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PHYSTIOGRAPHY

1. The Souris River basin lies in the Drift Prairie section of the Central
Lowland Physiographic province and the Coteau Du Missouri which forms the
eastern border of the Great Plains physiographic province. Four major
geologic and topographic features are present to further subdivide these
major sections. These are the Missouri Escarpment, ground-moraine plain,
the lake bed of glacial Lake Souris and the southwest portion of the
Turtle Mountain (see Figure 1).

2. The entire length of the Des Lacs River valley and that portion of the
Souris River valley upstream from Verendrye are in the area of the ground-
moraine plain. Both valleys in this area were cut when the rivers were
swollen with glacial meltwater and were subsequently aggraded to their
present levels after the glaciers receded from the area. The existing condi-
tion 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-moraire plain, and the valley walls are fairly steep-sided. The
presence of short, intermittent drainages that head only a few miles from
the river give the valley walls a slightly dendritic form with little or no
correlative terrace development. The valley floor averages 3/4-mile in
width and forms a relatively flat surface which is broken by a sinous river
channel, meander scars and small alluvial fans. The Des Lacs River valley
is similar in form to the Souris River valley in the ground-moraine plain.
The valley floor averages 1/2-mile in width and is incised up to 275 feet
below the surrounding plains.

3. The Souris River valley downstream from Verendrye is formed in the
glacial Lake Souris area. The valley form in this area varies drastically
from that in the ground-moraine plain. The valley is 1/2 to 3 miles wide and
is entrenched less than 100 feet below the surrounding plain. 1In nlaces,

a valley form is barely perceptible.

4. Except for the Missouri Escarpment and areas bordering stream valleys,
much of the drainage pattern within the Souris River basin varies from
poorly defined to noncontributing. Many of the noncontributing areas in-
clude numerous small depressions where surface water is trapped.

5. The only naturally wooded areas in the basin exist along drainages, the
slopes of the Turtle Mountain, and some duned areas in the Lake Souris area.
Elsewhere in the basin, the surface is unwooded except where trees have
been planted near dwellings and for windbreaks. The basin is sparsely
populated with most of the land surface used for pasture or cultivation.

GENERAL GEOLOGY

6. Glaciers invaded the Souris River basin several times during the Pleis-
tocene Epoch. The most significant invasion was the Mankato Substage of
the Wisconsin glaciation which laid down thick deposits of drift that
obscured much of the preglacial topography. The valleys of the Souris and
Des Lacs Rivers were carved, or enlarged, by great quantities of water
supplied by the melting ice and were subsequently filled to their present
levels as the flows diminished.
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7. No sharp demarcation separates Recent from Pleistocene time. After
the last retreat of glacial ice, conditions gradually gave way to those
existing today. The glacial features have suffered little from erosion so
that present topography is composed essentially of unaltered glacial forms.
Integrated drainage has not yet been established in much of the basin.

8. Unconsolidated surface deposits in the basin arc of two types: recent
alluvium and Pleistocene glacial deposits. Recent alluvium comprises only

a small portion of the surface materials and consists of clay, silt, fine-
to-medium sand with minor 2mounts of coarse sand, and gravel. Significant
alluvial deposits are restricted to the valleys of the Souris and Des Lacs
Rivers where they generally exceed 50 feet in thickness. The glacial material
consists primarily of morainal deposits and sediments of glacial Lake Souris.
Morainal deposits are composed of an impervious, stoney clay till with thin
seams, lenses, and channels of sand and gravel. This material occurs under
the Coteau Du Missouri with an average thickness of 100 to 200 feet and varies
from 50 to 300 feet in thickness throughout the ground-moraine plain and
under the sediments of glacial Lake Souris. The till is often absent in the
river valleyvs. Buried preglacial valleys, outwash channels, kames, eskers,
overridden ice-contact deposits, river terrace deposits, diversion channels,
and undifferentiated glaciofluvial deposits occur throughout the ground-
moraine plain and contain a higher sand and gravel content than the glacial
till. The deposits of glacial Lake Souris range in thickness from a feather-
edge to more than 70 feet. Material in the Lake Souris area is predominantly
silt and moderately to poorly graded sand with sand and gravel beach and
other near-shore deposits.

9. The bedrock units exposed or forming the buried preglacial erosional
surface in the Souris River basin are, in descending order, the 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 Mesozoic and Palezoic beds underlie these forma-
tions and consist primarily of shales, limestones, sandstones, siltstones,
and evaporiteswith a total thickness of several thousand feet.

10. The 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
and underlies glacial and alluvial sediments in the proposed project areas.
This formation is described in detail in the discussion of foundation
materials. Exposures of the Cannonball Formation occur in the Souris River
valley from Verendrye upstream to Sawyer. This 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 Sawyer is
approximately 40 feet. The underlyving, or older, rock formations are
below the influence of the proposed work and are, ther~fore, not

discussed.

11. The structural geology of the Souris River basin has not been deter-
mined in detail. Regionally, the subsurface structure consists of south-
westerly dipping Palezoic beds truncated by Mesozoic beds that dip less
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steeply to the southwest. The regional dip of all the beds is gentle and
is obscured by local variations in some areas. Tertiary beds available
for study at the surface exhibit local structural irregularities and
lithologic variations that make deatiled correlation and structural
analysis questionable.

12. The basin is structurally stable and without tectonic disturbances
of regional or local magnitude. Current seismic risk references show the
basin to lie in zone 1 or a non-critical area that could expect only
minor damage from any probable earthquake.

GROUND WATER

13. Groundwater is an important natural resource in the Souris River
basin where its occurrence and quality vary with location and depth.
Considerable detailed information on the ground-water conditions in most
areas of the basin is available. The scope of this study, however, does
not warrant a presentation of more than a summary of ground-water condi-
tions.

14. Ground water 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-filled valleys, glacial outwash
channels on the till plains, and glaciofluvial dcposits in the river
valleys. In a few places these aquifers will yield more than 500 gallons
per minute of good quality water, but such 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 concentra-
tions of iron, sulfate and dissolved solids.

15. Development of wells in recent alluvium is restricted to the river
valleys. Water-bearing strata in the alluvium are generally thin and are
not considered important sources of water.

16. Bedrock aquifers in the basin consist of the Cretaceous Dakota Group,
Fox Hills and Hell Creek Formations, and Tertiary For*t Union Group. Water

from the Dakota Group is generally saline and is used mainly for pressurizing

oil fields. Water from the Fox Hills and Hell Creek is a soft, sodium bi-
carbonate or sodium chloride type and is not recommended for human consump-
tion. 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 is present, it lifts the water in a well to the ground
surface and causes the well to flow. This gas-1lift phenomenon was once
common in the area but has decreased appreciably with development of the
aquifer.

17. Sufficient ground water 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
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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 along with buried-channel and
glaciofluvial aquifers known as the Minot, North Hill, South Hill, North-
est buried-channel, Lower Souris and Sundre Aquifers. The combined aquifer
system has a large areal extent and storage capacity, but unmanaged with-
drawals could easily exceed natural recharge. Therefore, the aquifers

must be properly managed to insure a continued supply of water for the
future.

SITE TOPOGRAPHY, SUBSURFACE CONDITIONS, AND FOUNDATIONS MATERIALS

18. The topography and subsurface conditions for each site are presented
in this report by site topographic maps showing the proposed structures
and generalized foundation profiles that show the interpreted subsurface
conditions. Foundation materials for all of the proposed structures may
be classified in the broad categories of River Alluvium, Glacial Sediments
or Tongue River Formation. Except for minor variations in the alluvium,
the general properties of each category are similar at all sites; there-
fore, a discussion of the materials by category is adequate for this study
and is presented in the following paragraphs.

19. RIVER ALLUVIUM

The River Alluvium was deposited during aggredation of the Souris and
Des Lacs River valleys following the recession of glaciers from the area.
Material in the Souris Valley averages over 100 feet thick with a maximum
known thickness of 160 feet. This material is predominantly medium to
high plasticity clays with occasional interbeds of fine sand and silty
fine sand. Some of the more plastic clays resemble lacustrine clays and
may have been deposited in temporary valley lakes. River Alluvium in the
Des Lacs valley has a maximum known thickness of 70 feet and consists of
interbedded silty sand, clay and silt with occasional beds of clean sand.

20. GLACIAL SEDIMENTS

Except for a sand and gravel terrace deposit at Lake Darling Dam, the
glacial sediments consist almost entirely of heterogeneous sandy clay till.
Scattered gravel and occasional cobbles or boulders, thin beds, lenses,
and channels of sand occur throughout the till. The sand and gravel
terrace at Lake Darling Dam is located on the left abutment and exhibits
a wide range of grain sizes, varies from silty to clean and has an abundance
of cobbles and boulders.

21. TONGUE RIVER FORMATION

The Tongue River Formation is a terrestrial deposit laid down in
lakes, swamps and broad floodplains of eastward flowing rivers during the
Paleocene Epoch of the Tertiary Period. The formation is characterized by
vertical and horizontal variations in lithology consisting essentially of
mixtures of clay-, silt- and sand-sized particles. These constituent
materials not only occur in numerous combinations but also exhibit sedi-
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mentary structures ranging from finely laminated to massive. In addition,

a change from one dominant particle size or sedimentary structure to another
is often gradational or subtle so that classification into correlative units
is difficult. The formation is often described as an '"immature'" rock that
exhibits both the properties of a soil and the properties of a rock.

Rock terms were used for this study based on apparent preference for

these terms in the literature and previous usage with other Corps of
Engineers investigations in the same formation. A classification system

was developed for the Tongue River Formation which consists of five major
lithologic types--shale, laminated siltstone, homogeneous siltstone, sand-
stone and carbonate concretions. The lithologic units are described on
Plate B-12. The engineering properties and considerations are summarized

as follows:

22. Permeabilitx

The primary permeability of all units except the cleanest sandstones
is so low the units are considered impervious. The primary permeability
of the best sandstone encountered is estimated at less than 7 x 10-4 cm
per second. Secondary permeability is expected to be a significant con-
sideration in lignite beds. Fractured lignites account for drilling
fluid losses and are sources of springs in outcrop areas. A low frequency
of secondary interstices observed in the drill cores suggests that water
problems will be restricted to lignites which may serve as seepage paths
from reservoirs or sources of water if encountered in excavations.

23. Faulting

Several fault planes were identified as slickensided planes in the
drill cores. More probably exist but were not identified due to difficulty
of finding them without destroying the core samples. The depth of previous
erosion in the valley and steep erosional surface on the buried Tongue
River Formation indicate conditions favorable for the development of
Proglacial slump blocks which parallel the trend of the valleys. Fault
planes should, therefore, be expected in any excavation near river valley
walls.

24. Jointing

A low frequency of jointing and fracturing was encountered in the
borings and is considered a good representation of the subsurface condi-
tion. The presence of stress-relief joints that parallel the valley
trend should, however, be expected in any excavation near a valley wall.

25. Excavation Properties

All material except cemented sandstone and limestone (carbonate
concretions) can be excavated easily by ripping or can be tunneled by
machine. Structural excavations, with the same exceptions, can be cut to
close tolerance with a coal saw.

26. Bearing Capacity

The most critical unit as far as bearing capacity is concerned is
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shale. It is recommended that unweathered shale be considered to have an
» allowable bearing capacity of 4 tons per square foot. The bearing capa-
2; city of weathered shale is considered to be equivalent to the overlying
glacial till.

27. Rebound

The Tongue River beds exist in an over-consolidated state due to
previous sediment and ice loads greatly in excess of the load exerted by
the existing cover of sediments. For this reason, rebound of the Tongue
River Formation in deep excavations has caused problems on other projects.
Rebound must be considered a potential problem in any major excavation.

28. Slope Stability

Slope failures in the Tongue River are evident in the region hut are
generally due to steepening of a stable slope by erosion or excavation.
Designed slopes in the Tongue River Formation at Garrison Dam have reportedly
remained stable for 27 years. The most critical element anticipated to
cause slope stability problems at the proposed facilities is exposure of g
the glacial till-Tongue River contact.

29. Foundation Protection

Protection of structural foundations is necessary to prevent deteriora-
tion of the foundation between the time of excavation and concrete placement.
This is expected to be especially critical for laminated siltstone and
shale. Initial underexcavation with excavation to final grade immediately
before concrete placement is recommended for these units.

WATER TABLE

30. An accurate water table has not been determined at any of the proposed
sites. An inferred water table is, therefore, shown on the foundation pro-
files and is based on limited water level data from borings and the base

of the zone of oxidation. The water table is inferred from these data to
be quite high and in most cases well above the base of excavation. Ground
water is, however, not expected to be a major problem in any excavations
due to the overall low permeability of the materials. Minor discharge from
sand and gravel seams in the till and occasional sandstone beds in the
Tongue River Formation is expected. Fractured lignite seams in the Tongue
River should cause the greatest water problem in excavations but are not
expected to be a significant concern. The delineation of the water table
and water-bearing characteristics of the more pervious beds and lignite
seams will be refined in the investigations for detailed design.

SOURCES OF STONE AND AGGREGATE CONSTRUCTION MATERTALS

31. Concrete aggregate of acceptable quality can be produced locally from
gravel pits in glacial terrace deposits along the Souris and Des Lac Rivers.
The material must, however, be carefully processed to remove iron-oxide

: concretions and shale.
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32. Riprap and bedding are available locally. Riprap must be obtained
from field stone piles of glacial boulders within a radius of 15 miles
from the projects and from oversized material screened from gravel pro-
duction. The supply of boulders in the area is being consumed and will
eventually be depleted. At that time, riprap would have to be shipped in
from outside the area. The closest reliable source of quarried stone is
Ortonville, Minnesota, a distance of 400 miles. Bedding material can be
produced from local gravel pits.

ECONOMIC GEOLOGY

33. Mineral resources in the Souris River basin that either have economic
value, have had economic value or have economic potential include lignite,
sand and gravel, glacial till, glacial boulders, brick clay, petroleum,
natural gas, and salt. Those resources within the reasonable area of
influence of the proposed facilities are sand and gravel, glacial till,
glacial boulders and petroleum.

34. SAND AND GRAVEL

Sand and gravel deposits are abundant throughout the basin. Commercial
operations are usually developed in river-terrace and diversion-channel
deposits. Ice-marginal and outwash-channel deposits are next in importance.
Kames, eskers, and overridden 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.
Material from nearly all deposits is adequate for road gravel, and material
from most larger deposits can be processed for concrete aggregate. Except
for the sand and gravel consumed in construction, the proposed projects
would have no effect on future development of sand and gravel resources.

35. GLACIAL TILL

Sandy gravelly clay till is available in unlimited quantities. Its
value as a resource would, therefore, not be affected by the proposed
projects.

36. GLACIAL BOULDERS

Glacial boulders are scattered on the surface throughout the Coteau
Du Missouri, ground-moraine plain, and river terraces. The boulders
are the only source of riprap in the basin and must be collected from
scattered piles cleared from farmers' fields or where they are naturally
abundant on the surface of uncultivated areas. Stockpiles of oversized
material screened from the numerous gravel operations in the basin are
also important sources of boulders. Construction of the proposed projects
would consume a significant amount of the boulders within a radius of
several miles.

37. PETROLEUM

Producing o0il wells have been developed near the Souris River valley
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in the vicinity of Lake Darling. Further development of 0il resources

is possible near the proposed projects. Such development would, however,
be compatible with the construction and operation of the facilities as
proposed.

SUBSURFACE INFORMATION AND TESTING

38. Borings have been taken at the Lake Darling Dam site, as well as at
the following sites:

Below Lake Darling Dam Above lake Darling Dam

1) Johnson's Addition 1) Eckerts Ranch

2) Brooks' Addition 2) Soo Line Railroad Crossing

3) Talbot's Nursery 3) Highway 5 Crossing

4) Country Club Acres and 4) McKinney Cemetery
Robinwood Estates 5) Renville County Park

5) King's Court and Rostad's
Addition

6) Tierrecito Vallejo

7) Sawyer

To date no borings have been taken at the State Highway 28, FAS 3809 (0id
FAS 729) and FAS 3828 (0ld FAS 471) road raises, or at the Fish and Wild-
life Service's wildlife refuge dams. Subsurface information, testing and
improvements for Velva, North Dakota, have been presented in Lake Darling
Flood Control Project, Souris River, North Dakota, DM No. 4, Feature,
Velva Improvements, dated November 1982, and are, therefore, not discussed
in this appendix.

39. A total of 82 borings and test pits have been taken at the various
structure sites. The locations of the borings are shown on the plans of
the individual structures. Logs of the borings for each structure are
presented in order of increasing boring numbers on plates following the
plan for each structure or each combination of structures.

40. Laboratory tests performed to date include in situ moisture contents,
liquid and plastic limits, mechanical analyses, undisturbed and remolded
strengths, consolidation and compaction. In situ moisture contents and
liquid and plastic limits are shown on the boring logs. Other individual
laboratory test results are presented as follows: Lake Darling Dam,
Plates B-44 through B-65; Soo Line Railroad, Plates B-66 through B-75;

and State Highway 5, Plates B-76 through B-84.

41. The individual strength test results were used to develop summary
strength plots. The plates showing the summary strength plots for the
materials at a given structure are grouped with other plates that pertain
to that particular structure.




LAKE DARLING DAM

42. GENERAL

Currently, the top of dam elevation is 1606.0, the upstream slope is
approximately 1V on 2.7H, and the downstream slope is approximately 1V
on 2.2H. The existing Lake Darling Dam has an ungated primary spillway
on the left abutment and an ungated, grass-lined, emergency spillway on
the right abutment.

43. The existing Lake Darling Dam will be extensively modified. The
top of the dam will be raised 8 feet, from elevation 1606.0 to elevation
1614.0. A new gated spillway with low flow outlets located in the gate
piers will be constructed on the left abutment replacing the old outlet
works and two ungated spillways.

44. The plan of the Lake Darling Dam is shown on Plate B-1. Foundation
conditions at the site are shown on the geologic profiles on Plates B-3
and B-4.

45. EMBANKMENT DESIGN

A typical embankment section is shown on Plate B-2. The embankment
will have a top width of 40 feet, the same width as the existing embankment,
and will be surfaced with a 24-foot wide paved roadway. The existing
upstream slope, which averages 1V on 2.7H, will be flattened to 1V on
3.75H to meet sudden drawdown criteria. Rockfill will be used to flatten
the underwater portion of the slope. To minimize the rockfill section the
centerline of the raised embankment has been moved downstream of the
existing embankment centerline. Above elevation 1600 much of the existing
riprap is undersized, and coverage of the slope is inadequate. Existing
riprap in this zone will be removed and placed in the rockfill section.

In general, the embankment contact areas will be stripped to either a
6-inch or 12-inch depth as considered appropriate. The upstream half of
the crest of the existing dam will be stripped to a depth of 2 feet to
assure good contact with the impervious fill in the upstream portion of
the existing embankment. A sand drain will be incorporated in the
modified embankment, as shown on Plate B-2. The downstream slope of the
existing embankment, which averages 1V on 2.2H, will be flattened to 1V
on 3.75H. A berm will be placed on the downstream slope beginning at
elevation 1603.3. extending downstream at a 1V on S0H slope, for 180 feet.
The large hberm provides a disposal area for excess excavation from the
new spillway on the left abutment, and is not required for stability.

46. SEEPAGE CONTROL

01d drawings indicate that the existing embankment was designed as
a zoned embankment. The upstream 40t percent of the embankment consisted
of relatively impervious fill and the downstream 60%* percent of the embank-
ment consisted of pervious bank-run rock, gravel and sand. Stripping of
the original ground surface to an unknown depth to be determined by the
engineer was required upstream of the embankment centerline. No stripping
was required downstream of the embankment centerline. About 45 feet up-
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stream of the centerline a muck trench (cut-off trench) was excavated into
the foundation soils. The bottom width of the trench was 6 feet but the
depth was to be determined by the engineer. In the river channel section
the trench was about 75 feet upstream of the centerline and a wood sheet-
pile cutoff was driven on the trench centerline. Subsequent to the original
construction, pervious fill was placed on the upstream slope to increase
the top width of the dam from 31 feet to 40 feet and to provide a uniform
upstream slope on which to place new riprap. Borings taken at the down-
stream shoulder of the dam encountered both pervious and impervious fill,
indicating that the actual embankment zoning was not as pure as shown on
the drawings. On the basis of existing drawings alone, it is difficult

to judge the adequacy of the seepage cutoff in the existing embankment

and foundation soils. A somewhat higher quantity of seepage than would
normally be expected from a well designed earth dam has been noted during
field inspections of the embankment both during and following recent
floods, especially in the reach between the outlet works and the right
abutment. However, there has been no evidence of seepage exiting on

the downstream slope of the embankment nor has there been any evidence

of material transport or other seepage-related instability. Borings along
the embankment alignment indicate that the near surface foundation soils
in the valley consist of SM or finer materials. One relatively thin SP
layer, considered to be discontinuous, was encountered in boring 76-98M

at a depth of about 10 feet beneath the existing embankment. No highly
pervious zones that would have a direct connection to the pool are evi-
dent. The proposed modification of the embankment will not significantly
affect the existing quantity of seepage, but better control of the seepage
will be provided by the internal sand drain and toe drain. In addition
the seepage path through the foundation soils to the toe of the modified
embankment will be increased more than 2-1/2 times. Planned seepage
control for the modified embankment will, therefore, consist of assuring
good contact between the upstream relatively impervious zone of the exist-
ing embankment and new impervious fill placed to raise the embankment.

In addition, the internal sand drain shown on Plate B-2 will be constructed
to control seepage through the embankment and/or foundation soils. A
perforated pipe toe drain will be installed near the downstream end of

the horizontal sand drain to permit collection and monitoring of seepage.
The pipe toe drain will discharge either into the spillway discharge
channel or into the old river channel downstream of the modified embank-
ment. A short section of cut-off trench will be required on the left
abutment to cut off the sand and gravel terrace deposit on the left
abutment shown on Plate B-3.

47. STABILITY

Available soil strength data have been summarized on Plates B-8
through B-11. The preliminary design strength parameters and, where
necessary, assumed design strength parameters were used to perform stabi-
lity analyses of the modified valley embankment section. The strength
parameters used are shown on Plate B-5.

48. The stability analyses were performed using the Corps' Computer
Library Program 1P@13 (old St. Paul District 741-X6-F583@) entitled,
"Slip Circle Slope Stability with Side Forces."” Results of the stability




analyses have been summarized on Plates B-5 through B-7. Any fgrthgr
stability analysis will be completed at a later date for inclusion in the
Lake Darling Dam Embankment Feature DM.

49. SETTLEMENT OF EMBANKMENT FOUNDATION SOILS

The maximum depth of the river alluvium is about 140 feet at the
Lake Darling Dam site, and some of the river alluvium is made up of highly
compressible (CH) clays. Preliminary settlement calculations were com-
pleted for GDM No. 2, "Flood Control Burlington Dam," at two locations
beneath the modified embankment proposed in that report. The computations
indicated that for the modified embankment, 20 inches of settlement could
occur at the downstream toe of the existing embankment. This indicates
that for the currently proposed modified embankment settlements on the
order of 20 inches will occur. Required overbuild will, therefore, be in
the range of 12 to 18 inches. Revised settlement calculations will be
presented in the Lake Darling Dam Fmbankment Feature DM. The settlement
will be sufficiently large to preclude the placement of concrete structures
in the valley. The new concrete gated control structure will, therefore,
be placed in the left abutment so that it can be founded on the over-
consolidated Tongue River formation. The existing outlet works, which
is located in the valley, will be removed once the new control structure
is operational. Since the existing outlet supplies water to Ponds A,
B, and C just downstream of the dam, a new water supply structure will
be required. The new structure will be a gated, 42-inch diameter,
reinforced concrete pipe which will be located in the right abutment to
avoid settlement-related problems.

50. CONTROL STRUCTURE

The topography and the foundation conditions at the site favor placing
the new control structure in the left abutment. The geologic profile at
the centerline of the structure is shown on Plate B-4. The structure will
be founded on the overconsolidated Tongue River Formation. Pervious layers
near the base of concrete structure will be drained with pipes and/or
sand drains to prevent uplift pressures from developing beneath the struc-
ture. Lignite seams near the base of concrete structure may require excava-
tion or grouting for structural reasons. Rebound of the overconsolidated
Tongue River Formation in the structure excavation is not expected to be
a significant problem because of the relatively shallow depth of the exca-
vation. However, the potential for rebound will be investigated further
for the Feature DM,

51. PROPOSED DISTRIBUTION OF REQUIRED EXCAVATION

The total required excavation for the control structure and associated
approach and discharge channels will be about 746,830 cubic yards. The
required excavation will consist primarily of glacial till and Tongue
River materials; however, some river alluvium will be excavated at the
ends of the approach and discharge channels. Most of the glacial till
and Tongue River materials from the excavations will be suitable for
embankment construction, Some of the glacial till and Tongue River material
and probably all of the river alluvium will be too wet to use in the
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cubankment and will have to be wasted. ‘The amount of wet material is
estimated to be about 20 percent of the total required excavation, or
, dabout 149,370 cubic yards. ‘The remaining 597,460 cubic yards of required

excavation is considered usable for embankment construction and backfill
for the new structures. Required fill quantities include 25,460 cubic

‘ yards ot backfill, 134,270 cubic yards of random fill and 227,900 cubic

| yards ot impervious till. Total required fill is, thercfore, 387,630

cubic yards. ‘The remaining 359,200 cubic yards of required excavation

will be used to construct o berm on the downstream side of the embankment

as shown on Plate B-2. The proposed distribution of miterials is pre-

Liminary and may be changed following completion of the next phase of

the boring and testing program at this site.

52, CONSTRUCTION SEQUENCE AND DIVERSTON PLAN

The following preliminary construction sequence has been developed
for moditication of Lake barling Dam. The existing sccondary spillway
on the right abutment will be enlarged, with concrete and sheetpile
crest protection installed, so that flow can be diverted through the
secondary spillway and the existing low flow outlet while the new control
structure ts being built on the left abutment. ¥Following modification of
the secondary spillway, the primary spillway will be cofferdamed off to
permit construction of the new control structure and as much of the new
discharge channel as practical. Excavation for the new spillway uand dis-
charge channel will be used to complete the required embankment modifications
to the maximum extent practical. When the new control structure is com-
pleted, the downstream cofferdam will then be removed and the discharge
channel completed.  The upstream cofferdam will then be removed and the
approach channel completed. The new control structure will then be opera-
tional and diversion will no longer be required. A cellular sheetpile
cofferdam can then be installed around the upstream end of the existing
low flow structure, the structure excavated, removed, and the excavation
backfilled. Removal of the cellular cofferdam and completion of the
embankment and right abutment approach roads can then be accomplished.

500 LINE RAILROAD RAISE

5 GENERAL

(7]

The existing Soo Line railroad embankment across Lake Darling will
be raised about 3 feet. The subgrade elevation of the raised embankment
will be 1607.0 so that with the placement of ballast and trackage the
top of rail will be 1608.0. The centerline of the raised embankment has
been located downstream of the existing embankment centerline to permit
the existing track to remain in service during construction. The existing
bridge, located in the river valley, will be replaced with a new bridge
which, because of foundation conditions, has been located in the right
abutment. The new bridge will be constructed on the downstream side of
the track so that service can be maintained on the present track during
construction. The plan, profiles, and sections of the proposed modifi-
cations are shown on Plate B-20.
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54. EMBANKMENT DESIGN

The raised embankment will be constructed adjacent to the downstream
slope of the existing embankment. The riprap on the downstream slope of
the existing embankment will be salvaged to the extent practical and used
on the raised embankment. Because the embankment crosses Lake Darling,
which has a conservation pool elevation of approximately 1596, under-
water placement of the lower portion of the fill will be required. Pervious
fill will, therefore, be used to construct that portion of the embankment
below elevation 1597. Above elevation 1597 the embankment will be con-
structed of random fill. The upstream slope of the raised embankment
will be 1V on 3H above the top of existing embankment and will be
protected with 15 inches of riprap placed on 9 inches of bedding. The
downstream slope of the raised embankment will be 1V on 3-1/2H and will
be protected with 18 inches of riprap placed on 15 inches of bedding.

55. STABILITY

Existing borings at the site indicate that the river alluvium has
a maximum depth of about 55 feet and that the majority of the river
alluvium consists of high plasticity (CH) clays. Available strength
data for the river alluvium has been summarized on Plate B-21. End of
construction and sudden drawdown stability analyses were performed for
an embankment constructed to elevation 1610.0 (for the Phase II GDM No.
2, entitled, "Flood Control Burlington Dam"). The currently proposed
embankment is 3 feet lower and thus will also meet criteria for those
two stability cases. A complete stability analysis will be furnished
in the Feature DM on the Soo Line Railroad Embankment.

56. SETTLEMENT OF EMBANKMENT FOUNDATION SOILS

The majority of the river alluvium is high plasticity (CH) clays.
These clays are highly compressible, but the loading and other factors
are such that settlement of the embankment will be relatively small.
Since the existing embankment occupies about 45 percent of the volume of
the total embankment, and since 5 to 7 feet of the pervious fill will
be placed underwater, effective stress increase in the foundation soils
will be significantly less than if the complete embankment was constructed
at one time and underwater placement was not involved. Under present
conditions the river alluvium is also preconsolidated to some extent
because of the reduction in effective stress caused by the submergence
of the upper zone of the river alluvium by the Lake Darling pool. This
preconsolidation also helps to reduce the settlement. Calculations indi-
cate that construction of the raised embankment will cause about 5 inches
of settlement at the centerline of the existing embankment and about
12 inches of settlement at the centerline of the raised embankment. The
settlement is considered sufficient to justify locating the new bridge
in the right abutment where the fill height will be less and the bridge
can be founded on the much stronger glacial till.
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57. PROPOSED DISTRIBUTION OF REQUIRED EXCAVATION AND BORROW

The 109,510 cubic yards of pervious fill required to construct the
portion of the main embankment below elevation 1597.0 can be obtained
from a sand and gravel terrace deposit on the right bank just upstream
of the embankment. The 288,700 cubic yards of required excavation con-
tains sufficient glacial till to provide the 105,810 cubic yards of
random fill required to complete the main embankment. Present plans are
to waste the 182,890 cubic yards of excess excavation along the right
abutment. However, consideration will be given to the possibility of
using some of the excess excavation as random fill for the State Highway
28 road raise which is about 1 mile upstream of the Soo Line crossing.

ROAD RAISES - STATE HIGHWAY 28 AND FAS ROUTES 3809 AND 3828

58. These road relocations have been grouped together for discussion
purposes since the raises will be relatively small and embankment designs
will be similar. FAS 3809 (old FAS 729) and State Highway 28 are north-
south roads that cross the Souris River valley 3 miles north of State
Highway 5 and 1 mile north of the Soo Line crossing, respectively. FAS
3828 (old FAS 471) is an east-west road that c¢rosses the Souris River
valley 2-1/2 miles south of the Soo Line crossing. State Highway 28 and
FAS 3828 will be raised to elevation 1607.0 to decrease the frequency

of inundation. The maximum embankment raise will be about 2 feet for
State Highway 28 and about 5 feet for FAS 3828. The centerlines of the
raised embankments will coincide with the centerlines of the existing
embankments to the maximum extent practical in order to minimize settle-
ments and fill quantities. Although subsurface data at these sites is
lacking, it is believed that 1V on 3H slopes will provide stable embank-
ments and that settlements caused by the relatively small raises will
not be excessive. The slopes of the embankments will be riprapped to
provide protection from wave action. Fill for the embankments will be
obtained from borrow areas since there will be no significant amount

of required excavation at the road raises. Random fill can be obtained
from glacial till deposits at either end of the road raises. Pervious
fill will be required for those portions of the State Highway 28 and FAS
3828 embankments below elevation 1597 since the two roads cross Lake
Darling. The pervious fill can be obtained from sand and gravel terrace
deposits at the right abutment of both raises. A new bridge will be
constructed to replace the existing bridge on State Highway 28. On FAS
route 3828 the superstructure of the existing bridge will be raised to
elevation 1608.5. Prior to the preparation of the Feature DM on these
road raises, boring and testing will be required to obtain the soil
parameters needed for final design of the embankments and the new bridge
on State Highway 28. The plan view for State Highway 28 and FAS route
3828 are shown on Plates B-23 and B-24, respectively. These two roads
will not be scheduled for simultaneous construction because of their
proximity to each other and the need to provide alternate routes for
construction detours. Improvements of FAS route 3809 will consist of
placing 4 inches of new stabilized aggregate surfacing and placing rip-
rap and bedding on the existing embankment slopes to provide wave pro-
tection when Lake Darling is high. Additional design and analyses will
be included in the Feature DMs on the road relocations.
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STATE HIGHWAY NO. 5 ROAD RAISE

59. State Highway 5 is the major east-west highway crossing over the
Souris River in the reach between the Canadian border and Lake Darling
Dam. Present plans call for raising the crossing from about elevation
1605.0 to a minimum elevation of 1607.5. Two spans will be added to
the existing bridge and the bridge deck will be raised to provide a
roadway surface elevation of 1610.5. It is assumed that an older High-
way 5 bridge, which is still in place just upstream of the present
bridge, can be used to detour traffic around the present bridge while
required modifications are made. The remaining embankment will be
raised by raising 1/2 of the embankment at a time, thus keeping one lane
open for traffic. The plan, profile, and sections for the raise are
shown on Plate B-25. The embankment will be constructed of random fill
and will have a top width of 40 feet with 1V on 3H side slopes. Prior
to fill placement the existing ground will be stripped 6 inches. Up-
strean and downstream slope protection will consist of 18 inches of rip-
rap placed on 9 inches of bedding. The existing pavement will be removed
and replaced by a bituminous paved surface 32 feet wide. Existing borings
at the site indicate that the river alluvium has a maximum depth of 60
feet and consists primarily of low to high plasticity clays. Available
strength data for the river alluvium has been summarized on Plate B-27.
The random fill for the embankment will consist of glacial till obtained
from a borrow area on the right abutment. Remolded strength parameters
are summarized on Plate B-26. A partial stability analysis was run on
this embankment in Phase II GDM No. 2, entitled, '"Flood Control Burling-
ton Dam," which indicated satisfactory factors of safety for the embank-
ment at a top elevation 1626.0. Since plans currently call for an em-
bankment with a top elevation that varies from 1607.5 to 1610.5, no
stability problems are anticipated. The reference cited previously
indicated that 20 inches of settlement would occur if the embankment
were raised to elevation 1626.0 (a 21-foot raise). Current plans call
for a raise of only 2.5 to 5.0 feet, and thus much smaller settlements

are anticipated. Detailed analyses of the embankment will be furnished
in the Feature DM on Highway 5.

60. A total of 38,960 cubic yards of random fill is required to construct
the embankment and detour. Only about 10,920 cubic yards of this total
will be obtained from required excavation. The remaining 28,040 cubic
yards of random fill will be obtained from a borrow area on the right
abutment. About 88,680 cubic yards of channel excavation will be

required for the new bridge; however, the channel excavation will be
primarily river alluvium that is too wet for use as random fill.

Channel excavation that is unsuitable for embankment fill will be

disposed along the right valley wall upstream and/or downstream of the
embankment.

ECKERT RANCH AND MCKINNEY CEMETERY LEVEES

61. These two sites have been grouped together for discussion purposes
since the levee designs at each site will be similar. Plate B-29 shows
the proposed plan for Eckert Ranch, and Plate B-31 shows the plan,
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boring log, and section for McKinney Cemetery. Borings for Eckert
Ranch are shown on Plate B-30. The Eckert Ranch site is on the left

' side of the valley about 2 miles north of the Lake Darling Dam, while
the McKinney Cemetery is located 1/2 mile south of State Highway No. 5.
Each site will be protected from the increase in the Lake Darling pool by
a levee. The levees will have a top elevation of about 1610.0, with 1V
on 3H side slopes. Although some subsurface data has been obtained for
each site, no testing is available. Consequently, no stability or settle-
ment analyses have been completed. However, it is believed that 1V on
3H slopes will provide stable embankments and that only minor settlements
will occur. The riverward slopes of the levees will be riprapped to
provide protection from wave action. Required borrow will be obtained
from the glacial till deposits on the valley walls. Further testing,
design and analysis will be presented in the Feature DM for each site.

RENVILLE COUNTY PARK

62. Renville County Park is located about 2-1/2 miles north of State
Highway No. 5. Present plans are to protect the area with a levee and
a cut-off channel. The plan for Renville County Park is shown on Plate
B-32. The levee will be constructed to elevation 1610.0, with 1V on

3H side slopes. The riverward levee slope will be riprapped to provide
protection from wave action. Slopes of the cut-off channel will be

1V on 3H, and a control structure will be located at the upstream end of
the cut-off. Five borings, shown on Plate B-33, have been taken along
the proposed alignments. They indicate that much of the material
excavated from the cut-off channel can be used to construct the levee.
Excavated material that is unsuitable for levee construction will be
disposed along the cut-off channel. Required borrow will be obtained
from glacial till deposits on the left valley wall. No stability or
settlement analyses have been completed to date, but experience 1indi-
cates that the 1V on 3H slopes will be stable, and settlements will

be relatively minor. Further testing, design and analysis will be
presented in the Feature DM.

BURLINGTON TO MINOT LEVEES

63. Several residential areas below Lake Darling will require protection
from the discharges of the reservoir under the present operation plan.
These sites are as follows:

Johnson's Addition
Brooks' Addition
Talbot's Nursery
Country Club Acres
Robinwood Estates
Kings Court
Rostad's Addition
Tierrecito Vallejo
Sawyer
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Plans for sites 1 through 8 are shown on Plates B-34 through B-40. The
plan for site 9 is shown on Plate B-42. Each site will be protected with
a levee with 1V on 3H side slopes. Some borings have been taken at each
site and are shown on Plates B-41 and B-43. There is no test data
available, therefore, no stability analyses or settlement computations
have been performed. However, past experience in the area indicates

that the embankmentswill be stable and settlements will be relatively
minor. Required borrow for construction of the levees can be obtained
from the glacial till deposits on either valley wall. Further boring,
testing, design and analysis will be completed for each site in the
appropriate Feature DM.
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