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SUMMARY 


I 

The initial stage of Garrison Diversion Unit will divert Missouri River 

water in North Dakota to irrigate 250,000 acres of land, provide water 

supplies for municipalities and industries, enhance fish and wildlife , 

and restore the Devils Lake Chain. Principal areas to be served by the 

Garrison Diversion Unit are the Souris Section, Central Section, and 

LaMoure and Oakes Section. Construction of the principal supply works 

(consisting of Snake Creek Pumping Plant, McClusky Canal and Lonetree 

I Reservoir) began in 1967 and is scheduled for completion in 1978. 

Environmental impact statements will be prepared for each of the three 

areas to be served by the principal supply works prior to initiation of 

construction in these areas. 

I Garrison Diversion Unit development will affect quality and quantity of 

flows in the Souris, Red, Sheyenne, Wild Rice and James Rivers by

I / introducing Missouri River water into these receiving streams via return 

flows. Return flows will accrue to these rivers as a result of irriga­

I tion development, fish and wildlife developments, and from municipalities 

and industries using Missouri River water. 

I About L~6 percent of the Garrison Diversion Unit irrigated lands are 

located in the Souris River Basin, 33 percent in the Red River Basin, 

I 13 percent in the James River Basin, and the remaining irrigated lands 

are in the Devils Lake and Lonetree drainage basins. Of the two rivers 

I that enter Canada, the Souris River will be affected the most because 

I 
of the percentage of irrigated lands in the basin, return flows from the 

city of Minot, and the relatively small size of the Souris River. Median 

annual Souris River flow at Westhope is 107,740 acre-feet, compared to 

I 

annual median flow of 2,136,000 acre-feet in the Red River at Emerson, 


Manitoba. Garrison Diversion Unit development in the Souris Section 


will measurably change the Souris River, and the Bureau of Reclamation 


I has conducted several studies to predict the effects Garrison Diversion 


Unit return flows may have on the Souris River and Canada. 


I 

I 




I 
Since initiation of construction of the princi~al supply works in 1967, 

Canada has repeatedly expressed concern about the effects return flows I 
will have on the Souris River in Canada. Several meetings among 

Canadian and United States representatives were held to discuss the I
international implication of the Garrison Di.version Unit, and in 1975 

the International Joint Commission was requested to conduct a study 

and report on the transboundary implications of the Garrison Diversion I 
Unit. The possible need for studies of alternatives in the Souris 

Section was recognized in 1973 and consequently, some limited studies I 
were initiated. In 1975 the Bureau of Reclamation initiated a sub­

f easibility level study of nlternatives for dealing with Souris Section I 
return flows. Although the study level is subfeasibility, each alter­

native plan was examined in sufficient depth to determine practicability I 
of construction, approxinlate costs, effects on the Souris River, and 

probable social and environmental effects in North Dakota and Canada. I 
This study of al ternatives is not intended to preclude development of 

the Souris Section as presently planned. With the addition of return I 
flows in the Souris River, historic periods of z"ero or low flow (and 

associated poor water quality) which occur in the late summer, fall and I
winter will be eliminated; however, return flows will also increase 

flows during high-flow periods and will slightly degrade overall water Iquality during periods of high flows. 

The Department of the Int~rior decided to conduct the alternative study, I 
in addition to the water quality studies, to explore possible actions 

that might be initiated in the event an amicable solution to the issue I
of return flows entering the Souris River cannot be reached with Canada, 

either through negotiations or through the efforts of the International IJoint Commission. This alternative study would be used as a planning 

guide for more detailed feasibility studies if it is determined that 

return flows discharged into the Souris River violate the 1909 Boundary I 
Waters Treaty with Canada and that the presently authorized plan for 

Garrison Diversion Unit must be altered. I 
I 
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This study investigates 12 alternative plans, which could be developed in 

the Souris Section to reduce the effects of return flows on the Souris 

River. The alternatives investigated are divided into four categories 

as follows: 

A. Reuse of return flows in North Dakota. 

B. Dilution of return flows entering the Souris River. 

C. Partial development of the Souris Section. 

D. Treatment of return flows, either in North Dakota or Canada. 

Alternative A, Reuse, consists of collecting return flows that accrue to 

the subsurface drains and diverting this collected water to either Lake 

Sakakawea ~ Lonetree Reservoir or Devils Lake. Two basic concepts were 

used in this alternative. One concept was to divert all the collected 

wate r to one of the three bodies of water and the other concept was to 

reuse a portion of the collected water for irrigation application water 

during the irrigation season and divert the remaining collected water to 

one of the three bodies of water. A total of six plans were investigated. 

All six plans under this alternative have the same effect on the Souris 

River. After full development, median annual return flows to the river 

would be 44,200 acre-feet at 700 milligrams per liter (mg/l) total 

dissolved solids (TDS) (see page 15 for definition), as compared to 91,600 

acre-feet at 870 mg/l TDS for the authorized unit. Construction costs 

for the plans range from about $96,000,000 to $133,000,000. 

I Alternative B, Pilutio~, consists of releasing water from the Velva Canal 

directly into the Souris River. Water would be released into the river 

to p.revent TDS levels from exceeding 1,000 mg/l in the Souris River at

I Westhope, North Dakota. During wet years, very little or no dilution 

would be required because TDS levels in the river would probably remain 

below 1,000 mg/l throughout the year. In a dry year, dilution would be 

required during December, January and February. Although the releases 

I for dilution are small and within the design capacities of the canal 

I 
s tructures, additional construction costs associated with this alternative 

would be required to make the canal operational during the winter season. 

I 
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I 
Alternative C, Partial Development, consists o~ three plans which 

investtgate varying levels of development of the Souris Section. The I 
authorized unit calls for development of 116,000 acres in the Souris 

Section. The alternative plans investigate development at 90,800 

acres, 51,200 acres, and deletion of the Souris Section. Median annual 

volume of return flows entering the river after full development would Ibe reduced from 91,600 acre-feet for the authorized unit to 76,300 

acre-feet, 54,600 acre-feet, and zero acre-feet, respectively. 

I 
Alternative D, Treatment, consists of two plans which either desalt 

return flows at the source in North Dakota or provide reimbursement to I
two Canadian communities for increased water softening costs as a 

result of return flows. The desalting plan could desalt return flows 

to maintain TDS in the Souris River at the historic annual median I 
level; however, operation and energy costs on this alternative are 

extremely high. Increased annual water softening costs encountered by I 
the Canadian communities of Souris and Portage La Prairie ca~ld be 

about $3,000 (35 percent) and $5,000 (6 percent), respectively. I 
The alternative plans in this study are set forth in a manner to permit 

an analysis of the alternatives in accordance with a specific objective I 
in mind, e.g., improve return flow quality, reduce return flow quantity, 

etc. The following summary tabl~ presents an overview of the I 
alternatives investigated. 

I 
I 
I 
I 
I 
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I NTRODUCTION 

A maj or point of concern in the development of ,the Garrison Diversion 

Unit in North Dakota is the effect return flows will have on the Souri s 

River and Canada. The Bureau of Reclamation has conducted many studie s 

to arrive at the present plan of development for the Souris Sect i on. 

Many of these studies examined existing conditions in the Sou r i s Ri ver, 

predicted the quality and quantity of return flows to the river fr om 

Garrison Diversion Unit development in the Souris Section, evaluate d 

the effects of the water upon the river, revised plans for irrigation 

in the area to derive a project with acceptable return flows, and 

provided information about the effects the project will have on the 

Souris River. This study investigates some of the alternatives to the 

present Souris Section plan of development that probably could be 

implemented to reduce or eliminate the effects the project will have 

on the So uris River and Canada. 

The multipurpose Garrison Diversion Unit will divert, store and d e l i v er 

water from Lake Sakakawea on the Missouri River for irrigation, 

municipal and industrial supply, fish and wildlife enhancement, and 

restoration of Devils Lake Chain. With a series of pumping plants, 

reservoirs, canals and laterals, the water will be delivered t o t hree 

major areas: the LaMoure & Oakes Section, the Central Section, and t he 

Souris Section. 

The Study 

Although the level of the study is subfeasibility, each alternative plan 

was examined in sufficient detail to determine practicability o f 

construction, approximate costs, effects on the Souris River, a n d 

probable social and environmental effects in North Dakota. Al ternatives 

Band D also evaluated the social, economic and environmental e f f e cts 

in Canada. As a result of this study, the most viable alterna tives to 

the proposed development of the Souris Section were selected and their 

relative meri t s determined. A total of 12 alternative plans we r e 

examined for the study. 

5 



I 

Need for t he Alternative Study 

IDuring a two-decade period beginning in 1945, considerable communication 

and exchange of data transpired between the United States and Canada 

regarding the Garrison Diversion Unit. The original plan for the Garrison I 
Diversion Unit envisioned an ultimate irrigation development of 1,007,000 

acres and an initial stage development capable of serving 407,000 acres. I 
The plan was subsequently modified to provide for an initial stage 

development of 250,000 acres and was authorized by Public Law 89-108 I
dated August 5, 1965. 

During this two-decade period, plans to import water into the Souris River I 
Basin were favorably accepted by Canadian water resource personnel. The 

plans for long-range devel opment were generally known in both countries, I 
and methods to develop satisfactory streamflows in the Souris and Red 

Rivers were generally thought to be helpful. I 
Following the initiation of construction of Garrison Diversion Unit 

facilities in 1967, the Canadian Government began expressing concerns I 
about the effects return flows may have on the Souris River and Canada. 

The first forma l notice expressing their concerns was in the form of a I 
diplomatic note from the Department of External Affairs to the U.S. State 

Department delivered on April 29, 1969. Several subsequent exchanges of I
correspondence (April 1969, April 1970, October 1971 and January 1973) 

occurred between the two countries concerning the effects of return flows 

on the quality and quantity of water in the Souris and Red Rivers in I 
Canada. I 
Meetings among Canadian and United States representatives were held in 

Washington, D.C. in February 1973, Bismarck, North Dakota in June 1973, 

Ottawa, Canada in August 19}4, and again in Washington, D.C. in January 

1975 to discuss the international implications of the Garrison Diversion 

Unit. At the January 1975 meeting it was mutually agreed that the two I 
governments would select an appropriate mechanism to undertake an examina­

tion of the transboundary effects resulting from development of the I 
Garrison Diversion Unit. On October 22, 1975, the United States and 

I 
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Canada jointly referred the ques tion o f t r aI)sboundary effects to the 

I nternational Joint Commission . 

.During the course of discussions with Canada, it became apparent that 

the Bureau of Reclamation should conduct additional studies to help 

answer questions regarding effects Garrison Diversion Unit deve lopment 

may have on Canada. Ongoing wate r qual ity studies were accelerated and 

modified to include additional water quality parameters and complement a r y 

studies were initiated. 

Objective of the Study 

The Department of the Interior decided to explore possible actions tha t 

I might be initiated in the event an amicable solution to the issue of 

return flows entering the Souris River cannot be reached with Canada, 

either through negotiations or through the efforts of the International 

Joint Commission. The objective of this study is to outline some of 

these possible actions. Plans for the study were formulated in 197L~ and 

early 1975, and in June 1975 the Bureau of Reclamation initiated the 

study. This study of alternatives does not preclude future negotiations

I between the United States and Canada, nor does it preclude development 

of the Souris Section as presently authorized. 

I Coordination with Other Agencies 

I During the course of the study, various State ~nd Federal agencies were 

I 
contacted to obtain comments and information. Following is a listing 

of these agencies: 

I 
1. NORTH DAKOTA STATE HEALTH DEPARTMENT - Obtained informa tion 

and assistance on water treatment. 

2. u.s. BUREAU OF MINES - Obtained information on coal depos its

I in North Dakl1ta. 

I 3. U. S. FISH AND l..JILDLIFE SERVICE and NORTH DAKOTA STATE GAME 

I 
AND FISH DEPARTMENT - Meetings were held on January 16, 1976, 

B.nd March 1, 1976, with these tH0 agencies to coordins E! fish 

and wildlife aspec t s of the study . 
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4. 	 NORTH DAKOTA STATE WATER COMMISSION - Obtained information 


on deep well injection and discussed (informally) other 


alternatives. 


5. 	 PROVINCE OF MANITOBA, DEPARTMENT OF MINES, RESOURCES AND 


ENVIRONMENTAL MANAGEllliNT - Obtained information on water 
 Itreatment utilized by communities whose water sources are 


the Souris and Assiniboine Rivers. 


I 
Study Area 

IThe Souris Section is located in the Souris -River drainage basin. The 

general area and major features of the project are identified on the 

frontispiece map entitled "Alternative Investigations." I 
Under the present plans for the Garrison Diversion Unit, the Souris ISection will be supplied with approximately 222,000 acre-feet of water 

from the Missouri River each year. Water will be pumped from Lake 

Sakakawea by the Snake Creek Pumping Plant, discharged into Audubon I 
Lake, and conveyed by gravity through the McClusky Canal to Lonetree 

Reservoir, the principal distribution point for all project water. A I 
gravity outlet from the reservoir will discharge water into Velva Canal. 

Velva Canal will traverse a distance of about 84 miles in a northerly I 
direction to deliver water to the irrigated lands of the Souris Section. 

The initial delivery of water to the area is scheduled for 1988. I 
The Garrison Diversion Unit will provide irrigation water for 116,000 

acres of land in the Souris Section without utilization of local I 
streamflow. In addition, water will be provided for municipal and 

industrial use and fish and wildlife development. The irrigable land is I 
identified as the Middle Souris Area (64,200 acres in the Middle Souris 

Irrigation District and 39,600 acres in the Mouse River Irrigation District) 

and the Karlsruhe Area (12,200 acres). Irrigable lands in the Middle 

Souris and Karlsruhe Areas are located on beach, delta and lake deposits 

which are bounded by the ground moraine plain on the west (boundary of I 
dense glacial till deposits) and the Souris River on the east. Karlsruhe 

Area lands are situated mainly on glacial outwash plain deposits. I 
8 




Return f lows from irrigat i on in t he Souris Section will accrue to the 

Souris River via drains and tributary streams. These flows will 

consist of irrigation return flows, canal and lateral seepage losses, 

and operational wastes of the Souris Section irrigation system. When 

discharged into the Souris River, the TDS concentration of the irrigat i on 

water from the Missouri River will have i ncreased through crop evapo­

transpiration and salts dissolving in the soil profile. In addit i on to 

return flows resulting from irrigation, return flows will also accrue to 

the river from fish and wildlife developments and municipal and industrial 

(M&I) water systems that use Garrison Diversion Unit water. During

I periods of low flow in the Souris River, return flows will improve the 

'vater quality and provide a dependable water supply that will eliminate 

I periods of no flow in the Souris River. During high-flow conditions, 

re turn flows will slightly degrade the water quality in the river, and 

the increased quantity will tend to aggravate flooding conditions. 

The Souris River 

I 
From its origin in southeastern Saskatchewan, the Souris River flows in 

a southeasterly direction from the international boundary near Sherwood, 

I 
North Dakota, to Velva (25 miles southeast of Minot), then in an easte r l y 

and northerly direction back into Canada near Westhope, North Dakota. 

The area in the United States bounded by the river and the internationa l 

boundary is known as the Souris Loop Area. After crossing into Canada , 

I the Souris River continues flowing in a northeasterly direction to i t s 

confluence with the Assiniboine River near Treesbank, Nanitcba. The 

I Assiniboine then flows eastward and joins the Red River (at Winnipeg, 

Manitoba) which flows 

confluence. 

I 
I 
I 
I 

into Lake Winnipeg about 40 miles north of thi s 
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I 
The Souris River drainage basin, measured upstr,eam from the international 

gaging station near Westhope, North Dakota, consists of approximately I 
16,900 square miles of land. In this drainage basin,· about 6,600 square 

miles directly contribute to the flows in the river and 10,300 square 

miles are noncontributing. About 54 percent of the drainage basin 

(9,130 square miles) lies within the United States. 

I 
Historically, annual flows have varied from periods of no flow to very 

low flows of poor quality and to very high flows of good quality. Flows I
in the Souris River have fluctuated widely during the period of record. 

The total annual runoff at the Westhope gaging station has ranged from Ia low of only 100 acre-feet in 1937 to a high of 841,501 acre-feet in 

1975. At the Sherwood gaging station, annual flows ranged from a low 

of 1,130 acre-feet in 1937 to a maximum of 395,200 acre-feet in 1975. I 
The median monthly flow in the river during the period used for return 

flow studies (1953 to 1974) was 2,000 acre-feet at Westhope and 800 acre­ I 
feet at Sherwood. 

IThe Souris River has a similar lOoJide range of monthly runoff volumes and 

instantaneolls discharges. The peak flows in the river normally occur 

during the months April through June due to snolO-nnel t and general spring I 
and early summer precipitation. A maximum instantaneous discharge of 

36,400 cubic feet per second (ft /s) was recorded at the Westhope gage 
3

I 
in 1949 and 12,400 ft /s at the Sherwood gage in 1969. The lowest 

discharges usually occur during the winter months of December to March. I 
There have been extended periods of zero flow or flows less than 50 

acre-feet per month in the river during both winter and summer months. 

At the Westhope and Sherwood gaging stations, flow completely ceased 

for 11 months in 1937. In the 10 years 1930-1940, theFe was little or 

no flow past the Westhope gage for 49 of the 120 months (41 percent of 

the time) or past the Sherwood gage for 66 of the 120 months (55 percent 

of the time). I 

I 

I 


10 I 




Water qualit y of the Souris River is depend~nt upon the volume of flow 

in the river and varies through wide l i mi t s. During periods of high 

f l ow (1 ,500 ft 3/s or more), TDS concentrations have been as low as 200 

-rng/l, but during low-f low periods (less than 10 ft 3/s) concentra tions 

have exceeded 1,000 mg/l regularly. At Westhope near where the river 

leaves the United States, the median monthly TDS concentration during 

the 1953 t o 1974 study period is 606 mg/I, with maximum and minimum 

recorded values of 3,650 mg/l and 163 mg/l, respectively. 

Due to the extremely short period of record, quality data at Sherwood 

are inadequate to analyze water quality of the Souris River entering .he 

United States. The best source of such water quality data is the Glen 

E\ven, Saskatchewan gaging station. Based on data from 1960 to 1974 

provided by the Water Quality Branch, Inland Waters Directorate ot the 

Department of the Environment in Ottawa, Ontario, the median monthly 

concentra t ion of TDS for the period is 736 mg/l, with maximum and minimum 

values of 2,141 mg/l and 213 mg/l, respectively. 

I 
Dissolved oxygen (DO) levels in lower reaches of the river fall to zero 

nearly every year during winter months when flows are low. The bio ­

I 
chemical oxygen demand (BOD), coliform count~ and total nutrient loading 

of the river and its impoundments are usually very high. These bio­

logical water quality problems are caused and compounded by animal and 

waterfowl wastes from feedlots, farm operations, and wildlife refuges 

along the river. The lack of rapids, falls or associated fast-moving 

water for natural reaeration insures rather poor biological. water 

I quality. 

I Although there are several structures that provide some regulation of 

the river, thE' main hydraulic controls are the shallow slope of t he 

stream channel and the extreme meander pattern. These natural charac­

teristics of the riverbed retard the flow of the river9 lengthen t he 

travel time of a flood wave, reduce flood peaks , and increase t he 

I river's susceptibility to ice formation. 

I 

I 
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I 

In addition to the natural controls of the Soutis River, flow is 


regulated by two major storage facilities and several small diversion 
 I 
structures. The two major storage facilities are Lake Darling and 

J. Clark Salyer National Wildlife Refuge. Lake Darling near Foxholm 

is used to supply water to the J. Clark Salyer National Wildlife Refuge 

during periods of low flow. This refuge contains five low-head dams 

between Upham and Westhope which store water for wildlife and waterfowl 

propagation. I 

I 


I 

I 

I 

I 

I 

I 
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THE ALTERNATIVES 


When considering alternative deve l opment plans for the Souris Sec t i on, 

there a re a multitude of plans which could be investigated because of 

the wide range of possibilities as to what constitutes acceptable 

return f l ow . Plans which would produce return flows acceptable t o 

Canada could possibly range anywhere from development of the Souris 

Section as authorized to an alternative with virtually no effect on 

the existing water quality or ~uantity in the Souris River. In addit ion 

to alternatives associated with physically changing the plan of develop­

ment for the Souris Section, there are alternatives which would invol ve 

treatment of return flows either before or after they enter the Sour i s 

River and other alternatives which would involve mitigation of adverse 

effec t s that return flows may have on the Souris River and Canada. 

Four bas ic types of alternatives were selected for study, each i nclud ing 

one or more plans. A total of 12 alternative plans were developed and 

anal y ze d. Table 1 contains a listing of these alternative plans, and 

the frontispiece map identifies the general configuration of these 

alternatives. 

Sever al other types of alternatives (see Table 1) were considered but 

were not selected for investigation for various reasons. These 

alternatives were not investigated because they would either require

I extensive research and could not be investigated because of time 

I 
cons t r aints and funding limitations, because they are primarily poli tical 

i n nature and are not within the scope of the study, or because they 

I 
do not appear to be as viable as the alternatives selected for 

investigation. 

I 

The na rrative explanation for each alternative plan identifies both 

beneficial and adverse environmental impacts. Impacts invest i gated 

include water pollution, disposal of desalinization byproducts, alter­

ation of the character of natural wetlands, alteration of exist i ng 

water management programs on wildlife areas, channelizat ion of nat ural 

I 
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Ta ble I 

SOURIS SECTION ALif ERNATI VES STUDY 

ALTERNATIVES INVESTIGATED I 
Alternative A - Reuse 

i. 	 Divert collectable return flows to Lonetree Reservoir with I 
reuse in Souris Section. 

2. 	 Divert collectable return flows to Lake Sakakawea with reuse 

in Souris Section. 
 I 

3. 	 Divert collectable return flows to the Devils Lake Chain with 

reuse in Souris Section. 


4. 	 Divert collectable return flows to Lonetree Reservoir. 

5. 	 Divert collectable return flows to Lake Sakakawea. 

6. 	 Divert collectable return flows to the Devils Lake Chain. 

Alternative B - Dilution 

Release project water from the Velva Canal into the Souris River. 

Alternative C - Partial Development 

1. 	 Develop 90,800 acres. 

2. 	 Develop 51,200 acres. 

I3. 	 Delete the Souris Section. 

Alternative D - Treatment 

i. 	 Desalinization plant on Deep River. 

2. 	 Water softening for two communities in Canada. 

OTHER ALTERNATIVES CONSIDERED 

1. 	 Use of collectable return flows for industrial purposes. 

2. 	 Exchange of Souris River and Velva Canal -waters. 

3. 	 Multipurpose dam on the Souris River. I 
I~. 	 Deep well inj ec tio.n of collectable return flows. 

5. 	 Irrigation development in Canada using Souris River water. I 
6. 	 Extend the Velva Canal to Canada for Canadi an use. 

7. 	 Channelization of the Souris River in Canada. I8. 	 Desalinization plants for two communities in Canada. 

9. 	 Control subsurface drainage during winter months. I 

I 




waterways, disturbance and/or reduc tion of upland habitat, alteration 

of existing fish habitat, changes in water quantity and quality as 

af fects fi.sh, and development and management of wi ldlife lands as 

-mitigation features. These impacts, both beneficial and harmful, are 

compar ed to those predicted for the authorized plan of development for 

the Souris Section. 

Effects on archaeological and historical resources were not determined 

for this study. However, these resources are being investigated in the 

Garrison Diversion Unit area and would be addressed in any future 

detailed studies that may be initiated. 

The economic analyses for the alternatives are based on the current 

updated (January 1975) benefits and costs of the Garrison Diversion 

Uni t. Two benefit-cost ratios are computed for each alternative based 

on a 100-ye a r period of analysis at the effective interest rate at the 

time of project authorization (3.125 percent) and the current fiscal 

year int erest rate (6.125 percent). Although the analyses are sub­

feasibility grade, adequate detail has been included to provide reliable 

economic data. 

I 

Social impacts associated with the alternatives 

not quantified in the evaluation of the various 

The social factors are generally nonmonetary in 

measured . in the benefit-cost ratios computed for 

were considered but 

alternative plans. 

character and are not 

each alternative plan . 

The quan~ities of return flows are based on equilibrium conditions with 

I fu l l development of the Souris Section. Average and median values f or 

quantity and quality of return flows are interchangeable in this study . 

References to TDS made in this report refer to a TDS defin~d as follows : 

filterable solids capable of passing through a standard glass fi ber f i lter

I o

and dried to constant weight at 180 C., expressed in mg/l. 


I 
I 

IS 



I 

The following four s ections discus8 t he four major types of alternatives 

studied and the plan or plans under each. The fifth section discusses I 

briefly other alternatives which were considered but not investigated 

in any detail. 

I 

I 

I 

I 

I 


I 
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Alternative A - Reuse 

This a l t e r native consists of six plans f or using collectable return 

flows in North Dakota. Collectable return flows are flows which can 

be colle c ted by subsurface pipe drains located in the irrigable areas 

o f t he Souris Sec t ion. The six plans are similar in scope. The ma i n 

differences in the plans are (1) whether a por t i on of the collected 

return flows is reused in the Souris Section and (2) which areas in the 

State would receive the collected water. 

I 

Total volume of return flows resulting from irrigation of 116,000 acres 

( f ull development) in the Souris Section, municipal and industrial 

r equi r ements, and fish and wi l dlife development will be about 91,600 

a cr e-feet annually, with a TDS concentration of 870 mg/l. These median 

annual return flows consist of irrigation return flows (42,700 acre-feet), 

cana l and late~a l seepage (17,400 acre-feet), project operational wast e s 

(6, 200 acre-feet), fish and wildlife development area seepage (9,800 

acre- f eet) and municipal and industrial water effluent (15,500 acre-feet). 

I 

The objective of this alternative is to reduce the quantity andimprovp. 

the quality of return flows entering the Souris River by collecting t he 

flows that accrue in the subsurface drains in the Souris Section and 

reusing this water in North Dakota. The Souris Section would be 

developed as presently planned, with the addition of a system to col l ect 

the return flows. Approximately 52 percent (47,400 acre-feet) of the 

t o t al average annual return flows are collectable through the subsur face 

drains and are considered to be the "collectable return f lows." Re turn

I flm.Js not collected by subsurface drains are project operCltional wastes, 

canal and lateral seepage, fish and wildlife development area seepage , 

and municipal and industrial water effluent which will accrue to t he 

Souris River through subsurface and surface drainage. 

With this alternative, an average of 44,200 acre-feet of uncollec table 

project operational wastes, canal seepage, M&I effluent, and fish and 

I wildlife seepage at a TDS concentration of 700 mg/l would enter the 

Souris River annually. Most of these flows would enter the r i ve r dur i ng 

I 
I 
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the irrigat ion period. Fi s h and wildlife s eepage accounts for most of 

t he re urn flows (4 , 900 acre-fee t ) en t ering t he river during the non­

irrigation period. The collectable retur n flows--47,~00 acre-feet 

annually at a TDS concentra tion of 1,020 mg/l--would be reused in 

North Dakota . 

As illus t r a t ed in Figure 1, the reuse a lternative includes two basic 

approaches in reusing the collected water in North Dakota. One approach 

used in plans A-I, A-2 and A-3 is to reuse a portion of the collectable 

return flows for irrigation water on the ouris Sec t ion and convey the 

remaining water to Lonetree Re servoi r, Lake Sakakawea or Devils Lake, 

respectively. The other approach, used in plans A-4, A-S ~nd A-6, is 

to convey all collectable return flows directly to Lonetree Reservoir, 

Lake Sakakawea or Devils Lake, respec tively. 

All pipel ines associated with this alternat i ve would be pressure pipe 

ranging i n size from 18 t o 84 inches in diameter. Pipeline routing 

would generally parallel section-lines and when possible would be 

ins talled on canal right-of-way . 

The pipe would be buried at sufficient depths t o prevent freezing. 

Pumping stations would be instal l ed on pipeline routes, and water would 

be conveyed by pressure or gravity. Pipe collection and conveyance 

systems for this alternative aye sized to hand l e the predicted maximum 

return flows that will accrue to the subsurface drains. Open canals 

were not considered for conveyance systems because of freezing problems 

which would be encountered during winter operation as a result of the 

relatively small water quantities involved and because of the environ­

mental problems associated with open canals. 

Each of the six plans of this alternative r e duces the total water 

requirements from the Missouri River of the authorized unit and the 

savings is reflected in the annual operation, maintenance and replacement 

costs. These plans would increa se the wat e r use ef f iciency and conserve 

about 47~000 a cre-feet of water annually a t f ul l development. For the 

purposes of this study, a value of $20 per ac re- f eet was used to determine 

18 
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I 
the benefits from this savings. Although future demand may indi a t e 

that the per acre-foot value of Missouri River water should be increased, 

the $20 per acre-foot value is currently being quoted to potential 

industrial water users in the upper Missouri River Basin. The ultimate 

value of this benefit ($940,000 annually) would have an annual equiv a ­ I 
lent value of about $700,000. 

In the economic and environmental e~aluation of the alternative plans, 

benefits were not assigned to uses of the collected water other than 

those described for each plan. With the exception of summer operation I 
of plans A-I, A-2 and A-3 which involve reuse within the Souris Section, 

the water being conveyed out of the Souris River drainage basin will be I
of such quality that it could provide a dependable water source for 

resource developments in the vicinity of the pipeline. Turnouts in­

stalled in the pipeline could supply water for irrigation, fish and 

wildlife enhancement, stream freshening, recreation development s rural 

water systems, stockwater ponds, and municipal and industrial water 

supplies. 

IWater passing through J. Clark Salyer National Wildlife Refuge pools is 

regulated for the control and management of vegetation important to 

migratory and breeding waterfowl. The water management plan includes 

periodic, controlled drawdowns of water levels to maintain soil-plant 

water relationships important to desirable plant species. Changes in I 
the quantity of water passing into and through the refuge would requ i r e 

corresponding changes in the management plan and the drawdown s c h e du l e 

may be modified with higher flows. The reuse alternatives would r e d uce 

average annual return flows to the Souris River from 91,600 a c r e- f ee t Ito 44,200 acre-feet. The 44 , 200 acre-feet o f return flows entering the 

river may limit water management options at the J. Clark Salyer Nation al 

Wildlife Refuge, but to a lesser degree than the authorized plan. 
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Wetlands located on lands within the pipel ine easement would be temporarily 

altered during cons t r uction. Construction of pipelines through natural 

wetlands could be accomplished with a loss of only one production s ea son 

per wetland. This loss would specifically affect waterfowl, other shore­

birds, marunals such as muskrats and mink, and amphibians which rely on 

wetland habitat for food and cover. 

To assure that only a temporary effect is associated with installation 

of the pipeline~ the following construction procedures would be used: 

1. Restoration of the original wetland basin contour. 

I 2. Sufficient compaction of backfill to prevent settling and 

unnatural seepage caused by breaking the natural basin seal, 

and to assure resealing. 

3. 	 Disposa l of excess soil away from wetlands so as to prevent 

part ial fi lling. 

4 . 	 Conservation and replacement of topsoil. 

5 . 	 Reseeding native grasses on all grasslands disturbed by 

construc tion. 

6. 	 Completion of construction and restoration in a specific 

wetland during a single season. 

I 

Upland game and upland habitat would be adversely affected within the 

lOO-foot p i peline construction easement on grasslands, shrubs and wood­

lands. Effects on cultivated lands and grassland would be temporar y a s 

topsoil conservatioa and replacement and reseeding to exis t ing vegeta tion 

on grasslands ~ould be required. 

DL~ .Tubance of cult ivated lands by pipeline construction would have an 

adverse effect on openland wildlife. Loss of nesting, resting and 

I escape habitat would occur to ground-nesting upland birds and water f owl 

and to small mammals. 

Grass l and, pasture land and hayland within the pipeline construction 

easement would be disturbed during construction, with an adverse effect 

I 
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I 
on upland wildlife. Native grasslands would b~ reestablished by 

replacement of topsoil and reseeding with native species. Pasture and I 
haylands would be reseeded with the locally adapted grasses presently 

existing Oll individual fields. I 
Trees and shrubs would be removed within the pipeline construction 

easement, with subsequent adverse effects on deer, small mammals, and 

upland game birds and non-game birds. 'vindbreaks of trees and shrubs 

would be established on project works to offset this loss. 

Under the present plan, flows to the Souris River wbuld provide 

conditions suitable for year-around survival of game fish in water I 
presently devoid of di.ssolved oxygen during certain periods of the year. 

These conditions are also suitable for the survival of rough fish, i.e. 

carp, if such species were introduced in areas where they are not 

presently established. The reuse alternatives, however, would result I 
in return flows to the river during the non-irrigation season of approx­

imately 4,900 acre-feet, and the river would continue to have reaches Iwith dissolved oxygen concentrations insufficient to support fish in 

the winter months. 

I 
Under these alternatives, water would be available for beneficial use 

at State and Federal wildlife areas. Turnouts could be installed to I 
provide supplemental water for wetland recharge during low precipitation 

periods. Turnouts could be located at the request of and managed by Ithe U.S. Fish and Wildlife Service or the North Dakota Game and Fish 

Department for use on wildlife areas. 

Following is a summary of environmental effects for Alternative A: 

I 
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Alterut1ve A - SUllllUry of !nvf ronJDent!l Effects 

Im2act A-I A-2 
Alternative Plan 
A-3 A-4 ~1 A-~ 

~enf!f1::1al 

A po tential redu.ction in return flows to refuge Yeti Yes Yes Yes Yes . Yes 

Potent ial reduction in rough fish sur
SOt!ris River 

vival in 
Yes Yes Yes Yea Yes Yes 

Opt Ion - Turnouts to wetlands Yes Yes Yes Yes Yes Yes 

Adve rse 

!-!11e3 \.if pipeline throulh wildlife wetland habitat 92 110 125 77 95 110 

Po t~ntla1 reclucti~n of fishery in Souris River Yes Yes Yes Yes Yes Yes 

TDS io'rease in Lonetree Reservoir over authori~ed 11% IS: 

11)S inr.T t'!ase 1n r.ake Salutkawea over authorhed negl1~ib1e negligible 

TDS I ncrea5e in Devll:J Lake over authorized 20% 40% 

'[aLa I isve r age allnual flows to Souris River 44,200 44,200 44,200 44,200 44,200 . 44,200 

Cos - estimates fo r the reuse alternatives are based on January 1975 

prices and were added to the total Garrjson Diversion Unit costs to 

r e flect the total cost of the unit including the alternatives. Hodifi­

ca tions of the authorized plan to implement these alternatives would have 

no impacts on potential economic benefits of the authorized plan. The 

additional expenditures for this alternative reduce the benefit-cost 

relationship; however, comparison of total project benefits to costs 

with inclusion of the various plans under this alternative still indicate 

economic justification. Benefit-cost ratios vary from 2.31:1 to 2.45:1 

as compa r ed to 2.91:1 for the authorized plan. 

The reuse alternatives would benefit farms and rural communities near 

the pipeline r ute because better quality water would be available for 

household and municipal use than presently is heing utilized. Water 

would also be available in varying quantities for the freshening of 

stockwater ponds, fisheries, recreation areas, and streams. However, 

a decrease in return flows in the Souris River would result in fewer 

potentia] benefits to the area along the river in North Dakota and 

Canada. These social impa c ts are not included in the economic analys i s 

because basic data were not available to make a quantitative assessment. 

The social w II-being of the State of North Dakota and downstream Misso uri 



basin states would be enhanced by the 47~OOO acre-feet of water which 

would be available in the Missouri River Basin for other uses. 

Fol~owing are discussions of each of the six plans under Alternative A 

and then a general discussion of the alternative. 

Plan A-I I 
~e~c!.i.p_t~_0E. ~( __t.!!e_P.!.a.!!.--This plan consists of collecting the return 

flows which accrue to the subsurface drains~ reusing a portion of this I 
collected water for irrigation in the Souris Section, and diverting the 

remaining collected water to Lonetree Reservoir. I 
The irrigated lands in the Souris Section would be divided into six 

bJock areas and the subsurface drains from these areas would be inter- I 
connected by a buried pipe network. Figures 2 and 3 show a schematic 

arrangement of block areas and pipe collection system. During the I 
irrigation season, return flows from each of the first five block areas 

would be returned to either the Velva Canal or Mouse Canal. This water I 
would be mixed in the canal with water being delivered from Lonetree 

Reservoir and would be reused as irrigation water. The return flows from Ithe last area \.fould be collected in a small l50-acre-foot man-made 

reservoir and then diverted to Lonetree Reservoir. During the non­

irrigation season, the subsurface drains from all six areas would drain I 
directly into the l50-acre-foot reservoir and be diverted to Lonetree 

Reservoir. The following tabulation shows quality and quantity of I 
c()llected return flows being returned to Lonetree Reservoir and the 

Velva and Mouse Canals. I 
ALTER!'IATIVE PLA.'J A-l I 

_ Irrigation Season Non-Irrigatio'l SeasQn Annual Iv 
_..L (acre:-feet) ~ -L (acre-fed) ~ ....L ~cre-fe,:_u.. (mg/l) I 

Lonetree Reservoir 1,800 1001,620 19,500 1,170 45 21,300 1,210 

Mouse and Velva Canals 93 .2i 26,100 1,060 I
TOTAl. 100 27,900 1,100 100 19.500 1.170 100 47,400 1,130 

11 Quality of return flows in TDS. I 

I 




REUSE OF 


COL LECTABLE RETURN FLOWS 


IN 


SOUR IS SECTION 

Irr iga tlon Period 

(Apri l 15 -Oct 15) 
Explanation 

... BLOCK NO.3 Q 2400 
r--"--~ ----~ Ac. AcresTOS 570 ,. 10, 100 Ac. TOS 1260 

I Q Median flows, acre feet /period 
I TOS Median total dissolved solids 
I concent ration in mg/I 

I 

II --- Ca nals
f --- Buried pipe coll ec tion system 

Q 3550 --- Buried pipe collection system~-----.-----,'·OS 1140 
in use...-------,

t--------'!I;~ BLOCK NO. 2 l----~ 
TOS 500 15,100 Ac. I 

I 

II , 
Q 9200 I 

~-----~------I ITOS 1000 

~ BLOCK NO. I ~ J Q I~O BLOCK NO.5 
~T-OS-44-0-'!r~, 39,000 Ac. - --- - I 'Tos'i620 7,600 Ac

I 
... T OS 7 10

;..1' 
/1

I I I
I ,
I L. QIO 100 

~------ -- - ..----....I I I T OS J 13 0 

l I b~~_ BLOCK NO.4 ....."p..-- -"""'iI 
T O i TOS 1090 3 2,000 Ac. - TOS 460 

I I 
t " I 
II 

MOUSE CA..NAL 

t t 
! ..., ­TOS 440 ­0 

~ 

~ 
 QI800 
CJ) I '--D§-----, 

~~L- TO 1620 ... 

T OS 970 I RE SERVOA R 
~ J 

..J 
<t -K-A-R- B-L- ....j 150 Acre feetL-S-R-UH-E- O-CK Q 1800
Z 
<X 1---~T--O--S-4-4-0---t~~'2;"""";""2":;;;;'O';:"'0;"';'A~;;;:""';;:;'::;"::"~ -- '- - - ~ -iiSii2o ... , c. 
<tI 
u 

>
..J 
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W 



I 

I 

RE USE OF 

COLLECTA BLE RETURN FLOW S 


IN ISOURIS SECT ION 

Non-I rrigotlon Period 
(Oct 15 -Apr il 15 ) 

Exp lanat ion 

.. BLOCK NO.3 Q 1700 


p----~,.... 10,100 Ac. TDSi3S0 · 1 Ac. Acres 

~------~~ I Q Median flows, acre feet/p~riod 


TDS Median total dissolved solids
I concentration in mg/I .I . 

t -------- Canals 
--- Buried pipe collection system 

~-----~------, --- Buried pipe collection system I in use - - -----! I 
.... BLOCK NO. 2 ~ 2550 


......................-~-.. (5,100 Ac. TOSl2iO ­I 

I 
I 
t 
I 

~-----~-----I I 

~ BLOCK NO.1 ~ 6550 I Q 1300 BLOCK NO.5 _ 

.......--.....-~ TDi;o;o~ ~-TD~S 00 A hI......~-----.
180'-039,000 Ac. 1/ 7,6 c. 

~'I 
I I 
I t 
I I__~_______~ __ ....... _.~ 
I I I 
I I! 
L~J.3J.9__ BLOCK NO.4 .,."- - __...-t

I os rl60 32,000 Ac. 

" 
I 

I 

-.. 

,1\ 

I 

MOUSE C~NAL .I ... 

t l QI7450 

,, I -Tbsiiio-l I 
--~--I RESERVOIR 

~ ~ KARLSRU HE BLOCK I~~q,... 150 Acre feet Q 19. 500
5 .......-------31,.~ 12,200 Ac. TOS 1050 I-rnSiI70-.... I 

~ 

~ 
lLJ 
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The quali t y o f water being s upplied t o the irrigation block areas, as 

s hown i n Figur e 2 , would vary from unblended water at a TDS concentration 

of 4-40 mg / l to a blended mixutre of canal water and return flow water at 

a maximum TDS concentration of 710 mg/l being delivered to the last block . 

Althou.gh t he quality of application water would vary between the block 

areas, it i s well below the maximum TDS levels recommended for irrigati on 

application water for the type of crops that will be irrigated. 

Following is a tabulation of salinity tolerances and some of the different 

types o f respective crop plants anticipated to be irrigated in the Souris 

Sec t ion : 

Crop Plant TDS 

Corn 
Sugar Beets 
Barley Hay 
Alfalfa 
Wheat 
Oa t s 
Rye 

The above salinity tolerances represent 

yield reduction would occur. 

Salinity Tolerance 1/ 
(constituents) - mg/l­

1,100 

4,200 

3,400 

1,200 

2,900 

2,500 

3,000 


the points at which a 10 percent 

I To interconn_ct the six bock areas and deliver water to the l50-acre­

foot reservoir, a pipe collection system approximately 130 miles in

I length would be installed. Pipeline diameters for the collection system 

vary f r om 12 to 60 inches. Nine pumping stations ranging in capaci t y 

from l ~ t 65 cubic feet per second (ft 3/s) at pumping heads varying 

from 68 to 147 feet would be installed on the pipeline. The pipeline 

to convey water from the 150-acre-foot reservoir to Lonetree Reservoir 

would be about 37 miles long, range in diameter from 45 to 69 inches, 

I and would require three pumping stations with a maximum capacity of 7 
3

ft /s at pumping heads ranging from 92 to III feet. 

I 
I 1 / Jo int Administrative Committee of the Santa Margarita and San Luis 

Rey Wate r shed Planning Agencies, Comprehensive Water Quality 
Management St~, December 1973, Volume I. TDS (constituents ) i s 
t he sum of the ionic constituents in an analyzed water sample. 
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I
The f i rst 17 miles of this pipeline would gene~ally parallel section­

lines unt i l it intersects the Velva Canal near Bergen, North Dakota. IFrom Bergen, the pipeline would be installed on Velva Canal right-of-way 

until it reaches Lonetree Reservoir. 

~e~eivin~ ~a~e~s.--Receiving waters with this plan are the Souris River 

and Lonetree Reservoir. Return flows entering the Souris River as a 

result of irrigation in the Souris Section would be reduced by 52 percent, 

from 91,600 to 44,200 acre-feet with this alternative. Irrigation and 

lateral seepage return flows which accrue" to the subsurface drains would I 
be collected and would not enter the river. Canal seepage and operational 

wastes are not collectable by the subsurface drains and would accrue I 
to the Souris River. In addition to return flows associated with irriga­

tion development, Garrison Diversion Unit will also introduce Missouri I 
River water into the Souris River through municipal and industrial water 

use and fish and wildlife developments. The following tabulation shows I
the median flows which \vould enter the river with the domestic use 

alternative and the resultant effects these additional flows would have Ion water quality (TDS) in the river: 

ALTERNATI~~ A - REUSE!/ I 
RETURN FLOWS AND EFFECTS ON SOURIS RIVER 

IFlows 

Irrigation Season Non-Irrigation Season 3/ 

I{A~r. 15 - Oct. IS} (Oct. 15 - AEr. l5~ Annual Median-
Quantity Quality Quantity Quality Quantity Quality 

Item (ac. ft.) TOS (mr/l) (ac. ft.} TOS (mg/l) ~ac. ft.~ TOS ~m8/1~ 

Return Flows 

Canal Seepage 12,700 1,000 - negligible - 12,700 1.000 IOperational Wastes 6,200 440 -0- 6,200 440 
NFcI Effluent 15,500 440 -0- 15,500 440 
F~I·II. Area Seepage 4,900 4,900 880 9,800~ ~ 

Total 39,300 680 4,900 880 44,200 700 I 
f-,-our i~ River Flows 

Existing Flows ];./ 67,400 510 20,000 630 107,700 540 
Existing Flows with Authorized I 

Souris Section Return Flows 134,600 670 44,200 800 199,300 690 
Existing Flows with Reuse 

Alternative 106,700 580 24,900 660 151,900 590 I 
1/ Data presented in this table is applicable for all six reuse plans. 

2/ Based on a 21-year period from 1953 to 1974, median values at Westhope.

1/ Quantity values shown are median values and do not necessarily equal the summation of 


irriga tio n and non-irrigation median flows. 
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I 

Collected return flows that are diverted ,to Lonetree Reservoir would be 

mixed with water supplied from the McClusky Canal and reused in North 

Dakota. With full development of the Garrison Diversion Unit, an 

average of 570,000 acre-feet annually would flow through Lonetree 

Reservoir. Collected annual r eturn flows diverted to Lonetree Reservoir 

would average 21,300 acre-feet at 1,210 mg/l TDS and would increase the 

irrigation period TDS concentration in Lonetree Reservoir from 440 to 

500 mg/I over a period of about 10 years. Equilibrium would be achieved 

I 
at 520 mg/l at end of non-irrigation period and at 480 mg/l at end of 

irrtgation period. This increase is insignificant and would have no 

measurable effect on consumptive use of the water. However, while 

consumptive use may not be significantly affected, some requirement for 

leaching might oc_ ur, especially during the early years of development. 

I ~.n~i.£o~~n_~al _~r;_e£t~_ . --Environmental impacts for this plan include the 

effects of 92 miles of pipeline constructed through valuable wetland 

and upland wildlife habitat. Average concentrations of natural wetlands 

in these areas range from approximately 60 acres to more than 100 acres 

per section. Prime upland wildlife habitat ranges from approximately

I 13 to 35 percent of the affected area. The anticipated fishery in the 

Souris River may not materialize because of the reduction of return 

I flm.J"s. 

No additional major adverse effects are anticipated by the 21 miles of

I pipeline construction on the Velva Canal rights-of-way or construction 

of the holding reservoir and pumping plants. The return flows of 21 ,300 

I acre-feet annually being diverted to Lonetree Reservoir would eventually 

increase the avera8e TDS in the reservoir from an estimated 440 mg/l to 

500 mg/I, but this is not considered detrimental to the fishe r y. 

~cQ.nQmlc~.--The economic analysis of the authorized Garrison Divers ion

I Unit including this reuse alternative indicates that the total proj ect 

cost would be $603 million and the benefit-cost ratio would be 2.4 5 to 1 

I as shown in the following tabulation: 

I 
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Economic Analysis - Plan !-l 
(in $Thousands) 

Item 

Construction Cost 

Annual Equivalent 

Annual OM&R 

Annual Benefits 

Benefit-Cost Ratio 

Net Benefits 

Authorized 

Unit 


507,200 
1/Cost- 18,563 

1,852 

59,496 

2.91 

39,081 

Alternative 
(Plan A-I) 

95,971 

3,420 
(6,030) 

690 

700 ];/ 
(540) 1:./ 
0.17 

(0.08) 

I 

I 


Total (Authorized 
Plan with Plan A-I) I 

603,171 

21,983 

(24,593) 
 I 

2,542 


60,196 
 I(60,036) 

2.45 	 I(2.21) 

35,671 

(32,901) 
 I 

11 Based on cost plus interest during construction. 

1/ Direct benefits only - there are no secondary benefits. I
Note: 	 Parentheses enclose values which reflect a 6-1/8 percent discount 

rate used in analysis of alternative. Other figures reflect a 
3-1/8 percent discount rate. I 

Economic benefits realized from this plan would be removal of less water 

from Lake Sakakawea resulting from reuse of Souris Section irrigation and I 
lateral seepage return flows. The 47,400 acre-feet of water conserved 

annually in Lake Sakakawea would be available for other water resource I 
developments in the Missouri River Basin. 

IPlan A-2 

.~e~c!.iE.t~?!!. £.i_tE.e_P!a~.--This plan consists of collecting the return 

flows which accrue to the subsurface drains, reusing a portion of the 

collected water for irrigation in the Souris Section and diverting the 

remaining collected water to Lake Sakakawea. I 
This plan is similar to plan A-I except that in lieu of conveying 

remaining flows from the 150-acre-foot reservoir to Lonetree Reservoir, 

these flows would be c . .)nveyed to Lake Sakakawea. 

I 
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The pipeline to convey the flows from the l50-acre-foot reservoir to 

Lake Sakakawea would be about 56 miles long and range in diameter from 

54 to 69 inches. Six pumping stations would be required on this pipe­

line, with a maximum capacity of 73 ft /s at pumping heads ranging fromI 3

47 to 164 feet. 

The first 17 miles of this pipeline would generally parallel section­

lines until it i ntersects the Velva Canal near Bergen, North Dakota. 

From Bergen, the pipeline would ~e installed cross-country to Lake 

Sakakawea . 

I !e~eivln£~a~e~s.--Receiving waters with this plan are the Souris River 

and Lake Sakakawea. Ef f ects on the Souris River are identical to those 

discussed in plan A-l. Return flows diverted to Lake Sakakawea would 

ave r age 21,300 acre-feet annually at 1,210 mg/ 1 TDS. These return 

I f l ows wo uld have no measurable effect on the water quality in Lake 

Sakakawea. 

~n~i£o!!.m_~n.!.al !fte~t~. --Environmental impacts of this plan include the 

effects of 110 miles of pipeline constructed through valuable wetland 

and upland wildlife habitat. Average concentrations of natural wetlands 

in these areas range from approximately 60 acres to more than 100 acres 

per section. Prime upland wildlife habitat ranges from approximately 

13 to 35 percent of the affected area. The anticipated fishery in the 

Souris River may not materialize because of the reduction of return 

flows. 

No additional major adverse effects are anticipated by construction of 

the holding reservoir and pumping plants. The return flows diverted to 

Lake Sakakawea would have no appreciable effect on the averag~ TnS 

concentration in Lake Sakakawea. 

_~cQ.nQ.mic.~. --The cost of this plan would increase the overall pro j ect 

cost to $618 million. The benefit-cost ratio for Garrison Divers i on 

Unit would decrease to 2.38 to 1 as shown in the following tabulation : 
'­

I 
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I 
Economic Analysis - Plan A-2 

(in $Thousands) 

Item 

Construction Cost 

Annual Equ{valent 

Annual OM&R 

Annual Benefits 

Benefit-Cost Ratio 

Net Benefits 

Authorized 

Unit 


507,200 
1/

Cost­ 18,563 

1,852 

59,496 

2.91 

39,081 

Alternative 
(Plan A-2) 

110,582 

4,006 
(7,058) 

847 

700 1/ 
(540) 1/ 
0.14 

(0.07) 

1/ Based on cost plus interest during construction. 

Total (Authorized 
Plan with Plan A-2) 

617,782 


22,569 

(25,621) 


2,699 


60,196 
 I(60,036) 

2.38 

I(2.12) 

34,928 

(31,716) 
 I 

2/ Direct benefits only - there are no secondary benefits. 

Note: Parentheses enclose values which reflect a 6-1/8 percent discount I 
rate used in analysis of alternative. Other figures reflect a 

3-1/8 percent discount rate. 
 I 

Economic benefits realized from this plan are the same as plan A-I. Reuse 

of 26,100 acre-feet in the Souris Section during the irrigation season and I 
returning 21,300 acre-feet annually to Lake Sakakawea would result in 

47,400 more acre-feet annually in Lake Sakakawea that would be available I 
for other water resource developments in th~ Missouri River Basin. 

Plan A-3 I 
~e~c~iEt!o~ £f_t~e_Pla~.--This plan consists of collecting the return 

flows which accrue to the subsurface drains, reus~ng a portion of these I 
flows in the Souris Section and diverting remaining collected water to 

the Devils Lake Chain. 

This plan is also similar to plan A-I except that in lieu of conveying 

remaining flows from the l50-acre-foot reservoir to Lonetree Reservoir, 

these flows would be conveyed to the Devils Lake Chain. The water would 

enter the west end of the chain near the community of Minnewaukan and I 
would be used to freshen the Devils Lake Chain. 
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The pipel ine to convey t he f lows from the l SO-acre-foot reservoir to the 

west end of the Devils Lake Chain woul d be about 70 miles long and would 

range i n di ameter from 39 to 84 inches. Four pumping stations would be 

I 3req ui r ed on this pipeline with a maximum capacity of 73 ft /s at 

pumping heads ranging f rom 48 to 141 feet. 

I Be~eivjn~ ~a~e~s.--Receiving waters with this plan are the Souris River 

and Devi ls Lake chain lakes. Effects of return flows entering the

I Souris Ri ver wi t h this plan are ideptical to those discussed in plan A-I. 

Return f l ows conveyed to Devils Lake would be used for freshening the 

I chai n . The Devils Lake chain lakes are located in a closed drainage 

I 
basin and there are several methods that could be employed to freshen 

thes e l akes. The Devi. ls Lake Chain consis ts of five lakes, namely: 

I 
Devi ls Lake, East Bay Devils Lake, East Devils Lake, West Stump Lake 

and Eas t Stump Lake. 

The Bureau of Reclamation has conducted studies for freshening the Devils 

I Lake chain lakes and has described these studies in a 1975 preliminary 

I 
information report, Water Quality Studies - Devils Lake Chain lakes. 

The Devils Lake study considered delivery of Garrison Diversion Unit 

I 
water to Devils Lake via a Devils Lake Feeder Canal and investigated 

di f f erent methods of freshening the pools in the chain. A basic plan 

was deve loped for the study which called for maintaining the five lakes 

a t various elevations in addition to development of four fish and wild­

I life pools located west of Devils Lake. In addition to the basic plan, 


t he study investigated 10 other plans which called for varying levels o f 


I development and fresh ening of the lakes and fish and wildlife pools . 


Each one of the plans involved using one or two of the lakes for a final 


ev~po ra t ion pool because the lakes are located in a closed drainage basin . 


For plan A-3, return flows collected from the Souris Section would be


I used in conjunction with wa ter from the Devils Lake Feeder Canal f or 


fr eshen 'ng the lakes. Onl y one freshening plan, the basic pl an as 

I des cribed in t he 1975 information report, was investigated for this 

al t ernativ e . Wate r from ~he Devils Lake Feeder Canal would be di scharged 

II i nto Dev ils Lake and supplemented by return flows--21,300 acre-fee t 

I 33 



I 
annually at 1,210 mg/l TDS. The following tabulation shows TDS levels 

in the Devils Lake chain lakes after freshenin&both with and without 

return flows: 

FINAL LAKE CONTENTS AND TDS CONCENTRATIONS11 

Historic With Return Flows 
1956-70 Basic Plan ~P1an A-3l I 

TDS Content TDS Content TDS 
Lake --.lm.&L!.L (ac. ft.) (mg/1) ~ac. ft·l (mg/1) 

F&~~ Development Areas '];/ 82,600 Jj 82,600 '];/ I 
Devils Lake 8,360 313,000 1,300 313,000 1,550 

East Bay Devils Lake 8,330 136,000 2,730 136,000 3,260 I 
East Devils Lake 51,370 80,000 4,080 80.000 4,880 

West Stump l.ake 6,820 8S,vOO 9,580 85,000 11,440 I 
East Stump Lake 98,790 116,000 62,660 116,000 69,140 

~Inflow consists of return flows, natural inflow and Devils Lake Feeder ICanal releases. 

~/ TDS concentrations were not calculated for these areas. 


I 
The basic freshening plan as described in the 1975 information report 

calls for water to be pumped from Devils Lake to the headwaters of the I 
fish and vlildlife areas near Minnewauken. Implementation of plan A-3 

would eliminate this pumping requirement as return flows would be I 
released in this area. However, a pipeline would probably still be 

required to bypass surplus return flows directly to Devils Lake. I 
!~~i~o~~~n~al !fie£t~.--Environmental impacts for this plan include the 

effects of 125 miles of pipeline constructed through valuable wetland I 
and upland wildlife habitat. Average concentrations of natural wetlands 

in these areas range from approximately 60 acres to more than 100 acres I 
per section. Prime upland wildlife habitat ranges from approximately 

5 to 35 percent of the affected area. The anticipated fishery in the 

Souris may not materialize because of the reduction in return flows. 
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The return flows · would increase the average,TDS level in the Devils 

Lake Chain in comparison to the basic plan as outlined in the preceding 

tabulat i on. 

I 
I 

Info rmat ion received from the U.S. Fish and Wildlife Service and the 

North Dakota Game and Fish Department indicates that fish considered 

fo r Devils Lake would be northern pike, walleye, white bass and yellow 

perch . These fish can survive in water containing TDS (constituents)

I concent ra t ions of 3,500 to 4,000 mg/I. Reproduction would be impossible 

at t hese high concentrations; however, fish do run up the freshwater 

I r ibu t ar i es of t he lake (Big Coulee, Mauvais Coulee, etc.) to spawn. 

II 
Introduct ion of return flows into these freshwater tributaries may 

e liminat e present natural spawning areas. 

The ma xi mum range of TDS (constituents) concentration that can be 

t o l era ted f or spawning is 

_'!'YP_~ Fish 

I 
Northern pike 
Walleye 
Perch 
\~hite bass 

shown below: 

1/
TDS (constituents) - mg/I ­

900- 1,100 
800 - 1,000 
800 - 1,000 

Not Available 

I Thus f i sh could survive in Devils Lake and East Bay Devils Lake under 

either the bas ic plan or plan A- 3. However, fish could not spawn under 

I either pl an. 

Economic s . --The total cost of the Garrison Diversion Unit would increase 

I t o $633 million '\oJith inclusion of this plan. As sho1;V!l in the followin g 

tabulation, the cost-benefit ratio would decrease to 2.35 to 1. 

I 

I 

I 

1/ TDS (constituen ts) j s the sum o f the ionic cons t ituents in an analyzeJ 
wa te r sample. 
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Item 

Construction Costs 

Annual Equivalent 

Annual OM&R 

Annual Benefits 

Benefit-Cost Ratio 

Net Benefits 

Economic Analysis - Plan A- 3 
(in $Thousands) 

Authorized Alternative 
Unit (Plan A-3) 

507,200 125,434 

Cost 1/ 18,563 4,433 
(7,819) 

1,852 811 

59,496 700]) 
(540) ~/ 

2.91 0.13 
(0.06) 

39,081 

1/ Bas ed on cost plus interest during construction. 

I 
Total (Authorized 

Plan with Plan A-3) 

I
632,634 

22,966 

(26,382) 
 I 

2,663 


60,196 
 I(20,036) 

2.35 

I(2.07) 

34,567 

(30,991) 
 I 

1/ Direct benefits only - there are no secondary benefits. 

Note: Parentheses enclose values which reflect a 6-1/8 percent discount I 
rate used in analysis of alternative. Other figures reflect a 

3-1/8 percent discount rate. 
 I 

Economic benefits realized from this plan are identical to those identified 

for plan A-I. The water being diverted out of the Souris River drainage I 
basin would be used for freshening the Devils Lake Chain in lieu of 

being introduced into Lonetree Reservoir. I 
Plan A-4 

I_Qe~c£iEt~o~£f_t~e_Pla~.--This plan consists of collecting return flows 

1;-lhich accrue to the subsurface drains and diverting these flows to 

Lonetree Reservoir. I 
The subsurface drains in the Souris Section 1;\lould be connected by a 

closed pipe system and the flows from the drains would be conveyed 

directly to Lonetree Reservoir. This plan would not require holding or 

storage reservoirs. The collection system associated with this plan 

would consist of 103 miles of pipe ranging in diameter from 12 to 75 

inches and six pumping stations having capacities varying from 9 to 120 

ft 3/ s at pumping heads varying from 68 to 147 feet. The conveyance 

I 
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I 
I system would consist of 37 miles of pi peline ranging in diameter from 

60 to 84 inches. Three pumping sta t i ons would be installed on the 

conveyance pipeline, wi t h maximum pumping capacities of 135 f t 3/s a t 

I pumping heads varying from 91 to 110 feet. Pipeline routing for the 

conveyance system would be the same as plan A-I. 

I 
I 

A to t al o f 47, 400 acre-feet annually with an average TDS concentration 

of 1 ,020 mg/l would be diverted to Lonetree Reservoir with this plan. 

Return flows collec ted during the irrigation period would be 27,900 

acre-fee t at a TDS concent ration of 1,000 mg/l. Flows during the non­

I irr igation period would be 19,500 acre-feet (41 percent of the annual 

co l l ectable r eturn flows) and would have a TDS concentration of 1,050 

I mg/ l. 

I 
~e~eiv~n~ Wa~e~s .--Rece iving waters with this plan are the Souris Ri ver 

and Lonet ree Rese r voir. Effects on the Souris River are identical to 

t hose di scussed in plan A-I. Collected return flows that are diverted 

I t o IJonetree Reservoir would be mixed with water supplied from the 

McClusky Canal and reused in North Dakota. With full development of t he 

I Garrison Diversion Unit, an average of 570,000 acre-feet annually would 

flow through Lonetree Reservoir. Collected annual return flows diver ted 

I to Lonetree Reservoir would average 47,400 acre-feet at 1,020 mg/l TDS 

I 
and l,;vould increase the average irrigation period TDS concentration i n 

Lonetree Reservoir from 440 to 540 mg/l over a period of about 12 y ca~R. 

Equilibrium would be achieved at 580 mg/l at end of non-irrigation pe riod 

and 500 mg/l at end of irrigation period. This increase is insigni fi cant 

I and would have no measurab l e effect on consumptive use of t he wa t e r . 

However, while consumptive use may not be significantly affected, some 

I r equirement for leaching might occur, especially during the early years 

of development. 

I Environmental Effects.--Environmental impacts for this plan incl ude the 

ef f ects of 77 miles of pipeline constructed through valuable wetland and 

I upland wildlife habitat. Average concentrations of natural tvetlands i n 

t hese a r eas range fr om approximately 60 acres to more than 100 ac r es per 

I section. Pr ime upland wildlife habitat ranges from approximatel y 13 t 
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I 
35 percent of the affected area. Theant icipat~d fishery in the Souris 

may not materialize because of the reduction of return flows. I 
Additional adverse effects are not anticipated by the 21 miles of pipeline 

construction on the Velva Canal rights-of-way. The return flows of I 
47,400 acre-feet annually being diverted to Lonetree Reservour would 

eventually increase the average TDS level in the reservoir from 440 to I 
540 mg/l, but this is not considered detrimental to the fishery. 

I~c~~~rr~c~.--The cost of this plan would" increase the overall project 

cost to $609 million. The benefit-cost ratio for Garrison Diversion Unit 

\vould decrease to 2.43 to 1 as shown in the following tabulation: I 
Economic Analysis - Plan A-4 

(in $Thousands) I 
Authorized Alternative Total (Authorized 

Item Unit (Plan A-4) Plan with Plan A-4) I 
Construction Cost 507,200 101,727 608,927 

1/
Annual 	Equivalent Cost- 18,563 3,680 22,243 I 

(6,483) (25,046) 

Annual 01-1&R 1,852 707 2,559 

Annual Benefits 59,496 700]) 60,196 I 
(540) 1/ (60,036) 

Benefit-Cost Ratio 2.91 0.10 2.43 I
(0.08) (2.17) 

Net 	Benefits 39,081 35,394 
(32,431) I 

1/ Based on cost plus interest during construction. 

l/ Direct benefits only - there are no secondary benefits. 	 I 
Note: 	 Parentheses enclose values which reflect a 6-1/8 percent discount 

rate used in analysis of alternative. Other figures reflect a 
3-1/8 percent discount rate. I 

The discount benefit realized from this plan is a reduction in water I 
removed from Lake Sakakawea. The 47,400 acre-feet of water conserved 

annually in Lake Sakakawea would be available for other resource 

developments in North Dakota. 

I 
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Plan A-5 

Qe~cEi.Eti0E. 9}_the_P.!..a~.--This plan consists of collecting the return 

flows which accrue to the subsurface drains and diverting these fl ows 

to Lake Sakakawea. 

I 

Thi s plan is identical to plan A-4 except that in lieu of diverting the 

collected flows to Lone tree Reservoir, the water would be diverted t o 

Lake Sakakawea. The conveyance system associated with this plan 

consis ts of 56 miles of pipe ranging in diameter from 	57 to 84 inches. 
3Six pumping stations with a maximum capacity of 135 ft /s, with pumping 

heads ranging from 40 to 150 feet, would be required to convey the water 

t o ake Sakakawea. Pipeline routing for the conveyance system would be 

I the s ame as plan A- 2 . 

~e~eivin~ ~a~e~s.--Receiving waters with this plan are the Souris River 

a nd Lake Sakakawea. Effects on the Souris River are identical t o t hose 

di s c usse d in plan A-I. Return flows diverted to Lake Sakakawea would 

average 47,400 acre-feet annually at a TDS concentration of 1,020 mg/l. 

These return flows would have no measurable effect on the water quality 

I in Lake Sakakawea. 

~n~i~o~m~?~a! !fie~t~.--Environmental impacts for this plan i nc lude the 

effects of 95 miles of pipeline constructed through valuahle wetland 

and upland wildlife habitat. Average concentrations of natural wet l ands 

in t hes e areas range from app~oximately 60 acres to more than 100 acres 

per section. Prime upland wildlife habitat is approximately 13 t o 35 

I percent of t he a ffected area. The anticipated fishery in the Souris 

River may not materialize because of the reduction of return flows. 

I The return f10'l"..,s of 47,400 acre-feet \.,ould have no appreciable effect on 

the average TDS in Lake Sakakawea. 

I 
I 

~cQn~_mi.c~. --The cost of this plan would increase the overall proj ect 

cost to $632 million . The benefit-cost ratio for Garrison Diversion Unit 

would decrease to 2.32 to 1 as shown in the following tabulatton: 

I 
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Item 

Construction Cost 

Annual Equivalent 

Annual OM&R 

Annual Benefits 

Benef i t-·Cos t Ratio 

Ne t Benefits 

Economic Analysis - Pl an A-5 
(in $Thousands) 

Authorized 
Unit 

Alternative 
(Plan A-5) 

1/Cost­

507,200 

18,563 

1,852 

59,496 

2.91 

39,081 

124)775 

4,614 
(8,120) 

931 

700]) 
(540) ]) 

0.13 
(0.06) 

I 


Total (Authori zed 
Plan with Plan A-5) I

631,975 

23,177 
(26,683) 

2,783 

60,196 I(60,036) 

2.32 	

I(2.04) 

34,236 
(30,570) I 

1/ Based on cost plus interest during construction. 

1/ Direct benefits only - there are no secondary benefits. 'I 
Note: 	 Parentheses enclose values which reflect a 6-1/8 percent discount 

rate used in analysis of alternative. Other figures reflect a 
3-1/8 percent discount rate. I 

The economic benefits realized for this plan are identical to those 

described for plan A-4. 

Plan A-6 I 
_~e~c_!"..i.E.ti.o.!!. ~f_the_Pla.~. --This plan eonsists of collecting the return 

flows which accrue to the subsurface drains and diverting these f l ows I 
to the 	Devils Lake Chain. 

This plan is also similar to plan A-4 except that in lieu of diverting I 
the collected flows to Lonetree Reservoir, the water is diverted to the 

Devils Lake Chain. The conveyance system associated with this plan I 
consists of 70 miles of pipe ranging in diameter from 48 to 78 inches. 

Four pumping stations with a maximum capacity of 135 ftJ/s and pumping I 
heads ranging from 79 to 146 feet would be required to convey the wate r 

to the Devils Lake Chain. The pipeline routing for the conveyance Isystem 	will be the same as plan A-3. 
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I 


I 
I 
I 
I 
I 
I 
I 
I 

The water would enter the wes t end of t he Devils Lake Chain near the 

community of Minnmvaukan and would be used to freshen the chain. The 

effect of this plan on the Devils Lake Chain is similar to plan A-3 

except that a larger volume of return flows would result in slightly 

higher TDS concentrations in the lakes. 

~e£eivin~ ~a~e~s.--Receiving waters with this plan are the Souris River 

and Devils Lake chain lakes. Effects of return flows entering the 

Souris River with this plan are identical to those discussed in plan 

A-I. Return flows conveyed to Devils Lake with this plan would be used 

to freshen the Devils Lake chain lakes in conjunction with water being 

supp l ied from the Devils Lake Feeder Canal. The freshening concept used 

for this plan is similar to the one discussed for plan A-3 except that 

r e turn flow volmnes are larger. 

Return flows (47,400 acre-feet at TDS concentrations of 1,020 mg/l) 

would be used in conjunction with water from Devils Lake Feeder Canal 

to 	freshen the lakes. The following tabulation shows the TDS levels in 

the Devils Lake chain lakes based on the basic plan as described in t he 

1975 preliminary information report, Water Quality Stuc!ies - Devils Lake 

~~ain Lakes, after freshening with and without return flows. 

fINAL LAKE CONtENTS AND TDS CONCENTRATIO~sl/ 

Lc>ke 

F&WL Development Areas 

Devil s Lake 

East Bay Devils Lake 

East Devils Lake 

't-!est Stump Lake 

East Stu.'llP Lake 

Historic 
1956-70 Basin Plur. 

TDS Content TDS 
-(~ l~ft.) ~.sL!2 

2:/ 82,600 ?i 

8,360 313,000 1,300 

3,330 130,000 2,730 

51,370 80,000 4,080 

6,820 85,000 9,580 

98,790 116,000 62,660 

With Return Fl ows 
(Plan A-6) 

Content TDS 
(a;::, ~ (I!SQl 

82,600 '!:.! 

313,000 1,790 

136,000 3,765 

80,000 5,640 

85,000 13,205 

116,000 75,295 

i./ 	 Inflow consists of return flows, natural inflow and Devils Lake. 
Feeder Canal releases. 

1/ 	 TDS concentrations ~lere not calculated for these areas. 
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The basic plan as described in t he 1975 information report calls for 

water to be pumped from Devils Lake to the headwaters of the f ish and 

wildlife areas near Minnewaukan. Implementation of plan A-6 would 

eliminate this pumping requirement as return flows would be released 

in this area; however, a pipeline would probably still be required to I 
bypass surplus return flows directly to Devils Lake. 

The possibility of eliminating the Devils Lake Feeder Canal with this 

plan was explored; however, it did not appear to be practicable. IWithout additi.onal water from the feeder canal to supplement the return 

flows, adequate control of pool elevations cannot be achieved. 

I 
_~n~i~o.!!~n!.a}: ~(fe~t~.--Environmental impacts for this plan include the . 

effects of 110 miles of pipeline construction through valuable wetland I
and upland wildlife habitat. Average concentrations of natural wetlands 

in these areas range from approximately 60 acres to more than 100 a c res 

per section. Prime upland wildlife habitat ranges from approximately I 
5 to 35 percent of the affected area. The planned beneficial fishery 

in the Souris may not materialize because of the loss of anticipated I 
return flows. 

The return flows would increase the average TDS level in the Devi l s 

Lake Chain, in comparison to the basic plan, as outlined in the preceding 

table. I 
The effects on fish in the lake chain would be essentially the same as I 
plan A-3. 

~c~n£mic~.--The cost of this plan would increase the overall project I 
cost to $640 mi l lion. The benefit-cost ratio for Garrison Diversion 

Unit would decrease to 2.31 to 1 as shown in the followi.ng tabulat i on : I 

I 

I 

I 
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Economic Analysis - Plan A-6 
(in $Thousands) 

Item 

Constr uc t ion Cost 

Annual Equivalent 

Annual OM&R 

Annual Benefits 

I Benef it-Cost Ratio 

Net Benefits 

I ~! Based on cost 

Authorized 

Unit 


507,200 

Cost ---1/ 
18,563 

1,852 

59,496 

2.91 

39,081 

Alternative 
(Plan A-6) 

132,736 

4,772 
(8,409) 

853 

700 1/ 
(540) 1/ 
0.12 

(0.06) 

plus interest during construction. 

Total (Authorized 

Plan with Plan A-6) 


639,936 

23,335 
(26,972) 

2,705 

60,196 
(60,036) 

2.3] 
(2.02) 

34,156 
(30,359) 

2/ Direc t benefits only - there are no secondary benefits. 

I Note : Parentheses enclose values which reflect a 6-1/8 percent discount 
rate used in analysis of alternative. Other figures reflect 
a 3-1/8 percent discount rate. 

I 
Economic benefits realized from this plan are identical to those described 

for plan A-4. Additional benefits may be realized from this plan by 

reducing the capacity of the Devils Lake Feeder Canal. This benefit, 

however, was not quantified for this study.

I 
Discussion 

I As sho~m in the reuse plans, the irrigation return flows collected 

from the subsurface drains are of good quality and are suitable for 

I further resource development. Water is still plentiful in this region 

I 
and as a result it is pr-esently a rather inexpensive commodity. 

However this condition could easily change as more demands are placed 

I 
upon Missouri River water in North Dakota for both reuse (within North 

Dakota) and release for downstream consumption. In the foreseeable 

future, it may not only be economically feasible to collect and use 

these irrigation return flows in North Dakota, but it also could be 

I socially desirable. 
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I
The six p lans investigated i n t his a lternative .cons i dered t he most 

probable us es for collected water ; however, fur ther feasibility l eve l 

studi es would be able to f irmly define prospect ive water uses. Further I 
studies may identify uses for the collected water that wo u_ d precl ude 

the requirpment to divert co llec t ed r e turn flows to a receiv ing r eser ­ I 
voir or lake. 

IOne method t hat could be employed to encourage water use from t he re t ur n 

flow conveyance pipeline would be to provide the capability of diverting 

Velva Cana l water directly into the conveyance pipeline. Prov i ding I 
Velva Canal water in the pipeline would insure adequate supplies during 

the irriga t ion development period when irrigation return f lows would be I 
low and it cOl ld also supplement return flow volumes if ne cessar y after 

irrigatiol development is completed. I 
All collec t ion and conveyance systems in this alternative are des igned 

to a c commo da t maximum peak flows. I n those plans \vhich involv reuse I 
in the Souris Section , some economy is realized be canse reuse ' i gni f i­

cantly r educ es capacity requirements and costs o f the re t urn f luw I 
conveyance system. Another method that could b e ·nvest i ga t e d to red ce 

collect ion and conveyance system costs would be t o design the systems I 
for s omething less than peak flmvs. Syst em capacities a nd cos t s could 

be significantly reduced by r e leasing excess collected flows in t o the ISouris River during August through October when maximum subsurface 

drain flows occur. I 
Plans A-2 <lnd A-5 which divert the collected water t o Lake Sakakawea 

appear to be the least viable of the reuse alternative plans. I 
Divers ion to Lake Sakakmvea is not the most economical plan and i t 

transfers water from an area that has inadequate supplie s o f good Iquali ty water to an area th~t has an abundant supply of good qual i ty 

vlat e r. 

Alternative plans for conveyance to Lone tree Reservo ir are th most 

economical; however, possibilities for use of _the wa t er a l ong the pipe­

l ine r outing are limited. The plans for conveying wa t e r t o Devils Lake 
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are the mos t expensive, bu t these plans also. offer the most opportunities 

for water resource developments along the pipeline route. 

• 
If a reuse alternative was implemented, identification of prospective 

water users along the pipe route and assigned benefits from these uses 

would be instrumental in selection of the plan to be developed. 

Any freshening plan employed f or the Devils Lake Chain, with or without 

I 

the ~se of return flows, may entail some rather unique land acquisition 

proh lems as ownership of the lands Delow the meander line or highwater 

mark of the west end of the Devils Lake Chain is. questionable. Until 

'. 
r ecent years, pool levels were generally below the meander line and 

t he se lands were occupied by adjacent landowners. These occupants have 

cl a imed ownership and any freshening plan employed in the Devils Lake 

• 
Chain may involve land ownership disputes regarding those lands lying 

bel ow the meander line. 

•••• 
I 
I 
I 
I 

• 
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Alternative B - Dilution I 
This a1 ternative consists of providing a turnout at the Velva Canal­ I 
Sou~is River siphon crossing and periodically releasing Velva Canal water 

into the Souris River. •There are essentially three ways that a dilution alternative could be 

operated. Dilution water could be regulated to maintain Souris River I 
quantity or quality, or both quantity and quality. For this alternative, 

dilution water is regulated to maintai~ a given quality; that is, t o 

maintain TDS at or below a given level. • 
Description-.E~l!~R.:~.!! .'
The presen t ly planned combination wasteway/turnout structure at the 

siphon crossing would be used to releas€ Velva Canal water into the 

Souris Rive r . Under the authorized plan the strllcture would serve as a 

'vas teway Clnd would also be used for canal de,,:vatering. Water quality I 
would be monitored at the Westhope gaging station and dilution water 

would be regulated to prevent TDS levels in the river from exceeding I 
1,000 mg/l. This alternative would require year-around operation of the 

Velva Canal because most of the dilution requirements occur during the I
winter months when river flows are low. 

Dilution to 1,000 mg/1 was selected since this value compares with t he I 
acceptable potable water quality standards established for the Souris 

River in North Dakota by the North Dakota State Health Department. I 
Attempts to dilute to lower TDS levels would require large volumes of 

water. Hhen Souris River TDS levels are in the 800 to 900 mg/1 range, Iriver flows are quite high and proportionately more dilution 'vater would 

be required to affect water quality. Dilution to lower TDS levels may II 
also tend to compountl flooding and erosion problems. 

Historic data (Westhope gaging station) for a 2l-year study period f r om 

1953 to 1974 indicate TDS levels in the Souris River ranged from a l ow 

of 163 mg/l in April 1969 to a high of 3,650 mg/l in February 1961. 

During the study period, TDS concentrations exceeded 1,000 mg/l during 
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48 months. Median TDS concentrat ions exceeding 1,000 mg/l usually 

occur red in December, January or Februar y when river flows were extremely 

low. No-flow conditions occurred in 9 months of the 2l-year study 

-per iod. 

I Annual median return flows ac cruing to the Souris River after planned 

development (116,000 ac res ) would be a bout 91,600 acre-feet at a TDS 

concentration of approximately 870 mg/l . These flows would range from 

about 67,200 acre-feet at TDS concentrations of 810 mg/l during the 

irrigat ion period (April 15 - October 15) to 24,400 acre-feet at TDS 

concentration of 1,020 mg! l occurring during the non-irrigation season 

(October 1.5 - April 15). After development of the authorized Souris 

I Se ction, TDS levels o f composite f lows (historic flow plus return flows) 

in t he Souris River will generally increase during periods of high flows 

I and decrease during periods of low flows as compared to historic TDS 

levels of flows in the river. See Figure 4 for comparison of median 

TDS val ue c • Normally, Souris Section return flows will decrease TDS 

co centrations in the river during December, January and February and 

increase TDS concentrations during the other months. However, during 

extreme periods similar to historic low flows and high TDS levels, return 

flows would lower TDS concentrations in the river during five months of 

I the year. 

I 
 Dilution requirements for this alternative are based on a 2l-year 


hydrologic cycle with the addition of Garrison Diversion Unit return 

flows over a 63-year period. The 63-year period represents the time­

frame in which development of Garrison Diversion Unit would be completed 

and most of the irrigated lands would reach a salt balance. During the 

I 63-year period, composite flow TDS concentrations in the river would 

range from a lo,v of 177 mg/l to a high of 1,541 mg/l. River TDS concen­

trations would exceed 1,000 mg/l for 137 months and would usually occur 

in December, January and February. 

I To limit maximum TDS concentrations in the Souris River to 1,000 mg/l, 

Velva Canal water at an average TDS concentration of 440 mg/l would be 

I released into the river. Maximum releases would be about 7,200 acre-feet 
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I 
pe r year with full Souris Sec t ion devel opmen t . . This amount o f dilution 

w uld have occurred in year 1971 if the Souris Section had been fully Ideveloped. See Figures 6 and 7, respectively, for projected composite 

fl ows and TDS levels with full development of Garrison Diversion Unit 

and his toric river flows and TDS levels. Dilution water would generally I 
be required only during the months of January and February. Median 

releases would amount to only 1,600 acre-feet per year. See Figure 5 I 
fo r median flows. No dilu t ion would be required during periods of above 

normal f lows. I 
The Velva Canal presently is not designed to operate during the win ter 

mon t hs . In order for the canal to be opera t ional during the winter I 
seas U , modifica t ions would be required to the regulating and control 

s t ru tu~es (~etwe n Lonetree Reservoir and Souris River) in the c anal I 
to pr event freezing. Costs associated with these modifications an d 

per at i on of the canal will increase; however, they were not quantified I
f or th is study. 

Di l ut i on r e quirements for this alternative are based on requirements I 
after cul l development of the Souris Section. However, the same TDS 

l evel (1 ,000 mg/l) could be maintained in the river once the Velva Ca nal I 
is operational. During Souris Section staged development (first 26 

years after init ial construction in area)~ lack of augmentation f r om I 
return flows may require additional quantities of dilution water to 

maintain river TDS levels below 1,000 mg/l. Dilution will be req uired 

only during low·-flow periods; consequently, it will not affect f] ood I 
f ows. 

Environmental Effects 

Dilution fl.mvs \votlld add to the effects attributed to anticipated r e t u rn 

fl ews and would limit water control and management options at t he J . 

Clark Salyer National Wildlife Refuge. 

Water passing through the refuge is regulated for the control and 

mana gement of vegetation important to wildlife, specifically migratory 

and breeding wa ter fowl. The water management plan includes per i od i c , 
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controlled water level drawdowns to main tain soil/plant relationships 

important to desirable plant species. Additional water passing into 

and through the refuge during the winter months would limit water control 

management options during this 3-month period. 

The i ncreased amounts of wa te r movement attributed to the return flows 

and dilution water may change the limnology of refuge waters. Changes 

in population composition of zooplankton and phytoplankton may occur, 

which could reduce the amount of food organisms available for resident 

and migratory waterfowl and other wet l and wildlife. 

I 

The r i ve r ine environment would be enhanced by the freshening effect of 

t he re turn flows and dilution waters. This would provide conditions 

suitable for increased populations of game fish as well as rough fish, 

shoulrl t hey be introduced. 

Re turn flows mixing with natura l flows of the Souris River downstream 

from its conf luence with Deep River may result in additional periods of 

open water during winter months. If large areas of open water remain 

during extended winter periods, they could attract ducks and geese, 

delay their migration, and expose them to winter storms. If this occurs, 

starvation losses may be increased, as well as losses from increased 

incidence of disease. Open water would be highly beneficial to fish by 

providing oxygenation during a portion of the winter season. Increased 

oxygen along~.1ith increased streamflow would improve the fishery of the 

stream, lower the biochemical oxygen demand (BOD), stabilize organic 

matter, and provide a general improvement of water quality in the river. 

Dilution flows would not measurably increase the amount or duration of 

ice-free areas in the Souris River. 

The impacts of this alternative on fish could be both beneficial and 

adverse. The improved water quality and quantity would allow year­

a round survival of game fish in the fishery. It \-JOuld also allow for 

I survival of rough fish if they were introduced. Rough fish such as carp 

I 
would compete with the game fish for food and habitat. If large popu­

lations are established, rough fish may also compete with waterfowl for 

I 
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I 

I 

food and r duc ~ aquatic vegetation utilized by ~aterfowl. Carp are 

presently round in the lower Souris River; however, the carp have not 

i mmi grated into the United States portion of the river. With increased 

fl ows, an additional control structure may be required to prevent carp 

movement upstream into refuge pools. 

Following is a summary of environmental effect:s for Alternative B: 

Alternative B - Summary of Environmental Effects 

Impact 
Beneficial Adverse 

Reduction of 3 and 5 percent in Increase in flows of li600 acre­ Imedian TDS level (January and feet per year (median year) to J. 
February, respectively). Clark Salyer National Wildlife 

Refuge, affecting management plan, 
Increased fishery potential for limnological regime, etc. I 
game and rough fish survival -
Souris River. Open winter water may concent rate 

l-laterfowl. I 
Increase in potential rough fish 
survival - Souris River. I 

E(:onomics 

INo additional water conveyance structures would be required for t his 

alternative and consequently the project cost of the authorized unit 

would not change. The value of the extra water released from Vel va I 
Canal for dilution will range from a median value of $32,000 to a 

maximum value of $144,000 under full development of the Souris Section. I 
(These amounts are based on a value of $20 per acre-foot, the s ame value 

used for water conserved under Alternative A.) This value of increased I 
water use from Lake Sakakawea has no significant impact on the benefits 

of the Garrison Diversion Unit or on the costs of this alternative. I 
Operation, maintenance and replacement costs would consist of moni to ring 

the releases from Velva Canal. This operational function would be 

required during the off-season months for the regular OM&R personnel and 

could be incorporated into the work schedule of the staff in charge of 

basic authorized unit fea t ures. 
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Although the economic benefits were assessed, they were not quantified 

for the dilution alternative. The value of the additional Missouri River 

water diverted for dilution, when subtracted from the benefits of the 

autho rized plan, does not change the 2.91 benefit-cost ratio. 

Social Ef fects 

Benef icial effec ts can be anticipated to occur in Canada from controlled 

releases into the Souris River. The Province of Uanitoba is predominately 

r ural, and rural communities depend on agriculture and business establish­

ments for their living. Recreational activities . are centered around 

water i mpoundments and public parks. The additional water in the Souris 

River r.ould be used to enhance agricultural and industrial production, 

i mp rove rural water supplies, and facilitate recreational and other water 

resource developments. Descriptions of landforms along the Souris River 

in Man itoba indicate that some lands could benefit from sustained irri ­

gation dev elopment. 

Added r e leases from Velva Canal would improve water quality and assure 

a s t abilized vol~~ of water in the Souris River. Offensive odor, poor

I color and taste problems experienced periodically could be alleviated. 

Poor quality water at recreational sites could be enhanced through 

I controlled releases from Velva Canal. 

I Thes e added releases could be beneficially used by industries that depend 

on Souris River water during periods of low flow with high TDS and 

colloidal concentrations. A more uniform water quality at a higher rate 

of flow could help alleviate 

t hese industries in Manitoba. 

I 
I 
I 
I 
I 

some of the poor water conditions faced by 
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IDiscussion 

Addition of dilution water into the Souris River would stabilize river I 
water quality. This alternative does not appreciably affect Garrison 

Diversion Unit costs and improved Souris River quality should be 

beneficial to both the United States and Canada. 

Although the dilution plan seems to be the most logical plan to consider I 
at this tinle~ it is possible that other dilution plans could be studied 

which would provide additional benefits to Canada during any part of a Igiven year. Once the dilution objective has been d~fined, methods could 

be explored to achieve that goal. Potential benefits which could be 

realized by Canada with different dilution schemes are a constant and I 
adequate water supply for domestic use, irrigation, and industrial use. 

Some problems which may be encountered with providing this constant water I 
~~upply to Canada are limited canal capacity and greater volumes of water 

required to have a significant impact in improving water quality when I 
flows are high in the river. Difficulties such as operation of the canal 

Juring winter months will also be encountered. • 
I 
I 
I 

I 

I 
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Al t erna t i ve C - Par t i a l Development 

This alte r na t ive consists of three plans with varying levels of 

development of the Souris Section. The authorized plan for the Souris 

Section inc l udes irrigation development of 116,000 acres, development 

of 27 , 650 a cres for fish and wildlife areas, and provisions for 

providing water for munici pal and industrial purposes. 

This alternative investigates the effects on Garrison Diversion Unit 

and the Souris River if irrigation development in the Souris Section 

w's reduced to 90,800 acres, to 51,200 acres; or to no irrigation 

development in the Souris Section. Each plan includes a reduction in 

f i sh and \·Jildlife areas and municipal and industrial water benefits. 

The environmental impacts associated with partial development are both 

benef i cial and adverse. The effect of the impacts depends on the extent 

of deve l opment. Major impacts of these plans are: 

1. The amount of channelization in natural watercourses would be 

reduced or eliminated. These watercourses are valuable for waterfowl 

I produ c t ion and other wetland wildlife because adjacent farmlands are 

intensively used for agricultura l production. The watercourses retain 

wa t e r in the spring, early summer, and after precipitation periods, and 

provide high quality wetland habitat for wildlife. During the winter 

they provide the winter food and cover for upland birds and mammals 

that is not available on adjacent farmlands. 

I 2 ~ Canal s through cropland, rangeland, woodland and natural 

wet l and habitat would be reduced in length or eliminated. Elimination 

I of canals whic h would affect woodland, rangeland and wetland will be 

I 
beneficial because these lands are presently of value to wildlife. 

Elimination of canals wi l l result in a net loss in cropland habitat 

I 
value if acres lost to right-of-,,,ay construction are compared with acre s 

of planned permanent upland habita t on canal rights-of-way. The value 

of this permanent upland habitat will depend on the right-of-way width 

and whether these seeded r i ght-of-way areas ever approach t he plan t 

I diversity of a natural plant community. Average width of the seeded 
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area on the total length of the Velva Canal wiLl be approximately 90 

feet on each side. Those sections of canal which meet or exceed this 

average width should be of substantial value to waterfowl, upland game 

and ' non-game birds, deer, fox and other small mammals. 

The width of seeded area on the northern 18 miles of the Velva Canal 

wi ll be 30 feet or less on each side, as will the seeded area on the IMo use Canal. \.Jildlife value associated wi th right-of-way on these t wo 

sections will be very limited because of the narrow width of the strips. 

The~e narrow strips tend to congregate nesting birds and small mammals , I 
making them far more susceptible to predation than would larger and wider 

blocks of cover. The strips also tend to fill with snow and provide I 
little or no winter cover and protection. 

I3. The quantity of return flows discharged into J. Clark Salyer 

Refuge would be reduced or eliminated. This would lessen the possible 

water management problems of the refuge. I 
4. The alteration or loss of natural wetlands because of irrigation I 

systems and associated land improvements would be reduced or eliminated . 

5. The reduction in the amount of land to be developed as permanent I 
wildlife habitat would be proportional to the reduction in irrigated 

acreage. I 
6. Effects of the quantity and quality of reduced return flow on 

the Souris River fishery would vary with the reduction in return flows I 
as compared to the authorized plan. 

I 
Following is a summary of environmental effects for Alternative C: 

I 
I 
I 
I 
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~~~~~lve C - Summary of En~iropmental Effects 

___________I!!!.P~__ • _______ (;-1 
Alterr.ative Plan 

C-2 C-3 

Re ,iuc.::ion in miles of plannedchannel1~at1on 49 49 78 

Reduct i on In miles of canals planned through 
w'ldl ife h3~itat 18 48 114 

Reducti on in flows 
\~ildlif~ Refu3e _ 

to J. Clark Salyer National 
15,300 ae. ft./yr. 37,000 ac. 'it./yr. 91,600 ae. ft.lyr. 

R~duction in loss of natural wetlands 
irligation ~ys tems 

to 
3,780 1/ 9,720 11 1l.400.!/ 

Reduct!on in return nOlo'S affecting potential 
f she r y in th~ Souris River 15,300 ae. ft./yr. 37,000 ac. ft./yr. 91,600 ae. ft./yr. 

il.ed uc i on in planned per.:lat~en:: vege tative cover 
on a <.11 right-of-way 18 miles 48 milu 114 miles 

Reduc t ic n in amount of wildlife d£vd')i'~<'nt areas 370 ac. 2,630 ac. :l7,b50 ac. 

R~duc ion in return flows causing r~duced fisr.erj 

poten ~lal 15,300 ac. ft./yr. 37,000 ac. ft./yr. 91,6(10 ac. ft.lyr. 


1/ E t~atE!d wetlands are c omputed as follows: irrigation acres ~eleted x IS perce~t. 

I 
Pot en t ial economic and social effects of this alternative are the loss 

of benefits from increased farm income and associated business activity, 

the loss of opportunity to increase food production, and the loss of 

associated employment opportunity. There are also seven communities in 

the Souris Section which are depending on Garrison Diversion Unit for 

a future water supply. The potential irrigation and municipal and 

I industrial water development eliminated by this alternative will mean 

I 
loss of benefits ranging from $5.6 million to $25.6 million annually and 

will adversely affect the social well-being of 1,200 to 87,000 people. 

Following are discussions of each of the plans under this alternative 

I plus a general discussion. 

I Plan C-l 

I 
Des cription o f the Plan.--This plan consists of reducing development in 

the Souris Section from 1]6,000 acres to 90,800 acres, or 22 percent. 

The objective is to reduce the volume of return flows entering the Souris 

River. 
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I 
For the purposes of evaluating this alternative, it is assumed that the 


Garrison Diversion Unit development would be reduced from 250,000 to 
 I 
224,800 acres. Souris Section development of 90,800 acres would inc lude 


all" of the Karlsurhe Area (12,200 acres) and 78,600 acres in the Middle 
 I 
Souris Area. Fish and wildlife areas would probably be reduced from 


27,650 acres to 27,280 acres, and possibilities for M&I water facilities 
 I 
would be e l iminated for two connnunities. 

Length of the Velva Canal Nould be redticed from 84 miles to approximately I 
66 miles. Capacity of the Velva Canal would also be reduced. Drainage 


and supply laterals would be reduced approximately in proportion to the 
 I 
reduction in acres in the area. 

IAnnual \vater releases into Velva Canal f or Souris Section use would be 

reduced from 222,000 to 183,000 acre-feet. Return flows entering the 

Souris River would be reduced from 91,600 to 76,300 acre-feet annua lly I 
as shown in the following tabulation: 

I 
MEDTAN RETURN FLOt.;:~ TO TilE SOURIS RJV ER:!l 

..:-_ _ ._.___ '!~J..:.E. . C-l I 
Irrigation Non-Irrigatjon Ir r igation Non-Irri ga t i on 

__ _ PerioL____ _"__ .~eriod___ Pe.r:iod _____ __Te d d_ _ _ 
Qllant i ty QUi·llity Qualltity Quality Qua ntity Quallt} Qi.l a n t it Quality 

_(£l~~!!.:J -1~/ 1L i~":_.r to) _~g/1) ~£..·E~ .~nL (nc.:...i!.:l .J.!!!B1!L I 
]~:rigil t joll Return Flows 23,200 1,050 19,500 1.050 18,100 1,050 15,300 1,050 

C.m a l t Lateral Se"page 17,!.OO 930 negligible 11,100 9JU ne e ligible I 
Or, eT.:l:- ion.1l \·.'as::es 6,200 440 '.,800 4't!) 

M£.I Effluent 15,500 440 15.400 440 I 
F&\-:r. t\ l"('a Seepage 4,900 _ 88~ ~ _~~f!Q .2~Q 

'I'otal 67,200 810 2/; ,400 1,020 56,2CO 7r;~) 20, 100 1,010 I 
1/ QualitJ of r~turn flows in TDS 

I 
I 
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B:e_~.ejYin.& ~a!.e.!:.s. --Return flows ent.ering the. Souris River as a result of 

Garrison Diversion Unit development in the Souris Section would be 

reduced by about · 17 percent with this plan as a result of the 22 percent 

red uction in irrigated areas in the Souris Section. 

PLMI C-l 

RETURN F"Lm~S AND EFmCTS m: SOUF.IS RIVER 

Flo....·s 

I~~igat~on ~eps~n Nor.-Irri~t-ltion Season 
_(tl:'~o 15 - Oct. J.5_)_ (Oct. i5 - ,\Ilr 15)0 

Quc;nttty QUHli:;y QUi:lnt'fty II1.!ulity 
ItC:l", lE~_~t.0.. TDS ( :~ .;: Il ) (.:leo ~t:o) TDS (:-::aill 

~cturn Flo"'~ 

I : ri; c. t ':'o~ R.etll~·n Elm··s 18 , 100 1,050 15,300 1,050 33,41)0 1, 05{) 

r. n ~~. and L:l t~~;l'-, ~"!'?r5ge 130 too 93Cl - negl!.gib le - 13,100 ~J30 

np ~:6 tio n~1 Wast~~ 4,800 .'jl;G 4.8CiO !.. /,O 

i'f~,~ ::: f i:luen t 15. ;,00 440 l),/~OO 4i, J 

?EML Ar·c.'l Se q)'::I;;e ~.l-~;_~. ~Q ~1£9.Q -.~Q _9_!_oOO &)j.j 

36,200 79Q 2(':,120 1,0:0 7ft,30n FS.l 

S" ur i ... P:f. v '~\r 

I 

--- - . --'-" ' -- 2' 

:ox is .. i:~ ~'. F 101-15-: ~i,/~()O 5JO 20,000 f,JO 107.700 ~4i) 


r:-::, l L '6 FJ m .';-, .,,'':' th fqlth()":"iz~d 
S:JiJri::; Se c ticn R,~t;!r:1 Flo~s ~3~. 6CO 6 / 0 44 )200 800 199,300 6~ ;) 

;:::·:is~i ~ ~ ~ FJ_O'.·If; ~· .tt!! P~.~~n. C-l 1.23,fJJ 1))0 (,0,100 78C 154,000 670 

Ii qu~ti~' ....'ai~.H:~ S~:G\.rffi ~re m.ed~~a 'n ·,""~lt;~~ £.:ld do I!Ot necess&rily equal the sU&.~-nat1on of the 
irrigaLion anJ n0r-irrica~ion pedia~ fl~ws. 

1:./ . E;:seu on a 2l-'.'ca::- period fro;n ::~53 t·:) 1974, ::-.~cii~n value3 at westho~e. 

I 
~_n~iEo~~n.~_a.!. ~fie.£t~. --Environmental impacts of this alternative include 

reduction of various components of the irrigation system. These include 

I 

the elimination of 49 miles of channelization planned for Little Deep 


Creek, Spring Coulee, and South Egg Creek; t~e elimination of 18 miles 


of the Velva Canal through 260 acres of cropland, rangeland, woodland 

and wet land habitat; the reduction in quantity of the return flows enter­

ing J. Clark Salyer Refuge; and the reduction in the amount of wetland 

losses attributed to conversion from dryland farming to irrigation.

I 
I 


For purposes of this study, major fish and wildlife areas in the Souris 


Section were not reduced under this plan where those areas could still 


be served with Garrison Diversion Unit water. Proposed wildlife develop­

men t would probably be reduced as shown on the following tabulation:

I 
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FISH AND WILDLIFE AREAS INCLUDED 
IN THE PLANS FOR THE SOURIS SECTION 1/ 

Area 

Stink Lake - Stink Creek 

Upper Wintering River 

Wintering River 

Buffalo Lodge Lake 

Nead Lake 

Herrington Lake 

Small Unidentified Areas 

Estimated Total Acres to 
be Developed 

Fish & Wildlife Acres to be DeveloEed. 
Authorized 


Plan 


2,535 

10,320 

2,215 

8,200 

1,680 

1,000 

1,700 

27,650 

I 

I
Plan C-l 

2,535 I10,320 

2, 21 5 

8,200 I 
1,680 


1,000 
 I 
1, 330 -~/ 

I 
27,280 

I11 	 Data presented in this table determined for analysis purposes 
only. Specific acreages may vary if the plan is implemented. 

21 	 Reduced in proportion to reduction in irrigable acreage. I 
~c~~mic~.--This plan would reduce the total project cost to $498 

million. The benefit-cost ratio would be 2.73 to 1 as shown in the I 
following tabulation: 

I
Economic Analysis - Plan C-l 

(in $Thousands) 

I 
Authorized Authorized Unit Modified by 

Item Unit Alternative (Plan C-I) 

IConstruction Cost 507,200 497,850 

Annual Equivalent Cost --II 18,563 18,115 

Annual OM&R 1,852 1,665 I 
Annual Benefits 59,496 54,071 

Benefit-Cost Ratio 2.91 2.73 I 
Net 	Benefits 39,081 34,291 

11 	 Based on cost plus interest during construction. I 
I 
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Loss of benef its from the assumed reduced i~rigation development in the 

Souri s Loop Area (25,200 acres) would amount to about $5.4 million each 

year . Annual losses to municipalities due to the lack of an adequate 

supply of potable domestic use water were valued at $10,000. 

~o~i~l_Eif~c~s.--Irrigation would be reduced by 25,200 acres with this 

plan, and potential income from ir~igation and associated benefits from 

increased ser v ices and expanded employment opportunities would be lost. 

El i mination of potential municipal and industrial water delivery to the 

communities of Lansford and Glenburn would adversely affect the social 

wel l-being of 1,200 people in these communities. 

Plan C-2 

.Qe_?_cEi.E.t.~o~ _~f_._t~e_Pla~.--For purposes of evaluating this alternative, 

this plan consis t s o f reducing development in the Souris Section from 

116 , 000 acres to 51,200 acres. The objective is to reduce the volume of 

r e turn f lows entering the Souris River. 

Garr ison Diversion Unit development would be reduced from 250,000 to 

185,200 ac r es. Souris Section development of 51,200 acres would include 

all of the Karlsruhe Area (12,200 acres) and 39,000 acres in the Middle 

Souris Area. For purposes of evaluating this alternative plan , it is 

assumed that fish a.nd wildlife areas would be reduced from 27,650 acres 

to 25,020 acres, and possibilities for M&I water facilities would be 

eliminated for three communities. 

Length of the Velva Canal would be reduced from 84 miles to approximately 

66 miles and the Mouse Canal would be eliminated. Capacity of the Velva 

Canal would also be reduced. Drainage and supply laterals would be 

reduced app r oximately in proportion to the reduction in irrigated acres. 

Total annual water released into the Velva Canal for Souris Section use 

would be r e duced from 222,000 to 120,000 acre-feet. Return flows entering 

the Souris River would be reduced from 91,600 to 54,600 acre-feet annually 

as shown in the following tabulation: 
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}j 

MEDIAN RETURN VT..O\vS TO THE SQuars RIVETt 

I
Plan C-2 

Irrigation NClI-Il."rigaticn Irrigation Non- Irriga l ion 
Period Period P@riod Peri od 

Quantity Qu.'llity QuantitY Quality Quantity Quality Quant ity Qua li ty I 
(ac. ft.) ~~.L (a('. ft.) (mg/l) ~_~.l. ~aLll..- ~~D ( rng/ l ) 

Irriga tion Return Flows 23,200 1,050 19,500 1;050 10,200 1,050 8, 600 1, 050 

8,800 940 negligiblel:anal E. Latt;!ral Seepage 17,400 930 negligible 

Operational Wastes 6,200 440 2,700 440 

M&I Effluent 15,500 440 15,300 440 IF&WL 	 Area Seepage 4,900 880 '~,900' ~ 4,500 ~8:..Q. 4,500 

Tot31 67,200 810 24,400 1,020 41,500 750 13,100 

QuaUty of return flows in TDS.J:/ 	 I 
ge~eivlnE. ~a~e~s.--Return flows entering the Souris River as a result of I 
Jarrison Diversion Unit development in the Souris Section would be reduced 

by about 40 percent with this alternative, as a result of the 56 percent I
reduction in irrigated acres in the Souris Section. 

I 
RETL1R :-1 F'LO'.~S AN n EFFECTS ON SOURI S RI VER 

Flow..s________________ I 
Irrigati0n Seas on Non-Trri t-dtiur. Season 

(A2r. lS-Qet. 13) (Oct. 15 - Apr. 15) 


Quantity Qualitv Quantity Quality 

Item (a<;...'_lE.:>'. TDS (mg!l). (ac. ft.) TDS (mgll) 
 I 

Irri';ation P.elUl·n F.lmTS 10,2V) 1,050 8,rOO 1.050 H5.S00 1, 050 
C;m .t .1 nd L:~t e r 03 L Seer~p"e 8,Br:C 9 '.0 - r:egligible - 8, 800 940 I 
Opc r " ::'iu l':!l \.iac:t o:!s 2 l 7e·!) 4·.:) 2 , 700 It 0 
~l F.l :~j :: ]~f'll t IS,300 4 /,0 15,300 '~ 40 
Fl,\,:. t\~·(;.l See pag e _!i ,50il f.~() ~_59.Q ~..J1QO 8dO~~ Iiu t 1.L 	 41 ,500 750 1.3,200 99\) 54,600 o8t') 

SC· lt r ~ ~ n:i \, \.3 r- ---.-..... --- 2i 
Ex ~' ~' ! r. ,. F I m .'S .-	 67,400 510 20,00) 6 .10 107,700 540 I
E;,i ~ t. i Ilg Flews lo:L th ;\ulhori-= i;>d 

Sot: r is Sc.ctioll Return Flows 1.34,600 670 44,200 BOO 199,3()0 690 
Existi~~ Flo~s wi th Plnn C-2 108,900 6~0 31,100 710 162,300 650 I 
)) Q:,ant i ty val ues .:lV~ 3r\~ mcJ.ian v <llue.s :;ncl do ,-.ot nl"cessa.dly equal t~la summz tior. vf t he 

irrigat;o~ a~~ n0n-ir~igation ~eJ1an f lows. 
1./ E;;sed or. a a·year perio,i f::om 195'3 to 1974, :r.edian \'alues at Westhope. I 


I 
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I 

~n~i.!o.!!m~n!.al .!f.f f e.£t~.--Environmental impacts of this alternative include 

the reduc t i on of various components of the irrigation system. These 

include the elimination of 49 miles of channelization of natural water­

c ours es; el imination of approximately 18 miles of the Velva Canal and 

elimina t ion of all of t he estimated 30 miles of t he Mo use Canal through 

approx i ma t e l y 1,360 acres of cropland, rangeland, wocdland and wetland 

hab itat ; the reduc tion in quantity of return flows entering J. Clark 

Sa l yer Re fuge: and a reduction in the amount of wetland losses attributed 

t o conversion from dryland farming to irrigation. 

'or purposes o f this study , major fish and wildlife areas in the Souris 

Sect i on were no t r educed under this plan where those areas could still 

be s erved with Ga r rison Di version Unit water. Proposed wildlife develop­

men t wo ul d probabl y be r educed as shown in the following tabulation: 

FISH AND WILDLIFE AREAS INCLUDED 
I N THE PLANS FOR THE SOURIS SECTION]) 

Fish & Wildlife Acres to be Developed 
Authorized 

Area Plan Plan C-2 

Stink Lake - Stink Creek 2,535 2,535 

Upper Wintering River 10,320 10,320 

\~intering River 2,215 2,215 

Buffalo Lodge Lake 8,200 8,200 

-O-}jNead Lake 1,680 

He rington Lake 1,000 1 ,000 

Small Unidentified Areas .-.l.J90 750 1/ 

Es t imated Total Acres to 
be Developed 27,650 25,029 

1/ Data presented in this table determined for analysis purposes only. 
Spe cific acreages may varry if the plan is implemented. 

2/ Reduced in proportion to reduction in irrigable acreage. 
]j Not f easible to develop as it would be served by the ~1ouse Canal. 

~~~n~mi ~.--This plan would reduce the total project cost to $434 million. 

The bene fi t-cost ratio would be 2.66 to 1 as shown in the following 

tabulation: 
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I 
Economic Analysis - Plan C-2 

(in $Thousands) 

Authorized 
Item Unit 

Construction Cost 507,200 

Annual Equivalent Cost !/ 18,563 

Annual OM&R 1,852 

Annual Benefits 59,496 

Benefit-Cost Ratio 2.91 

Net Benefits 39,081 

Authorized Unit Modi~ied by 
Alternative (Plan C-2) I 

434,261 


15,745 
 I 
1,372 


45,509 
 I2.66 


28,392 


1/ Bas ed on cost plus interest during construction. 

I 
Irrigation in the Souris Section would be reduced by 64,800 acres wi th 

t h is plan, resulting in a $13.8 million loss in annual benefits. The Icommunities of Glenburn, Lansford and Granville would be eliminated 

f rom municipal and industrial water service which the authorized unit 

",vould provide. Collectively, these three communities would lose $97,000 I 
in municipal and industrial water benefits annually. 

~o£i~l_Eif~c~s.--This plan would reduce the irrigable acreage by 64 ,800 

acres, and beneficial social effects of increased services and employment 

from this acreage would be lost in the Souris Area. Also lost would be I 
the potential for a dependable good quality water supply planned for the 

towns of Lansford, Glenburn and Granville, potentially affecting a to t al I 
population of 2,400 people. 

IUnder the authorized plan, industry is expected to enter the Souris 

Section irrigation area and will tend to stabilize year-around economic, 

social and community activities. Plan C-2 would eliminate the potential I 
for development of an agricultural produce processing complex in the 

Towner area and could deprive the area of substantial employment I 
opportunities. 
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Plan C-3 

~e~c.!'..i.E.t_!.o.!! ~f_ t.!!.e_P!a.!!. --This plan consis ts of deleting the Souris 

Section from the Garrison Diversion Unit. The objective is to eliminate 

~lows entering the Souris River. 

With this plan, all development in the Souris Area and Karlsruhe Area 

and the Velva Canal would be eliminated. For the purpose of evaluating 

this alternative, it is assumed that the Garrison Diversion Unit would 

be reduced from 250,000 acres to l3~,000 acres. 

~n~i~o~m~n~al ~fie~t~.--Environmental impacts resulting from this 

a l ternative plan are both beneficial and adverse. All of the adverse 

impacts associated with construction and operation of the Souris Section 

would be eliminated. The 27,650 acres of permanent wildlife development 

wo uld- not be established. 

~c~n~mic~.--This plan would reduce the total project cost to $358 million. 

The benefit-cost ratio would be 2.44 to 1 as shown in the following 

tabulation: 

Economic Analysis - Plan C-3 
(in $Thousands) 

Authorized Authorized Unit Modified by 
Item Unit Alternative (Plan C-3) 

Construction Cost 507,200 358,446 
1/

Annual Equivalent Cost- 18,563 12,901 

Annual OM&R 1,852 993 

Annual Benefits 59,496 33,877 

Benefit-Cost Ratio 2.91 2.44 

Net Benefits 39,081 19,983 

1/ Based on cost plus interest during construction. 
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For the purpose of this study, this plan would ~liminate the ent i re 

l 16,000-acr e Souris Se c tion from the authorized unit. Loss of irriga tion 

benefits would amount to nearly $25 million annually. Annual munic ipal 

and-industrial water benefits would be lost to the communities of 

Bantry, Drake, Deering, Lansford, Glenburn, Granville, Minot and Upham, 

amounting to about $625,000. Of these communities, Minot will be most 

severely a f fected. The city is depending on Garrison Diversion Unit 

facilities for a dependable good quality water supply for its projected 

2020 population of about 32,000 as discussed in the Feasibility Report 

on Minot Extension, Garrison Diversion Unit. 

Soc i a l Ef fects.--Deletion of the Souris Section would reduce social 

benefits and would greatly impact the potential well-being of the 

people in north-central North Dakota where the 116,000 acres of irrigable 

l and are located. Potentially, irrigation development would provide 

many benef icial social effects, not just for farmers, but for the gene ral 

economy. Intensified farming would increase the demand for machinery, 

fertilizers, chemicals and other services which would promote new 

agribusiness and provide increased economic growth. Additional agri­

cultural processing and marketing plants may be required to process new 

and different kinds of crops and would increase retail and wholesale 

trade volumes. A corresponding increase in employment opportunity wo uld 

also be real ized. 

Historically, towns and communities with populations of 1,000 or less 

have lost popul ations to the larger urban centers. However, irriga tion 

development could increase or stabilize the population of the communities 

of Bantry, Deering, Drake, Lansford, Glenburn, Granville and Upham. 

Although the population of Minot is growing, irrigation development would 

further increase its growth. 

Minot presently has a water supply shortage. The city relies on the 

Souris River and the Minot aquifer for its supply. The quality of 

water from both sources is marginal, requiring expensive treatment, 

and quantities are limited. Almost every summer since 1960, peak 
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demands have exceeded the supply, ca us i ng e~cessive drawdown of the 

aquifer and forcing the city to restr i ct water use. Mino t cannot 

alway~ fulfill its contractual obligation to deliver 2.5 million gallons 

per day to the Minot Air Force Base. The base has cooperated in 

rationing water use during critical periods. The average per capita 

use fo r Minot is 80 gallons per day, about half the national average for 

similar size cities. 

Problems of the city in obtaining a· satisfactory water supply to meet 

present and future needs have been described in the Feasibi~ity Report 

on Minot Extension, Garrison Diversion Unit, July 1969. The city has 

long looked to the Garrison Diversion Unit as a dependable source of 

good quality water. However, adequate funding for construction of 

supply features of the unit has not been available in most years since 

initia tion of construction in 1967. The original schedule provided for 

availability o f water in Velva Canal for service to the city in 1972; 

the present schedule calls for availability of water after 1981. 

Because of a possible continuing slow rate of construction on Garrison 

Diversion Unit facilities, the city of Minot became interested in 

temporary measures that would provide supplemental water until the early 

1980's. 

I 

I 

In response to this interest, the Bureau of Reclamation modified the 

plan in the 1969 report by the supplemental report of March 1970. 

This modification includes, as a first phase development, ground water 

conveyance facilities using ground water from Sundre aquifer near t he 

city until water is available from the Garrison Diversion Unit. 

Construction of this first phase is essentially complete. Based on 

projected population growth for Minot, it is estimated that the Sundre 

aquifer will provide an adequate water supply until about 1985, at which 

time another source will be required. The most feasible alternative 

supply would be the second phase of the Minot Extension which is depend­

ent upon construction of the ~arrison Diversion Unit. Second phase 

development provides for diversion of 22,953 acre-feet of Missouri River 
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I 
water through Garrison Divers i on Uni t facilit ies by 2020 to meet long­

term muni c ipal and industrial needs . I 
The . pr ojected population for the communities in the Souris Section 

which would possibly be dependent upon the Garrison Diversion Unit fo r 

a dependaole source of potable water was estimated to be 87,000 by 

the year 2020 . 

Light agriculture-related industr y would normally enter the area and I 
along with more intense livestock production would tend to stabilize 

yea r-around economic, social and community activities. These benefits Iand t he a s sociated employment opportunities would be lost in the Souris 

Se tion with implementation of this plan. 

I 
Discuss ion 

Analyses of the partial devel opment plans show the Souris Section could I 
be r educed i n size or eliminated and a favorable benefit-cost ratio 

can s til l be retained for Garrison Diversion Unit, although net bene f i t s I 
,~oul d be reduced. Return flow effects would be reduced or eliminated . 

However , it should be recognized that the 250,000-acre Garrison Diversion IUnit as f ormulated and authorized by Congress provides the most e ff i c ient 

plan to serve all project purposes. Loss of potential irrigation would 

reduce potential agricultural production and its a l lied s oc ial and I 
economic bene f its. 

I 
Implementation of a partial development alternative would adversely 

impact the po tential well-being of the people in central North Dakota . ICommunitie s in the area are depending on Garrison Divers ion Unit t o 

provide water supplies for municipa l and 

ci t y of Minot is completely dependent on 

to provide an economical and dependable 

projected water supply problems. 
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I 

A major component of the authorized Missouri Basin Program includes 

provisions to compensate North Dakota for negative benefits that have 

resulted from loss of 569,000 acres of fertile agricultural bottomlands 

in the Oahe and Garrison Reservoirs. A reduction in the size of the 

Garrison Diversion Unit as a result of eliminating a portion or all of 

the Souris Section will reduce offset t ing benefit s North Dakota would 

obtain from these reservoirs. 

It should also be noted that any xeductions in the Souris Section would 

reduce beneficial impacts-expected to accrue to Canada as a result of 

increased river flows in the Souris River. The dilution alternative in 

this report explains benefits that could accrue to Canada from re t urn 

flows and added flows to the Souris River. 
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I 
Alternative D - Treatment 

Return flows entering the Souris River will have both beneficial and 

adverse effects in the United States and Canada. Beneficial effects 

are improved water quality during periods of low flow, stabilization of I 
river flows, and elimination of no-flow periods. Adverse effects are 

compounding of flooding problems and decreased water quality during I 
periods of other than low flow. This alternative includes two methods 

of reducing some of the adverse impacts. resulting from return flows. I 
The alternative consists of developing the Souris Section as presently 

authorized and either desalting the return flows or reimbursing Canadian I 
communities for increased water treatment costs resulting from return 

flows. One plan involves desalting return flows at Deep River before 

they enter the Souris River, and the other provides reimbursement to 

the cities of Souris and Portage La Prairie in Canada for additional I 
water treatment costs incurred as a result of Garrison Diversion ~ni t 

return flows. I 
A summary of environmental effects for Alternative D is shown below: 

I 
Alternative D - Summary of Environmental Effects 

I 
Aiter.nath·e Plan 

Impact 0-1 0-2 

Benel}c:ial I 
Improved water quality conditions for gclITle 

and rough fishes Yes Same as authori::ed plan 
 IRp.duction in TOS of flows to Souris River Yes Same as authoriz~d plan 

Adven;e I 
Elimination of fish migration route by dam Yes Same as authorjzed plan 

Increase in rough fish survival - Souris River Yes Same as authorized plan I
Loss of lands for dam 1,000 ac. SaClC as authori~ed pl an 

Loss of lands for deslating plant and pilnos 2,600 ac. Same as Ruthorized plan ILess of lc.nds for landfill 466 ac. Same as authorizf.:d plan 

I 
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Fol l owi ng are discuss ions of each o f t he plans under this alternative 

plus a general discussion · 

Pl an D-I 

~e~cEiEt.!.0E. ~f_tE.e_P.!.a~.--This plan consists of construc ting a small 

diver s ion dam at the mout h of Dee p River, desal ting a portion of the 

f lows, a nd releasing t rea t ed wate r to t he Souris Rive r to f orm a blend 

equi va l ent to the historic annual median TDS level of flows in the 

Sour is River. The object ive is t o improve the water quality of Garrison 

Di version Uni t return flows . 

Most of t he irriga tion return flows, canal and lateral seepage~ and 

oper a t ional wastes from the Souris Section will accrue to the Souris 

River via Deep River. A sma ll regulating reservoir will be constructed 

at the mo uth of Deep River to divert water to the desalting plant. The 

r eser voir wi l l have a capacity of about 4.000 to 5,000 acre-feet, a 

dep t h of 20 feet, and a surface area of about 1,000 acres. The water 

surfac e elevation would fluctuate considerably because of desalting 

plant drawdown and varying river flOtlTs. 

The desalting plant would be installed near the reservoir site. A 

portion of the Deep River flows would be diverted through the desalting 

plant and released into the Souris River at 400 mg/l TDS to provide a 

blended mixture with a TDS concentration of about 540 mg/l when mixed 

with the remaining return flows. Treatment of return flows to 540 mg/1 

TDS would approxima t e the historic annual median TDS concentration in 

the Souris River. 

The desa l ting plant would have a capacity of about 48 million gallons 

per day (54~000 acre-fee t per year). Initial investigations indicate 

t ha t a reverse osmosis process is the most economical type of plant; 

however, this wo uld require further study prior to implemen ta tion of a 

de salting plan. The plant site would requir e about 5 acres and brine 

evaporation ponds would require about 3,100 acres of land. About 5,000 

a cr e-feet annual l y of br i ne would be evaporated in the ponds . Abou t 

41, 000 tons of salt per year woul d be removed from return flows. 
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B:e.s:.e!v.!.n..s. !i.a!.e.!:..s. --Implementation of this al ter,native would not 

appreciably affec t Souris River flows as compared to the authorized 

plan; however, it would improve water quality in the river. As compared 

to the authorized unit, median TDS levels in the Souris River would 

decrease f rom 670 to 530 mg/l during the irrigation period, 800 to 580 

mg /l during the non-irrigation period, and from 690 to 540 mg/l annual 

median val ue . 

~n~i.!:..o~m~n~a! ~fie.s:.t~.--Impacts associated with a desalinization plant 

on Deep River are related to return flow water quality, land use changes, 

and dispos al of byproducts. 

Since sa l ts would be removed from the return flmvs prior to entering 

the Souris River, a reduction in the total dissolved solids would be 

a chieved a s compared with untreated return flows. This improvement in 

water quality would not affect the local fishery. The major adverse 

impacts woul d be those associated with loss of lands--cropland, wild l i fe 

land, rangeland, and woodland--for the plant site. Total acreage 

requirement s for the plant, including the evaporation ponds, would be 

about 3,100 acres. Technological advances in possible reuse of brine 

or ne~17 disposal processes may decrease the land requirements for evapo·­

ration ponds. Disposal of byproducts would require about 200 acres f or 

a landfill, assuming a 100-year lifespan. 

Construction of the diversion reservoir would result in the loss of about 

1,000 acres of upland and wetland habitat and would eliminate the annua l 

northern pike spawning. run into Buffalo Lodge and North Lakes. 

~c~nQm~~~.--Construction of a desalting plant for reduction of total 

dissolved solids from Garrison Diversion Unit return flows in the S uris 

Section will add about $90 million to the cost of the authorized uni t , 

bringing the total cost to $598 million. The annual cost for the plant 

would be about $10 million, of which the operation, maintenance and 

replacement costs would be about $7 million. Of the plant operation, 

main t enance and replacement, power cost would comprise about 10 percent 

or $730,000 annual ly. The benefit-cost ratio for the Garrison 
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Diversion Unit including this plan would be,l.94 to 1 as shown in the 

following tabulation: 

Economic Analysis - Plan D-l 
(in $Thousands) 

Authorized Alternative Total (Authorized 
Item Unit (Plan D-l) Plan with Plan D-l) 

Construction Cost 507,200 90,348 597,548 
1/

Annual Equivalent Cost- 18,563 3.146 21,709 
(5,554) (24,117) 

Annual OM&R 1,852 7,043 8,895 

Annual Benefits 59,496 -0- 59,496 

Benefit-Cost Ratio 2.91 -0- 1.94 
(1.80) 

Net 	Benefits 39,081 28,892 
(26,484 ) 

Ii Based on cost plus interest during construction. 

Note: 	 Parentheses enclose values which reflect a 6-1/8 percent discount 
rate used in analysis of alternative. Other figures reflect a 
3-1/8 percent discount rate. 

~_o~i~l__Eif~c!.s .--Evaluation of the social benefits of this plan indicated 

tha t the communities along the Souris River would have access to a '\later 

supply of improved quality during low-flow periods. Also, operation 

and maintenance of the plant would potentially provide limited employ­

ment opportunity in the area. However, it was estimated that no other 

significant impacts on the social well-being of the local people would 

be created from implementation of this plan. 

Plan D-2 

Although Souris Section return flows (authorized plan) will stabili ze 

flows in the Souris River and improve the water quality during periods 

of low flow, they will also increase hardness and TDS levels of Souris 

River water. This increase in hardness will increase operational cost s 

of municipal treatment plants that use Souris River water as a source. 

75 



IThe Ini t ial Stage Garrison Diversion Uni t Final Environmental Sta t ement , 

J anuary 1974, listed the Canadian communi ties of Souris, Portage La 

Prairie and Wawanesa a s obtaining Souris River water for municipal I 
purposes . The town of Wa\vanesa does not currently obtain water f rom 

the -Sour i s River; however, it was listed in the Final Environmental I 
Statement because existing well problems may require the city to obta in 

water from the Souris River. This report will deal only with those I 
commun i ti es which presently obtain water from the Souris or Assiniboine 

Rivers. There are no Canadian industrial users currently obta ining water 

direc tly from the Souris River. Souris (population 1,700 - 1971) and 

Port a ge La Prairie (population 13,000 - 1971) are the only two Canadian 

communi t ies that would be appreciably affected by increased hardness of I 
SouriR Rive r water. 

I 
_~e~~c!.i.E..t.!0E_Q.f__t~e_PlaQ.. -·-The community of Souris obtains municipal water 

directly from the Souris River and provides softening by the sodium 

zeolite proces s. Portage La Prairie obtains municipal water from t he I 
Assiniboine River downstream from the Souris River confluence and 

rovides softening and total water treatment by the lime-soda ash process . I 
I nvest igations indicate that existing softening facilities at both of 

these communit ies have sufficient capacity to treat the expected in rease I 
in ha rdness resulting from Garrison Diversion Unit return flows. New 

f acilities will not be required and the principal impact on the communi ­ I 
t ies resulting from return flows would be an increase in chemical cos t s 

t o operate existing softening facilities. This plan would provide Isubsisten e to the two communities to offset additional treatment costs. 

Mon t hly median hardness (for the study period) of Souris River wa t e r at 

the \.]esthope gaging station ,7111 increase from 280 to 424 mg/l calcium 

carbonate with the addition of return flows. At the community of Souris , 

Souris Rive r monthly median hardness will increase from 329 to 500 mg/ l 

wi th the addition of return flows. This increase in hardness will 

require additional chemicals for softener recharge and will i ncrease 

median annual operational costs for the community of Souris by about 35 

per c en t . In 1974, t o tal annual operational costs of the community ' s 

trea tment plant was $9,000. A 35 percent increase in operational costs 
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would have increased the 1974 ope r a tionaL cost to about $12 ,200. The 

maxlmam increase in annual operational costs would be about 4S percent:t 

which would have increased the 1974 operational cost to about $13:tlOO. 

Return flows will increase the monthly median hardness of A.ssiniboine 

River water at the community of Portage La Prairie from 340 to 380 mg/l 

calcium carbonate. This increase in hardness will result in an increase 

in the operational cost of the city's treatment plant. In 1974, opera­

tional costs of the Portage La Prairie water treatment plant were about 

$175,000. With average return flow conditions, the 1974 operational 

cost would have increased to approximately $180,000. Maximum return 

flow conditions would have increased the 1974 operational cost to 

approximately $184,000. 

K.c~n_~ml:c~. ---This plan would provide reimbursement to tt-lO communities in 

Canada for treatment costs incurred due to introduction of return flows 

from the Souris Section into the Souris River. In each case, the cost 

of chemicals required for proper treatment of Souris River water would 

comprise most of the total annual cost of the plan. These costs, based 

on median and maximum annual treatment requirements, will range from 

$3,000 to $4,000 for the city of Souris and from $5,000 to $9,000 for 

I Portage La Prairie. Total annual cost of the plan will range from 

$8,000 to $13,000. The cities' existing facilities are adequately 

sized to accommodate the additional water treatment requirements. No 

economic benefits were identified for this plan. 

I ~o~i.~l_EJ}~c!.s.--The stabilized quality of tvater made available to the 

I 

cities of Souris and Portage La Prairie will have a beneficial effect 

on the social well-being of the people in the two communities. The 

plan would provide no additional social impacts as the increased treat­

ment could be accomplished with the cities' existing facilities and 

personnel. 

Discussion 

Desalting of return f l ows at Deep River does not appear to be a very 

practical plan. Initial costs and annual OH&R costs are very high, and 
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the desalting plant would consume large quantiti.es of electrical energy. 

Although desalting would improve Souris River water quality, it would 

only decrease water quantity resulting from return flows by 5,000 acre­

feet (evaporation). I 
Providing subsistence to the co~~unities of Souris and Portage La 

Prairie in Canada for increased treatment costs may satisfy requirements I 
of these two communities. However, the obvious shortcoming of this 

alternative plan is that it does not include provisions for future users I 
of Souris River water, such as the to\Yn of Wawanesa, that may be 

adversely affected by increased hardness resulting from return flows. I 
Return flows also will increase sulfate levels in the Souris River wa ter . 

As discussed in Desalinization Plants for 

under "Other Alternatives," sulfate is not 

softening facilities. 
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Other Alternatives 

In the process of selecting alternatives for this study, several 

alternatives were identified but were not chosen as al t ernat ives to be 

inves t i gated for reasons discussed on page 13. However, exclusion of 

these alternatives in this study would not necessarily preclude them 

from being investigate d in any future studies of alternatives for the 

Souris Section. Following is a discussion of those alternatives 

considered but not selected for investigation in the study: 

Use of Collectable Return Flows for Industriai Purposes in the Souris 
Ar ea 

In lieu of collecting and diverting the r eturn flows out of the Souris 

River drainage basin as described in Alternative A, this water would be 

collec ted and offered for sale to industry and municipalities in the 

Sour is Loop Area. The return flows would be collected and conveyed by 

pipe to one or more point sources for use by industry, municipalities, 

and rural \yater users. The amount of water available for this purpose 

would average about 47,000 acre-feet annually. 

·1 
I 

Municipal and rural use could consume a portion of the water, but 

industry would have to use most of the water supply. Although there 

are several types of industries that could be developed in the area to 

use the water, the most probable type is one that is coal-related. A

I sufficient quantity of mineable surface coal deposits exists in the 

Souris Loop Area to provide a potential for a coal-related resource 

development in the area. The coal resource could be developed to pro­

I 
.' duce electrical power for export, or to produce synthetic natural gas . 

A coal gasification development is considered for purposes of this 

discussion. 

A coal gasification plant could be constructed in the vicinity of 

Voltaire, North Dakota, where surface coal deposits are estimated t o be 

I in excess of 50 million tons. The plant would consume 18,000 acre-feet 

of water and 10 million tons of coal annually, have a lifespan of 30 t o 

35 years, and produce 250 million cubic feet daily of high-BTU pi peline 

Cp.!c"L • t y synthetic natural gas. While most of the coal deposits in t he 
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area are located south of Lake Sakakawea, this .plant and perhaps one or 

two more could use the coal at the Voltaire site or use coal shipped by I 
rail from Burke and Renville Counties near Kenmare (125 million tons) 

and/or from Williams County (1,130 million tons). 

About 47,000 acre-feet of collectable return flows is available annually, 

which is sufficient to meet the water requirements for three coal-using 

complexes . Annual revenues from sale of return flows would be nearly 

$1 million at $20 per acre-foot. I 
The location of the Voltaire coal field is about 23 ' miles southwest of Ia proposed holding reservoir site (as discussed in the reuse 

alterna tives) situated in the Karlsruhe irrigation area. The reservoir 

could be used for collection of return flows in the Souris Section. I 
Exchange of Velva Canal and Souris River Waters I 
A structure could be constructed at the point where the Velva Canal 

crosses the Souris River and be capable of exchanging Velva Canal and I
Souris River waters during the irrigation season. The structure could 

either be a pumping plant to pump Souris River water into the Velva ICanal or a dam of sufficient height to allow Souris River water to flow 

into the 'canal. 

I 
During periods of high streamflow, water from the Souris River could be 

diverted into the Velva Canal for use in the Souris Section. Up to I
1,700 cubic feet per second could be diverted into the canal. This 

would reduce flood peaks or high flows in the river below the diver s i on, Ireduce pumping requirements at the Snake Creek Pumping Plant, and in 

some cases provide irrigation water of better quality than would be 

available from Lonetree Reservoir. I 
During periods of normal streamflow, water from the Souris River coul d I
also be diverted into the Velva Canal and be replaced with water from 

Lonetree Reservoir. The water of questionable quality from the river Iwould be diluted in the canal with project water before being applied 

to Souri s Loop Area lands. Replacement water could be released to t he 

80 

I 



river to provide fresh wa ter to t he r iver and dilute r e turn flows and 

low quality natural streamflows fur ther down the river, or it could be 

wi thheld to reduce high streamflow levels downstream. 

During periods of low streamflow, the entire flow of the Sour is Rive r 

could be diverted into the Velva Canal. It would be mixed with project 

water to be used for irrigation in the Souris Loop Area, and the same 

I quantity or more of good quality mixed water could be returned to t he 

I 
river. This good quality water dlscharged into the river would displace 

s tagnant poor quali ty water normally in the river during low-flow per i od s 

and would dilute return flows when they accrue to the river without 

adding large additional streamflow to the river. 

The most apparent drawback on this alternative is the physical features 

that would be required to accomplish the exchange of waters. At the 

Souris River siphon, the canal is about 125 feet above the river and to 

I get river water into the canal would require either a relatively large 

dam or a smaller holding reservoir with a large pumping plant. The 

river grade is less than 1 foot per mile, and a dam high enough to 

I discharge water into the canal would require a reservoir whose tailwa ter 

would be near the city of Minot. The reservoir would inundate several 

I miles of the river as well as cropland, woodland, rangeland, etc. , and 

I 
could adversely affect the communities of Velva and Sa~'lYer) North Dakota. 

A pumping plant large enough to supply water for this plan would approach 

the size of Snake Creek Pumping Plant and would be very cos tly. 

I This alternative appears to be economically, socially and environmentally 

unacceptable. 

I 	 Multipurpose Dam_and Reservoir on the Souris River 

I 	 The possibility exists that a mUltipurpose dam could be constructed on 

I 
the Souris River to help regulate the effects of return flows being 

released Into the Souris River as a result of development of the Souris 

Section. The 	dam site could be l ocated upstream from the city of Mi not 

for the purpose of providing flood protection f or the city.

I 
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The dam and reservoir could provi de a constant ~ater supply fo r 

r ecreation , fishing, flood control, i r r igation development bo th i n I 
Canada and the United States, regulation o f ef fe c ts of return flows , 

and-freshening of Souris River during low-f low per iods. A multipurpos e Idam upstream from the Souris Section could r egulate flows to provide a 

stable flow pattern in the r iver. I 
Const r uc t i on of a multipurpose dam on t he Souris River could assure 

Canada a more stable supply o f water a t a more dependable quality f or I 
use by irrigators , munici pal it i es, i ndus t r ies, and rural water systems. 

Although cons truct ion of the dam and reservo i r appears rather benefic i a l It o residents downstream in the drai nage bas in, there would be some 

critical envir onmental effec t s on the river and the fish and wildl i f e 

developments presently existin g in the Souris River in the United St ates. I 
Mitigative measures would be r e qui red f o r the destruction of Upper 

Souris National Wildlife Refuge and wildlife habitat loss on J. Clark I 
Salyer National Wildlife Refuge. Spec i al measures would have t o be 

adopted to pr event fo r eign rough f ish from entering J. Clark Salyer I 
Refuge . Carp are not presen t ly established in the Souris River in the 

Unit ed States . It is assumed that some channel improvement in the Iriver may be requ:lred; however , the extent o f this improvement i s n t 

known. Rep lacemen t in-kind of fi s h a nd wildl ife habitat would be 

required . I 
omprehens i ve studies would be r equ ired to fully analyze the bene f icial 

and nega tiv e i mpacts res ulting from cons t ruct ion of a multipurpose dam 

and r eservoir on t he Souris River . 

De~p Well I njec tion o f Co l l e ctabl e Re t urn Flows 

IDeep well injection of Sour is Section return flows would probably be 

environmentally unaccep t able and may be physically and economical ly 

impractical. Existing permeab l e fo r mations underlying the Sour is I 
Se ct ion, such as the Dakot a Sandstone Fo rmation, contain large quan t i­

ties o f ma r gi nal quality water and may have t he potential of ho l ding a I 
cons i derable vo l ume of addit i on I wate r. The a dditional capac ity that 
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is available in these sandstone format ionp is not known; however, it 

is known that deep wells drilled into t hese formations will be under 

artesian pressure. Consequently, all return flows disposed by the use 

of deep wells would require pumping. 

I 

Deep wells i n the Souris.Section would be to depths in excess of 

2,500 feet before the upper layers of the Dakota aquifer could be 

intercepted. Wells would probably have diameters ranging from 5.5 to 

7.0 inches and preliminary investigations by the petroleum industry 

show that the best wells developed in the area would take about 5,000

I barrels (210,000 gallons) per day. Capacity design of well field 

needed to accommodate disposal of 47,000 acre-feet of return flows 

would require about 415 deep wells. 

The drilling of such an ex tensive well field to dispose of the 

collectable return flows appears impractical. Environmental impacts 

could be immense since it is not known what effects continuous injection 

intu any geologic formation may have due to unbalancing of natural 

conditions. Also, considerable adverse impacts to the environment 

I could result from installation of the well field. If this plan were 

I 
implemented, the estimated initial construction cost would be in excess 

of $20 million and the annual operation and maintenance costs would be 

about $20 million a year. 

Extend the Velva Canal to Canada for Canadian Use 

Garrison Diversion Unit water could be conveyed directly to Canada as

I direct mitigation for any adverse effects return flows from t he Souris 

Section may have on the Souris River. This water could be us e d by 

municipalities and industries whose water supplies were affected by 

I 

return flows from the unit or for the development of new irrigation, 


industries, or municipal supply. 


Approximately 22,000 acre-feet of water could be made available t o 


I Canada from offpeak surplus water in the last reach of Velva Canal. 


Delivery of this water could be made with a 30-mile extensi on of Velva 
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Canal to t he Canadian border. A canal of 150 ft 3/ s capacity would be 

r equir ed to carry this water to Canada. It would cost about $7 million I 
and have an annual operation, maintenance and replacement cost of about 

$50;000 . These costs do not include Canadian regulatory storage, I 
whi ch would probably be necessary. Storage required for irrigation or 

mos t M&I uses of 22,000 acre-feet of water would be about 12,000 acre­ Ifeet. About 5,000 acres of land could be developed for irrigation 

with 12, 000 acre-feet of water annually. 

Another possibility would be to increase the capacity of the Velva • 
Canal to provide more than 22,000 acre-feet of water annually to I 
Canada . 

Channelization of the Souris River in Canada I 
Li mi t ed channelization of the Souris River from the vicinity of the 

internat ional boundary downstream to near Hartney, Manitoba, could I 
provi de relief f r om natural flooding and additional flooding from 

Gar r i s on Diversion Unit return flows. Channelization accomplished I 
through dredging and construction of berms in the early 1900's from 

the vic inity of the international boundary northward to a point just I
south of the village of Coulter, Manitoba, appears to have become 

relatively ineffective due to a lack of maintenance and has resulted Iin diminished channel capacity. USGS records at the Westhope gaging 

station loca t ed near the international boundary indicate flooding occurs 
3 Iat f l ows of approximately 1,200 ft / s , while immediately downstream 

f l ooding is reported by the Province of Manitoba to occur at flows in 

excess of 150 ft 3/ s . I 
Widening, deepening and removal of the old dredge berms in this Ipreviously-channelized 6-mile reach would be required. The remainder 

of the stream from just south of Coulter do,~stream to near Hartney, 

with the exception of a few constructed meander cutoffs, appears to be I 
in its natural state. Some bank stabilization and construction of 

addit ional highwater meander cutoffs with widening and deepening of I 
the lower capacity reaches would be necessary to increase channel 

capacity thr ough this area. 
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Historic flolll data at l-Jesthope show the majority of higher flows 

normally occur from April through June. Projection of natural flows 

during these months with Garrison Diversion return flows indicates 

that a channel capacity of approximately 3,000 ft 3/s will handle the 

most frequently occurring flood flows. 

I 
Although improvement of the water-carrying characteristics of t his 

flatter section of the Souris River will alleviate all but the most 

severe flooding, it will have the tendency to shift the problem down­

I 
stream. Higher flood crests of longer duration on the remaining 

downstream reaches of the Souris as well as on the Assiniboine River 

become distinct possibilities. 

I 
Cost estimates were not made for channelization of the river. It would 

probably be economically prohibitive and environmental l y unacceptable. 

Desalinization Plants for Two Communities in Canada 

Presently, the cities of Souris and Portage La Prairie are the only two 

communities in Canada USing Souris River water as a source of domestic 

I and industrial water supply. 

I 
 Souris Section return flows entering the Souris River will cause 


problems to existing and potential water users as relates to certain 

water quality parameters. Conventional treatment plants (precipitation 

I and zeolite types) along the Souris and Assiniboine Rivers are ef fec t ive 

for hardness removal, etc.; however, problems occur with a constituent 

I such as sulfate. Return flows will increase sulfate levels in t he 

Souris River and sulfate cannot be removed by conventional treatmen t 

plants. 

The U.S. Public Health Service and Environment Canada both recommend an 

upper limit of 250 mg/l of sulfate in waters intended for human con­

sumption. Of the historical monthly values at Westhope, about 70 

I percen t are below the 250 mg/l level, while af ter Soul"is Section 

development about 40 percent of the values will be below the 250 mg/ l 

level. The to~~ of Souri~ Manitoba, has a historical median monthly 
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s lfate level of about 170 mg/l. After development, this level will be 

increased to about 330 mg/l. 

So~ is Section return flow effects in the Assiniboine River are diminished 

because of mixing between the Souris and Assiniboine Rivers. His t or i cal 

median sulfate value at Portage La Prairie on the Assiniboine River Ii s about 175 mg/l. The 360 mg/l median monthly composite value at 

Westhope increases the median monthly sulfate level at Portage La Prai r ' e 

by about 30 mg/l to 200 mg/l. This value is still below recommended I 
sulfate limits. 

IFor t he community of Souris, a desalting plant 'with a capacity of 0.5 

mill 'on a llons per day would initially cost about $2 million. Annual 

operating costs would be about $400,000 a year. I 
Installation of a desalting plant at the community of Souris does not I 
appear to be practical. Although sulfate levels are above recommended 

limits, they are still tolerable. While return flows may adversely , 
af fec t sulfate levels in the river, this adverse effect will be part ially 

offset by improvement of other water quality parameters, particularly 

during periods of low flow. I 
Control Subsurface Drainage Durin~inter Months I 
This alternative plan would be expensive to construct, operate and nain­

t a in, and there are no experience data to show that it would be effective. I 
The plan consists of (1) plugging drain outlets during the winter s eason 

(November 12 to April 15) and using a collection system similar to the I
"Reuse" alternative in the Souris Section (plans A-I, A-2 or A-3), 

(2) plugging drain manholes at each I-foot rise in pipe invert elevation 

t o prevent flooding downslope, and (3) installing additional drains a s 

necessary and enlarging the outlets to accommodate higher flows in t he 

s pring. Controlling drain flows may reduce the annual amount of water I 
conveyed out of the Souris Section which otherwise would be drained out 

during the non-irrigation season. These flows could be stored in the I 
s i l prof i l e and pumped back in the spring for irrigation. The conv y­

ance system presumably would be less costly because it would not have I 
to be des ; gn for winter operation. 

86 



I n order to accommodate the draining of the ~rrigable lands during the 

irrigation season, the total miles of pipe drain and diameters of all 

outlet pipes must be increased. Total length of spur-type drains which 

control water levels in low areas adjacent to irrigated lands would 

increase about 25 percent, and the average mileage cost for the drains 

would increase about 20 percent to accommodate increases in pipe sizes 

to handle return flows only during the irrigation period. 

The drainage system cannot be plugged by gating the outlets alone. A 

s pecial manhole and gate would be required at every I-foot rise in pipe 

elevation. Without these gates, the water would go to the lower drain 

elevations, causing seeps on lands adjacent to the drain. The OM&R 

cost for this alternative system would be about 2 to 4 times the OM&R 

for t he presently planned system. 

Some risks would be involved with the implemeritation of this alternative. 

The soils of the Souris Section are generally near saturation following 

the spring thaw. Many years (some in succession) have shown that a 

large amount of water (snowmelt and rain) must percolate downward toward 

the water table to enable the farmers to plant crops early in the spring. 

Should the storage for this water not be available, the farmers may have 

to endure a complete season with no cash or feed crops in the low 

portions of their fields. Also, water in excess of what could be stored 

in the soil profile would have to be handled as surface flows or sub­

surface drains operated in such a manner as to eliminate this build-up. 

This alternative may cause more problems than it would solve. 
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