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GEOTECHNICAL DATA REPORT
I-94 PAINTED CANYON LANDSLIDE

PROJECT NO. SER-5-094(107)030, PCN 20549
BILLINGS COUNTY, NORTH DAKOTA

1.0 INTRODUCTION

This Geotechnical Data Report (GDR) presents subsurface explorations and laboratory test 
results completed for the Painted Canyon Landslide.  This GDR also describes geotechnical 
instrumentation installed at the site and presents data obtained from the instrumentation.  This 
report does not provide geotechnical design recommendations or construction considerations.

2.0 PROJECT DESCRIPTION 

The Painted Canyon Landslide (the Project) is an approximately 500-foot wide landslide (based 
on site observations by the North Dakota Department of Transportation [NDDOT] and Shannon 
& Wilson, Inc. [SWI]) currently affecting the westbound (WB) lanes of I-94 near RP 31.8 
(Figure 1).  Two previous landslides have occurred in the vicinity of the Project, one in 1970 and 
the other in 1979.  The former landslide resulted in a major regrading effort that extended into 
Theodore Roosevelt National Park.  The latter landslide was not mitigated.  Instead, a pull-off 
road overlooking the Park was abandoned and fencing was placed around the headscarp.

We understand movement of the current landslide began in 2001.  Since then, movement has 
continued at varying rates, requiring a number of pavement overlays in the WB lanes of I-94 to 
maintain operation of the highway.  In 2012, NDDOT installed horizontal drains at the site as a 
relatively inexpensive mitigation measure that could be accomplished entirely within the 
NDDOT right-of-way.  However, since installing the drains, the landslide has continued to 
move.  As a result, NDDOT has elected to mitigate the landslide with a structural system 
consisting of a single row of 4-foot diameter drilled shafts connected by a cap beam.  Permanent 
prestressed ground anchors will be installed through cap beam. 

3.0 FIELD EXPLORATIONS AND LABORATORY TESTING 

The NDDOT completed 16 borings at the site between 2001 and 2013.  SWI completed two 
borings in conjunction with NDDOT in 2014.  A summary of the field explorations completed at 
the site, including boring location and depth, is provided in Table 2.  The locations of the borings 
are shown in the Site and Exploration Plan included as Figure 1.  Boring logs prepared by SWI 
are provided in Appendix A.  Boring logs prepared by NDDOT are provided in Appendix B.
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3.1 Drilling and Sampling Methods 

Two Shannon & Wilson borings were drilled by the NDDOT using a Diedrich D-50 truck-
mounted drill rig.  The borings were advanced using hollow-stem augers.  Sampling was 
completed in selected borings.  Several borings were completed for the installation of 
geotechnical instrumentation.  Soil/rock samples were not retrieved from these borings and 
boring logs were not prepared (see Table 1).   

Disturbed soil/rock samples were obtained in selected borings in general accordance with the 
Standard Penetration Test (SPT) (ASTM Designation: D 1586).  The SPT consists of driving a 2-
inch outside diameter (O.D.), 1.375-inch inside diameter (I.D.) split-spoon sampler a distance of 
18 inches with a 140-pound hammer free-falling a distance of 30 inches.  An automatic hammer 
system was used to advance the sampler.   

Relatively undisturbed soil/rock samples were obtained using 3-inch (nominal) diameter thin-
walled tube sampler (Shelby tubes).  These samples were collected by using the hydraulic system 
of the drill rig to push the thin walled tube sample into the soil at the bottom of the borehole.  
The thin-walled tube is connected to the drill rods via a rigid sampling head.  After pushing, the 
drill rods are retracted and the tube is detached from the sampling head.  Tube samples were 
extruded in the NDDOT Materials and Research Laboratory for testing and classification.

3.2 Laboratory Testing 

NDDOT completed laboratory testing of selected soil/rock samples in the NDDOT Materials and 
Research Laboratory.  Testing consisted of both index and engineering property tests.  Index 
testing included natural moisture content, unit weight, grain-size analysis (mechanical and 
hydrometer) and Atterberg limits.  Engineering property testing included unconfined 
compressive strength and triaxial compression testing.  Laboratory test results are presented in 
Appendices A and B.

3.3 Inclinometer Casing Groundwater Readings 

Shannon & Wilson was provided groundwater level measurements taken from inside the 
inclinometer casings, refer to Figures 3 and 4.  We understand the bottom of the inclinometer 
casing was installed uncapped and covered with a geosynthetic.  The annulus between the casing 
and the borehole was backfilled with pea-gravel. The inclinometer casing was installed without 
slots.  Unless the inclinometer casings are slotted and a specific monitoring zone is established, 
responsiveness of the water levels within the casing will tend to be slower than a typical well and 
may not reflect actual groundwater conditions at the time of measurements.  





TABLE 1
SUMMARY OF FIELD EXPLORATIONS

SHANNON & WILSON, INC.

Boring
Completed By1 Station

Ground
Elev.
(ft) Date Completed3

Total Depth
(ft)

Boring Log 
Available4

Inclinometer
Installed

Vibrating Wire 
Piezometer(s)

Installed Comment

1 NDDOT 433+04 142 LT 2,775 11/5/2001
(Date Inclinometer Initialized) 64 X

1A NDDOT - - 8/21/2013
(Date Inclinometer Initialized) 50 X Installed to replace adjacent Casing 1

2 NDDOT 432+89 142 LT 2,776 7/29/2008 73 X X

3 NDDOT 435+09 195 LT 2,774 7/10/2010 72 X X

3A NDDOT - - 8/21/2013
(Date Inclinometer Initialized) 50 X Installed to replace adjacent Casings 3

4 NDDOT 432+02 134 LT 2,777 9/21/2011
(Date Inclinometer Initialized) 50 X

5 NDDOT 436+91 220 LT 2,777 9/7/2011 43 X X

5A NDDOT - - 8/21/2013
(Date Inclinometer Initialized) 40 X Installed to replace adjacent Casing 5

6 NDDOT 432+97 71 LT 2,797 9/7/2011 52 X X

7 NDDOT 434+64 68 LT 2,797 9/21/2011
(Date Inclinometer Initialized) 51 X

8 NDDOT 435+82 21 RT 2,799 9/8/2011 62 X X

9 NDDOT 433+89 149 RT 2,813 9/21/2011
(Date Inclinometer Initialized) 51 X

10 NDDOT 434+79 391 LT 2,737 7/29/2013 65 X X

11 NDDOT 434+34 530 LT 2,713 7/30/2013 55 X X

12 NDDOT 433+86 710 LT 2,685 7/30/2013 45 X X

13 NDDOT 433+57 388 LT 2,737 7/31/2013 65 X X

SW-01 NDDOT/SWI 433+86 73 LT 2,797 3/14/2014 110 X X X

SW-02 NDDOT/SWI 433+94 253 LT 2,752 3/14/2014 99.6 X X X

NOTES: 1)  See report text for a discussion of drilling and sampling procedures.
2)  Stationing and offset reference I-94 median stationing.
3)  The completion dates are unknown for some borings/inclinometers.  Where the drilling date was not indicated, the date of the inclinometer initialization was indicated above.
4)  Boring logs only available for explorations that were sampled.
5)  See Appendix C for a discussion of instrumentation installed at the site.

-

-

Boring/
Inclinometer Casing

Designation

LOCATION2 INSTRUMENTATION4

Offset
(ft)

-
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Notes:  1. All groundwater readings were collected by NDDOT and provided to Shannon & Wilson on December 18, 2014.  
2. The bottom of the inclinometer casing was uncapped and covered with a geosynthetic.  The annulus between the 

casing and the borehole was backfilled with pea-gravel. The inclinometer casing was installed without slots.  The 
above groundwater readings likely have slow responses to changes in water levels and may not reflect actual 
groundwater levels.
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APPENDIX A 

NDDOT/SWI FIELD EXPLORATIONS AND  
LABORATORY TEST RESULTS 

TABLE 

Shannon & Wilson (2014) 
A-1 Summary of Laboratory Test Results by Boring (5 sheets) 

FIGURES 

Shannon & Wilson (2014) 
 A-1 Soil Classification and Log Key (3 sheets) 
 A-2 Rock Classification and Log Key (2 sheets) 
 A-3 Log of Boring SW-01 (5 sheets) 
 A-4 Log of Boring SW-02 (5 sheets) 
 A-5 Plasticity Chart, Boring SW-01 (10 sheets) 
 A-6 Plasticity Chart, Boring SW-02 (8 sheets) 
 A-7 Grain Size Distribution, Boring SW-01 (9 sheets) 
 A-8 Grain Size Distribution, Boring SW-02 (7 sheets) 

‘

REFERENCE 

Shannon & Wilson, Inc., (Shannon & Wilson), 2014, Mitigation Alternatives and Supplementary 
Data Report, Rev.1, I-94 Painted Canyon Landslide, Project No. SER-5-094(107)030, PCN 
20549, Billings County, North Dakota prepared by Shannon & Wilson, Inc., Denver, CO, 
23-1-01400-001, for North Dakota Department of Transportation, June 20.   



TABLE A-1
SUMMARY OF LABORATORY TEST RESULTS BY BORING

SHANNON & WILSON, INC.
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S-2 4.0 6.0 SM 12.7 0 64 21 15
S-4 8.0 10.0 SM 14.8 0 62 23 15
S-6 12.0 14.0 SM 10.3 0 65 23 12
S-7 14.0 16.0 SM 0 65 22 13
S-8 16.0 18.0 SM 7.5 0 73 16 11

S-10 20.0 22.0 SM 5.3 0 80 12 8
S-11 22.0 22.3 7.0
S-12 24.0 24.2 SM 3.4 0 55 29 16
S-13 26.0 28.0 SM 7.7 0 77 18 5

S-15A 30.0 30.8 SM 13.8 5 72 12 11
S-15B 30.8 32.0 CH 24.9 0 6 24 70 65 24 41
S-16A 33.0 33.2 CH 0 3 9 88 73 29 44
S-16B 33.6 33.8 CH 28.4 0 6 8 86 74 33 41
S-16C 34.0 34.2 CH 0 8 8 84 78 28 50
S-17 34.0 36.0 CH 28.4 0 1 8 91 70 31 39

S-18A 36.3 36.6 CH 30.9 0 2 21 77 56 27 29 19.7
S-18B 36.8 37.0 CH 30.9 123.5 0 0 13 87 67 27 40
S-18C 37.3 37.4 CH 0 1 11 88 67 28 39
S-19 38.0 40.0 CH 28.9 0 1 13 86 57 25 32

S-20A 41.1 41.6 CH 20.8 129.8 0 1 11 88 53 22 31 28.3
S-20B 40.4 40.5 CH 25.0 129.8 0 3 11 86 72 32 40
S-20 40.0 42.0 CL 0 1 18 81 46 21 25
S-21 42.4 42.8 CH 30.3 118.6 0 2 12 86 68 32 36 34.3

S-22A 44.5 45.0 CH 22.2 132.3 0 5 16 79 73 23 50 20.5 52.0
S-22B 45.0 45.5 24.0 131.5 41.0 59.4
S-23 46.0 46.5 CH 0 2 6 92 53 26 27
S-24 46.5 48.0 CL 16.1 0 7 39 54 41 20 21
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S-25 48.0 48.8 CH 0 0 1 99 63 25 38
S-26 48.8 50.0 CH 24.2 0 2 19 79 53 25 28
S-27 50.0 52.0 CL 16.2 0 1 42 57 44 22 22 N/R
S-28 52.0 54.0 CH 20.0 0 2 23 75 53 20 33
S-30 55.5 56.0 CL 12.6 30 19 11

S-32A 56.5 56.8 CL 15.7 0 35 37 28 45 19 26
S-32B 56.8 57.3 ML 26.1 0 35 46 19 31 23 8
S-33 58.0 59.0 CL 21.6 126.6 0 1 80 19 40 23 17 36.6
S-34 59.5 60.0 CL 19.7 0 1 64 35 45 19 26
S-35 60.0 62.0 CL 18.3 0 2 44 54 43 18 25
S-36 62.0 63.2 CH 0 1 26 73 56 22 34
S-37 63.2 65.2 CH 21.1 0 1 20 79 62 21 41
S-38 65.2 65.9 CH 0 0 54 46 55 19 36

S-39A 66.0 68.0 CH 21.6 0 3 18 79 64 24 40
S-39B 66.0 68.0 MH 56 34 22
S-41 70.0 72.0 CH 26.7 0 1 32 67 95 31 64
S-42 72.0 73.0 CH 0 3 47 50 99 35 64
S-43 73.0 74.0 CH 26.4 0 10 53 37 83 31 52
S-44 74.0 76.0 CH 19.5 0 8 58 34 61 24 37
S-45 76.0 78.0 CH 23.9 0 3 59 38 70 19 51

S-46A 78.0 80.0 CH 13.0 0 21 51 28 79 22 57
S-46B 78.0 80.0 CH 22.7 0 13 55 32 86 23 63
S-47 80.0 81.2 CH 0 1 52 47 85 22 63
S-48 81.2 82.0 CH 22.5 0 1 57 42 83 24 59
S-49 82.0 84.0 CH 23.5 0 0 47 53 87 24 63
S-50 84.0 86.0 CH 23.6 0 1 45 54 82 25 57
S-51 86.0 88.0 CH 21.4 0 0 41 59 85 22 63
S-53 89.0 90.0 CH 23.4 0 0 31 69 85 26 59

SW-01
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S-54 90.0 92.0 CH 24.2 0 1 18 81 87 24 63
S-60 100.0 102.0 CH 24.7 0 0 14 86 92 33 59
S-61 102.0 103.0 CH 0 3 70 27 91 23 68
S-62 103.0 105.0 CH 21.4 0 9 61 30 92 22 70
S-64 105.4 107.4 CH 21.2 0 0 49 51 88 19 69
S-65 107.4 108.0 CH 0 0 13 87 93 27 66
S-66 108.0 110.0 CH 25.6 0 1 8 91 90 25 65
S-1 2.0 4.0 SM 0 76 11 13
S-2 4.0 6.0 SM 28.4 0 81 4 15
S-3 7.0 9.0 SM 0 81 2 17
S-4 9.0 11.0 CH 28.2 0 13 10 77 56 25 31

S-5A 11.0 13.0 CH 0 2 11 87 52 26 26
S-5B 11.0 13.0 MH 0 3 20 77 54 30 24
S-6 13.0 15.0 CH 26.4 0 2 14 84 65 23 42
S-7 15.0 17.0 CH 18.0 131.1 0 2 1 97 61 19 42 17.4
S-8 17.0 17.2 CL 0 18 41 41 33 17 16
S-9 17.2 19.0 CL 20.2 0 8 51 41 36 17 19

S-10 19.0 20.8 CL 0 10 57 33 37 20 17
S-11A 21.9 22.4 CL 22.6 128.7 0 0 33 67 47 20 27 94.0
S-11B 22.4 22.9 22.0 128.7 82.8
S-12 23.0 25.0 CL 24.5 127.5 1 1 29 69 48 20 28 22.1 110.1

S-13A 25.4 25.9 MH 20.3 129.8 0 0 16 84 67 38 29 11.9 45.9
S-13B 25.9 26.4 21.2 129.1 23.8 78.6
S-14A 27.3 27.9 CH 19.5 133.2 0 2 38 60 57 20 37 12.9 150.4
S-14B 28.4 28.9 19.1 133.2 25.9 151.2
S-17 31.0 33.0 CH 23.8 124.7 0 2 33 65 69 23 46 25.3
S-18 33.0 35.0 CH 0 1 40 59 99 29 70
S-19 35.0 37.0 CH 23.2 0 7 48 45 79 22 57
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S-20 37.0 39.0 CH 7 28 40 25 53 23 30
S-21A 39.0 41.0 CH 23.4 0 13 50 37 93 23 70
S-21B 39.0 41.0 CH 25.1 0 3 47 50 86 18 68
S-22 41.0 43.0 24.6
S-23 43.0 45.0 CH 24.3 0 0 41 59 82 24 58

S-24A 45.2 45.4 CH 0 0 37 63 84 25 59
S-24B 46.2 46.4 CH 0 0 42 58 85 25 60
S-25 47.0 49.0 CH 25.3 0 0 49 51 85 26 59

S-26A 49.4 49.6 CH 0 0 32 68 86 28 58
S-26B 50.2 50.4 CH 0 3 22 75 87 31 56
S-32 60.0 62.0 CH 20.3 0 0 42 58 77 30 47
S-33 62.0 62.7 19.4
S-34 62.7 64.7 CH 20.1 0 3 63 34 96 22 74
S-35 65.0 65.5 16.9
S-36 65.5 67.5 CH 21.8 0 0 33 67 97 27 70
S-37 67.5 68.4 CH 0 0 7 93 86 20 66
S-38 68.4 70.4 CH 23.0 0 0 23 77 87 21 66
S-39 70.5 71.1 CH 0 0 7 93 96 29 67
S-40 71.1 73.1 CH 23.4 0 0 9 91 98 23 75
S-41 73.1 73.7 CH 0 0 42 58 85 24 61
S-42 73.7 75.7 CH 20.6 0 0 50 50 85 19 66
S-43 76.0 76.8 CH 0 0 61 39 88 22 66
S-44 76.8 78.8 CH 21.9 0 2 56 42 88 19 69
S-45 79.0 79.7 CH 0 0 46 54 87 25 62
S-46 79.7 81.7 CH 24.6 0 0 12 88 104 26 78
S-47 82.0 82.7 CH 0 0 4 96 104 25 79
S-48 82.7 84.7 CH 24.4 0 1 15 84 111 33 78
S-49 85.0 85.5 19.9
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TABLE A-1
SUMMARY OF LABORATORY TEST RESULTS BY BORING
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S-50 85.5 86.7 CH 18.2 3 1 52 44 74 18 56
S-51 87.0 87.2 CH 11.3 52 20 32
S-52 89.0 91.0 CH 22.0 0 4 66 30 65 19 46
S-53 91.0 91.6 CH 0 1 68 31 74 23 51
S-54 91.6 93.6 CH 21.2 0 9 59 32 63 17 46
S-56 95.0 97.0 CH 23.3 3 4 61 32 63 19 44
S-57 97.0 97.6 CH 4 1 70 25 62 23 39
S-58 97.6 99.6 CH 24.4 0 2 68 30 66 21 45

NOTES: 1) Refer to Figure A-1 for definitions.
2) Gravel defined as particles larger than the No. 4 sieve size and sand as particles between the No. 4 and No. 200 sieve size.
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Very loose to loose, brown, Silty Sand (SM);
moist; trace of gravel from 2' to 4'.
Fill

Loose to medium dense, brown, Silty Sand
(SM); moist.

Very dense, brown, Silty Sand (SM); moist;
iron-oxide-stained below 28.9 feet.
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Refer to the report text for a proper understanding of the
subsurface materials and drilling methods.  The stratification
lines indicated below represent the approximate boundaries
between material types, and the transition may be gradual.
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1. Refer to Figures A-1 and A-2 for explanation of symbols, codes, abbreviations and
definitions.

2. The stratification lines represent the approximate boundaries between soil types, and
the transition may be gradual.

3. The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.

4. Groundwater level, if indicated above, is for the date specified and may vary.
5. USCS designation is based on visual-manual classification and selected lab testing.
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Very dense, Silty Sand (SM) (Cont'd).

Medium dense, red-brown, Silty Sand (SM);
moist; iron-oxide-stained; stratified.
Stiff, gray, Fat Clay (CH); moist; trace to few
sand; scattered carbonaceous fragments;
broken, hackly, blocky, many short
slickensides; iron-oxide-stained joints.
Distorted Zone
Stiff to hard, gray, Fat Clay (CH); moist; trace
of fine sand; high-angle slickensides 40 to 65
degrees, disturbed texture at 39.5 feet.

-Lean Clay (CL)

Black Coal; moist.
Very stiff to hard, gray, Fat to Lean Clay (CH,
CL); moist; trace of fine sand; uniform; light
gray silt modules; scattered carbonaceous
fragments.
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Refer to the report text for a proper understanding of the
subsurface materials and drilling methods.  The stratification
lines indicated below represent the approximate boundaries
between material types, and the transition may be gradual.
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1. Refer to Figures A-1 and A-2 for explanation of symbols, codes, abbreviations and
definitions.

2. The stratification lines represent the approximate boundaries between soil types, and
the transition may be gradual.

3. The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.

4. Groundwater level, if indicated above, is for the date specified and may vary.
5. USCS designation is based on visual-manual classification and selected lab testing.
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Very stiff to hard, Fat to Lean Clay (CH, CL)
(Cont'd).

Very stiff to hard, gray Sandy Lean Clay to
Lean Clay, and Sandy Silt (CL, ML) ; moist;
scattered carbonaceous fragments.

Hard, gray, Fat Clay (CH); moist; trace of fine
sand; scattered carbonaceous fragments.

Coal; moist.
Hard, gray, Fat Clay (CH); moist; trace of fine
sand; abundant to scattered carbonaceous
fragments.

Hard, gray and green-blue, Fat Clay (CH);
moist; trace to few fine sand.
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Refer to the report text for a proper understanding of the
subsurface materials and drilling methods.  The stratification
lines indicated below represent the approximate boundaries
between material types, and the transition may be gradual.
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1. Refer to Figures A-1 and A-2 for explanation of symbols, codes, abbreviations and
definitions.

2. The stratification lines represent the approximate boundaries between soil types, and
the transition may be gradual.

3. The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.

4. Groundwater level, if indicated above, is for the date specified and may vary.
5. USCS designation is based on visual-manual classification and selected lab testing.
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Hard, gray, Fat Clay (CH); moist; trace
iron-oxide stains; blebs of disturbed clay.

Hard, gray, Sandy Fat Clay to Fat Clay (CH);
moist; trace to few fine sand; trace
carbonaceous fragments.

Very stiff grading to hard, gray, Fat Clay (CH);
moist; trace of sand; locally laminated;
scattered carbonaceous fragments;
slickensided and disturbed from 92 to 94 feet.

Very dense, black to medium brown Coal;
moist.
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Refer to the report text for a proper understanding of the
subsurface materials and drilling methods.  The stratification
lines indicated below represent the approximate boundaries
between material types, and the transition may be gradual.
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1. Refer to Figures A-1 and A-2 for explanation of symbols, codes, abbreviations and
definitions.

2. The stratification lines represent the approximate boundaries between soil types, and
the transition may be gradual.

3. The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.

4. Groundwater level, if indicated above, is for the date specified and may vary.
5. USCS designation is based on visual-manual classification and selected lab testing.
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Hard, gray, Fat Clay (CH); moist; trace of fine
sand; trace carbonaceous fragments.

Hard, gray, Fat Clay (CH); moist; trace of fine
sand; 20-degree bedding angle.

Hard, gray, Fat Clay (CH); moist; trace of fine
sand; locally laminated; 1/2-inch coal layer at
109 feet.

BOTTOM OF BORING
COMPLETED 3/14/2014

Inclinometer casing installed to bottom of
boring.  VWPs taped to outside of casing.
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Refer to the report text for a proper understanding of the
subsurface materials and drilling methods.  The stratification
lines indicated below represent the approximate boundaries
between material types, and the transition may be gradual.
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1. Refer to Figures A-1 and A-2 for explanation of symbols, codes, abbreviations and
definitions.

2. The stratification lines represent the approximate boundaries between soil types, and
the transition may be gradual.

3. The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.

4. Groundwater level, if indicated above, is for the date specified and may vary.
5. USCS designation is based on visual-manual classification and selected lab testing.

M
AS

TE
R

_L
O

G
_E

  2
3-

01
40

0.
G

PJ
  S

H
AN

_W
IL

.G
D

T 
4/

10
/1

4

PENETRATION RESISTANCE
     Hammer Wt. & Drop: 140 lbs / 30 inches

(blows/foot)

Plastic Limit

(<0.075mm)

Liquid Limit
Natural Water Content

     % Fines
     % Water Content

23-1-01400-001June 2014

100

97

91

100

100

99

LL=92

LL=91

LL=92

LL=88

LL=93

LL=90



Very loose, brown, Silty Sand (SM); moist.

Medium stiff to stiff, gray, Fat Clay and Elastic
Silt (CH, MH); moist to wet; trace of fine sand;
scattered to abundant carbonaceous
fragments.

Hard, gray, Lean Clay with Sand to Lean Clay
(CL); moist; trace of gravel; laminated; fine
sand partings and lenses.
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Refer to the report text for a proper understanding of the
subsurface materials and drilling methods.  The stratification
lines indicated below represent the approximate boundaries
between material types, and the transition may be gradual.
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1. Refer to Figures A-1 and A-2 for explanation of symbols, codes, abbreviations and
definitions.

2. The stratification lines represent the approximate boundaries between soil types, and
the transition may be gradual.

3. The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.

4. Groundwater level, if indicated above, is for the date specified and may vary.
5. USCS designation is based on visual-manual classification and selected lab testing.
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Very stiff to hard, gray, Lean to Fat Clay and
Elastic Silt (CL, CH, MH); moist; trace of fine
sand; scattered carbonaceous fragments;
several hard iron pyrite clusters; scattered silt
blebs.

Dark gray and brown, organic Silt (OH) with
organic fragments and decayed wood; moist.
Very dense, black Coal; moist.
Stiff, brown, organic(?); Fat Clay (CH); moist;
trace of fine sand; coal lenses; large
carbonaceous fragments.
Very stiff to hard, green-gray, Fat Clay (CH);
moist; trace to few fine sand; large
carbonaceous fragments; high-angle (60 to 65
degrees) slickensides.

Very stiff, gray, Sandy Fat Clay to Fat Clay
(CH); moist; trace to few gravel; 1-inch lense of
iron pyrite crystals; two slickensides.
Very stiff to hard, gray, Fat Clay (CH); moist;
trace of fine sand; scattered carbonaceous
fragments; high (45 to 80 degrees) angle and
low (20 to 25 degrees) angle slickensides.
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Refer to the report text for a proper understanding of the
subsurface materials and drilling methods.  The stratification
lines indicated below represent the approximate boundaries
between material types, and the transition may be gradual.
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1. Refer to Figures A-1 and A-2 for explanation of symbols, codes, abbreviations and
definitions.

2. The stratification lines represent the approximate boundaries between soil types, and
the transition may be gradual.

3. The discussion in the text of this report is necessary for a proper understanding of
the nature of the subsurface materials.

4. Groundwater level, if indicated above, is for the date specified and may vary.
5. USCS designation is based on visual-manual classification and selected lab testing.
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Very dense, black Coal; wet; trace clayey at 57
feet; trace slickensides, clay lenses.

Very dense, black Coal; moist; peaty;
laminated.

Hard, gray, Fat Clay (CH); moist; abundant
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Hard, Fat Clay (CH) (Cont'd).
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sand, trace of gravel; laminated.
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carbonaceous fragments.
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BOTTOM OF BORING
COMPLETED 3/14/2014

Inclinometer casing installed to bottom of
boring.  VWPs taped to outside of casing.
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NDDOT I-94
Painted Canyon Instrumentation

TABLE 1
INCLINOMETER CASING DISPLACEMENTS

SHANNON & WILSON, INC.

Page 1 of 1 23-1-01447-200

Casing A0 Resultant

Current Incremental Rate 
of Displacement, 

inch/month
Overall Rates of Displacement, 

inch/month
Top of Casing Resultant 

Displacement, inches

Casing Elev.1 Direction2 Direction3
Depths, ft Elev., ft. (as of 9/17/14)4 (since 1/29/14)5 (since 1/29/14)6

N 60 E Top of Casing 2797 0.2 1.0

N 53 E 42 - 44 2755 - 2753 0.3

N 40 E Top of Casing 2752 0.22 0.7 4.2

N 40 E 8 - 12 2744 - 2740

N 50 E Top of Casing 2775 0.19 0.3 2.0

N 50 E 22 - 26 2753 - 2749 0.2 0.3

N 35 E 30 - 34 2745 - 2741 0.06 0.2

N 48 E Top of Casing 2773 0.6 2.2

N 43 E 16 - 20 2757 -2753 0.7

N 43 E 26 - 30 2747 - 2743 0.4

N 56 E Top of Casing 2777 0.07 0.1 0.6

N 61 E 38 - 42 2739 - 2735 0.06 0.1

N 14 E Top of Casing 2777 0.11 0.2 1.3

N 19 E 12 - 14 2765 - 2763 0.08 0.1

Bottom of Casing 2748

(not fixed?)

N 43 E Top of Casing 2797 0.11 0.1 1.0

N 63 E 17 - 21 2780 - 2776 0.08 0.1

8 2799.1 N 70 E n/a

9 2812.6 N 68 E n/a

N 62 E Top of Casing 2737 0.65 0.2 5.3

N 62 E 12 - 16 2725 - 2721 0.63 0.2

N 59 E Top of Casing 2713 0.09 0.2 1.8

N 59 E 28-30 2685 - 2683 0.07 0.2

N 75 E Top of Casing 2685 0.06 0.1 1.0

N 70 E 23 - 25 2665 - 2663 0.04 0.1

N 45 E Top of Casing 2737 0.4 1.3

N 45 E 12 - 14 2725 - 2723 0.4

Notes:

1 Ground surface for Casings 1 through 13, and assumed approximate top of casing.  Top of casing elevation for Casings SW-01 and SW-02.

2 Alignment of A-direction grooves, as measured and provided by NDDOT.

3 Interpreted direction, based on A and B axis displacements, at top of casing and depths indicated in adjacent "Approximate Shear or Measurement Zones" column.

4 Rate of displacement calculated based on displacement measured between last two reading sets.

5 Rate of displacement calculated based on total displacement since 1/29/2014.

6 Total displacement based on top of casing measurements since 1/29/2014 .

7 Values shown represent last measured data set from 8/7/2014.  Casing deformed beyond measurable range.

8 Values shown represent last measured data set from 5/28/2014.  Casing deformed beyond measurable range.

9 Only bottom of casing deformations observed since installation for this casing.

10 Values shown represent last measured data set from 4/28/2014.  Casing deformed beyond measurable range.

N/A

SW-02 2752 N 75 E

2737.3 N 88 E

11 2713.3 N 84 E

12 2684.7 N 50 E

2777 N 74 E

Approximate Shear or 
Measurement Zones

1A 2775 N 80 E

3A8 2773 N 63 E

SW-017 2797 N 68 E

N/A

N/A

69 2794.4 N 58 E

7 2797.2 N 63 E

10 2736.9 N 57 E

1310

4 2777.2 N 71 E

5A





10/4/2014 SW 01_Piezos_new.xlsx Title Block Plot rwc

Notes:
1. SW-01 instruments (VWP1 through VWP3) backfilled with grout.
2. SW-01a, VWP4 installed in sand backfilled borehole adjacent to grouted VWP1 through VWP3.
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SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-01447-200

FIG. 2   

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

BORING SW-01
PIEZOMETER LEVELSFIG

. 2   

2710

2720

2730

2740

2750

2760

2770

3/14/2014 4/11/2014 5/9/2014 6/6/2014 7/4/2014 8/1/2014 8/29/2014 9/26/2014 10/24/2014

El
ev
at
io
n,

ft
.

SW 01 Piezometer Levels

SW 01, VWP1 @ El 2758.9

SW 01, VWP2 @ El 2745.9

SW 01, VWP3 @ El 2713.9

SW 01a, VWP4 @ El 2746.8'

VWP1 Tip

VWP4 Tip
VWP2 Tip

VWP3 Tip



10/4/2014 SW 02_Piezos_new.xlsx Title Block Plot rwc

October 2014
SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants
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FIG. 3   

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota
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Note: Unable to read past depth of 40 feet in one pass of probe on
9/3/14, and both passes on 9/17/14. 
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FIG. 4a  

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING SW-01 INCLINOMETER
CUMULATIVE DISPLACEMENT
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FIG. 4b   

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING SW-01 INCLINOMETER
RESULTANT TIME DISPLACEMENT
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FIG. 5a  

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING SW-02 INCLINOMETER
CUMULATIVE DISPLACEMENT
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FIG. 5b   

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING SW-02 INCLINOMETER
RESULTANT TIME DISPLACEMENT
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FIG. 6a  

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 1A INCLINOMETER
CUMULATIVE DISPLACEMENT
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FIG. 6b   

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 1A INCLINOMETER
RESULTANT TIME DISPLACEMENT
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Note: Unable to read accurately past depth of 26 feet in one pass
 of probe after 5/28/14, and both passes on 8/7/14. 

October 2014
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Geotechnical and Environmental Consultants
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FIG. 7a  

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 3A INCLINOMETER
CUMULATIVE DISPLACEMENT
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FIG. 7b   

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 3A INCLINOMETER
RESULTANT TIME DISPLACEMENT

FIG
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FIG. 8a  

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 4 INCLINOMETER
CUMULATIVE DISPLACEMENT
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FIG. 8b   

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 4 INCLINOMETER
RESULTANT TIME DISPLACEMENT

FIG
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FIG. 9a  

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 5A INCLINOMETER
CUMULATIVE DISPLACEMENT
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FIG. 9b   

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 5A INCLINOMETER
RESULTANT TIME DISPLACEMENT
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Note: This plot represents incremental changes in tilt along length
of casing, and not cumulative displacements (like all other 
presented plots).  This is plotted in this manner as the 
bottom of the casing does not appear to be fixed.

October 2014
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Geotechnical and Environmental Consultants
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FIG. 10  

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 6 INCLINOMETER
INCREMENTAL DISPLACEMENT
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FIG. 11a  

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 7 INCLINOMETER
CUMULATIVE DISPLACEMENT



10/4/2014 Fig 11b.xlsx 7_TIME rwc

October 2014
SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-01447-200

FIG. 11b   

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 7 INCLINOMETER
RESULTANT TIME DISPLACEMENT
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FIG. 12  

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 8 INCLINOMETER
CUMULATIVE DISPLACEMENT
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FIG. 13 

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 9 INCLINOMETER
CUMULATIVE DISPLACEMENT
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FIG. 14a  

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 10 INCLINOMETER
CUMULATIVE DISPLACEMENT
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FIG. 14b   

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 10 INCLINOMETER
RESULTANT TIME DISPLACEMENT
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FIG. 15a  

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 11 INCLINOMETER
CUMULATIVE DISPLACEMENT
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FIG. 15b   

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 11 INCLINOMETER
RESULTANT TIME DISPLACEMENT
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FIG. 16a  

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 12 INCLINOMETER
CUMULATIVE DISPLACEMENT
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FIG. 16b   

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 12 INCLINOMETER
RESULTANT TIME DISPLACEMENT

FIG
. 16b   



10/4/2014-Fig 17a.xlsx-SW-01-rwc

October 2014
SHANNON & WILSON, INC.
Geotechnical and Environmental Consultants

21-1-01447-200

FIG. 17a  

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 13 INCLINOMETER
CUMULATIVE DISPLACEMENT
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FIG. 17b   

I-94 Painted Canyon Landslide
Project No. PE-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 13 INCLINOMETER
RESULTANT TIME DISPLACEMENT
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April 18, 2014 

North Dakota Department of Transportation  
608 East Boulevard Avenue 
Bismarck, North Dakota  58505 

Attn: Mr. Jeff Jirava

RE: MARCH 2014 INSTRUMENTATION DATA EVALUATION, I-94 PAINTED 
CANYON INSTALLATIONS, NORTH DAKOTA

Dear Mr. Jirava:

This letter report presents our recent evaluation of the geotechnical instrumentation that was 
installed in the area of the Painted Canyon along I-94 near Medora, North Dakota.  The 
instrumentation data was provided to us from the North Dakota Department of Transportation 
(NDDOT) Materials and Research department on March 19, 2014.   

This evaluation was performed in conjunction with the exploration and new instrumentation 
installation program that was completed in March 2014 by Shannon & Wilson and NDDOT.   

PROJECT DESCRIPTION

The project site has a history of landslides and ground deformations that have been observed 
since the 1970s along the downslope area of the westbound lanes of I-94.  In the area of the 
subject landslide, an inclinometer casing was installed in late 2001 to evaluate depths of shear 
zones and rates of movement.  Since then, additional inclinometer casings have been installed to 
delineate the extent of the ground movement and to replace casings that became inoperable due 
to excessive deformation.

Through 2013, twelve inclinometer casings are operational and being monitored by NDDOT on 
an approximate monthly schedule.  NDDOT is also measuring the water levels inside the 
inclinometer casings to evaluate changes in groundwater elevations.
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In March 2014, two borings (SW-01 and SW-02) were drilled to provide additional subsurface 
information.  Within each of these boreholes, an inclinometer casing was installed to supplement 
the existing instrumentation program.  Three levels of vibrating wire piezometers (VWP) were 
attached to the exterior of the new inclinometer casings and the annulus of the assemblies was 
backfilled with grout up to the ground surface.  An additional boring, SW-01A, was drilled next 
to boring SW-01 for installation of a VWP in a sand-filled monitoring zone. 

A site plan of the previous and new instrument installations is presented in Figure 1.  In the 
following sections, an evaluation of the existing instrumentation data and monitoring program is 
provided. 

PIEZOMETERS

The water levels measured inside the inclinometer casings reflect long term seepage in or out of 
the casing.  Unless the inclinometer casings are slotted and a specific monitoring zone is
established, determination of where the water is seeping through the casing is difficult and the 
source of ground water could be any point along the depth of the casing.  Responsiveness of the 
water levels within the casing will tend to be significantly slower than a typical well, as the joints 
of the inclinometer casing are generally sealed with glue or an O-ring connection.  Use of the 
casings for long term water level readings is reasonable, as long as NDDOT understands the 
limitations.    

The two new boreholes, SW-01 and SW-02, have the VWP signal leads routed to the top of the 
boreholes and then connected into battery-powered 4-channel stand-alone dataloggers.  The three 
leads from boring SW-02 go into one datalogger, and the three from boring SW-01 and the one 
from boring SW-01A go into the other logger.  The loggers were programmed to calculate and 
store values of piezometric head above the tip of the VWP.  While this simplifies the data 
reduction process somewhat, it limits the capabilities for evaluation of the data and instrument 
performance.  This method also results in more effort to correct the recorded pore pressure 
values if an incorrect formula or entry is used in the logger program.  If future datalogger and 
piezometers are installed, we would suggest recording just the raw data and using spreadsheets 
for determining the piezometer water levels.  
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Figure 2 presents a plot of the pore pressure readings for borings SW-01 and SW-01A 
piezometers between March 14 and April 7, 2014.  In boring SW-01, VWP1 is the shallow 
installation and VWP3 is the deepest, as shown on the plot.  VWP4 (in boring SW-01A) is at 
approximately the same elevation as VWP2 in boring SW-01.  Over the monitoring period 
shown, the data from the gages indicate relatively stable readings, except for instrument VWP3.  
As indicated in Figure 2, VWP3 initially indicated a slight decreasing trend in pore pressure, 
with a temporary drop of about 5 feet of head.  Over several hours early on March 20, this 
instrument indicated a 10 foot drop in head, with an additional 2 foot drop over the next week.  
In the last week and a half, measurements have indicated relative stability.  VWP1 has indicated 
no piezometeric head above the gage since installation.  

For comparison purposes, the two instruments installed at approximately the same elevation 
(VWP2 at approximately 2,746 ft and VWP4 at approximately 2,747 ft), are currently exhibiting 
the same pore pressure elevation.  VWP4, installed in a sand back-filled filter zone, has had a 
slow rise over the last month to stabilize at approximately the same elevation as VWP2, which 
was grouted into the borehole and has a slight decrease in measured pore pressures over the last 
month.   

Figure 3 presents a plot of the pore pressure readings for boring SW-02 piezometers between 
March 14 and April 7, 2014.  As with boring SW-01, the designations for the VWPs increase 
with depth.  The approximate three weeks of monitoring indicate relative stability in the upper 
VWP, a slight rise in pore pressure of the middle VWP, and a slight trend of decreasing pore 
pressure in the lowest VWP after an initial drop.

NEW INCLINOMETER CASINGS

Inclinometer casings were installed to depths of 110 and 100 feet, for borings SW-01 and SW-
02, respectively.  The 3.34-inch-outside-diameter casings were installed with the internal grooves 
aligned in the general direction of anticipated ground movement.  The casings extend a couple 
feet above ground surface.  Boring SW-01 is located on the east shoulder of westbound I-94 and 
boring SW-02 is located downslope near the park fence.   
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Two sets of inclinometer readings were performed on March 18, 2014 to establish baseline 
readings for each new casing.  One set of readings was done in the grooves aligned in the 
downslope direction (A-direction), and the other set was done in the perpendicular grooves (B-
direction).  Subsequent casings measurements need only be performed within the A-direction 
grooves of the casing.  The inclinometer probe is biaxial and measures both the A0 and B0 
values in one pass, and then measures A180 and B180 values in the second pass when the probe 
is turned around.  The casings were measured using the new Slope Indicator AT monitoring 
system, which is discussed below in its comparison to the old monitoring system.   

A subsequent data set was obtained for each casing on April 4, 2014.  Figure 4 presents the 
displacement plot of Casing SW-01, in comparison to the baseline measurements.  In the three 
week duration, one shear zone has been identified at a depth of 42 to 44 feet below the top of the 
casing.  

Based on current measurements, deformation of Casing SW-02 is only observed in the top 12 
feet of the casing, as shown on Figure 5.   In the three week duration, the top of the casing has 
displaced approximately 0.2-inch, when considering the vector direction movement. 

Checksum values for the baseline readings of each casing were relatively consistent in both the 
A and B directions.  A checksum value is the sum of the A0 and A180 readings at the same 
depth.  The initial top reading depth of Casing SW-02 had larger than normal checksum values, 
suggesting that the top of the casing may not be secured against lateral deformations, or an 
erroneous value was recorded.  The grout backfill in the upper part of this casing may have 
settled out leaving the casing unsupported. 

PREVIOUS INCLINOMETER CASINGS

Included in the following discussion is a review and evaluation of the measurements performed 
on the previously installed inclinometer casings.  Through October 2013, NDDOT performed the 
measurements approximately monthly with the Slope Indicator Classic inclinometer system to 
monitor movement of the slide area.  Based on our review of the data, trends in distinct and 
faster moving shear zones were easier to identify and evaluate.  Additional zones of possible 
shear movement were observed in the analysis; however the relatively small apparent 
displacements were within the level of accuracy of the measurement sets provided and therefore 
not considered reliable zones of movement for evaluation.   
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A new inclinometer monitoring system was implemented by NDDOT this year (Slope Indicator 
AT system), replacing the older Classic system.  Measurements with this new system started 
January 29, 2014.  NDDOT adjusted the procedures for monitoring with the new system to 
correlate reading depths from one system to the next.  To some extent, the old and new data sets 
are comparable; however, bias-shift and rotation error corrections to the new data sets were 
necessary to facilitate the comparison to the previous data sets for some of the casing sets. For 
some casings, the comparisons could not correctly be performed.  The differences in the probe 
outputs create some discrepancies in correctly evaluating the continuing trends of displacement 
from old probe to new probe.   

It is our opinion that the new AT system will provide more repeatable results with the casing 
measurements, and a higher level of accuracy than was observed with the Classic system.  Based 
on our evaluation of the data, it would be preferable to establish the readings obtained on January 
29, 2014, as a new baseline, and compare all subsequent reading sets done with the AT system to 
it.  For future reference, it would be desirable to take readings with the old probe on the same 
day as the new probe to assist in matching up output from the two probes.   

Table 1 presents a summary of identified shear zones and approximate rates of displacements 
observed, based on inclinometer casing measurements.  On Figure 1, the area observed to have 
the highest rates of casing displacement have been outlined.  This area includes the new 
inclinometer casings, and subsequent measurements should indicate rates of displacement for 
them.  Figures 6 through 17 present plots of cumulative displacement for the A and B directions 
of both the old and new probe measurements of each casing, unless otherwise indicated.  
Cumulative displacement sums the incremental displacements of each measurement interval 
from the bottom of the casing up toward the top.  With slight fluctuations in measurements from 
one depth to the next, or from one reading set to the next, the errors in the accuracy compound 
and make interpretation of trends in displacement more difficult.  Summarized below is a 
discussion of the measurements and interpreted displacements for each casing.  

 Casing 1A  

Casing 1A was installed in August 2013, replacing the adjacent Casings 1 and 2, which 
had deformed enough to restrict continued monitoring with the inclinometer probe.  Casing 1A is 
about 50 feet deep with the A-direction internal grooves oriented downslope. 
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Plotted cumulative displacement values from the new AT system (2014 measurements) 
and the old Classic system are presented on Figure 6a.  As shown, displacements are occurring in 
both the A0 and B180 direction, with the resultant displacement direction between 
approximately N35E and N50E.  Two distinct shear zones are identified with the measurements, 
and displacements at these zones and the top of the casing continue at a steady rate, as shown on 
the Figure 6b displacement versus time plot.  The two systems compare adequately for this 
casing, but long term monitoring should rely on the AT system data, as discussed above.  
Measured cumulative displacements with just the new system are presented on Figure 6c.

 Casing 3A

 Casing 3A was installed in August 2013, replacing the adjacent Casing 3 (installed July 
2011) which had deformed enough to restrict continued monitoring with the inclinometer probe.  
Casing 3A is about 50 feet deep with the A-direction internal grooves oriented downslope. 

Cumulative displacement values from the two monitoring systems are plotted on Figures 
7a and 7b, for the old Classic system and the new AT system, respectively, as the data sets from 
the two systems did not correlate sufficient enough for direct comparison.  Two distinct shear 
zones are identified in this casing, with the upper shear zone more identifiable with the current 
measurements than previously.  Displacements at these two zones and the top of the casing 
continue at a steady rate, as indicated on the displacement versus time plots for the two systems, 
in Figure 7c.

 Casing 4  

 Casing 4 was installed in September 2011 to assist with determining the extent of ground 
movement in this area.  Casing 4 is about 50 feet deep with the A-direction internal grooves 
oriented downslope. 

Plotted cumulative displacement values from the new AT system (2014 measurements) 
and the old Classic system are presented on Figure 8a.  One deep distinct shear zones is 
identified in this casing, and displacements at this zone and the top of the casing continue at a 
relatively steady rate with some apparent seasonal fluctuations, as shown on the Figure 8b 
displacement versus time plot. The two systems compare adequately for this casing, but long 
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term monitoring should rely on the AT system data, as discussed above.  Measured cumulative 
displacements with just the new system are presented on Figure 8c.

 Casing 5A

 Casing 5A was installed in August 2013, replacing the adjacent Casing 5 (installed 
September 2011) which had deformed enough to restrict continued monitoring with the 
inclinometer probe.  Casing 5A is about 40 feet deep with the A-direction internal grooves
oriented downslope. 

Plotted cumulative displacement values from the new AT system (2014 measurements) 
and the old Classic system are presented on Figure 9a.  One distinct shear zones is identified in 
the upper third of this replacement casing, however the original casing measurements also 
suggested potential movement occurring in the lower 2 to 3 feet of the casing (depths of 37 to 40 
ft).  This lower zone is currently not apparent in the replacement Casing 5A. Measured 
displacements in the upper identified zone and the top of the casing continue at a relatively 
steady rate with some apparent seasonal fluctuations, as shown on the Figure 9b displacement 
versus time plot.  This plot represents the time plot for the resultant direction, or combination of 
both the A and B directions, for the Classic system (top plot) and the AT system (lower plot). 

The two systems compare adequately for this casing, but long term monitoring should 
rely on the AT system data, as discussed above.  Measured cumulative displacements from the 
new system are presented on Figure 9c.

 Casing 6  

 Casing 6 was installed in September 2011, upslope of Casings 1, 2, and 1A and along the 
north edge of westbound I-94.  Casing 6 is about 50 feet deep with the A-direction internal 
grooves oriented downslope. 

Casing measurements with the Classic monitoring system indicated no distinct shear 
zones along the depth of the casing.  The standard displacement plot for this casing suggested 
that bottom of the casing may not be fixed.  A plot of incremental displacement along the depth 
of the casing, up through October 2013, is presented in Figure 10a.  This plot displays an 
incremental increase in angular rotation of the bottom measurement point in the casing, 
suggesting that movement could be occurring at the tip of the casing.  An incremental plot for the 
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new probe system is presented in Figure 10b; however no indications of displacement have been 
observed in this casing with new probe measurements through April 2014. 

 Casing 7  

 Casing 7 was installed in September 2011, south of Casing 6 and along the north edge of 
westbound I-94.  Casing 7 is about 52 feet deep with the A-direction internal grooves oriented 
downslope. 

Cumulative displacement values from the two monitoring systems are plotted on Figures 
11a and 11b, for the old Classic system and the new AT system, respectively, as the data sets 
from the two systems did not correlate sufficient enough for direct comparison.  One distinct 
shear zone between approximate depths of 17 to 21 feet is observed on the plots for this casing.  
Slight changes in incremental displacements were observed in the Classic measurement data at 
depths of approximately 35 and 45 feet, suggesting possible deeper shear zones; however, recent 
data from the AT system have not indicated similar displacements.  Displacements at the upper 
shear zone and the top of the casing continue to increase at a slower rate than in past years, with 
some seasonal fluctuations, as indicated on the displacement versus time plot shown on Figure 
11c.  The upper plot on this figure displays the resultant displacement versus time for the Classic 
monitoring system, while the lower plot represents new AT monitoring system measurements.

 Casing 8  

 Casing 8 was installed in September 2011, in the median between eastbound and 
westbound I-94.  Casing 8 is about 62 feet deep with the A-direction internal grooves oriented 
downslope (toward the northeast). 

Casing measurements with the Classic monitoring system suggested the bottom of the 
casing may not have been stable in the first several months of monitoring, resulting in plotted 
data that was questionable when it is assumed that the bottom is fixed, as shown on Figure 12a.  
If an initial measurement set from February 2012 is used for comparison of subsequent sets using 
the Classic system measurements, then slight possible shear zones at depths of approximately 36 
and 46 feet in the casing were observed; however, measurements with the new AT monitoring 
system do not indicate any displacements at any depths in the casing, as shown on Figure 12b.   
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Casing 9  

 Casing 9 was installed in September 2011, in the south edge of eastbound I-94.  Casing 9 
is about 50 feet deep with the A-direction internal grooves oriented toward the northeast. 

Casing measurements with the Classic monitoring system indicated slight displacement 
of the top of the casing up the hillside (toward the southwest), in addition to slight apparent 
deformation along the length of the casing also toward the upslope side, as shown on Figure 13a.
These apparent displacements are questionable, considering the direction and depth of 
movement.  Measurements with the new monitoring system do not indicate any displacement 
along the depth of the casing, however slight downslope (easterly) displacements are observed at 
top of the casing, as shown on Figure 13b.   

 Casing 10  

Casing 10 was installed within the Park area in July 2013.  Casing 10 is about 50 feet 
deep with the A-direction internal grooves oriented downslope. 

Cumulative displacement values from the two monitoring systems are plotted on Figures 
14a and 14b, for the old Classic system and the new AT system, respectively, as the data sets 
from the two systems did not correlate sufficient enough for direct comparison.  Measurements
with the Classic system indicated fluctuations along the length of the casing that were difficult to 
associate with displacements during that time period. Measurements from the new AT system, 
however, did display more precise readings with a distinct shear zone 12 to 16 feet below the top 
of the casing. Displacements at this zone and the top of the casing have increased at a relatively 
steady rate since the start of this year, as shown on the lower plot of Figure 14c.  This figure 
presents displacement versus time plots for the Classic system (on top) and the new AT system.   

 Casing 11  

Casing 11 was installed within the Park area in July 2013.  Casing 11 is about 50 feet 
deep with the A-direction internal grooves oriented downslope. 

Cumulative displacement values from the two monitoring systems are plotted on Figures 
15a and 15b, for the old Classic system and the new AT system, respectively, as the data sets 
from the two systems did not correlate sufficient enough for direct comparison.  Similar to 
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Casing 10, the measurements with the Classic system indicated fluctuations along the length of 
the casing that were difficult to associate with displacements.  Measurements prior to 2014 also 
suggest that the bottom of the casing was not fixed as shown on Figure 15a, so it is difficult to 
determine definitive indications of displacement during that time interval. Measurements from 
the new AT system, however, did display more precise readings with a distinct shear zone 28 to 
30 feet below the top of the casing and the bottom appeared to be fixed.  Displacements at this 
zone and the top of the casing have increased at a relatively steady rate since the start of this 
year, as shown on the lower plot of Figure 15c.  This figure presents displacement versus time 
plots for the Classic system (on top) and the new AT system. 

 Casing 12  

Casing 12 was installed within the Park area in July 2013.  Measurements for Casing 12 
extend to depth of about 40 feet deep with the A-direction internal grooves oriented downslope. 

 Cumulative displacement values from the two monitoring systems are plotted on Figures 
16a and 16b, for the old Classic system and the new AT system, respectively, as the data sets 
from the two systems did not correlate sufficient enough for direct comparison.  Measurements 
prior to 2014 display slight fluctuations along the depth of the casing, but a distinct shear zone 
between 23 and 25 feet below ground surface is identifiable.  Measurements from the new AT 
system appeared to provide more precision along the length of the casing, also indicating the 
same shear zone location.  Displacements at the shear zone and the top of the casing are 
increasing slightly since the start of this year, as shown on the lower plot of Figure 16c.  This 
figure presents displacement versus time plots for the Classic system (on top) and the new AT 
system.

 Casing 13  

Casing 13 was installed within the Park area in July 2013.  Measurements for Casing 13 
extend to depth of about 60 feet deep with the A-direction internal grooves oriented downslope. 

 Cumulative displacement values from the two monitoring systems are plotted on Figures 
17a and 17b, for the old Classic system and the new AT system, respectively, as the data sets 
from the two systems did not correlate sufficient enough for direct comparison.  Measurements 
prior to 2014 display slight fluctuations along the depth of the casing, but a distinct shear zone 
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between 11 and 13 feet below ground surface is identifiable.  Measurements from the new AT 
system appeared to provide more precision along the length of the casing, also indicating the 
same shear zone location.  A time versus displacement plot for the resultant direction of both 
monitoring systems, is presented on Figure 17c, with the Classic system on top and the new AT 
system on the bottom.   

SUMMARY

The approximate current rate of displacement and direction of top of casing movement is
tabulated and presented in Table 1, and displayed on Figure 1.  As shown, the direction of the 
displacements is typically downslope, and this is relatively consistent amongst each of the 
casings. Based on current data sets (April 2014), the top of casing measurements with the highest 
current incremental rate of movement are as follows:

Casing 13  0.9-inch / month 
Casing 10  0.27-inch / month 
Casing SW-02  0.24-inch / month 
Casing 3A  0.17-inch / month 
Casing 1A  0.14-inch / month 

Of the casings that have not been replaced, inclinometer Casing 7 currently exhibits the largest 
amount of lateral displacement (approximately 3.6-inches); however the current rate of 
movement at this casing is less than most other casings at the site.  Based on the magnitude of 
total displacement for this casing, it is possible the deformed casing may restrict passage of the 
monitoring probe through the identified shear zone when the rate of displacement increases 
again.

RECOMMENDATIONS

The instrumentation that has been installed and monitored at this site have and will continue to 
provide useful information regarding piezometric pressures, identification of shear zones, and 
rates of movements associated with those shear zones.  To provide consistent and reliable 
instrumentation data, we recommend the following for continued monitoring: 
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Piezometers
o Data should be downloaded monthly from dataloggers, at a minimum. 
o Batteries and desiccants, inside dataloggers, should be changed every six months. 
o Instrument cable serial numbers should be verified with datalogger connection 

channels.  Confirm that the serial number in program is same as connected cable.
o Perform another set of manual readings, if possible, to check connections and data 

reduction formulas.  Manual readings from March 14, showed output for VWP2 
and VWP3, of boring SW-01, different from those recording in the datalogger.  
These may have been transposed or switched.   

o Confirm the zero reading for Channel 1 (VWP1) of the datalogger at boring SW-
02.  Shannon & Wilson field notes indicate an initial reading of 8998.88, but the 
screen shots of the datalogger setup indicate an initial reading of 8898.88.  We 
suspect that the value entered into the datalogger is correct, but this should be 
verified.

o The dataloggers are configured to calculate and record head of water above gage 
installation.  Because they are already operating in this configuration, it is 
unnecessary to change.  For future installations, it is recommended to record only 
raw data through the data loggers.  This reduces possible errors or questions 
regarding data reduction, and simplifies second party data evaluation.

o Monitoring frequency can be reduced to every 4 or 6 hours on dataloggers.  
Volume of data will become overwhelming eventually for long term monitoring, 
and the hourly measurements are not necessary for analysis. 

Inclinometers
o All inclinometer casings should now be monitored with the Slope Indicator AT 

system.
o Measurements should be performed on a monthly basis. 
o Inclinometer Casings 1A through 13 (previous casings) should be monitored with 

the same procedures established in January 2014, for consistency in the readings. 
o Subsequent measurements of Casings 1A through 13 should be compared to the 

new baseline readings obtained in January 2014 for accurate data evaluation.  The 
previous data sets (with the Classic probe) can be used for determination of casing 
deformation up to October 2013, but some caution should be exercised for 
comparison of old sets to the new sets.   
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o New inclinometer Casings SW-01 and SW-02 need only be measured in the A-
direction grooves. 

o Subsequent measurements for Casing SW-01 should be compared to the set 
obtained at 3/18/2014 12:34 p.m., for determination of casing displacement. 

o Subsequent measurements for Casing SW-02 should be compared to the set 
obtained at 3/18/2014 11:22 p.m., for determination of casing displacement. 

o The top reading depth of Casing SW-02 (4 feet) was unstable in the initial 
measurements.  It is possible that this upper portion of the casing was not 
restrained against lateral movement (grout settled out?).  Subsequent 
measurements do not indicate offset values at this depth, so either this portion of 
the casing became fixed or one of the measurement values was erroneous.  The 
fixity of the top portion of the casing should be confirmed in the field, and 
resolved if it’s not secure.   

CLOSURE

The information provided to you in this letter report is an evaluation of the monitoring data 
developed at this site over the last several years.  Continued monitoring of the instrumentation 
will be useful for evaluating conditions at the site, determining rates of movement, and 
monitoring the effectiveness of the horizontal drains.

This document was prepared for the exclusive use of the NDDOT.  The analyses, conclusions, 
and recommendations contained in this document are based on the measurements and data 
provided by NDDOT. 

Within the limitations of the scope, schedule, availability of data, 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 other warranty, either expressed or implied.  

If you have any questions or comments regarding the enclosed information, please contact us. 
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Figure 14a – Casing 10 Inclinometer Casing Cumulative Displacement, through 10/21/13 
Figure 14b – Casing 10 Inclinometer Casing Cumulative Displacement, 2014 
Figure 14c – Casing 10 Inclinometer Casing Resultant Time Displacement
Figure 15a – Casing 11 Inclinometer Casing Cumulative Displacement, through 10/21/13 
Figure 15b – Casing 11 Inclinometer Casing Cumulative Displacement, 2014 
Figure 15c – Casing 11 Inclinometer Casing Resultant Time Displacement
Figure 16a – Casing 12 Inclinometer Casing Cumulative Displacement, through 10/21/13 
Figure 16b – Casing 12 Inclinometer Casing Cumulative Displacement, 2014 
Figure 16c – Casing 12 Inclinometer Casing Resultant Time Displacement
Figure 17a – Casing 13 Inclinometer Casing Cumulative Displacement, through 10/21/13 
Figure 17b – Casing 13 Inclinometer Casing Cumulative Displacement, 2014 
Figure 17c – Casing 13 Inclinometer Casing Resultant Time Displacement



NDDOT I 94
Painted Canyon Instrumentation

TABLE 1
INCLINOMETER CASING DISPLACEMENTS

SHANNON &WILSON, INC.

Casing A0 Resultant
Current Incremental Rate

of Displacement Overall Rates of Displacement
Top of Casing Resultant

Displacement

Casing Elev.1 Direction2 Direction3 Depths, ft Elev., ft. (as of 4/7/14) (up through 4/7/14)4 (up through 4/7/14)5

N 50 E Top of Casing 2775 0.14"/month 0.11"/month 0.87 inches

N 50 E 22 26 2753 2749 0.14"/month 0.14"/month (offset between probes?)

N 35 E 30 34 2745 2741 0.09"/month 0.10"/month

N 58 E Top of Casing 2773 0.17"/month 0.17"/month 0.61 inches

N 58 E 16 20 2757 2753 0.20"/month 0.20"/month

N 53 E 26 30 2747 2743 0.14"/month 0.15"/month

N 56 E Top of Casing 2777 0.01"/month 0.08"/month 1.64 inches

N 61 E 38 42 2739 2735 0.03"/month 0.07"/month

N 14 E Top of Casing 2777 0.04"/month 0.08"/month 0.24 inches

N 14 E 12 14 2765 2763 0.02"/month 0.05"/month

Bottom of Casing 2748

(not fixed?)

N 38 E Top of Casing 2797 < 0.01"/month 0.11"/month 3.58 inches

N 63 E 17 21 2780 2776 0.02"/month 0.10"/month

N 23 E 35 37 2762 2760 0.01"/month 0.01"/month

N 23 E 43 45 2754 2752 < 0.01"/month < 0.01"/month
87 2799.1 N 70 E n/a

98 2812.6 N 68 E n/a

N 57 E Top of Casing 2737 0.27"/month 0.17"/month 0.74 inches

N 57 E 12 16 2725 2721 0.26"/month 0.17"/month

(based on 2014 readings)

N 59 E Top of Casing 2713 0.11"/month 0.08"/month 0.29 inches

N 59 E 28 30 2685 2683 0.10"/month 0.07"/month

(based on 2014 readings)

N 50 E Top of Casing 2685 0.02"/month 0.02"/month 0.12 inches

N 50 E 23 25 2665 2663 0.01"/month 0.02"/month

(based on 2014 readings)

N 53 E Top of Casing 2737 0.90"/month 0.47"/month 1.68 inches

N 53 E 12 14 2725 2723 0.86"/month 0.46"/month

N 48 E Top of Casing 2797 0.09"/month 0.09"/month 0.07 inches

N 48 E 42 44 2755 2753 0.09"/month 0.09"/month (new probe only)

N 48 E Top of Casing 2752 0.24"/month 0.24"/month 0.18 inches

N 48 E 8 12 2744 2740 (new probe only)

Notes:

1 Ground surface for Casings 1 through 13, and assumed approximate top of casing. Top of casing elevation for Casings SW 01 and SW 02.

2 Alignment of A direction grooves, as measured and provided by NDDOT.

3 Interpreted direction, based on A and B axis displacements, at top of casing and depths indicated in adjacent "Shear or Measurement Zone" column.

4 Rate of displacement calculated based on total displacement since initial reading, unless indicated otherwise.

5 Total displacement based on top of casing measurements through 10/21/2013 (with Classic system) added to the current top of casing displacements (from the AT system).

6 Only bottom of casing deformations observed since installation for this casing with Classic monitoring system. New AT monitoring system measurements have not indicated similar deformations.

7 Determination of shear zones difficult, as Classic measurements indicated bottom of casing movements. New AT monitoring system measurements have not indicated similar deformations.

10 2736.9 N 57 E

13 2737.3 N 88 E

11 2713.3 N 84 E

12 2684.7 N 50 E

66 2794.4 N 58 E

7 2797.2 N 63 E

4 2777.2 N 71 E

5A 2777 N 74 E

Approximate Shear or Measurement
Zones

1A 2775 N 80 E

3A 2773 N 63 E

SW 01 2797 N 68 E

SW 02 2752 N 75 E
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING SW-01 INCLINOMETER
CUMULATIVE DISPLACEMENT
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I-94 Painted Canyon Landslide
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CASING 1A INCLINOMETER
CUMULATIVE DISPLACEMENT
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CASING 1A INCLINOMETER
RESULTANT TIME DISPLACEMENT
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I-94 Painted Canyon Landslide
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 3A INCLINOMETER
RESULTANT TIME DISPLACEMENT
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 4 INCLINOMETER
CUMULATIVE DISPLACEMENT
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CASING 4 INCLINOMETER
RESULTANT TIME DISPLACEMENT
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 4 INCLINOMETER
CUMULATIVE DISPLACEMENT
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 5A INCLINOMETER
CUMULATIVE DISPLACEMENT
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 5A INCLINOMETER
RESULTANT TIME DISPLACEMENT
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 5A INCLINOMETER
CUMULATIVE DISPLACEMENT

NEW PROBE ONLY
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This plot presents change in tilt at each measurement
depth along length of casing (incremental), to isolate zones
of movement.
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FIG. 10a   

I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 6 INCLINOMETER
INCREMENTAL DISPLACEMENT
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This plot presents change in tilt at each measurement
depth along length of casing (incremental), to isolate zones
of movement.
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 6 INCLINOMETER
INCREMENTAL DISPLACEMENT

NEW PROBE ONLY
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 7 INCLINOMETER
CUMULATIVE DISPLACEMENT
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 
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CASING 7 INCLINOMETER
CUMULATIVE DISPLACEMENT

NEW PROBE ONLY
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 7 INCLINOMETER
RESULTANT TIME DISPLACEMENT
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 8 INCLINOMETER
CUMULATIVE DISPLACEMENT
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 8 INCLINOMETER
CUMULATIVE DISPLACEMENT

NEW PROBE ONLY
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FIG. 13a   

I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 9 INCLINOMETER
CUMULATIVE DISPLACEMENT

OLD PROBE ONLY
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 9 INCLINOMETER
CUMULATIVE DISPLACEMENT

NEW PROBE ONLY
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FIG. 14a   

I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 10 INCLINOMETER
CUMULATIVE DISPLACEMENT

OLD PROBE ONLY
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FIG. 14b   

I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 10 INCLINOMETER
CUMULATIVE DISPLACEMENT

NEW PROBE ONLY
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FIG. 14c   

I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 10 INCLINOMETER
RESULTANT TIME DISPLACEMENT

FIG
. 14c   
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FIG. 15a   

I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 11 INCLINOMETER
CUMULATIVE DISPLACEMENT

OLD PROBE ONLY
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FIG. 15b   

I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 11 INCLINOMETER
CUMULATIVE DISPLACEMENT

NEW PROBE ONLY
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 11 INCLINOMETER
RESULTANT TIME DISPLACEMENT
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 12 INCLINOMETER
CUMULATIVE DISPLACEMENT

OLD PROBE ONLY
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 12 INCLINOMETER
CUMULATIVE DISPLACEMENT

NEW PROBE ONLY
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 12 INCLINOMETER
RESULTANT TIME DISPLACEMENT
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 13 INCLINOMETER
CUMULATIVE DISPLACEMENT
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 13 INCLINOMETER
CUMULATIVE DISPLACEMENT

NEW PROBE ONLY
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I-94 Painted Canyon Landslide
Project No. SER-5-094(107)030, PCN 20549 

Billings County, North Dakota

CASING 13 INCLINOMETER
RESULTANT TIME DISPLACEMENT

FIG
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