 - $61586.20* $6202.50 - S76983.00*
I Interior Crane or Yes - 2 ton jib crane Yes - 5 ton jib crane and
Outside Truck Crane $12,000.00 2 skylights wire rope hoist $16,000.00
and Sky Lights @ s30001 2 DUmnL
'Truck Crane (35 ton) $2,000 $2,000

Mob & Demob Daily Rate $1,000 $1,000

Frequency of Use 7 days/10 years 2 days/10 years
(50 yr. useful pump life) (2 ob & demob) when (2 mob & demob)avete __ _____

Cost of Crane Service 
|

(over useful pump life) 22.050380

:Ventilation Operating Yes, per EM 1110-2-3105or
Room  powered - $1800 for a , -

2300 ctm unit comfort forced air

lFeeder Capacity Size ....

(1) First Cost $61,300.00 $59,833.00
(2) Operational Cost $71,786.50 $82,Q,18.80
Ave. Annual Cost of (2) $2,949.00 $3,517.00

*Cost on basis of constan 1983 dollars.

1 Truck cranes are not readily obtainable on short notice In this area.

Plate F-I
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cr, a Pimp ing Station

rrinsic ana oerational Fda.-ure Co.j arison at Pur.ps 22 Apr 8

(
P FAVRE CONVENTIONAL SULMERSIBLZ

Enter sump when A.twacered and
Pump perfor-m repair, disasse.=aly ?aise pump

Field may or na,? not be acronplished.

Sericeo* or repair and service/in- Fus: raise p-amp t~o inspe.-t
Ser'Jice

Motor spection is easy on operating servsice the mocor.Motor floor.

Lubrication Syste.- Required Not required

Motor Space Heater Required Not required

0 of starts of
motor/hr 8 starts per hour 10-12 starts/hr.

Failure or partial Pump could be operated with Safeties provided in pumv

failure of bearings reduced performance expected. cavity for warning and
and/or seals. shutdown-pump in :nceraz

Normal type of repair Disassemble pump bowl. assembly I Repairs could take place

procedure and repair/replace-oftsite 1 in field.
pump shaft, bearings and seals.

Type of repair Any VeU-tquipped machine IA specialized factory re-
facility shop ritU or without factor; pair service with oniy

approved parts. factory approved parts.

Susceptibility to Susceptible to silt damage Pump can be raised up arc

Siltation and Ice and ice pressure. silt or debris removed.Siam& o4 ind up if i e x ec e

Operating skill re- Must become familiar with Familar with chis type o:
quired by city pump and lubrication system. pump used extensely in
personnel and inherent problem areas. municipal sewage systems.

Susceptability to poor R.I. sump data and results of Performance data not ava.

ecrance couditicas & numerous model tests are I able sewage applications
hydraulic abnormlits available. i usually nor as ,cr.iial.

Skill required by Care in setting pump baseplatea, Discharge sP.oe ls large
Contractor in instal- G flexible coupling t reventI rid caszin; with little

lation n, - eli~bue o t e, chance .or improper inst-Zat~oi allgn$at. ! ation,,

" Operating room Normal clearance space around Additional space avallabl.

space availability motors and CC. in operating ccde or pote-
tial reduction superstruc-

____ture.

Operating roon Motor noise and heat make fto motor noise or heat in
eriroament an undesirable prolonged shift operating room.

Flat* F-2 1
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ST. PAUL DISTRICT DATE PAGE 3 OF 3 FILE NUNSE
COUPUTA71ON SHEE I I-_ I-

NAME OF OFFICE Design Branch CO;TTO iphonfc Discharge

SUBJECT Energy savings for Operation SOURCE DATA Primarv caic.

COMPUTED BY CNECKED BY APPROVED my

iaivHyraulic Data
Average annual block flow rainfall rtintff - 3804 ac-t

Average stat ion 7operat ing time - 8 mounths
Wth 16.77 x l0 c.f. and a 36 of% station pumping rate,
thjet pump will be operating - 1277 hrsl/yr

(1,) A*verage sewage effluent flow - 4.88 x 10 7c. f.
sewage effluent pumping hours - 377

( c) Total operating hours 1654 lirs.

IPump Capaity

Without siphonic discharge -8000 gpm
With siphonic discharge - 14000 gpir festimated)

(e) savings' in operating costs of electricity
38 of,. and 1654 hrs 124050*.05c - $6,202.50
31 rfs and 960 hrs 72029*.05c - $3,601~).00

$2,601 .50

Assume 0% gravitv flow or 100% siphonic
utilization recovering $2,665.00 savings
annually

p Plate P-3

"1 ~ -7 T 7



SERVICE ELECTRICAL CAPACITY

DEVILS IAKE

CREEL BAY PUMPING STATION

Punp Motors

2 motors aI 100 HP

2 ait 124 Amps at 460 volts 248.0 Amps

2. Unit tieaters

2 heatt'r, at 5 KW

2 at 7.9 Amps at 460 volts 15.7 Amps

3. t ! hoist, Jib Crane, Sump Pump

3 -x-tors at 3 HP

3 at 4.8 Amps at 460 volts 14.4 Amps

4. ,Miscellaneous Loads 115 Volt

Inside and outside lights - approx 5 10" 43.5 Amps

and siphon breakers.
ReceptAcles 9.0 Amps

Fan 17.3 Amps

Sum 69.8 Amps

Balanced 34.9 17.5 Amps

Subtotal 295.6 Amps

5. 252 of Largest Motor (.25 x 124) 31.0 Amps

6. Service Size Total 326.6 Amps
use 400.0 Amps

7. Main Circuit Breaker Size

Amps subtotal + 250% x F.L.A. largest motor

295.6 + 2.5 (124) 605.6 Amps

use 600.0 Amps -'

S(

Plate F-4
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CONFUTATION $MET IT

NAIIE Of OFFItCE COMPUTATION

C LBAY PUMPING STATION $ONC DATA

COM11PUTED sy CHECKED Sy APPOVED sy

J. KLIETHERMES B. NELSON

FAULT CALCULATIONS:.

1. ASSUME 13.BKV-277/480 VOLT, 3 PHASE,
225 KVA TRANSFORMER, 4.5 IMPEDANCE.

2. ASSUME INFINITE PfRIMARY SOURCE FAULT ENERGY AVAILABLE.

3. ASSUME 75 FT OF PRIMARY CONDUCTORS FROM TRANSFORMER TO
MAIN DISCONNECT.

4. ASSUME TWO RUNS OF 3-3/0THW. WITH A~ NEUTRAL

5. SEE GRAPH.

t .. . . . . . . . .. . .UTILITY KVA 2 .

.. A INFINITE
E a... . . . . . . 5100.000 L.

C. C250,000
..D 150.00 .O

10- E 1-StA~ 0000 4
2-5 lfC

S5 - -r201CI

-4 A,

5.tac 10 20c 200 60 00

"anc in ectfrom transformier obtkrlc in

M ua~ou ,V RNGOI 4.31 IMPUMUCU 4W VOLTS1

6. TOTAL SHORT CIRCUIT CURRENT
(100% MOTOR CONTRIBUTION INCLUDED) 6,600 AMPS

Plate F-5
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DEVILS LAKE FLOOD CONTROL PROJECT

SECTION 205

DETAILED PROJECT REPORT

APPENDIX G

RECREATIONAL AND CULTURAL RESOURCE INFORMATION

RECREATION CONCEPTS

REGIONAL RECREATION ANALYSIS

The project area is within North Dakota Planning Region III, which

includes Ramsey, Rolette, Benson, Cavalier, Eddy, and Towner Counties.

Devils Lake is the largest city in this region and is the major trade

center. The 1980 North Dakota State Comprehensive Outdoor Recreation

Plan (SCORP) recognized Devils Lake as the major recreation attraction/

resource in Region I1. The area immediately surrounding Devils Lake

and a group of five small lakes 10 to 15 miles north of Devils Lake

have been identified by the North Dakota Parks and Recreation Department1

as a significant recreation resource area that is being considered for

future acquisition and development. The major recreation development

constraint associated with the area is the fluctuation of Devils Lake

water levels. This problem is most significant during periods of low

water when access to and views towards Devils Lake are seriously impaired

by exposed mud flats. Additionally, lake water quality deteriorates

during low-water periods and could significantly inhibit water recreationaluse.

4 u Devils Lake is currently a regional all-season recreation attraction.

Waterfowl hunting at Devils Lake is a tremendously popular activity and

is famous nationwide for its goose-hunting potential. However, a number

" ;of recreational activities are more frequently participated in regionally.

Table C-1 ranks outdoor recreation activities in Region III for the years

1978, 1980, 1985, 1990. and 1995.1

1Sourcet 1980 North Dakota State Comprehensive Outdoor Recreation Plan.

G-1
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LOCAL RECREATION ANALYSIS

As previously noted, Devils Lake is the major recreation resource in

Region III, and the city of Devils Lake is the largest community in Region

IIi. Obviously, the presence of a major recreational resource immediately

adjacent to the major regional population center creates tremendous local

and regional recreational demand and need for recreational facilities.

There are a number of local public existing and proposed facilities

in the area of the city of Devils Lake. Table G-2 identifies these

parklands and the facilities and services they offer.

With the population base in and around Devils Lake increasing, and

participation increasing for key activities such as trail use, power-

boating, fishing, ice skating, baseball/softball, tennis, picnicking,

there is a need for additional recreation facilities.

POTENTIAL RECREATION DEVELOPMENT ASSOCIATED WITH THE PROJECT

The project's proximity to the existing Lakewood and Roosevelt Parks

creates potentials for connecting public lands into a regional park and/

or linear trail/corridor. Recreational facilities which might be incor-

porated into the basic project include:

1. Nature interpretive facilities

2. Bicycle trails/paths

3. Picnicking facilities

4. Fitness trails

5. Field sports

6. Support facilities for above items (e.g., toilets)

RECREATION COST-SIARING URQUI RPNTS

For projects such as this small local flood control project (Section 205)

Corps policy (based upon Public Law 89-72) authorizes the implementation

of recreation development if the following general conditions are mets

G-3
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I. A non-Federal sponsor pays 1/2 the coat of recreation development.

2. A non-Federal sponsor operates, maintains and replaces the rec-

(reation development/area.

3. The developed facilities remain open to the public for the

life of the project.

The project-related recreational opportunities were discussed with local

public officials. Although local officials confirmed the need for these

facilities, they did not indicate a firm willingness to participate in

these potential recreation features.

PROJECT BEAUTIFICATION MEASURES

Earthworks and landscape plantings will be incorporated into the

basic project to visually buffer project structures as appropriate. Native

plant materials will be used, and earthvork will be sensitively implemented

to blend the project into the natural environment.

CULTURAL RESOURCES

Periods of lake level fluctuations or stabilization and the subsequent

environmental conditions associated A*th each change affected the human,

faunal, and floral populations that occupied the Devils Lake area pre-

historically and historically.

Our understanding of the human occupation of the Devils Lake area

from prehistoric to historic times Is very limited. The Devils Lake

area has probably been occupied by people since Pleistocene or early

Holocene times, although most occupational evidence comes from the Middle

-4 Woodland period (Steven J. Fox, 1982, Excavations at the Irvin Nelson

Site, 32B208, draft report submitted to the U.S. Fish and Wildlife

Service, Denver, Colorado). The eAcevations at the Irvin Nelson site

(32BE208) have yielded data from these later periods.

Two prehistoric occupations are represented at 3251206. S. Fox (1982)

statesi
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The earliest cultural material@ from this site are of Middle

Woodland cultural ascription and suggest a seasonal big game,

bison, hunting focus. The Late Woodland cultural level also

contained evidence of a seasonal food procurement pattern;

however, these data indicate that a wider range of seasonally

available resources were exploited. Especially noteworthy is

the fact that the Late Woodland inhabitants of the site

made but minimal use of the bison. Both Woodland components

exhibit technologies containing lithic, ceramic, and bone arti-

facts. Local materials were widely used in stone tool

manufacture.

Knowledge of the :,daptations and settlement patterns of prehistoric

human groups in the Devils Lake area is just beginning to be acquired.

It is evident that future research into the prehistoric occupations and

seasonal use patterns of the Devils Lake area will further knowledge of

changes in lake levels and environmental conditions over time, and increase

our understanding of peoples' adaptations to a unique set of environmental

conditions.

The history of the Devils Lake area was also affected by the fluctua-

tions in lake levels. Kurt Schweigert (1977, Historic Sites Cultural Re-

sources Inventory in the Devils Lake Region, Central North Dakota Section,

Garrison Diversion Unit, North Dakota, submitted to the Bureau of Reclamation,

Billings, Montana) briefly suimed up the effects with the following statement:

The fluctuations of Devils Lake in historic times has had a

large effect on the ecorumy and settlement of the region. When

the area to the north of the lake was surveyed prior to being

officially opened for homesteading in 1883, Devils lake was

4a series of four connected bays twenty-four miles long and

up to seven miles wide. Water up to 35 feet deep covered

an estimated 60,000 acres, and was surrounded by 180 miles

of shoreline (Simpson 1912,140). The lake was extensive and

deep enough to support a thriving steamboat operation, and

several townsites were specifically located to front on the

lakeshore. Between 1880 and 1910 the lake level declined

about 12 feet, and comercial navigation of the lake was no

G-6
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longer possible. By 1940 the lake consisted of two or three

liolated pools no more than three feet deep, surrounded by

Csterile alkaline flats. The salinity and brackishness of the

lake increased as the lake receded, and by 1932 the bathing

beaches were cloeed at the major resort on the lake (Babcock

1952:21, 96, 104, 1421 . Dessication of the lake also led

to the decline of the area as a waterfowl hunting resort,

an industry which plays a considerable part in the local

economy.
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DEVILS LAI BlAI JQI;IT AITER 1,;,UffI D
MX651

Devils LAkC, ND 58301

October 3, 1979

Col. William W. 3adgex o District Engineer
St. Paul District, Corps of Engineers
1135 U.S. Post Office and Custom House
St. Paul, .Q' 55101

Dear Colonel:

A poll of the directors of the Devils Lake Basin Joint Water Management
bord approved the procedures recommended at --.a basin task force meeting
September 25 to proceed with a study to alleviate the high water problems
caused by record runoffs into Devils Lake.

The board realizes that we must call on the combined expertise of the
Corps of Engineers and Water Commission, plus possible other agencies, to
solve the problem.

The board asked me to request your cooperation in the study and please
consider this our formal request.

The Water Comission also is being asked to assist in the study. We
propose calling your engineers, Water Commission representatives and
poeibly others to an early seeting to map a course of action.

As suggested by you, we may be asking help both to meet any emergency
that may arise next spring and to proceed for assistance under your small
projects program.

Please advise me if this is acceptable. We are anxious to attack the
problem soon to be prepared for any situation that might arise from next
spring's runoff.

The board also asked me to extend our thanks for your participation in

the task force meeting and the valuable advice you offered.

Sincerely,

(Charon John.zon, Chairman
Devils Lake I.sin J'int
Water Kinagreamt Board

Nor,"
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..'tion 205 Flood 'tntrol. "t'jy 'vi L.y,
iorth Dikota - Fiv~ld 1,-view rnJt Le.c-i1 Coorli-t!t. {

!'A. for ,ecord Pla'inint Branca 5 '.-1 u3t 19"A)

1. '1a 30 .1 ly 196%, -'s. Su; .;ie Galness 4r. Bob /ufang and I triveled to
:..-is I. :;.e, .,orta ;.'otu. -.to purpose of the trip was to Ins;-.ect the rroJ~ct

:.,. - t, tt-.j a cn , tf',tton '.CeLing.

2. .uri.. t'i ,.ttr ui .c r of 33 July 1980, .Is. Giines, :Mr. Anfang, and I .,-2t
brlcfly with 'ir. Johu Olson, consulting engineer for the city. After this
t,cetin-, ve visited the city sewage laboon, dump road and Creel Bay areas and
th Fart of the city that is developed on for.r lake bed.

3. In tac eveaIng. we attended a project coordination =eeting vith the city
adiinistrator; consulting eneineer for the city; city co.-asioners; and
representatives fron the Devils Like basin Joint 1.ater 'Lanagen,int 3oard, Devils
Lake T-,sk rurce, North Dikota State Came and Fish Depart.w.it, and the U.S.
fish and Wtldlife Service. The attendance list is mitt.ached. The purpose of
t:ie .ectinr. was to review the status of subject stu.y and liscuss the preliminary
infor.0,ntion that has been developed.

4. %tr. John Olson, consulting enSineer for the city, introduced -.e, and I r.ave
a brief review of t!he .roble. I stated that tne Corps had conpleted a recon-
, aaisance report in resrouse to a 3 3ctuber 1979 letter from the Devils Lake
?.in Joint Water :'naenent loird. The report addresses the floodin:; pro-
blea associateJ with the risin, water level of Devils lAhe. ased on the
results of the reconnaissance report. a dctailed project report (DPR) is beinr.
prepared under the authority of Section 205 of the 1948 Flood Control Act.
"te DPR is analyzing twasures for protectina t;ie city from rising lake levels.
The DPR does not include any measures for stailizing the level of the lake
(such as on outlet plan). I then briefly reviewed the study schedule and local
cooperation requirevients. The study schedule is attached.

S. ;Jc 'iscussed the design lake elevation, alternative leveedar alignmesnts,
interior drainage, and other iteim. I stated that we are atter.pting to predict
future lake levels using hydrologic principlas, but that this Is a difficult
proLlez. The SLate is ueirp elevation 1435 as a design elevation for plannInZ
purposes, slthougs the .;orth Dakota hilg Vay Department Is ra sing some of the
bi;.ways affected by the rise In lake levels to elevation 1440. Tio one in the
group had any fire opinions on how high the lake vould rise or what the desi.ftn

* v rater elevation should be. ::ovwvero several people thought that a water surface
elevation of 1435 was reasonable because Lt would be consistent vith State

* I planning and would provide for about 10 feet of raise in lake elevation. Som
people also expresseJ the belief that hig'er lake elevations would result In
substantial darja!:es, and that an outlet for the lake should be constructed in
order to coatrol this floodin;. I state# that an oatlet plan .i &t create
comiderablc controversy su, is very uncertain.

(
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*'.ra t !ction 205 -Ioc Th'trc'1 ftidfy, 1cViJJ% Lat,

!1y: ini. )rittt-t:, Lo 1otii elevations 1435 ane V-3 re-telo-VO .- L!VC
.~ic:ta 1ur .! r .-ar.;ce elevatIona of 1435 (tirce .l.r. tivcs) .,:I ! 14)

(!ct ~1t~rn~v. .- -- rend photo Showing the sli", *"-nes is retdaiieJ ii
t.:Itr r k teti. I rt.-Hit itry cost estit-atL's far the earth w.url, Interior

.. r.'in.,4 'e, lind. u~.iierInr, supervision, and inspection have been. prep'Ared. I
ntreasel that these ctir-.taa were based on the l1idted a---uit of xvailab'.e
Info.-t~ion an.! alre very proltrinary. !ow'ever, they inicate that alternative
A-2 to uF..ificautly -ore aconoicl thnn ie o~ the~ altaratives for cdoration
1435. Altu.ritive t.-2 is a levee/Aar about 1,100 feet long~ located about 1,200
fact weat of ouLrp Road and runninra p:roximately parallel to the road. The
prell-inary estltiates also indicate that the four alternatives for a water surface

pelevation of 1440 are about ',0.G to ce. r~illion --ore cx,:nsmv thsu the Pltcrni~tives
for alevation 1435. They are also about 01 -Allion ;;reator than the Fe-leral cost
li-Itation of $3 nzillion. The* alternatives for elevction 1440 lire i.orr costly bLcau3c
uimy roteulre a levee/dam 3t three locations Instead of one.

7. L_ ris-,onse to a question, I stated that alternative A-2 could be Jcui nu
Wit.1 a 5'-iOot WIde top mo It coald be efficiently raisei 5 feet if nee, 'e in tie
'LLI6rL. (irelininary cross aections are retained in the Plamminu !Irainch.) !~sVer.
tim 'or; A 1irobibly could !-ot raise It In the future bec.-use the I-ection 9:;-t
r~titcr the I rcjcct 'Ust "...bel CO*:"lete In Itself ane *,.v't Lot ablic.to the re!1ratl
,uvern..ent to f.Atue vurk..."l I stsae that a levee/diri constructed to an elevatican

of 14:P5 and a top width of SO feet ?zight be coasidere41 "co-iplao In Itself" if tl:o
local or state Interests cotcitted thenselves to raisinit the structure In tile future
If this provs necessary. It was the consensus of the ;roup that a degn water
surf ace elevation of 1435 would be adequate because It would be consistent with
'tat* planning, would probably be within the ?e&!oral cost lirditation, and could be
raise! It aucesaary. They did not etntse concern about the possible need for the
local or State Interests to eomIt therselvos to raintiR~ the structure In the future

If necessary&

We then discussed tile Interior drainaRe proble-ts asnoeateJ with the. project.
he~usa relatively large area north of the lag~oons (Lncluding- Davis Flats -indI

th. atirport), part of the storm saver oysmeai for the city, and n tirea sout!& of
LVav 1.4 -ions would drain Into the area on the city aide of the 1e-mr/dant, a lar,-e
itrrr dra211a.:aa syster would be required. The leasnt costly sys:or Would 4ave
su-e co:'.In~tioa of water taeldinr, areas and pu:25j to utive Ci~e .nter fro" tho
incgerirr ir-; r e ver the IsVV4/dA-J And IUttu t'.1 la~.ws 71f, attr Voti1#I be
Jus: it ~i i.ir .a '-a .rc:uc*'cy rain, tand woule. e -2ty the 4 u ress in 3 days.
'rv M~ .- =ry .w ti nlic;AteS tiat A )tolI~n- drea -P.nut 5 iaet deep with -in -rc.i

0! .,owi't 15'. .crea wouli be~ re'~uiral In Cie ', via "1lt3airep; a hnlil-a trn a r', i it

1 ijert %!cvi. iit..i are.i of &..out i4S scros uirlI 1 u use It.! soath of tile In .2



.1 * . , - C - : VI e'. 1 .,-I' - 7r 2-t1i,, 1

t r 11L -t r c. :i..r *. ! L t .i tVV y L or

9. 1 astee Lni~t, 4i~ ti- v .- a Is city's .reft-rre-! :Ali!-,!t 'au;
_P e.rc_ Lo bC. L~ -!t '-tc.- ic-A. v- 'ul I collect i;-rin.; s ni ~rvy infor' .. tion

u: 19 AtlLratitvo. = r, eLifrl Vill. 'i1o incelude co11e-tio,i o a Ooiit? Ic e. --.

7is., in' -"l1dlife Servire; .Iab :,...tx., "2nviror,.j.ati fl*narcas _A;itc4; ot~d I
t-01 w !ter'i.! nd str~ic*.ro .*.ratas :'or tice , rt-c t. '.. Co~ll-ct"

Ci I !,r.-!)tic o'n 31 .1,41y iii-i 1 1, i,,t 19R93. !'qnrn. %P1irg, 1'rnck, A.1'~'

*ajet. ,,J'er* '*.i~i 1linsin d Brock; st~itd V'itt ),n. !-miners In the V.ittrP*Vb.

-1'~ :ie ' iroje ct L..tie tI-!ucc*! to .!rn. q.c, : !ctl-i s In thIs .ara If
o 'v vi'r( rnte',t-.1 Lv t*ie rojrct fror ~ ~ct Or m 11 ±r'i:12t rt-~c.r!2*

*ou~ t~.v AzUIu :,-. :,ruviic ! to .irp.ir t'rit . .. . u: r :no culvarts u
tic tricl-san ati oly a-.dll I!- to l!.-itih culvmrtsui.P 7 i ,u'. Iiz'y2. -etr§

I*c11ias a2nd brock Jiff roct chink n'is )ran voz1J Lv Lri1n!_ vith '-r 9.t).,iz Vi.e
project buciauseo f Lac Itre. aenctise of -troviio thiQ 3nconaary c.i'u

as Civi I'A.-inee
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United States Department of the Interior
, .FISH AND WILDLIFE SERVICE

AREA OFFICE-NORTH DAKOTA
P.O. BOX 1897

B3MARCX. NORTH DAKOTA 5M0

NI 0 f81

Mr. Peter A. Fischer
Chief, Engineering Division
Corps of Engineers
1135 U.S. Post Office and Custom House
St. Paul, Minnesota 55101

Dear Mr. Fischer:

This responds to your letter of February 23, 1981, related to endangered
species in the Devils Lake flood control study area.

I concur with your biological assessment that bald eagles and peregrine
falcons will not be adversely affected by the proposed project.

Thank you for your cooperation.

Sincerely yours,

Gilbert E. Key
Area Manager

t
II
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TELEPHONE OR VERBAL CONVERSATION RECORD
Fee se of We fin% see AR S411 * redrea..m ee I I The A4~#.m G.e.1.' *oof. 30 April 1981

MY, CT of CoWvSRSASOW

Devils Lake Section 205 Study - North Dakota Highway Raises

_____________________L96111906_ INCOIS CALL P4N U10 N jWFW

range" CALL90SWGe jPHONS NUMRM AND@ SXT966910

PCX&"W CALLING PieOO9KWWADUTM19

+.lan Forsberg St. Paul District 725-5901
;a**" C&LA A~ Box V a tstate Hwy. Dept. P"ft N~GxE AND EMV1111N

Clay Sorneson Devils Lake, N.D. 58301 j701-662-4082
W~.AMW OF OONVSR5AI4

The State Highway Departmt is raising several highways in the Devils
Lake area because of the rising level of Devils Lake. I inquired about the
design elevation they are using, their rationale for choosing it, and the
schedule for the road raises. Mr. Sorneson'said the roads are being raised
to elevation 1435 plus 5 feet of freeboard. This elevation was based on
historical lake elevations (al. 1435 in 1880), the elevation of the meander
line (el. 1435), and cost effectiveness considerations. He gave this construc-
tion schedule:

Road Contract date Cost

TH 19 Completed $0.8 M

TH 57 (Narrows & Fort Totten) may 1981 4.0 MM(1

TH 20 Sep 1981 2.2 M(2)

$7.0 M total

(1) Includes bri4ge raise at the narrows.
(2) Includes bridge raise at the narrow@. Bridge will have a control structure

CF:
ED-GH/Dempsey

D- I/ Johnson
4DPB/Workni ED-D/D. LaForest

11-12 $% o on.V
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Ik State Historical Society
of north dakota (STATE HISTORICAL BOARD)

NORTH DAKOTA HERITAGE CENTER, BISMARCK, N.O. 58505
TELEPHONE 701.224-2666

April 13, 1982

Ms. Sandy Blaylock
St. Paul District, Corps of Engineers
1135 U.S. Post Office and Custom House
St. Paul, MN 55101

Re: Draft Cultural Resources Inventory Report: Devils La F ')d Control,
Ramsey County, North Dakota. (Please refer any futur r~respondence
to SHPO File: 82-1(4)1.2).

Dear Ms. Blaylock:

Thank you for providing a copy of the document referenced above to this office
,Fnr review and commen~t.

In general, it is the opinion of this office that the report is adequate to
document sufficient research and investigation to establish a valid inven-
tory of cultural resources in the proposed construction zone(s). In this
respect it appears the report fulfills the requirements of the scope of work.
As is commnonly the case with draft reports, this one obviously warrants a
thorough editing to correct typos, spelling, work usage, etc. There are a
few substantive matters that may warrant corrections to text. These are
identifiled in the following section entitled, "Substantive Conmments:".

Substantive Comm~ents:

Page 3; paragraph 3; line 5: Suggests that the overviews were completed after

the field survey. This is not a particularly serious fault, especially in a
survey/inventory of this magnitude (relatively small scale) and in which no
physical resources were identified. We make the notation only to point out the
discrepancy with the excellent explanation of the purpose and intent of inven-

* tory "overview" sections as described on pages 60 and 61.

Pae6-8: Apparently construction of the proposed facilities will not directly,
_PFi~sTci'fly damage the cultural resources mentioned. Consideration must also be
accorded, however, to potential effects to resources outside of the construction
boundaries if construction of the facilities may add to or accelerate endangerment -

of the resources. For example, consideration should be given to potential effectsC- resulting from water impoundments. inundation, wave wash, erosion, etc. on cul-
tural resources lying between the current lake shore and the proposed facilities

9-1



,s. Blaylock
Paae 2
April 13, 1982

'aoe 27. paragraph 3: Relating to examples of McKlean Complex sites in
rftf- akota. The authors should be aware of recent work in, and findings

from North Dakota's "Badlands" areas in order to assure current accuracy of
-,jrlier assumptions.

Page 54; pgaph_2: The railroad grade is a cultur,3l resource and should

nave been recorded as such with site form, map, drawing, photograph(s), etc.

Based on the information provided, it is likely that the grade does not bear

sufficient integrity to warrant physical preservation. However, the segment
discussed may be the only means still available to provide details about the
grade's location, design, construction, etc.

Page 60; paragraph 1; lines 14-16: HAS, Inc. has succeeded in its goal to
provide a document with value to future research.

Page 60; paragraph 2; lines 4-5: This doesn't seem to agree with information

provided at Page 3; paragraph 3; line 5 and Page iii; paragraph 3. (See
comment above at Page 3; paragraph 3; line 5.

Page 60; paragraph 2; lines 5-9 and Page 61; paragraph 1; lines 1-3: Excellent

statements!

Page 67; paragraph 2; lines 3-4: See comment above at Page 6-8 concerning
indirect effects.

Page 69: Agree with investigation results for inventory (right of way)

area(s).

Page 70 (Recommendations): Disagree. The St. Paul District needs to be aware
of (and consider potential effects to) cultural resources lying outside of the
actual construction zone(s).

Please find a representative list of editorial suggestions/questions attached.
Please be advised that these comments constitute a technical review of the
referenced inventory report only and are not intended to be a definitive SHPO
comment on the project. If you have questions about these comments or want
to discuss any of the matters identified above, please contact Mr. Walter L.
Bailey (701-224-2672) at your convenience.

James E. Sperry
State Historic Preservation Officer

(North Dakota)

AttachmentH-14
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Representative Editorial Suggestions/Questions:

rage iii; para raph : Suggests that the research of the overviews followed
t reTdw -rk. Tr suld the word, "report" have been inserted after the
words, " . historical study. ." on line 3?

Page 4; paragraph 1; line 8: Is the term, "... river boat... " correct?
If so, there should be additional explanation and documentation provided.

Page 4; paragraph 2; line 9: Is the hypothesis that humans didn't occupy
the area during all of prehistoric time or only during periods of low water
during prehistoric time?

Page 11-12 (continued paragraph): This is very interesting information about
the historic land use - vs.- water levels in the study area. Thank you for
including both the data and the references.

Page 25; paragraph 3; line 2: Should, "... lancelot. " be lancelate?

Page 26; paragraph 2; line 4: Lake Sakakawea is west (not east) of Devils Lake.

Page 44; paragraph 2; line 3: ". .Dakota Sioux. . ." is confusing, re-
dundant or mispelled. Choose one name or the other, please.

Page 47; paragraph 4; line 3: What is a, ". . . good. . . " percentage?
Tn the extent possible numerical indicators are preferable to comparative
Lerms such as "good percentage, small groups, large bands" etc.,even if the
figures are inexact or include a range (i.e., 150-300).

Page 50; paragraph 3; line 2: The date cited (".. •1897...) must be
incorrect.

Page 56; paragraph 2; line 2: An, "... open..." what?

Page 58; paragraph 3; line 4: Should, "... team-powered... " be
steam-powered?

Page 62, paragraph 1; line 10: Insert the words "information on" between,
. . . no" and "potential . . .

I
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Section 205 Flood Control Study, Devils Lake
NCSPD-PS North Dakota - Coordination Meeting with City Council

O FROM DATE CWT I

emw for Record NCSPD-?S 3 Aug 1982

k Forsberg/"b/5901

1. On 15 July 1982 a meeting was held in Devils Lake, North Dakota, to review the
alternative plans and schedule for subject study. The rising lake level and the
potential need for e,*rgency protection measures were also discussed. An outline
of my presentation, a copy of the minutes prepared by the city auditor, and the
attendance list are attached.

2. After a discussion of the alternative plans, the city commission unanimously
supported selection of plan R. The commission is very concerned about the potential
for flooding because of the rising lake levels. They strongly support the project
and request that we proceed in the most expeditious manner possible. We discussed
the local cooperation requirements under the present policy and the-possibility
that they may be changed. We also discussed the need for a land management plan
for the former lakebed area. This plan would be developed by the city with the
participation of the State of North Dakota and the Federal Emergency Management
Agency. The Corps could provide technical assistance if requested. The purpose of
the plan would be to reduce the risk of additional damages if the proposed levee/
dam were overtopped. Because of the unusual nature of the problem, we have not been
able to develop a stage/probabil7ty relationship or estimate the level of protection
the project would provide.

3. Colonel Rapp discussed the threat of flooding due to the present high water
levels and the 13 July 1982 letter fvm the the State requesting technical assistance
under the authority of P.L. 84-99. He advised that P.L. 84-99 funds would be
available only in the event that Imminent flooding was substantiated by the National
Weather Service or the Corps Water Control Section and it was determined that local
and State resources were inadequate to meet the need. Bs stated there was no
iminent threat of flooding sufficient to trigger the P.L. 84-99 operations.

4. Colonel Rapp stated that measures developed after careful consideration of the
water resources in the subbasin would be of much greater benefit to the area
than measures implemented under ergency conditions.

4 3 Incl ALAN O3SBWfl
as Civil Enaineer

Ylood Plain Management and Small
Projects Branch
Planning Division

j DA 2496 B-16
-- O Ya. U.8OPO l~l)o~toe0', tM151,
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lT Nor h Dakota Stae
SiWR4 er Commission

GOVERNOR ALLEN I OLSON

VERNON FAHY December 9, 1982

Mr. Al Forsberg
U.S. Army Engineer District
1135 U.S. Post Office G Custom House
St. Paul, MN 55101

RE: SWC Project #1721

Dear Mr F sbe4',

This letter is to inform you of the status of the floodplain management
efforts in Devils Lake, North Dakota.

Late last summer, the City asked the State Water Comuission to assist
them in developing a floodplain management program. They are interested
in doing so in order to protect future development from flood damages
and to meet their requirements that are a condition of the Section 20S
project. The State Water Commission agreed to provide this assistance.

On November 2, 1982, I met with several Devils Lake city officials to
begin discussion on establishing a floodplain management program. The
meeting was intended to be a preliminary one - to set out a plan of
action and outline what needs to be done. We came to several conclusions:

1. Devils Lake needs to amend its zoning ordinance to meet the
minimum standards of the National Flood Insurance Program.

2. In order to be an effective program, Creel Township as well as
Devils Lake needs to be involved in floodplain management.

3. We need a good map of the area where elevations below 1440 can
be easily identified.

4. A general meeting of governing officials should be held to
outline the proposed floodplain management ordinance.

S. A general meeting for the public is needed to inform and to~~gain input before the final drafting of the ordinance. L

As you know, I met again with the City on November 23rd and provided
them a draft amendment to their ordinance. This draft has been sent to
City Council members. Once we receive the enlarged quad maps from you,
I will plan to meet with the City again to formally review the ordinance
and incorporate any changes before public meetings are held.

8-17



Mr. Al Forsberg
December 9, 1982 40

Page 2

That summarizes our activities to date. I will keep you informed on
future developments as we progress. Please feel free to call if you
have any questions.

Sincerely yours,

Mat_
Program Specialist

MFM:dm
cc: Michael Conner

City Administrator
Devils Lake, ND

II
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Section 205 Flood Control -I.udy, Devils Lake, North

Dakota - Coordination Heet dg with City Council

Memo for Fecord - NCSPD-FS , 13 December 198?'
FORSBERG/bq/5901

I. On 23 November 1982 Messrs. Ralph Berger, ED-D; Mike Lesher, ED-GH;
Bob Anfang, PD-ER; and I traveled to Devils Lake, North Dakota. The pur-
pose of the trip was to review the study area and reet .'ith the local
interests.

2. In the morning we met with two representatives of the U.S. Fish and
Wildlife Service, Messrs. Al Ludden, Bisarck office, and David James,
Devils Lake Wetland office. We walked along the allgm.ent of the south
levee/dam and identified features such as culverts, cattle crossings, and
wetlands that will affect the design of the project. The abandoned Burlington
Northern railroad embankment has a culvert and cattle crossing which regu-
late a 65-acre wetland. This wetland lies between the embankment and Trunk
Highway (TH) 20, and the U.S. Fish and Wildlife representatives believe
it provides very important wildlife habitat. There is also some wetland
located on the south aide of the embankment in a ditch. It may be difficult
to drain an area located south of the railroad embankment and north of
the levee/dam. Options identified include:

a. Reverse the flow in the railroad embankment ditch. However, the
impact of this action on the wetland north of the embankment would have
to be determined.

b. Divert flow to the T.B. 20 ditch.

c. Drain into an existing eower system. However, the city engineer
*#id there are no sewers in the area.

d. Fill the low area.

e. Allow the water to pond and create additional wetland.

Mr. Berger will review the levee alignment where it crosses T.H. 20

to simplify the dearig and reduce costa. The south levee could be a
road raise or constructed adjacent to the road.

oL
3. Messrs. Ludden and James requested that we consider planting prairie
grass species on the structureb and borrow area. They said these grasses
should be burned once every 3 years to provide the best wildlife habitat.
Dave James stated the Fish and Wildlife Service would be willing to do
the burning. I Said I would request our engineering staff and the local
sponsor to consider this plan. Any maintenance agreement would have to
be with the local sponsor, but consistent with the operating and maintenanc%

plan the Corps would provide for the project.

2496 v 3 oo tM43ts10,11



13 Deember 1982
SUE'JLCT: Section 205 Flood Control Study, Devils Lake, North Dakota - Coordina-

tion Meeting with City Council

40 In the afternoon, we walked most of the alignment for the Creel Bay struc-
tlire and borroW area. These features would be constructed across open meadow
o cultivated land, except for the reach of levee/dam which would cross Creel
v. .No relocation of structures or removal of trees should be required.

5. It did not appear that the levee south of the airport would block the
view the residents adjacent to T.H. 19 have of Creel Bay. The landward slope
of this levee could be flattened somewhat if these homeowners object to the
appearance of the levee. However, this reach of levee is low (about 5 feet
high) and should not be too obtrusive. It appears tAat access roads to the
borrow area could be constructed from T.H. 19 on Landfill Road. The present
access road immediately south of Creel Day could probably be upgraded to pro-
vide access to the pumping station.

$. Ralph berer and Bob Anfang have photos taken during the field review.

7. In the evening a meeting was held to discuss the Section 205 project. A
copy of the attendance list and the minutes prepared by the city administrator
is attached. Some additional items not discussed in these minutes are:

a. I stressed that construction of a project was contingent on approval
of the report, availability of funds, and execution of the local cooperation
agreement.

b. We would prepare a brief emergency plan in case emergency action was
needed next spring. We would also review the economic feasibility of incor-
porating some recreational features into the plan. When this work was done we

uld schedule a meeting with local representatives to review it. Messrs.
rdon Berg and Russ Dushinske requested that the study manager for the Devils

lake basin justification study be at one of the next meetings to discuss the
basin study.

c. The local representatives did not anticipate any negative aesthetic
imjscts from the project. They believe the prairie grass and the periodic
burning of these grasses would be acceptable.

d. The city has hired a staff city engineer. however, according to the
city administrator we are to continue coordinating the project with Mr.
John Olson of Olson and Kaufman, Consulting Engineers. Mr. Olson stated.4 about 200,000 yd3 of borrow was available near the south stormater holding
ponds.

4 e. Mr. T.K. Lydeck requested that we carefully reconsider the proposed

I etland between the Creel Bay structure and Landfill Road. He stated this
wetland would provide mosquito habitat and that the backwater from the wet-
land could affect the stability of the sewage lagoon dikes and reduce the flow
velocities in the ditches. Based on conversations with John Olson and ED-G,
the backwater probably would not affect the stability of the lagoon dikes. Mike
Lesher will review the effects of the backwater on the hydraulic characteristics
of the ditches.

8-20
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FS 13 December ]I2
SVFJECT: Section 205 Flood Control Study, Devils Lake, North Dakota - Coordina-

tion Meeting with City Council

f. The pumping station will be designed so the cjty could install a land-
spreading pump for the sewage effluent. The incremental cost of this feature

would be a local cost. Mike Lesherhas preliminary data on this pump.

g. I stated the pumping station would have sufficient capacity to restore
the water storage capacity of the holding ponds within 7 days after a 100-year
storm. They thought this was reasonable.

h. 1 stated that a preliminary review of groundwater effects associated
with high lake levels was being prepared. Infomation collected to date indi-
cates the groundwater problems they are now having would continue and perhaps
increase somewhat. The biggest groundwater problem they have now is infiltration
into sewerlines. However, these problems should not become substantially greater
with higher lake levels because of the type of soils and geology in the area.
Hr. Bob Whartman, ED-GH, is preparing a discussion of this effect which will be
included in the DPR.

1 Incl ALAN FORSBERG
as Civil Engineer

Flood Plain Hanagement and
Small Projects Branch

Planning Division

CF: (W/o incl)
ED-D/R. Berger
ED-GH/N. Bowers
ED-CH/N. Lesher
PD-ER/Bob Anfang

4
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D Recor Section 205 Flood Control Study. Devils Lake,NCSPD-FSi North Dakota -Coordination Meeting

Temo for Record NCSP?-FS M22 arch 1983 CMr I

FORSBERG/bq/5901

I. On 15 March 1983, Messrs. Ed Fick and I traveled to Devils Lake,
North Dakota, to meet with local interests.

2. We met with Messrs. John Olson, engineering consultant to the
city and Gordon Berg upon arrival in the city. I collected some
survey and mapping information from Mr. Olson and briefly discussed
the status of both the Section 205 and basin justification studies.
We then met with Messrs. Patrie and DeGroot, North Central Planning
Council and discussed a coordination contract, the status of two
Devils Lake studies and solicited their views on these studies.

3. That evening we met with a group of local people. the mayor
of Devils Lake has established for coordination of both the Section
205 and basin justification studies. A list of persons attending
the meeting and an outline of my presentation to the committee is
attached. We discussed the four alternative alignments for the
south levee. The group concurred with the selection of "D" because
it is about $400,000 less costly and would provide similar protection
to the next best alignment. However, one group of houses at eleva-
tion 1440 to 1445 would not have freeboard protection with "D," but
would with alignments A through C.

4. The committee asked if there would be emergency power for the
pumping station. I stated it probably would not be necessary be-
cause of the large amount of ponding available, but I would review
this question with our Design Branch. I stated the pumping station
being designed for the draft report would not have provisions for pump-
ing sanitary water to a landspreading system. The necessary infor-
mation from the city is not available and to wait for it would delay
the report. However, we could incorporate sanitary pumping provisions
between the draft and final reports or for plans and specifications.
Additional costs due to sanitary pumping facilities would be a local

-4 cost.

S. We discussed recreation and beautification features of the project.
The committee will consider the desirability of a trail on the main
structures from'Lakewood Road to the borrow area. I stated that we
would design the project without these recreation features but they

could be added between the draft and final reports at their request.
We discussed cost sharing for recreation features, the uncertain avail-
ability of funds, the need to connect to a trail "system," and the
need for recreation features to be directly related to the permanent

8-23
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', Si'P -FS 22 March 1983
SUhb.JCT: Section 205 Flood Control Study, Devils Lake, North Dakota -

Coordination Meeting 4M

flood control project. They requested that the borrow area be graded to
a uniform well-drained condition (no landscape mounds) and grass and trees

be planted.

6. We discussed the tuergency cofferdam plan which could be constructed

if the lake rises to damaging levels before the Section 205 project
could be constructed. The lake is approximately elevation 1427. The
watershed storage appears full and the soil saturated. If the lake rises

I or 2 feet, I believe the emergency cofferdam should be constructed.

I recommend that water levels be monitored weekly.

7. John Olson provided me with plans for the watermain which parallels the
BNRR tracks and survey data for TH 20 and a culvert near the BNRR tracks

and TH 19. I observed water flowing throlxgh this culvert and east in
a ditch towards Devils lake. The culvert passes through the gravel road
about 50 feet east of its intersection with the tracks.

8. In general, the comittees appeared to be pleased with the layout of

the levee and interior flood control features.

9. Mr. Ed Fick discussed the basin justification study. The committees

appeared to be very interested and supportive of the study. There was
considerable discussion about water levels, outlets, water quality and

study schedules.

2 Incl ALAN T. FORSBERG
as Acting Chief, Flood Plain Management

and Small Projects Branch
Planning Division

CF& (v/incl)

ED-GH/M. Munter, L. Dempsey

ED-D/C. Spitzack, T. Heyernan
PD-ER/R. Blackman
PD-ES/K. McNally

PD-PF/E. Fick
E/D. Christenson
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Devils Lake, North Dakota 58301

Mr. Alan Forsberg
Department of the Army
St. Paul District Corps of Engineers
1135 U.S. Post Office and Custom House
St. Paul, Minn. 55101

Dear Mr. Forsberg:

Enclosed you will find some plan and profile sheets with the grades,
vertical curves (in red) and typical ditch sections you requested.
The pavement in place is also shown on these profile sheets. The
State Highway Department would want the same type surface sections
after completion. I have also enclosed a recent bid price listing
of materials that will be involved in this project.

On the ND Hwy. 19 crossing you will only have a .75 grade raise and
for such a small increase we would hate to have you break up our pre-
sent surfacing. We would rather have you raise this with a hot bi-
tuminous pavement material.

On the Hwy. 20 crossings we are not too happy with alternate #1 due
to the design problems you would encounter with our service roads and
the adjacent properties. If you do decide on this alternate plan,
these problems must be worked out prior to construction. I do not
foresee any problems with the other two alternates. We only showed
one profile for alternate #2. Alternate #3 can be adjusted to fit
by sliding our profile 60' south. You will need 18" C.M.P.'s and
flapgates or some other positive shutoffs in our ditch section to
maintain drainage.

I hope this answers all your questions, but if you do have any fur-
ther questions please feel free to call 701-662-4082.

Yours truly,

4
Have ?Nrin, P.E.
Asst. District Engineer

Jk
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Devils Lake Section 205 Flood Control Project

NCSPD-FS Coordination Meetings

Memo for Record FROm NCSPD-FS DA1E 11 April 1983 CoT I

FORSBERG/bq/5901

1. During the morning oi 5 April 1983, i meeting to coordinate

the fish and wildlife aspects of the recommended plan for subject
project vas held in Bismarck, N.D. The meeting was attended by
Messrs. Al Ludden, U.S. Fish & Wildlife Service, Ma. Mary Fran Meyers,

NDSWC; and Bob Anfang and Alan Forsberg, Corps of Engineers. This

meeting is documented in a 7 April 1983 MFR prepared by Mr. Anfang.

2. During the afternoon of 5 April 1983, a meeting to coordinate

the floodplain management plan for subject project was held in
Bismarck, N.D. The meeting was attended by Gary Backstad, Dale
Frink, NDSWC; A I Ludden, USFWS; Virginia Motoyaq%, FEMA; and
Bob Anfang and Alan Forsberg, Corps. The agenda for the meeting
and an outline of my brief presentation are attached.

3. 1 believe the NDSWC and the city of Devils Lake are making good

progress towards developing a floodplain management plan consistent

with our 28 February 1983 letter to the NDSWC. The conceptual plan
is progressing well. Detailed language defining boundaries and
"substantial improvement" of existing properties is still being

developed and will be critical to an effective plan. This work is
being coordinated with FEMA. Ms. Motoyama believes elevation

1440 could be administratively adopted as equivalent to the 100-year

flood. I stressed the importance of no development below the meander
line, not "moving" the meander line and regulating Creel and Grand

Harbor Townships as well as the city of Devils Lake.

4. Mary Fran Mayer said they would be meeting soon with the city,
and requested a copy of the general plan of the Section 205 project.

4 2 I nc ALAN T. FORSBERG

as Acting Chief, Flood Plain Management
and Small Projects Branch
Planning Division

. CFO
PD-ER/Iob Anfang

PD-ES/Suzanne Gaines
PD-PF/Dill Spychalla
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State of North Dakota
~EXECUTIVE OFFICE

BISM ARCK
ALLEN I OLSON
GOVERNOR

May 6, 1983

Colonel Edward C. Rapp
District Engineer
St. Paul Corps of Engineers
1135 U.S. Post Office & Custom House
St. Paul, Minnesota 55101

Dear Colonel Rapp:

Since my letter of March 24, we have been extremely fortunate in that our
statewide flooding problems have been reduced to the Devils Lake Basin. The
current lake level is about 1428.0 and rising to an anticipated elevation of
1429.0.

As you well know, these levels have already and will continue to present
major problems for this area of our state.

State and local governments have initiated several actions to protect
property, facilities and resoulces in the Devils Lake Basin.

Because flooding is already taking place, I have ordered several state
agencies to provide me with a plan of action to deal with present and future
problems. The extent of these problems, throughout the entire Devils Lake Ba-
sin, will severely impact on existing state and local resources.

At this time I believe it Is necessary to request specific assistance from
the Corps of Engineers to deal with a problem of immediate concern. I ask for
you to use authorities under Public Law 99 to begin actions planned under the
Corps 205 Project for Devils Lake, which deal with the construction of a coffer-
dam. In my opinion, this project's completion is critical prior to this fall.
Construction of the dam would eliminate undue pressure on the existing temporary

Because of the high water levels, the existing dike is already receiving

damage. If this dike should fail, the sewage lagoon system, which is being* j taxed to capacity, is in serious danger of being severely damaged. Any dwage
to the existing lagoo system would present a serious public health problem to
the people of Devils Lake. I believe the cofferdam is important to protect the
sewage lagoon system, the existing dike, and to complement the existing 205
Project as planned. Since the cofferdam construction is part of the Corps pro-
ject already being developed, funds spent would simply be expended earlier than
originally planned.

H1-31



Colonel Edward C. Rapp
Page 2
May 6, 1983

It wuld be most helpful If you can speed up the present project and also
provide technical and equipment assistance as the situation requires.

As in the past, I ask you to coordinate this assistance through Mr. Ronald
D. Affeldt, Director, Division of Disaster Emergency Services.

Thank you for your prompt consideration and assistance in this extremely
critical matter.

Sincerely,

ALLEN I. OLSON
Governor

AIO:mh

-aI
I
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OUPARTMENT OF THIR ARMY
ST PAUL 0011TRICT. CORPS OF ENGINEERS

E~aU1135 U S. POST OPPICEL a CUSTOM HOUSE
EI~IDST PAUL. MINNESOTA 55101

KPLY ~May 11, 1983
~W" ATTENTION OF:
Emergency Management Division

Honorable Allen 1. Olson
Governor of North Dakota
State Capitol
Bismarck, North Dakota 58505

Dear Governor Olson:

I an responding to your May 6, 1983 letter concerning the high water
levels in the Devils Lake basin.

We agree with the State and National Weather Service predictions that
water levels will rise through June but probably will not exceed 1428.5 feet.
The long range forecast for the next month is for below normal rainfall.
Given this appraisal, we believe that flood protection for this sumer can
best be achieved by defending at Landfill Road for lake levels less than 1429.
We have provided pumps at Landfill Road and are prepared to provide additional
pumps and technical assistance to the city.

Should the lake level exceed 1428.6 because of basin-wide storms with
heavy rainfall or a very wet summer, we would reevaluate the situation. If
conditions unexpectedly become worse, we could provide additional advance

measures under Public Law 84-99. Attached are excerpts from the Federal
regulations governing such operations. Additional flood threat and specific
evidence of State and local commitment would be required before we could
emplace an emergency cofferdam in advance of the Devils Lake 205 project.

A better approach is to accelerate the planning, design, and construction
of the Devils Lake 205 project at Creel Say. We are moving forward to June 83,
the publication of the draft report. With approval from the Office, Chief of
Engineers and the appropriation of funds, it would be possible to complete thejfinal plans and specifications in time for a fall 1983 award and construction

.4 of a cofferdam at the head of Creel Say. This measure would provide temporary
protection to elevation 1433 while the permanent 205 project is under construc-
tion. We believe this approach would minimize risk in the most cost effective
way.

The cofferdam should be built this fall under less hazardous wave conditions.I Putting the cofferdam in now to last two full seasons would cost two to three
times more than if we waited until October-November 1983. The lake level pro-
diction does not justify this added cost.

'-34



K Gcvernor Allen 1. Olson

We will be meeting with members of your staff at Bismarck on
May 19, 1983. In the meantime, we will continue to coordinate closely
with the State and Devils Lake officials on plans to minimize damages in
the basin.

Sincy~ey

Edward G. Rapp
Colonel, Corps of Engineer*
District Engineer

Copy Furnished:
Mr. Ronald D. Affeldt, Disaster Emergency Svcs

Mr. Ven Fahy, ND State Water Commission

B-3



United States Department of the Interior

BUREAU OF MINES

P. 0. BOX 25086
8BtILDING 20, DNVER FEDERAL CENTER

DEMN'ER. COLORADO 80225

Intermountain Field Operations Center

July 19, 1983

'Colonel Edvard C. lapp, District Engineer
iSt. Paul District, Corps of Engineers
ATTN: Planning Division,
Flood Plain Management and Small Projects
1135 U.S. Post Office & Custom Rouse
St. Paul, Minnesota 55101

Dear Colonel Rapp:

Bureau of Mines personnel have reviewed the Draft Devils Lake, North Dakota,
Flood Control Project Section 205 Detailed Project Import and Environmental
Assessment for its treatment of mineral resources in or near the project area.

Our records indicate one sand and gravel operation, in section 34 of T 153 N,
1 64 W. vithin the project area. We suggest that future versions of the
report include an inventory of known and potential mineral resources, and a
brief discussion of the effects the project may have on them.

Sincerely yours,

Jim 0 ZJinks, Acting Chief
Intermountain Field Operations Center

B-36
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DEVILS LAKE. NORTH DAKOTA 5301
Case lBeasse

PHONE 701 662.4090

~p~ Pma These.

July 19, 1983

Colonel Edward G. Rapp
District Engineer
U.S. Army Corps of Engineers
1135 U.S. Post Office and Custom House
St. Paul, Minnesota 55101

Dear Colonel Rapp:

This is a letter of intent for the Section 205 flood control project
at Devils Lake, North Dakota.

We have been involved in planning for the project and have reviewed
the draft detailed project report. The city of Devils Lake supports
construction of the recommended flood control plan. The city is legally
constituted and has the capabilities to satisfy the requirements of local
cooperation.

In accordance with Section 221 of Public Law 91-611, approved on
December 31, 1970, a amended, the city as local sponsor would agree
to:

1. To provide without cost to the United States &1l lands,
easements, and rights-of-way, including ponding and
borrow areas, necessary for the construction, operation,
and maintenance of the project;

2. To accomplish all alternations and relocations of buildings,
-- streeto, and utilities, except for those utilities that are

an integral part of project structures;

3. To hold and save the United States free from do-ages caused
by the construction and the subsequent operat.ion and main-
tenance of the project, except dmages due to the fault or( negligence of the United States or its contractors;

--37
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Colonel Edward C. Rapp
July 19, 1983
Page 2

4. To provide all costs in excess of the $4,000,000 Federal
cost limitation;

5. To maintain and operate the project after completion
without cost to the United States in accordance with
regulations prescribed by the Secretary of the Army;

6. To prevent any encroachment on constructed works and
ponding areas that would interfere with the proper
functioning of the project; and, if ponding is impaired,
to provide promptly and without cost to the United State.

ubstitute storage or equivalent pumping capacity;

7. To comply with the applicable provisions of the Uniform
Relocation Assistance and Real Property Acquisition
Policies Act of 1970, Public Law 91-646, approved January
2, 1971, in the acquisition of lands, easements, and rights-
of-way necessary for the construction and subsequent
maintenance of the project; and to advise affected persons
of pertinent procedures, policies, and benefits in con-
nection with this act;

8. To comply with Section 601 of Title VI of the Civil Rights
Act of 1964 (Public Law 88-352) and with Department of
Defense Directive 5500.11 issued in response to this act
and published in Part 300 of Title 32, Code of Federal
Regulations, in connection with the construction operation,
and maintenance of the projett;

9. Establish and enforce a floodplain management program for
the city of Devils Lake and for the portions of Creel and
Grand Harbor Townships subject to the zoning authority of
the city. It would include the following provisions:

a. All new development or substantial improvements
to existing developmtent within the protected area of
this project below elevation 1440 feet mel would be
raised or floodproofed to an elevation of 1440 feet.

b. Annual warnings would be published that all
.4 land below the elevation of the natural lake

outlet has been inundated In the past and could
be again.

c. All persons proposing new development on or
purchasing property lying below the elevation of
the natural outlet would also receive this warning.

R-36



Colonel Edward G. Rapp
July 19, 1983
Page 3

d. The program would be coordinated with the
State and Federal Emergency Management Agency.
This coordination would ensure that the program
is consistent with State and Federal Floodplain

Management Programs.

e. If an outlet for the lake is constructed,
the 1440 foot mel regulatory elevation within
the protected area of this project would be
replaced by a new elevation consistent with
Federal Emergency Management Agency and State
floodplain management policies.

I understand that these requirements will be included in the final
detailed project report and the local cooperation agreement (Section 221
agreement). I also understand the Section 221 agreement would be the
written contract between the city and the Corps. Execution of the
Section 221 agreement would follow approval of the final detailed project
report and precede issuance of construction funds, contingent on the
availability of funds. The final project costs would be determined after
final payment to the construction contractor is made. The local share of
the project costs would then be adjusted to reflect actual rather than
estimated costs.

Sincerely,

Dennis L. RgginPresident
Devils Lake City Comission

-4
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United States Department of State

Washington, D.C. 20520

July 21, 1983

Colonel Edward G. Rapp
St. Paul District
Corps of ,ngineers, Department of the Army
1135 U.S. Post Office & Custom House
St. Paul, Minnesota 55701

Dear Colonel Rapp:

I refer to your letter of June 27, 1983 concerning the
Draft Devils Lake Flood Control Project Section 205 Detailed
Project Report and Draft Environmental Assessment.

I note the reference to the Garrison Diversion Unit (page
2-3) and the reported indefinite deferral of development of the
Warwick-McVille irrigation area. I further note that Table 1
of the Draft Environmental Assessment (page EA-3) indicates
that E.O. 12114 (Environmental Effects Abroad of Major Federal
Actions) is "lot applicable.'

The related *Finding of No Significant Impact" concludes
that an environmental impact statement will not be prepared in
connection with this project.

Sincerely,

t-4puty Director
Office of Environment and Health

cc: DOI - Mr. Sturgill

1-40
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DEPARTMENT OF HEALTH & HUMAN SERVICES Office of the
Regional Director

Region V111
Federal Office Building
1961 Stout Street
Denver CO 80294

ROFEC

July 22, 1983

Edward G. Rapp
Colonel, Corps of Engineers
District Engineer
Dept. of the Army
St. Paul District
1135 U. S. Post Office & Custom House
St. Paul, Minnesota 55101

Dear Colonel Rapp:

We have reviewed the Draft Devils Lake Flood Control Project, Section
205 Detailed Project Report located at Devils Lake, North Dakota.

We have concluded that the present availability of social services
in the impacted area may be adequate. However, should population
growth rise drastically in the affected commnunity, additional social
services would be required.

We suggest that the North Dakota Department of Human Services be added
to the list of agencies from which commnents are to be solicited.

Sincerely yours,

Contracting Officer

5-41
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Department of Energy
Western Area Power Administration
Billings Area Office
P.O. Box EGY JUL 2 7 1983
Billings. Montana 59101

, . 82200, 83000

6450.-

Alan Forsberg
Planning Division
Flood Plain Management and Small Projects
Department of the Army
St. Paul District, Corps of Engineers
1135 U.S. Post Office and Custom House
St Paul, MN 55101

Subject: Section 205 Detailed Project Report--Flood Control Project at
Devils Lake, North Dakota

Dear Mr. Forsberg:

Reiterating your telecon of July 22, 1983, with Bob Jones of my staff, Western
Area Power Administration (Western) has two (2) transmission lines crossing the
north edge of Creel Bay for which we are investigating various alternatives for
improving access for structure maintenance and increasing overwater clearances.
Cost estimates are currently being developed for the various alternatives. The
alterantives were previously presented in a July 21, 1983, letter to Colonel
Edward G. Rapp, District Engineer, St. Paul District, St. Paul, Minnesota.

After recently receiving and reviewing your project report, it appears that If
you could move the North Embankment to the southwest, Western could re-route
its transmission lines around it on dry land. Enclosed is a machine copy of
Figure 10 from your report, marked in red to show the possible relocation of

the embankment in relation to Western's transmission lines.

We understand the Corps would consider locating the embankment to accommodate
our needs. Would you please develop cost estimates reflecting the costs of
constructing the North Embankment in our proposed location? If this plan,
compared to our other plans, would reduce our cost, Western could contribute
funding towards construction.

H
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Please also furnish us the dates of any public meeting the Corps plans
conducting for this project and your proposed construction schedule.

Sincerely,

JAMES D. DAVIES

James D. Davies

Area Manager

Enclosure

cc: JColonel Edward G. Rapp, District Engineer, U. S. Amy Corps of Engineers,
L St. Paul, MN (w/cy of encl)

Corps of Engineers Note: After this letter, the Western Area Power

Administration completed their analysis of alternative power line

alignments and chose a plan that does not affect the design of the

flood control project.

Ius
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no9th dakotQ' ( s, te highway department,

C..1, ',( I A NOR DUANE R LIFFRIG, COMMISSIONER RAY ZINK, CHIEF ENGINEE;
Devils Lake, North Dakota 58301

July 29, 1983

District Engineer
St. Paul District, Corps of Engineers
ATTN: Planning Division
1135 (IS Post Office & Custom House
St. Paul, MN 55101

Re: Section 205 Detailed Project Report
Devils Lake Flood Control Project

I have reviewed the referenced report and concur in general with the proposed
project details as they may affect area state highways. I offer the follow-
inq comments on specific details that should be considered in your final de-
sign process.

The portion of the south embankment in the area between ND Highway 20 and
the service road does not comply with current department safety standards.
We presently require 6:1 slopes on all driveways and ditch blocks that abut
on state highways. I would suggest that the north face of the embankment in
the irnediate area of the highway be flattened to 6:1 (H:V).

I am also concerned with the operational characteristics of the embankment
in this same area. Since the top of the embankment will be nearly flush
with the surface of ND Highway 20, there may be a tendancy for motorists to
use the embankment as a driveway. If it is necessary for the embankment
elevation to be nearly the same as the highway grade, I would suggest that
the embankment be widened sufficiently to serve as a driveway and the drive-
ways presently located near Sta. 35+00, your survey, be eliminated. If this
action is taken, the existing driveway west of the highway at Sta. 35+00
should also be relocated to match conditions on the east side.

.1

In regard to the proposed culvert removal and installation of new culverts
on ND Highway 19 near the north ponding a- I believe that project details
should allow for settlement of disturbed roaaway embankment material and
subsequent need for future pavement repairs. It is my experience that it
is very difficult to compact disturbed soil adequately in such circumstances
in order to avoid all future consolidation. Thus it is normal for some
settlement to occur, creating a bump in the highway surface. In order to

* correct this, I would suggest that project documents assign responsibility
for any necessary future maintenance of disturbed roadway areas.

C Prior to beginning construction on this project, it will be necessary for
my office to process permits authorizinq any proposed work within the state
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highway rights of way. In order to accomplish this, I would appreciate
having the opportunity to review the final plans at an early date.

If mY office can be of any further assistance in this project, please let
me know.

Sincerely,

STATE HIGW D RMN

Clay F, Sorneson
District Engineer

jk

Corps of Engineers Notes The St. Paul District will coordinate plans
and specifications with the State Highway Department.

-4 I
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(August 5, 1983

Colonel Edward G. Rapp

District Engineer
Department of the Army
St. Paul District, Corps of Engineers
1135 U.S. Pos, Office & Custom House

St. Paul. Minnesota 55101

ATTN: Planning Division
Flood Plain Management and Small Projects

Dear Colonel Rapp:

We received the Draft Devils Lake Flood Control Project Section
205 Detailed Project Report and Environmental Assessment on
July 11, 1983. As you requested, we have reviewed the document
and have the following comments to offer.

The recommended plan (Plan B) involves, in part, the construction
of a flood barrier and pumping station at the neck of Creel Bay
southwest of Devils Lake. The flood barrier is known as the Creel
Bay embankment. United Power Association (UPA) owns and operates
a 230 kilovolt high voltage transmission line which presently
crosses the area proposed for construction of the Creel Bay
embankment. The UPA transmission line is the line depicted in
Figure 10 of the subject document crossing the embankment in the
area of the proposed pumping station. As best as we can determine
from information in the document, the pumping station is proposed
tc be located in the immediate vicinity of our transmission line.
Both the pumping station and the embankment will require modifications
of our facilities. Preliminary review by our engineering personnel
indicates that a transmission structure and support guys may be
necessary on the embankment as well as relocating several other
structures in the area. We would, of course, expect to be reimbursed
for the costs of these changes, should they become necessary.

We look forward to working closely with your office to effect any
changes to our facilities which may be necessary because of the
flood control project at Devils Lake. We request that you keep
us informed of the progress of the project. Please let us know
if we can be of any further assistance.

Sincerely yours,

.UNITED POWER ASSOCIATION

Dan McConnon, Manager
Environmental and Lands Division

~ DM: lst

Corps of gnginesrs Notes The St. Paul District viii conduct coordina-
tion during preparation of plans and specifications to ensure that
there is no conflict between the UPA power lines and the ain embankment.

;"l= I I
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-United States Department of the Interior
OFFICE OF TE SECREUkR\( OFFICE OF ENIRON\IENTAL PROJECT REVIEU

Room 688. Building 67
Denver Federal Center
Denver CO 80225-0007

378

AUG 3 0 1983

Colonel Edward G. Rapp
District Engineer
St. :'aul District, Corps of
Engineers

'!3E U.S. Post Office and
,Custom House

St. Paul, Minnesota 55101

rear Colonel Rapp:

''e have reviewed the Draft Detailed Project Report and Environmental
ssessment, Flood Control Project at Devils Lake, Ramsey County, North Dakota,

and have the following comments.

Pish and Wildlife Resources

The combined report and assessment adequately describes existing fish and
wildlife resources and adequately evaluates project construction impacts. Our
concerns have been resolved through early coordination and the selection of
Alternative "B with its mitigation features. le concur with the selected
plan.

Cultural and Recreational Resources

In view of the acknowledged significance of the Devils Lake area as a
recreation resource, we recommend that the Corps of Engineers continue to
pursue discussions with local officials with regard to the inclusion of

-4 recreational facilities with this project.

Wle ,tere pleased to see that the consultation with the North Dakota State
Historic Preservation Officer has taken place and that cultural resource

"1 isurveys have been completed for most of the project area. The Corps of
Engfneers is to be commended for its attention to recreational and cultural
resources during the planning process for this project.

I,-
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M.i neral Resources

Sand and gravel is the sole mineral product produced in Ramsey County, North
Dikota. Bedrock beneath the site is the Cretaceous Pierre Formation,
predominantly shale with a maximum thickness of 600 feet. Above the shale is
glacial drift, ranging from a few feet to over 350 feet in thickness. Other
than the sand and gravel, there are no known mineral values in the project
area.

Sincerely,

Robert F. Stewart
Regional Environmental Officer

1l-54
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£ DRILl Las3 FlAOD CONTROL PROJOCT
SICTION 205

D3AIID PROJECT NN0W?

APUNDIX I
U.S. FISH AND VILDLIFI3 IRRIC8 COORDINATION INIFORMATION

TwuL OF C-oUTIs

VOimmiX 6, 1980, LITTE FUNK ST. PAUL DISTRICT
mOIEMi TO U.S. FISH AND0 VILAUF SZRTICI -

NOVUBI 26, 1980, lTIB FROM U.S. FISH AMD VILDLIF
EDUCE 1-2

FERWAR 23, 1981, LITTE FROM ST. PAUL DISTRICT

T0 0.3. FISK AMI VILDLIFE MEV C 1-3
No=d i0, 1981, LamTE Rom U.S. fin1 AND WILDLIFE

.31. 19, 1983, LamTE Fm US. FISu AND WILDLIFE

SERVICE 1-10

110090CM I-11
mWz 19, 1983, LhWY TO L.S. FMI AND NVLMF mild
PION UU m h as in a swE ~lIT1
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:ear Cocit.l Bacser:
-, s res,)ns to your letter of ;,ove7.-er 6, ned Ur

T, 13O, relat-.19 to threatnd&

enoan erec slecies and a propusea levee and aralnage pr:ject near bvils Lake,

Te f .o,,r; endangered species could be found in the project area:

bald eagle (Haliaeetus leucocephalus)
peregrine falcon (Falco peregrinus)

:'n s_ cies .cjl' occur in a migratory or transient status.

If ve can be of furtner assistance on tnis matter, please a vise.

Sincerely yours,.

Gilbert E. Key

Area Manager
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KENDANGERED SPECIES ASSESSMENT
DEVILS LAKE, NORTH DAKOTA

FLOOD CONTROL -0

40
".,,0 PROJECT DESCRIPTiJN

- al.ton

.01 A c>c, ;ed La! -n, Devils Lake is located in northeastern North

Dakoza and receives the runoff from approximately 3,580 square miles
lared areaelv north of the lake. Devils Lake is divided into several
vay and separate lakes which are interconnected when the lake reaches

higher levels. The area included in this study is in Ramsey County and
cnters around the city of Devils Lake and, in particular, Creel Bay from

the southwest and Last Bay from the south.

",--iect Authorization and Purpose

1.02 General authority for this study is contained in Section 205 of the
Flood Control Act, approved 30 June 1948; as ai:,ended by Section 205 of the
F1od Control Act, approved 23 October 1962; Section 61 of the Water
Resources Development Act, approved 7 March 1974; and Section 133(b) of

the Water Resources Development Act, approved 22 October 1976. The pur-
pose of the study is to investigate measures to protect the city of Devils
Lake, North Dakota, from flood damages that would occur if lake levels

continues to rise. The floodplain area of immediate concern consists mainly
of commercial and residential developments, the city sewage treatment lagoons,

and vacant land.

Dtscription of Proposed Alternatives

1.03 The major alternatives would be located within 4 miles of the citv
and would consist of various levee and interior drainage alternatives.
Preliminary analysis indicates that construction of a levee across the
1.ead of Creel Bay just west of Landfill Road would be the most cost-effective
alternative. Depending on the level of protection provided, additional
alignments may also be necessary along Trunk Highway 19 south of the airport
.and near the intersection of Trunk Highway 20/57 and the Burlington Northern
Railroad tracks south of the city. The second major alternative being con-
!,idered consists of raising about I! miles of Landfill Road. Interior
cr.i:age facilities would also be required and could be located north and

~.cuth of the existing sewage lagoons (see attached map). Other alternatives
would also be considered but would probably consist of various levee designs
located in the same general area.

2.00 EXISTING ENVIRONMENTAL SETTING

2.C1 All of the alternatives would be located in grassland-wetland complexes
west and southwest of the city of Devils Lake. Waterfowl, primarily ducks,
are abundant around the sewage lagoons, which also contain some aquatic

* vegetation. Creel Bay is highly eutrophic, and filamentous algae are
abundant there in August due to high nutrient levels. Vegetation along the
lakeshore includes cattail (Typha sp.), sedge (Carex sp.), foxtail barley
(Hordeum Jubatum), kochia (Kochia scoparia) and cordgrass (Spartina pectinata).

2.02 The upland areas around Creel Bay are vegetated by milkweed (Aeslevias

sp.), buffaloberry (Shepherdia argentea), Canada thistle (Cirsum arvense),

I-4
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curly dock (Runex drispus), poison ivy (Rhus radizans), and various other
-hrubs, grasses, and sedges. The levees south of town would be located
in pasture land parallling either a county road or railroad.

I, 2.03 All of the alternatives are located close to town, primarily in
pasture land. Very few trees are present to provide any roost or nest

3.00 IMPACTS OF ALTERNATIVES ON THREATENED At;D E%!hA4GERED SPECIES

1.01 A letter from the U.S. Fish and Wiidlife Service dated 28 November
1980 stated that the endangered 1bald eagle (Haliaeetus leucocephalus) and
pirv)grint, falcon (Fal,-, peregrinus) may be in the project area in a
mipratory or trai.sicrt status (see attached letter). The following is an

a.scss.ent of potential impacts on these species in the project area.

Bald Faglt-

3.02 In Nrt'i Daseta breeding populations of the bald eagle occurred in
the vicinity cf the larger rivers and lakes that were bordered with mature
stands of trees. According to Stewart (1975) the only recent breeding
record for the bald eagle was in 1975, when a breeding pair and one young
bird were seen in the western part of the State, near the Missouri River
in McLean County. In the vicinity of Devils Lake, active nests were located
in 1884, 1894, 1902, 1903, and the latest in 1923. The nests in 1902, 1903,
and 1923 were situated in bur oaks at heights ranging from 20 to 40 feet.
During the 1800's breeding populations were a regular occurrence along the
Red River of the North, in the Devils Lake area and along the Missouri River.
The last active nest was seen in the Devils Lake area in 1923.

3.03 The North Dakota Game and Fish Department has no recent records of
bald eagle nesting in the Devils Lake area. Although the main migration
routes are farther to the west, eagles may occasionally pass through the
area during their annual spring and fall migration. No eagles are usually
present in the area during lake freeze-up between 1 December and 1 April.
Th, maain migration periods are early April and October through mid-November

(S. Kohn, personal communication, December 1980 and January 1981).

3.04 The U.S. Fish and Wildlife Service does not have any recent records
of bald eagle nesting in the Devils Lake area (J. Nelson, personal commun-
ication, December 1980). However, a small group of migrating eagles usually
seen in the spring and fall make temporary use of the lake and surrounding
wetlands and woodlands (S. Brock, personal communication, December 1980).

3.05 In summary, the bald eagle has not nested in the Devils Lake area since
1923 but does migrate through the area during spring and fall migration.
However, major migration routes are located farther to the west. The flood
control alternatives considered for the city of Devils Lake would have little
or no effect on the continued existence of the bald eagle in the area.

Peregrine Falcon

3.06 Since no breeding records have been reported since 1954, it would appear
that breeding populations of the peregrine falcon have been completely
extirpated from North Dakota. During the 1800's and early 1900's, a few
scattered pairs were observed regularly, chiefly on the Little Missouri Slope
in the western part of the State. There is no record of the presence of the

1-5
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pcregrine falcon in the Devils Lake Basin (Stewar-&, 1975).

3.07 The State Game and Fish Department has not recorded any instances of ,
nesting or wintering of the peregrine falcon in the Devils Lake area. It
i! even doubtful if the falcon migrates through the area (however, the State
Joes not keep records of migration) (S. Kohn, personal communication,
:' cmtbur 1o80).

3.08 The :'.S. Fish and Wildlife Service does not have any records of the falcon
71 og ing in the Devils Lake Basin (J. Nelson, personal communication, December
1SO). However, the falcon may migrate through the area, but this would be a
rare occurrence (S. Brock, personal communication, December 1980).

3.-9 In summary, breeding populations of the peregrine falcon have probably
b.kel extirpated from North Dakota, and only occasional migrants visit the
DLviI> Lake Basin. Therefore, the flood control alternatives considered for
the city of Devils Lake would have no effect on the continued existence of
,his speLies in the area.

i1-6
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-' , .United States Departme!nt. of thi. Interior
S'-- FISH AND WILDLIFE SER\ICE.

AREA OFFICE-NORTH DAKOTA
.- 1500 CAPITOL AVENUE

P-O BOX 1E97
BISMARCK. NORTH DAKOTA 5"V1

ff MAR 1 0 981

r. reter :.Fischer
C'-.ef, Engineering Division

"..-S C Engineers
:'35 ',.S. Post Office and Custom House

Saul, Minnesota 55101

2ear 1r. Fischer:

This responds to your letter of February 23, 1981, related to endangered

species in the Devils Lake flood control study area.

! ccncur with your biological assessment that bald eagles and peregrine
falcons will not be adversely affected by the proposed project.

Tr.hnk you for your cooperation.

Sincerely yours,

Gilbert E. Key
Area lanaoer

.4 
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al .United States Department of the Interior
1 FISH AND WILDLIFE SERVICE

- OMENb-NORTH DAKOTA
1500 CAPITOL AVENUE

BISMARCK. NORTH DAKOTA 56501

JUL 1 9 13

Colonel Edward G. Rapp, District Engineer
St. Paul District, Corps of Engineers
1135 U.S. Post Office & Custom House
St. Paul, Minnesota 55101

Dear Colonel Rapp:

We have reviewed the Section 205 Draft Detailed Project Report Flood Control
Project at Devils Lake, torth Dakota. Our comments are to aid the Corps in the
development of the Final Detailed Project Report. They do not satisfy the
requirement of the Department of the Interior to review and comment on any
forthcoming environmental statement.

The selected alternative, Plan "B", and accompanying mitigation features are
compatible with previously raised Fish and Wildlife Service concerns and recomnen-
dations. We concur with the selected plan.

You will find attached our final report in comformance to Section 2(b) of the
Fish and Wildlife Coordination Act. The North Dakota Game and Fish Department
letter of July 15, 1983, which Is attached to our report, comments on our
conclusions and recommendations.

If you have any questions or comments, please contact Al Ludden of mky staff at
FTS: 733-4492.

Sincerely,

M. S. Zschomler
Field Supervisor-Habitat Resources

Attachment

10
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UNITED STATES DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
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PREPARED BY:

NORTH DAKOTA FIELD OFFICE

U.S. FISH AND WILDLIFE SERVICE

BISMARCK, NORTH DAKOTA
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United States Department of the Interior '. "
FISH AND WILDLIFE SERVICE

in-NORTH DAKOTA

1500 CAPITOL AVENUE
BISMARCK, NORTH DAKOTA 565014

Colonel Edward G. Rapp, District Engineer
St. Paul District, Corps of Engineers
1135 U.S. Post Office and Custom House
St. Paul, Minnesota 55101

Dear Colonel Rapp:

This is our report on the effects the local flood control project at the head
of Creel Bay at Devils Lake, North Dakota, will have on fish and wildlife
resources. This report is to accompany the Corps of Engineers Detailed Project
Report through the final review process. It is prepared under the authority of
and in accordance with the provisions of the Fish and Wildlife Coordination Act
( 48 Stat. 401, as amended; 16 U.S.C. 661 et seq.). It is also consistent with
the intent of the National Environmental Policy Act of 1969 (P.L. 91-190; 83
Stat. 852, 856). It addresses the effects of the various alternative plans on
fish and wildlife resources, and conveys recommendations which are designed to
prevent, mitigate or compensate adverse effects to these resources. This
report supercedes all previous reports which apply to the local flood protection
project for Devils Lake. Commuents on the conclusions and recommendations of
this report by the North Dakota Game and Fish Department (NDGFD) are contained
in the attached letter dated July 15, 1983, by Commissioner Dale Henegar.

Our recoimmendations and associated costs for mitigating and/or compensating
project-caused fish and wildlife losses are congruous with the Presidential
directive (of June 1978) on environmental quality and water resources management.
That directive states:

In all project construction appropriation requests, agencies shall
include designated funds for all environmental mitigation required
for the project and shall require that mitigation funds be spent
concurrently and proportionately with construction funds throughout
the life of the project.

DESCRIPTION OF STUDY AREA

-4Devils Lake, a city of 7,448 persons, is located in Ramsey County, North Dakota.
It is situated at the northeast end of Creel Bay which is an arm of Devils
Lake. The lake is located at the south end of the Devils Lake Basin and is the

* terninous for basin water.

Devils Lake Basin is a closed basin located in north-central North Dakota
4 (Figure 1) which covers about 2.4 million acres. Landfonus in the Basin are
* largely the result of glaciation. An extensive ground moraine formed an

undulating plain interspersed with areas of lake plain, outwashes and moraine
called the Drift Plain.

C
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I Throughout the Basin are numerous shallow wetland depressions, sometimes
termed prairie potholes. These shallow depressions make up a maximum water
surface area of 412,000 acres of drained and undrained wetlands. Such an area
attracts large concentrations of grebes, ducks, geese, coots, shorebirds and
gulls.

An analysis of land use and cover by Landsat satellite imagery dated September 13,

1974, showed that approximately 70 percent of the Basin is cultivated land.
Remaining areas include 8 percent grassland, 16 percent water areas, 3 percent
woodland and 3 percent miscellaneous areas.

DESCRIPTION OF THE PROJECT

The Corps has developed four alternative plans (Figure 2) for the protection of
the city of Devils Lake and its sewage lagoon against flooding.

" Dikes in Plan "A" would protect from lake levels up to 1435 feet

(ms!) and have a top elevation of 1440 feet (msl). One dike would
be constructed for a distance of 1,100 feet across Creel Bay. A
much shorter dike would be constructed in the SEh of Section 9,
T. 153 N R. 64 W. Figure 2 shows the plan.

" Plan "B" is the Corps' preferred plan. Dikes would protect up to

1440 feet (msl) and have a top elevation of 1445 feet (msl).
Several dikes would be constructed (Figure 2): (1) a 2,400-foot
long dike immediately south of the airport; (2) a 2,900-foot long
dike across the head of Creel Bay; and (3) a 3,100-foot long dike
south of the sewage lagoon.

" Plan "C" would protect up to 1445 feet (msl) and have a top elevation
of 1450 feet (msl). The plan would require two dikes (Figure 2):
(1) a 16,000-foot long dike across the head of Creel Bay; and (2)
a 7,200-foot long dike south of the sewage lagoon.

" Plan "0" would orotect up to 1450 feet (msl) and have a top elevation
1455 feet (msl). The plan would require a nearly continuous ring
levee around the south and west sides of the city.

The interior drainage system for the four alternative plans would consist of

two holding ponds with gated outlets and a large pumping station. There would

be a system of ditches and pipes linking the holding ponds to the pumping
station. The north holding pond would be combined with the existing lagoon
effluent holding pond. The combined storm and effluent water, meeting State
water quality standards, would be discharged into the lake via the pumping
station.

j In addition to the basic drainage system, Plan "D" would require an additional
holding pond, pumping station and ditch/pipe system. The added facilities
would accommodate drainage from the eastern part of the city.

1. IAV, A
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EVALUATION METHODOLOGY

Habitat Evaluation Procedures were not used in our field investigations. They
were not appropriate for this study which utilized primarily existing data
during a short time period.

Onsite visits were made to the proposed project area to evaluate the impacts to
fish and wildlife resources. Aerial imagery, maps and drawings of project
features, and descriptions provided by the Corps of Engineers supplemented the
evaluation.

FISH AND WILDLIFE RESOURCES

Fish Resources

Devils Lake provides the most important water based recreation area in eastern
North Dakota. It primarily serves people in a 150-mile radius and supports
about 240,000 angler days annually. Primary species of game fish include
northern pike, walleye, white bass, crappie and yellow perch. The basic
forage fish species is the fathead minnow. All these species are found in
Creel Bay. Crappie, white bass and yellow perch occasionally spawn in the bay
along its shallow areas. Yellow perch begin to spawn from April 15 and may
extend into July, white crappie and white bass begin in late May and may extend
into mid-July. Some invertebrate species important as fish food found in the
bay include water boatmen, backswimmer,.midge, caddisfly and amphipod (Gammarus
spp.).

The water in Devils Lake does not meet North Dakota water quality standards.
The North Central Planning Council reports fall fertilizer application, wetland
drainage, summer fallow and intensive fall cultivation as some of the agricultural
practices suspected of causing water quality deterioration. Nitrogen and
phosphorus nutrients are products of these practices carried by runoff into
coulees heading toward Devils Lake. These two nutrients stimulate the growth
of aquatic plants, such as algae. When algal blooms die, the decomposition
creates an added demand on the available free oxygen used by fish and invertebrates.
This process, known as eutrophication, could eliminate the sport fishery of
Devils Lake if not corrected.

Sewage lagoon effluent discharged by the city of Devils Lake is a major source
of nutrient inputs into Creel Bay. The city is currently studying ways to

.4 reduce the input of phosphorus and nitrogen into the bay.

Wildlife Resources

A 113-acre overflow sewge lagoon lies north of the city's sewage treatment
facility and ND HIghway 19. Vegetation in the artificially flooded wetland
includes: cattail T( j spp.), horsetail (Equisetum spp.), bulrush (Scirus
spp.) and sedge (Cr-x spp.). A 65-acre wetland lies immediately west of the
sewage lagoon. Thedump road impounds the wetland and the city pumps treated
sewage effluent Into the wetland, keeping it wet. Predominant vegetation Is
the sam described in the aforementioned overflow lagoon, but with the addition

1, 1-17
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of common reed (.hra!ites comunis). Southwest of the sewage lagoon is a
38-acre wetland that-is intermittently flooded. Predominant vegetation includes
Nuttall's alkaligrass (Puccinellia atroides), foxtail barley (Hordeum Jujtm),
curlycup guneed (Grindelia sguarrosa), curled dock (Rumex crisus) an oca
(Kochia SCOrparia). Southeast of the sewage lagoon is a 40-acre wetland vegetated
by-cata(iypha spp.), bulrush (Scitpus spp.), sedge (Carex spp.) and comnon
reed (Phrarftes cimmunis). The wetland is impounded by the embankment of an
abandoned Great Northern rail track. All wetland locations are displayed in
Figure 2.

When the water level of Devils Lake rises the upper end of Creel Bay is intermit-
tently flooded; then, the lake eventually recedes leaving a mud bottom immediately
west of the dump road. Temporarily flooded lakeshore occurs landward from the
bay's intermittently flooded mud bottom. Predominant vegetation along the
lakeshore include: cattail (Tyha spp.), sedge (Carex spp.), foxtail barley
(Hordeum jubatum) and kochia (Kochia scoparia).-

The medium to low habitat value of the three cells in the sewage lagoon can
sustain waterfowl production during drought years by providing food, nesting
sites, loafing areas and permanent water to breeding dabblers. Potential
breeders include mallards, gadwalls, shovelers and blue-winged teal. Lesser
scaup is the most numerous of the divers that loaf or feed in the lagoon.
Redheads and canvasbacks are commonly seen.

Wetlands adjacent to and near the sewage lagoon have a high wildlife habitat
value. The habitat is productive for a diversity of aninal life from the lower
invertebrates to waterfowl and other birds that utilize wetlands for nesting,
brooding, feeding and migratory stopover.

Endangered Speci es

Four endangered species are officially listed for North Dakota: the whooping
crane, bald eagle, peregrine falcon and black-footed ferret.

Based on our records and knowledge of the project study area, the bald eagle
and peregrine falcon could be present, but only in a migratory or transient
status. We have no records of these birds nesting or having permaient residence
in the area of the proposed project.

EFFECTS OF ALTERNATIVE PLANS ON FISH AND WILDLIFE RESOURCES

The four alternative plans are analyzed for changes they could cause to biological
" resources in the proposed project area.

'4 Fish Resources

Table 1 shows the number of upland and flood-plain acres that would be covered
by each of the four plans. Construction of the dikes and associated cofferdams
across Creel Bay could induce silt and turbidity tem~wrarill yreducing water
ipality in the upper end oT the bay. fenthic organisms could be smothered and
fishery resources forced to abandon feeding, breeding and nursery waters. Silt
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material could introduce substances toxic to aquatic life forms, if the borrow
areas are not carefully chosen for clean materials. Additional construction
could be required for access onto the flood plain to construct the dikes. This
would decrease the diversity of fish habitat with the filling over of hydric
soils and plants.

Table 1. Acreage estimates of each of the four plans.

Plan A Plan B Plan C Plan D
LIM4)* (1445) (1450) (1455)

Upland 2.75± 15.00± 47.40± 69.00±
Creel Bay 1.50t 3.40±t 3.90± 3.90±
Ponding Areas 825.00± 825.00± 825.00± 900.00±
(110-year event)____-

Total Acreage 829.25± 843.40± 876.30± 972.90±
*Number in parenthesis is the top elevation of each dike.

Plan "A" would require the smallest area (1.5 acres) of fill in the flood
plain. Plans "B", "C" and "Du would require greater than 3 acres of fill in
the flood plain to cross Creel Bay. These plans could cause the greatest
degradation of water quality affecting aquatic life forms.

Plan "B", which would require less fill-area than Plans "C" and "D", has a
higher level of lake stage protection than Plan "A". It would cover more area
than Pla *n "A" at the head of Creel Bay, but it would reduce the chance of a
flooded sewage lagoon. Conversely, not protecting the city's sewage treatment
facility could result in contamiinating Creel Bay from raw sewage.

Any plan selected for Creel Bay could increase the chance for agricultural,
residential and industrial development on the flood plain. This would increase
the chance for possible releases of nutrients, pesticides and other pollutants
into the bay. Pesticides and other toxic substances would affect fish resources
directly. High nutrient loads would affect these resources indirectly by an
added demand on available free oxygen.

Wildlife Resources

Plans to protect the city and its sewage lagoon would require dikes to the west
and southeast of the city. Plan "A" would require the smallest area (2.75
acres) of upland for the construction of project features. Plans "C" and T".
covering the greatest upland area, would require the clearing of about 2.5
acres of woodland. This habitat is of high value to resident game and nongame
species.

Plans "B", "C" and 0 would require a dike south of the sewage lagoon blocking
the outlet of a 40-acre wetland (Figure 2). A new outlet for the wetland would
be constructed to prevent the Inundation of adjacent land. This proposed
action could drain the water from the wetland habitat that has a high wildlife( value.
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If water In the 65-acre wetland and the 38-acre wetland (Figure 2) would affect
I nteri or drai nage or weaken the dump road or the di ke across Creel Bay, they
may need to be drained. This would destroy a high use area for many waterfowl
species and other birds.

If one of the four plans were not selected, the rising level of Devils Lake
would inundate the head of Creel Bay. Wetlands would be replaced by the deeper,
permanent water of lake habitat.

Plan "B" would provide a higher level of protection than Plan "Am to the wetlands
behind the dump road. As opposed to Plans "Co and "0"n, it would also require
less construction activity and would not clear any woodland.

If not restricted, agricultural, residential and industrial developments would
occur on the protected flood plain behind the proposed dikes. This would be
incompatible with existing wildlife resources.

Endangered Species

Our March 10, 1981, letter concurs with the Corps' biological assessment that
eagles and peregrine falcons will not be adversely affected by the proposed
project.

PLAN OF DEVELOPMENT FOR FISH AND WILDLIFE RESOURCES

Fish Resources

We urge the Corps of Engineers to use only clean fill material for the construction
of the dikes and associated cofferdams. This would help to reduce excessive
turbidity and prevent the entrance of potentially polluted materials into the
waters of Creel Bay. The placement of fill material below the water surface of
the bay should be avoided from May through June. This would avoid creating
problems for fish spawning activities.

The Corps is urged not to allow the direct access of vehicles and heavy equipment
onto hydric soil sites. If routes need to be constructed for access onto the
flood plain, they should be constructed of nontoxic and nonerodable material.
The routes should then be removed as soon as possible. Care should be taken to

.4 prevent any petroleum products, chemicals or other deleterious materials from
entering the waterway.

A zero discharge system for the city's sewage lagoon would remove a major
source of phosphorus and nitrogen input into Creel Bay. The city and the ND
State Department of Health have discussed the possibility of spreading effluent
on an upland area west of the lagoon. We support and encourage the Corps,
efforts in their review of such a plan which would improve the water quality of

* the bay.

Executive Order 11968 on Flood Plain Management is adhered to when planning
efforts Protect, manage and enhance or restore the natural and beneficial
values of a flood plain. Agricultural, residential and Industrial development
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(should be regulated in the flood plain of the former lakebed at the head of
Creel Bay. Such a restriction would prevent the release of nutrients, pesticides
and other pollutants into Creel Bay. We encourage the Corps to participate
with the project sponsors, the NO State Water Commission and the Federal Emergency
Management Agency in the development of flood plain regulations.

Wildlife Resources

If either Plan "C" or "D" were to be selected, the clearing of 2.5 acres of
native woodland should be compensated by woody plantings. The Corps or the
project sponsor should plant and maintain at project cost 2 acres of trees for
every acre that is cut. This would be consistent with the policy of the ND
Game and Fish Department. Plantings could be done on project lands, or other
sites could be located near the project area. An estimated $1,230 would be
required at project cost to plant 5 acres of trees. A total of $240 would be
needed for cultivation during a 5-year period.

A new drainage outlet would be constructed for a 40-acre wetland. The Corps
should design the new outlet to match the elevation of the natural one toI
prevent a loss of water and habitat. The Corps has advised the FliS that the
65-acre wetland would not be drained; instead, the Corps proposes a grassed
inlet at elevation 1428.0 feet (msl) be constructed into the dike. This would
then allow a 5-year frequency runoff at elevation 1428.26 feet (msl) to fill
the wetland. We are pleased to note that both wetlands are being protected;
however, should they be drained, additional mitigation would be required.

The 38-acre wetland would be drained. The Corps proposes to compensate for
this loss with the construction of a weir to elevation 1426.75 feet (msl) in
two new culverts under ND Highway 19. The new weir and runoff would increase
the surface area of the north holding pond from 113 acres to 167 acres.

All disturbed sites for project purposes and all dike surfaces should be
revegetated with native grasses. Planting rates, species and maintenance
recommendations should be coordinated with the U.S. Soil Conservation Service
in Bismarck, North Dakota. Estimated costs are $60 per acre for establishing
the native grasses and $3 per acre for annual maintenance.

We encourage the Corps to participate with the project sponsors, the NO State
Water Commuission and the Federal Emergency Management Agency to help regulate
development in the former lakebed at the head of Creel Bay. Such an effort
would be consonant with Executive Order 11988 in regulating agricultural,
residential and industrial encroachm~ent into the flood plain.

Wetlands are essential breeding, rearing and feeding areas for many species of f
wildlife. In this case, the replacement of a project-caused loss to wetland
habitat would be consonant with Executive l.-der 11990, Protection of Wetlands.7
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RECOMMENDATIONS

To safeguard fish and wildlife resources from project-incurred losses, we

recommend that:

Fish Resources

1. The following stipulations be included in the construction contracts:

a. Only clean fill material be used for the construction of the dikes
and associated cofferdams.

b. No fill material is to be placed below the water surface of Creel
Bay from May through June.

c. All vehicles or heavy machinery be kept out of the hydric soil
sites in or near the proposed work area.

d. Access routes onto the flood plain are to be constructed of
nontoxic and nonerodable material and removed as soon as possible.

e. Care be taken to prevent any petroleum product, chemicals or other
deleterious materials from entering the waterway.

2. The Corps of Engineers consult with the city of Devils Lake, the ND
State Department of Health, and the'U.S. Environmental Protection
Agency (Denver) about the development of a zero discharge system for
the city's sewage lagoon.

3. The Corps of Engineers participate with the project sponsors, the ND
State Water Comi ssi on and the Federal Emergency Management Agency in
formulating a plan to regulate flood-plain development.

Wildlife Resources

1. The selection of either Plan "C" or "DO would require compensating the
loss of native woodland by plar~ting and cultivating 5 acres of trees
at an estimated project cost of $1,470.

2. The Corps of Engineers take the following precautions to prevent
wetland drainage:

a. Construct the new outlet for a 40-acre wetland to match the
elevation of the natural one.

b. Protect the 65-acre wtland :s is being presently proposed.

3. All disturbed sites and dike surfaces should be revegetated with
native grasses. The Corps of Engineers should coordinate with the
U.S. Soil Conservation Service, Bismarck, North Dakota, about the
planting rates, species and maintenance recondations. The estimated
cost per acre for establishing the native grasses is $60 and the
annua1mintenance cost Is $3.

1-22



(4. The FWS concurs with the Corps' proposal to allowlthe north holding
pond to increase from 113 acres to 167 acres.

5. The Corps of Engineers participate with the project sponsors, the ND
State Water Comission and the Federal Emergency Management Agency, in
formulating the flood-plain management plan.

SUMMIARY

The adverse impacts of all four alternative plans tend to be minor to fish and
wil1dli fe resources,* even though there i s some requi red prevention, mi ti gati on
and compensation of habitat losses. The FI4S favors the Plan "B" alternative;
however, we would have no objection to any plan if our foregoing recommendations
are incorporated into the project plan.
Thank you for this opportunity to provide the evaluation and recoumendations forf
fish and wildlife resources In the Creel Bay area. Please notify us of any
changes in project plans, and do not hesitate to contact us. We also request
that you inform us of actions taken on each of the recommuendations.

Sincerely,

M. S. Zschomler
Field Supervi sor-Habi tat Resources
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Summary of Fish and Wildlife Plan of

Development, Fish and Wildlife Service
Recommendations, and Method of Incorporation

_Into Selected Plan

Recommendation Method of Incorporation

I. Plan of Development

a. Fill material. Fill would be obtained from borrow areas that
have no record of being used as dumps or dis-
posal areas for contaminated material. Fill
would be clay and similar materials but would
be placed in a manner resistant to erosion.

b. Avoid fill placement in It is not possible to guarantee that fill
water during May and June. will not be placed in water during specific

times because emergency actions may be re-
quired. However, the Corps will, to the

extent possible, avoid fill placement in
water in May and June.

c. Do not allow access onto Fill must be placed in hydric sites at Creel

hydric (wet) soils. Bay, but fill would be placed on access
routes or areas would be dewatered for the

majority of construction. Vehicles would
not drive directly into water or wet soils.

d. Temporary fill should be All temporary fill would be removed as soon

removed, as possible.

e. Toxic materials and chemicals As part of the project plans and specifica-
should be prevented from enter- tions, the contractor must prevent chemicals
Ing the waterway. and debris from entering the waterway.

f. A land-spreading system for the The city, State Department of Health, and
city's treated sewage effluent U.S. Environmental Protection Agency have
should be implemented. been investigating the feasibility of spread-

ing treated sewage water on land. These

studies are not completed, but the Corps embank-
ment and interior drainage facilities would be
compatible with such a system.

g. Floodplain regulations for A land management plan, which would involve

the project area should be floodplain regulations, is part of the selected

developed, plan. The Corps does not have the authority
to develop such a plan, but would provide
technical assistance to the implementing
agencies.

h. If either plan C or D is Plan B is the selected plan. If other alter-
selected, woodland losses natives would be evaluated again, woodland
should be compensated. compensation would be considered.



Sumary of Fish and Wildlife Plan of
Development, Fish and Wildlife Service

Recomendations and Method of Incorporation S
Into Selected Plan (Cont.)

Recommendation Method of Incorporation

1. [he new outlet for the wetland The new grassed waterway outlet would be con-
near the south embankment should structed to the same elevation as the exist-
be constructed to an elevation ing culvert under the railroad. The water
similar to that of the existinw, level would be maintained.
one.

Wetlands near the sewage lag- The 65-acre wetland would be maintained. A
oons should be maintained or notch would be cut at about elevation 1428
replaced if possible. feet msl in the surrounding dike to allow

water to overflow into the wetland. This
35-acre wetland would have to be drained.
This 35-acre wetland depends on water levels

and is dry when the lake is lower than 1,425
feet msl. With the project, this area would
he converted to a drier upland grass area.
The outlet of the north holding pond would
be constructed to maintain a wetland with a

maximum depth of 1.6 feet.

k. All disturbed sites should All disturbed sites suitable for revegetat-
be revegetated with native ing would be seeded or planted. The final
grasses, and these plantings planting plan has not yet been developed,
should be coordinated with but it would involve native grass species.
the U.S. Soil Conservation Coordination with the SCS has been initiated
Service. and will continue. The final planting and

maintenance plan will be coordinated with
the SCS, State Water Commission, and Fish
and Wildlife Service.

1. A plan to regulate development The State of North Dakota is developing a
in the floodplain should be floodplain regulation plan and is coordinat-
formulated. ing it with local sponsors. This plan would

regulate future developments. The land
management plan in the selected plan is
considered consistent with Executive Order.4
11988 on floodplains.

m. The selected plan supports The Corps agrees.
.- Executive Order 11990,

Protection of Wetlands.

2. FWS Recommendations

a. Fish Resources.

(1) Use clean fill. See l.a. above. 0
(2) Do not place fill material See l.b. above.

below water surface from
May through June.
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Summary of Fish and Wildlife Plan of
Development, Fish and Wildlife Service

Recommendations and Method of Incorporation
Into Selected Plan (Cont.)

Recommendation Method of Incorporation

(3) Vehicles should be kept See l.c. above.

out of hydric (wet) soils.

(4) Access routes should be As stated above, clean fill would be used.

of nontoxic and non- The fill will consist of clay and similar

erodable material and material but would be placed in a manner

should be removed as that would resist erosion. Temporary fill

soon as possible. would be removed as soon as possible. See

l.a., l.c., and l.d. above.

(5) Care should be taken to See I.e. above.

prevent chemicals and
other material from
entering the waterway.

(6) The Corps should consult See l.f. above.
with appropriate agencies

in the development of a
zero-discharge system for

the city's sewage lagoon.

(7) The Corps should partici- See 1.g. above.

pate with concerned agen-

cies in the development of
a plan to regulate flood-

plain development.

b. Wildlife Rebources.

(1) Plan C or D would require See l.b. above.
woodland compensation.

(2) Wetlands:

(a) The new outlet for the See l.i. above.
wetland near the south

.4 embankment should be
constructed to the

elevation of the
existing outlet.

(b) Wetlands near the As stated in l.J. and 1.m. above, wetlands
sewage lagoons should would be preserved. The 65-acre wetlandwould be maintained. A permnent wetland

be maintained or com- would be maintained in the north holding
pensated. pond.

(3) All disturbed sites !,ee l.k. above.

should be revegetated with

native grasses. Coordinate

plan with the U.S. Soil
Conservation Service. 1-27
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Summary of Fish and Wildlife Plan of
Development, Fish and Wildlife Service

Recommendations, and Method of Incorporation

Into Selected Plan (Cont.)

Re( ommendat ion ---- Method of Incorporation

(4) Increase the size of the Because excess storage is available in the
north holding pond from north holding pond, a permanent wetland
113 to 167 acres, would be maintained in this area. The

size of the wetland would depend on the

size of the storm event.

(5) The Corps should partici- The State and project sponsors are developing
pate in tl., development of a plan to regulate floodplain development. The
a floodplain regulation Corps will provide technical assistance as
plan. required. These regulations would be similar

to other floodplain regulations that would apply
to how existing developments are modified, which
future uses are permitted, and how developments
would be Lonstructeo The land management plan
in the selected plan requires floodplain regula-
tions. See 1.1. above.

.4
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