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A.

Introduction

A.1. Project Description
This Geotechnical Evaluation Report addresses the proposed development south of Oxbow, North
Dakota. The proposed development is located between 174th Ave SE and The Red River of the North and
between 52nd Street SE and the southern city limits. Features of the proposed development that are
addressed in this report include detention ponds, a lift station, water reservoir, streets and underground
utilities.
The detention ponds are proposed to be between 10 and 12 feet deep and will hold between 8 and 10
feet of water. The water depth will be controlled by structures, and we understand the most the water
would be drawn down prior to spring flooding would be about 4 feet. The slope gradients we were asked
to evaluate were 3H:1V, 4H:1V, and a combination of an upper 7H:1V slope tapering to a 4H:1V slope at
depth.
The lift station and check valve structures, both will be eight feet in diameter and will be connected to
each other with piping so differential settlement between the two structures is a concern. The lift station
and check valve structures will be supported on mat foundations which are proposed to be constructed
at depths of 35 feet and 10 feet, respectively below the existing grade. At this time it is not known if the
lift station will be installed by open cut methods or by “sinking.” Ideally, the lift station and check valve
structures would be about 25 feet apart, but this distance could vary.
The reservoir is proposed to be constructed about 8 feet away from an existing reservoir and will be
located at the south side of the intersection of Sunset Drive and Evergreen Circle in Oxbow, North
Dakota. The proposed water reservoir will be about 10 feet deep, will have a plan dimension of 60’x32’,
and will be supported on a mat foundation. The top of the mat slab will be about elevation 906 and the
top of the cover slab will be about elevation 916. Over the cover slab, insulation and fill will be placed
and will amount to about 3 feet of fill near the center and taper to about 2 feet of fill near the edges.
It is anticipated that the residential streets will average about 500 to 600 vehicles per day.
New utilities will be installed below the streets. The utilities are anticipated to consist of storm sewer
that will be about 4 to 10 feet deep, water lines that will be about 8 feet deep, and sanitary sewer that
will be at least 10 feet deep and will be up to about 28 feet deep nearest the lift station.
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A.2. Purpose
The purpose of our geotechnical evaluation is to characterize subsurface geologic conditions at selected
exploration locations and evaluate their impact on the design and construction of the proposed ponds,
lift station, water reservoir, streets, and utilities.

A.3. Background Information and Reference Documents
To facilitate our evaluation, we were provided with latitude, longitude and elevations of the proposed
soil borings. We were also provided with a conceptual site plan that illustrated the location of the
proposed detention ponds and streets. We had several discussions with Moore Engineering, Inc. (Moore)
in regards to various other proposed site details that are described in Section A.1.

A.4. Site Conditions
The site is currently a relatively flat open field near approximate elevation 916 1/2 with little vertical
relief.

A.5. Scope of Services
Our scope of services for this project was originally submitted as a Proposal to Mr. Andrew Aakre of
Moore Engineering on November 21, 2013. We subsequently received authorization to proceed on
December 10, 2013. Tasks performed in accordance with our authorized scope of services as described
below.
Our scope of services was performed under the terms noted in the Agreement between Engineers and
Consultant for Professional Services.

A.5.a. Staking and Surveying
Moore staked and surveyed the borings prior to our drilling for the proposed development and provided
us the elevations and coordinates (Latitude and Longitude) of the borings.

A.5.b. Subsurface Exploration
Per request of Moore, we performed twenty two standard penetration test borings (Borings ST-01
through ST-22) at the locations shown on the Boring Location Sketch in Appendix A. Boring ST-01 was
drilled near the location of proposed lift station and was drilled to a depth of 40 feet below the existing
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grade. Borings ST-02 and ST-03 were drilled near the location of the proposed club house; and were
drilled to 30 feet below the existing grade. Borings ST-04 through ST-11 were drilled near the location of
the proposed detention ponds; and were drilled to 30 feet below the existing grade. Borings ST-12 was
drilled near the location of the proposed water reservoir and was drilled to 20 feet below the existing
grade. Borings ST-13 through ST-22 were drilled throughout the proposed development to measure
topsoil depths. Fourteen thin-walled tube samples were collected from Borings ST-01 through ST-12 at
depths ranging from 4 1/2 feet to 29 1/2 feet. Piezometers were installed in four of the borings (ST-04,
ST-05, ST-08 and ST-10) to a depth of 30 feet to monitor long term groundwater levels. Prior to
commencing with our subsurface exploration activities, we cleared the exploration locations of
underground utilities through North Dakota One Call.

A.5.c. Laboratory Testing
We performed 80 moisture content tests, 22 unit weight tests, 10 Atterberg limit tests, 2 unconfined
compression tests and 4 consolidated undrained (CU) triaxial tests on selected penetration test and thinwalled tube samples to aid in soil classification and estimation of engineering properties.

A.5.d. Pond Stability Analyses Procedure
We used GeoStudio 2012, version 8.12.3.7901, by Geo-Slope International, to evaluate pond slope
stability under long-term steady-state conditions. A component of GeoStudio 2012 used in our analyses
included Slope/W for slope stability. The long-term steady-state condition was analyzed using effective
stress strength parameters (friction alone).

A.5.e. Geotechnical Evaluation, Analysis and Reporting
Information obtained from the soil borings was used to identify the geotechnical issues influencing
design and construction, qualify the nature of their impact, and outline alternatives for their mitigation.
Upon reviewing our results and the performance expectations for the project, we prepared a report
including:


Logs of the borings describing the materials encountered and presenting the results of our
groundwater measurements and laboratory tests.



A summary of the subsurface profile and groundwater conditions.



Discussion identifying the site conditions that will impact structure design and performance,
qualifying the nature of their impact, and outlining alternatives for mitigating their impact.



Recommended design parameters for mat slab foundations of reservoir and lift station
structures; and estimated settlements.



Recommended lateral earth pressure parameters for the design of the lift station and reservoir
walls.
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A summary of the results of the pond slope stability analyses.



Discussion identifying the site conditions that will impact pond design, constructability and
performance.



Recommendations for preparing structure subgrades and utility trenches, including excavation
support, if applicable, and the selection, placement and compaction of excavation backfill and
other structural fill.



B.

Recommendations for pavements and utilities.

Results

B.1. Exploration Logs
B.1.a. Log of Boring Sheets
Log of Boring sheets for our penetration test borings are included in the Appendix A. The logs identify
and describe the geologic materials that were penetrated, and present the results of penetration
resistance tests performed within them, laboratory tests performed on penetration test samples
retrieved from them, and groundwater measurements.
Strata boundaries were inferred from changes in the penetration test samples and the auger cuttings.
Because sampling was not performed continuously, the strata boundary depths are only approximate.
The boundary depths likely vary away from the boring locations, and the boundaries themselves may
also occur as gradual rather than abrupt transitions.

B.1.b. Geologic Origins
Geologic origins assigned to the materials shown on the logs and referenced within this report were
based on: (1) a review of the background information and reference documents cited above, (2) visual
classification of the various geologic material samples retrieved during the course of our subsurface
exploration, (3) penetration resistance testing performed for the project, (4) laboratory test results, and
(5) available common knowledge of the geologic processes and environments that have impacted the
site and surrounding area in the past.
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B.2. Geologic Profile
B.2.a. Geologic Materials
Our borings indicate that the site is underlain with soils typical of the Red River Valley area. Topsoil was
encountered at the surface of the borings that extended to depths to about ½ to 2½ feet; except at
Boring ST-12 where fill soil was encountered in the top 4 feet. Lacustrine soils typically consisting of fat
clay were encountered below the topsoil, and extended to the termination depths of the borings. Sand
and silt seams were noted within the fat clay layers. At Borings ST-2, ST-3, ST-5, ST-6 and ST-9, lacustrine
deposit of silty clay and lean clay were encountered below a depth of about 28 feet.
Based on the penetration resistances measured in the borings, the lacustrine clays are generally rather
soft to medium in consistency within the exploration depths of the borings.

B.2.b. Groundwater
Groundwater was only observed at a depth of 29½ feet in Boring ST-04 during drilling or immediately
after completion of boring. Piezometers were installed in four of the borings (ST-04, ST-05, ST-08 and ST10) to a depth of 30 feet to monitor groundwater levels over a period of several weeks. The screen of the
piezometers were set between 20 and 30 feet below the existing ground surface. The groundwater level
was rechecked in the four piezometers 2+ weeks after their installation and it was measured at
approximately 5½ to 7½ feet below the ground surface corresponding to approximate elevations 909 1/2
to 911 1/2. Seasonal and annual fluctuations of groundwater levels should be anticipated.

B.3. Laboratory Test Results
B.3.a. Moisture Content Tests
Moisture content (MC) tests (per ASTM D2216) were conducted on selected samples to aid in our
classifications and estimations of the soils’ engineering properties. The moisture contents of the tests on
the fat clay soils ranged from 28 to 48 percent indicating they were near to above their estimated
optimum moisture contents. The results of the moisture content tests are listed in the “MC” column of
the Log of Boring Sheets attached in the Appendix.

B.3.b. Unit Weight Tests
The unit weight tests were conducted on selected samples to aid in developing engineering parameters.
The tests indicated the fat clays had dry densities (DD) of 78 and 90 pounds per cubic foot (pcf) and wet
densities (WD) of 112 and 120 pcf. The results of the density tests are listed in the “Tests or Notes”
column on the attached Log of Boring sheets.
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B.3.c. Atterberg Limits
Atterberg limits tests (per ASTM D4318) were performed on selected samples for classification,
evaluation of the soils’ plasticity, and estimation of engineering parameters. The results of the Atterberg
limits tests indicated the soils tested had liquid limits (LL) ranging from 52 to 88 percent, plastic limits (PL)
ranging from 22 to 25 percent, and plastic indices (PI) ranging from 30 to 66 percent, indicating the soils
tested were fat clays and have a high potential for shrinking/swelling with changes in their moisture
content. The results of the Atterberg Limits tests are listed in the “Tests or Notes” column on the
attached Log of Boring sheets.

B.3.d. Unconfined Compressive Strength Tests
Unconfined compressive strength (Qu) tests (per ASTM D2166) were performed on selected thin-walled
tube samples to aid in estimating the soils’ undrained shear strength for bearing capacity calculations.
The results of the tests indicated the soils had unconfined compressive strengths ranging from about
1670 to 2680 pounds per square foot (psf), indicating undrained shear strengths ranging from about 835
to 1340 psf. The results of the unconfined compressive tests are listed in the “Tests or Notes” column on
the attached Log of Boring sheets and are attached in Appendix B.

B.3.e. Consolidated Undrained Triaxial Tests
Four series of consolidated-undrained (CU) triaxial shear tests were conducted on thin-walled tube
samples of lacustrine deposits of fat clay. The samples of lacustrine deposits of fat clay produced
variable friction angles (’) of 11 to 27.4 degrees and variable cohesion intercepts of 0.068 to 0.245 tsf.
More detailed results of the CU triaxial tests are provided in Appendix B of the report. Normalized for
zero cohesion, these results translate into equivalent C=0 drained post-peak friction angles of about 24
to 33 1/2 degrees. The p’-q’ plots used to determine the normalized drained post-peak friction angles are
also provided in Appendix B.

C.

Basis for Recommendations

C.1. Detention Pond
C.1.a. Design Details
The three pond geometries we were requested to evaluate included:
1. a pond depth of 12 feet, side slopes of 3H:1V, and a water depth maintained at 10 feet.
2. a pond depth of 10 feet, side slopes of 4H:1V, and a water depth maintained at 8 feet.
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3. a pond depth of 11.5 feet, side slopes of 7H:1V beginning at the top and extending down to 1
foot below the water surface and then transitioning to 4H:1V down to the pond bottom, and a
water depth maintained at 8 feet.
In each case, the top of pond elevation was assumed to be 916. The graphics in Appendix C illustrate the
geometry and subsurface geologic profile assumed for these cross sections, which were derived mainly
from Borings ST-04 through ST-11.
We understand the golf course staff wants to consider the ability to draw water out of the ponds in the
fall by as much as 4 feet to allow for additional storage in the spring after the snow melt.

C.1.b. Shear Strength Parameters
Shear strength parameters were selected based on the laboratory test results and our experiences with
these materials in the Red River Valley. Ultimately we used a drained internal friction angle of 24
degrees for the fat clay with a unit weight of 115 pounds per cubic foot (pcf), and a drained internal
friction angle of 26 degrees for the underlying silty clay with a unit weight of 110 pcf.

C.1.c. Slope Stability Results
The results of our analyses for the three pond geometries described in Section C.1.a. indicate the factor
of safety for slope stability for Option #1 is 1.3, Option #2 is 1.7, and Option #3 is 2.1. Furthermore, when
the pond water is drawn down 4 feet, the factor of safety for all three options falls below 1.4.

C.2. Lift Station
C.2.a. Design Details
The lift station will be approximately 8 feet in diameter, 35 feet deep, and will have a top cover elevation
of 918.5 feet. The lift station structure will be supported on a mat slab foundation with a thickness of
about 12 to 18 inches. We understand that the lift station could be installed either through an open cut
excavation or through “sinking” the structure.
A check valve will be installed adjacent to the lift station and will be connected to the lift station by
piping that is 8 to 9 feet below grade. The check valve-structure will be approximately 8 feet in diameter
and extend about 10 feet below grade. This structure will also be installed either through an open cut
excavation or through “sinking” the structure.
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C.2.b. Design and Construction Considerations
It is our opinion that the native clays will be capable of supporting the proposed structures. We
anticipate that there will be limited net loading over the soils, so bearing capacity in general should not
be an issue. The main issues for the construction of the structures will be stabilization of the bottom of
the excavations to allow for construction equipment/worker traffic and the need for dewatering, and the
maintenance of safe slopes around the excavations.
Although they will be capable of supporting the proposed structures, the native soils encountered at the
base slab depths will be wet and soft and will be easily disturbed by equipment and worker traffic. To
provide a stable surface for construction of the structures, stabilization of the excavation bottom will be
required. Stabilizing aggregate or a lean concrete mud mat should be placed below the bottom of the
structure’s base slab. Dewatering of some seepage can be performed directly from the stabilizing
aggregate layer with sumps and pumps, or from one or more sumps formed into the mud mat.
Also, if the lift station structure is installed via open cut methods, we recommend extending the base of
the excavation (at the 35’ depth) to not only include the lift station structure but to encompass the entire
check valve footprint as well. This is in consideration of mitigating differential settlement between the lift
station, check valve and connecting pipe(s). The excavation below the pipes and check valve should be
backfilled with granular materials or controlled density fill (CDF). If the lift station is installed by “sinking”
this overexcavation would not be required. Backfill that does not support a slab or structure (such as
backfill above the pipes or above the check valve base) can consist of the on-site clays.

C.3. Water Reservoir
C.3.a. Design Details
The reservoir is proposed to be constructed about 8 feet away from an existing reservoir and near Boring
ST-12. The proposed water reservoir will be about 10 feet deep, will have a plan dimension of 60’x32’,
and will be supported on a mat foundation. The top of the mat slab will be about elevation 906 and the
top of the cover slab will be about elevation 916. We understand the intention is to construct the mat
slab over 1 to 1 1/2 feet of sand that is underlain by a thin mud mat. Over the cover slab, insulation and
fill will be placed and will amount to about 3 feet of fill near the center and taper to about 2 feet of fill
near the edges.
The new reservoir will be, at times, completely full of water, and other times, completely empty. Also we
understand that no slabs or structures will be placed over the wall backfill of the reservoir.
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C.3.b. Design and Construction Considerations
Similar to the lift station, we anticipate the main issues for the construction of the reservoir will be
stabilization of the bottom of the excavations to allow for construction equipment/worker traffic and the
need for dewatering, and the maintenance of safe slopes around the excavations.

C.4. Pavements
C.4.a. Pavements and Traffic Loads
Pavement areas will have a bituminous section and we understand 500 to 600 vehicles per day are
expected. We have assumed that the pavements will be subjected to no more than 75,000 equivalent 18kip single axle loads (ESALs) over an assumed design life of 20 years.
We understand that consideration is being given to placing the base course of bituminous prior to
development of the land, and then placing the final wear course after construction of the homes is
completed.

C.4.b. Design and Construction Considerations
If only the base course of bituminous is in place while home construction is underway, the useful life of
the pavement can be significantly decreased if several factors are not accounted for. The first
consideration is that during home construction the pavement on a residential street typically experiences
the highest traffic loads. If the base course is thinner than the final design thickness, severe distress can
occur if the base course is not thick enough to support the higher construction traffic loads. Secondly, if
the base course is set below the curbline, water will pond in the streets and could eventually migrate to
and weaken the underlying subgrade, decreasing its ability to adequately support the pavement.
If the final wear course will be placed after home construction is complete, consideration should be given
to increasing the thickness of the base course and sloping the bituminous section so that water can drain
to the curblines and storm sewer.

C.5. Utilities
C.5.a. Design Details
The utilities are anticipated to consist of storm sewer that will be about 4 to 10 feet deep, water lines
that will be about 8 feet deep, and sanitary sewer that will be at least 10 feet deep and will be up to
about 28 feet deep nearest the lift station.
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C.5.b. Design and Construction Considerations
Utilities deeper than about 4 to 6 feet will likely encounter groundwater; thus, dewatering will likely be
required during construction. The wet clay soils encountered at the anticipated excavation bottoms will
be capable of supporting the conduits in their native condition. However, the clay materials will be wet
and easily disturbed by construction traffic. Stabilization of the excavation to provide stability for worker
traffic and the conduits may be necessary.

C.6. Precautions Regarding Changed Information
We have attempted to describe our understanding of the proposed construction to the extent it was
reported to us by others. Depending on the extent of available information, assumptions may have been
made based on our experience with similar projects. If we have not correctly recorded or interpreted the
project details, we should be notified. New or changed information could require additional evaluation,
analyses and/or recommendations.

D.

Recommendations

D.1. Detention Ponds
D.1.a. Pond Geometry
Generally, a long term factor of safety of 1.5 is considered acceptable for pond slopes. Therefore, we
recommend the pond geometry as described by Option #1 in Section C.1.a not be constructed. While
both Option #2 and Option #3 yielded an acceptable factory of safety, the results for Option #3 were
more favorable.

The slope stability results for the three pond geometries analyzed are illustrated by the graphics in
Appendix C.

D.1.b. Excavation Dewatering
Based on the groundwater measurements, we anticipate dewatering will be needed to facilitate pond
excavations. Depending on the amount of water present, sumps and pumps may be used effectively. If
significant amounts of water are present during excavation, a more extensive dewatering system may be
required. In order to reduce the likelihood of significant dewatering, the pond excavation could be
conducted during dry periods, which are typically the months of July, August, and September.
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D.1.c. Slope Face Construction
Sand or silt seams are generally present to the depths of the proposed ponds. Due to the higher
permeability of the sand and silt soils when compared to the surrounding fat clays, water (when present)
will tend to flow through the sand/silt seams. We recommend discing the exposed face of the pond
slope to a depth of 1 foot and recompacting the loose soils to a minimum of 95 percent of the standard
Proctor maximum dry density to disrupt seepage through the sand/silt seams.

D.1.d. Slope Finishing and Protection
We recommend that the entire pond slope be protected from surface erosion. We have assumed that
others will develop specifications for vegetation or other forms of surface protection (erosion control
mats or revetments) to protect against erosion.

D.1.e. Water Drawdown
Given the negative impacts to the stability of the pond slopes when water is drawn out of the ponds, we
recommend maintaining the normal water level and not drawing water out of the ponds.

D.1.f. Shrinkage and Swell of Excavation Material
We understand that much of the material excavated from the ponds will be used as fill elsewhere onsite, and we were requested to provide shrinkage or swell potential of the excavated material to it’s
compacted state. Since an evaluation of shrinkage and swell was not a part of our original scope of
services, we did not collect samples necessary to this analysis, but we have completed such studies in
similar soil conditions and are providing those results for your reference.
Based on our test results, the average dry density of the material in the upper 12 feet (depth of ponds)
from the ground surface is 84 pcf. Based on studies of similar material with similar densities, we
anticipate that if the excavated material is placed to 90 percent of the standard Proctor, minimal
shrinkage or swell will occur. If the excavated material is placed to 95 percent of standard Proctor, we
anticipate the compacted material will shrink by about 5 percent. If the excavated material is placed to
100 percent of standard Proctor, we anticipate the compacted material will shrink by about 10 percent.

D.2. Lift Station
D.2.a. Subgrade Preparation
The borings indicate the base slabs will bear on fat clay glacial lake deposits. Due to the anticipated soft
and saturated fat clays at the base of the excavation, we recommend providing either (1) a stabilizing
aggregate layer below the bottom of the base slabs, or (2) a 2- to 4-inch thick lean concrete mud mat to
enhance construction support. The aggregate layer should have a minimum thickness
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of 1 vertical foot and should consist of a free draining sand (less than 50% passing a #40 sieve and less
than 5% passing a #200 sieve) or a clear crushed aggregate.
If the lift station is installed via open cut methods, we recommend extending the base of the excavation
(at the 35’ depth) to encompass the entire footprint of the check valve and connecting pipe(s).

D.2.b. Excavation Support
The borings indicate that the soils encountered in the excavations will be Type B soils above
groundwater, and Type C soils below groundwater, under Department of Labor Occupational Safety and
Health Administration (OSHA) guidelines.
Open excavations that are ≤ 20 feet deep in Type B soils will need to be maintained at a slope of 1H:1V or
shallower and open excavations in Type C soils will need to be maintained at a slope of 1.5H:1V or
shallower. Please note that this slope is considered a minimum. Actual soil types and slope gradients
should be verified by the contractor, as slope safety is the responsibility of the contractor. A shallower
gradient will likely be necessary if groundwater is seeping from the sidewalls of the excavation, and also
for considerations of equipment parking and stockpile placement.
With the excavation for the lift station exceeding a depth of 20 feet, OSHA regulations require that
excavations greater than 20 feet in depth be designed by a professional engineer. This report does not
constitute an excavation plan/design. Our firm can perform this service on behalf of the contractor.
We recommend that the contractor maintain safe construction practices during the lift station
construction to minimize potential for excavation problems (e.g. maintaining drainage away from the top
of the excavation, keeping all soil stockpiles well away from the excavation, keeping construction
equipment away from the top of the excavation, etc.).

D.2.c. Dewatering
We anticipate that groundwater will be encountered within the excavations. We recommend
dewatering be performed such that the lift station be constructed “in the dry”.
The lift station is located near Boring ST-01 which did not encounter any thick sand or silt layers at their
respective sample intervals, from which to expect groundwater seepage. We anticipate groundwater
seepage from the clays will be relatively slow and could be controlled by pumping from benches or from
the base of the excavation. If dewatering from the stabilizing aggregate layer or the granular backfill is
performed, we recommend using a geotextile separation fabric (NDDOT Spec. 858, Type S1 or S2)
between the natural clay soils and the drainage layers.
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D.2.d. Soil Bearing Pressure
We recommend sizing the mat foundation to exert a net allowable bearing pressure not to exceed 2000
psf. This value includes a factor of safety of at least 3 against bearing capacity failure. (The net allowable
bearing pressure is the allowable contact pressure at the bottom of the footing in excess of the existing
soils’ effective overburden pressure.)

D.2.e. Settlement
Based on the borings, and assuming that foundation subgrades are prepared as recommended above, we
anticipate total and differential settlement of the proposed lift station and check valve structures to be
less than about 1 inch and ½-inch, respectively.

D.2.f. Backfill and Compaction
We recommend excavations below the base of the check valve and below the connecting utility conduits
be backfilled with either granular materials or CDF. If granular material is used it should meet NDDOT
Specification 816.03B for Class 5. Each lift should not exceed 8 to 12 inches in loose thickness and should
be compacted to a minimum of 95 percent of its Standard Proctor maximum dry density at a moisture
content within +/-3 percentage points of optimum.
Excavation spoils may be reused as backfill provided they do not contain foreign debris, they do not have
an organic content exceeding 5 percent, and they do not support other structures of slabs. Clay backfills
should be moisture-conditioned to within 0 to +4 percentage points of their optimum moisture content
and placed in lifts not to exceed 6 to 8 inches in loose thickness. Each lift should be compacted to a
minimum of 95 percent of its maximum dry density determined in accordance with ASTM Test Method
D698 (standard Proctor).
To minimize the development of unbalanced forces on the lift station walls, we recommend that backfills
placed on the interior and exterior sides of the walls be brought up uniformly. Additionally, we
recommend that compaction of backfills within 5 feet of the lift station walls be performed in thin lifts
with either walk-behind compactors or else rollers operating statically.

D.2.g. Reuse of On-Site Soils
Referring to the moisture content test results, which are presented in the column labeled “MC” on the
Boring Logs in Appendix A, the excavated soils will have native moisture contents ranging from about 32
to 48 percent. The optimum moisture content for these fat clays typically range from about 25 to 40
percent. Thus, the native clays are anticipated to be well above their optimum moisture contents.
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Fat clays that are placed more than about 4 to 5 percentage points over their optimum will be difficult to
place and will likely not be able to achieve their relative compaction requirements. If it will be desired to
reuse the on-site clays as backfill, the earthwork contractor must plan for drying of the native materials
prior to their reuse as backfill. If the backfilling of the lift station is planned for the cooler and wetter fall
months, drying of the excavated soils may not be achievable; necessitating the use of imported materials
that can be placed and compacted per the project requirements.

D.2.h. Lateral Earth Pressure
We recommend that the foundation walls of the lift station and check valve be designed with the
following soil parameters:
Table D.2.h. Summary of Lateral Earth Pressure Parameters for the Lift Station Design
Drained
Effective

Friction

At-Rest

Passive

Depth Below Existing

Unit Weight

Angle

Equivalent Fluid Equivalent Fluid

Grade (feet)

(pcf)

(degrees)

Pressure (pcf)

Pressure (pcf)

Fat Clay (CH) above
elevation 912

115

20

75

235

Fat Clay (CH) below
elevation 912

50

20

100

170

Sand below Check
Valve/Utility Pipe(s)

60

30

90

235

* The values indicated in the Table above do not include a factor of safety and do not account for any surface surcharges that
may be applied during or after construction.

The equivalent fluid pressures indicated above are in units of pounds per square foot per foot of wall
(psf/ft). These pressures may be used to calculate the pressure at a given depth by multiplying the
equivalent fluid pressure by the depth (in feet) at which the pressure is to be calculated.
To calculate the lateral pressure due to a uniform surcharge load (e.g. a pavement) adjacent the lift
station walls, the added lateral pressure is typically considered to be equal to the surcharge pressure (q)
multiplied by the applicable earth pressure coefficient (Ko for this lift station – assuming the walls are
restrained and not able to yield enough to achieve active pressure conditions). Please note that this
lateral surcharge pressure (q x Ko) is uniform with depth, and the equation does not include a factor of
safety. For the calculation of lateral pressures due to non-uniform surcharge loads (point loads,
individual wheel loads, adjacent foundations, etc.) we should be contacted to assist in the calculation.
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D.2.i. Hydrostatic Uplift
For purposes of calculating the hydrostatic uplift, we recommend the design groundwater level be
assumed to be at elevation 912 feet at the lift station location. Resistance to uplift is provided by the
weight of the lift station structure, soil backfill over any projection of the base slab, and backfill within
the frustum of an inverted cone extending upward and outward from the top outside edge of the base
slab at an angle of 20 degrees. We recommend using the effective unit weights indicated in Table D.2.h.
above for calculating resistance to hydrostatic uplift. This effective unit weight does not include a factor
of safety.

D.3.

Reservoir

D.3.a. Subgrade Preparation
We recommend the sand layer below the mat slab have a minimum thickness of 1 vertical foot and
should consist of a free draining sand (less than 50% passing a #40 sieve and less than 5% passing a #200
sieve) or a clear crushed aggregate.

D.3.b. Excavation Support
The borings indicate that the soils encountered in the excavations for the reservoir will be Type B soils
above groundwater, and Type C soils below groundwater, under Department of Labor Occupational
Safety and Health Administration (OSHA) guidelines.
Open excavations that are ≤ 20 feet deep in Type B soils will need to be maintained at a slope of 1H:1V or
shallower and open excavations in Type C soils will need to be maintained at a slope of 1.5H:1V or
shallower. Please note that this slope is considered a minimum. Actual soil types and slope gradients
should be verified by the contractor, as slope safety is the responsibility of the contractor. A shallower
gradient will likely be necessary if groundwater is seeping from the sidewalls of the excavation, and also
for considerations of equipment parking and stockpile placement.
We recommend that the contractor maintain safe construction practices during the reservoir
construction to minimize potential for excavation problems (e.g. maintaining drainage away from the top
of the excavation, keeping all soil stockpiles well away from the excavation, keeping construction
equipment away from the top of the excavation, etc.).

D.3.c. Excavation Dewatering
We anticipate that groundwater will be encountered within the excavation. We recommend dewatering
be performed such that the reservoir be constructed “in the dry”.
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The reservoir is located near Boring ST-12 which did not encounter any thick sand or silt layers at their
respective sample intervals, from which to expect groundwater seepage. We anticipate groundwater
seepage from the clays will be relatively slow and could be controlled by pumping from benches or from
the base of the excavation. If dewatering from the sand backfill below the mat slab is performed, we
recommend using a geotextile separation fabric (NDDOT Spec. 858, Type S1 or S2) between the natural
clay soils and the sand.
If significant amounts of water are present during excavation, a more extensive dewatering system may
be required. In order to reduce the likelihood of significant dewatering, the reservoir excavation could
be conducted during dry periods, which are typically the months of July, August, and September.

D.3.d. Selecting Excavation Backfill and Fill
It is our opinion that soils removed from the excavation, excluding the topsoil, may be reused as backfill
around the perimeter of the reservoir structures, provided they do not contain foreign debris or organics,
and are able to be moisture conditioned, placed and compacted per the requirements of this report. Onsite soils, including the topsoil, can be used as non-structural cover material over the top of the reservoir.
However, the on-site soils at this location were noted to be in a wet condition (above their probable
optimum moisture content per ASTM D698) and will require moisture conditioning (drying).

D.3.e. Placement and Compaction of Backfill and Fill
We recommend spreading backfill and fill in loose lifts of 4 to 8 inches thick depending on the
composition of the material and the type of compactor used. We recommend compacting backfill and fill
in accordance with the criteria presented below in Table D.3.e.
Table D.3.e. Compaction and Moisture Condition Recommendation Summary
Location

Relative Compaction, %

Moisture Content Variance from

(ASTM D698 – std. Proctor)

Optimum, percentage points

Below Slabs and Foundations

≥ 95

Landscaped Areas

≥ 90

0 to +4 for Clay Soils

We recommend a walk behind compactor be used to compact the backfill placed within about 5 feet of
the reservoir walls. Further away than that, a self-propelled compactor can be used.
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D.3.f. Subgrade Modulus
Assuming the reservoir slab will be constructed over a 1 to 1 1/2 foot thick layer of sand over a thin mud
mat, we recommend using a modulus of subgrade reaction, k, of 150 pounds per square inch per inch of
deflection (pci) to design the slab.

D.3.g. Hydrostatic Uplift
We recommend the structure be designed to account for hydrostatic uplift with a groundwater elevation
at 912 feet.
Resistance to uplift is provided by the weight of the reservoir structure, soil backfill over any projection
of the base slab outside the reservoir walls, and backfill within the frustum of an inverted cone extending
upward and outward from the top outside edge of the base slab at an angle of 20 degrees. We
recommend using a unit weight for backfill of 115 pcf above elevation 912 feet and 50 pcf below
elevation 912 feet.

D.3.h. Net Allowable Bearing Pressure
We recommend that the reservoir foundation be sized to exert a net allowable bearing pressure of up to
1,500 pounds per square foot (psf). This value includes a safety factor of at least 3.0 with regard to
bearing capacity failure.

D.3.i. Settlement
Based on the borings, and assuming that foundation subgrades are prepared as recommended above, we
anticipate total and differential settlement of the proposed reservoir to be less than about 1 inch and ½inch.

D.3.j. Lateral Loads
We recommend that the below grade walls of the reservoir be designed with the following soil
parameters:
Table D.3.j. Summary of Lateral Earth Pressure Parameters for Reservoir Design
Drained
Effective

Friction

At-Rest

Depth Below Existing

Unit Weight

Angle

Equivalent Fluid Equivalent Fluid

Grade (feet)

(pcf)

(degrees)

Pressure (pcf)

Fat Clay (CH) above
elevation 912

115

20

75

Passive
Pressure (pcf)
235
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Drained
Effective

Friction

At-Rest

Depth Below Existing

Unit Weight

Angle

Equivalent Fluid Equivalent Fluid

Grade (feet)

(pcf)

(degrees)

Pressure (pcf)

Fat Clay (CH) below
elevation 912

50

20

100

Passive
Pressure (pcf)
170

* The values indicated in the Table above do not include a factor of safety and do not account for any surface surcharges that
may be applied during or after construction.

The equivalent fluid pressures indicated above are in units of pounds per square foot per foot of wall
(psf/ft). These pressures may be used to calculate the pressure at a given depth as described in Section
D.2.h. Section D.2.h. also describes a means for calculating the lateral pressure due to a uniform
surcharge load (e.g. a pavement) adjacent the reservoir walls.

D.4. Pavements
D.4.a. Removal of Unsuitable Materials within Pavement Areas
We recommend removing existing vegetation, topsoils, and organic materials from below the proposed
pavement areas. Where topsoils or organic soils are encountered at a depth of more than 2 vertical feet
below the proposed pavement subgrade elevation (subgrade elevation = bottom of aggregate base) it is
our opinion that the topsoils and organic soils may be left in place provided they are stable enough to
support overlying construction equipment and compactive effort without yielding.

D.4.b. Subgrade Scarification and Proof-Roll
Prior to placing fill (or aggregate base material in cut areas), we recommend the resulting subgrades be
scarified to a minimum depth of ½-foot, moisture conditioned to within 0 to 4 percentage points above
its optimum moisture content, and recompacted to a minimum of 95 percent of the standard Proctor
maximum dry density. We recommend proof-rolling pavement subgrades to evaluate loose, soft or weak
areas that would be in need of further stabilization, compaction or subexcavation and recompaction or
replacement. A second proof-roll should be performed after the aggregate base material is in place, and
prior to placing bituminous pavement.

D.4.c. Backfill and Fill Requirements
If backfill and fill will be required to achieve design grades it should consist of on-site or imported soils
meeting the following requirements:


Organic content of less than 3 percent by weight;
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Meeting ASTM requirements for materials with an ASTM prefix letter of C, S or G (i.e.CH, CL, SM,
SP, GP, GW, etc.);



Able to be moisture conditioned and compacted per the requirements listed in this report.

Please note that our pavement design sections assume that materials similar in composition to the onsite soils would be used for subgrade fill. If plans are to utilize an imported sand or gravel, we should be
notified as sands or gravels may allow for a reduction in pavement thickness.
Backfills and fills placed within the pavement areas should be placed and compacted in loose lifts not to
exceed 4 to 8 inches, and moisture conditioned to within 0 to 4 percentage points above optimum, and
compacted to a minimum of 95 percent of the standard Proctor.

D.4.d. Design Section
We anticipate the subgrades will be compacted fat clay soils. Laboratory tests to determine the
California Bearing Ratio (CBR) were not included in our scope of services. Based on our experiences with
similar soils, we recommend a CBR value of 2 be used to design the pavements.
Based upon the aforementioned traffic loads and a CBR value of 2, we recommend a pavement section
consisting of a minimum of 4 inches of bituminous pavement (a 2-inch surface course over a 2-inch base
course) underlain by a minimum of 9 inches of aggregate base over a geotextile separation fabric. If the
surface or wear course will not be placed until after home construction is completed, we recommend
increasing the base course to a minimum of 3 1/2 inches.
The above pavement design is based upon a 20-year performance life. This is the amount of time before
major reconstruction is anticipated. This performance life assumes maintenance, such as seal coating and
crack sealing, is routinely performed. The actual pavement life will vary depending on variations in
weather, traffic conditions and maintenance.

D.4.e. Drainage
We recommend installing perforated drainpipes throughout pavement areas at low points and about
catch basins. The drainpipes should be placed in small trenches extended at least 8 inches below the
granular sub-base layer or aggregate base material where no sub-base is present.

D.4.f. Materials and Compaction
We recommend that the bituminous wear and base courses meet the requirements of NDDOT
Specifications 818.02. We recommend that the bituminous surface be compacted to a minimum of 92
percent of the theoretical maximum density.
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We recommend specifying aggregate base meeting the requirements of the North Dakota Department of
Transportation (NDDOT) Specification 816.03B for Class 5 Aggregate Base. We recommend the
aggregate base be compacted to a minimum of 100 percent of the standard Proctor maximum dry
density.
We recommend geotextile separation fabric meet the NDDOT Specification 858 for Type S1 or S2
Separation fabrics (non-woven).

D.5. Utilities
D.5.a. Excavation
We anticipate excavations can generally be completed with a backhoe. The borings indicate the soils will
be Type B soils above groundwater, and Type C soils below groundwater, under Department of Labor
Occupational Safety and Health Administration (OSHA) guidelines (these should be field verified).
Section D.2.b. addresses excavation sloping recommendations.

D.5.b. Dewatering
Based on the borings, we anticipate groundwater will likely be encountered within the excavations that
are deeper than about 4 to 6 feet; however, the borings indicate that seepage of groundwater into the
utility trench excavations will likely be slow, due to the low permeability of the native clays. If
dewatering is necessary, it is our opinion that it can be accomplished with sumps and pumps placed in
the bottom of the trench excavations.

D.5.c. Trench Subgrades
It is our opinion the natural soils encountered in the borings will generally support the proposed utilities.
We recommend utility conduits and connections that would be sensitive to frost-related heaving be
placed below the extreme frost penetration depth of 80 inches (6 ½ feet). For trenches extending more
than 5 feet below grades, we recommend subexcavating from below the utilities a minimum of 1 foot
and replacing the materials with stabilizing aggregates (such as a ¾-inch minus material) to provide
stability for worker traffic and the conduits. Groundwater, if encountered, could be pumped from the
stabilizing aggregates.

D.5.d. Corrosion Potential
The clayey soils encountered at the proposed utility invert depths are considered corrosive to buried
metals. Corrosion protection is recommended for ductile iron pipe in these soils.
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D.5.e. Bedding Material
Imported poorly graded sand soils (sands with less than 12 percent of its particles by weight passing the
200 sieve), or an approved material recommended by the manufacturer, should be used for bedding the
pipes. Imported gravel or crushed stone may also be used.

D.5.f. Backfill
The excavated materials may be reused as backfill above the bedding. Topsoils or organic soils should
not be reused as backfill beneath structures or slabs, and should not be reused within 2 vertical feet of
aggregate surfacing subgrades. We recommend the materials be placed in loose lifts not to exceed 8
inches, be moisture conditioned to within 0 to 4 percentage points above optimum, and compacted to a
minimum of 95 percent of the standard Proctor. It will be imperative that the required level of
compaction is achieved in all utility trenches (including service trenches). Poor compaction will result in
future settlement, which can be detrimental to pavements, curbs, driveways, sidewalks, and other
structures.

D.6. Construction Quality Control
D.6.a. Excavation Observations
We recommend having a geotechnical engineer observe all excavations related to subgrade preparation,
lift station, reservoir, pavement and utility construction. The purpose of the observations is to evaluate
the competence of the geologic materials exposed in the excavations, and the adequacy of required
excavation oversizing.

D.6.b. Materials Testing
We recommend density tests be taken in excavation backfill and additional required fill placed below
slabs, beside foundation walls, and below utilities. We recommend the following testing frequencies for
relative moisture and compaction tests:


Below Structures: 1/2500 square feet of floor per every 2 vertical feet of backfill;



Foundation Backfill: 1/50 linear feet of wall per every 2 vertical feet of backfill; and



Pavements Areas: 1/5000 square feet for every 2 vertical feet of backfill.

We also recommend slump, air content and strength tests of Portland cement concrete.
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D.6.c. Pavement Subgrade Proof-Roll
We recommend that proof-rolling of the pavement subgrades be observed by a geotechnical engineer to
determine if the results of the procedure meet project specifications, or delineate the extent of
additional pavement subgrade preparation work.

D.6.d. Cold Weather Precautions
If site grading and construction is anticipated during cold weather, all snow and ice should be removed
from cut and fill areas prior to additional grading. No fill should be placed on frozen subgrades. No
frozen soils should be used as fill.
Concrete delivered to the site should meet the temperature requirements of ASTM C 94. Concrete
should not be placed on frozen subgrades. Concrete should be protected from freezing until the
necessary strength is attained.

E.

Procedures

E.1.

Penetration Test Borings

The penetration test borings were drilled with a truck-mounted core and auger drill equipped with
hollow-stem auger. The borings were performed in accordance with ASTM D 1586. Penetration test
samples were taken at 2 1/2- or 5-foot intervals. Actual sample intervals and corresponding depths are
shown on the boring logs.

E.2.

Material Classification and Testing

E.2.a. Visual and Manual Classification
The geologic materials encountered were visually and manually classified in accordance with ASTM
Standard Practice D 2488. A chart explaining the classification system is attached. Samples were placed in
jars and returned to our facility for review and storage.

E.2.b. Laboratory Testing
The results of the laboratory tests performed on geologic material samples are noted on or follow the
appropriate attached exploration logs. The tests were performed in accordance with ASTM or AASHTO
procedures.
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E.3.

Groundwater Measurements

The drillers checked for groundwater as the penetration test borings were advanced, and again after
auger withdrawal. The boreholes were then backfilled as noted on the boring logs. Four of the boreholes
were kept open for a period of about 2 to 3 weeks with a piezometer for longer duration water
measurements before they were backfilled.

F.

Qualifications

F.1.

Variations in Subsurface Conditions

F.1.a. Material Strata
Our evaluation, analyses and recommendations were developed from a limited amount of site and
subsurface information. It is not standard engineering practice to retrieve material samples from
exploration locations continuously with depth, and therefore strata boundaries and thicknesses must be
inferred to some extent. Strata boundaries may also be gradual transitions, and can be expected to vary
in depth, elevation and thickness away from the exploration locations.
Variations in subsurface conditions present between exploration locations may not be revealed until
additional exploration work is completed, or construction commences. If any such variations are
revealed, our recommendations should be re-evaluated. Such variations could increase construction
costs, and a contingency should be provided to accommodate them.

F.1.b. Groundwater Levels
Groundwater measurements were made under the conditions reported herein and shown on the
exploration logs, and interpreted in the text of this report. It should be noted that the observation
periods were relatively short, and groundwater can be expected to fluctuate in response to rainfall,
flooding, irrigation, seasonal freezing and thawing, surface drainage modifications and other seasonal
and annual factors.

F.2.

Continuity of Professional Responsibility

F.2.a. Plan Review
This report is based on a limited amount of information, and a number of assumptions were necessary to
help us develop our recommendations.
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It is recommended that our firm review the geotechnical aspects of the designs and specifications, and
evaluate whether the design is as expected, if any design changes have affected the validity of our
recommendations, and if our recommendations have been correctly interpreted and implemented in the
designs and specifications.

F.2.b. Construction Observations and Testing
It is recommended that we be retained to perform observations and tests during construction. This will
allow correlation of the subsurface conditions encountered during construction with those encountered
by the borings, and provide continuity of professional responsibility.

F.3.

Use of Report

This report is for the exclusive use of the parties to which it has been addressed. Without written
approval, we assume no responsibility to other parties regarding this report. Our evaluation, analyses
and recommendations may not be appropriate for other parties or projects.

F.4.

Standard of Care

In performing its services, Braun Intertec used that degree of care and skill ordinarily exercised under
similar circumstances by reputable members of its profession currently practicing in the same locality. No
warranty, express or implied, is made.

Appendix A
Boring Location Sketch
Conceptual Plan
Log of Borings
Fence Diagram (2)
Descriptive Terminology

Appendix B
Laboratory Unconfined Compression Test Results (2 Pages)
Laboratory Consolidated-Undrained Compression Test Results (12 Pages)



































































 




 







































































 




 






Appendix C
Stability Analyses Graphics (3 Pages)

FA-13-03785: Oxbow Golf Course Pond
Oxbow, North Dakota
Pond Depth = 12 Feet
Pond Slope = 3(H):1(V)
Water Depth = 10 feet
Condtion = Steady State

Factor of Safety: 1.34
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FA-13-03785: Oxbow Golf Course Pond
Oxbow, North Dakota
Pond Depth = 10 Feet
Pond Slope = 4(H):1(V)
Water Depth = 8 feet
Condtion = Steady State

Factor of Safety: 1.73
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FA-13-03785: Oxbow Golf Course Pond
Oxbow, North Dakota
Pond Depth = 11.5 Feet
Pond Slope = 4(H):1(V) up to elev. 911.5, then 7(H):1(V) above that
Water Depth = 8 feet
Condtion = Steady State

Factor of Safety: 2.10
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