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A study of [lood problems on the Souris River was authorized by

FOREWORD

resolutions of the Senate and House Publir Works Committees adopted

or: 28 March 1949 and 29 July 1955, respectively. A survey study was s
initiated in 1963 to formulate a flood damage reduction plan. All

practical plans were compared and evaluated, including flood warning

and emergency measures, flood insurance, flood proofing, floodplain

regulation, floodplain evacuation, channel improvements, levees and

floodwalls, Souris River diversion channels, Souris and Des Lacs River

dams and storage impoundments, and Des Lacs River diversion tunnels.

The survey report, completed in 1969, recommended construction of a

dam and reservoir on the Souris River near Burlington and modification 1
of the Souris River channel at, through, and below Minot. The channel [
modification was authorized by the Senate and House Public Works j
Committees on 25 June and 14 July 1970, respectively. The reservoir H

was authorized by the Flood Control Act approved 31 December 1970.

In compliance with the requirements of the National Environmental

Policy Act of 1969, a draft revised environmental impact stotement

(81S) was furnished to the public in February 1974. A final updated

EIS was presented to the public in January 1975, However, because

of extensive modifications to the proposed project, it was deemed

necessary to reconsider the environmental, economic, and social

impacts associated with the project. A draft EIS addressinrg these

impacts was completed in October 1977 and circulated to Federal,

State and local agencies and interested groups and individuals

for their comments. This draft EIS was filed with the President's v
Council on Environmental Quality in November 1977. !

After receipt and consideration of comments on the draft E1S, the
Corps prepared this final EIS, which includes responses to the
questions and objections raised by the comments, and a final analvsis ]
of the project's environmental effects and the alternatives available. "
When this final statement is filed with the United States Environ- -
mental Protection Agency, a 30-day review period will ensue. During H
this period, all interests are invited to review the statement and
submit wri:ten comments,

The public should be aware that the proposed plan is still swbiect
to further refinements. Because of the changes in water resource
management policy since authorization of Burlington Dam in 1970 and
the need to accommodate suggestions by other concerned agencies and
local interests, the selected plan described in this dccument
includes several features which depart from the authorized project.
As a result some of the changes, such as:

(1)
(2)

the proposed Des Lacs Diversion unit;

levees to protect residential areas from the 5,000-cfs
reservolr maximum release rate;

i




(3) 1lands and other elements for environmental mitigation; and

(4) possible compensation for adverse effects in Canada;

may require supplemental authorization by Congress. The document
assumes that, if the departures are found to be significant post~-
authorization changes, congressional authorization will be forth-
coming. If congressional authorization is necessary, it could take
over a year before Congress decides, In the meantime, our studies
and design work on the selected plan will continue.

Coordination in planning with all known interests is a continuing
process, and attempts to maintain this coordination are being made.
(See section 9 for more detailed information.) Single copies of
this statement are available at the Corps of Engineera, St. Paul
District Office, 1135 U.S. Post Office and Custom House, St, Paul,
Minnesota 55101. '




SUMMARY
FINAL
ENVIRONMENTAL IMPACT STATEMENT
FLOOD CONTROL
BURLINGTON DAM
SOURIS RIVER, NORTH DAKOTA

) Draft (X) Final Environmental Statement
Responsible Office: U.S. Army Engineer District, St. Paul

1135 U.S. Post Office and Custom House
St. Paul, Minnesota 55101

1. Name of Action: (x) Administrative () Legislative

2. Description of the Proposed Action: The proposed plan for flood
damage reduction on the Souris River includes a dam near Burlington,

North Dakota, on the Souris River; a raise of Lake Darling Dam; a diver-
sion tunnel to carry flood flows on the Des Lacs River to the Souris River
above Burlington Dam; and downstream channel works consisting of levee
improvements in developed subdivision areas between Burlington and Minot,
North Dakota, channel modifications through and below Minot (1) and levee
improvements at the communities of Sawyer, North Dakota, and Velva, North
Dakota. The plan also includes raising the McKinney Cemetery headstones
and fence in place, acquiring and removing damageable property in Renville
County Park, various forms of flood protection of dwellings in rural areas
downstream, modifications to water control structures in the Upper Souris
and the J. Clark Salyer National Wildlife Refuges, and acquisition in fee
title and management of suitable lands to compensate for adverse effects
to wildlife habitat caused by the reservoir. The purpose of the proposed
plan is tc provide protection for floodplain residents, in particular at
Minot and adjacent suburban areas, from fioods originating from the Souris
River,the Des Lacs River, and local coulees upstream from Minot. There
are no provisions for a permanent conservation pool behind the dam. The
reservoir would be used only for the temporary impoundment of floodwater
when flows in excess of 5,000 cfs threaten Minot. The diversion tunnel
would protect Minot against infrequently occurring Des Lacs River floods,
and the downstream channel works would protect Minot from the local uncon-
trolled drainage area and would also serve to facilitate opera“ion and
drawdown of the reservoir.

3.a. Environmental Impacts: The plan would provide protection from
flooding for occupants of the Minot area floodplain and of the Souris
River floodplain downstream from Minot, including the communities of
Sawyer and Velva. 1In addition to providing flood control benefits, con-
struction of the proposed reservoir plan would alleviate unemployment

1)
Authorized separately in accordance with the provisions of section 201
of the 1965 Flood Control Act.
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by recruiting construction workers from the pool of available but
unemployed manpower to build the dam and related structures.

b. Adverse Environmental Impacts: The most significant adverse
environmental impacts would occur upstream from the reservoir and
above Lake Darling Dam. Terrestrial vegetation, such as grasslands,
wetlands, and bottomland hardwoods would be significantly affected
by periods of flood water storage. Habitat which is important to
deer, small mammals, and birds would be adversely impacted. Approxi-
mately 30 ranchers and other rural residents would have to be relocated
out of the reservoir area. In addition, required fee title purchases
include 75 summer homes and cottages in Renville County Memorial Park.
There is a possibility that 117 homes and 1,800 acres of agricultural
land downstream of the reservoir could be inundated by increased summer
flows. Recreation, including fishing, and valley aesthetics would be
adversely affected during and following periods of floodwater storage.
In addition, waterfowl production on man-made marsh impoundments
below Lake Darling Dam would be reduced during years requiring flood-
water storage and for some 2 to 5 years afterwards. In accordance
with recommendations made by the U.S., Fish and Wildlife Service, the
proposed plan includes several mitigatory measures to compensate for
the anticipated loss of wildlife habitat.

4. Alternatives:

Nonstructural
No Action
Floodplain Regulation and Insurance
Floodproofing
Flood Warning and Forecasting Services and Emergency Protection
Floodplain Evacuation

Structural

Boundary Diversion

Flood Barriers

Minot Tunnel Diversion

Lake Darling Dam

Burlington Dam

Confluence Dam .
Burlington Dam and Des Lacs Tributary Dams

Lake Darling Dam and Des Lacs Diversion

Lake Darling Dam and Minot Diversion

Burlington Dam, Des Lacs Diversion, and Gassman Coulee Dam
Lake Darling Dam and Flood Barriers

Environmental Quality Plan

National Economic Development Plan

5. Comments Requested: See page for a list of those fﬁrnished
a copy of this draft statement.
6. a. Draft statement to CEQ 4 November 1977 .

b. Final statement to EPA .
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1.0 PROJECT DESCRIPTION

1.01 The proposed plan for flood damage reduction on the Souris

River, North Dakota, is shown on plates 3 and 4, It includes a dam

near Burlington on the Souris River, a raise of Lake Darling Dam,

a diversion tunnel to carry flood flows on the Des Lacs River to the
Souris River above Burlington Dam, levee upgrading between Burlington
and Minot and at Sawyer and Velva, raising the McKinney Cemetery head-
stones and fence in place, acquiring and removing damageable property

in Renville County Park (and possibly developing more compatible recrea-~
tion features at the site later), various forms of flood protection of
dwellings in rural areas downstream, modifications to water control
structures in the Upper Souris and J. Clark Salyer National Wildlife
Refuges; and acquisition in fee title and management of suitable lands
to compensate for adverse effects to wildlife habitat caused by the
reservoir. The proposed plan for reservoir operations provides for
passage of flows up to 5,000 cfs at Minot by regulating the gates omn

the raised Lake Darling Dam and then by regulating the gates on Burling-
ton Dam when necessary. All floods up to one having a 2-percent chance
of occurring in any year (50-year flood) would be regulated with the
added storage behind the raised Lake Darling Dam, Burlington Dam would
be used only for temporary storage of floods and would not have a per-
wanent conservation pool. UOutflow from Burlington Dam would be held

at a constant rate not to exceed 5,000 cfs at Minot until either recession
of the flood or 15 May when outflow would be decreased to 500 cfs through-
out the growing season and fall harvest. Following harvest, outflow
would be increased to permit evacuation of the reservoir but would not
exceed 700 cfs.

PROJECT AUTHORIZATION

1.02 The project for flood damage reduction on the Souris River,

North Dakota, recommended by the Chief of Engineers in House Document
No. 321, Y1lst Congress, 2d session, provides for two major structural
measures: channel modification through Minot, North Dakota, and upstream
reservoir development. (See plate 1.) The channel modification feature
was approved by Senate and House Public Works Committee resolutions
adopted 25 June and 14 July 1970, respectively. The reservoir feature
was authorized later by the Flood Control Act approved 31 December 1970
(Public Law 91-611). The Minot channel modification was authorized
separately to provide limited flood protection for the city at the
earliest possible date.

1.03 Tihis environmental statement presents the lmpacts of Burlington
Dam. Construction of the Minot channel modification project is nearing
completion. A separate final environmental Impact statement covering
tue Minot channel was filed with the Council on Environmental Quality

in November 1974, Thus, this report pertains only to the portion of the
authorized plan involving the reservoir and related works beyond the
scope of the Miunot channel project.




j; _ o . e L e 2 N - o eore HJ

OR 3013 -
43091810 WaIR IV 45 - .rl_-
SANINIAOYIN) T3IZIWOHLINY \J! b‘.\ll..r - L~
VLONVQ HIMON ‘WIAW S1MNOS f jf.\/ m'-
Wy NOLONITENE
0¥1N03 00014 ™ G~ r.l.o.l(r\'\t/ 8 lllc-l:“ ——
1 ARMILNE A% TWLEARONAN] .V oD \. / wnon ui.l.._!'- H

004 00074 WIOAUISIS TRINOMA/W 40 DRITLA® - -

WD
ANVONNOE IXNIADEG B0 iV —— o
ANVONNOS WHOLLVOEILIN o oo
ANVONNOE RBYE UBAN cmoemvam —




——

W A
1
(Y]
a [ 3 » .
— v - AN Ao
e .. CANADA .._.._‘._-_"Q!‘_‘I.Q'E""--_.._-. --__.._.._.._1..._..__-_..__ .......
. (WUNITED 'TATES RTH DAKOT -
A ~ 1 ]
] SHENWO0D ]
DES LACS SN - 1 1 '
NATIONAL WH.DUFE REFUGE &\ : INTERNATIONAL A
o - \ BOUNDARY '
{ DIVERSION : i
h
» B\ U : : \
¥ :
1 1l
I '
; |
) !
¥ '
] ]
13 1
' ]
'8 '
® i3 |
BURKE CO | 3 RENVILLE COUNTY .
£} soweEL . waRD €01 2 MEMURIAL PARK :
h . \ '
' '€ eeER sOURIS - .
1» ) (NATIONAL WILOUIFE REFUGE - '
'
' : e . Gy MOHALL
« MCKINNEY " T
; , ! CEME T£RY (. X,
‘e . R REFUGE DAM
) . NO 41
. |
' R~ R Wt M N e e et
k :
' ‘ N o
DES LACS ! N e R e

AN
f
|
'
1
'
]
!
1
]
'
I
'
1
1
'
i
)
|
)
v

BURKE C0 WARD CO

NAT.ONA, wWILDUFE REFLGE

;

\\ s
!

|

\ :
N ?

. .. ,
' B BOT TINEAU coi

______ MOUNTRAW €5 T TTTTT TS ! SrrtiTT e T, T RenveLE €O)
v, AN ¢
1 +
T ',\\ UPPER SOUR'S AN . |
AN 4 NATIOONAL WILDLFE REFUSE e :
: AN . . ‘/" 4
. . G -
! a3 Y. '
; Y [
________ . O R - I o PP, [
! o “ WARG ca11
( ‘. . ‘ N !
' .- - R !
: « MINOTY AFS1 N
; i .. \
' L . :
: ' N '
T . Fss LACS DIVERSION n L
. TUNNEL r N <,
(2) | : N <% 4.4%.
D B N_tnc : g
U DU
/.—./—c\w | X s, SoRLNG TN
: a < DQAMS. TE
t Y
f ~~ N\ T
' \ - A .
1 ) - o R .
{ comweucs \ cENEE ;"D",l‘;;,\:“f“ﬂ
' '\AMSITE (9 S.Buw S
| ! DAMS ON
{ | MAJOR COULEES - L.
I - —
; f
[} -
i e A
I
1 o ,,
1 - ———
| - [MINOT DIVERSION
! TUNNEL . o
! ‘ - Lo
! ' s
I
1 :
]
]
]
1
t
| : !
1) “CALE % WILFS :
!
[ SR
:
. — : . A -
. s 3 o €
el v o> o —y - L3




v - -
CANADA
e .. SANADA e ————
v UNITED STATES
/

s CLARK SA.YER
NAT ON&. W LDLIFE REFUGE

N
e

.

]

: ;
H §
! - .
' "'e" PP i
¢ > -~ - .
LN soo_1n AT !
' " » '
. - Y .. ¢ - U

(3L ANSFORD MC HENRY CO . T

1
t
1
]
[}
¢
t
]
+
1
1
[
[N

BOTTINEAU CO
R

RENVH LE CO

BOTTINEAU CO
v MC MENRY CO, PIERCE *.CO
h
J CLARK SALYER

. . . T, ;'}(‘rur:omu WV;O}»‘E p[ru(,g\ .1
- R ! b 4 ‘

UPPER SOURIS
ONAL W! D.'FE REFUSE
Banx N, @ N
. N\ .
\\ N
] e . X \ ,
¥ WARD €O N !
“ | :
~ 1 N t
. \ N & !
~ | & \ § '
- -~ Ll
\Ir- 8 2 \\ & ‘
: N N 1
Lo e N N 4
. A P s
1 . ks 0
: . . 'I.;I' :
BURLING NN ! . TOWNER :
DAMSITE ) e |
| s '
< ! (2] .
R ! \ o N '
N . ! N '
LEVEE MPR(VEMENTS ) .
(9 SuBULIVISIONS) '
'
1 <
1
1
1
J
7mm ~En :
DIVERSION O
INEL
WENDRYE
“‘\ ENVIRONMENTAL IMPACT STATEMENT "
. FLOOD CONTROL
-
BURLINGTON DAM
} SOURIS RIVER, NORTH DAKOTA
b
' & N CONSIDERED ALTERNATIVE PLANS
!
: ST PAuL, MINN DSTRICY
' | N
[ L4 . = et—
‘ U.S.GPO 1977 765 051/23 Region No.6 PLATE 2




|

g

CANADA

- ——

BN
. N

.«

N

DES LACS :
NATIONAL WILOLIFE REFUGE — —NRRCL .

B T T IS,

MENVLLLE €O

g

SASKATCHEWAN

v e e - T e e e e e -y — = - —

NORTH DAKOTA

N —

.\ v

UPPER SOURIS P \
NATIONAL WILOLIFE REFUGE- ~ '
+ i : A (5)-
¥ LG
H | ¢ -
+ LY L .
' B, R
. : N
_______________ ’
! R ——
! R o
1 ‘R
1 31"
1 " ~
* ' A\
. .
N 1
s DES LACS ,
- ATIONAL WILDLIFE REFIUGE
= |
o I v
¥y ! :
' :
\ ! i
1
N I :
l
..... , : : __ sorTmEAy coi
) . ! . - mERVILCE co
] < o Ke !
< ! |
' 't:" -~ A} H
: | o A L N :
\ n ," ~ “ - 1/ 3
~ -~ - 1
| e @ - - UPPER sooums €FuGE N H
| SO\ SN 7o, S__ _NATIONAL WILDLIFE REFUGE | .. - S
\ » o?. WARD co!
: : g TN
. LS !
i ~ +
) )
)
1
! 1
]
i :
Looooy, L
— \ ON TUNNE

8

/

V‘V‘
\

[LEVEE IMPROVEMEN

TS

/

(1) MINOT CHANNEL PROJECT ()
UNDER CONSTRUCTION (1) [CHANNEL IMPROVEMENTS N
(2) DNELLING IMPRC JEMENTS DOWN- BISON ‘\\
STREAM OF RESERVOIR - INCLUDES ~ ~ v |POWER PLANT- ;
LEVEES AND NON-STRUTURAL -7
MEASURES
’c——b—‘ — 4 >
———n N T 7T scaLe wowmies
s \
+ ’ . 4 1




L] ) ;
B M v y T v iy v
el _wawiTowa L CAWADA . :
B A HONTH DAKOTA UNITED STATES i
/ 1
" : ¢ :
1 . \/ i )
& |l _ : :
r Y P :
Y - HEE )
W) 4 '
ts ! e
& < i
. s '
1 & d 1
1\ L f(‘ N :
< { ) H
0 28 " (D-3) !
Al T % v O\ \ H
2 \ / Co“" ;
\ . b3 4 !
J CLARK SALYER \ ~7 &) e !
NATIONAL WILOLIFE REFUSE-~ .
\
1
.
1
1

r
]
[}
[]

so0 e "8

MC MENRY CO

i
,
W t
AN ~ |
“ \ i
~ i
. 3 :
<o N !
...... N | N = o\ - g e - - BOTTINEAU COX L e o oy
N i‘!"q'( RENVILLE CO| r. C HENRY CO MERCE \CO
- N ! N N '
~ 1
AN ' ~Y ]
~N ™~ r
N\ . . H - Yy N S\—J. CLARK SALYER .
N . . [N N o NATIONAL WILOLIFE REFUGE
- “ ~ - - - y [ S ]
sou:z'%ttrucz ) : ! : !
DL H ~ ] N
..................... (0" S N k]
q:t. wARD co! , « '
"Lse h : 2 ¢ :
L a A : & ¢ H
MNOT AF , & i
2N & ¥ '
U ~ ; L3N :
]
t

N
L g
———

N - /

&\\‘4 % ': , X : '
T : r 5 '
BURLINGTON DAM]| : e : '
; EATON DAM i :
i g : ;
[] L ] .
' f
2, (2) i
_'-m-nm :
LEVEE IMPROVEMENTS '

g . r
POWER PLANT \

ENVIRONMENTAL IMPACT STATEMENT I
FLOOD CONTROL

BURLINGTON DAM
SCURIS RIVER, NORTH DAKOTA

PROPOSED IMPROVEMENTS

ST. PAUL, MINN. DISTRICT

|
: ; ; :
]

[

wU.S.GPO 1977 765 051/23 Region No 6 pLATE 3 1




[ (-]
wzﬁ@ : <
e
”
.
|
|
iy

Ej;n! AWO0D ‘1 7
| |
b | s
! R 2 | ;
! M RENVILLE COUNTY © '

KINNEY CEME TERY

Yo be criototed)

MEMORIAL PARK i 7

‘ To b ourrhosed!

- '-:."J
=
-

A
A
LS Elad
r -
x4
,

|
| —{FA ——f

o

N oesion paoL

FALRLD

RAISE
LAKE DARLING DAM

ELEVI620
'“"ia
- —EE R ———— —
3
5

o 3
SCBLE INWILES

N i, NI




"

4

- DESIGN POOL 2|
ELEV.I620 3z
w2
wie

-4

>
rx

&

1

—~FAS T} — - —— - —

2 3
SCALE INMILES

4

Iy

BISON POWER PLANT

5
&4

e

2
rd

:(s;ncsl/‘}t

e XMUNG“T&N;

~

DES LACS

DIVERSION _TUNNEL

-@»— US WIGHWAY

@8 NORTH DAKOTA STATE WIGHWAY

{FETII0F FEDIRAL #10 SECONLARY ROUTES
ot EXISTING DAM AND MARSN UNIT L

E PRQPOBED RAISE OF RESERVOIR CRUSS N,
INCLUD -ES

AA~  RESERVOIR DESIGN FLOOD POOL LiMtT

URBAN AREAS BETWEEN BURLINGTON AND MINOT

(M JoMNSONS ADDITION
@ BROOKS ADDITION

(3 TALBOTS NURSEY
@ COUNTRY CLUB ESTATES

(5)  ROBINWOOD ESTATES
® XINGS COURTS

. DOWNSYREAM | iMIT OF MINOT

CNANNEL MPROVEMENTS

UPSTREAM LIMIT OF MINOT
CHANNEL IMPROVEMENTS

LEGEND
EXISTIN, ROADS

ING BRIDGE AND APPROACHE

w =~ UPPER SOURIS NATIONAL WILDLIFE REFUGE

Q

@
O

ROSTAD'S SUBDIVISION
TIERRECITA VALLEJO
BRENXE ADDITION 4

ENVIRONMENTAL IMPACT STATEMENT
FLOOD CONTROL
BURLINGTON DAM

SOURIS RIVER, NORTH DAKOTA

GENERAL PLAN OF RESERVOIR AREA

ST PAUL, MINN DISTRICT

Us Gro

1977 /65 051 23 Reaqron No PLATE 4 “




F.

BURLINGTON DAM AND RESERVOIR

Dam, Spillway and Outlet Works

1.04 The location and features of the proposed dam and reservoir, as
shown on plate 3, are similar to the authorized plan except for changes
resulting from updated engineering, economic, and envirommental analyses.
Located 1) miles northwest of Burlington on the Souris River, the earth
fill dam would have a maximum height of 86.5 feet above the stream bed,

a crest length of 4,250 feet, and a top width of 32feet. The crest
elevation of 1639.0 would provide 5.0 feet of freeboard above the spill-
way design flood. The embankment of the dam would consist of a central
section primarily of compacted earth fill with 1 vertical on 4 horizontal
upstrean side slopes and 1 vertical on 3 horizontal downstream side
slopes. Uncompacted earth berms would be provided both upstream and
downstream of the central section to insure stability of relatively weak i
clay soils in the foundation of the dam. The upstream face of the "
compacted embankment would be protected against wave action and erosion
with a layer of riprap on a filter blanket. Topsoil with grass cover
would be provided to protect remaining embankment surfaces from erosion.
The spillway would be an uncontrolled reinforced-concrete weir sill-chute
structure 280 feet in width and a reinforced-concrete stilling basin for
control of large floods exceeding the reservoir design flood. The low-
flow outlet works for the reservoir would consist of two rectangular,
concrete, gate-controlled conduits 11 feet wide and 17.5 feet high; an
intake structure with slide—§ate controlled portals; and a flared stilling
basin at the conduit outlet.

Relocations

1.05 Construction of the proposed Burlington Dam and flood storage up

to the design pool elevation of 1620.0 would periodically inundate several
roads, a railroad, utilities and a cemetery. Federal-Aid Primary 5 (FAP 5),
also known as State Highway 5 (SH 5), which is the major traffic carrier
across the valley, would be raised to a level 5 feet above the reservoir
design pool elevation. Anticipated settlement problems would preclude bridge
construction adjacent to high fills in the valley bottom area. Thus, the
proposed highway raise would require a new bridge with a river diversion
channel at the west edge of the valley. Other proposed highway raises include
Federal-Aid Secondary 752 (FAS 752), also known as State Highway 28 (SH 28);
FAS 729 (also known as Renville County Road 9); and FAS 932 (also known as
Ward County Road 26). These roads have low volumes of traffic but are impor-
tant to the citizens of the area as school bus and mail routes, for fire
protection and ambulance service, and for transportation of farm machinery
and produce. Infrequent floods could cause these crossings to be inundated
for as long as 7 months.

1 Further details on the dam and appurtenant structures are given in
Design Memorandum No. 1, Hydrology and Hydraulic Analysis and supplement,
and in Design Memorandum No. 2, General, Phase I, Plan Formulation, avail~
able at the St., Paul District Office, Corps of Engineers.




‘he proposed plan includes raisine FAS 752 (State Highwav 28) and

FAN 726 (Renville Countv Road 9) 5 feet above existing grades. decreasinv

the frequency of inundation from once in 30 vears to once in about 280
vears, and constructing a bridge across the spillwav at lake Darline Dbam
(FAS 932). FAS 932 is also known as Renville Countv Road 38 or “ard

County Road 26, FAS i71 (Renville Countv Road 28) and FAS 929 (Wari
County Road 32) are also important vallev crossings for leocal and
commercial traffic.  However, even slisht raises are costlv, and FAS

+71 and 929 are not included amon3z roads to be raised. These .and
cther ~oad ocressings will have bridges anchered and receive normal
cestit o3 aintenance. FAS Route 927, which borders the east cuge of
tie reservoir and serves as an access route to Minot Air Force Base anc
4 school bus route to Burlington, would be rerouted around the dam
site. However, the route would be periodically inundated byv the
reservoir. Thus, another route via existing unimproved roads east of
the reservoir would be upgraded to FAS road standards to serve as a
substitute route. At the west edge of the dam site a county road weuld
be rercuted to higher ground. The Soo Line Railroad crossing would
dlso be raised bv 6 feet over the existing grade, decreasing the fre-
quency of inundation from about once in 40 years to about once in 280
vears. Approximately 40 miles of electric power distribution lines and
about +0 miles of telephone lines would be affected by the proposed
Burlington reservoir and would require removal or relocation. McKinney
tenetery, located one-fourth mile south of State Highway 5 on the west
edge of the river valley, contains about 250 graves within a 4.3-acre
site. The cemetery would be inundated by flood storage up to the
reservoir design pool elevation 1620 .0, Due to objections from local
interests to relocation of the cemetery, an alternative of approximately
egual cost is proposed. The plan would involve placing fill, an average
of 12 feet deep, cver the cemeterv area to the design pool elevation.
Grave markers would be relocated directly above their present locations.
TaTive

An oaiterna of osrotecting the cemeterv with a levee is also beins
sensidered. N rural water sunolv svstem is beinz developned in Renville
“oant, Petween the north boundary of the Unper Souris NWR and the inter-
Titicnal boundury (see olate 3), with several wells located in the reser-

volr area.  The oronosed plan includes modifications to the svstem to
make it operable with reservoir storage.

Real Estate =~ Above Dam

1.06 At full pcol elevation 1620, which would be reached by a 0.04 per-
cent chance flood, approximately 25,500 acres would be inundated, of
which a total of about 18,000 acres is in the Upper Souris National
Wildlife Refuge, presently in Federal ownership. There is opposition
by local interests to removal of private lands from the tax base and

to relocation of residences from the reservoir area. The State of

North Dakota expressed concern in a letter which proposed permitting
residents to remain in the pool area above the l-percent chance storage
elevation. The plan therefore includes fee title purchase of lands
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required for project structures (about 800 acres) and private lands
upstream from Burlington Dam to the l-percent chance elevation, pre-
sently established at 1605 above Lake Darling Dam and 1602 between
Burlington Dam and Lake Darling Dam, Flowage easements would be
taken between the l-percent chance elevation and elevation 1620, with
human habitation permitted to remain and including the right to erode
and prohibit future construction. Lands taken in fee title include
about 7,000 acres within the design flood pool and 4,000 acres of
uneconomic remnants above the full pool level. There are about 3,000
acres of private land in the flowage easement area of the reservoir,
The plan includes purchase of about 25 sets of buildings in the reser-
voir area, including 15 farms and 10 non-farm residences. Other
relocations include the removal of four sets of maintenance buildings
located in the Upper Souris Refuge below Lake Darling Dam and within
the flood pool. The existing refuge headquarters buildings located
near the left abutment of the dam and above elevation 1625 would
remain,

1.07 Renville County Memorial Park is located in a loop of the Souris
River about 2 miles north of State Highway 5 and, except for some county-
owned property, is privately owned. There are about 120 separate owner-
ships in the park including 80 cottages, a few of which are permanent
residences, and county-owned recreation buildings. The average elevation
of the park is about 1600 feet above mean sea level (msl), and the

park would therefore be subject to flooding. Accordingly, the plan
includes fee title purchase of all lands and developments within the
park, even though there is significant opposition to Federal purchase

of private and county property at the park. In response to desires
expressed by local interests, authorities other than the authority

for the flood control project will be investigated to provide substi-
tute recreation facilities compatible with flooding.

Fish and Wildlife Measures

1.08 Refuge Mitigation: The raise of Lake Darling Dam is an integral
part of the Burlington dam flood control plan (see plate 4)., The dam
would be raised 4 feet to control the smaller, more frequent floods,

and the slopes would be flattened and riprapped to insure stability.

The low-flow conduit and gate would be removed, and a new structure
capable of passing 5,000 cfs would be placed at the left abutment. -

The primary spillway would be raised 4 feet by constructing a concrete
weir and stilling basin about 100 feet upstream of the existing concrete
overflow sill. The area between the existing and new control structures
would be protected against scour with riprap. Concrete sidewalls would
be constructed from the new weir to the downstream end of the existing
overflow sill. Sections of the concrete sidewalls would also serve as
abutments for support of the proposed bridge over the spillway. Exist-
ing erosion protection on the spillway would be utilized intact and un-
disturbed, The grass-lined auxiliary spillway on the right abutment
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would also be raised 4 feet using compacted impervious fill, concrete
sidewalls would be constructed, and an overflow concrete sill would
regulate flow onto a natural slope riprapped for scour protection.

1.09 Refuge dams 96, 87, and 41 in the Upper Sourils Refuge (see
plate 4) and 320, 326, 332, 341, and 357 in the J. Clark Salyer
Refuge would be damaged and/or be less effective during and after
operation of Burlington Dam (due tc vegetation damage and the need
to change refuge management). In accordance with agreements made
with U.S. Fish and Wildlife Service (USFWS), thev would be modified
to insure their continued functioning and manageability with Burlington i
Dam in place. Modification to the three refuge dams located in the '
Upper Souris Refuge would include modification to embankments, spill-
ways, and outlet works. The embankments would be constructed to present
elevations and would be stabilized as necessary to withstand prolonged
periods of inundation (inundation would not cause failure of the dikes).
Also, the spillway and outlet conduits of dams 96 and 87 would be i
enlarged as necessary to pass the maximum outflow from Lake Darling
Dam before becoming inundated by storage behind Burlington Dam.

1.10 The dam embankments in J. Clark Salyer Refuge would all be

modified and stabilized as necessary to prevent erosion. The
spillways and outlet structures would be replaced with larger sized

structures capable of passing a discharge of 5,000 cfs plus local
inflow from below Burlington Dam. The gates on all refuge dams would
be equipped with heaters to facilitate winter operation. Also, the
low-flow outlet on dam 357 would be modified to prevent upstream move-
ment of carp during summer and fall releases from the reservoir.

1.11 Habitat Mitigation: To mitigate the loss of wildlife habitat 4
caused by periodic reservoir inundation both within and outside the

Upper Souris Refuge, the USFWS has proposed the reclamation of 2,000

acres of existing drained wetlands and reforestation on 1,000 acres }
of lands needed for the reservoir. The Service has identified 13,600

acres of drained wetlands in Ward, Renville, and McHenry Counties
suitable for mitigation, out of which any 2,000 acres could be chosen
to meet the mitigation requirements. In accordance with agreements
reached with the USFWS, fee title to the habitat mitigation lands would
be purchased.

Reservoir Plan of Operation

1.12 The proposed reservoir operating plan provides for maximum down-
stream urban and rural flood protection consistent with the degree to
which fish and wildlife interests have agreed to tolerate impacts in
storage areas behind Lake Darling and Burlington Dams. Generally,

the operating plan is based on coordinating the operation of Lake Darl-
ing and Burlington Reservoir with the flow from the uncontrolled drain-
age area (th: area between Minot and the Burlington Dam) to prevent
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discharge at the inot gage from exceeding 5,000 cfs., Depending on
the flood magnitude, the objective is to reduce the flow at Minot to
2,000 ¢fs by 10 May and 500 cfs by 20 May. (Mid-summer rainstorm
runott would also be held at 500 cfs.) After spring runoff, the Lake
Darling puol would be lowered to elevation 1596.0 at which point

the USFWS would take over operation of Lake Darling for fish and
wildlife purposes. All floods up to one having about a 2-percent
chance of occurring during any one year wonld be regulated by the
storage provided behind raised Lake Darling Dam. Floods larger than
the l-percent flood would require storage behind Burlington Dam to
avoid flows in excess of 5,000 cfs at Minot. Actual reservoir opera-
tion is divided into three phases as follows:

a. Preflood drawdown criteria for Lake Darling.
b. Maximum release plan,

¢. Reservoir emptying plan.

1.13 Preflood Drawdown: Prior to 1 March each vear the forecast for
sossible flooding will be evaluated on the following factors:

a. Predicted 30-day flood volume at Sherwood, North Dakota.
b, Lake Darling pool elevation on 1 March.

¢. Drawdown rate of 250 cfs, the estimated average non-damage
ice cover release rate.

d. ‘laximum drawdown to elevation 1591.0 for floods with a
predicted 30-day volume at Sherwood of 100,000 acre-feet or greater.

e¢. Minimum drawdown to elevation 1594.0 for smaller floods.

1.14 Maximum Release Plan: The adopted Lake Darling-Burlington oper-
ating plan for all Souris River floods is shown on figure 1. This
curve represents a plot of the predicted 30-~day flood volume at Sher-
wood versus the peak target flow at Minot. Floods having a more fre-
quent chance of occurrence than 4 percent at Sherwood would be regulated
to insure a Minot peak target flow dictated by the curve. The peak
flow would be based directly upon the predicted 30-day flood volume

at Sherwood (0-250,000 acre-feet) and the amount of storage available
in Lake Darling. Floods having a less frequent chance of occurrence
than 4 percent at Sherwood (a predicted 30-day volume of at least

' 250,000 acre-feet) would be operated to insure a peak flow not exceed-
ing 5,000 cfs at Minot.
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1.15 Reservoir Emptying Plan: The general reservoir emptying cri-
teria are stated as follows: 1f the predicted 30~day flood volume at
sherwood is between 0-50,000 acre-feet, releases would be adjusted

to produce a meximum Minot flow ranging from zero to 1,300 cfs.
Actual releases would be controlled according to the interests of the
USFWS, which relate to increasing the level of Lake Darling to eleva-
tion 1590 as soon as poussible.

.1t 1f the predicted 30-day tlood volume at Sherwood is between
50,000 and 100,000 acre-feet, releases would be adjusted te produce
¢ maximum Minot flow ranging from 1,300 to 2,000 cfs. Again, actual
releases would be governed by USFWS concerns related to increasing
the level of Lake Darling to elevation 1596. Releases would be cut
back to produce a Minot flow of 300 cfs by 20 May.

1.17 1f the predicted 30-day flood volume is between 100,000 and
150,000 acre-feet, the releases would be adjusted to produce a maximum
Minot flow of 2,000 cfs until the unregulated flow at Minot (1) is
rcached or until 10 May, whichever 1is earlier. Minot flow will either
follow the unregulated flow recession or would be cut back to 500 cfs
on 20 May, whichever is earlier. Minot flow would be held at 500 cfs
until Lake Darling is drawn down to elevation 1596.0. Earlier cutbacks
in releases may be necessary in some cases to assure that Lake Darling
can be filled to elevation 1596.0.

1.18 1f the predicted 30-day flood volume is from 150,000 to

225,000 acre-feet, releases would be adjusted to produce a maximum
Minot flow ranging from 2,000 to 3,600 cfs. Releases would be cut
back to produce a Minot flow of 2,000 cfs by 10 May and held constant
until the unregulated flow recession is reached.

1.19 1If the predicted 30-day volume is between 225,000 and 275,000
acre-feet, releases would be adjusted to produce a Minot flow ranging
from 3,600 to 5,000 cfs. Releases would be cut back to the Minot
unregulated flow recession by 7 to 15 May depending on storage reduc-
tions in Lake Darling needed to reach elevation 1596,

1.19B 1f the predicted 30-day flood volume is between 275,000 to 325,000
acre-feet, releases will be adjusted to produce a maximum Minot flow of
5,000 cfs. Maximum releases would continue until 7 to 15 May, depending
on storage reductions in Lake Darling needed to reach elevation 1596, or
the unregulated flow recession at Minot, whichever is later. )

1.20 All floods with predicted 30-day volumes between 325,000 and

the design flood would be controlled with maximum releases to produce

a Minot flow of 5,000 cfs. Maximum releases would continue to 15 May
or the unregulated flow recession at Minot, whichever is later. Re-
leases after 15 May would be cut to the Minot unregulated flow recession
or follow the unregulated flow recession at Minot to 500 cfs. Releases
would be adjusted to produce a Minot flow of 500 cfs until the Lake
Darling pool is drawn down to elevation 1596. Floods larger than
0.5-percent frequency may require flow at Minot of 5,000 cfs beyond

15 May to assure drawdown of the pool before the next flood season or

a 2-year storage release schedule. All floods with predicted 30-day

(1) The unregulated flow at Minot is approximated when reservoir storage
is constant and inflow equals outflow.
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volumes exceeding 325,000 acre-feet would require some storage in
Burlington Reservoir. Lake Darling and Burlington pools would be
drawn down concurrently until Lake Darling reaches elevation 1596;
and releases would then continue until Burlington Reservoir is empty.

1.21 For all floods it is intended that summer releases through
the end of August be held to produce a maximum Minot flow of 500
cfs and fall and winter Minot flows when necessary at a maximum

of 700 cfs. Some minor modifications may be necessary in the Lake
barling filling and release rates to accommodate fish spawning.

1.22 Additional details on the reservoir operation plan, including
an analysis of the impact of the plan on a range of historic floods,
are presented in Design Memorandum No. 1 - Hydrologic and Hydraaulic
Analysis and supplement thereto.

DES LACS RIVER DIVERSION

1.23 To provide the Minot area with a greater degree of protection
from the Des Lacs River than afforded by the Minot channel project,

the plan includes diverting the larger flood flows from the Des Lacs
River via a tunnel outletting behind the proposed Burlington Dam.

The diversion dam and tunnel portal would be located on the Des Lacs
River, about 8 valley miles northwest of Burlington, and the tunnel
outlet structure and channel would be located on the Souris River about
7 valley miles northeast of Burlington just below FAS 929, The general
location and features of the diversion conduit and related works are
shown on plate 4. The diversion facilities would include a small earth
dam about 1,700 feet long and 6 feet high, designed as an overflow
structure with a concrete crest. The ungated conduit through the dam
is designed to pass 4,000 cfs. An inlet channel and an uncontrolled
concrete welr structure are located at the portal of the tunnel. The
tunnel would be concrete-lined with an inside diameter of about 22 feet
and a total length of about 1 mile. A concrete chute energy dissipator
and channel would be constructed at the outlet end of the tunnel.
Diversion would begin when the discharge from the Des Lacs River
reaches 1,400 cfs, equivalent to a flood having about a l4-percent
chance of occurring in any one year. However, the diverted flow

would not be sto:ed behind Burlington Dam until the flow at Minot
reaches 5,000 cfs, equivalent to about a 0.4-percent Des Lacs River
probability. At deslgn capacity the tunnel would divert a flow of
4,500 cfs. When Des Lacs River flows exceed 8,500 cfs (0.06-percent
Des Lacs River probability), the excess flow would overtop the diver-
sion dam. There would be about a 6~percent chance of water overflowing
the channel banks immediately upstream of Burlington Dam in any one
year, which is similar to existing conditions, Additional details on
the diversion are provided in Design Memorandum No. 1, Hydrology and
Hydraulic Analysis.
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1,24 Approximately 300 acres of land would be required for the
diversion dam, inlet channel and control structures, and the diver-
sion impoundment. The purchase of these lands is based on fee title.
Lands required tor the outlet structures and channel are within the
area required for the reservoir. In addition, an easement would

be obtained for deposition of spoil from the tunnel and along the
alignment of the tunnel, and construction of the tunnel outlet
channel wouid require construction of a bridge on a township road
paralleling the west side of the Souris River.

LEVEE UPGRADING AND REAL ESTATE BELOW THE DAM

1.25 To reduce adverse environmental and social effects in the reser-—
voir area and also to increase the degree of Souris River protection,
the proposed reservoir operating plan provides for releasing up to a
maximum rate of 5,000 cfs at Minot. To accommodate the 5,000 cfs
release rate, levee moditfications are proposed for subdivision areas
between Burlington and Minot and at the communities of Sawyer and
Velva, as shown c¢a plates 2 and 3.

.26  Along the Souris River from Burlington to Minot are nine sub-
divisions in seven levee systems with emergency levees first con-~
structed by the Corps in 1970 and modified during subsequent flood
vears, In this reach there are 5.9 miles of levee in seven levee
systems which were capable of passing 9,300 cfs during the 1976 flood.
However, the levees cannot be relied upon to provide permanent protec-—
tion as they were constructed under emergency conditions without proper
consideration given to meeting engineering standards for foundations,
stability, and interior drainage. The emergency levees would be re-
aligned and regraded as necessary to pass a flow of 5,000 cfs with
up tuv 3 feet of freeboard. In places where the levees are constructed
between the channel and adjacent development, the channel would be
realigned to permit proper design of levee slopes. Riprapping would
be included where necessary to prevent erosion of the channel and the
riverward slope of the levees. The permanent plan of protection also
includes the provision of seven pumping stations, ponding areas, and
interceptor ditches and conduits, as necessary.

1.27 At Sawyer and Velva are emergency levees first constructed by °*
the Corps of Engineers during the spring floods of 1969 and 1970 and
modified during subsequent flood years to provide temporary protection
against flows of up to about 10,000 cfs plus about a 2-foot allowance
for freeboard. The proposed plan would upgrade the levees at Sawyer
and Velva to accommodate a design flow of 8,000 cfs, equivalent to

the maximum 5,000 cfs flow at Minot plus an allowance of 3,000 cfs

for flow from the drainage area below Minot.

14
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1.28 At Sawyer, about 0.8 mile of existing levee would be up-
graded, as was proposed for the levees between Burlington and Minot.
Due to the large ponding area avallable at Sawyer, no pumping
station is necessary. A gate well would be provided in the levee

to release ponded water once channel flows recede.

1.29 At Velva, about 1.9 miles of existing levee would also be i
upgraded and realigned. A channel cutoff is proposed on the up-

stream end of Velva which offers flood protection for more of the

city lands, avolds an erosion problem on the existing channel

alignment, and is less expensive. Gated channel barriers would be

constructed at both ends of the old channel loop and a control

structure would be placed in the new channel cutoff to insure the

passage of low flows through the existing channel alignment. Two

pumping plants would be required, along with ponding areas,

interceptors, and gate wells.

1.30 Included in the real estate plan is the acquisition of flowage |
casements on about 1,800 acres of farmlands along a 6-mile reach

between Towner and the J. Clark Salyer National Wildlife Refuge

which are affected by the 500 cfs summer releases.

1.31 There are also 117 farm and non-farm residences in the down-
stream rural floodplain. For these structures the plan includes
measures to accommodate the 5,000-cfs reservoir releases., The meas-
ures would be implemented at the option of the owner and could include
structural measures, relocation/evacuation, floodproofing, or a com- o
pensation payment for adverse social impacts.

1.32 These downstream areas would experience reduced flood stages and
thus an economlc benefit as compared with the without-project condition.
Nevertheless, reservoir releases could damage homes and displace resi-
dents. While not all the downstream measures are economically incre-
mentally justified, they are necessary to accommodate reservoir releases
and to insure that the project can be operated as originally intended.

The costs of these measures are therefore all Federal costs charged to '
the reservoir project.

CANADIAN COMPENSATORY REQUIREMENTS

1.33 Current studies show that the project's effect on water levels
in Saskatchewan is limited to stage increases within the river channel '
except during extremely rare floods. Thus, economic damages in Saskatch-
ewan are expected to be negligible, In Manitoba, the 500-cfs summer
reservoir release would affect a band of bottomlands near Westhope

where the existing channel capacity is only about 150 cfs. An estimate
of mitigation for these damages was based on an assumption of costs

for flowage easements as a percent: ge of market value of lands. Formal
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STataments aboul tagric s Taocaetda widl be presented in a report to
e bat st lon s sl o wleedn Puglaeering Board.,
T O N Cob b L BRANGE

.34 Lo accordance with the recommendations made by the Corps of

kg incers during preparation ot the 1969 survey report, the city of
dinot and Ward County endcted floodplain regulations. The regulations
were [irst adopted ta 1971 and were snbsequently modified in accord-
witve with secomshelaat 1ons wadee by the National Flood Insurance Admin-
istration to where they now restrict construction of damageable develop-
ment in the existing 10U0-year floodplain. The city of Velva located

in McHenry County is currently in the process of adopting floodplain
regulations, All three governmental entities participate in the
national flood insurance program. To date, neither the village of
Sawyer located in Ward County nor MceHenry County has adopted floodplain
regulations and thus does not qualify for benefits under the national
flood insurance progredu,

1,35 1he selecied plan would not vbviate the necd for tfloodplain
regutations, since substancial areas, particularly in developing

areds adjacent to HNinot, wonld remain susceptible to flooding from

a discharge of 5,000 cfs which, with the project, could be equaled

i an averdge of about once every 110 years (existing probability is
about once every 25 years). Accordingly, continuance of floodplain
regulations and continued participation in the national flood insurance
program in Ward County, Minot, and Velva and adoption of these measures
in Sawyer and McHenry Chunty are strongly recomsended. 1t should be
noted that ok Corps ot Engineers has no authority to impose flood-
plain regulations on State ur local units of government. This authoricy
rests with the State ar local untts of government themselves. .

Fose 1o reduce the tisk to (ite, health and property at Hinot, the
sclected plan woutd also include the installation of a flood warning
system o Gassman Coulee, consistiag of a network of electronic record-
ing rain gages and water tevel indicators that could be continuously
monitored by the Coips oi Lngiceers and Minot city personnel.

ECONOMLE WALy ST *
.37 Stace the paotaoi weald provide no (laimed economic benefits other

thian those related to tiood control, all of the cests are allocated to
that purpose.  The toriowing, table presents a summary of the benefits,

L6

PR S G




costs and resulting benefit/cost ratio for the selected plan. Based "
on average annual benefits of $7,762,000 and average annual charpges
of $5,596,000, the project is economicallyv feasible with a henefit/
cost ratio of 1.39. "
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2.00 ENVIRONMENTAL SETTING WITHOUT THE PROJECT

CLIMATE

2.01 The Souris River basin has a northern continental climate,
characterized by extreme variations in temperature, insufficient
rainfall for crops during many years, and moderate snowfall. Records
of the National Weather Service show that temperatures have varied
from a low of =54© F to a high of 114° F (~49° F to 109° F at Minot).
The mean annual temperature is 390 F, and annual precipitation
averages 15.5 inches, approximately 75 percent of which falls during
the crop season, normally late April through July or August. Average
temperatures in Minot are about 66° F during the summer and 11° F
during the winter. The average annual precipitation is about 15
inches, and total annual precipitation has ranged from 7 inches in
1934 to 25 inches in 1941. The average annual snowfall of 33 inches
constitutes approximately 21 percent of yearly precipitation for the
basin, with total annual snowfalli in Minot ranging from 100 inches
during the winter of 1949-1950 to less than 7 inches during the winter
of 1930-1931. Average annual gross evaporation from lake areas in

the Souris River basin is estimated at 33 inches, and the net evapora-
tion (gross evaporation less precipitation) is about 18 inches. The
growing season averages only 117 days but there is an average of

15 hours of sunlight per day in the summer,

2.02 At Minot the prevailing wind direction is northwest during the
winter. During the summer, winds are generally from a southerly
direction.

PHYSIOGRAPHY AND GEOLOGY

2.03 The discussion of the physiography and geology of the Souris
River basin presented in this section is merely a summary of informa-
tion available on the area and is intended to provide a background
against which the impact of the proposed project can be evaluated. A
number of excellent references dealing in a detalled manner with
various aspects of the basin geology are avallable. A list of those
references used in the preparation of this section is provided in the
literature cited and references section.

Physiography

2.04 The Souris River basin includes an area of approximately 24,800
square miles, Of this area, 15,480 square miles are in Canada and
9,320 square miles are in the United States. Except for 30 square
miles located in northeastern Montana, the United States portion

of the basin 1s in North Dakota, where it includes all of Renville
and Bottineau Counties and portions of Rolette, Pierce, McHenry,
Ward, Montrail, Burke and Divide Counties. The basin lies in the
Drift Prairie section of the Central Lowland physiographic pro-

vince and the Coteau Du Missouri which forms the eastern border
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of the Great Plains physiographic province. Four major geologic
and topographic teatures turther subdivide these major sections.
fhev are the Missouri Escarpment, ground-moraine plain, the lake
bed of olacial Lake Souris and the southwest portion of the Turtle
Mountain. (See figure 2).

2,05 "he Coteau Du Missour! extends across the western porticna o
the basin where it forms a range of glacial hills and undrained
depressions roughly 20 miles wide without an integrated draina, .
system.  The Coteau stands approximately 400 feet above the leved
or the jround-moraine plain to the northeast. " he northeastern
marg it of the Coteau is known as the Missouri Escarpment, or Cotcau
Sicpe, which is a gentle slope from the higher level of the Coteau
to the ground-moraine plain, This escarpment or slope forms the
boundary between the Great P'lains and Central Lowland phvsiopraphic
provinces. -
2oun o Tae greund-moraine plain comprises over 50 percent of the tetal
basin darea. It extends from the Coteau Du Missouri to the certor of
*ae basin where it meets the lake bed of glacial Lake Souria,  The
plain is an undulating surface with numerous round, undy iincg
depressions, low mounds, and elongated ridges. The regicooal siope

of the plain is to the northeast at 50 to 8U feet per mi.. near the
Misscurt Escarpment, decreases to 40 feet per mile west of the

Souris River, and is as low as 20 feet per mile vast ot the river,
The surtace is marked by shallow glacial outwasii channels which

trend normal to the regional slope. Local relief on the plain,

with the exception of the Souris and Des Lacs valleys, is generally
less than 30 teet and in places less than 10 feet,

2.0 Tae entire length of the Des Lacs River valley and that portion ﬁ
ot the Souris River valleyv upstream from Verendrye are in the

arva of the ground-moraine plain. Both vallevs in this area were cut

when the rivers were swollen with glacial meltwater and were sub-

sequently aggraded to their present levels after the last glaciers '
receded from the area. The existing condition in both valleys is,
therefore, one of a small stream in an oversized valley. The floor

of the Souris River valley lies 100 to 200 feet below the ground-
moraine plain, and the valley walls are fairly steep-sided. The .
presence of short, intermittent drainages that head onlv a few

miles from tae river give the valley walls a slightly dendritic form
witin little or no correlative terrace development. The valley floor
averages 3/4 wile in width and forms a relatively flat surface which
is broken by & sinuous river channel, meander scars and small alluvial
fans. The Des Lacs River valley is similar in form to the Souris
River valley in tne ground-moraine plain. The valley floor averages

‘2 mile in widtih and is incised up to 225 feet below the surrounding
plain.
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2,08 The lake bed ot glacial Lake Souris is located in the east-
central portion of the basin, This feature 1s approximately 80 nmiles
long in a northwesterly direction in the United States and 40 to 50
mi)es wideo 1t was furmed during the last glacial recession when
placlal meltwater was dammed by the receding ice mass. The surface
i1s nearly flat and featureless except for occasional sand dunes up

to 50 feet in height and numerous depressions which often contain
water, The lake bed is bordered on the northeast by a thin str.o of
ground-noraine and the southwest corner of the Turtle Mountain.

2,09 The Sourils River valley downstream from Verendrye is in the
glacial Lake Souris drea, The valley form in this area varies signi-
ficantly from that in the ground-moraine plain. The valley width
varies from ', to 3 miles. The valley is entrenched less that 100
fevt beleow the surrounding plain and in places shows practically

no valley incision,

Jolu the turtse Hountain occuples the extrene northeast corner of
the wnited states' portion of the basin. The mountain ares is an
erosional outlicr of the Coteau Du Missouri to the west and forms
¢ moraine-covered tableland approximately 400 feet above the
surveundin, plain.

2.1 bacept tor the Missouril Escarpuent and the areas bordering
streaw valleys, much of the drainage pattern within tae Souris
River basin varies from poourly-detined to noncontributing. Many
of the noncontributing areas include numerous small depressions
where surtace water is trapped.

2.12 The onlvy naturally wooded areas in the basin exist along
drafvages, thic slepes of the Turtle Moantain, and some duned areas
fn the Laice souris area. Elsewhere in the basin, the surface is

unwouded eacept where trees have been planted near dwellings and
tor windbreaks. The basin is sparsely populated with most of the
land surface used for sasture or cultivation,

General Geo ix;':'k’

2.13 The geolopy influencing the present environment in the Souris
River basin is the product of Tertlary and Quaternary erosion and
deposition. [Previous intervals of deposition and erosion are recorded
in the geologic column, but their importance to the existing environ-
ment 1s restricted to deposits of lignite, water, c'l and gas that
must be recovered from the subsurface.

2.14 Glaciers invaded the Souris River area several times during

the Pleistocene epoch. The most significant invasion was tue Mankato
Substage of the Wisconsin glaciation which laid down thick Jeposits
of drift that obscured nearly all of the preglacial topography. The
major drainages in the basin were eroded during the retreat of

this ice sheet. The valleys of the Souris and Des Lacs Rivers were
carved at this time by large quantities of water supplied by the
melting ice and were subsequently filled to theilr present levels

as the flows diminished.
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2.1y No sharp Jdemarcation separates Recent from Pleistocene time.
Atler the last retreat of glacial ice, conditions gradually gave way
Lo thouse existing today. The glacial features have suffered little
Irom erosion so that the present topography is composed essentially
uvf unaltered glacial features, and integrated drainage has not yet
been established in much of the basin,

J.1o Unconsolidated surtuce deposits in the basin are of two typues,
Recent alluvium and Pleistocene glacial deposits. The Recent alluvium
comprises only a small portion of the surficial materials and con~
sists of clay, silt, and fine-to-medium sand with minor amounts of
cuarse sand and gravel, The only significant alluvial deposits are
in the valleys of the Sourils and Des Lacs Rivers where they generally
exceed 30 feet In thickness. The glacial material consists
primarily of morainal deposits and sediments of glacial Lake Souris,
The morainal deposits are composed of an impervious, stony clay till
with thin seams, lenses, and short channels of sand and gravel. This
naterial occurs on the Coteau Du Missouri with an average thickness
ol 10U to 200 feet and varies from 50 to 300 feet in thickness through-
out the ground-morailne plain and under the sediments of glacial Lake
souris. The thickness of till in the river valleys is often less
than 50 teet, due to erosion by glacial meltwater. Buried preglacial
valleys, outwash channels, kames, eskers, overriden ice-countact
depusits, river-terrace deposits, diversion channels, and undiffer-
cntiated glaciofluvial deposits occur throughout the ground-moraine
plain and contain a higher sand and gravel content than the surrounding
placial till, The deposits of glacial Lake Souris range in thickness
trom a tfeatheredge to more than 70 feet. The material in the Lake
souris area 1s predominantly silt and moderately to poorly graded
sand, with sand and gravel beach and other near-shore deposits.

’
2.17 The bedrock units exposed or forming the buried preglacial
vrosional surface in the Souris River basin are, in descending order,
tlie Sentinel Butte, Tongue River and Cannonball Formations of the
Fort Union Group of the Tertiary System and the Hell Creek and Fox
Hills Formations of the Cretaceous System. Older Mesozolc and
Palevzoic beds underlie these formations and consist primarily of
shales, limestones, sandstones, siltstones, and evaporites with
a total thickness of several thousand feet. The older formations
are deeply buried in the basin and except for their economic impor-
tance are not discussed in this report.

2.18 Tne Sentinel Butte Formation, the uppermost bedrock unit in

the basin, is present only under the Coteau Du Missouri and is
lithologically similar to the underlying Tongue River Formation. The
Tongue River Formation is present in the western two~thirds of the
basin and in the Turtle Mountain. This unit is a continental

deposit composed of interbedded sandstone, siltstone, shale, clay,
and lignite. Lateral facies change is characteristic of the unit
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so that detailed correlation of beds beyond a local area is uot

practical. The Tongue River Formation varies from a possible

thickness greater than 900 reet under the Coteau Du Missouri to

4 deatheredge near the western shoreline at glacial Lake Souris.

ihe formation is cxposed intermittently in the Souris River valley

and associated drainages from Velva to the confluence of the Souris .
and Des Lacs Rivers. Tongue River exposures are present in thie Des
Lacs River valley upstream from the Souris River to a point 7 miles
north of Kenmare. The Cannonball Formation underlies surficial
deposits in a strip 5 to 15 miles wide which roughly parallels the
western shoreline of glacial Lake Souris. Lxposures of the Canucn-
ball Formaticn occur in the Souris River valley from Verendrie up-
stream tce Sawver, The unit is a marine deposit which consists of
thin, alternate beds of sandstone, siltstone, and sandy shale. The
total thickness of the uneroded Cannonball Formation is not known,

but the thickness of exposed beds in the vicinity of Sawyver is approa-
imately 40 feet. The Cretaceous Hell Creek Formatlion, witli a knowas ;
tuickuess ot 240 feet, underlies Tertiary rocks in the western par:

of the arva and underlies surficial deposits in a narrow strip a’

5> riles wide near the center of che basin. The formation consists

daiternate tuds of gray sandstone, siltstone, mudstone, and soft =it

The Cretaceous Fox Hills Formation directly underlies surficicl o -osit

in the vastern one-third of the basin. The formation is chicii.

« poourly vonsolidated, medium-grained, orange-yellow sandst.:ic

cunitainin, largye oval concretions.

2.19 The croded bedrock surface has a regional slope towuard the
northeast at a gradient slightly steeper than that of the ground
surface. The depth of erosion into bedrock in the Souris and Des
lacs River vallevs varies due to local differences in geclogic histor-.

Caitochanuel erosion in bearock is from Verend:ye o

the Souris and bes lacs Rivers to a few miles north ot Kenmnare, ;-
soream from Lawe Darting Daw and downstream from Verendrye, tic
Souris River has made little or no incision in bedrock., Maxioum '
determined depth to bedrock In the river vallevs is in the Minot

area where it i{s known to exceed 250 feet.

Pl L Tealten L

2.20 The structural geology of the Souris River basin has not heen
determined in detail. The regional subsurface structure consists -
of Paleozoic heds dipping to the southwest, truncated by Mesozic
beds that dip less steeply to the southwest., The dip of all

the beds is gentle and is obscured by local variations in some
areas. The Tertiary beds available for study at the surface
exhibit local structural irregularities and lithologic variations x
that make detailed correlation and scructural analysis questionable.

il

2.21 The basin 1is structurally stable and without tectonic dis-
turbances of regional or local magnitude. U.S. Coast and Geodetic
Survey (1969) shows the basin to lie in zone 1 or a non-critical
area that could expect only minor damage from any probable earth- '
quake.
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‘.22 Landslides, occurring as rotational slump blocks, form prominent

fveatures alony portions of the valley walls of the Des Lacs River
valley and the tributary drainages that enter the valley from the
west.  lhe landslides are most prominent where the Tongue River For-
mation {s exposed. These slides are generally inactive except where
the toe of the slide 1is being eruded or has been excavated by man.
The slides dare not considered a natural hazard in thelr present
condition but should be considered a potential problem in planning
any development in the area that would chauge the existing slopes

or drainage conditions.

2.23 Ancient landslides also exist adjacent to the Souris River
valley at and upstream from the Lake Darling Dam. The slides are
iaryge, vrescent-shaped slump blocks that persist ) to 2 miles away
froo the river., The slides developed prior to the post-glacial
tilling of the river valley and are presently stable. The slides
do not form a natural hazard and should remain stable under almost
aity conceivable natural or artificial change in the landscape.

Leconomic Geology

Jeww  Ndatural resources in the Souris River basin that either have
ceviowic value, have had economic value, or have economic potential
include lignite, sand and gravel, glacial till, glacial boulders,
brick clay, petroleum, natural gas, salt, and groundwater. Except
ror proundwater which is treated in a separate section, these
resources are discussed in the following paragraphs.

2.25 Lignite: Lignite is present in the Sentinel Butte and Tongue
wiver Formations, but its development on a commercial basis is
restricted by lrregular distribution of bLeds, thinness of beds and
thicknes: of overlylng cover. The only economically feasible method
of recovering the waterial at present {s strip mining. Three strip-
patle deposits are known in the basin ind are identified in Knox

et al. (1972) as the Noonan-Kincaid, MNlobe and Velva deposits. These
deposits are summarized as follows:

*Production in Estimated
Deposit Location Fiscal Year 1975 Reserve (1972)
Noonan-Kincald Northwest Burke Co, 439,739 tons 15,000,000 tons
Niobe 8 miles west of undeveloped 146,000,000 tons
Kenmare
Velva 13 miles southwest 339,417 tons 5,000,000 tons
of Velva

* Production data obtained from Workmen's Compensation Bureau (1975).
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J.20 Ligunite beds are exposed in abundance along the walls of the
Ues Lacs River valley and occasionally in the Souris River valley
aud its tributaries downstream from the mouth of the Des Lacs River.,
L.isnite in the Souris River valley upstream from the mouth of the
ies Lacs River is buried under a mantle of glacial till., Numerous
siiall abandoned wine openings are visible along the sides of the
Des Lacs River valley and some of its tributaries for a distance

vi 5 miles upstream and 8 miles downstream from Kenmare. Most of
these are slope entry mines less than 2,000 feet long, and nearly
all are presently caved and inaccessible.

2.27 sSand and Gravel: Sand and gravel deposits are abundant through-
out the basin. Commercial operations are usually developed in river-
terrace and diversion-channel deposits. Ice-marginal and outwash- i
channel deposits are next in importance. Kames, eskers, and over-
riden ice-contact deposits contain sufficient material for small
local projects. The southern part of the Lake Souris area contains
huge quantities of sand that are essentially undeveloped. The
material from nearly all deposits is adequate for road gravel, and
material from most larger deposits can be processed for concrete
aggregate, The largest aggregate producer in the basin is the

Minot Sand and Gravel Company whose main source of material is large
river~terrace deposits on the northwest side of the city of Minot.
Geologic maps included in Lemke (1960) show the locations of nearly
all known workable deposits.

2.28 Glacial Till: Sandy gravelly clay till is available in unlimited

quantities. The till is used primarily for £fill in highway construction.

2.29 Glacial Boulders: Glacial boulders are scattered on the

surface throughout the Coteau Du Missouri, ground-moraine plain, and

river terraces. The boulders are the main source of riprap in the '
basin and must be collected from scattered piles cleared from farmers'

flelds or on the surface of uncultivated areas where they are

naturally abundant., Stockpiles of oversized material screened from

the numerous gravel operations in the basin are alsc important

sources of boulders.

2.30 Brick Clay: Clay for brick manufacture has been mined in tha

past from several localities, The clays were obtained from the Fort

Union Group, alluvium and sediments of glacial Lake Souris. No brick

is presently manufactured in the basin; however, huge reserves of

clay are available and could be developed if the manufacture of '
bricks in this area again becomes profitable.

2.31 Petroleum: North Dakota became an oil State in 1951. )il was
not discovered in the Souris River basin, however, until January 1,
1953. Recent production statistics obtained from the North Dakota
State Geological Survey (1976, 2 references) show production from
the basin in the first half of 1976 to be 13,400,203 barrels.
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2,32 Production from all but two of the fields is from the Madison
Group of the Mississippian System. The other two produce from the
Spearfish Formation of the Triassic System to which the oil probably
migrated from the Madison Group. Beds of the Devonlan, Silurian and
Urdovician Systems are considered to have oil potential but are not
developed in the basin.

2.33 Gas: Gas was first found in the basin in 1908 and was developed
for local farm use in the vicinity of Westhope, Mohall, Lansford,
Maxbass and Deering, This gas was obtained from wells ending in

the lower portion of the glacial drift or underlying Tongue River
Formation. A gas well was developed in glacial drift at Maxbass in
1957, but produced only a total of 665 thousand cubic feet of gas.
Private and commercial development of this gas source has been
discontinued. Production records for the oil fields in the basin
show significant estimated ylelds of gas; however, communication with
the North Dakota State Geological Survey indicates that the only
commercial recovery of gas in the basin is by Energy Operating Cor-
poration located at Lignite.

2.34 Salt: Thick deposits of salt occur in Mesozoic and Paleozic
beds west of the Souris River basin, Some of the salt beds extend
into the basin, but communication with the North Dakota Geological
Survey revealed that no salt 1s produced in the basin.

Soils

2.35 Soils in the Souris River Basin are developed on parent materials
of glacial sediments, recent alluvium and, to a small extent, outcrops
of the Tongue River formation. In the major project areas upstream from
Minot, the dominant soils are the Barnes-Svea, Barnes and Williams-
Bowbells associations which are brown to black, loamy, moderatelv to
well drained soils developed on glaclal till and the Zahl-Max-Williams-
Velva association which are well-drained loamy soils formed on the

till and valley alluvium. These soils all generally cohesive and
moderately resistant to erosion.

Groundwater

2.36 Groundwater 1s an important natural resource in the Souris River
bagin where its occurrence and quality vary with location and depth.
Considerable detailed information on the groundwater conditions in

most areas of the basin 1s available. Akin (1947, 1951), Anderson

and Hansen (1957), Hansen (1967), Hutchinson and Pettyjohn (1971),
Jengen (1962), Lemke (1960), Pettyjohn (1967-2 references, 1Y68, 19Y70)
and Simpson (1929) are recommended sources of this detailed information.
The scope of this study does not warrant a presentation of more than

a summary of groundwater conditions, with emphasis on those features
most likely to be affected by the proposed projects.
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2.37 Groundwater in the basin is obtained from glacial deposits,
recent alluvium and bedrock aquifers. Wells in the glacial deposits
are developed in sand and gravel lenses or beds, debris—fil%ed valleys,
gzlacial outwash channels on the till plains, and glaciof1?v1al .
deposits in the river valleys. 1In a few places these aquifers will
vield more than 500 gallons per minute of good quality water, but
éuch yields are rare. In many places the aquifers are too thin, are
of small areal extent, or the rate of natural recharge is too slow

to provide sustained yields of more than a few gallons per minute.
Shallow or surficial deposits of sand and river-valley aquifers
generally produce water of good quality, but water from the more
deeply buried aquifers commonly contains objectionable concentrations
of iron, sulfate and dissolved solids.

2.38 Development of recent alluvium is restricted to the river
valleys. The alluvium is generally thin and is not considered an
important source of water,

2.39 bBedrock aquifers in the basin consist of the Cretaceous Dakota
Group, Fox Hills and Hell Creek Formations, and Tertiary Fort Union
Group. Water from the Dakota Group 1s generally saline and is used
mainly for pressurizing oil fields. Water from the Fox Hills and
Hell Creek Formations is a soft sodium bicarbonate type. The water
is of poor quality and not recommended for human consumption. The
Fort i(nion Group produces water from sandy phases and lignite beds.
Yields from this source are generally small. The water is generally
a sodium bicarbonate or sodium chloride type and 1is not recommended
for human consumption., Gas is present with the water in the Fort
Union Group and basal drift aquifers in eastern Renville and western
Bottineau Counties. When sufficient gas 1s present, it lifts the
water in a well to the ground surface and causes the well to flow.
This gas-1ift phenomenon was once common in the area but has decreased
appreciably with development of the aquifer.

2.40 Recharge to glacial aquifers, which are the best sources of good
quality water in the basin, is slow and consists of local precipitation
or infiltration from stream flow and, in some cases, bedrock aquifers.
Therefore, development of these aquifers must be planned and monitored
carefully so that a continuous supply of water may be maintained. For
this reason, large quantities of good-quality wate. are generally not
available for industrial or irrigation uses. In general, the gently
rolling till plains of the basin are recharge areas where water can
collect and seep to the subsurface., The eastern slope of the Coteau

Du Missouri and the Des Lacs River valley form a regional discharge
area refcrred to as the Des Lacs Artesian Discharge Area in Hutchinson
and Pettyjohn (1971). This area is characterized by numerous springs
and flowing wells. Throughout most of its length, the Souris River
valley is a discharge area; however, the quantity of water discharged
into the valley is small due to the low permeability of the surround-
ing sediments. Also, the Souris River loses water by seepage to some
of the major river valley aquifers in the Minot area and is an important
source of recharge for those aquifers.
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2.41 Sufficient groundwater sources have been developed throughout
the basin to maintain adequate municipal and domestic supplies,
although in some cases the quality of the water in domestic wells
probably does not meet standards recommended by the U.S. Public Health
Service. The largest user of water in the basin is the city of

Minot, which obtains adequate water supplies from the Souris River
and from buried-channel and glaciofluvial aquifers known as the

Minot, North Hill, South Hill, Northwest buried-channel, Lower

Souris and Sundre aquifers. The combined aquifer system has a large
areal extent and storage capacity, but unmanaged withdrawals could
easily exceed natural recharge. Therefore, the aquifers must be
properly managed to insure a continued supply of water for the future.
Pettyjohn (1967, 1968 and 1970) has detailed information on the
aquifers in the Minot area.

2,42 The area that would be affected by the proposed project is that
portion of the Souris River valley upstream from Burlington. One
aquifer, referred to as the Burlington aquifer in Hutchinson and
Pettyjohn (1971), extends about 3 miles up the Souris River valley
from Burlington. The aquifer extends nearly the full width of the
valley and has a maximum known thickness of about 88 feet. The
aquifer probably would provide an adequate municipal supply for
Burlington or sustain a small irrigation system.

2.43 C(Cross sections of the Sourls River valley between Burlington
and the international boundary, presented in Hutchinson and Pettyjohn
(1971), show that the valley fill generally ranges from 70 to 125
feet in thickness and consists mailnly of silt and clay with a few
small deposits of sand. Only a few domestic and stock wells are
developed in this area. Many wells are less than 20 feet deep and
developed in sand and gravel. Several wells near the valley walls
yield water from the Fort Union Group. Generally, each homestead has
shallow and deep wells, The shallow wells produce hard water for
culinary purposes. The deep wells, developed in the Fort Union
Group, produce soft water for other domestic uses. Either well may
be used for stock, Groundwater from the Souris River valley aquifers
in this area 1s believed to be discharging into the stream, but

the quantity of water is small and from spring to fall is probably
lost to evapotranspiration.

Unique Geologic Features

2,44 The Souris River basin includes some geologic features that
could be considered unique on a regional or continental scale. On

a basin scale, however, they are major land forms for which the term
geologic feature is misleading. Although some persons or groups

may consider a particular exposure or glacial deposit unusual or
rare, no feature in the basin in known to be generally accepted as
unique,
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> .3 within the Lnited States the primary channel of the Souris
River averages about 80 feet in top width and 12 feet in depth.
The top width in the Minot area varies from 50 to 90 feet. Due
to meanders, the river's length 1is about twice that of the valley
throush which it winds. Average slopes in various reaches of the
Souris River in North Dakota are as follows:

Western international boundary
(mile 512.7) to Minot (mile 377.7) 0.47 foot per mile

|
| Minot to Towner (mile 254.8) 0.76 foot per mile

Towner to eastern international
poundary (mile 154.5) 0.42 foot per mile

The portion of the Des Lacs River extending from Foxholm to its con-
fluence with the Souris River 1s 20 miles long, with an average

channel width of 30 feet and an average channel depth of 5 feet.

surface Water Uses

2.%9 Present surface water uses and demands are given in the following
paragraphs:

2.50 Canada: The Province of Saskatchewan has the right to use up
to 50 percent of the water originating in the Saskatchewan portion of
the Souris basin, but the flow at the Saskatchewan-North Dakota
border near Sherwood should be not less thar 4 cubic feet per second
(cfs) when possible. If Canada exercised its rights to one-half

of the water originating in Saskatchewan, the quantity of water
available to water users in North Dakota would be significantly
Jecreased. Each year, North Dakota must also deliver to the Province
of Manitoba during June through October 6,069 acre-feet of water, so
tar as practicable, at a rate of 20 cfs at the Westhone crossing.
Detailed information concerning the cited committments for water
rights is contained in the International Joint Commission (IJC) Order
dated Marcin 19,1958,

2.51 Municipal and Industrial: There are approximately 101,000

people living in the North Dakota portion of the Souris River basin.
Thirty-three communities with a total population of about 58,800

have water supply systems and all use groundwater as a source of
supply, with Minot and Westhope using Souris River water to augment
groundwater supplies. Minot, which has a population of slightly

over 32,000, is the major population center and has a water rights
claim of up to 6,900 acre-feet of water annually from the Souris

River, subject to prior appropriation by the USFWS for the Upper Souris
and J. Clark Salyer refuges. This water from the Souris River supplies
about one-third of the 4.5 million gallons per day average use for
Minot, which also has a contract to supply water to the Minot Air

Force Base. Westhope, with a population of about 700, has water

rights of 1.86 acre-feet per day from the Souris River. No data are
available on how much Westhope takes from the river, but the demand

is small. Industry is normally confined to the major urban areas,

and present use of water from the Souris is minor.
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.52 Rural: Domestic use, including communities without municipal
supply, tarmsteads, and the rural populace, may take as much as 2.1
million gallons per day which is obtained almost exclusively from
proundwater sources. Livestock requirements could have a gross

Jenmand of abour 4.5 million pallons per day. This demand is well
Jistributed throughout the basin and would be principally supplied

from groundwater sourues with surface water being used where available.

2,53 Irrigati.on: At this time, irrigation is of relatively little
importance in the Scuris basin because of a shortage of available
wiater. The principal existing users of surface water for irrigation
dare the Judpe A, M. Christianson irrigation project and the Eaton
Flood Irrization Distilct. The Judge A. M, Christianson project is
located near the junction of the Des Lacs and Souris Rivers and has
permits to divert up to 2,428 acre-feet of water from the Souris
and bes Lacs Rivers. The Eaton Flood Irrigation District near
iowner, North Dakota, has a permit to flood irrigate 8,000 acres of
native grass havliand with approximately 10,000 acre-feet of Souris
water each spring. The State oi North Dakota has granted permits
for the aunnual use of 1,346,000 acre-feet of water for irrigation
in the Souris basin. Of this, approximately 1,320,000 acre-feet
wure granted to occur under the Garrison Diversion plan. The

city ol Minot also hes an agreement with the Garrison Diversion
Cait to reveive up to 23,000 acre-feet for municipal supply.

s .54 Migratory Waterfowl: The USFWS operates and maintains three
aidtional wildlife refuges in the Souris basin. The impoundments in
the retuges have an aggregate storage volume of about 213,500 acre-
teet,  Lake Darling is the largest, having about 112,000 acre-feet

o0 stora . Jhe USFWS has acquired appropriative water rights under
worth bakota statutes which are dedicated to creating favorable
environments ror waterfowl, Water for any other purpose is available
eniy by oapreement with the Service, Evaporation from these impound-
reents Jduring a normal vear would be about 35 inches and at optimum
sool devels would be about 67,000 acre-feet of water., This evapora-

tive loss makes the USFWS the largest single consumptive water user
in the North Dbakcta portion of the Souris River basin.
WATER OBALITY OF THE SOURTS RIVER

2.55% The waters of the Souris River are marginal in respect to both
yuality and dependalility oif supply. Flows are highly variable,
with annual runoff at Hinot ranging from a low of 940 acre-feet in
1931 and 1937 to a high of 801,000 acre-feet in 1976. Flows are
usually greatest In April and May due to runoff from snowmelt and
peneral spring iuins. Flows are penevally very low during fall and
winter with periods of no flow occurring often, sometimes extending
for days and months at a time. Water quality data for two days from
the Sherwood sampline stations, where the Souris River enters North
Dakota, is shown in table 2. These two days are considered to be
representative of hich and low flow conditions. The region is
characterized bv thousands of small, undrained or poorly drained
shallow prairie potholes which store much of the runoff. These
potholes constitute about 90 percent of the surface water area in
the North Dakota portion of the basin.
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TABLE 2 - CLASS 1A WATER QUALITY REQUIREMENTS

¢ Substance or North Dakota Water Quality Data

; _Characteristics Limitation Sherwood Station

) 21 Jan 1975 15 May 1975

Discharge Discharge

i 5.1 cfs 4280 cfs

s Anmonia (un~ionized ) .02 mg/1 .76 mg/1 .06 mg/l

H as N (Diss)

; Arsenic (total) .05 mg/1 - -
Barium (Diss) 1.0 mg/l - -
Boren (Diss) 0.5 mg/l .31 mg/1 .2 mg/l
Cadium (total) .01 mg/l - -
Chlorides (Diss) 175 mg/1 85 7.5
Chromium (total) .05 mg/1 - -
Copper (total) (1) .05 mg/1 - -
Cyanides (total) .005mg/1 - -
Lead (Diss) (1) .05 mg/1 - -
Nitrates (N) (Diss) (2) 1.0 mg/l 1.2 mg/l .41 mg/l
Phosphates (P) (Diss)(2) 0.1 mg/l - -
Zinc (total) (1) 1.0 mg/l - -
Selenium (total) .01 mg/l - - !
Polvchlorinated .001mg/1 - -

Biphenyls (total)
Dissolved Oxygen 5.0 mg/l 2.3 mg/l 7.3 mg/l
(no+ less than)
pH 7.0-8.5 7.4 7.8
Temperature 85 degrees 32 degrees F 57 degrees F
F Max. Increase

not more than 5
degrees F above
natural background

conditions

Fecal Coliform Not exceed 10 Result 8 Result
geometric based on based on
mean of colony colony
200 per count count cutside
100 ml outside range
based on a range

minimum of

not less that 5 samples

obtained during separate

24~hour periods for any

30~day period, nor shall 10 percent
of total samples exceed 400 per 100

ml. Only applies to recreational
season 1 May to 30 Sept,

Sodium 60% of 40 31
total cations
as m Eg./1

Phenols .01 mg/1 - -

Sulfates (Diss) 450 mg/1 270 84

Total Chlorine 01 mg/1 :

Residual

Mercury (Total) .002mg/1 - -

(I} More restrictive criterla may be necessary to protect fish and

aquatic life
Standards for nitrates & phosphates are intended as guideline limits.

Department reserves right to review and to set specific limitations.

(2)
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2.56 The concentrations of chemical and biological constituents of
the surface waters vary greatly with flow, Dissolved oxygen often
drops to zero during winter ice cover conditions. The North Dakota
State Health Department has observed that variability in stream flows
is an important factor to be considered in water quality control.
Based on their stream monitoring and sampling program, they have
noted that stream water quality, following spring thaw runoff or
rains and during high flows, will usually have the following
characteristics as compared to low flow conditions: (1) increased
coliform counts (2) lower total dissolved solids, and (3) generally
no drop in phosphates corresponding to the lower total dissolved
solids.

WATER QUALITY OF THE DES LACS RIVER

2.57 The water quality and flow regime of the Des Lacs River is

similar to that of the Souris River in that its water quality is

adversely affected by seasonal low flow periods and the influence
of wildlife refuge impoundments.

2.58 The Des lLacs NWR on the upper Des Lacs River contains 8

low-head dams which serve to regulate water levels and also provide
some flow regulation from Upper Des Lacs Lake, which i3 the largest

and uppermost of the impoundments. The water quality of these impound-
ments and the Des Lacs River was investiscated by the Environmental
Protection Agency (EPA) during the 1969 Souris River Basin Water
Quality Studyv It was found that the shallow refuge impoundments, in
combination with the high nutrient concentrations and lush growths of
emergent aquatic vegetation, contribute to frequent algal blooms. Algal
blooms and other plant growth remove nutrients from the water which may
be incorporated into bottom sediments when the plants die and settle

to the bottom. lLarge amounts of organic detritus present in the refuge
impoundments exert an oxv.en demand which results in low dissolved
oxygen concentrations.

2.59 Benthic samples raken on the Des Lacs River contained numbers and
kinds of orpanisms indicative of eutrophic conditions. Water qualitv
improves in the lower treaches of the Des Lacs River below the refuge
impoundments. Pollution-intolerant organisms were observed near the
confluence with the Souris River, indicating that the river had .
recovered sufficiently to support sensitive organisms throughout

the vear.

2.60 Water quality data for the Des Lacs River at the Foxholm gage
1re shown in table 2A. The data shown are arbitrarily selected but
are indicative of water quality conditions during ice cover, high
flow conditions during spring runoff and for a low flow period during
lJate summer.
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TABLF 2A - DES LACS RIVER WATER QUALITY SAMPLING DATA

Substance or
Characteristic

Water Quality Data
Foxholm Station

Date
Flow

Specific Conductance
(micro-ohms)

pH

Temperature (Deg C)
Hardness (Ca,Mg)
Alkalinity (CaC0j)
Carbon Dioxide (COZ)
Sulfate (504)
Chloride (C1)
Silica (Si072)
Dissolved Solids
Boron (B)

lron (Fe)

Manganese (Mn)
Nitrate (V)

Jrthophosphorus (P)

r :

10 Dec. 1975

17 cfs

1500

7.7

0

490

370

480

22

1140

.080

35

22 Apr.

1280 cfs

405
7.8
2.0
150

85

110
12
3.2

337

.68

3.4

.13

7 Aug. 1975

59 cfs

1110
8.4
22.0
350

305

300
12

10

796
.48
.19
.01

1.0




North Dakota Stream Classification

2.61 The State of North Dakota has classified the Souris River as

4 1A Stream. The quality of waters in this c¢lass permits the pro-
pagation and/or life of resident fish species and the waters are
suitable for boatinyg, swimming, and other water recreation. The
treatment for municipal use may require softening, and the treated
watevr is required to meet bacteriological, physical, and chemical
requirements of the State Health Department for municipal use. The
quality of the water also permits its use for irrigation, stock
watering, and wildlife use without injurious effects. The require-
ments of this IA class of water are as shown in table 2. For a

discussion of Lake Darling's classification, see paragraphs 2.71-2.73.

Water Quality Stations

Current data (data provided from the U.S. EPA STORET system)
show 51 water quality stations in the Souris River basin upstream
from and including the station at Westhope, North Dakota. Of these
stations, 22 are on lakes, 16 are located on tributaries, and 13 are
on the mainstem of the Souris River. The U.S. Geological Survey,
North Dakota Game and Fish Department, North Dakota State Department
of Health, And Environment Canada, Water Nuality Branch are the
nprincipal renorting awencies. The Corps of Engineers, St. Paul
District, provides fundine for several of the stations.

2.62

2.63 The lake data being taken are generally restricted to dissolved
uxygen concencrations on a yearly basis. Most of the tributaries

are sampled on a quarterly basis with several being on a monthly
basis. The data for the major mainstem stations are usually taken

on a monthly basis with some of the physical parameters such as
temperature and specific conductance taken on a daily basis.

Sources of Pollution

2.64 There are no municipalities discharging untreated wastes into
the Souris River or its tributaries in North Dakota. The generally
accepted method of waste treatment in this area is the waste
stabilization pond system. State designed standards require that
these facilities nrovide a minimum of 180 dav storage. Those
municipalities not presently meeting the 180 day storage require-
ment will be upgrading their systems in the near future. Discharges
are allowed only after effluent quality standards are met and State
approval is granted. 1t is the policv of the State and
municipalities that discharges not occur during the winter period
when the streams are ice covered and flows are low.

36

RV U




J.en industrial wastes are considered to be minor. GSorth Dakota

te oot o4 ddghly industrialized State, and the State has only 16
pernits that are considered tu be major industrial waste dischar.
cermits. ALl permits for industry, major and minor, have been
issued. In general, all industries are in compliance with their ;
pernit conditions. o

Z.ro Non-point source pollution is a major factor to be considersd
in the water quality of the streams in the Souris btasin. Ihe Nertn
Dakota State Health Department has noted that the quality or surface
waters has not improved comparatively with the rapid advances that
have been made by municipalities, industries and other point sources
in providing adequate treatment of their wastes. The North Dakota
tealth Department has estimated total nitrogen (N) and phosphorus (%)
for both point and non-point sources in the basin. These data are
siiown in table 3. Data show that the non~point sources account fer
38 percent of the total N and 82 percent of the total P. Reduction
in these loadings from non-point sources will require improved lard
treatment practices which will be costly and will take a relativelw
long time to implement,

TABLE 3

Nutrient Sources in the Souris River Basin

Total N Total P
Source Million 1b/vr Million 1lb/vr
Point .31 .15
Non-puoing 2.26 .69
Totail 2.57 .84

water vyaaiity ot bxisting Reservoirs

SonT About 230 dams and reservoirs have been constructed in the North
Dakota porticn of the Souris River basin. One-hundred-and~forty-two ’
o7 these dams have incividual storage capacities of less than 37
acre-teer, The irprundments constructed in the three migratory

waterfowl refuges '+ the U.S, Fish and Wildlife Service constiture
the principal storage in the basin. The morphometry of the principal
mainstem Souris Jes lLdacs River impoundments is shown in table 4.
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TABLE 4

Principal Mainstem Souris and pes Lacs River Impoundments

Reservoir Surface Maximum Mean
River  Capacity Arca Depth Depth Primary
impoundrient Mile Acre-Tt. Acres Ft. Ft. Purpose
Souris River
USFWS Service 471.1 3,224 728 16.5 4,4 Migratory
Dam 41 waterfowl
refuge
USFWS Service 429.9 121,600 11,800 25.9 11,3 Migratory
Lake Darling waterfowl
refuge, water
storage
USFWS Service 429.0 114 57.5 4.5 2.0 Migratory
Dam A waterfowl
refuge
USFUS Service <27.7 252 193 4 1.3 Migratory
Dam B wa;erfowl
refuge
USFWS Service 426.6 258 135 5.5 1.9 ‘igratory
Dam C wa;erfowl
refuge
USFWS Service 425.7 1,320 323 16.0 4,1 'isratory
Dam 87 wa;erfowl
refuge
USFWS Service 416.7 2,884 943 15.9 3.1 Migratory
Dam 96 wa;erfowl
refuge
Eaton Dam 269.7 1,650 - - - ;‘i'rigfzi_"“
USFWS Service 205.0 1,000 - - - grarory
Dam 1 wa;erfowl
refuge
Migratory
gSFwizzetVice 194.0 10,000 2,666 9.9 3.7 aterfowl
am
refuge
Migratory
gsmizier"ice 195.7 5,500 3,129 7.7 1.8 Laterfowl
am
refuge
Migratory
3SFW§2§ervice 179.9 5,371 3,115 9,0 1.7 aterfowl
am refuge
Migratory
lIJ)SFWSyjervice 171.12 5,050 2,341 8.0 2.1 yaterfowl
am refuge
USFWS S 1 Migratory
5 357erv ce 155.4 21,600 6,842 10.4 3.2 waterfowl
am refuge
Des Lacs River
USFWS Service 38,000 4,700 10.0 8.1 Migratory
Upper Des Lacs waterfowl
Lake refuge
USFWS Service 278 136 5.0 2.0 Migratory
Dam 2 waterfowl
38 refuge




TABLE 4
{cont.)

Principal Mainstem Souris and Des Lacs River Impoundments

Reservoir Surface Maximum Mean

River Capacity Area bepth Depth Primary
Impouncdment Mile Acre-Ft. Acres Ft. Ft. Purpose
USFWS Servize 49 44 3.0 1.1 Migratory
Dam . waterfowl
refuge
USFWS Service 4,900 715 7.6 6.8 Migratory
Dam 4 waterfowl
refuge
USEWS Service 55 31 4,0 1.8 Migratory
Dam 4A waterfowl
refuge
USFWS Service 140 130 3.5 1.1 Migratory
Dam 5 waterfowl
refuge
USFWS Service 426 239 4.5 1.8 Migratory
Dam 6 waterfowl
refuge
USFWS Service 870 172 7.5 Migratory
Nam 7 waterfowl
refuge
USFWS Service 1,858 264 8.2 Migratory
Dam 74 waterfowl
refuge
USFWS Service 349 114 9.0 Migratory
Dam 8 waterfowl
refuge
Judge AM, Irrigation
Christianson
Project ‘
Unit 1 370 '
Unit 2 320
!
i
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2.68 These shallow impoundments have an influence on the water quality
of the Souris River. The Lnvironmental Protection Agency investigated
conditions in Souris basin during the summer and fall of 1969. A
summary of the conclusions of their report is that water quality
conditions reflected a river and i