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EXECUTIVE SUMMARY 
Landslide activity has been affecting the southwest side of Interstate 94 at the Exit 290
Interchange (approximately MP 290.65). Currently, the toe of the landslide is flowing into
an approximately 400 foot long portion of the ditch adjacent to the offramp, impacting
drainage and requiring periodic maintenance to maintain functionality of the ditch. The
most recent maintenance project to mitigate slide activity took place in 2019 and consisted of
grading and installing erosion control. However, landslide movement has continued since
then.

The purpose of this study is to characterize the landslide and to develop conceptual designs
for mitigation alternatives. Shannon & Wilson completed subsurface explorations and
installed instrumentation to characterize the landslide and developed the following
mitigation alternatives:

 Maintenance,

 Drainage Improvements,

 Grading,

 Ground Anchors and Blocks,

 Anchored Drilled Shafts.

Due to the relatively minor impacts of the landslide, a maintenance approach may be
acceptable to NDDOT. To compare maintenance costs with mitigation costs, we estimated
the net present value for the maintenance approach and compared these values to relative
construction costs for the mitigation alternatives. Our evaluation indicates that the
maintenance costs are generally less than or comparable to relative construction costs for the
grading options and less than structural options. However, selection of the preferred
alternative by NDDOT may consider other factors, such as the desire not to complete
routine maintenance, the risk of more frequent maintenance being required than we
assumed, and the desire to limit landslide impacts to adjacent property.

If mitigation is desired, we anticipate that grading would be most cost effective alternative.
However, this alternative requires acquiring adjacent property. Alternatively, the landslide
could be mitigated within the existing right of way using ground anchors and blocks.
Anchored drilled shafts are not recommended for the site due to constructability
considerations associated with constructing a suitable temporary work platform on the
landslide.
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1 INTRODUCTION 
This report presents the results of our site reconnaissance, subsurface exploration program,
and geotechnical engineering recommendations for the Valley City Southwest (SW)
Backslope Slide Repair (the Project) in Valley City, North Dakota. The report summarizes
our field reconnaissance findings, subsurface explorations, laboratory testing, and
geotechnical engineering studies, and presents conclusions and recommendations for slide
mitigation alternatives. Our services were conducted in general accordance with our
Contract No. 19211442 with the North Dakota Department of Transportation (NDDOT)
dated April 25, 2022.

We understand this report will be used for selecting the preferred slope instability
mitigation approach for the Project. This report should not be used for other purposes
without Shannon &Wilson’s review. Our scope of services included:

 Phase I Activities
- Developing a project specific Quality Control/Quality Assurance (QC/QA) plan to be

instituted and used for the duration of the Project.
- Attending a virtual Field Review meeting with NDDOT Materials & Research.
- Evaluating existing geotechnical information provided by NDDOT and from nearby

projects completed by Shannon &Wilson.
- Retaining a subconsultant (KLJ) to conduct a survey of the Project site for the

purpose of developing cross sections for slope stability analysis.
- Conducting a geologic field reconnaissance and landslide mapping.
- Developing a scope of services for Phase II.

 Phase II Activities
- Completing ten geotechnical borings to depths ranging from approximately 26 to 70

feet.
- Installing inclinometer casings in nine of the ten borings to monitor potential slope

movement.
- Installing a total of seven vibrating wire piezometers (VWPs) in six of the borings to

characterize groundwater conditions.
- Installing time domain reflectometry (TDR) wires in three of the borings to monitor

potential slope movement.
- Completing geotechnical engineering analyses of feasible slope stability

improvements.
- Developing a list of potential mitigation alternatives, completing preliminary

analyses to evaluate the feasibility of potential mitigation alternatives, and
completing a qualitative comparison of the mitigation alternatives.
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- Preparation of this geotechnical report.

Our conclusions and recommendations are based on the following:

 The limitations of our approved scope, schedule, and budget described in our contract;

 Our understanding of the Project and information provided by NDDOT;

 Subsurface conditions observed in the explorations at the time they were completed;

 The results of laboratory testing performed on samples collected from the explorations;
and

 The data obtained from monitoring of instrumentation installed in select borings during
the monitoring period.

The objective of our geotechnical studies was to provide recommendations and construction
considerations, as presented herein, for the proposed slide repair. The authorized scope of
services was based on this objective and this report should not be used for other purposes
without Shannon &Wilson’s review. If a service is not specifically indicated in this report,
do not assume that it was performed.

2 PROJECT DESCRIPTION 
The Project is located in Valley City, North Dakota on the southwest side of Interstate 94 (I
94) at the Exit 290 Interchange (approximately MP 290.65). The proposed project consists of
mitigating the landslide adjacent to the eastbound exit ramp (see Figures 1 and 2; report
tables and figures follow the main text). Based on discussions with the NDDOT, review of
Google Earth Pro historic imagery, and our field reconnaissance, we understand that the
landslide complex that encompasses the slope has been creating slope stability issues for at
least 30 to 40 years. The landslide complex is relatively large with the following
approximate dimensions: 1,500 feet long (as measured generally along the I 94 alignment)
by 550 feet wide. Currently, debris from the landslide is flowing downslope into an
approximately 400 foot long portion of the ditch adjacent to the offramp and impacting
drainage, requiring maintenance to preserve functionality of the ditch.

The NDDOT is considering mitigating the landslide to reduce the need for continuous
maintenance and to provide a long term solution to address slope stability and improve
drainage at this location.
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3 SITE DESCRIPTION 
3.1 Site History 

As discussed in Section 2, the slide is located adjacent to (south of) the eastbound exit ramp
of I 94 at the Exit 290 interchange. Based on historic images on Google Earth Pro and other
historic imagery, the slide showed signs of movement in 2010, when many scarps formed
within the slide mass. Images from 2016 show further deformation near the toe of the slide,
approximately 70 feet south of the offramp. Generally, the slide appears to be creeping
north towards the interstate and offramp over the last 12 years.

The most recent documented maintenance project was completed in 2019 and consisted of
removing landslide debris from the ditch, grading to flatten the upper part of the slope,
placing erosion control, and clearing an existing underdrain aligned with the ditch
(NDDOT, 2019). The re graded portions of the slope ranged from 3H:1V to 5H:1V
(horizontal to vertical). In addition, NDDOT installed three inclinometers to monitor future
potential slope movement.

Based on conversation with NDDOT, we understand the eastbound offramp was realigned
in the past to avoid slide debris that was impacting the previous offramp. Historic aerial
images from Google Earth show this realignment occurred sometime between 1984 and
1997.

Portions of the slide complex are located outside of current NDDOT right of way (ROW),
primarily in a privately owned quarry/stockpile property (referred to herein as the quarry)
south of I 94 and west of 24th Avenue SW (see Figure 2).

3.2 Field Reconnaissance and Surface Conditions 

In March 2022, two field representatives from Shannon &Wilson completed a site
reconnaissance with representatives from the NDDOT. Key observations from the site visit
are summarized below:

 The landslide complex appears to consist of multiple areas of active movement. The
current geometry of the slide area suggests that the current landslide affecting the
drainage ditch is a relatively more active portion near the center and toe of a larger
landslide that encompasses the entire slope (see Exhibit 3 1). The head scarp of the
larger landslide is more pronounced (approximately 20 feet tall) on the western side of
the landslide complex. On the eastern side of the complex, the head scarp has largely
been reworked and obscured by quarry operations at the top of the slope. However,
historic imagery shows the head scarp extending into the current quarry property as
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recently as 2010. The estimated landslide limits as well as internal features are shown on
Figure 3.

 The lower portion of the graded slope has continued to fail since being regraded in 2019
(see Exhibit 3 2).

 The lower limit of the movement is characterized by an overridden toe feature with
ponded water in parts of the drainage ditch (see Exhibit 3 3). Landslide debris is spilling
over the toe of the failure and accumulating in the drainage ditch. Drilling the material
that has spilled into the ditch was not possible due to access issues, but we anticipate
that that the thickness of the spilled over debris is less than 10 feet.

 Hummocky terrain is present throughout the slide mass (Exhibit 3 3). The overall slope
is relatively flat, approximately 3H:1V to 5H:1V (horizontal to vertical).

 Hydrophytic vegetation (cattails) and ponded water were visible in March 2022 (and in
June 2022 during drilling) at several locations within the landslide footprint (see Figure
3).

 An embankment in the quarry behind the landslide mass appears to potentially
impound water at various times from a drainage area of approximately 30,000 square
feet (see Exhibit 3 4).

 Outlets for three trench drains installed during the 2019 grading project are showing
signs of displacement with broken concrete. Ponded water and ice at the drain outlet
suggests water may still be seeping from the drains.
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Exhibit 3-1: Site Reconnaissance Photo 1 - Overview of the landslide complex taken from the north side 
of Interstate 94, looking south.  Green fabric on the slope is an erosion control blanket/turf 
reinforcement mat (TRM) placed during a grading project in 2019. 

Exhibit 3-2: Site Reconnaissance Photo 2 - View of the stretched TRM (green fabric) and the disturbed 
soil erosion control log at the eastern grading tie-in point. 

Approximate limits of most 
active slide movement 
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Exhibit 3-3: Site Reconnaissance Photo 3 - View of part of the slide mass with the overriding toe feature, 
facing west.  Note the person in the orange vest in the upper left for scale. 

Exhibit 3-4: Site Reconnaissance Photo 4 - View of the slide mass with location of embankment and dry 
pond, facing west. 

Embankment 

Dry pond upslope of 
embankment 

Fence 
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4 FIELD EXPLORATIONS AND LABORATORY TESTING 
4.1 Field Explorations  

Shannon &Wilson conducted a field exploration program to evaluate subsurface conditions
within the slide mass. Ten borings, designated SW 01 through SW 10, were drilled at the
site between June 13 and 16, 2022. Borings were drilled to depths ranging from
approximately 26 to 70 feet below ground surface (bgs). Locations of the borings are shown
in Figure 2.

Appendix A presents a discussion of the drilling and sampling procedures used to complete
the borings, as well as the individual exploration logs and an explanation of the symbols
and terminology used.

As part of our field explorations, we retained a subconsultant to survey the boring locations
and top of ground elevations, as well as the topography of the slope. The surveyed
northing, easting, and top of ground elevation for each boring are included on the boring
logs in Appendix A.

4.2 Laboratory Testing 

Geotechnical laboratory tests were completed on selected samples retrieved from the
borings to estimate index and engineering properties. Index tests included natural water
content, in place density, grain size analysis (sieve and hydrometer), and Atterberg limits.
Engineering properties tests included corrosion tests and torsional ring shear tests of
drained residual shear strength. Laboratory test results and a discussion of the testing
procedures are included in Appendix B. The natural water content, fines content, and
Atterberg limits are also shown on the individual boring logs included in Appendix A.

4.3 Instrumentation 

Upon completion of drilling, instrumentation consisting of inclinometers, vibrating wire
piezometers (VWPs), and time domain reflectometry (TDR) wires was installed in the
borings as detailed in Exhibit 4 1. NDDOT has completed periodic data collection from the
slope and groundwater monitoring instrumentation.
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Exhibit 4-1: Instrumentation Summary 

Boring 
Designation Inclinometer TDR 

VWP Installation 
Depth (ft) 

SW-01 X - 33.0 1 

SW-02 X - 45.0 

SW-03 X X 19.0 1 

SW-04 X - - 

SW-05 - - 25.0, 40.0 1,2 

SW-06 X - - 

SW-07 X X 17.8 

SW-08 X - - 

SW-09 X X 17.8 

SW-10 X - - 
Notes: 
1 Installation included a datalogger for continuous monitoring.  Periodic manual readings were taken at other VWP locations. 
2 Boring SW-05 included two nested VWPs installed at the depths indicated above. 
X = installed;  - = not installed;  ft = feet;  TDR = time domain reflectometry;  VWP = vibrating wire piezometer 

As indicated in Exhibit 4 1, two VWPs were installed in boring SW 05 to monitor
groundwater conditions above and below the estimated depth of slide movement.

Appendix C presents a discussion of the instrumentation installation procedures, calibration
data, and the readings obtained during monitoring.

5 REGIONAL GEOLOGY AND SUBSURFACE 
CONDITIONS 

5.1 Regional Geology 

A review of the Surface Geology Valley City West Quadrangle, North Dakota (Manz, 2008)
indicates that the surficial geology at the site consists primarily of Quaternary age glacial
and/or preglacial landslide deposits overlying Cretaceous age Pierre Formation shale
(referred to on the boring logs and figures as Pierre Shale). Quaternary age glacial till is also
indicated in the vicinity of the Project site. The Pierre Formation is described as “dark gray,
fissile, non calcareous shale … Prone to slope failure.” Landslide mapping from the North
Dakota Geological Survey (Anderson, 2020) indicates that the Project area is part of a much
larger landslide complex (see Exhibit 5 1). This complex, and other nearby slide complexes,
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are observed along several of the slope faces to the south and southeast of the upland
agricultural fields.

Exhibit 5-1: Landslide Map of Project Site 

NOTES: 
1 Adapted from Anderson (2020). 
Qls = landslide deposits 

5.2 Subsurface Conditions 

5.2.1 Overburden 

Overburden at the site consisted of three geologic units: till, landslide debris, and displaced
bedrock. These three units were grouped as the overburden unit for our analyses (see
Section 6.3) due to the similarity in engineering properties.

5.2.1.1 Till 

Till at the site typically consisted of very loose to medium dense, silty to clayey sand and
clayey gravel with sand. A boulder was encountered within this unit during drilling of
boring SW 01. In general, the till unit was encountered within the upper portion of the
slope and ranged in thickness from approximately 12.5 to 18.0 feet, where encountered.
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5.2.1.2 Landslide Debris 

Landslide debris at the site typically consisted of soft to stiff, fat clay (occasionally lean clay)
with variable sand and gravel content. Claystone fragments were observed in some of the
samples. Granular layers, consisting of a thin lens of saturated sand and a 2 foot thick
sandy gravel layer, were observed within the unit in boring SW 07. The thickness of the
landslide debris varied from 4.0 feet near the top of the slope to 23.0 feet within the lower
third of the slope.

5.2.1.3 Displaced Bedrock 

A zone of displaced claystone and/or shale was encountered in borings SW 01, SW 02, SW
03, and SW 09. This bedrock may have been displaced by previous landslide activity in the
area, but is likely part of the current slide activity as well, based on our observations of the
inclinometer monitoring (see Section 5.4). The displaced bedrock was differentiated based
on tilting of the laminations at angles up to 60 degrees and inclinometer movement. In
addition, we observed slickensides (which are indicative of landslide movement) within the
displaced claystone in boring SW 02, at depths ranging from 39.5 to 51.0 feet bgs. The
bottom of the displaced bedrock ranged from 4.0 to 51.0 feet bgs in the borings where it was
encountered, generally varying according to the position of the boring on the slope. The
displaced claystone is not a part of the intact bedrock and is therefore included in the
overburden.

5.2.2 Bedrock 

Bedrock was encountered at the site in all of our borings and consisted of extremely weak to
very weak claystone and shale of the Pierre Formation. The claystone and shale observed
was generally thinly bedded to laminated and fresh to moderately weathered.

5.3 Groundwater 

During drilling, groundwater was encountered in borings SW 01, SW 03, and SW 05
through SW 09. Depth to groundwater in these borings was measured at 0 to 31.3 feet bgs
(at boring SW 08, ponded water was observed above the ground surface). The groundwater
level at the time of drilling is noted on the boring logs included in Appendix A.

No measurable groundwater was encountered in the other borings at the time of
exploration. However, groundwater observations during drilling may not be representative
of actual groundwater conditions, particularly for clayey soils, such as those present at the
site, in which it may take several days for water levels to equilibrate in a borehole. As such,
we used the VWPs installed in the borings to monitor longer term groundwater conditions.
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The data from the VWPs indicate relatively shallow groundwater in the overburden near
the toe of the slope, which is consistent with observations of ponded water and hydrophytic
vegetation in that location. The overburden and bedrock groundwater regimes appear to be
hydraulically separate; however, there may be portions of the subsurface where the
overburden and bedrock groundwater are connected through fractures in the bedrock.

Groundwater fluctuations are likely and will depend on seasonal variations, local
precipitation, and runoff.

5.4 Inclinometer & TDR Monitoring 

Inclinometers were installed in all borings except for SW 05, where installation could not be
completed due to access issues related to the steep terrain at that boring location. As a
supplement to the inclinometers, we installed TDRs at borings SW 03, SW 07, and SW 09.
Since the installation of the inclinometers and TDRs in June 2022, NDDOT obtained periodic
readings through November 3, 2022. A summary of the movement observed in the
inclinometers is provided in Exhibit 5 2.

Exhibit 5-2: Summary of Inclinometer Data    

Inclinometer 
Designation 

Movement 
Observed 

(Y / N) 

Depth of 
Movement 
(feet bgs) 

Elevation of 
Movement 

(feet above sea level) 
Geologic  

Unit 
SW-01 Y 30.8 - 34.8 1,131.7 – 1,327.7 Displaced Bedrock / Bedrock contact 

SW-02 Y 51.2 - 53.3 1,306.6 – 1,304.5 Displaced Bedrock / Bedrock contact 

SW-03 Y 6.7 - 8.7 1,307.4 – 1305.4 Displaced Bedrock / Bedrock contact 

SW-04 N N/A N/A N/A 

SW-06 Y 9.1 - 11.1 1,313.0 – 1,311.0 Landslide Debris / Bedrock contact 

SW-07 Y 20.3 - 24.3 1,313.8 – 1,309.8 Landslide Debris / Bedrock contact 

SW-08 N N/A N/A N/A 

SW-09 Y 16.6 - 20.6 1,307.5 – 1,303.5 Displaced Bedrock / Bedrock contact 

SW-10 N N/A N/A N/A 
N/A = Not Applicable 

The data obtained from the inclinometers installed within the mapped slide mass (SW 01
through SW 03, SW 06, SW 07, and SW 09) indicate a discernable slip surface. The slip
surface generally coincides with the overburden bedrock contact.

Interpretation of TDR data can be challenging because while the reflection data can provide
information about the location of movement along the cable, they do not indicate the
magnitude, direction, or rate of movement. In addition, the cables are sensitive enough to
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disturbance to produce noise in the data that may resemble data indicating slide movement
and depend on the cable deforming in a manner that produces relatively strong signal
reflection. However, based on side by side comparisons of the observed inclinometer
movements and the TDR reflection data, both instruments appear to indicate slide
movement at the same or similar depths. We observed pronounced TDR reflections in
boring SW 03, where the inclinometer data indicated substantial slide movement (on the
order of 6 inches in 5 months). Reflections were not as well defined in borings SW 07 and
SW 09, where the inclinometer data showed less movement (on the order of 1.5 inches and 1
inch in SW 07 and SW 09, respectively). Plots showing the inclinometer TDR comparisons
are provided in Appendix C.

5.5 Subsurface Profiles 

We prepared subsurface profiles of four potential critical cross sections (locations indicated
on Figure 2) to illustrate representative subsurface conditions at the site. The subsurface
profiles are presented in Figures 4 through 7. The subsurface profiles include graphical logs
of nearby borings, groundwater levels measured by the VWPs, our interpretation of
geologic contacts, and our interpretation of the slip surface geometry.

5.6 Subsurface Variations 

The explorations were performed to evaluate subsurface conditions at the Project site. Our
observations are specific to the locations, depths, and times noted on the logs and may not
be applicable to all areas of the site. No amount of explorations or testing can precisely
predict the characteristics, quality, or distribution of subsurface and site conditions.
Potential variation includes, but is not limited to:

 The conditions between explorations may be different.

 The passage of time or intervening causes (natural and manmade) may result in changes
to site and subsurface conditions.

If conditions different from those described herein are encountered during construction, we
should review our description of the subsurface conditions and reconsider our conclusions
and recommendations.

5.7 Corrosion 

The soil encountered at the Project site can be corrosive to substructure elements. To assist
in estimating the corrosion potential at the site, select samples were tested for pH,
resistivity, water soluble sulfates, and chlorides. The results are presented in Table B 1 in
Appendix B.
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AASHTO (2020) Section 10.7.5 defines soil as aggressive for steel if resistivity is less than
2,000 ohm centimeters, pH is less than 5.5 (or between 5.5 and 8.5 in highly organic soils), or
sulfate concentrations are greater than 1,000 parts per million (0.1 percent by weight). The
laboratory test results for pH ranged from 7.6 to 8.3, and the soils did not classify as organic.
By this criterion, the soils do not classify as aggressive for steel. However, the resistivity
measured in the samples ranged from 340 to 1,330 ohm centimeters, and sulfate
concentration ranged from 0.01 to 1.70 percent by weight, both of which are indicative of
aggressive soil conditions for steel.

Recommendations developed by the American Concrete Institute (ACI, 2019) provide
guidelines for characterizing sulfate exposure for concrete. The sulfate concentrations
measured in the samples correspond to an exposure class of S0 to S2.

The test results and the above discussion are provided to assist the design team in the
selection of project materials, concrete type, or other features with respect to corrosion. As
appropriate, the designer should consider protective measures, such as coatings, upsizing
for section loss, or using alternative materials to reduce the corrosion potential.

6 SLOPE STABILITY MODEL AND BACK-ANALYSIS OF 
LANDSLIDE 
To assess potential landslide mitigation options (see Section 7), we used the cross sections
subsurface profiles discussed in Section 5.5 to develop slope stability models for the
landslide. Because the slope has moved significantly, the factor of safety (FS) of the slope
can be considered to be 1.0 at the time of failure (Duncan and Wright, 2005). Assuming a FS
value of 1.0, a stability model that is representative of conditions at the time of failure can
then be developed and used as a baseline for comparison with various landslide mitigation
alternatives. The results of the back analyses are shown in Appendix D.

6.1 Site Topography 

The topography of the existing ground surface used in our stability model was developed
from the cross sections produced by KLJ as part of their survey, provided to us on August
16, 2022 and January 9, 2023. From the survey information, we selected four cross sections
we considered critical based on variations in site topography and failure surface geometry
(A A’, B B’, C C’, and D D’). We used these cross sections to develop our slope stability
back analyses. We evaluated the mitigation alternatives for each cross section to a target FS
value of 1.3. Back analyses for each section are included in Appendix D.
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6.2 Slip Surface Geometry 

We estimated the geometry of the slip surface based on the depths of movement indicated
in the inclinometers and TDRs, as well as the materials encountered in our borings. As
discussed in Section 5.4, the slide movement depth corresponded with the intact bedrock
contact. The estimated slip surface geometry is shown on the subsurface profiles in Figures
4 through 7.

The zone of slip surface movement as indicated by the inclinometer data ranged in thickness
from approximately 2 to 4 feet. For our slope stability analyses, we assumed a uniform slip
surface thickness of 2 feet.

6.3 Soil/Rock Material Properties 

The material properties we used in our analyses are summarized in Exhibits 6 1, 6 2, and 6
3. We estimated unit weights based on the available laboratory data and our experience
with similar materials in North Dakota. For the overburden material and intact bedrock
which have not experienced shear deformations resulting in a residual condition, we
estimated a representative fully softened friction angle based on correlations with liquid
limit (LL) and clay fraction (CF) by Stark and Fernandez (2020), back analysis (see below),
and our judgement.

Exhibit 6-1: Soil/Rock Parameters Used for Stability Analyses    

Unit Typical Description 

Total Unit 
Weight,   

(pcf) 

Effective Stress 
Friction Angle, ’ 

(deg) 

Effective Stress 
Cohesion, c’ 

(psf) 

Overburden Soft to very stiff, Fat Clay to 
extremely weak, displaced Claystone 120 24 0 

Slip Surface Soft to stiff, Fat Clay to extremely 
weak, Claystone 120 Varies1 0 

Bedrock 
Extremely weak to very weak, highly 
weathered to fresh Claystone/Shale 

(Pierre Shale) 
125 24 100 

NOTES: 
1  See Exhibits 6-2 and 6-3 for strength parameters used for the Slip Surface unit.   
deg = degrees;  pcf = pounds per cubic foot;  psf = pounds per square foot 

Bedrock strength parameters were conservatively selected to a near lower bound value to
preclude failure into bedrock below the interpreted slip surface based on existing failures
occurring in overburden and comparatively weaker displaced bedrock. Intact bedrock
strengths were further reduced on near horizontal planes to assess the potential impacts of
weaker planes in the bedrock. At the outset of this analysis, reducing the strengths to fully
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softened values on near horizontal planes produced failures that are not representative of
field conditions. Therefore, a nominal reduction in strengths was applied for the anisotropic
strength case based on the performance of the existing slopes and lack of failures in the
intact bedrock.

To model the slip surface, we utilized a two foot thick layer of material at the location of the
interpreted slip surface. As discussed in Section 4.2, we completed torsional ring shear
testing on composite soil samples comprised of material taken from near the slip surface, to
compare the residual shear strength parameters of the soil/rock to those obtained from the
Stark and Fernandez (2020) correlation. The material we tested consisted of clay and/or
claystone with LL values ranging from 129 to 215.

Back analyses using the ring shear derived residual strength envelopes indicated that an
unrealistically low groundwater surface would be required to obtain a FS value of 1.0.
Based on the back analyses and our laboratory results, in our opinion the average plasticity
of the slip surface is likely lower than that of the material used for the torsional ring shear
composite samples. Therefore, we repeated the back analyses using the correlation by Stark
and Fernandez (2020) to estimate residual shear strength based on LL and CF values
measured in soil samples within or near the interpreted slip surface. We used the following
inputs for the analyzed cross sections:

 Sections A A’ & C C’: CF > 50, LL = 80.

 Section B B’: CF > 50, LL = 75

 Section D D’: CF > 50, LL = 100.

The strength properties from the Stark and Fernandez (2020) correlation were input as a
shear strength vs. normal strength function in the slope stability program. The shear
normal functions used in the analyses are shown in Exhibit 6 2 (with torsional ring shear
test results included for comparison) and represented in terms of residual friction angle in
Exhibit 6 3.
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Exhibit 6-2: Residual Shear Strength Envelopes Used for Slip Surface    

Exhibit 6-3: Residual Shear Strength Friction Angles Used for Slip Surface    



Valley City SW Backslope Slide Repair, 
2-094(185)290 PCN 23338 

  Geotechnical Report 

107877-001 March 2023 
17 

6.4 Groundwater Conditions 

We represented pore water pressures (i.e., groundwater conditions) by a groundwater table.
The groundwater table we assumed for our analyses is shown in the provided slope stability
output. It was initially developed based on groundwater levels observed during drilling
and measured by the vibrating wire piezometers (VWPs) which are shown on the
subsurface profiles (Figures 4 through 7). We then adjusted the groundwater table by a few
feet until the model showed a FS value of 1.0 using the shear strength parameters discussed
in Section 6.3. Compared to the groundwater levels indicated by the VWPs and our
observations of ponded water at the surface, relatively minor changes were required to
obtain a FS value of 1.0 for the cross sections we considered.

6.5 Analysis Methodology 

We completed two dimensional limit equilibrium stability analyses using the software
Slide2, Version 9, by RocScience (2021), and Slope/W, Version 11, by GeoSlope (2021). We
used the Morgenstern and Price (1965) method of slices, which satisfies force and moment
equilibrium, to compute FS values. We assumed excess pore water pressures in the slope
have equilibrated. Thus, we completed drained, or long term, stability analyses. Based on
the relatively low seismic hazard for the site, we did not consider seismic loading. The
results of the slope stability analyses are presented in Appendix D and include the back
analyses as well as analyses of the mitigation alternatives discussed in Section 7.

6.6 Factor of Safety 

We assumed a target FS value of 1.3 for mitigation alternatives in accordance with AASHTO
(2020). The FS value of 1.3 specified by AASHTO (2020) for slope stability assumes that the
FS is applied to a slope that has not yet been constructed or to an existing slope that has not
failed. In part, the FS value is intended to reflect the uncertainty and variability of the
inputs of the slope stability model, such as shear strength parameters and groundwater
conditions. However, a slope stability model based on back analysis of an existing landslide
has essentially been calibrated to reflect actual conditions, i.e., a FS value of 1.0 at the time of
failure. As such, the back calculated model can be considered to be more reliable than a
typical slope stability model based on data from borings and laboratory test results.
Therefore, lower target FS values may be justified for mitigation of existing landslides
(Duncan and Wright, 2005). The target FS value for final design should be determined by
NDDOT. Based on discussions with NDDOT, we understand that a target FS value of 1.3 is
desired for all mitigation alternatives.
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7 POTENTIAL LANDSLIDE MITIGATION ALTERNATIVES 
We evaluated several potential alternatives to improve the stability of the landslide. We
evaluated improvement to the slope stability, risk, and cost of each improvement alternative
as discussed in the following sections. We evaluated drainage improvements, grading
improvements, ground anchor and block stabilization, and anchored drilled shafts. The
following sections describe details of the proposed alternatives, and a summary of these
alternatives is presented in Table 1.

As discussed in Section 2 and shown in Exhibit 5 1, landslide activity is extensive around
the Project site. For our evaluation, we assumed that the length of mitigation will be
approximately 800 feet, centered around the portion of the landslide toe that is closest to the
EB I 94 exit ramp pavement and impacting the drainage ditch, i.e., we assumed that areas of
the landslide not actively impacting the drainage ditch would not be mitigated. NDDOT
may elect to increase the length of stabilization, depending on risk and cost considerations.

7.1 Maintenance 

Depending on the availability of funding for improvements, NDDOT may elect not to
implement the mitigation alternatives described in the following sections. This alternative
would consist of periodic grading efforts and erosion control to clean out the ditch and
remove encroaching landslide material. To decrease the frequency of grading, a pipe or
culvert could be constructed along the ditch alignment, and the landslide material allowed
to flow over the pipe/culvert. The existing underdrain installed below the ditch could also
be augmented to provide additional drainage. However, the additional maintenance
required for such features may offset potential benefits.

This alternative may be desirable due to the relatively low cost and the relatively minor
impacts of the existing landslide. However, NDDOT should consider that the rate and
magnitude of future movement is difficult to predict and will strongly depend on future
precipitation. Landslide movement has necessitated maintenance work in recent years.
Without mitigation, a similar or greater level of maintenance can be anticipated in the
future.

To better estimate the actual cost of the maintenance approach over several years, we
calculated the net present worth value of future maintenance operations. For this
evaluation, we assumed a discount rate of 1%, which was assumed to be a “real discount”
rate that deducts inflation. Therefore, present day maintenance costs were used in place of
assumed future (escalated) costs. Based on discussions with NDDOT, we assumed a
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present day maintenance cost of $300,000 for a maintenance project that occurs every 10
years. As noted in Table 1, we considered 25 , 50 , and 75 year maintenance periods.

7.2 Drainage Improvements 

Groundwater can play a significant role in slope instability. The VWPs installed at the site
indicate relatively high groundwater near the toe of the slope, which is likely strongly
influenced by infiltration in more permeable upland till deposits. Stability can be improved
by lowering groundwater levels in the slope. Therefore, we recommend that drainage
improvements be implemented with any of the following improvement alternatives.

While a limited improvement of the FS can be obtained through drainage improvements
alone, NDDOT may consider implementing drainage improvements without other
improvements as a relatively low cost approach to decrease the frequency of required
maintenance.

7.2.1 Surface Drainage 

Appropriate surface drainage measures would consist of re grading the slope to seal cracks
and smoothing out the hummocky terrain to eliminate ponding and to direct runoff to a
suitable location. The FS increase that could be obtained from these improvements is
difficult to quantify, but we recommend that they be implemented regardless of the selected
stabilization approach.

7.2.2 Subsurface Drainage 

Gravel filled finger drains extending from the middle of the slide mass to the toe of the
slope could be used to drain ponded water and remove shallow groundwater from the slide
mass. The finger drains could be allowed to daylight and flow into the ditch at the toe of
the slope.

We anticipate that a drain design for the site would likely consist of finger drains, spaced
approximately 50 feet center to center, extending from the middle of the slope to the toe of
the slope (approximately 150 feet). To effectively lower groundwater levels, the finger
drains would need to be installed to a depth of up to 15 feet to intercept the groundwater.
The drains typically have a base width of about five feet.

We estimate that that subsurface drainage measures would be able to increase the FS of the
slope by approximately 5%. As such, subsurface drainage measures would need to be
combined with other measures to achieve a target FS value of 1.3, or a lower FS selected by
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NDDOT. As with the surface drainage improvements, we recommend that subsurface
drainage improvements be implemented, regardless of the selected stabilization approach.

7.3 Grading  

In addition to the drainage improvements discussed in Section 7.2, a grading alternative
could be implemented to improve stability and achieve a higher FS value than is possible
with finger drains alone. The grading alternative would consist of cutting material from the
top of the slope and using the cut material to construct a buttress fill slope at the landslide
toe. This improves stability by decreasing the driving force of the slide and increasing the
resisting force at the toe of the slope.

A summary of the preliminary estimated grading requirements for each alternative are
provided in Exhibit 7 1, and schematics of the grading alternative are shown on Figure 8.
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Exhibit 7-1: Grading Alternative Requirements for Target FS = 1.3    

Approximate 
Cut Depth at 
Top of Slide 

(ft) 

Approximate 
Buttress Fill Slope 
Height from Slide 

Toe (ft) 
Approximate Cut 

Volume (CY) 
Approximate Fill 

Volume (CY)  

Approximate ROW 
Take  

(acres) 

13-18 30-45 54,000 38,000 3.5 

NOTES: 
1 Grading quantities are approximate and only intended for comparison between alternatives. 
ft = feet;  CY = cubic yards 

For the grading alternatives presented in Exhibit 7 1, we assumed buttress slopes ranging
from 2H:1V to 3.5H:1V, depending on the distance between the bottom of landslide debris
and the drainage ditch to minimize any fill placed in the drainage ditch. Where a 2H:1V
slope was used (in Sections C C’ and D D’), it was limited to the base of the slope adjacent
to the ditch with a height on the order of 20 feet. Construction of a buttress sloped at 2H:1V
would likely require benching into the slope to remove disturbed landslide debris such that
the buttress bears on intact bedrock, as well as utilizing a reinforced soil slope and granular
fill material (e.g., till material from the upper portion of the site). Benching and excavation
near the toe of the slope in disturbed landslide materials will likely be challenging and
require working in relatively small sections to limit adverse impacts to slope stability.
Depending on the hydraulic and sizing requirements for the drainage ditch, it may be
possible to utilize a flatter slope that could be constructed without reinforcement and with
less benching/excavation, which would be preferable to placing fills steeper than 3H:1V. A
culvert could also be considered to allow fill placement to encroach into the ditch. These
details would need to be evaluated during final design.

In order to achieve the target FS value of 1.3, portions of the excavation at the top of the
slope would extend beyond the existing NDDOT ROW, into the adjacent quarry property.
Based on discussion with NDDOT, we assumed a ROW cost of $30,000 per acre in our
evaluation. These costs were included in relative cost estimates summarized in Table 1 and
further detailed in Appendix E.

7.4 Ground Anchor and Block Stabilization 

This alternative consists of adding stabilizing force to the landslide by installing row(s) of
ground anchors in the face of the slope and extending behind the interpreted slip surface.
The ground anchors would react against precast reinforced concrete anchor blocks installed
on the face of the slope. Typically, these anchor blocks are approximately 8 to 10 feet
square.
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Construction typically requires grading an approximately 20 foot wide bench for drill rig
access, which could potentially result in decreased stability during construction.
Additionally, over excavation or ground improvement may be required to provide
adequate bearing behind the blocks, particularly in disturbed landslide debris material.
Upon completion, the anchor blocks can be partially or completely buried during final slope
grading. This technique was used for a similar landslide mitigation for a nearby project on
the north side of I 94.

Our preliminary analysis assumed three rows of ground anchors, located horizontal
distances of approximately 30 to 40, 60 to 70, and 90 to 100 feet from the toe of the slope. For
the anchors, we assumed 6 strand anchors, drilled at an inclination of 20 degrees below
horizontal, with minimum bond lengths of 40 feet in intact bedrock, unbonded lengths
ranging from approximately 35 to 85 feet (varying by row), maximum lateral spacing of 10
to 11 feet, and 8 to 10 foot square anchor blocks. Our preliminary analysis indicates this
alternative yields a long term static FS value of 1.3. Schematics of this alternative are shown
on Figure 9.

7.5 Anchored Drilled Shafts 

This alternative consists of stabilizing the landslide by installing drilled shafts through the
slide mass in combination with a row of ground anchors installed through a concrete cap
beam atop the drilled shafts. The ground anchors would reduce bending moments in the
drilled shafts and provide additional stabilizing force. However, construction of drilled
shafts requires large equipment and a relatively wide work area (30 feet or more). In
general, the site geometry is not favorable for the construction of such a large bench on the
slide mass, which would require significant earthwork, possible temporary shoring, and
adverse impacts to slope stability during construction. However, once constructed, the
anchored shafts system would provide the most robust resistance to deep seated movement.

For this alternative, the structure would be designed to resist landslide loading.
Additionally, design of the structure would need to consider the stability of the landslide
mass in front of the drilled shafts and the potential for this ground to move away from the
structure, resulting in a decrease in passive resistance.

Based on preliminary analyses, we assumed the anchored shaft system would be located a
horizontal distance of approximately 60 to 70 feet from the toe of the slope. For the drilled
shafts, we assumed a diameter of 4 feet and, a minimum length of 50 feet bgs, and a
maximum lateral spacing of 11 feet (center to center). For the ground anchors, our analyses
assumed 6 strand anchors drilled at an inclination 30 degrees below horizontal, with a
lateral spacing of 11 feet. We assumed free lengths of 32 to 40 feet and a 40 foot long bond
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zone in bedrock. Our preliminary analyses indicate this alternative yields a long term static
FS value of 1.3. Schematics of this alternative are shown on Figure 10.

7.6 Relative Costs 

We evaluated the relative costs of the mitigation alternatives and prepared preliminary
estimates based on past project experience. Our preliminary estimates are summarized in
Table 1 as both the total relative cost assuming an 800 foot mitigation length and the cost
per foot of repair. Details of our estimates are provided in Appendix E. The estimated costs
should be taken as order of magnitude estimates for the purpose of selecting a mitigation
alternative and the landslide mitigation extents. They should not be used for any other
purposes (such as preparing a construction cost estimate).

8 CONCLUSIONS 
8.1 Summary of Alternatives 

We considered several mitigation alternatives and evaluated each alternative based on
geotechnical considerations, hydraulic impacts, cost, schedule, right of way impacts, and
constructability to make a recommendation for a preferred alternative. Final selection of the
mitigation should be made by NDDOT considering other factors such as funding
availability, risk, and long term maintenance preferences. A summary of the selection
considerations for the mitigation alternatives is provided in Table 1 and discussed below.

Of the options we considered, the maintenance alternative (periodic minor regrading to
maintain ditch functionality) has the lowest initial costs. If stability improvements are not
implemented, the frequency of maintenance required to maintain functionality of the
drainage ditch at the toe of the slope is not possible to predict. However, we anticipate that
maintenance would likely be required on the order of every 10 years based on our
experience and discussions with NDDOT (the maintenance may be more or less frequent
depending on precipitation).

The alternative with the second lowest initial costs is surface and subsurface drainage
improvements. We estimate that such subsurface drainage measures would be able to
increase the FS to approximately 1.05. As such, subsurface drainage measures would need
to be combined with other measures to achieve a target FS of 1.3, or a lower FS value if
desired by NDDOT. Alternatively, drainage improvements could be considered on their
own as a relatively low cost option to decrease the frequency of maintenance at the site.
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Additionally, we considered a grading/buttress alternative providing a FS value of 1.3.
While more expensive than the maintenance or drainage alternatives, the grading
alternatives are less expensive than structural mitigation approaches. However, grading
improvements will require ROW acquisition at the top of the slope.

Finally, we considered two structural alternatives (ground anchors with blocks and
anchored drilled shafts) which would provide a FS value of 1.3. These alternatives are the
most expensive, schedule intensive, and require specialty contractors. However, they can
be constructed on the existing ROW. Due to constructability considerations associated with
temporary work pad requirements, the ground anchor and block alternative is preferable to
the anchored drilled shaft alternative.

8.2 Comparison of Relative Costs 

We estimated relative construction costs for the purpose of comparing these alternatives.
As discussed in Section 7.1, for the maintenance alternative, we estimated the net present
value of future maintenance operations to better compare costs for the maintenance
alternative with mitigation costs (we did not include potential maintenance costs that may
be required for the mitigation alternatives).

Over an assumed 75 year period, the net present value for the maintenance alternative was
approximately two times the relative cost for the grading alternative and approximately
30% of the relative cost for the structural mitigation alternatives. The estimated relative cost
of the grading alternative is approximately 55% of that of the structural mitigation
alternatives.

While costs alone would suggest that maintenance is the preferred alternative, other factors
and considerations may govern NDDOT’s selection of a preferred approach. In particular,
the NDDOT may prefer the less frequent maintenance required for the mitigation
alternatives and may desire to limit landslide impacts to adjacent properties.

8.3 Alternative Selection 

As discussed in Section 8.1, the mitigation alternative selected by NDDOT will depend on a
variety of factors including cost, risk, schedule, constructability, ROW impacts, and impacts
to I 94 traffic. The selection evaluation may be considered as follows:

 First, NDDOT would need to decide whether the relatively low costs and impacts of the
maintenance alternative make it an acceptable approach.

 If periodic maintenance is not acceptable, a grading or structural mitigation option
would be required. If ROW can be acquired to accommodate grading improvements,
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then grading would likely be preferable to structural options due to the lower relative
cost.

 If ROW cannot be acquired or NDDOT prefers not to pursue additional ROW
acquisition due to associated risks, the ground anchor and block alternative would be
preferable to the anchored drilled shaft alternative due to the reduced temporary access
and grading requirements required for the ground anchor and block alternative.

9 LIMITATIONS 
This report was prepared for the exclusive use of the NDDOT. Within the limitations of
scope, schedule and budget, the analyses, conclusions, and recommendations presented in
this report were prepared in accordance with generally accepted professional geotechnical
engineering principles and practice at the time this report was prepared. We make no
warranty, neither express nor implied.

Subsurface conditions assumed for the analyses and preliminary designs presented herein
were based on explorations completed by Shannon &Wilson. The design recommendations
presented herein are preliminary and are based on the subsurface information available at
the time this letter report was prepared. Additional analyses are recommended to develop
final design recommendations for this project.

This report should not be used without our approval if any of the following occurs:

 Conditions change due to natural forces or human activity under, at, or adjacent to the
site.

 Assumptions stated in this report have changed.

 Project details change or new information becomes available such that our
recommendations may be affected.

 If the site ownership or land use has changed.

 More than five years have passed since the date of this report.

If any of these occur, we should be retained to review the applicability of our preliminary
recommendations.

Shannon &Wilson has prepared “Important Information about Your Geotechnical Report,”
to assist you and others in understanding the use and limitations of our reports.
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A.1 INTRODUCTION 

Shannon &Wilson’s field exploration program was conducted on June 13, 2022 through
June 16, 2022 and consisted of drilling and sampling 10 borings at the locations shown in
Figure 2. The methods used to conduct the field exploration program are described below.
Laboratory testing procedures and results are presented in Appendix B.

A.2 EXPLORATIONS 

The borings were coordinated (including subcontractor coordination and utility locates) and
observed by Shannon &Wilson. The NDDOT coordinated access through the adjacent
quarry property and coordinated traffic control for two borings near the shoulder of the I 94
eastbound exit ramp. Individual boring logs are presented in Figures A 3 to A 12. The
exploration logs represent our interpretation of the contents of the field logs and results of
laboratory testing. The locations and elevation of the explorations were surveyed by KLJ
after drilling was completed. Coordinates and top of ground elevations are included on the
boring logs.

The borings were drilled by Interstate Drilling Services, LLP of Grand Forks, North Dakota
(under subcontract to Shannon &Wilson) using a Diedrich D 50 track mounted rig. The
borings were advanced to depths ranging from approximately 26.0 to 70.0 feet and were
advanced with 8 inch outside diameter (4.25 inch inside diameter) hollow stem auger
methods. Where groundwater was encountered, our field representative measured the
approximate depth to groundwater using an electronic water level indicator. On
completion of drilling, bentonite grout was used to backfill the borings. Selected borings
were completed with geotechnical instrumentation as described in Appendix C. Excess drill
cuttings were spread around the drill location.

After the completion of boring SW 07, the borehole was cased to a depth of 15 feet with 12
inch outside diameter hollow stem auger (6.25 inch inside diameter) and reamed to the
bottom of the hole using a 5.875 inch tricone bit. A drilling mud mixture of bentonite and
water was used to flush out cuttings and keep the hole open for instrumentation installation
(see Appendix C).

A.2.1 Classification System 

During drilling, our representative collected samples and prepared field logs of the
explorations. Soil classification for this project was based on ASTM D2487, Standard



Valley City SW Backslope Slide Repair 
2-094(185)290, PCN 23338 

  Geotechnical Report 

 

107877-001 March 2023 
A-2 

AP
PE

ND
IX

 A
: S

UB
SU

RF
AC

E 
EX

PL
OR

AT
IO

NS
 

Practice for Classification of Soils for Engineering Purposes (Unified Soil Classification
System), and ASTM D2488, Standard Practice for Description and Identification of Soils
(Visual Manual Procedure). The Unified Soil Classification System is summarized in Figure
A 1. The Shannon &Wilson representative classified rock samples in general accordance
with the International Society of Rock Mechanics (ISRM) classification method. According
to this system, rocks are classified based on the stratigraphic structure, rock strength, degree
of weathering, and other properties. The rock classification system is summarized in Figure
A 2.

Consistent with other locations in North Dakota, the bedrock encountered in the borings
was found to be hard when considered as a lithified soil material. However, when
compared with other types of bedrock using the ISRM classification of rock strength, the
material resembles a very low strength rock. Therefore, for completeness, the boring logs
included in Appendix A contain dual descriptions of the bedrock using the Unified Soil
Classification System and the ISRM classification system.

A.2.2 Standard Penetration Test (SPT) and Sampling 

Disturbed samples were obtained in the borings in general accordance with the Standard
Penetration Test (SPT) (ASTM Designation: D1586). The SPT consists of driving a 2 inch
outside diameter (O.D.), 1.375 inch I.D. split spoon sampler 18 to 24 inches. An automatic,
free falling 140 pound hammer was used to advance the split spoon sampler. During
sampling, the Shannon &Wilson field representative recorded the number of blows for each
6 inch increment of penetration and summed the blow counts for the second and third 6
inch increments. This sum is recorded as the penetration resistance number, or N value. If
high penetration resistance prevented driving the total length of the sampler, the Shannon &
Wilson field representative recorded the partial penetration depth and blow count. The N
values provide a means for evaluating the relative density or compactness of cohesionless
(granular) soils and consistency or stiffness of cohesive (fine grained) soils (see Figure A 1).
The raw N values are shown on the individual boring logs. Representative portions of the
split spoon sample obtained in conjunction with the SPT were placed in a screw top plastic
jar and transported to our laboratory.

A.2.3 Modified California (MC) Test and Sampling 

Samples were also obtained using a Modified California (MC) barrel sampler. The MC test
procedure is similar to the SPT, except the sample barrel is larger (2½ inch O.D.) and lined
with 2 inch diameter brass tubing. The MC sampler was also driven 18 to 24 inches.
During sampling, the Shannon &Wilson field representative recorded the number of blows
for each 6 inch increment of penetration and summed the blow counts for the second and
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third 6 inch increments. As a result of the larger diameter, the MC sampler yields slightly
higher raw blow count numbers when compared to SPT N values for similar soils. Because
the difference in blow counts does not significantly impact our evaluation, we used the field
MC blow counts over the 18 inch increment to define the relative density and
consistency/stiffness of the subsurface materials following SPT terminology. Representative
samples were sealed in the brass liner tubes with plastic caps and transported to our
laboratory for further testing.

A.2.4 Pocket Penetrometer 

Select cohesive soil samples were also tested in the field using a pocket penetrometer. The
penetrometer estimates the unconfined compressive strength of clay soil samples by
penetrating the clay with a one quarter inch diameter penetrometer and measuring the
resistance (in units of tons per square foot [tsf]) with a calibrated spring. Measurements can
be taken to the nearest 0.25 tsf increment. The field measurements from the pocket
penetrometer are included on the boring logs.
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B.1 INTRODUCTION 

Laboratory tests were completed on soil and bedrock samples retrieved from the borings in
general accordance with American Association of State Highway and Transportation
Officials (AASHTO) test methods, ASTM International (ASTM) test methods, and Colorado
Department of Transportation (CDOT) CP L test methods. The laboratory testing program
was performed to classify the materials into similar geologic groups and provide data that
can be used for design of the project. The geotechnical laboratory testing was performed at
Shannon &Wilson laboratories in Denver, Colorado and St. Louis, Missouri, and at Cooper
Testing Labs in Palo Alto, California. A summary of the laboratory test results is presented
in Table B 1. The following sections describe the laboratory testing procedures.

B.2 GEOTECHNICAL INDEX TESTS 

 Water Content 

Water content was determined for selected samples in general accordance with AASHTO
T265, Laboratory Determination of Moisture Content in Soils. To perform this test, a sample
was weighed before and after oven drying, and the water content was calculated. Water
content determinations are shown graphically on the boring logs in Appendix A and are
also summarized in Table B 1.

 Unit Weight 

The unit weights or in place densities of selected modified California (MC) samples were
determined in general accordance with ASTM D7263, Standard Test Methods for
Laboratory Determination of Density and Unit Weight of Soil Specimens. To perform this
test, the dimensions of the sample were measured, the sample was weight, and the moist
unit weight was calculated. The results are summarized in Table B 1.

 Grain Size Analysis 

The grain size distribution of selected samples was determined in general accordance with
AASHTO T311, Standard Method of Test for Grain Size Analysis of Granular Soil Materials
and AASHTO T88, Standard Method of Test for Particle Size Analysis of Soils for samples
where a hydrometer analysis was completed. Results of these analyses are presented as
grain size distribution curves on Figure B 1 and summarized in Table B 1.
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Selected samples were tested for the percentage of material passing the No. 200 sieve in
general accordance with ASTM D1140, Standard Test Method for Amount of Material in
Soils Finer than the No. 200 (75 m) Sieve.

Where applicable, the percent fines (silt and clay sized particles passing the No. 200 sieve)
are shown graphically on the boring logs in Appendix A and are also summarized in Table
B 1.

 Atterberg Limits 

Soil plasticity was determined by performing Atterberg limits tests on selected fine grained
samples. The tests were completed in general accordance with AASHTO T89, Standard
Method of Test for Determining the Liquid Limit of Soils and AASHTO T90, Standard
Method of Test for Determining the Plastic Limit and Plasticity Index of Soils. The
Atterberg limits include liquid limit (LL), plastic limit (PL), and plasticity index (PI equals
LL minus PL) and are generally used to assist in classification of soils, to indicate soil
consistency (when compared to natural water content), and to provide correlation to soil
properties. The results of the Atterberg limits tests are plotted on a plasticity chart in Figure
B 2, shown graphically on the boring logs in Appendix A, and summarized in Table B 1.

B.3 GEOTECHNICAL ENGINEERING PROPERTY TESTS 

 Corrosion 

Corrosion testing of select samples was performed for pH, resistivity, sulfate content, and
chloride content. Testing for pH was completed in general accordance with AASHTO T289,
Standard Test Method for Measuring pH of Soil for Use in Corrosion Testing. Resistivity
testing was completed in accordance with ASTM G 57, Field Measurement of Resistivity
Using the Wenner Four Electrode Method. Sulfate and chloride content testing were
completed in general accordance with CP L 2013, Sulfate Ion Content in Soil and CP L 2104,
Determining the Chloride Ion Content in Water or Water Soluble Chloride Ion Content in
Soil, respectively.

Test results for sulfate and chloride content are given in units of percent by weight. The test
results are summarized in Table B 1.
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 Torsional Ring Shear 

Two composite soil/bedrock samples were sent to Cooper Testing Labs, Inc. of Palo Alto,
California for torsional ring shear testing in accordance with ASTM D6467, Standard Test
Method for Torsional Ring Shear Test to Determine Drained Residual Shear Strength of
Cohesive Soils.

The two samples tested were reconstituted from the following samples:

 Composite 1 SW 01, S 8; SW 03, S 3

 Composite 2 SW 01, S 11; SW 02, S 9; SW 02, S 10

Detailed test results from Cooper Testing Labs, Inc. are included as Figures B 3 and B 4.
Test results are summarized in Table B 2. Using the data provided by Cooper Testing Labs,
Inc., we plotted figures of shear stress as a function of effective normal stress for the samples
referenced above. Figures B 5 and B 6 compare the torsional ring shear test results to the
correlation developed by Stark and Fernandez (2020).
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Valley City SW Backslope Slide Repair
2-094(185)290, PCN 23338

Geotechnical Report

Table B-2 - Summary of Torsional Ring Shear Test Results

Sample ID Borings/Samples

522 51 6
1,044 128 7
3,133 303 6
7,832 719 5
522 37 4

1,044 67 4
3,133 249 5
7,832 794 6

Notes:
1  Clay fraction was not direclty measured from Composite 1 samples, and is estimated based on results of hydrometer testing on samples from the
    same soil/rock unit.
2  Grain size and Atterberg limit  tests were not completed for boring SW-02, sample S-9.
ft = feet;  psf = pounds per square foot;  deg = degrees

SAMPLE DATA
Liquid 
Limit 
(%)

Clay 
Fraction

(%)

Composite 2
215
- 2

209

72
- 2

80

Plasticity
Index
(%)

Composite 1 SW-01, S-8, 34.5 to 36.5 ft 
SW-03, S-3; 7.0 to 9.0 ft 

129
161 > 50 1

102
139

Drained 
Residual 

Secant Phi
(deg)

SW-01, S-11, 49.5 to 51.5 ft
SW-02, S-9, 39.5 to 41.5 ft
SW-02, S-10, 44.5-46.5 ft

188
- 2

185

Drained 
Residual Shear 

Strength 
(psf)

 Effective 
Normal 
Stress 
(psf)

 107877-001 Page 1 of 1 March 2023



















CTL Job No.: Boring: Date: 10/5/2022 Clay, %:
Client: Sample: By: PJ LL:

Project Name: Depth (ft): Checked: DC PL:
Project Number: Test Type:

Soil Type:
522 1044 3133 7832

6 7 6 5

Drained Residual Torsional Shear Strength
(ASTM D6467)

Gray CLAY
Normal Load (psf):

SW-01 & SW-03
S-8 & S-3
34.5' & 7'

Remarks:  A small friction correction was applied to each point.  The shear loads 
encountered in this testing were at the lower limits of the equipment, and in this 
range (25kpa normal load) the resolution of the equipment can result in up to 
4psf (~1 degree) of uncertainty.  Secant Phi (deg):

645-116
Shannon & Wilson

Valley City
107877-001 Reconstituted Residual

6 degrees7 degrees 6 degrees
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Figure B-3



CTL Job No.: Boring: Date: 10/17/2022 Clay, %:
Client: Sample: By: PJ LL:

Project Name: Depth (ft): Checked: DC PL:
Project Number: Test Type:

Soil Type:
522 1044 3133 7832

4 4 5 6

Drained Residual Torsional Shear Strength
(ASTM D6467)

Gray CLAY
Normal Load (psf):
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C.1 INTRODUCTION 

As part of our subsurface explorations, Shannon & Wilson installed instrumentation
consisting of inclinometers, vibrating wire piezometers (VWPs), and time domain
reflectometers (TDRs) at select boring locations as indicated in Figure 2. Installation of the
instruments was observed by a Shannon &Wilson field representative. The following
sections present details of instrumentation installation, readings, and data reduction.

C.2 INCLINOMETER INSTALLATION 

Shannon &Wilson installed nine inclinometer casings at the locations indicated in Figure 2.
The inclinometer installations were completed using 2.75 inch diameter Slope Indicator
casing with VWPs and TDRs secured to the outside of the casing, where used. After the
casing was lowered to the bottom of the borehole, a bentonite cement grout mixture was
pumped to the bottom of the borehole through a hose that was secured to the outside of the
inclinometer casing. To counter buoyancy, water was poured into the inclinometer casing
before grouting. Following installation, the instrumentation was completed with a 4 inch
square stick up monument.

C.3 INCLINOMETER READINGS 

On June 22, 2022, a representative from NDDOT initialized the inclinometers, using a
NDDOT probe. After initialization, NDDOT has continued to collect periodic readings for
all inclinometers at the site. Plots of inclinometer profile change are provided in Figures C 1
through C 10. Bias corrections were applied to individual inclinometers if bias error was
apparent and are indicated on each plot (where used).

C.4 VIBRATING WIRE PIEZOMETER INSTALLATION 

A total of seven VWPs were installed in borings SW 01, SW 02, SW 03, SW 05, SW 07, and
SW 09. Each VWP consists of a pressure transducer contained in a stainless steel housing.
Water pressure acts against a low air entry filter at one end of the housing. Geokon Model
No. 4500S VWPs with a pressure range of 350 kilopascals were used for the seven
installations. Borehole SW 05 has two VWPs, one at a depth of 25 feet and the other at a
depth of 40 feet below ground surface.
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Boring locations where the VWPs were installed are shown in Figure 2, and the approximate
elevations of VWP installation are shown on the subsurface profiles in Figures 3 through 5.
The VWPs were secured to the inclinometer casing at the desired installation depth before
the casing was lowered into the borehole as described in Section C.2. The fully grouted
borehole installation method described in Section 4.2 of the manufacturer’s manual
(Geokon, 2021)1 was used to complete the installation of the VWPs.

C.5 GROUNDWATER ELEVATION CALCULATION 

To read the instrument, the VWPs were connected to a signal cable that was routed up the
borehole to the ground surface. Prior to installation, each VWP transducer was saturated
and then read (pressure and temperature) while under zero water head. These data were
recorded along with the factory calibration data summarized in Table C 1 to interpret future
readings.

Shannon &Wilson recorded the baseline readings for each of the VWPs prior to installation.
Subsequent readings were completed by NDDOT personnel. The VWPs at borings SW 01,
SW 03, and SW 05 were connected to dataloggers which stored readings taken every two
hours. Personnel from NDDOT made periodic site visits to take discrete VWP readings and
collect the readings stored in the dataloggers. These data were reported to Shannon &
Wilson and then used to calculate the water pressure, which was converted to groundwater
elevation. Plots of groundwater elevation versus time are included as Figures C 10 through
C 16. The highest groundwater elevations measured are shown on individual boring logs in
Appendix A.

1 Geokon, 2021, Model 4500 Series Vibrating Wire Piezometer: Instruction Manual, Geokon, Inc.,
Lebanon, New Hampshire, Rev. PP, January 28, 2021.
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C.6 TIME-DOMAIN REFLECTOMETER INSTALLATION 

A total of three TDRs were installed, in borings SW 03, SW 07, and SW 09. Each TDR
consists of a length of coaxial cable that runs along the inclinometer casing. The TDR was
secured to the casing before it was lowered into the borehole, as described in Section C.2.

C.7 TIME-DOMAIN REFLECTOMETER READINGS 

Time domain reflectometers (TDRs) measure reflections of a wave through an electrical
conductor (i.e., the cable wire). These reflections can be correlated to displacements or
discontinuities along the wire, which in turn can be interpreted to indicate locations of slope
movement.

On June 16, 2022, a representative from NDDOT initialized the TDRs, using a portable
TDR200 readout that S&W provided to the NDDOT. After initialization, NDDOT has
continued to monitor and complete TDR readings. Plots of TDR reflection are shown on
Figures C 17 through C 19, with plots of inclinometer resultant profile change
superimposed for comparison.
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Appendix D: Slope Stability Analyses 

Appendix D 

Slope Stability Analyses 
Figures 
Section A A’
Figure D 1: Back Analysis
Figure D 2: Grading (Global)
Figure D 3: Grading (Intermediate)
Figure D 4: Ground Anchors (Global)
Figure D 5: Anchored Shafts (Global)

Section B B’
Figure D 6: Back Analysis
Figure D 7: Grading (Global)
Figure D 8: Grading (Intermediate)
Figure D 9: Grading (Downslope)
Figure D 10: Ground Anchors (Global)
Figure D 11: Anchored Shafts (Global)

Section C C’
Figure D 12: Back Analysis
Figure D 13: Grading (Global)
Figure D 14: Grading (Intermediate)
Figure D 15: Grading (Downslope)
Figure D 16: Ground Anchors (Global)
Figure D 17: Anchored Shafts (Global)

Section D D’
Figure D 18: Back Analysis
Figure D 19: Grading (Global)
Figure D 20: Grading (Intermediate)
Figure D 21: Grading (Downslope)
Figure D 22: Ground Anchors (Global)
Figure D 23: Anchored Shafts (Global)
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Appendix E: Stabilization Alternative Cost Estimates 

Appendix E 

Stabilization Alternative Cost Estimates 
 
TABLES 
Table E 1: Cost Estimate Data



Valley City SW Backslope Slide Repair
2-094(185)290, PCN 23338

Geotechnical Report

Item Quantity Unit Unit Price Amount

Maintenance Work 1 LS  $     300,000.00  $       300,000.00 
Frequency 10 YEAR  -  - 
Discount Rate 1 %  -  - 

 $       591,118.52 
 $    1,456,029.37 
 $    2,018,458.36 

Item Quantity Unit Unit Price Amount

Mobilization 1 LS  $       95,916.67  $         95,916.67 
Revegetation and Erosion Control 1 LS  $       80,000.00  $         80,000.00 
Excavation for Finger Drains 6,667 CY  $              27.00  $       180,000.00 
Drain Aggregate for Finger Drains 6,667 CY  $            100.00  $       666,666.67 
Misc. Drainage Components 1 LS  $       32,500.00  $         32,500.00 

 $    1,055,083.33 

Item Quantity Unit Unit Price Amount

Mobilization 1 LS  $     347,967.82  $       347,967.82 
Cut Volume 57,324 CY  $              25.00  $    1,433,100.00 
Fill Volume 38,052 CY  $              25.00  $       951,300.00 
Geosynthetic 8,889 SY  $                3.50  $         31,111.50 
ROW Acquisition 3.5 ACRE  $       30,000.00  $       105,000.00 
Revegetation and Erosion Control 1 LS  $       80,000.00  $         80,000.00 
Excavation for Finger Drains 6,667 CY  $              27.00  $       180,000.00 
Drain Aggregate for Finger Drains 6,667 CY  $            100.00  $       666,666.67 
Misc. Drainage Components 1 LS  $       32,500.00  $         32,500.00 

 $    3,827,645.98 

TOTALS

Drainage Improvements Only

Table E-1 - Cost Estimate Data
Maintenance Alternative

25-year NPV
50-year NPV
75-year NPV

TOTAL

Grading + Drainage Improvements Alternative

TOTAL

 107877-001 Page 1 of 2 107877-001_R1_AE_TE1_cost estimate.xlsx - 3/27/2023



Valley City SW Backslope Slide Repair
2-094(185)290, PCN 23338

Geotechnical Report

Table E-1 - Cost Estimate Data

Item Quantity Unit Unit Price Amount

Mobilization 1 LS  $     618,954.17  $       618,954.17 
Post-tensioned Anchors 21,783 LF  $            125.00  $    2,722,875.00 
Reinforced Concrete Anchor Blocks 248 EA  $         8,000.00  $    1,984,000.00 
Verification Test 4 EA  $       75,000.00  $       300,000.00 
Load Cell 4 EA  $         8,000.00  $         32,000.00 
Strain Gauge 8 EA  $         8,000.00  $         64,000.00 
Earthwork for Construction Benches 8,500 CY  $              15.00  $       127,500.00 
Revegetation and Erosion Control 1 LS  $       80,000.00  $         80,000.00 
Excavation for Finger Drains 6,667 CY  $              27.00  $       180,000.00 
Drain Aggregate for Finger Drains 6,667 CY  $            100.00  $       666,666.67 
Misc. Drainage Components 1 LS  $       32,500.00  $         32,500.00 

 $    6,808,495.83 

Item Quantity Unit Unit Price Amount

Mobilization 1 LS  $  1,143,858.33  $    1,143,858.33 
Post-tensioned Anchors 5,753 LF  $            125.00  $       719,125.00 
Verification Test 2 EA  $       75,000.00  $       150,000.00 
Load Cell 2 EA  $         8,000.00  $         16,000.00 
Strain Gauge 6 EA  $         8,000.00  $         48,000.00 
Drilled Shaft - 4.0 ft Diameter 3,636 LF  $            750.00  $    2,727,000.00 
Concrete Cap Beam 800 LF  $         1,000.00  $       800,000.00 
CSL Integrity Testing 15 EA  $         6,000.00  $         90,000.00 
Earthwork for Construction Benches 14,000 CY  $              15.00  $       210,000.00 
Revegetation and Erosion Control 1 LS  $       80,000.00  $         80,000.00 
Excavation for Finger Drains 6,667 CY  $              27.00  $       180,000.00 
Drain Aggregate for Finger Drains 6,667 CY  $            100.00  $       666,666.67 
Misc. Drainage Components 1 LS  $       32,500.00  $         32,500.00 

 $    6,863,150.00 

Anchored Shafts and Drainage Improvements Alternative

TOTAL

Ground Anchors and Drainage Improvements Alternative

TOTAL

 107877-001 Page 2 of 2 107877-001_R1_AE_TE1_cost estimate.xlsx - 3/27/2023
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CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR 
SPECIFIC CLIENTS. 
Consultants prepare reports to meet the specific needs of specific individuals. A report prepared for
a civil engineer may not be adequate for a construction contractor or even another civil engineer.
Unless indicated otherwise, your consultant prepared your report expressly for you and expressly for
the purposes you indicated. No one other than you should apply this report for its intended purpose
without first conferring with the consultant. No party should apply this report for any purpose other
than that originally contemplated without first conferring with the consultant.

THE CONSULTANT’S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS. 
A geotechnical/environmental report is based on a subsurface exploration plan designed to consider
a unique set of project specific factors. Depending on the project, these may include the general
nature of the structure and property involved; its size and configuration; its historical use and
practice; the location of the structure on the site and its orientation; other improvements such as
access roads, parking lots, and underground utilities; and the additional risk created by
scope of service limitations imposed by the client. To help avoid costly problems, ask the consultant
to evaluate how any factors that change subsequent to the date of the report may affect the
recommendations. Unless your consultant indicates otherwise, your report should not be used
(1) when the nature of the proposed project is changed (for example, if an office building will be
erected instead of a parking garage, or if a refrigerated warehouse will be built instead of an
unrefrigerated one, or chemicals are discovered on or near the site); (2) when the size, elevation, or
configuration of the proposed project is altered; (3) when the location or orientation of the proposed
project is modified; (4) when there is a change of ownership; or (5) for application to an adjacent site.
Consultants cannot accept responsibility for problems that may occur if they are not consulted after
factors that were considered in the development of the report have changed.

SUBSURFACE CONDITIONS CAN CHANGE. 
Subsurface conditions may be affected as a result of natural processes or human activity. Because a
geotechnical/environmental report is based on conditions that existed at the time of subsurface
exploration, construction decisions should not be based on a report whose adequacy may have been
affected by time. Ask the consultant to advise if additional tests are desirable before construction
starts; for example, groundwater conditions commonly vary seasonally.

Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or
groundwater fluctuations may also affect subsurface conditions and, thus, the continuing adequacy
of a geotechnical/environmental report. The consultant should be kept apprised of any such events
and should be consulted to determine if additional tests are necessary.
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MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS. 
Site exploration and testing identifies actual surface and subsurface conditions only at those points
where samples are taken. The data were extrapolated by your consultant, who then applied
judgment to render an opinion about overall subsurface conditions. The actual interface between
materials may be far more gradual or abrupt than your report indicates. Actual conditions in areas
not sampled may differ from those predicted in your report. While nothing can be done to prevent
such situations, you and your consultant can work together to help reduce their impacts. Retaining
your consultant to observe subsurface construction operations can be particularly beneficial in
this respect.

A REPORT’S CONCLUSIONS ARE PRELIMINARY. 
The conclusions contained in your consultant’s report are preliminary, because they must be based
on the assumption that conditions revealed through selective exploratory sampling are indicative of
actual conditions throughout a site. Actual subsurface conditions can be discerned only during
earthwork; therefore, you should retain your consultant to observe actual conditions and to provide
conclusions. Only the consultant who prepared the report is fully familiar with the background
information needed to determine whether or not the report’s recommendations based on those
conclusions are valid and whether or not the contractor is abiding by applicable recommendations.
The consultant who developed your report cannot assume responsibility or liability for the adequacy
of the report’s recommendations if another party is retained to observe construction.

THE CONSULTANT’S REPORT IS SUBJECT TO MISINTERPRETATION. 
Costly problems can occur when other design professionals develop their plans based on
misinterpretation of a geotechnical/environmental report. To help avoid these problems, the
consultant should be retained to work with other project design professionals to explain relevant
geotechnical, geological, hydrogeological, and environmental findings, and to review the adequacy of
their plans and specifications relative to these issues.

BORING LOGS AND/OR MONITORING WELL DATA SHOULD NOT BE SEPARATED 
FROM THE REPORT. 
Final boring logs developed by the consultant are based upon interpretation of field logs (assembled
by site personnel), field test results, and laboratory and/or office evaluation of field samples and data.
Only final boring logs and data are customarily included in geotechnical/environmental reports.
These final logs should not, under any circumstances, be redrawn for inclusion in architectural or
other design drawings, because drafters may commit errors or omissions in the transfer process.

To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be
given ready access to the complete geotechnical engineering/environmental report prepared or
authorized for their use. If access is provided only to the report prepared for you, you should advise
contractors of the report’s limitations, assuming that a contractor was not one of the specific persons
for whom the report was prepared, and that developing construction cost estimates was not one of
the specific purposes for which it was prepared. While a contractor may gain important knowledge
from a report prepared for another party, the contractor should discuss the report with your
consultant and perform the additional or alternative work believed necessary to obtain the data
specifically appropriate for construction cost estimating purposes. Some clients hold the mistaken
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impression that simply disclaiming responsibility for the accuracy of subsurface information always
insulates them from attendant liability. Providing the best available information to contractors helps
prevent costly construction problems and the adversarial attitudes that aggravate them to a
disproportionate scale.

READ RESPONSIBILITY CLAUSES CLOSELY. 
Because geotechnical/environmental engineering is based extensively on judgment and opinion, it is
far less exact than other design disciplines. This situation has resulted in wholly unwarranted claims
being lodged against consultants. To help prevent this problem, consultants have developed a
number of clauses for use in their contracts, reports, and other documents. These responsibility
clauses are not exculpatory clauses designed to transfer the consultant’s liabilities to other parties;
rather, they are definitive clauses that identify where the consultant’s responsibilities begin and end.
Their use helps all parties involved recognize their individual responsibilities and take appropriate
action. Some of these definitive clauses are likely to appear in your report, and you are encouraged
to read them closely. Your consultant will be pleased to give full and frank answers to your
questions.

The preceding paragraphs are based on information provided by the ASFE/Association of
Engineering Firms Practicing in the Geosciences, Silver Spring, Maryland.

 


