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1.0 INTRODUCTION

This report is presented in accordance with DOWL’s contract with North Dakota Department of
Transportation (NDDOT) to provide geotechnical services for the 1804 Reconstruction project.
This report covers work associated with the Phase I alignment area located between stations
16508+50 and 16721+00 (21,250 feet). The scope for work for this phase includes:

e Linear Soil Survey Report;

o Includes definition of underground mine workings within the ROW

o Includes definition of soils in widening areas based on boring information
e Slope Stability Report;
e Foundation Recommendations Report for Stoney Creek Bridge.

Pavement section design will be performed by NDDOT.

Currently borings have been advanced along the entire 12 mile alignment for the linear soil
survey. This report presents laboratory test data and analysis associated with the Phase I
construction area which begins at (RP) 312.661 and terminates at RP 316.686 with Stationing
ranging from 16508+50 to 16721+00 (approximately 4 miles) only. Testing is ongoing for the
linear soil survey borings conducted along the Phase II portion of the alignment and will be
presented in a supplemental report upon completion of the testing. Additional investigations may
be conducted at cut fill/widen areas and potential borrow areas (if needed) along the phase II
portion of the alignment. Additional supplemental reports will be provided as the phase II
portion of the project progresses.

The purpose of this report is to present the results of the linear soil survey along the Phase 1
portion of the alignment, stability analysis at cut slope areas, results of the geophysical
investigation to identify subsurface mine workings and foundation recommendations pertinent to
the reconstruction of Stony Creek bridge crossing. This report includes a description of area
geology, summaries of field investigation and lab testing and presents findings and
recommendations pertinent to the project development.

1.1 PROJECT BACKGROUND

Project Location

The reconstruction project will consist of two Phases; The Phase 1 Project reconstruction area is
located on North Dakota State Highway 1804, in Williams County, in Township 154 North,
Range 100 West, Sections 14, 15, 19, 20, 21, 22, and 23 (See Figure 1). The Phase 1 portion of
the project begins at Reference Point (RP) 312.661 and terminates at RP 316.686 with Stationing
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ranging from 16508+50 to 16721400 (+/-4 miles). The future Phase II reconstruction portion of
the alignment will extend from Station 16508+50 (RP 312.661) east to station 16102+00 RP
304.96)(+/-7.7 miles). The project traverses mainly rolling terrain used primarily for dryland

farming and petroleum development.

There are also industrial and residential developments

throughout the corridor with bridge crossings over an existing railroad tracks and Stony Creek
(NDDOT Bridge #1804-315-641).

Proposed Project Improvements

The project consists of an approximate 4 mile (21,250 feet) section of ND 1804 just east of

Williston, ND. The proposed improvements include:

Roadway Widening

Roadbed restoration
Resurfacing

Traffic operations improvements
Access modifications

Possible building relocations

Bridge replacement

Improve highway geometrics and capacity.
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2.0 SITE INVESTIGATION

The site investigation included review of existing geotechnical and geologic information, site
reconnaissance and subsurface exploration program. The field exploration program consisted of
a reconnaissance of the project alignment and subsurface exploration. The visual reconnaissance
included observation of surface conditions such as apparent geologic hazards, drainage

conditions, and performance of existing roadways and related structures.

2.1 DOCUMENT REVIEW

The geotechnical document review included a review of pertinent documents provided for the
project. There was no previous information available for the general alignment area. The

following documents were reviewed:

e Boring logs for Stony Creek crossing and B.N.R.R. overpass;

e Foundation Report for Stony Creek Crossing, PN HES-7-804(P1)315 November 13,
1985;

e Pile driving records fort Stony Creek Bridge, dated April 29, 1987;

e Construction plans for Stony Creek Bridge, project No. 804-315.641

e Little Muddy River Bridge Foundation Report, Memo from Materials and Research -
Project No. BRF-7-801( ) 316 February 1, 1980

¢ Geologic Map of Williams County, North Dakota, Plate 1, Bulletin 48

2.2 SITE RECONNAISSANCE

The site reconnaissance consisted of a meeting with North Dakota Road Maintenance personnel
at the District office in Williston. A general site alignment walkover was conducted while
staking boring locations. DOWL Geotechnical Engineers Greg Underhill and David Barrick met
with Mr. Ed Nelson and others and discussed any ongoing subgrade or other problem areas along
the alignment. According to Ed the only area that exhibited subgrade problems was the alignment
between Stony Creek Bridge and the BNSF railroad overpass. This area has required over digs
and patching over the years. The typical repair was to over dig 1.5 to 2 feet below existing
pavement, replace with road mix and patch. Numerous patched areas along this alignment are
evident. According to Ed, the existing surfacing section in this area is typically 4 inches HBP
with a 2-inch overlay overlaying and varying thicknesses of road base.

Q:\24\20997\Geotech\Final Phase 1 submittal\1804 Reconst. - Phase I Geotech Final Rpt.doc Page 4 of 26



The visual reconnaissance while staking boring location included observation of roadway
surfacing conditions, observations in regard to apparent geologic hazards (landslides or
subsidence), site drainage conditions and current stability of cut and fill slopes. The maintenance
review consisted primarily of conversations with Ed Nelson in regard to any problem areas. SNF
forms 60472 were not filled out during the staking of boring locations or drilling. General
observations indicated that the overall pavement conditions were good to excellent along the
alignment with the exception of that portion between Stony Creek Bridge and the BNSF railroad
overpass which has required digouts and asphalt patches over the years.

2.3 SUBSURFACE EXPLORATION

DOWL advanced 29 borings along the project alignment during October 14 to October 22, 2015.
The drilling program was conducted in one phase. Photographs were taken of the boring
locations and are presented in Appendix F. The borings were advanced utilizing a Diedrich D-50
rubber tired drill rig equipped with hollow-stem augers and automatic hammer. Twenty-three
borings were advanced for the ND 1804 Phase 1 linear soil survey and one (B-100) boring was
advanced at the 132™ Road NW intersection with ND 1804. Six borings (B-19, B-20, B-21, B-
76, B-79, and B-103) were advanced to evaluate two proposed cut sections. Two borings (B-63
and B-64) were advanced to evaluate subsurface conditions at the Stony Creek Bridge. The
borings were advanced to depths ranging from 4.9 to 104.5 feet. The borings were located in the
field by handheld GPS and Survey. Table 1 presents a summary of the boring locations. Boring
locations are also shown on the Site Vicinity Map (see figure 1) and the Plan and Profile sheets
presented in Appendix A. It is noted that the profiles shown on the sheets are preliminary and
may change as the design progresses.

Table 1
Geotechnical Boring Locations
ND 1804 Reconstruction — Phase 1
1\1131:)11;ll)legr Station Offset Elevation (feet) Bori(r;ge]t))epth
B-1 16720+35 20’ Right 1,863.8 6.0
B-1A 16715+40 20’ Left 1,865.6 6.0
B-2 16706+51 20’ Right 1,867.2 6.0
B-3 16696+48 20’ Left 1,886.7 6.0
B-4 16686+59 20’ Right 1,910.5 6.0
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B-5 16676+43 20’ Left 1,899.4 6.0
B-5A 16668+64 20’ Left 1,870.2 11.5
B-6 16666+56 20’ Right 1,868.2 6.0
B-7 16656+49 20’ Left 1,892.2 6.0
B-8 16646+90 8’ Right 1,946.1 11.0
B-9 16635+95 8’ Left 1,964.0 6.0
B-10 16626+56 8’ Right 1,968.5 6.0
B-11 16616+53 8’ Left 1,975.1 6.0
B-12 16606+56 8’ Right 1,993.8 6.0
B-13 16596+49 8’ Left 2,036.3 6.0
B-14 16586+41 8’ Right 2,060.0 6.0
B-15 16576+68 8’ Left 2,076.0 6.0
B-16 16566+79 8’ Right 2,083.9 6.0
B-17 16556+63 8’ Left 2,071.3 6.0
B-18 16546+55 8’ Right 2,088.1 6.0
B-19 16536+45 8 Left 2,148.4 26.0
B-20 16534+01 8’ Right 2,156.6 36.5
B-21 16516+58 8 Left 10.25 6.0
B-63 16664+74 54’ Left 1,861.3 96.0
B-64 16663+50 36’ Right 1,868.5 104.5
B-76 16537+06 118’ Right 2,161.4 49.0
B-79 16533+54 139’ Right 2,174.6 51.0
B-100 16601+30 143’ Left 2,014.1 4.9
B-103 16526+55 8’ Right 2,140.8 11.0

The drilling was performed under the direction of a DOWL Geotechnical Engineer. At each
boring location, Standard Penetration Test (SPT) sampling was performed using an automatic
hammer system driver and 2-inch outside diameter split-spoon sampler in accordance with
ASTM D 1586. During the test, a sample was driven into the soil simulating a series of drops of
a 140 Ib. weight falling 30 inches for a total penetration of 18 inches into the soil. The number of
blows required for each 6 inches of penetration was recorded. The Standard Penetration
Resistance ("N-value") of the soil was then calculated as the number of blows required for the
final 12 inches of penetration. If 50 blows were recorded within a single 6-inch interval, the test
was terminated and the blow count was recorded as 50 blows for the number of inches of
penetration. The resistance, or N-value, provides a measure of the relative density of granular
soils and the relative consistency of cohesive soils.
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As drilling progressed soil samples were field classified according to ASTM D 2488 (Visual-
Manual Procedure). Select samples were taken to DOWL‘s materials testing laboratory for
further testing. Continuous logs of the borings were produced during the drilling to record soil
and groundwater conditions. The boring logs are presented in Appendix B. The “N” values
shown on the boring logs are uncorrected for overburden and/or split spoon sampler size. It is
noted in order to allow adequate sample return that a large split spoon (California Sampler (3-
inch OD)) was used for the first drive in most borings advanced for the linear soil survey. The
spoon size is indicated by the appropriate symbol on the boring log as defined in the legend in
Appendix B.

The soil descriptions shown on the boring logs are based on field and laboratory testing in
accordance with ASTM Standards D 2487 or D 2488. The stratigraphic contacts shown on the
individual borehole logs represent the approximate boundaries between soil types. The actual
transitions may be more gradual or abrupt. The soil and groundwater conditions depicted are
only for the specific dates and locations reported, and therefore, are not necessarily representative

of other locations and times.

24 GEOLOGIC SETTING

The predominant geologic unit at the surface of the alignment’s corridor is Sheet Moraine
(glacial drift) overlying the Tertiary Fort Union Formation as described by North Dakota
Geological Survey — Bulletin 48 (See Figure 2 and Figure 3). The Sheet Moraine is described as
a thin sheet of glacial drift draped over the pre-existing topography formed by the underlying
Tertiary Fort Union Group. The Tertiary Fort Union Group is composed of the Tongue River
Formation and the Sentinel Butte Formation. The Tongue River Formation is composed of
yellowish fine grained sandstone, with thin interbedded layers of siltstone, clay, mudstone and
coal seams. The sandstone tends to be either massive or cross-bedded in some areas. The
Sentinel Butte Formation is known to consist of gray-brown silt, sand, clay, and sandstone with
numerous and extensive lignite beds. The Sentinel Butte formation was deposited by rivers,
swamps, and lakes during the Paleocene Epoch, and can be up to 600 feet thick in areas.

Both the Tertiary Fort Union Group and Outwash Terrace deposits can be observed along the
Stony Creek channel alignment. Outwash Terrace is characterized as having nearly level, bench
like water-deposited accumulation of gravel and sand, sandy gravel and gravelly sand with a few
boulders and cobbles.
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3.0 LABORATORY TESTING

Soil samples collected during the field investigation were returned to DOWL’s materials
laboratory for observation by the project geotechnical engineer. Soil samples were classified in
accordance with AASHTO and the Unified Soil Classification System (USCS).

Representative soil samples were selected for laboratory testing after careful visual examination
and consideration of the design criteria. The following tests were performed as part of this
project:

Table 2
Laboratory Testing
1804 Phase I Investigation
Test Purpose of Test

To determine the natural (in-situ) water content and to
Natural Moisture Content correlate  with optimum moisture content for
(AASHTO T-265) compaction.
Atterberg Limits To determine soil characteristics for classification and
(AASHTO T-89 &90) determine behavior conditions of silts and clays

corresponding to varying moisture content.
Particle-Size Distribution To determine the grain sizes of the soils for
(AASHTO T-88) classification and identification of physical

characteristics.
Moisture-Density Curve To determine the relationship of water content to the
(AASHTO T-180) density of soil during the compaction process.
CBR (AASHTO T-193) To determine the strength and stability of subgrade

soil and base course.
Unconfined Compressive Strength To determine an estimated unconfined compressive
(AASHTO T-208/T-226) strength of cohesive soils or rock.

Laboratory test results, which were completed following the field exploration, are presented on
the boring logs in Appendix B. Laboratory tests performed by DOWL were performed in general
accordance with the AASHTO and NDDOT Geotechnical Manual-Laboratory Work. Data for
individual tests are summarized on the Laboratory Testing Summary and detailed lab results are
presented on individual Laboratory Test Data Reports in Appendix C.
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4.0 SUBSURFACE CONDITIONS

The subsurface profiles consist of existing pavement surfacing sections overlaying shallow to
deep embankment fills. Existing roadway cut slopes were excavated predominately into the Fort
Union Geologic Formation which, along the Phase-1 portion of the alignment, consists
predominately of fat and lean clay with some interbedded siltstone, sandstone and coal layers.
Glacial drift formations overlay the Fort Union in relatively thin layers at some locations. The
glacial drift formations consist of lean and fat clay with scattered gravels and small erratic’s
(cobbles and occasional boulders). Relatively thick (2 to 3 feet) coal seams were encountered
within the subgrade at deeper cut area Station +/-16530 to +\-16540. Soil moisture within the
immediate subgrade was typically relatively low, ranging from slightly moist to moist with some
wet zones. Groundwater was not encountered in any of the linear soil survey borings. Detailed
soil profiles are indicated on the boring logs. The subsurface conditions are described in more

detail in the following sections.

4.1 EXISTING PAVEMENT SECTIONS

Table 3 presents existing asphalt and base thicknesses observed in the borings advanced along
the centerline of the existing present traveled way. Based on the NDDOT Pavement Design
Recommendation Report, it appears that placement of bituminous base; overlays and milling
were conducted at various times during the history of the project. It was not possible to discern
bituminous base from hot bit pavement in the asphalt sections measured east of the BN overpass.
It is noted that the base course thickness for at boring B-2 is 42 inches. It is not evident if this
thickness is from utility trench backfill as no utilities were in the specific area. The thickness
could be the result of a dig out and backfill area.

Table 3
Existing Asphalt Pavement and Base Course Thickness
ND 1804 Reconstruction — Phase I

Boring # Station Offset | Asphalt Thickness [ Base Course
B-1 16720+35 20’ Right 9.25 4
B-1A 16715+40 20° Left 9.00 6
B-2 16706+51 20’ Right 5.75 42
B-3 16696+48 20° Left 6.25 11
B-4 16686+59 20’ Right 7.75 11
B-5 16676+43 20° Left 6.00 10
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B-5A 16668+64 20’ Left 8.00 4
B-6 16666+56 20’ Right 7.00 18
B-7 16656+49 20° Left 6.75 2
B-8 16646+90 8’ Right 7.50 5
B-9 16635+95 8’ Left 10.50 7
B-10 16626+56 8’ Right 9.50 6
B-11 16616+53 8’ Left 11.00 9
B-12 16606+56 8’ Right 11.50 9
B-13 16596+49 8 Left 9.50 6
B-14 16586+41 8’ Right 9.00 8
B-15 16576+68 8 Left 8.75 7
B-16 16566+79 8’ Right 9.50 8
B-17 16556+63 8 Left 8.75 7
B-18 16546+55 8’ Right 10.50 8.5
B-19 16536+45 8 Left 9.00 13
B-20 16534+01 8’ Right 9.50 12
B-21 16516+58 8 Left 10.25 8
4.2 SUBGRADE SOIL CONDITIONS

General Alignment

The reconstructed vertical and horizontal alignment will generally follow the existing alignment
with the exception of deeper cut areas which are required to improve sight distance. New
embankment fill depths are minor along the Phase I alignment. The subgrade soil conditions
along the current alignment consist predominately of shallow embankment fills derived from the
adjacent glacial drift and underlying Fort Union formations. The fill and native subgrade soils
varied from lean and fat clay with some sand and silts and ranged from A-2-4, A-4, A-6 to A-7-6
according to ASSHTO Classification. The deeper cut area at stations 16524+00 to 16545+00
encounter undisturbed Fort Union Formations.

Table 4 presents a summary of soil classifications and Atterberg limits encountered along the

alignment:
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Table 4
Summary of Atterberg Limits
ND 1804 Reconstruction — Phase I

Liquid Liquid Plastic Plastic | Plasticity | Plasticity
AASHTO | Limit Limit Limit Limit Index Index *Swell
Class Range Average Range Average Range Average | Potential
(%) (%) (%) (“o) (%) (“o)

A-2-4 26 26.0 16 16.0 10 10.0 Low
A-4 21-26 243 15-19 16.8 2-9 7.5 Low
A-6 27-37 32.6 12-14 13.1 13-24 19.4 Low

A-7-6 42 - 69 51.3 15-24 18.6 26 —47 32.7 Marginal

*Swell potential is based on the average PI for the AASHTO class soils tested. Low: PI<25, Marginal: 25<PI>35, High>35

Fort Union Formation material was encountered at depth as indicated by hard cohesive soils and
dense granular soils. The upper portion of the formations is typically consists of residual soils
(completely weathered bedrock). The Formation material at depth consisted predominately of
soft claystone (hard clay) with some sandstone/siltstone (dense sand and silt) and occasional coal
layers. The Fort Union Formation encountered at this project location and within the depth
intervals drilled is classified, according to bedrock description, as soft and highly to completely

weathered.

Cut and fill sections and corresponding soils types encountered are discussed in the following
sections.

Proposed Cut Sections Observations

There are two significant cut sections that involve the excavation at vertical curves and regrading
associated side slopes. Also, there is a cut section that involves the regrading of associated side
slopes only.

A total of three cut sections are evaluated with 6 borings within the corridor. Borings were
advanced to depths ranging from 6.0 to 51.0 feet. The station range within the corridor of the
three cut sections are as follows:

e 16509+40 to 16521+00 (Boring B-21) (maximum roadway centerline cut depths of
approximately 6 feet).
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16524+00 to 16545+00 (Borings B-19, B-20, B-76, B-79 and B-103) (maximum roadway
centerline cut depths of approximately 15 feet and maximum cut slope heights 28 feet).

16636+00 to 16655+00 Borings B-7, B-8 and B-9 were advanced in the roadway along this
area. There is minimal center line cut along this area but adjacent cut slopes will be flattened
to 3:1. (cut slope heights ranging from 15 to 18 feet). Geotechnical borings were not

advanced within the side hill cut areas at this area due to access and utility issues.

Soils Encountered.:

Fat clays, silty sands, sandy silts and interbedded coal seams. Soils at final new subgrade
elevations will vary from A-4 to A-7-6

Densities/Consistencies.:

Cohesionless material densities range from very loose to very dense.
Cohesive material consistencies range from medium stiff to hard with some soft layers.

Groundwater:

Groundwater was not encountered at the time of the investigation within borings advanced
at the cut locations.

Coal close to Subgrade: Coal was encountered near subgrade elevations between Stations
16524+00 to 16545+00:

B-19 location: The proposed asphalt elevation will be at approximately 2,137.5 feet. This will
be below a 3.1 foot thick coal layer that ranges in elevation from 2,143.2 to 2,140.1 feet.

B-20 location: The proposed asphalt elevation will be at approximately 2,140.1 feet. This will
be slightly below a 2.7 foot thick coal layer that ranges in elevation from 2,143.5 to 2,140.8
feet.

For planning considerations it should be assumed that coal seams will be encountered within cut

within the majority of the cut area within the vicinity of B-19 and B-20. This coal layer will

likely be considered common excavation because it will be removed to construct the pavement

section. However; if coal is encountered at subgrade elevation it must be removed in accordance
to NDDOT Standard specification 203.04 A.4 which requires a 6 foot removal between the
graded shoulders and 1 foot below the final surface elevation from the graded shoulders and the

top of the backslopes.
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Fill Section Observations

One fill embankment section was evaluated with one (1) boring within the corridor, with a boring

depth of 6.0 feet. The stationing within the corridor of the fill embankment section is as follows:

e 16620+00 to 16628+00 (Boring B-10) (maximum roadway fill heights of approximately 3
feet)

Soils Encountered:
e  Predominately stiff sandy lean clay with gravel that is described as fill overlying medium
stiff native sandy lean clay (A-4 to A-6 soils).

4.3 GROUNDWATER

Groundwater was not encountered in any of the borings advanced along the linear soil survey or
within cut /fill areas at the time of the investigation. Groundwater was encountered in borings
B-63 and B-64 which were advanced at the Stony Creek Bridge abutments. Groundwater depths
of 13.5 and 15.4 feet were recorded at the time of the investigation (October 22, 2015). The
borings were backfilled shortly after drilling and weren’t allowed to fully stabilize.

Fluctuations of groundwater occur due to seasonal moisture conditions, irrigation practices,
changes in land use, and many other factors. Groundwater conditions may vary from those
encountered at the time of the field investigation depending upon the influence of these factors.
Evaluation of these factors is beyond the scope of this report.

5.0 ANALYSIS & DESIGN RECOMMENDATIONS

The following sections present geotechnical recommendations in regard to subgrade soil
considerations, embankment fills, cut slope stability, underground mine workings and Stony
Creek Bridge reconstruction to assist in planning and design.

5.1 SUBGRADE SOIL CONSIDERATIONS

General Subgrade Along Centerline:
Based on the site reconnaissance and observations during drilling, subgrade conditions along the
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current alignment are stable with no indications of significant subgrade issues with exception of
that portion of the alignment between Stony Creek Bridge and the BN railroad overpass. This
area has required maintenance over the years requiring over-digs and replacement with road base
and asphalt patch. Past performance indicates that available borrow material from adjacent
geologic formations will provide adequate subgrade fill provided proper moisture conditioning
and compaction is accomplished. The existing pavement sections did not indicate any issues

from swelling soils although it appears there are fat clays within the existing subgrade.

Soils have been described previously and will consist predominately of fine grained soils

ranging from A-2-4, A-4,A-6 to A-7-6 classifications. It is noted that the soils are moisture
sensitive. ~ While insitu subgrade soil moisture conditions are generally close to or slightly
elevated above optimum along most portions of the alignment which will allow proper re-
compaction and efficient equipment operation, soil conditions will change drastically during wet
weather conditions. Moisture sensitive subgrades should be anticipated throughout the project
alignment. These soils are susceptible to failure due to heavy equipment traffic under wet
conditions. As heavy equipment travels over exposed subgrades, the soils can easily fail creating
soft areas which are characterized by rutting and pumping. These soft areas of failed subgrade

are very difficult to compact, to achieve a suitable subgrade, unless permitted to dry out.

Another common problem with moisture sensitive subgrades is a lack of proper surface water
drainage during construction. If rain and snowmelt are allowed to pond over exposed subgrade
areas during construction, the subgrades become wet and soft. These areas are worsened by
repetitive tracking of construction equipment.

CBR Tests
Table 5 presents a summary of CBR tests (ASTM 1883) conducted on subgrade soil samples
taken at various boring locations. The soil samples were compacted 90 percent of Modified

Proctor near optimum moisture content. The values are typically low.
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Table 5
Summary of California Bearing Ratio (CBR) Tests
Subgrade Soil Samples Compacted to 90% of Modified Proctor (AASHTO T-180)
ND 1804 Reconstruction — Phase 1

. CBR (%)
Boring AASHTO Class . . . .
0.1 1n. Penetration 0.2 1n. Penetration
B-5 A-7-6 (15) 1.0 0.9
B-7 A-7-6 (30) 1.6 1.4
B-13 A-2-4 (0) 3.7 3.6
B-18 A-7-6 (15) 1.9 1.7

Coal Excavation Areas:

Coal seams were encountered near subgrade elevation between Stations 16524+00 to 16545+00.
Coal may be encountered at other areas where borings were not advanced. Subexcavation per
NDDOT Specification 203.04 A.4 may be required if coal is encountered at subgrade elevations.

Alignment Subgrade Between Stony Creek Bridge and BNRR Overpass:

As discussed previously there have been ongoing subgrade problems along this portion of the
alignment. Based on subgrade information from borings B-4 through B-6 the subgrade soils
consist of fat and lean clays A-6 to A-7-6. Subgrade moisture is elevated considerably above
optimum at some locations. The occurring subgrade problems may likely be contributed in part
to inadequate compaction of the BNSF railroad overpass approach fill.

Because of the ongoing problems in this area it is recommended to perform a subcut in this area
and utilize a stabilization fabric. A stabilization design has been conducted utilizing the Giroud-
Han method. The results of the analysis, assuming a subgrade CBR of 1.5, indicate that suitable
subgrade stabilization can be achieved by subcutting and using a heavy stabilization geosynthetic
with 10 inches of aggregate base. The pavement section may then be constructed on this
stabilized subgrade. The current NDDOT specification for subgrade stabilization provides for
biaxial geogrid. There are new products on the market. At this time, for discussion, DOWL
suggests utilizing a heavy stabilization fabric manufactured by Mirafi (RS580i) that is
comparable to Triaxial geogrid. The advantage of this geosynthetic is that the fabric has
permeability and does not require use of a filter fabric between fine grained subgrade and
geogrid/aggregate base. Specification and installation guidelines in regard to Mirafi RS580i are
provided in Appendix E.
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5.1.1 Subgrade moisture content

Subgrade moisture typically ranges from 5.9 to 28.2 percent along the Phase 1 alignment.
The following Table 6 presents a summary of insitu subgrade moisture conditions relative to

stationing along alignment intervals:

Table 6
ND 1804 Reconstruction — Phase I
Summary of insitu subgrade moisture conditions for all soil types
relative to stationing
Range of
Boring Interval Station Interval Moisture Average
Contents (%)

B-1to B-4 16720+35 to 16686+59 5.9-21.5 14.5
B-5 to B-7 16676+43 to 16656+49 13.3-23.5 19.8
B-8 to B-17 16646+90 to 16556+63 9.6-17.7 13.6
B-18 to B-21 16546+55 to 16516+10 22.5-28.2 25.6
B-21 16516+58 10.7-16.2 13.7

Table 7 presents a summary of modified proctor (AASHTO T 180) testing for the various
AASHTO soil classifications encountered.

Table 7
Summary of Modified Proctor Tests (AASHTO T-180)
ND 1804 Reconstruction — Phase I

Maximum Dry Optimum Moisture Average In-Place
AASHTO Class . .
Density Range (pcf) | Content Range (%) | Moisture Content (%)
A-2-4 126.8 10.7 11.5
A-4 123.0 11.0 14.0
A-6 122.0 to 132.0 9.0to0 13.0 12.5
A-7-6 111.0 to 127.9 10.0 to 15.0 19.1

It is noted that the optimum moisture range for all soil types is 9 to 15 percent. In summary,
moisture contents are somewhat elevated above optimum along the station intervals of 16676+43
to 16656+49 and 16546+55 to 16516+10. Portions of these alignment areas may be problematic
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in regard to subgrade preparation. These areas are discussed below.
The majority of the alignment between Stations 16676+43 to 16656+49 consists of the approach
fill between Stony Creek and the BNSF railroad overpass. As discussed previously this area has

been problematic over the years and has required digouts (see section 5.1).

The interval between 6546+55 to 16516+10 consists of the relatively deep cut and as discussed
previously may require subexcavation and subgrade replacement to remove coal deposits or

unsuitable wet soils dependent upon the final pavement section elevations.

5.1.2 Subgrade preparation

Placement of new fill will be required at widening areas and subgrade prep at pavement section
removal areas. It is recommended that 12-inches of subgrade preparation be conducted for this
project. Subgrade preparation should comply with NDDOT Specific 230.02 Type A in cut areas
and in fill areas. Subgrade prep in adjacent widening areas will require removal of topsoil, If
unstable soils are present below the topsoil, scarification and drying or over-excavation and
replacement of the unsuitable soils could be considered. Compaction control should be in
accordance with AASHTO T-180 and Specification 203.04E Type A.

5.1.3 Subexcavation removal of unsuitable material

Subexcavation along the alignment may be required at cut area between stations 16524+00 to
16545+00 to remove the coal seam at subgrade elevation dependent upon final pavement section
elevations. Subexcavation may also be required at other areas if lignite, excessively wet
subgrade soils or high plasticity fat clays are encountered. Coal should be removed as specified
in section 203.04A4. If encountered during construction, it is recommended that high plasticity
fat clays and/or any lignite layers be removed to a minimum of 6 feet below final subgrade

elevation.

5.2 EMBANKMENT FILLS

Minimal embankment fills are required along the Phase 1 alignment. The proposed embankment
slopes will be 3H:1V (Horizontal to Vertical). Based on review of existing fill slopes, fills
constructed at the proposed fill slope angles are considered stable for the soil conditions
encountered. If embankment design slope ratios require adjustment or greater embankment fill
heights are required either in the design or construction phases of the project, the Geotechnical
Section should be contacted to review changes and provide additional recommendations if
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necessary.

5.3 CUT SLOPE STABILITY

The plans indicate that proposed cut slopes will be to 3:1. Roadway centerline cut depths will
vary and are shown to be as deep as 15.5 feet at Station 16532+00. Side slope cut depths also
vary and the maximum cut is shown to be as deep as 28 feet. Soils within the cut areas consist of
sheet moraine (glacial drift) overlaying residual soils or soft bedrock of the Fort Union
Formation. The soils encountered were typically stiff to very stiff lean and fat clay and very
loose to dense silty sand or with some interbedded coal seams. Some soft clay and loose sand
layers were encountered within soil profiles. However, medium stiff clay and medium dense sand
predominates. Hard clay and/or dense silty sand is encountered at a depth of approximately 28
feet in borings B-76 and B-79. Groundwater was not encountered in any of the borings advanced
within the cut areas and soil moisture was typically moderate to low; however, the soil was above
moisture content at Station 16534+01 (B-20) at the depth of 27.5 (ElL 2,129.1 feet) to 34.0 (EL
2,122.6 feet).

The existing cut slopes along the alignment are typically steeper than the proposed 3:1 slopes.
The existing cut slopes exhibit good stability with some minor shallow creep zones. Intuitively
the proposed 3:1 excavation slopes will maintain adequate stability over time. However, the
proposed cut slopes are slightly deeper than the existing cuts. Slope stability analysis have been
conducted to evaluate the deeper 3:1 cut slopes which will extend into the Fort Union Formations
at depth.

Cut Slope Stability: In order to evaluate cut slope stability a sensitivity analysis was conducted
of cross sections aligned with geotechnical borings and a proposed slope of 3:1 with cuts ranging
from 18 to 25 feet. Stability runs were conducted assuming relatively conservative strength
values for the existing soils profiles. The stability analysis has been completed utilizing the
SLOPE/W computer program. Computer runs of these soil profiles are presented in the detail
Appendix D.

Strength parameters for the analysis were determined based on unconfined compressive strength
tests for the clay soils and correlation of SPT test results to angle of internal friction for the
granular soils. Numerous stability runs where completed. Soil strength test results are presented
in Appendix F. Table 8 presents the soil strength parameters used in the analysis:
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Table 8
Strength Parameters Assumed for Stability Analysis
ND 1804 Reconstruction — Phase I
Engineering Properties and Soil Types
Effective Stress Total Stress
: Y
Material
(pef) " C ; C
(psh) (psh)
Fat Clay (CH) 90 to 100 - - 0 1,500 to 4500
Silty to Clayey Sand
(SM to SC) 100 30 20 - -
Interbedded Coal 60 - - 20 100
Silty Sand (SM) 95to 110 | 20to 35 0 - -
Sandy Silt (ML) 85 to 95 0to 35 0to75 - -

Table 9 presents the results of the analysis.

Table 9
Cut Slope Stability Summary
ND 1804 Reconstruction — Phase I
Factor of Safety (FOS)
Station Spencer Spencer Recommended
Circular Failure Non-Circular Failure Factor of Safety
FOS FOS (FOS)
16533+53
31 Cut 3.80 3.71 1.3t01.5
16537+06
31 Cut 5.92 5.04 13t0 1.5

Based on the use of conservative soil strength parameter values and the fact that groundwater is
not present in any of the cut areas, the proposed 3:1 cut slopes will exhibit adequate long term
stability. It is noted that there are isolated zones of loose sand that, if exposed in the cut areas,

may exhibit some minor surficial sloughing over time.

If slope ratios require adjustment either in the design or construction phases of the project, the
Geotechnical Section should be contacted to review changes and provide additional
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recommendations, if necessary

Cut Excavation: Excavation should not be problematic considering the relatively soft nature of
the Fort Union bedrock formations. The dense layers of the formations were easily drilled with
hollow stem augers. Some ripping may be required. We do not anticipate any special provisions

for bedrock excavation.

It is noted that fat clay layers, coal and carbonaceous clay layers exist in a somewhat random
nature within the cut areas. A 2.7 foot thick coal layer will be exposed in the roadway section at
Station 1634+01 (B-20).

5.4 MINE WORKINGS

There is some concern that nearby underground shallow mine workings may cause subsidence to
occur within proposed new roadway embankments. The areas of concern are along the alignment
between Stations 16662+00 to 16571+00. In order to evaluate the potential for near surface mine
stopes or adits and potential subsidence, a geophysical investigation was conducted using ground
penetrating radar (GPR) methods. GPR traverses were conducted along north and south sides of
the roadway within the current ditch lines. A detailed report is presented in Appendix E. The
results of the geophysical investigation indicate that there are some “suspect” areas. Detailed
mapping of the traverses is presented in Appendix E and indicates the locations of the suspect
areas. The possible void areas are summarized in the following Tables 10 and 11. Hollow stem
auger Borings will be advanced within the “Suspect” areas to either confirm or dispel the
presence of mine working voids. The borings will be spaced on 5 to 6 foot centers along the
suspect area alignments and advanced typically to 20 foot depths or deeper as indicated on tables
10 and 11.

Table 10
Ground Penetrating Radar Survey
Geophysical Surveys
Possible Mine Working Void Locations
South Profile
Approximate
Suspect Area Stationing Range Length (feet) Width (feet) Depth Range
(feet)
16606436 to 16606+96 60 10 91020
2 16592+39 to 16592+69 30 13 10 to 23

Q:\24\20997\Geotech\Final Phase 1 submittal\1804 Reconst. - Phase I Geotech Final Rpt.doc Page 22 of 26




Table 11
Ground Penetrating Radar Survey
Geophysical Surveys
Possible Mine Working Void Locations

North Profile

Approximate
Suspect Area Stationing Range Length (feet) Width (feet) Depth Range
(feet)
1 16649+30 to 16650+10 80 17 10 to 27
2 16609+86 to 16610+81 95 12 9to21
3 16604+41 to 16605+01 60 12 7to 19
4 16603401 to 16603+96 95 13 9to 22

5.5 STONY CREEK CROSSING

At this time A 11X12 Quadbox culvert is proposed for the Stony Creek crossing. It is proposed
to embed the culvert 1 foot into the existing stream bed and cover the culvert with approximately
seven (7) feet of fill to attain proper grade. Geotechnical recommendations are presented in the
following sections:

Foundation Conditions: Borings B-63 and B-64 were advanced at the existing bridge abutments
to evaluate subsurface conditions at the Stony Creek Bridge. The borings were located at the
west and east abutment areas respectively. The borings were advanced to depths of 96 to 104.5
feet respectively. Coring was conducted between the depths of 95 to 104.5 in boring 64. Borings
were not advanced within the streambed area due to permitting and access constraints. It is
DOWL'’s opinion that the soil profile encountered in the upper 48 feet of Boring B-63 is most
representative of soil conditions that may be encountered directly under the streambed. Soils
encountered in the upper 45 feet of B-63 consist of very loose to loose interbedded silty, clayey
and poorly graded sand with minor amounts of gravel. These deposits extend to the approximate
depth of 22 feet. Soft Fat clay is then encountered underlying the sand deposits and extends to a
depth of approximately 48 feet where some gravel layers are encountered and the clay becomes
very stiff to hard with depth. Fat clay extends to the greatest depth drilled 104.5 feet. Unconfined
compressive strengths of the clay ranged from 1.8 kips per square foot (ksf) at a depth of 45 feet
to 22 ksf at a depth of 95 feet. Groundwater depths of 13.5 and 15.4 feet were recorded in B-63
and B-64 respectively at the time of the investigation (October 22, 2015). Groundwater
elevations in the streambed will be controlled by stream flows.
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5.5.1 Box Culvert

The proposed Quad box culverts will be 48 feet in width and extend along Stony Creek
approximately 128 feet. It is proposed to cover the culvert with approximately to 7 feet of fill.
This magnitude of fill will cause settlement of the culverts from consolidation of the saturated,
loose/very soft foundation soils. As discussed previously the stream bed material is variable,
however, we are assuming that the soil profile in Boring B-63 is representative of a worst case
profile. The bottom of the box culvert is proposed to be installed at elevation 1846.6. Based on
Boring B-63 there will be an approximate six (6) foot layer of loose sand and gravel directly
underlying culvert then soft fat clay extending to 33 feet below the bottom of the culvert. Below
this elevation the subgrade formations “stiffen up” and significant consolidation is not

anticipated.

A settlement analysis has been conducted assuming the above referenced culvert/fill
configuration and soft subgrade extending 33 feet below the culvert bottom. Hand calculations
as well as use of the Sigma/W computer program have been conducted (see Appendix G). It is
noted that consolidation tests where not conducted on the clay during the investigation at the
bridge site as it was assumed that that bridge would be replaced using driven piling. Given the
SPT values and insitu moisture contents in relation to Liquid and Plastic limits (insitu moisture
between the LL and PL), it is obvious that the clay soils are normally consolidated and
compressible. Based on experience a value of 0.3 was assumed for the compression index (Cc)
of the soil. The results of the analysis indicate that estimated settlements between 8 to 14 inches
could occur from placement of seven feet of fill over the culverts.

It is noted that the stream bed soil profile is variable and that portions of the new culverts will
require excavation into the existing embankments. Thus foundation soils under portions of the
existing embankment will have already been slightly consolidated while portions of the
foundation soils in the middle of the streambed will not have experienced previous loading and
will have the potential to consolidate more than the foundation soils under the embankments.
This scenario has the potential to cause differential settlement to occur under the box culverts.
The wide footing width of the culverts will “bridge” the foundation soils to some degree thus
distributing the weight of the fill. However, it is our opinion that consideration should be given
to minimize the potential of total and differential settlements which, if extensive enough, could
cause cracking of the concrete box culverts.

The following options could be utilized to minimize settlements of the culverts:
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Preload the site;
2. Over-excavation and replacement of a portion of the foundation soils with structural fill
and geosynthetic reinforcement or;

3. Foundation over-excavation and replacement in conjunction with use of lightweight fill.

These options are discussed in the following sections:

Preload:
The culvert site could be preloaded by placing temporary culverts and filling the culvert location
with soil and allow time for the foundation soils to consolidate. Typically this could take 3 to 6

months. Preloading may not be feasible given the construction timeline and sequencing.

Foundation over-excavation:

Construction sequencing would consist of a minimum of 30 inches over-excavation, placement
of stabilization geotextile and crushed, washed gravel (no.57 stone). The structural fill gravel
would then be placed and compacted prior to placement of the box culverts. The gravel should
extend three (3) feet laterally beyond the outer edge of the culvert. Two layers of heavy
geotextile stabilization fabric (Mirafi RS5801 or equal) would be utilized within the gravel fill at
12 inch vertical spacing. Culvert backfill should be placed according to NDDOT Specifications.
An R-1 Geotextile fabric should be placed between all backfill and native alluvial soils. This
option would provide a stable platform for construction, distribute fill loads and help alleviate
differential settlements. However, some settlement would still occur due to the fill weight- the
actual magnitude of which is hard to predict.

Foundation over-excavation and use of lightweight fill:

Construction would consist of foundation over-excavation as discussed previously in conjunction
with utilization of lightweight fill (expanded polystyrene (EPS) blocks) instead of earth fill. This
option would ensure no excessive settlement occurs as the foundation soils would not be loaded
significantly.  The over-excavation depth possibly could be reduced to 24 inches with
reinforcement in order to allow a stable foundation for construction of the box culverts.
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6.0 LIMITATIONS

The conclusions and recommendations presented in this report assume that site conditions are not
substantially different than those exposed by the explorations. If during construction, subsurface
conditions are different from those encountered or appear to be present, the DOWL Geotechnical
Section should be advised at once to review those conditions and reconsider recommendations

where necessary.

If there is a substantial lapse of time between submission of this report and the start of work at
the site, and if conditions have changed due to natural causes or construction operations at or
near the site, this report should be reviewed to determine the applicability of the conclusions and

recommendations considering the changed conditions.

This report was prepared for the use of the NDDOT and its Consultants for this project. It should
be made available to prospective contractors for information on factual data only and not as a

warranty of subsurface conditions.

These services have been performed in a manner consistent with the level of care and skill
ordinarily exercised by members of the profession currently practicing in this area under similar
conditions. No warranty is made or implied.

Any conclusions by a construction contractor or bidder relating to construction means, methods,
techniques, sequences or costs based upon the information provided in this report are not the
responsibility of the NDDOT or DOWL.
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APPENDIX A

PLAN AND PROFILE SHEETS - BORING LOCATIONS
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LOG OF BORINGS







~ Boring Log Descriptive Terminology ko

Key to Rock Symbols and Terms

Rack Type Rock Type Symbol

Order of Descriplors

- Rock Type
| - Color
Argiliite || Quartzita g ST - Grain stz (it applicable)
. - Shialification/Follalion (as applicable)
O br— - Wealhering
Basall Rhyolite :.-0“7 e - Field Haniness
. - Olher relevant nolas
B?-%O)CR Sandslone m Criterla For Descriptors
[iiiil] Graln Size
N Dascriplion haraclerislic
Breccla Schist Coarse Gralned Individual grains can be easily
. ii\\\ dislinguished by eya
£ Fine Gralned  Individual gralns can be dis-
Claystone Shale tinguished wilh difficully
Stralum Thichness

Thickly Bedded 3-10 1t (1-3 m)
Mecdium Bedded 1-3 ft (300 mm -1 m)
Thinly Bedded 2-12 In (50-300 mm)
Very Thinly Badded < 2In (50 mm)

Weathering

Highly Wealhered Moro than hall of tha rock Is decomposad; rock Is weakened so thal a mintmum
2 Inch {50mm) diamelar sampla can be broken readily by hand acioss rock fabric

Moderately Weathered  Rock Is discolored and nullmabl;lfwaskenml. but less than hall Is decomposed;
aminimum 2 inch (50mm) diameler snmpla cannol ba broken readily by hand across rock fabric Example Rock Log

Slightly Waalhered Rack Is slightly discolored, bul not noicaably lowar In sleenglh than lresh rock SANDSTONE, gray, fine grainzd, hickly bedded

Rock Fleld Hardness slightly wealhered, hard ffeld hardness.
Very Soft Can ba carved wilh knifa. Can ba excavated raadily wilh palnt of rock hammer. Can ba seratched readily by fingamall,
Sofl Can bo grooved or gouged readily by knlfa or polnt of rock hammar. Can bo excavaled In lragmenls from
chips to saveral Inches In sizo by moderale blows of the palnt of a rock hammer,
Medium Can ba groaved or gouged 0.05 in (2 mm{ deap by fim prassura of knlfa or rock hammer poinl, Gan ba
axcavaled In small ehips lo plecas aboul 1 in (£5 mm) maximum slzo by hard blows of the polnlof a rock hammer,
Modaerately hard Canbo scralehed wilh knifa or plck. Gougas or grooves (o 0.25 In (6 mm) can b excavalad by hard blow of rock
hammer. Hand specimen can ba delached by moderala blows.
Hard Can bo scralghed with knife or pick only with difficully. Hard hammer blows required to datach hand specimen,
Vary Hard Cannol ba seralched with kaifa or sharp rock hammer polnt. Breaking of hand specimens requires several hard

blows of a rock hammer. Notos:
Qu = Unconfined Compressive Strength obtalned from laboralory tesling at the given depth,

Miscellaneous SoillRock Symbols and Terms

Explanation of Text Fields in Boring Logs:
Malerlal Descriplion: Lithologle Description of soll or reck encountered,
Asphalt Remarks: Commanls on diilling, including method, bit type, and problems encountered,
I Notes: Legal Description, explanalion of survey method used, and horizontal coordinales.
General Notes
- Descriplions on these boring logs apply only at the specific boring, and at lhe time

Water lhe lima the borings ware made. These logs are nol warranied to be representalive
of subsurface condilions at other localions or times.

- Water level ebservalions apply only at the specific boring, and at the lime the
borings were made. Due to Ihe variabllity of groundwater measurements givan
the lype of drilling used, and the stralification of the soil In the boring, these logs are
uol warranted o be representalive of groundwaler condilions al olher localions or
mes,

- Other terms may be used as descriplors, as defined by the profession.
ralion Sa =] Cona
%pam m Auger T,,,“;‘;E“ gﬁ,‘m R Ponstimotor
D377 Cas’ 7
-Soll and Rock daﬁcrlpltona are#asad v . by Vane Shear
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Ry t vlﬁ:n ,i i tj’," . Coro Zl pecial
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LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 433612.6 ft

Station: 16720 + 35

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1213115.22 ft Offset: 20ftR

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 1863.8 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/14/15 10/14/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 19 - B
Depth | _ | & g - € > Depth

| > =8 3 g (Ft) sl e Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) a2 o = (f) [S|d2|§ a
| 7 Asphalt, black. Asphalt Pavement: 9.25
B i inches
i i ; . 0.8 .
. .o BASE COURSE, Well-Graded GRAVEL with sand 1863.0|14 Base Course: 4 inches
1862.8| B [ (GW), medium dense, moist, brown, fine to coarse 1.1 Auger Cuttings Bulk
- f grained, rounded to subangular, [A-1]. 1862.7 Sample: 1.1 to 4.5 feet
i ) ] FILL, Lean CLAY with sand (CL), stiff, moist, brown gamry Pensat‘vl;/m pef
| 2 to multi-colored, [A-7]. pt. Moisture: 147
1661.8] 60 3-6-7 AT] 15/45/1674
S
[ 1860.8 — 18
ol 1= 40
| 1859.8 | Lean CLAY with sand (CL), medium stiff, moist, 1859.8
- . gray, [A-7].
[ 5 |
:1858.8: 60 2.3.4
[ 6 | : : 6.0
1857.8 Boring Depth: 6.0 ft, Elevation: 1857.8 ft 1857.

Water Level Observations \VA g:’lm% Not Encountered Remarks:

After Aftel

14 Drilling: () v Driu[pu' 0




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 433562.34 ft

Station: 16715 + 40

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1213608.62 ft Offset: 20 ftL

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 1865.6 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/14/15 10/14/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 19 - A
Depth | _ | & g - € > Depth

IS 3 g (Ft) sl e Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) a2 o = (f) [S|d2|§ a
| 7 Asphalt, black. Asphalt Pavement: 9
B i inches
i i ; . 0.8 .
1] Y BASE COURSE, Well-Graded GRAVEL with sand 1864.8 Base Course: 6 inches
| 1864.6 L N @ (GW), medium dense, moist, brown, fine to coarse 13 |6
- . | _grained, rounded to subangular, [A-1]. [l 1864.3
I ] FILL, Sandy Lean CLAY with gravel (CL), stiff, moist,
| 2 gray, rounded, [A-7].
| 1863.6 |
B i 45 5-5-5 22
[ 3 ] . . . 3.0
| 1862.6 | FILL, Lean CLAY with sand (CL), stiff to medium 1862.6(19/46/16|78
- - stiff, moist, gray, [A-7]. Auger Cuttings Bulk
B 7 Sample: 1.25 to 4.5 feet
- 4 B Max. Dry Density: 122 pcf
1861.6 Opt. Moisture: 12%
i ] : 46
B _ FILL, Poorly-Graded SAND with gravel (SP), 1861.0
8 go g medium dense, dry to moist, light brown to
B M 67 13-12-10 multi-colored, fine to coarse grained, rounded to
i i subangular, [A-2].
[ 6| : : 6.0
1859.6 Boring Depth: 6.0 ft, Elevation: 1859.6 ft 7859.

Water Level Observations \VA g:’lm% Not Encountered Remarks:

After Aft

14 Drilling: () v Drif[{pu' 0




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 433567.18 ft

Station: 16706 + 51

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1214497.86 ft Offset: 20 ftR

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 1867.2 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/14/15 10/14/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 19 - A

Depth | _ | & g - € > Depth

IS 3 g (Ft) sl e Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) 38 @ - M |2|3|2|] 8
| 7 Asphalt, black. Asphalt Pavement: 5.75
B i L 05 |5 NPl12 inches
i 7 BASE COURSE, Poorly-Graded SAND with silt and 1866.7 Base Course: 48 inches
1] o gravel (SP-SM), medium dense, moist, brown, fine to
| 1866.2 | OQ coarse grained, rounded to subrounded, [A-1]. Auger Cuttings Bulk
B J Sample: 0.5 t0 4.0 feet
I o[y
[ 2 e
1865.2] 0
oo B g
i 7 Q
| 3 ] o
1864.2] OO
B _ Q
] o0
4 |l o 4.0
| 1863.2 71 Lean CLAY with sand (CL), stiff, moist, brown, [A-7]. | 1863.2
- . minor rounded pebbles. 21
[ 5 |
:1862.2: 73 3.4.5
[ 6| : : 6.0
1861.2 Boring Depth: 6.0 ft, Elevation: 1861.2 ft \1861.j

Water Level Observations \VA g:’lm% Not Encountered Remarks:
After Aftel

14 Drilling: () v Driu[pu' 0




LOG OF BORING

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Boring B-3 Sheet 1 of 1
Project: ND 1804 Reconstruction Rig: Diedrich D-50 |Boring Location N: 433486.45 ft Station: 16696 + 48
Hammer: Auto Coordinates E: 1215499.04 ft Offset: 20 ftL

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 1886.7 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/14/15 10/14/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 19 - A

Depth | _ | & g - € > Depth

IS 3 g (Ft) sl e Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) 38 @ - M |2|3|2|] 8
| 7 Asphalt, black. Asphalt Pavement: 6.25
B i 05 inches
i 7 BASE COURSE, Well-Graded GRAVEL with clay 1886.2 Base Course: 11 inches
[ 1] o and sand (GW), medium dense, moist, dark brown
 1885.7 | OQ to black, fine to coarse grained, rounded, [A-1].
- B i 14 |9
B _ Sandy Lean CLAY (CL), very stiff to stiff, moist, 1885.3
- brown, [A-6].
1884.7 |
S 55 8-10-8 12
[ 3 |
 1883.7 |
B b 7 121311357 Auger Cuttings Bulk
B 7 Sample: 1.4 to 4.5 feet
- 4 B Max. Dry Density: 122 pcf
[1882.7 Opt. Moisture: 12%
[ 5 |
:1881.7: 80 3.5.7
[ 6 | : : 6.0
1880.7 Boring Depth: 6.0 ft, Elevation: 1880.7 ft 1880.

Water Level Observations \VA g:’lm% Not Encountered Remarks:
After After

14 Drilling: () v Drilling: _()




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location

N: 433446.82 ft

Station: 16686 + 59

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1216488.29 ft Offset: 20 ft R

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NAD83 Elevation: 1910.5 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/14/15 10/14/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 20 - C
Depth | _ | & g - € > Depth

IS 3 g (Ft) sl e Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) 38 @ - M |2|3|2|] 8
| 7 Asphalt, black. Asphalt Pavement: 7.75
B i inches
B i 0.6
- BASE COURSE, Well-Graded GRAVEL with sand 1909.9 Base Course: 11 inches
7909.51 o (GW), medium dense, moist, brown, fine to coarse
B A OQ grained, rounded to subangular, [A-1].
L . Y 16 |13 .
B 7 FILL, Sandy Lean CLAY (CL), stiff to medium stiff, 1908.9 Auger Cuttings Bulk
o 58 5] moist to dry, brown to black, [A-6]. minor coal Sample: 1.6 to 4.5 feet
At fragments.
B b 35 6-4-5 15
[ 3 |
 1907.5 |
S
79065 & |5
B N 14|34|13
[ 5 |
:1905.5: 40 3.3.3
[ 6 | : : 6.0
1904.5 Boring Depth: 6.0 ft, Elevation: 1904.5 ft 1904.

Water Level Observations \VA g:’lm% Not Encountered Remarks:

After After

14 Drilling: () v Drilling: _()




LOG OF BORING

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Boring B-5 Sheet 1 of 1
Project: ND 1804 Reconstruction Rig: Diedrich Boring Location N: 433244.7 ft Station: 16676 + 43
Hammer: Auto Coordinates E: 1217484.62 ft Offset: 20 ftL

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 1899.4 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/14/15 10/14/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 20 - C

Depth | _ | & g - € > Depth

IS 3 g (Ft) sl e Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) a2 o = (f) [S|d2|§ a
| 7 Asphalt, black. Asphalt Pavement: 6
B i 05 inches
i 7 BASE COURSE, Well-Graded GRAVEL with sand 1898.9 Base Course: 10 inches
1] o (GW), medium dense, moist, brown, fine to coarse
 1898.4 | | OQ grained, rounded to subangular, [A-1]. 13 |22/42/15 66
i 7 FILL, Sandy Lean CLAY (CL), medium stiff, moistto | 1898.1 Auger Cuttings Bulk
i 7 wet, black, [A-7]. Sample: 1.3 to 4.5 feet
- 2 Max. Dry Density: 119 pcf
[1897.4 | Opt. Moisture: 10%
i B 0 2-3-4 CBR: 1.0
[ 3 |
 1896.4 |
ol 2= - 40
| 1895.4 | FILL, Fat CLAY (CH), stiff, moist, gray to black, [A-7]. | 1895.4
B N 23(69(|22|90
[ 5 |
:1894'4: 100 3-4-5
[ 6| : : 6.0
1893.4 Boring Depth: 6.0 ft, Elevation: 1893.4 ft 1893.

Water Level Observations \VA g:’lm% Not Encountered Remarks:
After Aftel

14 Drilling: () v Driu[pu' 0




LOG OF BORING

Sheet 1 of 1

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Project: ND 1804 Reconstruction Rig: Diedrich D-50 |Boring Location N: 433315.07 ft Station: 16668 + 64
Hammer: Auto Coordinates E: 1218261.11 ft Offset: 20 ft L
Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NAD83 Elevation: 1870.2 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/14/15 10/14/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 20 - C
Depth | _ | & g - € > Depth
IS 3 g (Ft) sl e Remarks
S22 2a © ° Material Description 9 s g and
Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests
(ft) 38 @ - fm (232§ 8
| 7 Asphalt, black. Asphalt Pavement: 8
B i inches
—_— i : 0.7 .
- 1 -*.1 BASE COURSE, Well-Graded SAND with gravel 1869.5 Base Course: 4 inches
11869.2 B || (SW), medium dense, moist, brown, fine to coarse 1.0 Auger Cuttings Bulk
B i grained, subangular to rounded, [A-2]. 1869.2 Sample: 1.0 to 4.5 feet
- . FILL, Sandy Lean CLAY (CL), medium stiff, moist,
| 2 ] dark gray, [A-7].
[1868.2] 0 3-2-4
| 3 | N/ |
| 1867.2 |
[ 4 ] B
| 1866.2 |
[ 5 |
 1865.2 |
i i 20
[ 6|
| 1864.2 | 6.3
i 7 FILL, Clayey GRAVEL (GC), medium dense, moist, 1863.9/19|46|20|73
i 7 7/\_gray, rounded, [A-2]. 6.6
7 7] Lean CLAY with sand (CL), very stiff, moist, grayto | 7863.6
1863.2. 60 9-10-10 black, [A-7]. minor coal fragments.
| 8 |9/ |
 1862.2 |
[ 9 | : : 9.0
| 1861.2 Sandy Lean CLAY (CL), stiff, dry to moist, brown to 1861.2
- . gray, [A-7]. very minor rounded gravel.
[ 10 (& 15
| 1860.2 |
1 67 4-6-8
 1859.2 |
—_— ' : 11.5
Boring Depth: 11.5ft, Elevation: 1858.7 ft 1858.7
- Duri :
- Water Level Observations \VA I:Aul':ijllir:\%: Not Encountered Remarks:
er er
14 Drilling: () v Drilling: _()




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 433357.58 ft

Station: 16666 + 56

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1218466.4 ft Offset: 20 ftR

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 1868.2 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/14/15 10/14/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 20 - C
Depth | _ | & g - € > Depth

IS 3 g (Ft) sl e Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) a2 o = (f) [S|d2|§ a
| 7 Asphalt, black. Asphalt Pavement: 7
B i inches
B i 0.6
B 7 BASE COURSE, Well-Graded GRAVEL with sand 1867.6 Base Course: 18 inches
8 27 51 o (GW), medium dense, moist, brown, fine to coarse
B A OQ grained, subangular to rounded, [A-1].
B | o (N
2 0 20
| — L 2-1 .
1866.2] 77 FILL, Lean CLAY with sand (CL), stif to very stif, | 1666.1 Auger Cultigs Bulk
B J X . ! ple: 2.0 to 4.5 feet
i B dry to moist, gray to light brown, [A-7]. minor coal
-, fragments throughout strata with approximatley 40%
865.2 60 3.5.4 coal at 5.7 feet. 24
[ 4 ]
11864.2 | g
[ 5 |
:1863'2: 80 3-7-12
[ 6| : : 6.0
1862.2 Boring Depth: 6.0 ft, Elevation: 1862.2 ft \1 sez_j

Water Level Observations \VA g:’lm% Not Encountered Remarks:

After Aft

14 Drilling: () v Drif[{pu' 0




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 433459.58 ft

Station: 16656 + 49

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1219468.09 ft Offset: 20 ftL

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NAD83 Elevation: 1892.2 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/14/15 10/14/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 20 - A

Depth | _ | & g - € > Depth

| 2& > 3 g (ft) Qka Remarks

cSleigia o ° Material Description 9 s g and

Elev. | 8 E| 3|8 g £ Elev. |5 sl 5 Other Tests

(ft) a2 o = (f) [S|d2|§ a
| 7 Asphalt, black. Asphalt Pavement: 6.75
B i inches
B i 0.6
B 23| BASE COURSE, Well-Graded SAND with gravel 1891.6 '8 Base Course: 2 inches
s ; 1 3] (SW), medium dense, moist, brown, fine to coarse 0.7 Auger Cuttings Bulk
el grained, subangular to rounded, [A-1]. 1891.5 fg;‘pg: 0&;‘;#?{3?5
- FILL, Fat CLAY with sand (CH), stiff, moist, ight ’8 oot e
. 60 4-3-6 green to light brown, [A-7]. Opt. Moisture: 13.2%
716890.2] . . 21 CBR: 1.6
- FILL. COAL, black, fine grained, thinly bedded, very | 1890. 1
i i soft field hardness. 2.5
) I FILL, Fat CLAY with sand (CH), medium stiff, moist, | 7689-7
859,71 light brown to light green, [A-7]. 3/4" thick coal seam 13/55/15/76
- at5.4 feet.
[ 4 ]
 1888.2 |
B N 21
[ 5 |
:1887.2: 53 2.3.3
[ 6| : : 6.0
1886.2 Boring Depth: 6.0 ft, Elevation: 1886.2 ft \1 sse,j

Water Level Observations \VA g:’lm% Not Encountered Remarks:
After Aft

14 Drilling: () v Drif[{pu' 0




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 433696.85 ft

Station: 16646 + 90

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1220611.36 ft Offset: 8ftR

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 1946.1 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/15/15 10/15/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 20 - A
Depth | _ | & g - € > Depth

IS 3 g (Ft) sl e Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) 38 @ - M |2|3|2|] 8
| 7 Asphalt, black. Asphalt Pavement: 7.5
B i inches
| i 0.6
B i . BASE COURSE, Well-Graded GRAVEL with sand 1945.5 Base Course: 5 inches
v Ql s R o[y (GW), medium dense, moist, brown, fine to coarse 1.0 [14 67
- \ grained, rounded to subangular, [A-1]. / 1945.1
I | FILL, Sandy Lean CLAY with gravel (CL), stiff, dry to
i | moist, brown, subrounded, [A-6].
2 70 5-5-10 . . 2.0 |12/31]12]44
| 1944.1] FILL, Clayey SAND (SC), medium dense, moist, 1944.1
= - brown, fine to coarse grained, [A-6]. minor gravel.
IR g 3.0 |15/35/13|60 .
1943.1] FILL, Sandy Lean CLAY (CL), stiff, moist, brown, 1943.1 Auger Cuttings Bulk
B , [A-6]. Sample: 1.0 to 4.5 feet
B i Max. Dry Density: 12 pcf
L - B Opt. Moisture: 11%
| 4 4.0
| 1942.1 Sandy Lean CLAY (CL), stiff, moist, brown to black, 1942.1
- . [A-6]. minor coal fragments. 16137114|67
[ 5 |
:1941.1: 67 3.4-6
[ 6 | R/ |
 1940.1 |
[ 7]
 1939.1 |
[ 8 |
 1938.1 |
[ 9 |
| 1937.1|
B h 15|37|13|63
[ 10|
:1936.1: 80 4.5.7
[ 11| : : 11.0
1935.1 Boring Depth: 11.0 ft, Elevation: 1935.1 ft 79351

Water Level Observations \VA g:’lm% Not Encountered Remarks:

After Aftel

14 Drilling: () v Driu[pu' 0




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location

N: 433530.76 ft

Station: 16635 + 95

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1221500.08 ft Offset: 81ftL

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NAD83 Elevation: 1964.0 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/15/15 10/15/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 21 - B
Depth | _ | & g - € > Depth

IS 3 g (Ft) sl e Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) 38 @ - M |2|3|2|] 8
| 7 Asphalt, black. Asphalt Pavement: 10.5
B i inches
L . 0.9 :
[1963.0 | BASE COURSE, Well-Graded GRAVEL with sand 1963.1 Base Course: 7 inches
i i o (G\M, medium dense, moist, brown, fine to coarse
| Ik B grained, subangular to rounded, [A-1). 19162.5 Auger Cuttings Bulk
- 5 FILL, Silty, Clayey SAND (SC-SM), medium dense, Sample: 1.5 to 4.5 feet
[7962.0] dry to moist, brown, fine to coarse grained, [A-6].
i i 0 6-5-6
[ 3| 12/24|18|49
| 1961.0 |
S
[1960.0 B
B 4 45 |11 65
B . FILL, Gravelly Lean CLAY (CL), medium stiff, moist, 1959.5
| 5 ] brown, subrounded, [A-6).
:1959.0: 53 3.3.5
[ 6| : : 6.0
1958.0 Boring Depth: 6.0 ft, Elevation: 1958.0 ft \1958,9’

Water Level Observations \VA g:’lm% Not Encountered Remarks:

After After

14 Drilling: () v Drilling: _()




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 433322.01 ft

Station: 16626 + 56

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1222414.73 ft Offset: 8ftR

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NAD83 Elevation: 1968.5 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/15/15 10/15/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 21 - B
Depth | _ | & g - € > Depth

| > =8 3 g (Ft) sl e Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) 38 @ - fm (232§ 8
| 7 Asphalt, black. Asphalt Pavement: 9.5
B i inches
i i ; . 0.8 .
[ 1 -y BASE COURSE, Well-Graded GRAVEL with sand 1967.7 Base Course: 6 inches
19675 B | | °(57 (GW), medium dense, maist, brown, fine to coarse 13 |15 69
- : | _grained, rounded to subangular, [A-1]. [l 1967.2 Auger Cuttings Bulk
i ] FILL, Sandy Lean CLAY (CL), stiff, dry to moist, Sample: 1.3 to 4.5 feet
| 2 brown, [A-4].
| 1966.5 | 60 9.8.7 11|24]15|55
[ 3 |
 1965.5 | I 1126|1764
ol s - , 4.0
 1964.5 Sandy Lean CLAY (CL), medium stiff, dry to moist, 1964.5
- . brown to dark brown, [A-6].
[ 5 |
:1963.5: 60 3.4.3
[ 6 | : : 6.0
1962.5 Boring Depth: 6.0 ft, Elevation: 1962.5 ft 7962.

Water Level Observations \VA g:’lm% Not Encountered Remarks:

After Aft

14 Drilling: () v Drif[{pu' 0




LOG OF BORING

Boring B-11

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 433201.47 ft Station: 16616 + 53

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1223407.56 ft Offset: 81ftL

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 1975.1 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/15/15 10/15/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 21 -C
Depth | _ | & g - € > Depth

) L/ > 3 9 (ft) = = Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(fo) 3|8 ] - (f) |=|d|2 |5 a
| 7 Asphalt, black. Asphalt Pavement: 11
B i inches
L . 0.9 :
1974.1] BASE COURSE, Well-Graded GRAVEL with sand 1974.2 Base Course: 9 inches
i i (GW), medium dense, moist, brown, fine to coarse
B | grained, rounded to subangular, [A-1]. 17 |15
o i FILL, Sandy Lean CLAY (CL), medium stiff, dry to 1973.4 Auger Cuttings Bulk
[1973.1] moist, brown to light brown, [A-4]. Sample: 1.7 to 4.5 feet
i 3 i 55 4-4-4 15
[1972.1]
B b A 13|26|16|56
S
[1971.7, @ |15
i 7 45 |18
B 7 Lean CLAY with sand (CL), very stiff, dry to moist, 1970.6
| 5 ] dark brown to black, [A-7]. minor coal fragments.
:1970. 1: 73 6911
[ 6 | 6.0
1969.1 Boring Depth: 6.0 ft, Elevation: 1969.1 ft 19609.

Water Level Observations \VA g:’lm% Not Encountered Remarks:

After Aftel

14 Drilling: () v Driu[pu' 0




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 433243.25 ft

Station: 16606 + 56

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1224400.04 ft Offset: 8ftR

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 1993.8 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/15/15 10/15/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 21 - A

Depth | _ | & g - € > Depth

) L/ > 3 9 (ft) = = Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) 38 @ - M |2|3|2|] 8
| 7 Asphalt, black. Asphalt Pavement: 11.5
B J inches
1] , 1.0 ,
 1992.8 BASE COURSE, Well-Graded GRAVEL with sand 1992.8 Base Course: 9 inches
= . J| (GW), medium dense, moist, brown, fine to coarse
- R <9 grained, rounded to subangular, [A-1]. 17 cut
[ 2 ] FILL, Sandy Lean CLAY (CL), very stiff, dry to moist, | 7992.1 Auger Cuttings Bulk
17991.8 brown, subrounded, [A-6]. Sample: 1.7 to 4.5 feet
[ i 5 5-7-10 13|30|14 |54
S
1990.8
[ 4] _ 40
| 1989.8 | B FILL, Sandy Lean CLAY (CL), medium stiff, dry to 1989.8
- . moist, dark brown to brown, [A-4]. 13125/16
[ 5 |
:1988.8: 60 3.4-4
[ 6 | 6.0
1987.8 Boring Depth: 6.0 ft, Elevation: 1967.8 ft 1987.

Water Level Observations \VA g:’lm% Not Encountered Remarks:
After Aftel

14 Drilling: () v Driu[pu' 0




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 433509.17 ft

Station: 16596 + 49

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1225367.44 ft Offset: 8ftL
Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 2036.3 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/15/15 10/15/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 21 - A
Depth | _ | & g - € > Depth
IS 3 g (Ft) sl e Remarks
S22 2a © ° Material Description 9 s g and
Elev. | 8 E| 3|8 g ES Elev. |5 sl 5 Other Tests
(ft) a2 o = (f) |18 a
| 7 Asphalt, black. Asphalt Pavement: 9.5
B i inches
i i ; . 0.8 .
[ 1] Y BASE COURSE, Well-Graded GRAVEL with sand 2035.5 Base Course: 6 inches
2035.3 L N @ (GW), medium dense, moist, brown, fine to coarse 13 |11 59
- . | _grained, rounded to subangular, [A-1]. [l 2035.0
i | FILL, Sandy Lean CLAY (CL), medium stiff, dry to
| 2 moist, brown to dark brown, [A-2]. organic roots.
1 2034.3 |
[ ] 65 4-4-3 13 68 | .
uger Cuttings Bulk
B 7 Sample: 1.3 to 4.5 feet
- 3 ] Mz;x. Dry Density: 126.8
2033.3 pc
i gl §EE : 3.3 (11261634 Opt. Moisture: 10.7%
- * FILL, Clayey SAND (SC), very loose, dry to moist, 2033.0 CBR:3.7
i 7 B brown, fine to coarse grained, [A-2]. organic roots.
4
2032.3]
B N 14
[ 5 |
:2031.3: 60 2.2.2
[ 6| : : 6.0
2030.3 Boring Depth: 6.0 ft, Elevation: 2030.3 ft 030.
Water Level Observations \VA g:’lm% Not Encountered Remarks:
After Aftel
14 Drilling: () v Driu[pu' 0




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location

N: 434053.87 ft

Station: 16586 + 41

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1226210.11 ft Offset: 8ftR

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NAD83 Elevation: 2060.0 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/15/15 10/15/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 21 - A
Depth | _ | & g - € > Depth

IS 3 g (Ft) sl e Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) 38 @ - M |2|3|2|] 8
| 7 Asphalt, black. Asphalt Pavement: 9
B i inches
i i ; . 0.8 .
[ 1] Y BASE COURSE, Well-Graded GRAVEL with sand 2059.2 Base Course: 8 inches
1 2059.0] 0 @ (G\M, medium dense, moist, brown, fine to coarse 18
i ik ey grained, subangular to rounded, [A-1]. . 2015-;6 Auger Cuttings Bulk
I B FILL, Sandy SILT (ML), medium stiff, dry to moist, Sample: 1.4 to 4.5 feet
| 2 dark brown, [A-4]. organic roots.
1 2058.0 |
B b 70 5-3-5 15
[ 3|
1 2057.0 |
4 RS , , 4.0
| 2056.0 | FILL, Sandy Lean CLAY with gravel (CL), medium 2056.0
- . stiff, moist, brown to tan, subangular, [A-6). 14
[ 5 |
:2055.0: 60 2.3.4
[ 6 | : : 6.0
2054.0 Boring Depth: 6.0 ft, Elevation: 2054.0 ft 054.

Water Level Observations \VA g:’lm% Not Encountered Remarks:

After Aft

14 Drilling: () v Drif[{pu' 0




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location

N: 434673.23 ft

Station: 16576 + 68

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1226960.67 ft Offset: 8 ftL

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NAD83 Elevation: 2076.0 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/15/15 10/15/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 22 - B
Depth | _ | & g - € > Depth

IS 3 g (Ft) sl e Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) 38 @ - M |2|3|2|] 8
| 7 Asphalt, black. Asphalt Pavement: 8.75
B i inches
| ] ; . 0.7 .
- 1 Y BASE COURSE, Well-Graded GRAVEL with sand 2075.3 Base Course: 7 inches
[ 2075.0] N @ (GW), medium dense, moist, brown, fine to coarse 15
i 1K grained, subangular to round'ed, [A-1]. ' 2017-2'7 Auger Cuttings Bulk
- = FILL, Sandy SILT (ML), medium stiff to stiff, dry to Sample: 1.3 to 4.5 feet
- 2 moist, dark brown, [A-4]. organic roots.
2074.0
B i 75 7-4-5 17
[ 3 |
1 2073.0 |
S
2072.0] B
B N 14
[ 5 |
:2071.0: 60 2.3.3
[ 6 | : : 6.0
2070.0 Boring Depth: 6.0 ft, Elevation: 2070.0 ft 070.

Water Level Observations \VA g:’lm% Not Encountered Remarks:

After After

14 Drilling: () v Drilling: _()




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 435281.43 ft

Station: 16566 + 79

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1227737.89 ft Offset: 8ftR

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 2083.9 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/15/15 10/15/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 22 - B
Depth | _ | & g - € > Depth

IS 3 g (Ft) sl e Remarks

S22 2a o E Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) a2 o = (f) [S|d2|§ a
| 7 Asphalt, black. Asphalt Pavement: 9.5
B i inches
i ] ; : 0.8 .
[ 1] Y BASE COURSE, Well-Graded GRAVEL with sand 2083.1 Base Course: 8 inches
[ 2082.9 | 0 @ (GW), medium dense, moist, brown, fine to coarse
- -d <9 grained, subangular to rounded, [A-1]. 15 |10
i i FILL, Clayey SAND (SC), loose, moist to dry, brown, | 2082.4
| 2 fine to coarse grained, [A-6].
1 2081.9 |
i ] 75 7-4-5 12
[ 3 |
1 2080.9 |
B i | 10(27|14]49
B b Auger Cuttings Bulk
[ 4 ] B 40 Sample: 1.5 to 4.5 feet
[2079.9] Lean CLAY with sand (CL), medium stif, dry to 2079.9 paax. Dry Densily: 132 pef
- . moist, brown to dark brown, [A-7]. 13 Pt o
[ 5 |
:2078.9: 67 2.3.3
[ 6 | : : 6.0
2077.9 Boring Depth: 6.0 ft, Elevation: 2077.9 ft 077.

Water Level Observations \VA g:’lm% Not Encountered Remarks:

After Aftel

14 Drilling: () v Driu[pu' 0




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location

N: 435588.29 ft

Station: 16556 + 63

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1228699.97 ft Offset: 8 ftL

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NAD83 Elevation: 2071.3 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/15/15 10/15/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 22 - B
Depth | _ | & g - € > Depth

| > =8 3 g (Ft) sl e Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) 38 @ - fm (232§ 8
| 7 Asphalt, black. Asphalt Pavement: 8.75
B J inches
I ; . 0.7 ,
- 1 Y BASE COURSE, Well-Graded GRAVEL with sand 2070.6 Base Course: 7 inches
2070.3] N @ (GW), medium dense, moist, brown, fine to coarse 10
i D e grained, rounded to subangular, [AT1]. . 2017-(310 Auger Cuttings Bulk
- . FILL, Sandy Lean CLAY (CL), medium stiff, dry to Sample: 1.3 to 4.5 feet
- 2 moist, brown, [A-7].
2069.3
B i 55 5-4-4 10
[ 3 | : : 3.0
| 2068.3 | FILL, Sandy Lean CLAY with gravel (CL), medium 2068.3
= - ] stiff, moist, brown, subrounded, [A-6].
S
[ 2067.3] B
B h 14
| 5
:2066.3: 73 2.3.5
[ 6| : : 6.0
2065.3 Boring Depth: 6.0 ft, Elevation: 2065.3 ft 065.

Water Level Observations \VA g:’lm% Not Encountered Remarks:

After Aftel

14 Drilling: () v Driu[pu' 0




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 435609.56 ft

Station: 16546 + 55

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1229705.05 ft Offset: 8ftR
Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 2088.1 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/15/15 10/15/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 15-D
Depth | _ | & g - € > Depth
| > =8 3 g (Ft) sl e Remarks
S22 2a © ° Material Description 9 s g and
Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests
(ft) 38 @ - fm (232§ 8
| 7 Asphalt, black. Asphalt Pavement: 10.5
B J inches
L . 0.9 .
[2087.1] BASE COURSE, Well-Graded GRAVEL with sand 2087.2 Base Course: 8.5 inches
i i o (GW), medium dense, moist, brown, fine to coarse
i S < grained, rounded to subangular, [A-1]. 16 |23 c
| _ ; i 2086.5 Auger Cuttings Bulk
| 2 | ﬂtﬁisﬁgsvﬁgabqa%ﬁx%)y medium st dry o Sample: 1.6 to 4.5 feet
| 2086.1 | ' ' . Max. Dry Density: 127.9
B 4 pcf
5 i 55 .5 27 Opt. Moisture: 10.7%
- 3 CBR: 1.9
[ 2085.1] 3.2
B | FILL. COAL, black, fine grained, thinly bedded, very | 2084.9
- - — soft field hardness. 3.6 |[11/46/18|63
- 4 FILL, Sandy Lean CLAY (CL), medium stiff, dryto | 2084:5
[ 2084.1 B moist, brown to black, [A-7].
B h 27
| 5
12083.1] 67 3.4
B B 55
B . FILL. COAL, black, fine grained, thinly bedded, very | 2082.6
| 6 | soft field hardness. 5.9
2082.1 FILL, Sandy Lean CLAY (CL), medium stiff, dry to 2%8(2)-
moist, brown to black, [A-7]. 082.
Boring Depth: 6.0 ft, Elevation: 2082.1 ft
Water Level Observations \VA g:’lm% Not Encountered Remarks:
After Afte
14 Drilling: () v Driu[pu' 0




LOG OF BORING

Sheet 1 of 2

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 435559.75 ft

Station: 16536 + 45

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:22 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1230714.12 ft Offset: 8 ftL
Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NAD83 Elevation: 2148.4 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/15/15 10/15/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 15-D
Depth | _ | & g - € > Depth
IS 3 g (Ft) sl e Remarks
S22 2a © ° Material Description 9 s g and
Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests
(ft) 38 @ - M |2|3|2|] 8
Asphalt, black. Asphalt Pavement: 9
- - inches
- . : . 0.8 .
.J BASE COURSE, Well-Graded GRAVEL with sand 2147.6 Base Course: 13 inches
B T N @ (GW), medium dense, moist, brown, fine to coarse
i | 2.4 grained, subangular to rounded, [A-1].
O 1.8
| 2 FILL, Fat CLAY (CL), stiff, moist, gray to dark red, 2146.6
2146.4 AT]
B b 33
B 7 60 4-4-5
| 4 N\
2144.4
§ ] 60 2-5-7 - - 52 |67 36
COAL, black, fine grained, thinly bedded, very soft 2143.2
- B field hardness.
6
[2142.4) L
[ 26
| 8
2140.4 100 4-5-10 - , 8.3
i 7 Fat CLAY (CH), very stiff to stiff, dry to moist, grayto | 2140. 1
B | white, [A-7]. alkali layering.
o (= 2
| 10 |
21384 87 6-11-15
i | [\ 26(54|19|95
B 4 Auger Cuttings Bulk
Sample: 11.0 to 14.5 feet
B b Max. Dry Density: 111 pcf
| 12| Opt. Moisture: 14%
2136.4 B
Water Level Observations \VA g:’lm% Not Encountered Remarks:
After Aftel
14 Drilling: () v Driu[pu' 0




LOG OF BORING

Sheet 2 of 2

Project: ND 1804 Reconstruction

Rig: Diedrich D-50 |Boring Location

N: 435559.75 ft Station: 16536 + 45

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:22 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1230714.12 ft Offset: 8ftL

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 2148.4 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/15/15 10/15/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 15-D
Depth | _ | & g — k= > Depth

W S| > =8 3 g () sl e Remarks

cSleigia © S Material Description 9 e 8 and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) a2 o = (f) [S|d2|§ a
= - 7,
| 14| B // 13| NP
2134.4 4 14.2
i | i Sandy SILT (ML), hard, dry to moist, tan to gray, 2134.2
5 4 100 10-19-22 [A-4]
| 16|
2132.4
i | L 17| |NP|67
| 18 | 100 15-15-18
2130.4
[ 22
20 Sandy SILT (ML), very stiff, moist, gray to light 211256 112119/67
2128.4 100 8-11-11 orange, [A-4] ’ Auger Cuttings Bulk
= - ' ' Sample: 20.0 to 24.0 feet

Max. Dry Density: 123 pcf
B 7 / Opt. Moisture: 11%
| 22 | B
2126.4
- 60 2-4-4 g v 232 (60
Interbedded COAL, black, fine grained, thinly 2125.2

B y bedded, very soft field hardness.

24
[2124.4) L
- N 32
- 7 : : : 24.9
| i ooeseo|  Silty SAND (SM), medium dense, moist, tan to 2123.5

80 4-5-1 B2z orange, fine grained, [A-4].
[ 26 | DOCA _ : 26.0
2122.4 Boring Depth: 26.0 ft, Elevation: 2122.4 ft 122.
Water Level Observations \VA g:’lm% Not Encountered Remarks:

After Aftel

14 Drilling: () v Driu[pu' 0




LOG OF BORING

Sheet 1 of 3

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 435570.42 ft

Station: 16534 + 01

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:22 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1230958.81 ft Offset: 8ftR
Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 2156.6 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/15/15 10/15/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 15-D
Depth | _ | & g - € > Depth
IS 3 g (Ft) sl e Remarks
cSleigia o S Material Description 9 s g and
Elev. | 8 E| 3|8 g £ Elev. |5 sl 5 Other Tests
(ft) 38 @ - M |2|3|2|] 8
Asphalt, black. Asphalt Pavement: 9.5
- - inches
- . : . 0.8 .
.J BASE COURSE, Well-Graded GRAVEL with sand 2155.8 Base Course: 12 inches
B T N @ (GW), medium dense, moist, brown, fine to coarse
i | 2.4 grained, subangular to rounded, [A-1].
O 1.8
| 2 FILL, Sandy Fat CLAY (CH), stiff, moist, orange to 2154.8
2154.6 light green, [A-7].
- 24
B 7 87 3-4-6
5 : : 35
i . 7 7 Fat CLAY (CH), very stiff, dry to moist, brown to tan, | 2153.1
| iy g A-T].
2152.6 / ]
B T L % 22|53|20(91
B 7 100 3-6-10 %
o (& %
2150.6 /
- . 7/ . , I 6.5
| | 7 Fat CLAY with sand (CH), stiff to very stiff, moist, 2150.1
/ gray to orange, [A-7]. minor coal fragments.
o 7 s
[ 8 | %
2145.6] 93 3.5.6 %
- { % o
| 10 | /
2746.6 107 4-8-9 %
2144.6 %
: : 13.1 |65
B 7 73 3-5-5 Interbedded COAL, black, fine grained, thinly 2143.5
Water Level Observations \VA g:’lm% Not Encountered Remarks:
After Aft
14 Drilling: () v Drif[{pu' 0




LOG OF BORING

Boring B-20

Sheet 2 of 3

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 435570.42 ft Station: 16534 + 01

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:22 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1230958.81 ft Offset: 8ftR

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 2156.6 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/15/15 10/15/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 15-D
Depth | _ | & g - € > Depth

IS 3 g (Ft) sl e Remarks

cSleigia o S Material Description 9 s g and

Elev. | 8 E| 3|8 g £ Elev. |5 sl 5 Other Tests

(ft) 38 @ - M |2|3|2|] 8
i 7 bedded, very soft field hardness. USCS
| 14 classification - Sandy Elastic Silt.
2142.6
B 7 L 52|52|35|57
B 7 80 3-3-8
I 16 | Fat CLAY with sand (CH), very stiff, moist, light T
o ~ — ) ) ) 2140.8
2140.6 / green to orange, [A-7].
- 7 R 16.5
| | 7 Fat CLAY (CH), very stiff to stiff, moist, green to 2140.1

/ orange, [A-7].
= 7 ’
[ 18| %
2138.6 107 6-8-10 %
: : % 28(58|24|98
@1?3’% 6| % 25|92/21/94 Al C Bulk
. uger Cuttings Bu
s - & 6-6-7 / Sample: 20.0 to 22.5 feet
/ Max. Dry Density: 115 pcf

B 7 /O / Opt. Moisture: 15%
P \E 7
2134.6 /
- b % 20
- 100 90-11-12 YA 234
- - - Sandy SILT (ML), very soft to very stiff, moisttowet, | 27133.2

24 gray to tan, fine grained, [A-4]. natural moisture
21326\ @ | | above optimum at 27.5 to 34.0 feet.
B b 18
B 7 33 2-2-2
| 26 @)
2130.6

Water Level Observations \VA g:’lm% Not Encountered Remarks:

After Afte

14 Drilling: () v Driu[pu' 0




LOG OF BORING

Sheet 3 of 3

Project: ND 1804 Reconstruction

Rig: Diedrich D-50
Hammer: Auto

Boring Location N: 435570.42 ft
Coordinates E: 1230958.81 ft

Station: 16534 + 01
Offset: 8 ft R

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 2156.6 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/15/15 10/15/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 15-D
Depth | _ | & g - € > Depth

IS 3 g (Ft) sl e Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) 38 @ - M |2|3|2|] 8
[ 12| |NP|62
| 28
2128.6 13 1-1-WH
[ 23
| 30
2126.6 27 1-1-1
| 32
2124.6
B T L 60
B 7 27 3-3-3
| 34 W\
2122.6
B 7 87 5-12-14
| 36 @
2120.6
L _ : 36.5

Boring Depth: 36.5 ft, Elevation: 2120.1 ft \2120_1
Water Level Observations zg:’l“n‘% Not Encountered Remarks:
After After

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:22 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

14 Drilling: ()

! Drilling: ()




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 435471.75 ft

Station: 16516 + 58

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1232698.79 ft Offset: 8ftL

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 2166.8 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/16/15 10/16/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 14 - C

Depth | _ | & g — k= > Depth

IS 3 g (Ft) sl e Remarks

S22 2a o E Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) a2 o = (f) [S|d2|§ a
| 7 Asphalt, black. Asphalt Pavement: 10.25
B i inches
L . 0.9 :
[2165.8 ] BASE COURSE, Well-Graded GRAVEL with sand 2165.9 Base Course: 8 inches
i i o (G\M, medium dense, moist, brown, fine to coarse 11
i T — grained, rounded to subangular, [A-1] 21162.3 Auger Cutings Bulk
- 5 FILL, Sandy SILT (ML), stiff, moist, brown, [A-4]. Sample: 1.5 to 4.5 feet
[2164.8]
| | -4- 25 |16
S 8 5-4-5 Sandy SILT (ML), stff, moiss, brown, [A-4] 2164.3
S
[2163.8]
S
[2162.8] B
i 7 45 |14
- B Sandy Lean CLAY (CL), stiff, moist, brown, [A-7]. 2162.3
[ 5 |
:2161.8: 47 2.4-5
[ 6 | : : 6.0
2160.8 Boring Depth: 6.0 ft, Elevation: 2160.8 ft 160.

Water Level Observations \VA g:’lm% Not Encountered Remarks:
After Aftel

14 Drilling: () v Driu[pu' 0




LOG OF BORING

Sheet 1 of 3

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:26 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ
T T

Project: ND 1804 Reconstruction Rig: Diedrich D-50 |Boring Location N: 433309.5 ft Station: 16664 + 74
Hammer: Auto Coordinates E: 1218654.51 ft Offset: 58 ft L
Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NAD83 Elevation: 1861.3 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/22/15 10/22/15 None Handheld GPS, Uncorrected Plans
Driller: Jared Zak Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 20 - C
Depth | _ | & g - € > Depth
IS 3 g (Ft) sl e Remarks
cSleigia o S Material Description 9 s g and
Elev. | 8 E| 3|8 g £ Elev. |5 sl 5 Other Tests
(ft) a2 o = (f) [S|d2|§ a
TOPSOIL, Sandy Lean CLAY (CL), Boulders, moist 0.3
i 7 %3 3-4-4 to wet, black. [ 1861.0
- . Sandy Lean CLAY (CL), medium stiff to soft, moist to
| | wet, brown, [A-7]. organic roots and occasional
X 20 3-3-2 gravel, cobbles and boulders.
| 5 |
1856.3 X 40 2-2-2 5.6
f Clayey SAND (SC), very loose, moist to wet, brown, | 1855.7
i | fine grained, [A-2].
i ] X 53 1-1-1 : : 8.4
i _ 2oca0|  Silty SAND (SM), very loose to loose, moist to wet, 1852.9
10 sz%zi brown, medium grained, [A-3].
1851.3 X 60 WH-1-1 Fes
o ci
i 7 e
i | XGO 3-2-4 e z 140
15 <.%% Poorly-Graded SAND (SP), loose, wet, brown, fineto | 1847.3
1846.3 X 73 2.3-4 coarse grained, [A-2].
i 7 60 3-3-6 . 18.2
| | AN Clayey GRAVEL with sand (GC), loose, wet, gray, 1843.1
20 fine to coarse grained, subrounded to subangular, 19.5
1841.3 X 47 3-3-2 (A2 [| 1841.8
B [\ ‘e| Poorly-Graded SAND with gravel (SP), loose, wet,
gray, fine to coarse grained, subrounded to rounded, 220
] 7/ A2 1839.3
i 7 % Fat CLAY (CH), soft, moist, gray, [A-7].
| 25 | /
1836.3 X 93 2-1-3 %
i 30 | é 30.0 33|65(18|99| 92 |UCS: 1.474 ksf
- - Direct Shear: 14.0 d
1831.3 100 7 Fat CLAY (CH), soft to medium stiff, moist, dark gray | 1831.3 C';ﬁgsion??{zm ksfeg
i 7 / to brown, [A-7]. dark green with gray mottling at 44.5
i | % feet.
7
(7324 3 100 1:2-1 A
Water Level Observations VA During Remarks:
\~ Drilling: 13.5 ft (1847.8 ft) :
After Aft
14 Drilling: () v Drif[{pu' 0




LOG OF BORING

Sheet 2 of 3

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 433309.5 ft

Station: 16664 + 74

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:26 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1218654.51 ft Offset: 58 ft L
Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NAD83 Elevation: 1861.3 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/22/15 10/22/15 None Handheld GPS, Uncorrected Plans
Driller: Jared Zak Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 20 - C
Depth | _ | & g - € > Depth
IS 3 g (Ft) sl e Remarks
cSleigia o ° Material Description 9 s g and
Elev. | 8 E| 3|8 g £ Elev. |5 sl 5 Other Tests
(ft) a2 o = (f) [S|d2|§ a
[ ] ?
| 40 | %
1821.3 Xmo 1-2-1 /
m 7
1816.3 Xuo 2-3-2 %
| | / : 48.0
Poorly-Graded GRAVEL with sand (GP), dense, wet, | 18713.3
i 7 brown to gray, fine to coarse grained, rounded to
| 50 subrounded, [A-1]. intermittent 2 to 3 inch thick silty
1811.3 87 14-19-21 sand layers.
I , : : 54.0
55 Silty SAND (SM), medium dense, moist, gray to 1807.3
1806.3 X 80 6-9-11 e black, medium grained, [A-3]. coal fragments.
R koo 58.0
/ Fat CLAY (CH), very stiff to hard, moist, bluish gray | 1803.3
B . , / to black, [A-7]. black lignite layering.
1801.3 Xmo 6-11-15 %
1796.3 X 93 13-20-29 %
,17;01 3] R 93 192231 é 17/64/20100 113 | UCS: 13.9 ksf
~ - 7
W . During .
ater Level Observations \VA Drilling: 13.5 ft (1847.8 ff) Remarks:
After Aft
14 Drilling: () v Drif[{pu' 0




LOG OF BORING

Sheet 3 of 3

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 433309.5 ft

Station: 16664 + 74

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:26 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ
T

Hammer: Auto Coordinates E: 1218654.51 ft Offset: 58 ft L
Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NAD83 Elevation: 1861.3 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/22/15 10/22/15 None Handheld GPS, Uncorrected Plans
Driller: Jared Zak Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 20 - C
Depth | _ | & g - € > Depth
IS 3 g (Ft) sl e Remarks
cSleigia o S Material Description 9 s g and
Elev. | 8 E| 3|8 g £ Elev. |5 sl 5 Other Tests
(ft) 38 @ - M |2|3|2|] 8
%
BN /A - - 745
5786.31 X 87 8.21-19 7 Fat CLAY (CH), hard, dry to moist, turquoise, [A-7]. | 1786.8
| 50 | Vé Fat CLAY with sand (CH), hard, dry to moist [
u | e a with san , hard, dry to moist, gray, 1781.8
7787'37 X113 13-15-19 % [A-7]. minor black lignite layering.
1776.3 Xm? 15-20-27 %
| 90 4 90.0
1771.3 100 13-18-28 7 Sandy Fat CLAY (CH), hard, dry to moist, bluish 1771.3
i T % gray, [A-7].
| 95 | %
80 18-21-25 /
1766.3 A | | oo
Boring Depth: 96.0 ft, Elevation: 1765.3 ft 1765.
W s During .
ater Level Observations \VA Drilling: 13.5 ft (1847.8 ff) Remarks:
After Aft
14 Drilling: () v Drif[{pu' 0




LOG OF BORING

Sheet 1 of 3

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 433483.95 ft

Station: 16663 + 50

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:26 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ
T

Hammer: Auto Coordinates E: 1218956.91 ft Offset: 36 ft R
Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 1868.5 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/21/15 10/22/15 None Handheld GPS, Uncorrected Plans
Driller: Jared Zak Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 20 - B
Depth | _ | & g - € > Depth
IS 3 g (Ft) sl e Remarks
S22 2a © ° Material Description 9 s g and
Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests
(ft) 38 @ - M |2|3|2|] 8
0.3
| | 60 4-4.5 EBEEOIL, Sandy Lean CLAY (CL), Boulders, dry, [ 1868.2
- . FILL, Sandy Lean CLAY (CL), stiff to medium stiff,
| | dry to moist, brown, [A-7]. coal layering at 5.6 feet
X 53 3-5-6 and organic roots to 8.5 feet.
| 5
1863.5 X 60 9-7-5
i ] X 40 7-6-2
I 10 ] Clayey SAND (SC), loose, moist, brown, medium 1{?5'20
7858.5 X 67 5:3-3 % grained, 3. '
: 12.8
§ N 60 10-4-2 POOI’|y-GI'aded SAND (SP), |OOSe, moist to Wet, 1855.7 Auger Cumngs Bulks
- - brown to orange, fine grained, [A-2]. Sample: 13.0 to 15.0 feet
15
1853.5| 87 3-4-7 Y 15.7
i 7 Poorly-Graded SAND with clay and gravel (SP-SC), | 1852.8
| 4 7] medium dense, wet, brown, fine to coarse grained,
“2, rounded, [A-2]. 1;;-150
i ] X 93 5-7-9 q Poorly-Graded SAND with gravel (SP), medium :
B B — &| dense to loose, wet, brown to multi-colored, fine to
| 20 | -4 coarse grained, rounded, [A-2].
1848.5 73 8-9-9 q
B 1 [ | L 2
R |
§ N e
| 25 | R |
1843.5 X% 3-5-5 P
B | <
L 2
- . R |
| 30 | .
1838.5 X 27 2-4-1 ~ 30.8
i 7 Gravelly Lean CLAY (CL), medium stiff, wet, gray, 1837.7
- . rounded, [A-6]. 31.0
i _ Silty CLAY (CL-ML), soft, moist to wet, brown, [A-7]. | 7837.5
35
11833 5] 53 1-2-1
W s During .
ater Level Observations \VA Drilling: 15.4 ft (1853.1 ff) Remarks:
After Aft
14 Drilling: () v Drif[{pu' 0




LOG OF BORING

Sheet 2 of 3

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 433483.95 ft

Station: 16663 + 50

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:26 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1218956.91 ft Offset: 36 ft R
Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NAD83 Elevation: 1868.5 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/21/15 10/22/15 None Handheld GPS, Uncorrected Plans
Driller: Jared Zak Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 20 - B
Depth | _ | & g - € > Depth
| > =8 3 g (Ft) sl e Remarks
S22 2a © ° Material Description 9 s g and
Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests
(ft) 38 @ - fm (232§ 8
i i , 38.0
// Sandy Fat CLAY (CH), very soft, moist, gray, [A-7]. 1830.5
[ 40 | Y/ — 40.0
1828.5 100 1-1-1 / Fat CLAY (CH), very soft to stiff, moist, gray, [A-7]. 1828.5
i 45 | / 29|60(18(96| 92 |UCS: 1.852 ksf
582351 / Direct Shear: 24.7 deg
Baad 100 % Cohesion: 0.202 ksf
1818.5 X107 4-4-5 /
| i A _ : 52.0
023 Silty SAND (SM), very loose, wet, brown, medium 1816.5
i 7 Zf%%f grained, [A-3].
| 55 | 5o
1813.5 X 53 2-1-2  [eie
; 60 : ?OQ Sandy Fat CLAY (CH), stiff to very stiff, moist, gray 12?)95 0
1808.5 X 47 3-5-7 / o an, [AT] ’ » OISk :
1803.5 893 9-15-19 % 2110121(59| 111 | UCS: 5.11 ksf
87 7-11-22 /Y
1798.5 A
W s During .
ater Level Observations \VA Drilling: 15.4 ft (1853.1 ff) Remarks:
After Aft
14 Drilling: () v Drif[{pu' 0




LOG OF BORING

Sheet 3 of 3

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location

N: 433483.95 ft

Station: 16663 + 50

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:26 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1218956.91 ft Offset: 36 ftR
Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 1868.5 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/21/15 10/22/15 None Handheld GPS, Uncorrected Plans
Driller: Jared Zak Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 20 - B
Depth | _ | & g — k= > Depth
| > =8 3 g (Ft) sl e Remarks
Sl2 ¢gg o S Material Description 9 s 8 and
Elev. | 8 E| 3|8 g £ Elev. |5 sl 5 Other Tests
(ft) a2 o = (f) [S|d2|§ a
%
| 7 VA Fat CLAY (CH) tiff, moist, gray to tan, [A-7] [bs?
= _| 4a a , very stiff, moist, gray to tan, [A-7]. 1794.0
77793'57 100 9-13-16 % black lignite layering.
| w0 Vé Fat CLAY (CH) 1iff to hard, moist, bluish [
u _| 0. a , very stiff to hard, moist, bluish gray, | 1789.0
77788'57 100 9-12-16 % [A-7]. coal and alkali fragments.
1783.5 93 9-15-19 %
i % : : 89.0
9% 7 Fat CLAY (CH), hard, moist to dry, bluish gray to 1779.5
1778.5 ] 107 8-14-34 / cream white, [A-7]. slow drilling at 93.0 feet, minor
i % coal seams.
E 95 % 18(84|24100 114 | UCS: 21.98 ksf
[1773.5 %
B 75|74 Z
| 100 %
1768.5 %
- 82|55 %
| 4 : : 104.5
Boring Depth: 104.5 ft, Elevation: 1764.0 ft 1764.0
Water Level Observations v/ During Remarks:
- ¥ [Z\l;ltlélpg: 15.4 ft (1853.1 ft)
14 Drilling: () v Drilling: _()




LOG OF BORING

Sheet 1 of 3

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Hammer: Auto Coordinates

Boring Location N: 435683.65 ft
E: 1230657.92 ft

Station: 16537 + 06
Offset: 118 ft R

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:23 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 2161.4 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/21/15 10/21/15 None Handheld GPS, Uncorrected Plans
Driller: Jared Zak Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 15-D
Depth | _ | & g - € > Depth
| > =8 3 g (Ft) sl e Remarks
S22 2a © ° Material Description 9 s g and
Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests
(ft) 38 @ - fm (232§ 8
i i 27 1 TOPSOIL, Silty CLAY (CL-ML), moist, black, [A-7]. 0.3
i i 67 9.2.9 Sandy SILT (ML), soft to stiff, moist, brown, [A-4]. 2161.1
[ 2|
72159.47
B 7 60 3-6-8 26
Bl VR Fat CLAY with sand (CH), stiff, dry to moist, brown, | 2157.8
2157.4| [A-T].
B i 4.8
| | Sandy Fat CLAY (CH), medium stiff to stiff, dry to 2156.6
[ 87 5-3-4 moist, brown, [A-7].
| 6 M/ \
72155.47
[ s |
[2153.4] 73 3-4-7
- 4 ] o5 Auger Cuttings Bulk
et 1 Y/ FatCLAY with sand (CH), stiff, moist, brown to 2151.9 Sample: 8010 125 fee
2151.4] 93 957 orange, [A-7].
Kl 1=
2149.4
B B 25(69|24 98 |UCS: 8.17 ksf
B i 100
| 14| 14.0
2747.4 Fat CLAY (CH), very stiff, moist, gray, [A-7]. white 2147.4
| | mottling with gysum.
B 7 80 4-8-11
O A
72145.47
Water Level Observations \VA g:’lm% Not Encountered Remarks:
After After
14 Drilling: () v Drilling: _()




LOG OF BORING

Sheet 2 of 3

Project: ND 1804 Reconstruction

Hammer: Auto Coordinates

Rig: Diedrich D-50 |Boring Location N: 435683.65 ft
E: 1230657.92 ft

Station: 16537 + 06
Offset: 118 ft R

Project Number:

Boring Diameter: |System: Local Coordinates

Top of Boring

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:23 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

7-804(055)304 6" Datum: NADS83 Elevation: 2161.4 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/21/15 10/21/15 None Handheld GPS, Uncorrected Plans
Driller: Jared Zak Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 15-D
Depth | _ | & g - € > Depth
IS 3 g (Ft) sl e Remarks
cSleigia o S Material Description 9 s g and
Elev. &/ | 8|8 3 § Elev. |5 | |12 & Other Tests
(ft) 38 o (f) |Sd &N a
[ 15 | Interbedded COAL, black, fine grained, thinly 17.5
2143.4 53 4-4. bedded, very soft field hardness. 2143.9
| IR I 19.2
| iy = Fat CLAY (CH), very stiff, moist, gray to black, [A-7]. | 2142.2
[ 20 | / 0.25 t0 0.75 inch thick coal seams throughout strata.
21414 73 6-10-13 %
| 2 %
72139.47 %
B i 100 /
| 24| /
72137.47 %
B 7 100 6-11-16 %
[ % | @/ \ /
72135.47 B %
o = ,4 | _ s
28 7 Fat CLAY with sand (CH), hard, moist, light brownto | 27133.9
21334 93 6-16-17 % gray, (A7)
[ % _ 295
30 / Fat CLAY (CH), stiff, moist, gray to black, [A-7].0.25 | 2131.9
2131.4 73 5.6- % to 0.75 inch thick coal seams throughout strata.
[ 32 | /
72129.47 %
e %
| | /
2127.4] A 34.4
| | ooer|  Silty SAND (SM), dense, moist, gray, fine grained, 2127.0
Water Level Observations \VA g:’lh'ggg Not Encountered Remarks:
After Aft
14 Drilling: () v Driﬂn.u' 0




LOG OF BORING

Sheet 3 of 3

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Hammer: Auto Coordinates

Boring Location N: 435683.65 ft
E: 1230657.92 ft

Station: 16537 + 06
Offset: 118 ft R

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:23 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 2161.4 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/21/15 10/21/15 None Handheld GPS, Uncorrected Plans
Driller: Jared Zak Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 15-D

Depth | _ | & g - € > Depth

IS 3 g (Ft) sl e Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) 38 @ - M |2|3|2|] 8
- : 100 13-18-22 |eoger  [A4]
S ot
| 36| 520 %)
2125.4 oo %
i 7 o]
- e
] 5% , 375
[ 3 | - fSandy SILL’ (I\//_{Lz)l, hard, moist to dry, gray to yellow, 2123.9
2123.4] 13 | 14-28-31 ine grained, [A-4]
[ 40
21214 93 14-23-21
[ 4 | |
2119.4 -
- ay Al . ‘ _ 425
i | / Fat CLAY (CH), hard, moist, tan to light orange, 2118.9
| | 100 10-18-22 % [A-7]. silty in part.
R 7R /
7211 7.47 %
B b 107 11-14-20 %
R VA /
[2115.4] /
[ 48 | %
21134 107 9-15-26 /
i i 7/ : : 49.0

Boring Depth: 49.0 ft, Elevation: 2112.4 ft 271124
Water Level Observations \VA g:’lm% Not Encountered Remarks:
After Aftel

14 Drilling: () v Driu[pu' 0




LOG OF BORING

Sheet 1 of 3

Project: ND 1804 Reconstruction

Rig: Diedrich D-50
Hammer: Auto

Boring Location N: 435690.06 ft
E: 1231011.01 ft

Coordinates

Station: 16533 + 54
Offset: 139 ftR

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:23 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NAD83 Elevation: 2174.6 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/21/15 10/21/15 None Handheld GPS, Uncorrected Plans
Driller: Jared Zak Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 15-D
Depth | _ | & g - € > Depth
IS 3 g (Ft) sl e Remarks
S22 2a © ° Material Description 9 s g and
Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests
(ft) 38 @ - M |2|3|2|] 8
4 TOPSOIL, Sandy Lean CLAY (CL), moist, black, 0.4
i | 7 AT, /1 217
B 67 3.6.3 | 2174.2
/ Sandy Fat CLAY (CH), stiff, dry to moist, brown,
i i AR / [A-7]. organic roots.
[ 2| A 2.0
2172.6 | 7 Fat CLAY with sand (CH), stiff to medium stiff, dryto | 2172.6
| | / moist, brown, [A-7].
- 60 3-6-7 %
[« |4 /
2170.6 /
B 7 80 3-4-4 % Auger Cuttings Bulk
B i / Sample: 5.0 to 7.5 feet
6 d
21686 | | | %
R - % | | | 76
| 8 | ovara;| - Silty SAND (SM), medium dense, dry to moist, tan, 2167.0
2166.6 | 67 5.7-8 == finegrained, [A-4].
o g8
2164.6 e
§ N 80 o o201
|2 o
2162.6] Cea
beeo : : 12.7
B 7 Clayey SAND (SC), medium dense, dry to moist, 2161.9
i 7 80 4-8-11 tan, fine grained, [A-6].
L A
72160.67
B ] . 15.2 Auger Cuttings Bulk
| | 87 5-8-13 7 Fat CLAY (CH), medium stiff to very stiff, moist, 2159.4 S:?nepﬂeﬂ 5'”3 fo 1u7_5 feet
16 / brown to gray, [A-7].
21586\ @ || %
= %
Water Level Observations \VA g:’lh'n% Not Encountered Remarks:
After Afte
14 Drilling: () v Driu[pu' 0




LOG OF BORING

Sheet 2 of 3

Project: ND 1804 Reconstruction

Rig: Diedrich D-50
Hammer: Auto

Boring Location N: 435690.06 ft
E: 1231011.01 ft

Coordinates

Station: 16533 + 54
Offset: 139 ftR

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:23 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 2174.6 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/21/15 10/21/15 None Handheld GPS, Uncorrected Plans
Driller: Jared Zak Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 15-D
Depth | _ | & g - € > Depth
IS 3 g (Ft) sl e Remarks
S22 2a © ° Material Description 9 s g and
Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests
(ft) 38 @ - M |2|3|2|] 8
E = 7,
| 18| 7/
72756.67 67 4-3-2 /
- ,A — : 18.9
i | / Fat CLAY (CH), medium stiff, wet to moist, orange to | 2155.7
B _ / black, [A-7]. coal seams with wet clay. 28(87|22|99| 96 |UCS: 6.186 ksf
20 / Direct Shear: 20.4 deg
[2154.6 | / Cohesion: 2.028 ksf
§ N 100 /
i b 7/ : : : 21.0
= . 7 Fat CLAY (CH), stiff to very stiff, dry to moist, gray, 2153.6
R / [A-7]. 0.25 t0 0.5 inches coal seams at 23.5 feet.
2152.6] %
B 7 100 5-9-13 %
[ 2 | /
72150.67 %
B b 93 4-7-8 %
[ 26 /
72148.67 %
[ 28 | / S 27.9
2146.6 73 6-11-21 Interbedded COAL, black, fine grained, thinly 2146.7
B . bedded, very soft field hardness.
| i 28.8
| | Fat CLAY (CH), very stiff to hard, dry to moist, gray, 2145.8
I | [A-T.
| 30 |
[2744.6 | 80 6-10-15
[ 32 |
72142.67
B b 100 8-15-19
[ 3¢
72140.67
. z.
Water Level Observations \VA g:’lm% Not Encountered Remarks:
After After
14 Drilling: () v Drilling: _()




LOG OF BORING

Sheet 3 of 3

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Hammer: Auto Coordinates

Boring Location N: 435690.06 ft
E: 1231011.01 ft

Station: 16533 + 54
Offset: 139 ftR

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:23 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 2174.6 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/21/15 10/21/15 None Handheld GPS, Uncorrected Plans
Driller: Jared Zak Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 15-D
Depth | _ | & g - € > Depth
IS 3 g (Ft) sl e Remarks
S22 2a © ° Material Description 9 s g and
Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests
(ft) 38 @ - M |2|3|2|] 8
B TO0 7,
/. _ 35.4
% oog;  Silty SAND (SM), very dense, dry to moist, light gray, | 2139.2
? 138, Gi %if‘i? fine grained, [A-4].
[ 3 | Rl
2736.6 | 100 19-26-32 [k
| w0 =
2134.6] 107 17-32-27  [po%ecs)
[ 4 | e
2132.6 % % %)
- R : — 42.9
B 93 3.4.5 / Fat CLAY (CH), stiff to very stiff, moist, gray to black, | 2131.7
i / [A-7]. thin coal seams with coarse silica fragments.
| 44 | /
2130.6 %
i 80 4-8-11 /
B : : 456
| 46 | Interbedded COAL, black, fine grained, thinly 2129.0
2128.6 | bedded, very soft field hardness.
B , : 476
| 48 | Fat CLAY with sand (CH), hard, dry to moist, tan to 2127.0
72726. 67 93 13-22-31 % gray, [A-7]
B % 49.2
| e Silty SAND (SM), very dense, dry to moist, light gray | 2125.4
50 ii%%i to tan, fine grained, [A-4].
[2124.6] 120 16-33-44 e
i ‘i%z% 51.0
Boring Depth: 51.0 ft, Elevation: 2123.6 ft 51536
- Water Level Observations \VA g:’lm% Not Encountered Remarks:
er Aftel
14 Drilling: () v Driu[pu' 0




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Hammer: Auto Coordinates

Boring Location N: 433211.12 ft
E: 1224955.25 ft

Station: 16601 + 30
Offset: 143 ft L

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 2014.1 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/15/15 10/15/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 21 - A
Depth | _ | & g - € > Depth

IS 3 g (Ft) sl e Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g ES Elev. |5 sl 5 Other Tests

(ft) a2 o = (f) [S|d2|§ a
| 7 Asphalt, black. Asphalt Pavement: 9.25
B i inches
i i ; . 0.8 .
[ 1] Y BASE COURSE, Well-Graded GRAVEL with sand 2013.3 Base Course: 7 inches
1 2013.1] 0 @ (GW), medium dense, moist, brown, fine to coarse 10
i K I grained, rounded to sgbangular, A1), | 2011-‘2" , Aguer Cutings Bulk
I ] FILL, Clayey SAND with gravel (SC), Boulders, stiff, Sample: 1.4 to 4.5 feet
| 2 moist to dry, brown to multi-colored, [A-6].
1 2012.1 |
I 25 7.5.7 12/31/12
[ 3|
1 2011.1 |
S
[2010.1] B
i i 0 50/0.4ft 49

Boring Depth: 4.9 ft, Elevation: 2009.2 ft 009.
Water Level Observations \VA g:’lm% Not Encountered Remarks:

After Aftel

14 Drilling: () v Driu[pu' 0




LOG OF BORING

Sheet 1 of 1

Project: ND 1804 Reconstruction

Rig: Diedrich D-50

Boring Location N: 435531.04 ft

Station: 16526 + 55

2) MDT LOG OF BORING - MDT_REVISED 2009+(CPT IMPORT).GDT - 12/8/15 11:20 - Q:\24\20997\BORING LOGS\1804 RECONSTRUCTION - CENTERLINE SOIL SURVEY LOGS.GPJ

Hammer: Auto Coordinates E: 1231703.66 ft Offset: 8 ftR

Project Number: UPN: Boring Diameter: |System: Local Coordinates Top of Boring
7-804(055)304 6" Datum: NADS83 Elevation: 2140.8 ft
Date Started: Date Finished: Drilling Fluid: Location Source: Elevation Source:
10/16/15 10/16/15 None Handheld GPS, Uncorrected Plans
Driller: Dave Tokar Abandonment Method: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuttings 154N 100W 15-D
Depth | _ | & g - € > Depth

) L/ > 3 9 (ft) = = Remarks

S22 2a © ° Material Description 9 s g and

Elev. | 8 E| 3|8 g E= Elev. |5 sl 5 Other Tests

(ft) 38 @ - M |2|3|2|] 8
| 7 Asphalt, black. Asphalt Pavement - 10.5
B J inches
L . 0.9 ,
[2139.8] BASE COURSE, Well-Graded GRAVEL with sand 2139.9 Base Course - 10 inches
i i (GW), medium dense, moist, brown, fine to coarse
B | grained, rounded to subangular, [A-1]. 17
- 2 FILL, Silty SAND (SM), medium dense, moist, tan to 2139.1
[2138.8] orange, fine grained, [A-4]. Auger Cuttings Bulk
B J Sample - 2.0 to 4.5 feet
I ] 40 4-6-6
| 3 |
12137.8]
| | _ 34
B _ Sandy Lean CLAY (CL), stiff, moist, light brown to 2137.4
el 1N black, [A-7]. minor coal seams.
21368 @ ||
5 |
12135.8]
T 60 3-4-5
| 6 |
12134.8 [
7]
12133.8]
| 8 |
:2132'8: 87 4-18-37
| | 7 : 8.6
- o -2 Interbedded SANDSTONE, orange, fine grained, 2132.2
2131.5| R : very thinly bedded, soft field hardness. 92
B il ooegog|  Silty SAND (SM), medium dense, moist, brown, 2131.6
- . ijij%j medium grained, [A-4].
[ 10 ] S
:2130.8: 53 5.7.4 z%i
[ 11 Kz 11.0
2129.8 Boring Depth: 11.0 ft, Elevation: 2129.8 ft 2729.8

Water Level Observations \VA g:’lm% Not Encountered Remarks:

After Afte

14 Drilling: () v Driu[pu' 0




APPENDIX C

LABORATORY TEST RESULTS




1804 RECONSTRUCTION

Lab Testing Sampling Summary

Project No.: 6024.20997.01

SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS

NORTH DAKOTA DEPARTMENT OF TRANSPORTATION

Designation: 7-804(055)304

ND 1804 PHASE 1 RECONSTRUCTION

LABORATORY TESTING SUMMARY
County: Williams

Length: 21,250 feet

GEOTECHNICAL INVESTIGATION

Date: December 7, 2015

Submitted by: DOWL

Title: Geotechnical Consultant

Greg Underhill, PE

Adam McGill, PE

Geotechnical Engineer

Project Manager

z Q o g 8 X
@ o Z0 ) 5 E z = 5] ' & w |o S A T
u y E w EZ = | £ s <=1 21s|ssl*|8|2.[28)] ¢ |5.
= o T 9] o) 7} S . w o o = o 4 5 u <z S S 5=
5 @ o Z W E b Lo = g g z |£° 7 cleg|ze| & |3
z s @ 3 @< 53 =2 = = = ) S I 2o =l 2 |29t
w i} o = na = S I w © <= |9 o =z
o % (=) T & (%) 8 0= = i Q N [t EZ % < =0 = S =
6] z = 4 <> a 5 z G e |30 2 | & |&ge |32k 35
T @ 8 b 3 s sl lg|le & l2cle |3 |8s]|sc]| =2 |28
2 E £ 8 s s S22z |92 [83]8|5]|57|2¢|5 |E°
. § STA. OFFSET (ft) 3 3 T @ 5,‘ A 1213 = 5 |o°
z a

B-1 15085 Soil Survey 1.1-2.1' 16720+35| 20 ft Right 11.3

B-1 15086 Soil Survey 2.1-3.1' 16720+35| 20 ft Right 14.8

B-1 15087 Soil Survey 1.1-4.5' 16720+35] 20' ft Right | A-7-6(20) CL 45 29 259 | 74.1 120.0( 17.8 [ 14.0
B-1 15088 Soil Survey 4.5-6.0' 16720+35] 20 ft Right

B-1A 15089 Soil Survey 1.3-2.3' 16715+40| 20 ft Left 5.9

B-1A 15090 Soil Survey 2.3-3.3' 16715+40| 20 ft Left 21.5

B-1A 15091 Soil Survey 1.25-4.5' |16715+40| 20 ft Left | A-7-6(22) CL 46 30 3.0 | 19.1] 77.9 122.0 19.2 [ 12.0

B-1A 15092 Soil Survey 4.5-6.0' 16715+40| 20 ft Left

B-2 15093 Soil Survey 0.5-4.0' 16706+51] 20 ft Right A-1-b SP-SM | NV NP | 41.0] 471 ] 11.9 5

B-2 15094 Soil Survey 4.5-6.0' 16706+51] 20 ft Right 20.9

B-3 15095 Soil Survey 1.4-2.4' 16696+48| 20 ft Left 8.8

B-3 15096 Soil Survey 2.4-3.4' 16696+48| 20 ft Left 11.8

B-3 15097 Soil Survey 1.4-4.5' 16696+48| 20 ft Left A-6(7) CL 31 18 0.1 | 429 | 57.0 122.0{ 12.0 [ 13.0
B-3 15098 Soil Survey 4.5-6.0' 16696+48| 20 ft Left

B-4 15099 Soil Survey 1.6-2.6' 16686+59| 20 ft Right 12.6

B-4 15100 Soil Survey 2.6-3.6' 16686+59| 20 ft Right 14.6

B-4 15101 Soil Survey 1.6-4.5' 16686+59| 20 ft Right

B-4 15102 Soil Survey 4.5-6.0' 16686+59| 20 ft Right | A-6(9) CL 34 21 7.3 | 33.3| 594 13.5

B-5 15107 Soil Survey 1.3-3.3' 16676+43| 20 ft Left

B-5 15108 Soil Survey 1.3-4.5' 16676+43| 20 ft Left | A-7-6(15) CL 42 27 6.2 | 27.5 | 66.3 1.0 1119.0] 22.1 | 10.0

6024.20997.01

12/8/2015



1804 RECONSTRUCTION

Lab Testing Sampling Summary

Project No.: 6024.20997.01

SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS

NORTH DAKOTA DEPARTMENT OF TRANSPORTATION

Designation: 7-804(055)304

ND 1804 PHASE 1 RECONSTRUCTION

LABORATORY TESTING SUMMARY
County: Williams

Length: 21,250 feet

GEOTECHNICAL INVESTIGATION

Date: December 7, 2015

Submitted by: DOWL

Title: Geotechnical Consultant

Greg Underhill, PE

Adam McGill, PE

Geotechnical Engineer

Project Manager

6024.20997.01

z ] o g 8 x
x (e} Z0 o) z R z ~ S ' u w 0] o ° w
4 E " b2 s 2 Jelxlae s lss %82 [28]¢|8
o = i3 & < ) In] o i} O m =~13X% x =
3 w & 2 02 (S - a e ° Z las| 2 |o|sg]lzg] 2 |2°
z Q @ Z g 2 o) s z < o Z 121 5 e8|z | 2 | ok
4 2 a8 * o b 9] 29 o > o <3 T W w L P =l o |25
3 2 a T o 9] @2 2 S z N. ElzZ2] z g lzel=z=| = |5t
o z = o g 3% = ) 5 ) o 59 T T - | 2=x 3 S5z
] < o & o [$) 2 = m z w o z w |og|=0 < =X
z - = S = % S12]4 g‘ 21318 |5 |57|3¢] 8 |E®
o < =
® § STA. OFFSET (ft) ) ] a o 3 I s |E|S = 5 |o
z a

B-5 15109 Soil Survey 4.5-6.0' 16676+43| 20 ft Left | A-7-6(47) CH 69 47 0.4 9.6 | 90.0 23.2

B-5A 15103 Soil Survey 1.0-3.0' 16668+64| 20 ft Left

B-5A 15104 Soil Survey 1.0-4.5' 16668+64| 20 ft Left

B-5A Soil Survey 4.5-6.5' 16668+64| 20 ft Left

B-5A 15105 Soil Survey 6.5-8.0' 16668+64| 20 ft Left | A-7-6(18) CL 46 26 4.0 | 23.3 | 72.7 19.1

B-5A 15106 Soil Survey 10.0-11.5' |16668+64| 20 ft Left 15.0

B-6 15110 Soil Survey 2.1-3.1 16666+56| 20 ft Right 19.9

B-6 15111 Soil Survey 3.1-4.1' 16666+56| 20 ft Right 23.5

B-6 15112 Soil Survey 2.1-4.5' 16666+56| 20 ft Right

B-6 Soil Survey 4.5-6.0' 16666+56| 20 ft Right

B-7 15113 Soil Survey 0.7-1.7' 16656+49| 20 ft Left 18.2

B-7 15114 Soil Survey 1.7-2.7' 16656+49| 20 ft Left 23.3

B-7 15115 Soil Survey 0.7-4.5' 16656+49| 20 ft Left | A-7-6(30) CH 55 40 74 | 16.4 | 76.2 1.6 [123.0f 13.3 | 10.0
B-7 15116 Soil Survey 4.5-6.0' 16656+49| 20 ft Left 20.5

B-8 15117 Soil Survey 1.0-2.0' 16646+90| 8 ft Right 9.2 | 23.7 | 671 13.5

B-8 15118 Soil Survey 2.0-3.0' 16646+90| 8 ft Right A-6(4) SC 31 19 134 | 429 | 43.7 11.9

B-8 15119 Soil Survey 1.0-4.5' 16646+90| 8 ft Right | A-6(10) CL 35 22 9.8 | 30.5| 59.7 127.0( 15.3 | 11.0
B-8 15120 Soil Survey 4.5-6.0' 16646+90| 8 ft Right | A-6(13) CL 37 23 5.0 | 27.8 | 67.2 15.8

B-8 15121 Soil Survey 9.5-11.0' |16646+90| 8 ft Right | A-6(12) CL 37 24 111 26.3 | 62.6 15.3

B-9 15122 Soil Survey 1.5-3.5' 16635+95( 8 ft Left

2

12/8/2015



1804 RECONSTRUCTION

Lab Testing Sampling Summary

Project No.: 6024.20997.01

SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS

NORTH DAKOTA DEPARTMENT OF TRANSPORTATION

Designation: 7-804(055)304

ND 1804 PHASE 1 RECONSTRUCTION

LABORATORY TESTING SUMMARY
County: Williams

Length: 21,250 feet

GEOTECHNICAL INVESTIGATION

Date: December 7, 2015

Submitted by: DOWL

Title: Geotechnical Consultant

Greg Underhill, PE

Adam McGill, PE

Geotechnical Engineer

Project Manager

z ] o g 8 x
x (e} Z0 o) z R z ~ S ' u w 0] o ° w
i E " EZ s 2 Jelxlae s lss %82 [28]¢|8
o = i3 & < ) In] o i} O m =~13X% x =
= ] o [©] » 9 o a 2 o) b4 =5 > B < NS =) » 5
2 o ) Z wE 3 o] g 2 = = = g : =y - do |28 5 2.
i 2 w 4 e @ @ a sl S ls 18l £ lec]l 8 |le|==]2e]| 3 |32
3 2 a T o 9] @2 2 S z N. ElzZ2] z g lzel=z=| = |5t
o z = o g 3% = ) 5 ) o 59 T T - | 2=x 3 S5z
5 < o & 3 [8) 2 = o z w o Z w |og |20 < =ge]
z - = S = % S12]4 g‘ 21318 |5 |57|3¢] 8 |E®
o Fd P
® § STA. OFFSET (ft) ) ] a o 3 I s |E|S = 5 |o
z a

B-9 15124 Soil Survey 1.5-4.5' 16635+95| 8 ft Left A-4(0) [ SC-sSM| 24 6 5.4 | 45.9 | 48.7 12.1

B-9 15123 Soil Survey 4.5-6.0' 16635+95| 8 ft Left 216 | 13.9 | 64.5 11.2

B-10 15125 Soil Survey 1.3-2.3' 16626+56| 8 ft Right 14 | 30.0 | 68.6 14.6

B-10 15126 Soil Survey 2.3-3.3' 16626+56| 8 ft Right A-4(2) CL 24 9 10.2 | 35.2 | 54.6 11.0

B-10 15127 Soil Survey 1.3-4.5' 16626+56| 8 ft Right A-4(3) CL 26 9 2.8 | 33.1| 64.1 11.4

B-10 15128 Soil Survey 4.5-6.0' 16626+56| 8 ft Right

B-11 15129 Soil Survey 1.7-2.7' 16616+53| 8 ft Left 15.1

B-11 15130 Soil Survey 2.7-3.7' 16616+53| 8 ft Left 15.0

B-11 15131 Soil Survey 1.7-4.5' 16616+53| 8 ft Left A-4(3) CL 26 10 0.1 | 44.3 | 55.6 12.7

B-11 15132 Soil Survey 4.5-6.0' 16616+53| 8 ft Left 17.7

B-12 15133 Soil Survey 1.7-3.7' 16606+56| 8 ft Right

B-12 15134 Soil Survey 1.7-4.5' 16606+56| 8 ft Right A-6(5) CL 30 16 3.5 | 421 ]| 54.4 12.5

B-12 15135 Soil Survey 4.5-6.0' 16606+56| 8 ft Right A-4(2) CL 25 9 3.5 | 38.1| 58.4 13.3

B-13 15136 Soil Survey 1.3-2.3' 16596+49| 8 ft Left 46 | 36.5| 58.9 11.1

B-13 15137 Soil Survey 2.3-3.3' 16596+49| 8 ft Left 0.2 | 32.3 | 67.5 12.7

B-13 15138 Soil Survey 1.3-4.5' 16596+49| 8 ft Left A-2-4(0) SC 26 10 6.0 | 60.0 | 34.0 3.7 1126.8] 10.8 | 10.7

B-13 15139 Soil Survey 4.5-6.0' 16596+49( 8 ft Left 13.7

B-14 15140 Soil Survey 1.4-2.4' 16586+41| 8 ft Right 17.5

B-14 15141 Soil Survey 2.4-3.4' 16586+41| 8 ft Right 15.4

B-14 15142 Soil Survey 1.4-4.5' 16586+41| 8 ft Right

6024.20997.01

12/8/2015



1804 RECONSTRUCTION

Lab Testing Sampling Summary

Project No.: 6024.20997.01

SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS

NORTH DAKOTA DEPARTMENT OF TRANSPORTATION

Designation: 7-804(055)304

ND 1804 PHASE 1 RECONSTRUCTION

LABORATORY TESTING SUMMARY
County: Williams

Length: 21,250 feet

GEOTECHNICAL INVESTIGATION

Date: December 7, 2015

Submitted by: DOWL

Title: Geotechnical Consultant

Greg Underhill, PE

Adam McGill, PE

Geotechnical Engineer

Project Manager

z ] o g 8 x
x <] ZQ o z ® z - S . w nlo - & W
u E w B Z = | 2 sl xl=l< s lesl |52 |28]| g |8
s x T o w % 7] < ' w o O w <z |24 x (=S
] nQ o a = o z a 3 a x|lso 2 70
2 2 2 z w 2 g El1 2]l <151zl 2] |68]z2| & |oe
W 3 w © ge 2 22 |3 || 81l |g]zs|Se] 2 |38
a Z z w v %] 2s a [ = ! = = g z o zQ % = = sE
Q g @ 3 I s o 5 o x 5 T YlzE T S 3
] < o & o [$) 3 = m z w o z w |og|=0 < =X
z - g ] 2 a 3 I g‘ 21221 8|55 |2¢| 8 |E°
o < =
® § STA. OFFSET (ft) ) ] a o 3 I s |E|S = 5 |o
z a

B-14 15143 Soil Survey 4.5-6.0' 16586+41| 8 ft Right 13.7

B-15 15144 Soil Survey 1.3-2.3' 16576+68| 8 ft Left 15.2

B-15 15145 Soil Survey 2.3-3.3' 16576+68| 8 ft Left 16.9

B-15 15146 Soil Survey 1.3-4.5' 16576+68| 8 ft Left

B-15 15147 Soil Survey 4.5-6.0' 16576+68| 8 ft Left 14.2

B-16 15148 Soil Survey 1.5-2.5' 16566+79| 8 ft Right 10.0

B-16 15149 Soil Survey 2.5-3.5' 16566+79| 8 ft Right 12.1

B-16 15150 Soil Survey 1.5-4.5' 16566+79| 8 ft Right A-6(3) SC 27 13 0.8 | 50.0 | 49.2 132.0( 9.9 9.0

B-16 15151 Soil Survey 4.5-6.0' 16566+79| 8 ft Right 12.6

B-17 15152 Soil Survey 1.3-2.3' 16566+63| 8 ft Left 9.6

B-17 15153 Soil Survey 1.3-4.5' 16566+63| 8 ft Left

B-17 15154 Soil Survey 2.3-3.3' 16566+63| 8 ft Left 10.3

B-17 15155 Soil Survey 4.5-6.0' 16566+63| 8 ft Left 13.7

B-18 15156 Soil Survey 1.6-3.6' 16546+55| 8 ft Right 22.5

B-18 15157 Soil Survey 2.6-3.6' 16546+55| 8 ft Right 27.3

B-18 15158 Soil Survey 1.6-4.5' 16546+55| 8 ft Right | A-7-6(15) CL 46 28 5.0 | 31.8 | 63.2 1.9 [127.9] 10.9 | 10.7

B-18 15159 Soil Survey 4.5-6.0' 16546+55| 8 ft Right 26.9

B-19 15160 Soil Survey 2.5-4.0' 16536+45| 8 ft Left 33.0

B-19 15161 Soil Survey 4.5-6.0' 16536+45| 8 ft Left 1.8 | 62.5| 35.7 67.3

B-19 15162 Soil Survey 7.5-9.0' 16536+45( 8 ft Left 25.9

6024.20997.01

12/8/2015



1804 RECONSTRUCTION

Lab Testing Sampling Summary

Project No.: 6024.20997.01

SUMMARY OF PHYSICAL PROPERTIES TEST RESULTS

NORTH DAKOTA DEPARTMENT OF TRANSPORTATION

Designation: 7-804(055)304

ND 1804 PHASE 1 RECONSTRUCTION

LABORATORY TESTING SUMMARY
County: Williams

Length: 21,250 feet

GEOTECHNICAL INVESTIGATION

Date: December 7, 2015

Submitted by: DOWL
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B-19 15163 Soil Survey 9.5-11.0' |16536+45| 8 ft Left 23.3
B-19 15164 Soil Survey 11.0-14.5' |16536+45| 8ftLeft | A-7-6(36) CH 54 35 5.3 | 94.7 111.0( 26.2 | 14.0
B-19 15165 Soil Survey 14.0-15.5' | 16536+45[ 81t Left NV NP 13.4
B-19 15166 Soil Survey 17.0-18.5' |16536+45( 8 ft Left A-4(0) ML NV NP 326 | 674 17.3
B-19 15167 Soil Survey 19.5-21.0' | 16536+45[ 81t Left 22.2
B-19 15168 Soil Survey 20.0-24.0' |16536+45| 8 ft Left A-4(0) ML 21 2 329 | 67.1 123.0( 11.3 | 11.0
B-19 15169 Soil Survey 22.5-24.0" [16536+45| 8 ft Left 60.2
B-19 15170 Soil Survey 24.5-26.0' [16536+45| 8 ft Left 32.2
B-20 15171 Soil Survey 2.5-4.0' 16534+01| 8 ft Right 24.3
B-20 15172 Soil Survey 4.5-6.0' 16534+01| 8 ft Right | A-7-6(32) CH 53 33 9.3 | 90.7 21.5
B-20 15173 Soil Survey 7.5-9.0' 16534+01| 8 ft Right 25.4
B-20 15174 Soil Survey 9.5-11.0' |16534+01| 8 ft Right 26.6
B-20 15175 Soil Survey 12.5-14.0' | 16534+01[ 8 ft Right 65.4
B-20 15176 Soil Survey 14.5-16.0' | 16534+01[ 8 ft Right [ A-7-5(9) MH 52 17 42.8 | 57.1 51.9
B-20 15177 Soil Survey 17.5-19.0' | 16534+01 8 ft Right 24.2
B-20 15178 Soil Survey 19.5-21.0' |16534+01[ 8 ft Right [A-7-6(38) CH 58 34 24 | 97.6 28.2
B-20 15179 Soil Survey 20.0-22.5' |16534+01| 8 ft Right | A-7-6(32) CH 52 31 5.8 | 94.2 115.0( 25.3 | 15.0
B-20 15180 Soil Survey 22.5-24.0' 116534+01| 8 ft Right 19.8
B-20 15181 Soil Survey 24.5-26.0' |16534+01| 8 ft Right 18.0
B-20 15182 Soil Survey 27.5-29.0' |16534+01| 8 ft Right A-4(0) ML NV NP 37.8 | 62.2 11.9
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B-20 15183 Soil Survey 29.5-31.0' [16534+01| 8 ft Right 23.2

B-20 15182 Soil Survey 32.5-34.0' [16534+01| 8 ft Right 59.9

B-20 15185 Soil Survey 34.5-36.0' [16534+01| 8 ft Right

B-21 15186 Soil Survey 1.5-2.5' 16516+58| 8 ft Left 10.7

B-21 15187 Soil Survey 2.5-3.5' 16516+58| 8 ft Left 16.2

B-21 15188 Soil Survey 1.5-4.5' 16516+58| 8 ft Left A-4(0) ML 20 2 0.9 | 47.0 ] 521

B-21 15189 Soil Survey 4.5-6.0' 16516+58| 8 ft Left 14.4

B-63 Stony Cr. Bridge 0.0-1.5' 16664+74| 58 ft Left

B-63 Stony Cr. Bridge 2.5-4.0' 16664+74| 58 ft Left

B-63 Stony Cr. Bridge 4.5-6.0' 16664+74| 58 ft Left

B-63 Stony Cr. Bridge 7.5-9.0' 16664+74| 58 ft Left

B-63 Stony Cr. Bridge| 9.5-11.0' | 16664+74( 58 ft Left

B-63 Stony Cr. Bridge | 12.5-14.0' | 16664+74( 58 ft Left

B-63 Stony Cr. Bridge | 14.5-16.0' | 16664+74( 58 ft Left

B-63 Stony Cr. Bridge| 17.5-19.0' | 16664+74( 58 ft Left

B-63 Stony Cr. Bridge | 19.5-21.0' | 16664+74( 58 ft Left

B-63 Stony Cr. Bridge | 24.5-26.0' | 16664+74( 58 ft Left

B-63 30930 Stony Cr. Bridge | 29.5-31.5' | 16664+74[ 58 ft Left [ A-7-6(52) CH 65 47 0.0 1.2 | 98.8 | 91.9 | 1.474]| 14.0 33.2

B-63 Stony Cr. Bridge | 34.5-36.0' | 16664+74( 58 ft Left

B-63 Stony Cr. Bridge | 39.5-41.0' | 16664+74| 58 ft Left
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B-63 Stony Cr. Bridge | 44.5-46.0' [16664+74| 58 ft Left

B-63 Stony Cr. Bridge | 49.5-51.0' [16664+74| 58 ft Left

B-63 Stony Cr. Bridge | 54.5-56.0' [16664+74| 58 ft Left

B-63 Stony Cr. Bridge | 59.5-61.0' [16664+74| 58 ft Left

B-63 Stony Cr. Bridge | 64.5-66.0' [16664+74| 58 ft Left

B-63 30931 Stony Cr. Bridge | 70.0-70.5' |16664+74| 58 ft Left [A-7-6(50) CH 64 44 0.0 0.3 | 99.7 17.1

B-63 Stony Cr. Bridge | 74.5-76.0' | 16664+74( 58 ft Left

B-63 Stony Cr. Bridge | 79.5-81.0" | 16664+74( 58 ft Left

B-63 Stony Cr. Bridge | 84.5-86.0" | 16664+74( 58 ft Left

B-63 Stony Cr. Bridge | 89.5-91.0" | 16664+74( 58 ft Left

B-63 Stony Cr. Bridge | 94.5-96.0' | 16664+74| 58 ft Left

B-64 Stony Cr. Bridge 0.0-1.5' 16663+50| 36 ft Right

B-64 Stony Cr. Bridge 2.5-4.0' 16663+50| 36 ft Right

B-64 Stony Cr. Bridge 4.5-6.0' 16663+50| 36 ft Right

B-64 Stony Cr. Bridge 7.5-9.0' 16663+50| 36 ft Right

B-64 Stony Cr. Bridge| 9.5-11.0' |16663+50( 36 ft Right

B-64 Stony Cr. Bridge | 12.5-14.0' | 16663+50( 36 ft Right

B-64 Stony Cr. Bridge | 14.5-16.0' | 16663+50( 36 ft Right

B-64 Stony Cr. Bridge | 17.5-19.0' | 16663+50( 36 ft Right

B-64 Stony Cr. Bridge| 19.5-21.0" | 16663+50( 36 ft Right
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B-64 Stony Cr. Bridge | 24.5-26.0' [16663+50| 36 ft Right

B-64 Stony Cr. Bridge | 29.5-31.0' [16663+50| 36 ft Right

B-64 Stony Cr. Bridge | 34.5-36.0' [16663+50| 36 ft Right

B-64 Stony Cr. Bridge | 39.5-41.0' [16663+50| 36 ft Right

B-64 30932 Stony Cr. Bridge | 44.5-46.5' | 16663+50| 36 ft Right [ A-7-6(44) CH 60 42 0.0 4.1 | 959 [ 92.2 [1.852| 24.7 29.0

B-64 Stony Cr. Bridge | 49.5-51.0' [16663+50| 36 ft Right

B-64 Stony Cr. Bridge | 54.5-56.0' | 16663+50( 36 ft Right

B-64 Stony Cr. Bridge | 59.5-61.0" | 16663+50( 36 ft Right

B-64 30934 Stony Cr. Bridge | 65.5-66.0' | 16663+50( 36 ft Right [ A-7-6(43) CH 101 80 0.0 | 41.3 | 58.7 | 110.8] 5.11 21.0

B-64 Stony Cr. Bridge | 69.5-70.0' | 16663+50( 36 ft Right

B-64 Stony Cr. Bridge | 74.5-76.0' | 16663+50( 36 ft Right

B-64 Stony Cr. Bridge | 79.5-81.0" | 16663+50( 36 ft Right

B-64 Stony Cr. Bridge | 84.5-86.0' | 16663+50( 36 ft Right

B-64 Stony Cr. Bridge | 89.5-91.0' | 16663+50( 36 ft Right

B-64 30935 Stony Cr. Bridge | 94.5-99.5' |16663+50( 36 ft Right [ A-7-6(70) CH 84 60 0.0 0.2 | 99.8 [114.3| 22.0 18.4

B-64 Stony Cr. Bridge | 99.5-104.5' | 16663+50( 36 ft Right

B-76 Cut Slope 0.0-1.5' 16537+06| 118 ft Right

B-76 Cut Slope 2.5-4.0' 16537+06] 118 ft Right

B-76 Cut Slope 4.5-6.0' 16537+06] 118 ft Right

B-76 Cut Slope 7.5-9.0' 16537+06| 118 ft Right
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B-76 Cut Slope 9.0-12.5' [16537+06( 118 ft Right

B-76 Cut Slope 9.5-11.0' [16537+06( 118 ft Right

B-76 30936 Cut Slope 12.5-14.5' |16537+06| 118 ft Right 69 45 97.7 | 8.17 24.6

B-76 Cut Slope 14.5-16.0' |16537+06| 118 ft Right

B-76 Cut Slope 17.5-19.0' |16537+06] 118 ft Right

B-76 Cut Slope 19.5-21.0' |16537+06] 118 ft Right

B-76 Cut Slope 22.5-24.5' 116537+06] 118 ft Right

B-76 Cut Slope 24.0-27.0' |16537+06] 118 ft Right

B-76 Cut Slope 24.5-26.0' |16537+06] 118 ft Right

B-76 Cut Slope 27.5-29.0' |16537+06] 118 ft Right

B-76 Cut Slope 29.5-31.0" |16537+06] 118 ft Right

B-76 Cut Slope 32.5-34.5' |16537+06] 118 ft Right

B-76 Cut Slope 34.5-36.0' | 16537+06] 118 ft Right

B-76 Cut Slope 37.5-39.0' |16537+06] 118 ft Right

B-76 Cut Slope 39.5-41.0' |16537+06] 118 ft Right

B-76 Cut Slope 42.5-44.0" |16537+06( 118 ft Right

B-76 Cut Slope 44.5-46.0' | 16537+06( 118 ft Right

B-76 Cut Slope 47.5-49.0' |16537+06( 118 ft Right

B-79 Cut Slope 0.0-1.5' 16533+54| 139 ft Right

B-79 Cut Slope 2.5-4.0' 16533+54| 139 ft Right
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B-79 Cut Slope 4.5-6.0' 16533+54| 139 ft Right

B-79 Cut Slope 5.0-7.5' 16533+54| 139 ft Right

B-79 Cut Slope 7.5-9.0' 16533+54| 139 ft Right

B-79 Cut Slope 9.5-11.1" [16533+54| 139 ft Right

B-79 Cut Slope 12.5-14.0' |16533+54| 139 ft Right

B-79 Cut Slope 14.5-16.0"' |16533+54| 139 ft Right

B-79 Cut Slope 15.0-17.5" | 16533+54( 139 ft Right

B-79 Cut Slope 17.5-19.0' | 16533+54( 139 ft Right

B-79 30940 Cut Slope 19.5-21.5" |16533+54( 139 ft Right [ A-7-6(74) CH 87 65 0.0 0.8 | 99.2 | 95.9 [6.186( 20.4 28.4

B-79 Cut Slope 22.5-24.0' |16533+54| 139 ft Right

B-79 Cut Slope 24.5-26.0' |16533+54| 139 ft Right

B-79 Cut Slope 27.5-29.0' |16533+54| 139 ft Right

B-79 Cut Slope 29.5-31.0" |16533+54| 139 ft Right

B-79 Cut Slope 32.5-34.0' |16533+54| 139 ft Right

B-79 Cut Slope 34.5-35.5' |16533+54| 139 ft Right

B-79 Cut Slope 37.5-39.0' |16533+54| 139 ft Right

B-79 Cut Slope 39.5-41.0" |16533+54| 139 ft Right

B-79 Cut Slope 42.5-44.0" |16533+54( 139 ft Right

B-79 Cut Slope 44.5-46.0" | 16533+54( 139 ft Right

B-79 Cut Slope 47.5-49.0' | 16533+54( 139 ft Right

6024.20997.01
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B-79 Cut Slope 49.5-51.0" | 16533+54| 139 ft Right
B-100 132nd RD NW 1.4-3.4' 16601+30| 143 ft Left 10.3
- n A4-4. + tLe - . . . .
B-100 132nd RD NW 1.4-4.5 16601+30| 143 ftLeft | A-6(5) SC 31 19 6.6 | 440 494 12.3
B-100 132nd RD NW 4.5-6.0' 16601+30| 143 ft Left
B-103 Soil Survey 1.7-3.7 16526+55| 8 ft Right
B-103 Soil Survey 2.0-4.5' 16526+55| 8 ft Right
B-103 Soil Survey 4.5-6.0' 16526+55| 8 ft Right
B-103 Soil Survey 7.5-9.0' 16526+55| 8 ft Right
B-103 Soil Survey 9.5-11.0" |16526+55| 8 ft Right

6024.20997.01
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Date:
Figure

NDDOT HWY 1804 Geo Exploration
6024.20997.01

NDDOT

Client:
Project:
Project No:

Checked By: LM

Depth: 1.1-45ft

(no specification provided)

*

Source of Sample: B-1
Sample Number: 15087

Tested By: LM




COMPACTION TEST REPORT

O Source of Sample: B-1 Sample Number: 15087

130

125
N 120 [14%, 120 pci
g
> ™~
Q N
o

115 \\

\\
AN
\’v
110
105
10.5 12 13.5 15 16.5 18 19.5
Water content, %
Test specification: AASHTO T 180-01 Method A Modified
Elev/ Classification Na-lt. Sp.G. LL Pl % > % <
Depth USCS AASHTO Moist. #4 No.200
11-45ft 17.8 45 29
TEST RESULTS MATERIAL DESCRIPTION
Maximum dry density = 120 pcf
Optimum moisture = 14 %
Project No. 6024.20997.01 Client: NDDOT Remarks:
Project: NDDOT HWY 1804 Geo Exploration Sampled by DOWL
Date: 11/11/2015

Figure

Tested By: LM Checked By: LM
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Date: 11/25/2015

Figure

NDDOT HWY 1804 Geo Exploration
6024.20997.01

NDDOT

Client:
Project:
Project No:

Checked By: LM

Depth: 1.25- 451t

(no specification provided)

*

Source of Sample: B-1A
Sample Number: 15091

Tested By: LM




COMPACTION TEST REPORT

O Source of Sample: B-1A Sample Number: 15091

125
122.5 [12%, 122 pef
N

- 120

g / \

> /
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©

2 / \

e 117.5

D
115
o——"
112.5
7.5 9 10.5 12 13.5 15 16.5
Water content, %
Test specification: AASHTO T 180-01 Method A Modified
Elev/ Classification Na-lt. Sp.G. LL Pl % > % <
Depth USCS AASHTO Moist. #4 No.200
1.25-4.5ft CL A-7-6(22) 19.2 46 30 3.0 77.9
TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 122 pcf lean clay with sand
Optimum moisture = 12 %

Project No. 6024.20997.01 Client: NDDOT Remarks:

Project: NDDOT HWY 1804 Geo Exploration Sampled by DOWL

Date: 11/9/2015

Figure

Tested By: LM Checked By: LM




Particle Size Distribution Report
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(no specification provided)

*

Source of Sample: B-2
Sample Number: 15093

Checked By: LM

Tested By: LM



Particle Size Distribution Report
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A-6(7)
Date: 11/30/2015
Figure

AASHTO

Classification
Remarks

CL

6024.20997.01

Sampled by DOWL

USCS
NDDOT HWY 1804 Geo Exploration

NDDOT

Client:
Project:
Project No:

Checked By: LM

Depth: 1.4-45ft

(no specification provided)

*

Source of Sample: B-3
Sample Number: 15097

Tested By: LM
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o 122 =
g <
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112
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9 10.5 12 13.5 15 16.5 18
Water content, %
Test specification: AASHTO T 180-01 Method A Modified
El lassificati Nat. % > % <
ev/ Classification a_lt Sp.G. LL Pl ) %o
Depth USCS AASHTO Moist. #4 No.200
1.4-45ft CL A-6(7) 12.0 31 18 0.1 57.0
TEST RESULTS MATERIAL DESCRIPTION
Maximum dry density = 122 pcf sandy lean clay
Optimum moisture = 13 %
Project No. 6024.20997.01 Client: NDDOT Remarks:
Project: NDDOT HWY 1804 Geo Exploration Sampled by DOWL
Date: 12/1/2015
O Source of Sample: B-3 Sample Number: 15097
Figure

Tested By: LM Checked By: LM




Particle Size Distribution Report
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Figure

NDDOT HWY 1804 Geo Exploration
6024.20997.01

NDDOT

Client:
Project:
Project No:

Checked By: LM

Depth: 4.5- 6.0 ft

(no specification provided)

*

Source of Sample: B-4
Sample Number: 15102

Tested By: LM




Particle Size Distribution Report
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Date: 11/19/2015

Figure

NDDOT HWY 1804 Geo Exploration
6024.20997.01

NDDOT

Client:
Project:
Project No:

Checked By: LM

Depth: 1.3-4.5ft

(no specification provided)

*

Source of Sample: B-5
Sample Number: 15108

Tested By: LM




COMPACTION TEST REPORT

Project: NDDOT HWY 1804 Geo Exploration

O Source of Sample: B-5

Date: 11/10/2015
Sample Number: 15108

120
119 [10%, 119 pcf
v il
//

- 118 / N
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= / \\
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2 / N\
©
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° 117

116

IS
115
8 9 10 11 12 13 14
Water content, %
Test specification: AASHTO T 180-01 Method A Modified
El lassificati Nat. % > % <
ev/ Classification a_lt Sp.G. LL Pl ) %o
Depth USCS AASHTO Moist. #4 No.200
1.3-45ft CL A-7-6(15) 221 42 27 6.2 66.3
TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 119 pcf sandy lean clay
Optimum moisture = 10 %
Project No. 6024.20997.01 Client: NDDOT Remarks:

Sampled by DOWL

Figure

Tested By: LM

Checked By: LM




CBR=1.0 @ 107.1 pcf

30 FOR 0.1 IN. OF PENETRATION
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0 o.ooo/
0.000 0.100 0.200 0.300 0.400 0.500 0.600 0 24 48 72 96
PENETRATION IN INCHES ELAPSED TIME IN HOURS
MOLDED SOAKED CBR (%) PEN. SWELL
DENS. % MAX | % MOIST. DENS. % MAX | % MOIST. 0.1 IN. 0.2 IN. | SURCHG %
107.1 90.0 10.2 101.5 85.3 11.9 1.0 0.9 10 5.235
MATERIAL DESCRIPTION uscs MAX. DEN. OPT. MOIST LL PI
Sandy lean clay with a little gravel, brown CL 119.0 10.0 N/A N/A

PROJECT #: 37-02843 Boring No. B-5, 1.3-4.5'
PROJECT: Highway 1804

Williston, ND
DATE: 12/4/2015

Test Descr. / Remarks

CBR PER ASTM D1883

PROCTOR PER ASTM D1557

BEARING RATIO TEST REPORT
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Date: 11/24/2015

Figure

NDDOT HWY 1804 Geo Exploration
6024.20997.01

NDDOT

Client:
Project:
Project No:

Checked By: LM

Depth: 4.5- 6.0 ft

(no specification provided)

*

Source of Sample: B-5
Sample Number: 15109

Tested By: LM
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Date: 12/2/2015

Figure

NDDOT HWY 1804 Geo Exploration
6024.20997.01

NDDOT

Client:
Project:
Project No:

Checked By: LM

Depth: 6.5- 8.0 ft

(no specification provided)

*

Source of Sample: B-5A
Sample Number: 15105

Tested By: LM




Particle Size Distribution Report
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Date:
Figure

NDDOT HWY 1804 Geo Exploration
6024.20997.01

NDDOT

Client:
Project:
Project No:

Checked By: LM

Depth: 0.7 - 45 ft

(no specification provided)

*

Source of Sample: B-7
Sample Number: 15115

Tested By: LM




COMPACTION TEST REPORT

O Source of Sample: B-7 Sample Number: 15115

125
[10%, 123 pc
123
P—O
A

121
g /
2
@
: /
©
>
a

119 \

117 \

\
115
5 7 9 11 13 15 17
Water content, %
Test specification: AASHTO T 180-01 Method A Modified
El lassificati Nat. % > % <
ev/ Classification a_lt Sp.G. LL Pl ) %o
Depth USCS AASHTO Moist. #4 No.200
0.7-4.5ft CH A-7-6(30) 17.2 55 40 7.4 76.2
TEST RESULTS MATERIAL DESCRIPTION
Maximum dry density = 123 pcf fat clay with sand
Optimum moisture = 10 %
Project No. 6024.20997.01 Client: NDDOT Remarks:
Project: NDDOT HWY 1804 Geo Exploration Sampled by DOWL
Date:

Figure

Tested By: LM Checked By: LM




Proctor Report

Client: DOWL

Project:  37-02843
Highway 1804 Phase I, Williston ND

CC: Greg Underhill

American Engineering Testing, Inc.
Dickinson |Williston

99 26th Street East|5051 owan Ind. Park Rd.
Dickinson, ND 58602|Bldg. 2, uUnit 2
(701)483-4288 |williston, ND 58801
www.amengtest.com |(701)774-6610

Toll Free:(800)972-6364

This document shall not
be reproduced, except in
full, without written
approval from American
Engineering Testing, Inc.

Date of Issue: 11/24/2015

Reviewed By: ALEC HOVICK
North Dakota Manager

Date Sampled: 11/11/2015

Sample ID: 37-02843-W1-S3

Sampling Method: Auger Flight

Source: On-Site Material

Material: Proctor 3: Sandy Lean Clay with a Little Gravel, Brown (CL)
Specification: N/A

Location: B-7,0.5'-4.5

Tested By: THOMAS EVANS Date Tested:

11/13/2015

AASHTO T 180 - 2011

Maximum Dry Density (Ib/ft3): 122
Optimum Moisture Content (%): 13.2
Method: A
-  AASHTOT224—
Corrected Maximum Dry Density 122
(Ib/ft3):

Corrected Optimum Moisture Content 13.2
(%):

Form No: 110031, Report No: PTR:37-02843-W1-S3

© 2000-2013 QESTLab by SpectraQEST.com Page 1 of 1



Material Test Report

Client: DOWL

37-02843
Highway 1804 Phase |, Williston ND

Project:

CC: Greg Underhill

American Engineering Testing, Inc.
Dickinson |Williston

99 26th Street East|5051 owan Ind. Park Rd.
Dickinson, ND 58602|Bldg. 2, uUnit 2
(701)483-4288 |williston, ND 58801
www.amengtest.com |(701)774-6610

Toll Free:(800)972-6364

Draft Report - Subject to
change pending final
review

Date of Issue: 11/24/2015

Sample ID 37-02843-W1-S3
Field Sample ID 3

Date Sampled 11/11/2015
Source On-Site Material
Material

Specification N/A

Sampling Method Auger Flight
Location B-7,0.5'-4.5'
Date Submitted 11/11/2015

Proctor 3: Sandy Lean Clay with a Little Gravel, Brown (CL)

Description Method Result Limits
Maximum Dry Density (Ib/ft?) AASHTO T 180 - 2011 122
Corrected Maximum Dry Density (Ib/ft?) 122
Optimum Moisture Content (%) 13.2
Corrected Optimum Moisture Content (%) 13.2
Method A
Date Tested 11/13/2015
Moisture Content (%) AASHTO T 255 - 2000 16.7
Date Tested 11/11/2015

N/A

Form No: 18909, Report No: MAT:37-02843-W1-S3

© 2000-2013 QESTLab by SpectraQEST.com

Page 1 of 1



CBR =1.6 @ 109.0 pcf

30 FOR 0.1 IN. OF PENETRATION
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0.000 0.100 0.200 0.300 0.400 0.500 0.600 0 24 48 72 96
PENETRATION IN INCHES ELAPSED TIME IN HOURS
MOLDED SOAKED CBR (%) PEN. SWELL
DENS. % MAX | % MOIST. DENS. % MAX | % MOIST. 0.1 IN. 0.2 IN. | SURCHG %
109.0 89.7 13.3 102.3 84.2 18.5 1.6 1.4 10 6.148
MATERIAL DESCRIPTION uscs MAX. DEN. OPT. MOIST LL PI
Sandy lean clay with a little gravel, brown CL 121.5 13.2 N/A N/A

PROJECT #: 37-02843 Boring No. Proctor 3, B-7
PROJECT: Highway 1804

New Town, ND
DATE: 11/20/2015

Test Descr. / Remarks

CBR PER ASTM D1883

PROCTOR PER ASTM D1557

BEARING RATIO TEST REPORT
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Particle Size Distribution Report
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2.8

Coarse
Client:
Project:
Project No:

NO)

PASS?
(X=
Checked By: LM

Fine
2.6

% Gravel

Coarse
Depth: 1.0- 2.0ft

SPEC.”
PERCENT

6.6

100
PERCENT
FINER

100.0
95.4
93.4
92.9
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88.5
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835
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0.0

% +3"
(no specification provided)
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CC: Greg Underhill This document shall not
be reproduced, except in

full, without written
approval from American

Sampling Method:
Source:

Project: 37-02843 Engineering Testing, Inc.
Highway 1804 Phase |, Williston ND Date of Issue: 11/24/2015
Reviewed By: ALEC HOVICK
North Dakota Manager

Sample ID: 37-02843-W1-S2 Date Sampled: 11/11/2015

Auger Flight
On-Site Material

Material: Proctor 2: Clayey Sand with a Little Gravel, Dark Brown (SC)
Specification: N/A
Location: B-13,1.3'-4.5'
Tested By: KRYSTLE BOKS Date Tested: 11/13/2015
[Dry Density - Moisture Content Relationship |
-  AASHTOT 180-2011
Maximum Dry Density (Ib/ft?): 127
Optimum Moisture Content (%): 10.7
Method: A
—  AASHTOT224
Corrected Maximum Dry Density 127
(Ib/ft3):
Corrected Optimum Moisture Content 10.7
(%):
Form No: 110031, Report No: PTR:37-02843-W1-S2 © 2000-2013 QESTLab by SpectraQEST.com Page 1 of 1



Material Test Report

American Engineering Testing, Inc.
Dickinson |Williston

99 26th Street East|5051 owan Ind. Park Rd.
Dickinson, ND 58602|Bldg. 2, uUnit 2
(701)483-4288 |williston, ND
www.amengtest.com |(701)774-6610
Toll Free:(800)972-6364

58801

Client: DOWL

Project:  37-02843

Highway 1804 Phase |, Williston ND

CC: Greg Underhill

This document shall not
be reproduced, except in
full, without written
approval from American
Engineering Testing, Inc.

11/24/2015
ALEC HOVICK
North Dakota Manager

Date of Issue:
Reviewed By:

Sample ID

Field Sample ID
Date Sampled
Source

Material
Specification
Sampling Method
Location

Date Submitted

37-02843-W1-S2

2

11/11/2015

On-Site Material

Proctor 2: Clayey Sand with a Little Gravel, Dark Brown (SC)
N/A

Auger Flight

B-13,1.3'-4.%5'

11/11/2015

Method: AASHTO T 27 - 2011

Date Tested: 11/18/2015

Sieve Size % Passing Limits
1in (25.0mm) 100

%4in (19.0mm) 99

5/8in (16.0mm) 99

Y5in (12.5mm) 98

3/8in (9.5mm) 96

No.4 (4.75mm) 94

No.8 (2.36mm) 91

Plastic Limit (%)
Plasticity Index
Tested By

Date Tested

Description Method Result Limits No.10 (2.0mm) 90
Maximum Dry Density (Ib/ft?) AASHTO T 180-2011 127 No.16 (1.18mm) 86
Corrected Maximum Dry Density (Ib/ft) 127 No.30 (600um) 79
Optimum Moisture Content (%) 10.7 No.40 (425um) 73
Corrected Optimum Moisture Content (%) 10.7 No.50 (300um) 65
Method A No.100 (150um) 49
Date Tested 11/13/2015 No0.200 (75um) 34.0
Moisture Content (%) AASHTO T 255-2000 11.0

Date Tested 11/11/2015

Liquid Limit (%) AASHTO T 89-10 26

AASHTO T 90-00 16
AASHTO T 90-00 10
KRYSTLE BOKS
11/13/2015

N/A

Form No: 18909, Report No: MAT:37-02843-W1-S2

© 2000-2013 QESTLab by SpectraQEST.com

Page 1 of 1



CBR =3.7 @ 113.7 pcf

% FOR 0.1 IN. OF PENETRATION
10
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)
: {
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Z
g 30 1.800 /__,‘k L J
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20 S 1.200 /
- 1.000
z /
= 0.800 /
10 ® 0.600 /
0.400 /
A 0.200
0 o.oooo/
0.000 0.100 0.200 0.300 0.400 0.500 0.600 0 24 48 72 96
PENETRATION IN INCHES ELAPSED TIME IN HOURS
MOLDED SOAKED CBR (%) PEN. SWELL
DENS. % MAX | % MOIST. DENS. % MAX | % MOIST. 0.1 IN. 0.2 IN. | SURCHG %
113.7 89.7 10.8 111.6 88.0 15.6 3.7 3.6 10 1.801
MATERIAL DESCRIPTION uscs MAX. DEN. OPT. MOIST LL PI
Clayey sand with a little gravel, dark brown SC 126.8 10.7 26 10

PROJECT #:

PROJECT:

DATE:

37-02843

Highway 1804
New Town, ND

11/20/2015

Boring No. Proctor 2, B-13

BEARING RATIO TEST REPORT

CBR PER ASTM D1883

Test Descr. / Remarks

PROCTOR PER ASTM D1557




Particle Size Distribution Report
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Clay
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67.5

0.01
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Material Description

Fine
25.6

% Sand

6.1

Medium

Pl=
D60
D15
CC_

0.2344

Coefficients

LL
D
D

Atterberg Limits
85

PL=
D
D
D

307
U=

C

AASHTO=

Classification
Remarks

USCS

GRAIN SIZE - mm.

Coarse
0.6

NO)

PASS?
(x

0.2

Fine

% Gravel
SPEC.*

PERCENT

Coarse
0.0

100
PERCENT
FINER

100.0
99.8
99.4
98.3
95.8
88.9
77.4
67.5

% +3"
0.0

o o
© 'e)

d3NId LN3IOH3d

SIEVE
SIZE

3/8"
#4
#8

#16

#30

#50

#100
#200

Date:
Figure

6024.20997.01

Sampled by DOWL
NDDOT HWY 1804 Geo Exploration

NDDOT

Client:
Project:
Project No:

Checked By: LM

Depth: 2.3- 3.3 ft

(no specification provided)

*

Source of Sample: B-13
Sample Number: 15137

Tested By: LM




Particle Size Distribution Report
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Date:
Figure

NDDOT HWY 1804 Geo Exploration
6024.20997.01

NDDOT

Client:
Project:
Project No:

Checked By: LM

Depth: 1.5-4.5ft

(no specification provided)

*

Source of Sample: B-16
Sample Number: 15150

Tested By: LM




COMPACTION TEST REPORT

134

132 B%. 132 pcf

130 /

Dry density, pcf
™~

128
/

N
AN
126
N
124
5 6.5 8 9.5 11 12.5 14
Water content, %
Test specification: AASHTO T 180-01 Method A Modified
El lassificati Nat. % > % <
ev/ Classification a_lt Sp.G. LL Pl ) %o
Depth USCS AASHTO Moist. #4 No.200
15-45ft SC A-6(3) 9.9 27 13 0.8 49.2
TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 132 pcf clayey sand

Optimum moisture= 9 %

Project No. 6024.20997.01 Client: NDDOT Remarks:

Project: NDDOT HWY 1804 Geo Exploration Sampled by DOWL

Date: 11/23/2015
O Source of Sample: B-16 Sample Number: 15150
Figure

Tested By: LM Checked By: LM




AMER

ICAN
ENGINEERING
TESTING, INC.

Proctor Report

Chient:

Project:

DOWL

37-02843

Highway 1804 Phase !, Williston ND

CC: Greg Underhil

American Engineering Testing, Inc.
pickinson Iwilliston

99 26th Street East]5051 owan Ind. Park Rel.
pickinson, NO 58602|Bldg. 2, unit 2
(701)483-4288 IWilliston, ND 5BBOL
www . amengtest.com | (701)774-6610

This documenl shall not
be reproduced, except i
full, wilhout wrlilen
appoval frlom American
Engingering Testing, Inc.

Dale of Issue: 11/24/2015
Reviewsd By: : ALEC HOVIGK
Noith Dakota Manager

Sample
Sampling Method:
Source:
Material:
Specification:
Location:

ID:

Tested By:

37-02843-W1-51

Auger Flight

On-Site Material
Proctor 1: Sandy Lean Clay with a Litile Gravel, Brown (CL}

N/A
B-18,1'- 2.5

KRYSTLE BOKS

Date Sampled: 11/11/2015

Date Tested:

11/13/2015

127.0

124.0

123.0

121.0

120.0

Dry Density (bft
1RO e

%)

N D ST

N DU

0% Air Voids

3.0 9.0

Moisture Cantent (%)

10.0 1.0 12.0

13.0 14.0 15.0

AASHTO T 180 - 2011

Maximum Dry Density (Ib/ft?); 127
Optimum Moisture Content (%): 104
Mathod: A
— AASHTOT?224

Corrected Maximum Dry Density 127
{tb/f1s):

Corrected Optimum Moisiure Content 10.4
{%):

Faorm No: 110031, Repart No: PTR:37-02843-WI1-31

© 200020713 GESTLab b SpeciralEST.com Page 1of 1




Material Test Report

American Engineering Testing, Inc.

Dickinson

|Williston

99 26th Street East|5051 owan Ind. Park Rd.
Dickinson, ND 58602|Bldg. 2, uUnit 2

(701)483-4288

www . amengtest.com
Toll Free:(800)972-6364

Client: DOWL

Project:  37-02843

Highway 1804 Phase |, Williston ND

CC: Greg Underhill

This document shall not
be reproduced, except in
full, without written
approval from American
Engineering Testing, Inc.

Date of Issue:
Reviewed By:

|williston, ND 58801
| (701)774-6610

11/24/2015
ALEC HOVICK
North Dakota Manager

Sample ID

Field Sample ID
Date Sampled
Source

Material
Specification
Sampling Method
Location

Date Submitted

Description

37-02843-W1-S1
1

11/11/2015
On-Site Material

Proctor 1: Sandy Lean Clay with a Little Gravel, Brown (CL)

N/A

Auger Flight
B-18,1'-2.5'
11/11/2015

Method

Result Limits

Method:

Sieve Size

5/8in (16.0mm)
Yin (12.5mm)
3/8in (9.5mm)
No.4 (4.75mm)
No.8 (2.36mm)
No.10 (2.0mm)
No.16 (1.18mm)
No.30 (600um)

Maximum Dry Density (Ib/ft?)

AASHTO T 180-2011 127

No.40 (425um)
No.50 (300um)
No.100 (150um)
No.200 (75um)

Corrected Maximum Dry Density (Ib/ft) 127
Optimum Moisture Content (%) 10.4
Corrected Optimum Moisture Content (%) 10.4
Method A
Date Tested 11/13/2015
Moisture Content (%) AASHTO T 255-2000 17.6
Date Tested 11/11/2015

Liquid Limit (%)
Plastic Limit (%)
Plasticity Index

Tested By

Date Tested

AASHTO T 89-10 46
AASHTO T 90-00 18
AASHTO T 90-00 28

THOMAS EVANS

11/13/2015

AASHTO T 27 - 2011

Date Tested: 11/18/2015

% Passing Limits

100
99
99
95
91
90
86
80
78
75
69

63.2

N/A

Form No: 18909, Report No: MAT:37-02843-W1-S1

© 2000-2013 QESTLab by SpectraQEST.com

Page 1 of 1



CBR =19 @ 115.6 pcf

50 FOR 0.1 IN. OF PENETRATION
30
45
/\
40 20
./ g
35 / E.?
(@]
/ .
n
Q30 /
L
O
Z /
= A
% 25 / 0
i 0.0 50.0 100.0 150.0
> MOLDED DENSITY, PCF
)
g
<20 {
m 4.500
Z
o 4.000 /l
15
3.500
3.000 /
s
< 2.500
10 = /
—
§ 2.000 /
" 1.500 /
5
1.000 /
0.500
0 o.ooo/
0.000 0.100 0.200 0.300 0.400 0.500 0.600 0 24 48 72 96
PENETRATION IN INCHES ELAPSED TIME IN HOURS
MOLDED SOAKED CBR (%) PEN. SWELL
DENS. % MAX | % MOIST. DENS. % MAX | % MOIST. 0.1 IN. 0.2 IN. | SURCHG %
115.6 90.4 10.9 111.0 86.8 16.5 1.9 1.7 10 4.003
MATERIAL DESCRIPTION uscs MAX. DEN. OPT. MOIST LL PI
Sandy lean clay with a little gravel, brown CL 127.9 10.7 46 28

PROJECT #: 37-02843 Boring No. Proctor 1, B-18
PROJECT: Highway 1804

New Town, ND
DATE: 11/20/2015

Test Descr. / Remarks

CBR PER ASTM D1883

PROCTOR PER ASTM D1557

BEARING RATIO TEST REPORT




COMPACTION TEST REPORT

112.3
111.8
14% 1L cf
111.3 =
g -~
2
® /
5 /
> AN
2 / \
110.8 /
’ \
4
/
[0}
110.3
109.8
9 10.5 12 13.5 15 16.5 18
Water content, %
Test specification: AASHTO T 180-01 Method A Modified
Elev/ Classification Na-lt. Sp.G. LL Pl % > % <
Depth USCS AASHTO Moist. #4 No.200
10145 26.2 54 35
TEST RESULTS MATERIAL DESCRIPTION
Maximum dry density = 111 pcf
Optimum moisture = 14 %
Project No. 6024.20997.01 Client: NDDOT Remarks:
Project: NDDOT HWY 1804 Geo Exploration Sampled by DOWL
Date: 11/20/2015
O Source of Sample: B-19 Sample Number: 15164
Figure

Tested By: LM Checked By: LM




COMPACTION TEST REPORT

112.3
111.8
14% 1L cf
111.3 =
g -~
2
® /
5 /
> AN
2 / \
110.8 /
’ \
4
/
[0}
110.3
109.8
9 10.5 12 13.5 15 16.5 18
Water content, %
Test specification: AASHTO T 180-01 Method A Modified
Elev/ Classification Na-lt. Sp.G. LL Pl % > % <
Depth USCS AASHTO Moist. #4 No.200
10145 26.2 54 35
TEST RESULTS MATERIAL DESCRIPTION
Maximum dry density = 111 pcf
Optimum moisture = 14 %
Project No. 6024.20997.01 Client: NDDOT Remarks:
Project: NDDOT HWY 1804 Geo Exploration Sampled by DOWL
Date: 11/20/2015
O Source of Sample: B-19 Sample Number: 15164
Figure

Tested By: LM Checked By: LM




Pl= NP
= A-4(0)

Date: 11/25/2015
Figure
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Coefficients
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Client:
Project:
Project No:

NO)

PASS?

(X
Checked By: LM

SPEC.”

PERCENT
Depth: 17.0- 18,51t

PERCENT
FINER
100.0
100.0

99.9
99.8
99.6
9.1
67.4

(no specification provided)

SIEVE
SIZE
#16
#30
#50
#100
#200

Source of Sample: B-19
Sample Number: 15166

Tested By: LM




Particle Size Distribution Report
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A-4(0)

Date: 11/20/2015

Figure Summary 2
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Coefficients
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Client:
Project:
Project No:

NO)

PASS?

(X
Checked By: LM

Depth: 20.0 - 24.0 ft

SPEC.”
PERCENT

PERCENT
FINER
100.0

99.9
99.6
99.3
99.0
98.0
67.1

(no specification provided)

SIEVE
SIZE
#16
#30
#50
#100
#200

Source of Sample: B-19
Sample Number: 15168

Tested By: LM




COMPACTION TEST REPORT

126.5
124
11%, 123 pcf
/@‘\
121.5 \
ug- J / N
z - \
2 «
[}
©
>
e 119
116.5 \O
114
6 8 10 12 14 16 18
Water content, %
Test specification: AASHTO T 180-01 Method A Modified
El lassificati Nat. % > % <
ev/ Classification a_lt Sp.G. LL Pl ) %o
Depth USCS AASHTO Moist. #4 No.200
200 . 240 ML A-4(0) 113 21 2 00 67.1
TEST RESULTS MATERIAL DESCRIPTION
Maximum dry density = 123 pcf sandy silt
Optimum moisture =11 %
Project No. 6024.20997.01 Client: NDDOT Remarks:
Project: NDDOT HWY 1804 Geo Exploration Sampled by DOWL
Date: 11/24/2015
O Source of Sample: B-19 Sample Number: 15168
Figure

Tested By: LM

Checked By: LM




Particle Size Distribution Report
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Material Description

Fine
8.8
20
CH

6024.20997.01

% Sand
Sampled by DOWL

Medium
0.3
fat clay
PL
USCS
NDDOT
NDDOT HWY 1804 Geo Exploration

GRAIN SIZE - mm.
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0.2
Project No:

Coarse
Client:
Project:

NO)

PASS?

(X
Checked By: LM

Fine
0.0

Depth: 4.5- 6.0 ft

% Gravel

Coarse
SPEC.”

0.0
PERCENT

100
PERCENT
FINER

100.0
99.9
99.7
99.5
99.4
9.1
90.7

0.0

% +3"
(no specification provided)

SIEVE
SIZE
#16
#30
#50
#100
#200

Source of Sample: B-20
Sample Number: 15172

Tested By: LM




Particle Size Distribution Report
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Date: 11/24/2015

Figure

NDDOT HWY 1804 Geo Exploration
6024.20997.01

NDDOT

Client:
Project:
Project No:

Checked By: LM

Depth: 14.5- 16.0 ft

(no specification provided)

*

Source of Sample: B-20
Sample Number: 15176

Tested By: LM




Particle Size Distribution Report
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SIEVE
SIZE

#16
#30
#50

A-7-6(38)
Date: 12/2/2015

Figure

AASHTO

Classification
Remarks

Coefficients

CH

6024.20997.01

Sampled by DOWL

USCS
NDDOT HWY 1804 Geo Exploration

NDDOT

Client:
Project:
Project No:

Checked By: LM

Depth: 19.5- 21.0ft

98.2
97.6

(no specification provided)

#100
#200

*

Source of Sample: B-20
Sample Number: 15178

Tested By: LM
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Atterberg Limits
LL

Material Description

CH
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6024.20997.01

fat clay
USCS
Sampled by DOWL
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Client:
Project:
Project No:

NO)

PASS?

(X
Checked By: LM

Depth: 20.0 - 22.5t

SPEC.”
PERCENT

PERCENT
FINER
100.0

99.9
99.4
98.4
96.6
94.9
94.2

(no specification provided)

SIEVE
SIZE
#16
#30
#50
#100
#200

Source of Sample: B-20
Sample Number: 15179

Tested By: LM




117.5
115 15%, 115 pc
/
e AN
S/ BN
//

- 112.5 / \

g

> \

®

©

s / \

e 110 g

\
107.5
105
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Water content, %
Test specification: AASHTO T 180-01 Method A Modified
Elev/ Classification Na-lt. Sp.G. LL Pl % > % <
Depth USCS AASHTO Moist. #4 No.200
200 f't22'5 CH A-7-6(32) 253 52 31 00 94.2
TEST RESULTS MATERIAL DESCRIPTION

Maximum dry density = 115 pcf fat clay

Optimum moisture = 15 %

Project No. 6024.20997.01 Client: NDDOT Remarks:

Project: NDDOT HWY 1804 Geo Exploration Sampled by DOWL

Date: 11/20/2015
O Source of Sample: B-20 Sample Number: 15179
Figure

Tested By: LM

Checked By: LM
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Sampled by DOWL

% Sand
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PL
USCS
NDDOT HWY 1804 Geo Exploration
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0.5
Project No:

Coarse
Client:
Project:

NO)

PASS?

(X
Checked By: LM

Fine
0.0

% Gravel
Depth: 27.5-29.0 ft

Coarse
SPEC.”

0.0
PERCENT

100
PERCENT
FINER

100.0
99.6
9.1
97.8
96.8
94.8
62.2

0.0

% +3"
(no specification provided)

SIEVE
SIZE
#16
#30
#50
#100
#200

Source of Sample: B-20
Sample Number: 15182

Tested By: LM




Particle Size Distribution Report
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Date: 12/1/2015

Figure

NDDOT HWY 1804 Geo Exploration
6024.20997.01

NDDOT

Client:
Project:
Project No:

Checked By: LM

Depth: 1.5-4.5ft

(no specification provided)

*

Source of Sample: B-21
Sample Number: 15188

Tested By: LM




3 Results
C, ksf 0.267
¢, deg 14.0
Tan(¢ 0.25
2
2
g L T
o B
n e
= A
(] L~
[N —
1 T
/* ///
B T =
0
0 1 2 3 4 5
Normal Stress, ksf
15 Sample No. 1 2 3
Water Content, % 32.7 33.2 33.2
1.25 s nnEEN Dry Density, pcf 94.8 93.6 92.5
S | Saturation, % 116.3 1146 1115
- N < | Void Ratio 0.7442 0.7670 0.7883
2 / Diameter, in. 2500 2500 2500
2 ] Height, in. 0500 0.500  0.500
@ 0.75 T Water Content, % 26.0 271 25.4
§ ,(// Dry Density, pcf 96.6 93.9 97.0
D g5 1] 8 | Saturation, % 9%.6 945 954
% | Void Ratio 0.7128 0.7617 0.7054
f Diameter, in. 2.500 2.500 2.500
0.25 | Height, in. 0491 0.499  0.477
| Normal Stress, ksf 1.000 2.000 4.000
0 Fail. Stress, ksf 0.513 0.769 1.261
0 2.5 5 75 10 Strain, % 36 4.4 7.6
Strain, % Ult. Stress, ksf
Strain, %
Strain rate, in./min. 0.004 0.004 0.004
Sample Type: Undisturbed Client: DOWL

Description: Fat CLAY

LL= 65 PL=18 Pl= 47
Specific Gravity= 2.65

Remarks:

Figure

Project: NDDOT-1804 Reconstruction

Source of Sample: B-63 Depth: 29.5-31.5'
Sample Number: 30930

Proj. No.: 6024.20997.01 Date Sampled:

DIRECT SHEAR TEST REPORT
Tetra Tech
Billings, MT




Particle Size Distribution Report
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0.001

Clay

0.01
% Fines
98.8
PI= 47
= A-7-6(52)
Date:
Figure

Silt

AASHTO

Remarks

Coefficients
Classification

Soil Description

Atterberg Limits
LL= 65

Fine
0.9
CH

6024.20997.01

% Sand
Medium

Fat CLAY

PL= 18

USCS
NDDOT-1804 Reconstruction

0.3
DOWL

GRAIN SIZE - mm.

Coarse

0.0
Client:
Project:
Project No:

NO)

Fine

0.0
PASS?
(X

% Gravel
Depth: 29.5-31.5

Coarse
PERCENT

SPEC.”

0.0

100
PERCENT
FINER

100.0
99.8
99.7
99.5
98.8

% +3"
0.0

SIEVE

SIZE

#10

#20

#200
* (no specification provided)

Tetra Tech
Billings, MT

Source of Sample: B-63
Sample Number: 30930




UNCONFINED COMPRESSION TEST

1.5

Compressive Stress, ksf

0.5 /

10 15 20

Axial Strain, %

Sample No. 1
Unconfined strength, ksf 1.474
Undrained shear strength, ksf 0.737
Failure strain, % 10.8
Strain rate, in./min. 0.060
Water content, % 33.2
Wet density, pcf 122.3
Dry density, pcf 91.9
Saturation, % 109.8
Void ratio 0.8005
Specimen diameter, in. 2.875
Specimen height, in. 6.000
Height/diameter ratio 2.09
Description: Fat CLAY
LL =65 PL =18 Pl=4 GS= 2.65 Type: Undisturbed
Project No.: 6024.20997.01 Client: DOWL
Date Sampled:
Remarks: Project: NDDOT-1804 Reconstruction
Source of Sample: B-63 Depth: 29.5-31.5'
Sample Number: 30930
UNCONFINED COMPRESSION TEST
. Tetra Tech
Figure

Billings, MT
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Figure

Date Sampled:

6024.20997.01

North Dakota Department of Transporation
ND 1804

Client:
Project:
Project No:

Checked By:

Particle Size Distribution Report

Spec.
(Percent)

Depth: 70.0-70.5'

TEST RESULTS

Percent
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100.0
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100.0
99.7
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(no specification provided)

Opening
Size
Location: B-63

Sample Number: 30931

Tested By:




6 Results >
C, ksf 0.202 > .~
¢, deg 24.7 L
Tan(¢ 0.46
1
7
L~
Y 4 T
e
2 Bai
= A
@
T—u
[N
2 e
LA
B
L~
L~
L~
0
0 2 4 6 8 10 12
Normal Stress, ksf
6
Sample No. 1 2 3
Water Content, % 29.0 29.0 29.0
5 Dry Density, pcf 993 991 986
S | Saturation, % 1095 1089 107.8
4 |, | |VoidRatio 0.7288 0.7328 0.7406
2 =T Diameter, in. 2500 2500 2500
2 Height, in. 0500 0500 0.500
% ° Water Content, % 289 303 190
§ Dry Density, pcf 100.2 1058 1122
@ ol L, | @ |Saturation, % 1116 1341 988
/ =S B % | Void Ratio 0.7129 0.6226 0.5303
II/ HEEEN 1 Diameter, in. 2500 2500 2500
! == N Height, in. 0.495 0.468  0.440
"y Normal Stress, ksf 2.000 4.000 8.000
of Fail. Stress, ksf 1.153 1.995 3.896
0 25 5 75 10 Strain, % 9.6 10.0 9.6
Strain, % Ult. Stress, ksf
Strain, %
Strain rate, in./min. 0.004 0.004 0.004
Sample Type: Undisturbed Client: DOWL
Description: Fat CLAY
Project: NDDOT-1804 Reconstruction
LL=60 PL=18 Pl= 42
Specific Gravity= 2.75 Source of Sample: B-64 Depth: 44.5-46.5'
Remarks: Sample Number: 30932
Proj. No.: 6024.20997.01 Date Sampled:
DIRECT SHEAR TEST REPORT
Tetra Tech
Figure Billings, MT




Particle Size Distribution Report
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0.001

Clay

0.01
% Fines
95.9
Pl= 42
= A-7-6(44)
Date:
Figure

Silt

AASHTO

Remarks

Soil Description
Coefficients
Classification

Atterberg Limits
LL= 60

Fine
3.8
CH

6024.20997.01

% Sand
Medium

Fat CLAY

PL= 18

USCS
NDDOT-1804 Reconstruction

0.3
DOWL

GRAIN SIZE - mm.

Coarse

0.0
Client:
Project:
Project No:

NO)

Fine

0.0
PASS?
(X

% Gravel
Depth: 44.5-46.5

Coarse
PERCENT

SPEC.”

0.0

100
PERCENT
FINER

100.0
99.7
99.7
99.5
95.9

% +3"
0.0

SIEVE

SIZE

#10

#20

#200
* (no specification provided)

Tetra Tech
Billings, MT

Source of Sample: B-64
Sample Number: 30932




UNCONFINED COMPRESSION TEST

2
—1 -~ —1
15
I /
]
@ i
(0]
z
Q.
£
O |
/
0.5
|
/
OO 10 15 20

Axial Strain, %

Sample No. 1
Unconfined strength, ksf 1.852
Undrained shear strength, ksf 0.926
Failure strain, % 11.7
Strain rate, in./min. 0.060
Water content, % 29.0
Wet density, pcf 118.9
Dry density, pcf 92.2
Saturation, % 96.7
Void ratio 0.7952
Specimen diameter, in. 2.875
Specimen height, in. 6.000
Height/diameter ratio 2.09
Description: Fat CLAY

LL =60 PL =18 Pl =4 GS= 2.65 Type: Undisturbed
Project No.: 6024.20997.01 Client: DOWL

Date Sampled:
Remarks:

Figure

Project: NDDOT-1804 Reconstruction

Source of Sample: B-64 Depth: 44.5-46.5'
Sample Number: 30932

UNCONFINED COMPRESSION TEST
Tetra Tech
Billings, MT




UNCONFINED COMPRESSION TEST

SAMPLE UNIT LOAD - KSF

16.00 T
14.00 |
N L
8_ 12.00 | %4
< el
@ 10.00 |
o 7 /
H L
(7] 8.00 _—
s "
g 6.00 //
o
a i /
E 4.00 I
o I
(&) I
2.00 1
0.00 +— ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0.0000 0.0100 0.0200 0.0300 0.0400 0.0500 0.0600 0.0700 0.0800
Vertical Strain
‘ —e— Load Ksf LAB NO.: 30931
TYPE OF BREAK GRADATION ATTERBERG LIMITS
SIEVE % PASSING LIQUID LIMIT 64
#4 100 PLASTIC LIMIT 20
#10 100 PLASTIC INDEX 44
#20 100
#40 100.0 CLASSIFICATION
#80 100.0
#100 100.0 USCS CH
#200 99.7 AASHTO A-7-6(50)
% MOISTURE 171 % DESCRIPTION
WET UNIT WT. 132.6 PCF EAT CLAY
DRY UNIT WT. 113.2 PCF
U.C. STRENGTH, qu 13.9 KSF SPECIFIC GRAVITY
COHESION (qu/2) 7.0 KSF NT
PROJECT: NNDOT 1804 Reconstruction LAB NO.: 30931
PROJECT NO.: 6024.20997.01 SAMPLED BY: DOWL
LOCATION: B-64 DATE SAMPLED: 10/23/2015
DEPTH: 44.5-46.5' DATE TESTED: 11/5/2015
DIA. to HT. RATIO: 3.06 PLATE NO.: 01

DOWL




Particle Size Distribution Report

A-7-6(43)
03

80

Figure

Dgo= 0.0764

Pl
D15
Date Sampled:

AASHTO (M 145)
Date Tested:

101
Remarks

Coefficients
Dgs= 0.1129

Classification
D3p

LL=

Material Description

CH

Atterberg Limits (ASTM D 4318)

Title: Lab Manager

Tested By: M
Checked By: MC
6024.20997.01

21

USCS (D 2487)
Dgp= 0.1251
Sampled By:DOWL
F.M.=0.05

Date Received:

D5q
D1g

sandy fat clay
ND 1804

PL=
North Dakota Department of Transporation

Client:
Project:
Project No:

Fail)

Pass?

(X
Checked By:

*

(Percent)

Spec.
Depth: 65.5-66.0'
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TEST RESULTS

Percent
Finer

100.0

100.0
58.7

(no specification provided)

Opening
Size
*
Location: B-64

Sample Number: 30934

Tested By:




UNCONFINED COMPRESSION TEST

SAMPLE UNIT LOAD - KSF

6.00
—
(72]
2 s /
= 4.00
; [ e
» //
[¢}]
s I
(7] 3.00 »
o [ /
2
2 | pd
2.00
o I "
o
g I
1.00 ®
o0 oo p o e e o
0.0000 0.0100 0.0200 0.0300 0.0400 0.0500 0.0600 0.0700  0.0800 0.0900 0.1000
Vertical Strain
—e—Load Ksf LAB NO.: 30934
TYPE OF BREAK GRADATION ATTERBERG LIMITS
SIEVE % PASSING LIQUID LIMIT 101
\/ #4 100 PLASTIC LIMIT 21
#10 100 PLASTIC INDEX 80
#20 100
#40 99.7 CLASSIFICATION
#80 98.5
#100 96.1 USCS CH
#200 58.7 AASHTO A-7-6(43)
% MOISTURE 21.0 % DESCRIPTION
WET UNIT WT. 134.0 PCF SANDY FAT CLAY
DRY UNIT WT. 110.8 PCF
U.C. STRENGTH, qu 5.11 KSF SPECIFIC GRAVITY
COHESION (qu/2) 2.56 KSF NT
PROJECT: NNDOT 1804 Reconstruction LAB NO.: 30934
PROJECT NO.: 6024.20997.01 SAMPLED BY: DOWL
LOCATION: B-64 DATE SAMPLED: 10/23/2015
DEPTH: 65.5-66.0' DATE TESTED: 11/5/2015
DIA. to HT. RATIO: 2.49 PLATE NO.: 02

DOWL




Material Description

fat clay

Coefficients
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24
USCS (D 2487)

PL=

Fail)

Pass?
(X

*

04

Dgo
D1§
Date Sampled:
Figure

Date Tested:

Remarks

Dg5
D39—

Title: Lab Manager

Tested By: M
Checked By: MC
6024.20997.01

Dgo

D5g

Sampled By:DOWL
F.M.=0.00

Date Received:
ND 1804

D10
North Dakota Department of Transporation

Client:
Project:
Project No:

Checked By:

Particle Size Distribution Report

(Percent)
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Depth: 94.5-99.0
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TEST RESULTS

Percent
Finer
100.0
100.0
100.0
100.0
100.0
100.0
99.8

(no specification provided)

Opening
Size
*
Location: B-64

Sample Number: 30935

Tested By:




UNCONFINED COMPRESSION TEST

SAMPLE UNIT LOAD - KSF

25.00
[ /‘\\’

I~ 20.00

E L

(/2]

2

X [ /

n 15.00 /

m L

(V)

|

)

(]

> 10.00 7 /

(/)]

(2]

Q

1

g 50| /

o i —

o L

0.00 — . . . . . . . . . .
0.0000 0.0100 0.0200 0.0300 0.0400 0.0500 0.0600
Vertical Strain
‘ —&— Load Ksf LAB NO.: 30935
TYPE OF BREAK GRADATION ATTERBERG LIMITS
SIEVE % PASSING LIQUID LIMIT 84

#4 100 PLASTIC LIMIT 24
#10 100 PLASTIC INDEX 60
#20 100.0
#40 100.0 CLASSIFICATION
#80 100.0
#100 100.0 USCS CH
#200 99.8 AASHTO A-7-6(70)

% MOISTURE 18.4 % DESCRIPTION

WET UNIT WT. 135.3 PCF FAT CLAY

DRY UNIT WT. 114.3 PCF

U.C. STRENGTH, qu 21.98 KSF SPECIFIC GRAVITY

COHESION (qu/2) 10.99 KSF NT

PROJECT: NNDOT 1804 Reconstruction LAB NO.: 30935

PROJECT NO.: 6024.20997.01 SAMPLED BY: DOWL

LOCATION: B-64 DATE SAMPLED: 10/23/2015

DEPTH: 94.5-99.0' DATE TESTED: 11/5/2015

DIA. to HT. RATIO:  3.02 PLATE NO.: 03

DOWL




UNCONFINED COMPRESSION TEST

SAMPLE UNIT LOAD - KSF

/V

e

A

//

«

9.00 T
8.00 |
N 7.00 |
E a
2] i
o 6.00
] i
[7)] i
7] 5.00
o
| -
- i
2] 4.00
pY i
2 i
= i
@ 3.00 |
o i
S. i
2.00
€
O I
(&) 1.00 +
0.00 +—
0.0000

2.0000

4.0000

6.0000

8.0000

Vertical Strain

10.0000 12.0000 14.0000

‘ —o— Load Ksf LAB NO.: 30936

TYPE OF BREAK GRADATION ATTERBERG LIMITS
SIEVE % PASSING LIQUID LIMIT 69
#4 PLASTIC LIMIT 24
#10 PLASTIC INDEX 45
#20
#40 CLASSIFICATION
#80
#100 USCS
#200 AASHTO
% MOISTURE 24.6 % DESCRIPTION
WET UNIT WT. 121.8 PCF
DRY UNIT WT. 97.7 PCF
U.C. STRENGTH, qu 8.17 KSF SPECIFIC GRAVITY
COHESION (qu/2) 4.09 KSF NT
PROJECT: NNDOT 1804 Reconstruction LAB NO.: 30936
PROJECT NO.: 6024.20997.01 SAMPLED BY: DOWL
LOCATION: B-76 DATE SAMPLED: 10/23/2015
DEPTH: 12.5-14.%5' DATE TESTED: 11/8/2015
DIA. to HT. RATIO:  2.06 PLATE NO.: 04

DOWL




Results =
C, ksf 2.028 ]
o, deg 20.4 ]
Tan(¢ 0.37 —
Y ] i
&) T
3 »
5 Pean
— |
L‘I_“ =
0 2 6 10 12
Normal Stress, ksf
Sample No. 1 2 3
Water Content, % 28.4 28.6 28.4
Dry Density, pcf 1016 1018 102.9
S | Saturation, % 1133 1145 1169
- £ | Void Ratio 0.6898 0.6861 0.6686
2 Diameter, in. 2500 2500 2500
2 Height, in. 0500 0500 0.500
% . Water Content, % 28.3 27.9 27.1
§ // =al _ Dry Density, pcf 1026 103.6  105.9
2 / § Saturation, % 1156 1167 1199
// < | Void Ratio 0.6729 0.6578 0.6212
Diameter, in. 2.500 2.500 2.500
/// Height, in. 0495 0492 0.486
/ Normal Stress, ksf 1.000 2.000 4.000
/ Fail. Stress, ksf 2423 2752 3500
0 1.5 3 45 Strain, % 32 4.4 24
Strain, % Ult. Stress, ksf
Strain, %
Strain rate, in./min. 0.004 0.004 0.004
Sample Type: Undisturbed Client: DOWL
Description: Fat CLAY
Project: NDDOT - 1804 Reconstruction
LL= 87 PL= 22 Pl= 65
Specific Gravity= 2.75 Source of Sample: B-79 Depth: 19.5-21.5
Remarks: Sample Number: 30940
Proj. No.: 6024.20997.01 Date Sampled:
DIRECT SHEAR TEST REPORT
Tetra Tech
Figure Billings, MT




Particle Size Distribution Report

00c#
oviL#
00L#

09#

0)%
oc#
0z

oxm

v#

urg/e
un

ulve
ury

uryl
ure

ure

ure

o o
~ ©

10
0

o o o o
[Te) < ™ N

100
90
80

d3NI4 INIOH3Id

0.001

Clay

65
A-7-6(74)

0.01
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Date:
Figure

Silt

AASHTO

87
Coefficients
Remarks

Classification

Soil Description

Atterberg Limits
LL

Fine
0.5
CH

6024.20997.01

% Sand
Medium

Fat CLAY

PL= 22

USCS
NDDOT-1804 Reconstruction

0.3
DOWL

GRAIN SIZE - mm.

Coarse

0.0
Client:
Project:
Project No:

NO)

Fine

0.0
PASS?
(X

% Gravel
Depth: 19.5-21.5

Coarse
PERCENT

SPEC.”

0.0

100
PERCENT
FINER

100.0
99.8
99.7
99.4
99.2

% +3"
0.0

SIEVE

SIZE

#10

#20

#30

#200
* (no specification provided)

Tetra Tech
Billings, MT

Source of Sample: B-79
Sample Number: 30940




UNCONFINED COMPRESSION TEST

7.5

Compressive Stress, ksf

25

2 3 2

Axial Strain, %

Sample No. 1
Unconfined strength, ksf 6.186
Undrained shear strength, ksf 3.093
Failure strain, % 18
Strain rate, in./min. 0.060
Water content, % 28.4
Wet density, pcf 123.2
Dry density, pcf 95.9
Saturation, % 104.0
Void ratio 0.7242
Specimen diameter, in. 2.875
Specimen height, in. 6.000
Height/diameter ratio 2.09
Description: Fat CLAY

LL =87 PL =22 Pl =65 GS= 2.65 Type: Undisturbed
Project No.: 6024.20997.01 Client: DOWL

Date Sampled:
Remarks:

Figure

Project: NDDOT-1804 Reconstruction

Source of Sample: B-79 Depth: 19.5-21.5
Sample Number: 30940

UNCONFINED COMPRESSION TEST
Tetra Tech
Billings, MT




Particle Size Distribution Report
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Figure

NDDOT HWY 1804 Geo Exploration
6024.20997.01

NDDOT

Client:
Project:
Project No:

Checked By: LM

Depth: 1.4- 45ft

(no specification provided)

*

Source of Sample: B-100
Sample Number: 15195

Tested By: LM




APPENDIX D

CUT SLOPE STABILITY ANALYSIS




Elevation

File Name: 1804 Reconstruction - Station 16533+53 Slope Stability Analysis.gsz
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Phi: 40 °

Name: Fat Clay - EL. 2,175.5 to 2,167.0 feet
Model: Undrained (Phi=0)

Unit Weight: 90 pcf

Cohesion": 1,500 psf

Name: Fat Clay - EL. 2,159.5 to 2,136.0 feet
Model: Undrained (Phi=0)

Unit Weight: 96 pcf

Cohesion": 3,093 psf

Name: Fat Clay - EL. 2,159.5 to 2,136.0 feet
Model: Undrained (Phi=0)

Unit Weight: 96 pcf

Cohesion": 3,093 psf

Name: Fat Clay - EL. 2,132.0 to 2,100.0 feet
Model: Undrained (Phi=0)

Unit Weight: 98 pcf

Cohesion": 1,750 psf

Name: Interbedded Coal
Model: Mohr-Coulomb

Unit Weight: 60 pcf
Cohesion": 100 psf

Phi: 20 °

Name: Asphalt & Roadbase
Model: Mohr-Coulomb

Unit Weight: 140 pcf
Cohesion": 0 psf
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Name: Silty to Clayey Sand - EL. 2,167.0 to 2,159.5 feet

Model: Mohr-Coulomb
Unit Weight: 100 pcf
Cohesion": 20 psf

Phi: 30 °

Name: Silty Sand - EL. 2,136.0 to 2,132.0 feet
Model: Mohr-Coulomb

Unit Weight: 95 pcf

Cohesion": 0 psf

Phi: 20 °

Name: Silty Sand - EL. 2,125.5 to 2,120.0 feet
Model: Mohr-Coulomb

Unit Weight: 110 pcf

Cohesion": 0 psf

Phi:35°
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File Name: 1804 Reconstruction - Station 16533+53 Slope Stability Analysis.gsz
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Phi: 40 °

Name: Fat Clay - EL. 2,175.5 to 2,167.0 feet
Model: Undrained (Phi=0)

Unit Weight: 90 pcf

Cohesion": 1,500 psf

Name: Fat Clay - EL. 2,159.5 to 2,136.0 feet
Model: Undrained (Phi=0)

Unit Weight: 96 pcf

Cohesion": 3,093 psf

Name: Fat Clay - EL. 2,159.5 to 2,136.0 feet
Model: Undrained (Phi=0)

Unit Weight: 96 pcf

Cohesion": 3,093 psf

Name: Fat Clay - EL. 2,132.0 to 2,100.0 feet
Model: Undrained (Phi=0)

Unit Weight: 98 pcf

Cohesion": 1,750 psf

Name: Interbedded Coal
Model: Mohr-Coulomb

Unit Weight: 60 pcf
Cohesion": 100 psf

Phi: 20 °

Name: Asphalt & Roadbase
Model: Mohr-Coulomb

Unit Weight: 140 pcf
Cohesion": 0 psf

ASPHALT & ROADBASE

Method: Spencer Date: 11/22/2015

Slip Surface Option: Block
Static Conditions (No Seismic)

Name: Silty to Clayey Sand - EL. 2,167.0 to 2,159.5 feet
Model: Mohr-Coulomb

Unit Weight: 100 pcf

Cohesion": 20 psf

Phi:30°

Name: Silty Sand - EL. 2,136.0 to 2,132.0 feet
Model: Mohr-Coulomb

Unit Weight: 95 pcf

Cohesion": 0 psf

Phi: 20 °

3.71

Name: Silty Sand - EL. 2,125.5 to 2,120.0 feet
Model: Mohr-Coulomb

Unit Weight: 110 pcf

Cohesion": 0 psf

Phi:35°

3to1SLOPE

INTERBEDDED COAL

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220
Distance

230



Elevation

File Name: 1804 Reconstruction - Station 16533+53 Slope Stability Analysis.gsz
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Name: Fat Clay - EL. 2,175.5 to 2,167.0 feet
Model: Undrained (Phi=0)

Unit Weight: 90 pcf

Cohesion": 1,500 psf

Name: Fat Clay - EL. 2,159.5 to 2,136.0 feet
Model: Undrained (Phi=0)

Unit Weight: 96 pcf

Cohesion": 3,093 psf

Name: Fat Clay - EL. 2,159.5 to 2,136.0 feet
Model: Undrained (Phi=0)

Unit Weight: 96 pcf

Cohesion": 3,093 psf

Name: Fat Clay - EL. 2,132.0 to 2,100.0 feet
Model: Undrained (Phi=0)

Unit Weight: 98 pcf

Cohesion": 1,750 psf

Name: Interbedded Coal
Model: Mohr-Coulomb

Unit Weight: 60 pcf
Cohesion": 100 psf

Phi: 20 °

Name: Asphalt & Roadbase
Model: Mohr-Coulomb

Unit Weight: 140 pcf
Cohesion": 0 psf

Phi: 40 °

ASPHALT & ROADBASE

Method: Spencer Date: 11/22/2015

Slip Surface Option: Block
0.85 Seismic Yield Coefficient

Name: Silty to Clayey Sand - EL. 2,167.0 to 2,159.5 feet
Model: Mohr-Coulomb

Unit Weight: 100 pcf

Cohesion": 20 psf

Phi:30°

Name: Silty Sand - EL. 2,136.0 to 2,132.0 feet
Model: Mohr-Coulomb

Unit Weight: 95 pcf

Cohesion": 0 psf

Phi: 20 °

1.00

Name: Silty Sand - EL. 2,125.5 to 2,120.0 feet
Model: Mohr-Coulomb

Unit Weight: 110 pcf

Cohesion": 0 psf

Phi:35°
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File Name: 1804 Reconstruction - Station 16537+06 Slope Stability Analysis.gsz
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Name: Fat Clay - EL. 2,158.0 to 2,144.0 feet
Model: Undrained (Phi=0)

Unit Weight: 98 pcf

Cohesion': 4,085 psf

Name: Fat Clay - EL. 2,142.0 to 2,127.0 feet
Model: Undrained (Phi=0)

Unit Weight: 100 pcf

Cohesion': 4,500 psf

Name: Fat Clay - EL. 2,119.0 to 2,085.0 feet
Model: Undrained (Phi=0)

Unit Weight: 100 pcf

Cohesion': 4,500 psf

Name: Interbedded Coal
Model: Mohr-Coulomb
Unit Weight: 60 pcf
Cohesion": 100 psf

Phi'; 20 °

Name: Asphalt & Roadbase
Model: Mohr-Coulomb

Unit Weight: 140 pcf
Cohesion": 0 psf

Phi: 40 °

0206 T0T0%6, Y% aVi09. 0. OO 9.9 IV 16766 60,8

Name: Silty Sand - EL. 2,127.0 to 2,124.0 feet
Model: Mohr-Coulomb

Unit Weight: 105 pcf

Cohesion": 0 psf

Phi': 30 °

Name: Sandy Silt - EL. 2,124.0 to 2,119 feet
Model: Mohr-Coulomb

Unit Weight: 95 pcf

Cohesion": 0 psf

Phi'; 35 °

Name: Sandy Silt - EL. 2,161.5 to 2,158.0 feet
Model: Undrained (Phi=0)

Unit Weight: 85 pcf

Cohesion": 75 psf
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Method: Spencer
Slip Surface Option: Entry and Exit
Static Conditions (No Seismic)

Date: 11/22/2015
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File Name: 1804 Reconstruction - Station 16537+06 Slope Stability Analysis.gsz
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Name: Fat Clay - EL. 2,158.0 to 2,144.0 feet
Model: Undrained (Phi=0)

Unit Weight: 98 pcf

Cohesion': 4,085 psf

Name: Fat Clay - EL. 2,142.0 to 2,127.0 feet
Model: Undrained (Phi=0)

Unit Weight: 100 pcf

Cohesion': 4,500 psf

Name: Fat Clay - EL. 2,119.0 to 2,085.0 feet
Model: Undrained (Phi=0)

Unit Weight: 100 pcf

Cohesion': 4,500 psf

Name: Interbedded Coal
Model: Mohr-Coulomb
Unit Weight: 60 pcf
Cohesion": 100 psf

Phi'; 20 °

Name: Asphalt & Roadbase
Model: Mohr-Coulomb

Unit Weight: 140 pcf
Cohesion": 0 psf

Phi: 40 °

Name: Silty Sand - EL. 2,127.0 to 2,124.0 feet
Model: Mohr-Coulomb

Unit Weight: 105 pcf

Cohesion": 0 psf

Phi': 30 °

Name: Sandy Silt - EL. 2,124.0 to 2,119 feet
Model: Mohr-Coulomb

Unit Weight: 95 pcf

Cohesion": 0 psf

Phi'; 35 °

Name: Sandy Silt - EL. 2,161.5 to 2,158.0 feet
Model: Undrained (Phi=0)

Unit Weight: 85 pcf

Cohesion": 75 psf
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Slip Surface Option: Block
Static Conditions (No Seismic)
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APPENDIX E

GPR TRAVERSE REPORT




SAGE EARTH SCIENCE

GEOPHYSICAL SURVEYS

November 25, 2015

RE: —.GROUND PENETRATING RADAR SURVEY — NORTH DAKOTA 1804
RECONSTRUCTION PROJECT

Summary / Conclusions

Approximately 18,000 feet of profile data were acquired. It is comprised of two profiles. One conducted
within the ditch line on each side of the existing highway. Based on the ground penetrating radar data, the
following general conclusions regarding the alignment can be made:

e Average depth of investigation 15-20 feet

e The large majority of profile data do not support the presence of voids.

e A small number of suspect locations are identified that may warrant further investigation.
Further investigation could be limited to representative sites.

Scope and Technical Approach — Ground Penetrating Radar (GPR)

The GPR method utilizes a reflected electromagnetic pulse to identify subsurface features. An impulse is
transmitted from an antenna on the surface. The impulse travels into the subsurface is then reflected off of
underground features and objects with electrical properties that differ from the surrounding materials
including both metal and non-metal objects and from any interface where the electrical properties vary
from the surround material including voids. The reflected pulse is

received back at the surface and is recorded and displayed for analysis.

The choice of the appropriate antenna is important to the success of

meeting project objectives. There is a tradeoff between the depth of

investigation and resolution. Longer wavelengths (low frequencies) can

travel to greater depths, but are unable to resolve small or thin features. A

low frequency antenna will tend to blur or smear results. Short

wavelengths will not travel as far, but can resolve smaller features and

maintain signal character. High frequencies will typically produce a Figure 1. GPR Antenna
clearer image, but with a more limited depth of investigation.

GPR performance can vary dramatically based on site specific conditions, primarily the amount of clay
and soil moisture. To choose the appropriate antenna, a short test profile near the project alignment was
surveyed to evaluate the effectiveness of two frequency antenna, a 100 MHz antenna and 270 MHz
antenna. The test location was positioned over an area known to have voids, but at an unreported depth.
Data were acquired using a GSSI SIR-2000 an integrated survey wheel for profile positioning.

Based on a qualitative judgement, the 100 MHz antenna was chosen as generating better results providing
a marginally greater depth of investigation. Figure 3

2184 Channing Way, Suite 110, Idaho Falls, ID 83404
telephone: (208)522-5049, Fax: (208)528-6200, email: sageearthscience@yahoo.com
http://www.sageearthscience.com



test profile

Figure 2. Project location, Google earth image

270 MHz. Antenna Test

w# C:\USERS\GLEN CARPENTER\POWL HKM 2015-10-18\FILE26 FIR 5-5LDZT: LINESCAN

suspect void

Figure 3a Test profile, 270 MHz antenna

100 MHz. Antenna Test

w# C:\USERS\GLEN CARPENTER\DOWL HKM 2015-10- 18\FILE24 IIR-5-51L.DZT: LINESCAN

suspect void

Figure 3b. Test profile, 100 MHz antenna
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Discussion
Data were acquired using a 100 MHz antenna with the following acquisition parameters.

Processing was limited to the application of a background removal filter to removed short period
anomalies to remove “chatter” and very long period features to emphasize anomalous zones. All records
were processed, gained, and identical color scales applied to allow for comparisons along the profile and
between the North and South profiles. Red was applied to the highest amplitude reflections to emphasize
those peak anomalies.

In the following figures, short tick marks at the top of the figure are distance measurements. Distance is
shown across the top. Each tick is spaced five feet apart. The estimated depth scale (ft) is on the left. The
body of the figure is a gray scale relative reflection relative. Red is applied to the highest amplitude
reflections. Long tick marks show the location of project test holes. Test hole locations should be used to
calibrate profile location. Locations should be measured from the nearest test hole.

The most notable anomalies having the character that may indicate a void are labeled. These locations
may warrant further investigation.
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APPENDIX F

GEOTECHNICAL BORING LOCATION PHOTOGRAPHS




Boring B-1 Location — View East

Boring B-1 Location — View Southwest

1804 Photo Log - Phase l.docx



Drilling Boring B-1 — View East

Boring B-1A Location — View East

1804 Photo Log - Phase l.docx



Boring B-1 Location — View West

Drilling Boring B-1 — View East

1804 Photo Log - Phase l.docx



Boring B-2 Location — View East

Boring B-2 Location — View West

1804 Photo Log - Phase l.docx



Drilling Boring B-2 — View East

Boring B-3 Location — View West

1804 Photo Log - Phase l.docx



Boring B-3 Location — View East

Drilling Boring B-3 — View Northeast

1804 Photo Log - Phase l.docx



Boring B-4 Location — View East

Boring B-4 Location — View West

1804 Photo Log - Phase l.docx



Drilling Boring B-4 — View East

Boring B-5 Location — View West

1804 Photo Log - Phase l.docx



Boring B-5 Location — View East

Drilling Boring B-5 — View East

1804 Photo Log - Phase l.docx



1804 Photo Log - Phase l.docx

Boring B-5A Location — View West

Boring B-5A Location — View East
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1804 Photo Log - Phase l.docx

Drilling Boring B-5A — View East

Boring B-6 Location — View West
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1804 Photo Log - Phase l.docx

Drilling Boring B-6 — View East

Boring B-7 Location — View East
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1804 Photo Log - Phase l.docx

Boring B-7 Location — View West

Drilling Boring B-7 — View East
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1804 Photo Log - Phase l.docx

Boring B-8 Location — View Southeast

Boring B-8 Location — View Southwest
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1804 Photo Log - Phase l.docx

Drilling Boring B-8 — View South

Boring B-9 Location — View North
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1804 Photo Log - Phase l.docx

Boring B-9 Location — View East

Drilling Boring B-9 — View North
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1804 Photo Log - Phase l.docx

Boring B-10 Location — View East

Boring B-10 Location — View West
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1804 Photo Log - Phase l.docx

Drilling Boring B-10 — View South

Boring B-11 Location — View East
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1804 Photo Log - Phase l.docx

Boring B-11 Location — View West

Drilling Boring B-11 — View Northeast
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1804 Photo Log - Phase l.docx

Boring B-12 Location — View East

Boring B-12 Location — View West
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1804 Photo Log - Phase l.docx

Drilling Boring B-12 — View Southeast

Boring B-13 Location — View West
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1804 Photo Log - Phase l.docx

Boring B-13 Location — View East

Drilling Boring B-13 — View North
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1804 Photo Log - Phase l.docx

Boring B-14 Location — View West

Boring B-14 Location — View East
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1804 Photo Log - Phase l.docx

Drilling Boring B-14 — View Southeast

Boring B-15 Location — View East
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1804 Photo Log - Phase l.docx

Boring B-15 Location — View West

Drilling Boring B-15 — View Northeast
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1804 Photo Log - Phase l.docx

Boring B-16 Location — View West

Boring B-16 Location — View East
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1804 Photo Log - Phase l.docx

Drilling Boring B-16 — View Southeast

Boring B-17 Location — View East
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1804 Photo Log - Phase l.docx

Boring B-17 Location — View West

Drilling Boring B-17 — View North
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1804 Photo Log - Phase l.docx

Boring B-18 Location — View West

Boring B-18 Location — View East
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Drilling Boring B-18 — View Southeast

Boring B-19 Location — View East

30



1804 Photo Log - Phase l.docx

Boring B-19 Location — View West

Drilling Boring B-19 — View North
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Boring B-20 Location — View West

Boring B-20 Location — View East
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Drilling Boring B-20 — View South

Boring B-21 Location — View East
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Boring B-21 Location — View West

Drilling Boring B-21 — View North
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Boring B-63 Location — View North

Boring B-63 Location — View Northwest
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Drilling Boring B-63 — View East

Boring B-64 Location — View East
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Boring B-64 Location — View West

Drilling Boring B-64 — View West
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Boring B-64 Hard Clay Core — 94.5 to 99.5 feet

Boring B-64 Hard Clay Core — 99.5 to 104.5 feet
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Boring B-76 Location — View East

Boring B-76 Location — View West
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Drilling Boring B-76 — View West

Boring B-79 Location — View West
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Boring B-79 Location — View East

Drilling Boring B-79 — View West
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Boring B-100 Location— View North

Boring B-100 Location — View Northwest
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Drilling Boring B-100 — View West

Boring B-103 Location — View West
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Boring B-103 Location — View East

Drilling Boring B-103 — View South

44



APPENDIX G

GEOSYNTHETIC STABLIZATION FABRIC INFORMATION

CULVERT SETTLEMENT CALCULATIONS




APPENDIX G

GEOSYNTHETIC STABLIZATION FABRIC INFORMATION




S2TENCATE INSTALLATION GUIDELINES

Mirafi

GEOSYNTHETICS USED IN
SUBGRADE STABILIZATION

Prepared by:

TenCate Geosynthetics Americas
365 South Holland Drive
Pendergrass, GA 30567

Tel. (706) 693-2226

Fax (706) 693-2044
www.tencate.com

July, 2013

Page 1 of 6
July 2013



S2TENCATE INSTALLATION GUIDELINES

Mirafi

General

This document is prepared to help ensure the geosynthetic soil reinforcement, once installed,
will perform its intended design functions. To do so, the geosynthetic must be identified,
handled, stored and installed in such a way that its physical property values are not affected and
the design conditions are ultimately met as intended. This document does not account for every
possible construction scenario. However, this document contains information consistent with
generally accepted practices of identifying, handling, storing and installing geosynthetic
materials for most roadway applications. If you have questions regarding a specific project or
encounter conditions other than those described herein, call 888-795-0808. Failure to follow
these guidelines may result in the unnecessary failure of the geosynthetic in a properly
designed application.

Material Identification, Storage and Handling

The geosynthetic shall be rolled on cores having strength sufficient to avoid collapse or other
damage from normal use. Each roll shall be wrapped with a plastic covering to protect the
geosynthetic from damage during shipping and handling. Each roll shall be identified with a
durable gummed label or the equivalent, clearly legible on the outside of the roll wrapping. The
label shall indicate the manufacturer’s name, the style number and the roll number.

Upon delivery, check the TenCate Mirafi® geosynthetic roll labels to verify the correct product
has been received. Immediately inspect the geosynthetic to ensure it is free of any flaws or
damage that might have occurred during shipping or handling.

While unloading or transferring the geosynthetic from one location to another, prevent damage
to the wrapping, core, label or the geosynthetic itself. If the geosynthetic is to be stored for an
extended period of time, the geosynthetic shall be located and placed in a manner that ensures
the integrity of the wrapping, core and label as well as the physical properties of the
geosynthetic. This can be accomplished by elevating the geosynthetic off the ground on
dunnage and ensuring that it is adequately covered and protected from ultraviolet radiation,
chemicals that are strong acids or strong bases, fire or flames including welding sparks,
temperatures in excess of 140° F (60° C), and human or animal destruction.

Page 2 of 6
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Mirafi

Geosynthetic Placement and Overlap

Clear, grub and excavate (as required) to the
plan subgrade or undercut elevation, stripping
topsoil, deleterious debris and unsuitable
material from the site. Cut stumps and other
projecting vegetation as close and even to the
ground surface as practical. Specialized
equipment with low ground pressure, as directed
by the Engineer, may be required for very soft
soils (CBR = 1.5%) to minimize subgrade
disturbance. In addition, it may also be
beneficial to leave root mats in place in such
instances. The surface of the subgrade should
be relatively smooth and level (Image 1), and
depressions or humps greater than 6 inches
(15 cm) should be graded out (i.e., back
bladed/back dragged).

Image 1 — Subgrade Preparation

The geosynthetic reinforcement shall be
placed directly on the prepared subgrade
(Image 2). It should be rolled out flat and
tight with no folds or wrinkles. Unroll the
geosynthetic in the direction of travel so that
the machine direction (i.e., long axis) of the
roll is parallel with channelized traffic
patterns. Adjacent rolls should be
overlapped along their sides and ends as a
function of subgrade strength as follows:

CBR 2 3% 12" to 18” (30-45 cm)
overlap

1% < CBR < 3% 24" to 36" (60-90 cm)
overlap

0.5% <CBR<1% | 36" (90 cm+) or Image 2 — Geosynthetic Deployment
Sewn*

CBR < 0.5% Sewn*

* Please contact your local TenCate Geosynthetics representative for recommended sewing practices.
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If the need for 40" inches (1M) of overlap is reached, it is strongly suggested that the overlap is
sewn or otherwise adhered to limit the potential formation of a slip plane between the
overlapped panels. Note: very heavy loading and very soft subgrades will also warrant sewn
seams instead of overlapping panels. Prior to fill placement, the geosynthetic can be held in
place using U-shaped sod staples or simply by strategically placing shovelfuls of the fill to weigh
down the geosynthetic. Overlap (“shingle”) the geosynthetics in the direction fill will be spread to
avoid peeling-back of the geosynthetic at overlaps by the advancing fill, just as shingles on a
roof are installed to prevent water flowing beneath the adjacent row of shingles below.

Cut and overlap the geosynthetic to accommodate curves. Cutting may be done with sharp
shears, razor knives or handheld power (i.e., “cutoff”) saws. Cut the geosynthetic to conform to
immovable protrusions, such as manhole covers and vertical utilities.

Fill Placement

Aggregate fill, as specified, should be placed directly over the geosynthetic in 8 - 12 (20-30 cm)
inch loose lifts. Typically, if the design section thickness is < 16 inches (40 cm), the entire
section should be placed and compacted in one single lift to minimize further degradation of the
subgrade.

On relatively competent subgrades (CBR =
4%), standard, highway-legal, rubber-tired
vehicles (end dumps and belly dumps) may
be driven over the exposed geosynthetic at
slow speeds (less than 5 mph [8 km/hr]),
and in straight paths. These vehicles can

. dump aggregate fill as they advance,
provided this construction traffic will not
cause significant rutting upon bare
subgrade. Sudden braking, sudden starting
and sharp turning should be avoided.
Tracked construction equipment must not
be operated directly upon the exposed
geosynthetic. A minimum aggregate fill
thickness of 6 inches (15 cm) is required
prior to operation of tracked equipment on the geosynthetic. In addition, turning of tracked
equipment should be kept to a minimum to prevent tracks from displacing the fill and damaging
the geosynthetic.

Image 3 — End dumping aggregate
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Over softer subgrades (CBR < 4%),
aggregate fill should be end-dumped from
the edge of the previously placed material
(Image 3), spreading from the middle
outward (Image 4).

Compaction

Standard compaction methods may be used
unless the soils are very soft (CBR < 1.5%).
In such cases, static compaction with a light
smooth drum roller is considered prudent
(Image 5).

Image 4 — Spreading aggregate over geosynthetic

Once a stable working platform has been
achieved, compact aggregate fill to project specifications, after it has been graded smooth and
before it is subjected to accumulated traffic.

Aggregate Fill Considerations

Preferred (not required) fill gradation for
roadway applications is well-graded crushed
aggregate fill with a maximum patrticle size
of 1% inches (40 mm) and less than 10%
fines (passing #200 sieve). For unpaved
applications, most clean granular fills,
including sands are acceptable.

Installation and Repairs for Utility Cuts or
Damaged Areas

Image 5 — Smooth Drum Roller

Repairs to roadway reinforcement geosynthetics can be made in the field by placing a repair
panel or patch over the damaged area. The repair panel should extend a minimum of 3 ft
(0.9 m) beyond the edges of the damaged geosynthetics as shown in Image 6. Pullout and/or
direct sliding calculations should be performed by the project engineer to verify the minimum
required overlap length to meet a specific project’s requirements.
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Image 6 — Typical Utility Cut Geosynthetic Repair Detail (NTS)

When placing roadway reinforcement
geosynthetics in trenches or against
excavations that terminate at existing curb
and gutter, the geosynthetic can be wrapped
up the sides of the excavation as shown in
Image 7. Doing so provides extra
embedment for the geosynthetic to resist
pullout and sliding forces by sandwiching the
material between the vertical faces of the
existing materials and the newly compacted
fill.

Image 7-Extending the Geosynthetic
Reinforcement up a Vertical Face

Disclaimer: TenCate assumes no liability for the accuracy or completeness of this information or for the ultimate use by the
purchaser. TenCate disclaims any and all express, implied or statutory standards, warranties or guarantees, including without
limitation any implied warranty as to merchantability or fitness for a particular purpose or arising from a course of dealing or usage of
trade as to any equipment, materials, or information furnished herewith. This document should not be construed as engineering
advice.

© TenCate Geosynthetics Americas 2013
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Project Name:
Project Number:

Section 31 32 19

Specification for Geotextile Used in Subgrade Stabilization/Restraint and Base
Reinforcement Applications

1. GENERAL
1.1 SECTION INCLUDES

A. Geotextile to stabilize and reinforce an aggregate cover material (subbase, base,
select embankment, etc.) of an unpaved or paved roadway.

1.2 RELATED SECTIONS

A. Section 02 50 00 - Site Remediation

B. Section 01 89 13 - Site Preparation Performance Requirements
C. Section 31 00 00 - Earthwork
D. Section 32 10 00 - Bases, Ballasts, Pavements, and Appurtenances

1.3  UNIT PRICES

A. Method of Measurement: By the square yard (or square meter - as indicated in
contract documents) including seams, overlaps, and wastage.

B. Basis of Payment: By the square yard (or square meter - as indicated in contract
documents) installed.

1.4 REFERENCES
A. AASHTO Standards:

1. T088-10-UL - Particle Size Analysis of Soils
2 T090-00-UL - Determining the Plastic Limit and Plasticity Index of

3. T099-10-UL - The Moisture-Density Relations of Soils Using a 5.51b (2.5 kg)
Rammer and a 12in (305 mm) Drop.
4. M288-06 - Geotextile Specification for Highway Applications
B. American Society for Testing and Materials (ASTM):

1. D123 - Standard Terminology Relating to Textiles
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10.

11.

12.

13.

14.

15.

D276 - Test Method for Identification of Fibers in Textiles

D422 - Standard Test Method for Particle-Size Analysis of Soils

D4354 - Practice for Sampling of Geosynthetics for Testing

D4355 - Test Method for Deterioration of Geotextiles from Exposure to
Ultraviolet Light and Water (Xenon-Arc Type Apparatus)

D4439 - Terminology for Geotextiles

D4491 - Test Methods for Water Permeability of Geotextiles by Permittivity
D4595 - Test Method for Tensile Properties of Geotextiles by the Wide-
Width Strip Method

D4751 - Test Method for Determining Apparent Opening Size of a
Geotextile

D4759 - Practice for Determining the Specification Conformance of
Geosynthetics

D4884 - Standard Test Method for Strength of Sewn or Thermally Bonded
Seams of Geotextiles

D4873 - Guide for Identification, Storage, and Handling of Geotextiles
D5321 - Test Method for Determining the Coefficient of Soil and
Geosynthetic or Geosynthetic and Geosynthetic Friction by the Direct Shear
Method

D6241 - Standard Test Method for the Static Puncture Strength of
Geotextiles and Geotextile-Related Products Using a 50-mm Probe
D6706 - Standard Test Method for Measuring Geosynthetic Pullout
Resistance in Soil

C. American Association for Laboratory Accreditation (A2LA)

D. Geosynthetic  Accreditation Institute (GAIl) - Laboratory Accreditation
Program (LAP)

E. International Standards Organization (ISO) - 9001:2008

F. National Transportation Product Evaluation Program (NTPEP)

1.5 DEFINITIONS

A. Minimum Average Roll Value (MARV): Property value calculated as typical minus
two standard deviations. Statistically, it yields a 97.7 percent degree of confidence
that any sample taken during quality assurance testing will exceed value reported.

B

16 SUBMITTALS

A. Submit the following:

1.

Certification:  The contractor shall provide to the Engineer a certificate
stating the name of the manufacturer, product name, style number, and
chemical composition of the filaments or yarns and other pertinent



1.7

information to fully describe the geotextile. The Certification shall state that
the furnished geotextile meets MARV requirements of the specification as
evaluated under the Manufacturer's quality control program.  The
Certification shall be attested to by a person having legal authority to bind
the Manufacturer. Certifications from Private Label distributors will not be
accepted.

2. If an alternate product is submitted full scale performance testing performed
by an Independent testing agency shall be provided that quantifies the
structural benefit of the geotextile. The benefit must meet or exceed the
benefit of the design geotextile.
3. Coefficient of Interaction (C)) test results performed by a lab with GRI and/or
A2La accreditation should be provided to confirm conformance to the
specified value.
4. Manufacturer’s installation Guidelines shall be provided.
5. One 1’ x 1’sample shall be provided.
6. Quality Standards: The contractor shall provide to the Engineer the
Manufacturer's Quality Control Plan along with their current A2LA, GAI-
LAP, and ISO 9001:2008 certificates.
7. Alternate products must be submitted 15 days prior to bid date to engineer
and should include information on five similar projects in size and scope.
QUALITY ASSURANCE
A. Manufacturer Qualifications:
1. The geotextile Manufacturer shall have all of the following credentials:
a. 1SO 9001:2008 Quality Management System
b. Geosynthetic Accreditation Institute (GAI) Laboratory Accreditation
Program (LAP)

c. American Association for Laboratory Accreditation (A2LA)

B. The geotextile Manufacturer shall have a GAI-LAP and A2LA accredited laboratory

at the location of production capable of performing the ASTM tests as outlined in
the specification.
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2.2

DELIVERY, STORAGE, AND HANDLING

A. Geotextile labeling, shipment, and storage shall follow ASTM D4873. Product
labels shall be color-coded to specifically identify each product and clearly show
the Manufacturer’'s name, style name, and roll number.

B. Each geotextile roll shall be wrapped with a material that will protect the geotextile
from damage due to shipment, water, sunlight, and contaminants.

C. During storage, geotextile rolls shall be elevated off the ground and adequately
covered to protect them from the following: site construction damage, precipitation,
extended ultraviolet radiation including sunlight, chemicals that are strong acids or
strong bases, flames including welding sparks, excess temperatures, and any
other environmental conditions that may damage the physical property values of
the geotextile.

PRODUCTS

MANUFACTURERS

A. TenCate Geosynthetics Americas
365 South Holland Drive
Pendergrass, GA, USA 30567
1-800-685-9990
1-706-693-2226
1-706-693-4400, fax
www.mirafi.com

MATERIALS

A. Geotextile:

1. The geotextile shall be woven from super high-tenacity polypropylene yarns

with a weave pattern to maximize strength, water flow, soil interaction and
soil retention. The yarns shall be from high-tenacity long-chain synthetic
polymers composed of at least 95 percent by weight of polyolefins or
polyesters. They shall form a stable network such that the filaments or
yarns retain their dimensional stability relative to each other, including
selvages.

2. The geotextile shall meet the requirements of Table 1. All numeric values
in Table 1 except AOS represent Minimum, MARV or Typical in the
specified direction. Values for AOS represent maximum average roll
values.



3. All geotextile products shall have a separation factor of 0.9 or higher per

ASTM D422, Modified.

TABLE 1 - SUBGRADE STABILIZATION GEOTEXTILE

. . Typical Minimum Average
Performance Properties Test Method Unit Roll Value Roll Value
Tensile Modulus @ 2% strain (CD) | ASTM D4595 Ibs/ft (KN/m) 108,000 (1576) 90,000 (1313)
Tensile Modulus @ 5% strain (CD) | ASTM D4595 Ibs/ft (kN/m) 100,800 (1471) 87,600 (1279)
Flow Rate ASTM D4491 | gal/min/ft® (I/min/m?) 90 (3667) 75 (3056)°
Permittivity ASTM D4491 sec’ 1.2 1.0°
Pore Size Ogs ASTM D6767 microns 350
Pore Size 0so ASTM D6767 microns 185
Interaction Coefficient’ ASTM D5321 - 0.9°
. . Typical Minimum Average
Index Properties Test Method Unit Roll Value Roll Value
Apparent Opening Size (AOS) ASTM D4751 U.S Sieve (mm) 50 (0.30) 40 (0.425)°
Factory Seam Strength ASTM D4884 Ibs/ft (kN/m) 3000 (43.8)°
UV Resistance o . 3
(at 500 hours) ASTM D4355 % strength retained 90
" Interaction Coefficient value is for sand or gravel based on testing conducted by SGI Testing Services.
2 ASTM D4751: AOS is a Maximum Opening Diameter Value
3 Minimum Test Value
When sewn seams are required refer to Section 3 - Execution.
4. Approved geotextiles are as follows:
Mirafi® RS580i
2.3 QUALITY CONTROL
A. Manufacturing Quality Control: Testing shall be performed at an on-site laboratory

accredited by GAI-LAP and A2LA for tests required for the geotextile, at frequency
meeting or exceeding ASTM D4354.

B. Manufacturer's certifications and testing of quality assurance samples obtained

using Procedure B of ASTM D4354.

A lot size for conformance or quality

assurance sampling shall be considered to be the shipment quantity of the given
product or a truckload of the given product, whichever is smaller.




3. EXECUTION
3.1 See Manufacturer’s Installation guidelines provided in the submittal.

END OF SECTION

Mirafi™ is a registered trademark of Nicolon Corporation. Copyright © 2015 Nicolon Corporation. All Rights Reserved.



TENCATE GEOSYNTHETICS

Americas

Mirafi® RS580i

This is to certify that Mirafi® RS580i is a revolutionary geotextile created from super high-tenacity
polypropylene filaments formed into an innovative weave to provide superior reinforcement
strength and soil interaction integrated with high water flow and soil retention capabilities.

TenCate Geosynthetics Americas quality control testing laboratories are accredited by a2lLa
(The American Association for Laboratory Accreditation) and Geosynthetic Accreditation
Institute Laboratory Accreditation Program (GAI-LAP).

. . Typical Minimum Average
Performance Properties Test Method Unit Roll Value Roll Value
I 0,
Tensile Modulus @ 2% | \q1y pasgs Ibs/ft (kN/m) 108,000 (1576) 90,000 (1313)
strain (CD)
I 0,
Tensile Modulus @ 5% | \qT pasgs Ibs/ft (kN/m) 100,800 (1471) 87,600 (1279)
strain (CD)
gal/min/ft? 3
Flow Rate ASTM D4491 (/min/m?) 90 (3667) 75 (3056)
Permittivity ASTM D4491 sec? 1.2 1.03
Pore Size Ogs ASTM D6767 microns 350
Pore Size 0so ASTM D6767 microns 185
Interaction Coefficient! ASTM D5321 -- 0.93
. : Typical Minimum Average
Index Properties Test Method Unit Roll Value Roll Value
Appare”t fopg)”'”g Sizé | ASTMDA4751 | U.S Sieve (mm) 50 (0.30) 40 (0.425)?2
Factory Seam Strength ASTM D4884 Ibs/ft (kN/m) 3000 (43.8) 8
UV Resistance 0 . 3
(at 500 hours) ASTM D4355 % strength retained 90
1 Interaction Coefficient value is for sand or gravel based on testing conducted by SGI Testing Services.
2 ASTM D4751: AOS is a Maximum Opening Diameter Value
8 Minimum Test Value
Physical Properties Unit Roll Sizes
Roll Dimensions (width x length) ft (m) 15 x 300 (4.6 x 91) 17 x 300 (5.2 x 91)
Roll Area yd? (m?) 500 (418) 567 (474)

Interaction Coefficient (ASTM D6706) is not covered by our current A2LA accreditation.
U.S. Patent 8,333,220 and 8,598,054

TenCate, Mirafi, and the color ORANGE used in connection with geosynthetic or geotextile products are registered and/or unregistered trademarks of Nicolon
Corporation.

Disclaimer: TenCate assumes no liability for the accuracy or completeness of this information or for the ultimate use by the purchaser. TenCate disclaims any and
all express, implied, or statutory standards, warranties or guarantees, including without limitation any implied warranty as to merchantability or fitness for a particular
purpose or arising from a course of dealing or usage of trade as to any equipment, materials, or information furnished herewith. This document should not be
construed as engineering advice.

Mirafi® is a registered trademark of Nicolon Corporation Copyright © 2015 Nicolon Corporation. All Rights Reserved.

FGS000703 '
ETQR15 G

Testing Lab 1291.01 & 1291.02
GAI-LAP-25-97



APPENDIX G

CULVERT SETTLEMENT CALCULATIONS




UBPIGIYXABBIOAUCIG\HEHIUENNSUOD\L0-L660272\D snuadu Wd §2:92:G SL0TILIT)
(deadu jje sepun dA])
L pauing M3l uOlleAs|] oY adA | |eustey oniyiuksoa /
g ainbiq S | _ @M\ﬂ\m\m\m«m«m
I jElile} e
| AIjRUISYY MOAIND x0g Y981 Auoig MOl Sa
uononJIsuoday 081 AN
o 0Z'8v81 13
G1'8¥8l 113 v 9AU| [BUUE a|n
eAU| HBAIND 18U PUTS C T == sy e el 3
Jonu _%:chﬁwvﬂw.__ﬂ \ﬁ H8AU| WBAIND 18[INO
sue sue aue auen aue
mcoﬁmmmw ybnouy ybnoay | ._._.._>\N,._v. ybnouay | ybnousy | wng 1y mcoummm_ww
! 4% 4% ! <l <l 4% !
06°2981 13 2/ 1272981 13
maIAueld - ———new
|[duueyo Bunsixa
ojul L
—_— 0C'8v8l 13
HaAU| [suueyy 1BRNO
0C°Ly8L 13
HoAu| HBAIND J9INO
©
=3 . —
3| [
M3IA\ puU3 I 18981
.} pauing == uoneas|g
| ——— — —oupeie0 bunsk3
sa At
, | A
| i
: —{F—.290 | <k Y
/.N@ 0 _ | T - louuey)
% W i P aysiul
T | |
f SE'LY !
, .
\.\/
i A
uaAIND \ \\oo P L/\
xog 10 \ A
S1'8v8) 13 P L TN
veau| oA 18]u| et RN
S1°6¥81 13 , ) g
uaauyfauuey) 191y| = (=12
o
[e}
Jlo
HR
A
N
..Z
0€(550)708-2-SS an
‘ON ‘ON _
133HS NOILD3S ON 103rodd ENLARS




ck

dbarri

5-11-06 15:17 USER:

DATE 201

o
]
>
<
)
~
o
©
|
5
0

DATE 201

PLOT

Map.dwg

Location

ek Bridge\Stony Creek Bridge Boring

60 LEGEND
(®»B-63 GEOTECHNICAL BORING LOCATION

Stability\Stoney Cre

NORTH DAKOTA 1804 RECONSTRUCITON
STONY CREEK BRIDGE
sazeman wonanasoris [GEO TECHICAL BORING LOCATION MAP FIGURE #1

406-586-8834

Q:\24\20997\Slope




~og 4 Fnd T 1€66.9

LOG OF BORING o |
<{DawL Hoitng 8:63 Foo Berdge dbordmontun oa
Project: ND 1804 Raconstruction Rig: Dledrich D-60 |Boring Localion N: 433309.5 ft ) Statlon: 16664 + 74
Hamimer: Auto Coordinates E: 1218654:51.1f ——{ Offset: 58ft]
Project Number: UPN: Boring Diameter: | System: Local Coordinates “Top of Bogng——> ““"’“\1
7-804(055)304 | 6 Datumn: NADB3 Elevatign® 186131t /
Dafe Started: Date Finished: Drilling Fluld: Locatlon Source: Elavallo\mSaume:-'”/
10122115 10/22115 None Handheld GPS, Uncorrected Plans
Drilter: Jared Zak Abandonment Methot: Township, Range, and Section:
Logger: David Barrick Backfilled with Cuitings 154N 100W 20 - ©
Deplh g - £ Depth
® |8 E & E 8 ® | _ =l Remarks
E g4 %o 2 Material Descriplion 2 &£l B and
Elev. ' 81 E § ] ..E. g Elev. |5| |81 B Other Tests
{t) a8 & M |=|da|¥ o
e g 03
| | 53 3-4-4 //\ LO“ZS‘mbha;flndy Lean CLAY {CL), Bouldars, moist [ 1861.0
g - = % Sandy Lean CLAY (CL), medium stiff to soft, molst to
5 ) wal, brown, [A-7). organlc reots and occasionsl
: X 20 3-3-2 % gravel, cobbles and bouldsrs.
gl o | % '
(1856, X 40 2-2-2 //2 | 58
g - ?” Clayey SAND (SC), vary loose, moist bowet, brown, | 1855, 7
| % fine gralned, [A-2).
o
u) i o2l Slity SAND (SM), very loose o looss, moist towet, 1852.9
g 10 E,:f_—‘;: browm, medium gralnad, [A-3).
E 1851.3 X 60 WH-1-1 B
g 3 VY
E 2% N g
g[ o e S\;\am"‘&\._:w{‘
8 . o | oy A -
2 80 3.2-4 2] ¥ 0 e Qe “1.‘5
R -«-Pmycefadedsmmsp)floosa,--mehmwﬁnmw-b%;: Vi
2l 18463 Y 73 2.3.4. Lityl comsegried A2 .. WJL
5| A A S
- N ot ot
5 1 60 53-8 s : 18.2 (UG b
2 i Clayey GRAVEL with sand {GC), [oose, wel, gray, 1843.1
ar /B fine 1o coarse gralned, subrounded lo subangular, 19.5
1841.3] X a7 332 [ogUAZ [l 1841,
@ - ¢ Poorly-Graded SAND with graval (SP), loose, wel,
E: | <1 gray, fine fo coarse grained, subrounded to rounded, | o, o
2 /A A2 /| 1839.3
< % Fal CLAY {CH), sof, molst gray, (7]
o 4
3| 25 /
£] 18263 X 93 2-1-3 /
o 7
u . /
" %
] a / 33|65|18|00} 92 |UCS: 1474 kst
8 30 _ A _ . 30.0 Direct Shear: 14.0 deg
w|1831.3 400 Fat CLAY {CH), soft to medium sb, molst, dark gray | 7831.3 Cohasion: 0.267 ksf
ﬁ y fo brown, [A-7]. dark green wilh gray motling at 44.5
sl . taat,
=
%l - -—
% - —
35
%825 3] 100 1:2-1 /
>
(=]
= Weler Level Observatlons Y bl 13,56 (1847.8 84 Remarks:
= l.ﬂfter v Alter
= Diling: 4 x Dililng: 0




LOG OF BORING

DOWL I 63 Sheet 2 of 3
Project: ND 1804 Reconstruction Rig: Diedrich D-50 |Bering Location N: 433309.5 it Statlon: 16664 + 74
Hammer: Aufo Coordinates E: 1218654.51 ft Offset: 58 ftL
Project Number: UPN: Soring Dlameter: | System: Local Coordinales Top of Boring
7-804(055)304 6" Datum: NADS3 . Elevatlon: 1861.3 t
Date Startad: Data Finished: Drilling Fluid: Location Source: Elavation Source:
10/22445 10722115 None Handheld GPS, Uncorrected Plans
Dritler: Jared Zak Abandonment Method: Township, Range, and Sactlon:
Logger: David Bardck Backfilled with Cultings 164N 100W 20 - C
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| - Tt '
i i .
: S
& ‘&
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C'.l' 4 o::::
g a-ﬁ‘a:
uw y s
wl, P o 58.0
@ Fat CLAY (CH}, very stiff fo hard, malsl, bluish gray | 73023
5 6 N fo black, [A-7]. black lignite layering.
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File Name: Stony Creek Box Culvert Settlement Placed on Loose Sand.gsz
Date: 12/28/2015
Klnd SIGMA/W Name: Fat Clay

Model: Soft Clay (MCC w/ PWP Change)

Name: Insitu Potssons Ratio: 0.3
Method: Insitu Lambe 0,13026487
" Kappa: 0.013026487
Initial PWP: Water Table Il Vo Ratio: 1,027

Phi: 0 °

Duration: 0 days
Name: Gravel and Sand

Model: Linear Elastic (w/ PWP Change)

Effective Young's Modulus (E'): 864,000 psf

Unit Weight: 120 pcf

Poisson's Ratio: 0.3

Insitu Ko: 0.42857143

Name: Loose Sand

Model: Linear Elastic (w/ PWP Change)
Effective Young's Modulus (E'): 132,000 psf
Unit Weight: 105 pcf

Poisson's Ratio: 0.3

Insitu Ko: 0.42857143

Name: Sandy Lean Clay
Model: Soft Clay (MCC Effective)
O.C. Ratio: 1
Poisson's Ratio: 0.3
Insitu Ko: 0.42857143
Lambda: 0.140686
Kappa: 0.013026487
Initial Void Ratio: 0.9
11870 Unit Weight: 95 pcf
Phi': 0 °

1,865 |

1,860 —

1,855 — i

o el o

(AR RN

1,850 —

1,845 —

1,840 —
1,835 —
1,830 —
1,825 —
1,820 —
1,815 —
1,810 —
1,805 —
1,800 —
1,795 —
1,790 —
1,785 —
1,780 —
1,775 —
1,770 —

1,765 —

60 | | | | | | | | | |
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File Name: Stony Creek Box Culvert Settlement Placed on Loose Sand.gsz

Date: 12/28/2015
Kind: SIGMA/W
Name: Coupled Stress/PWP - Culvert Install
Method: Coupled Stress/PWP
Initial PWP: Parent Analysis
Duration: 2 days

Settlement: 0.632 inches
Culvert Installation Only

1,870
1,865
1,860
1,855
1,850
1,845
1,840
1,835
1,830
1,825
1,820
1,815
1,810
1,805
1,800
1,795
1,790
1,785
1,780
1,775
1,770
1,765

1,760

Y-Displacement

-0.055 - -0.05 ft
-0.05 - -0.045 ft
-0.045 - -0.04 ft
-0.04 - -0.035 ft
-0.035 - -0.03 ft
-0.03 - -0.025 ft
-0.025 - -0.02 ft
-0.02 - -0.015 ft
-0.015 - -0.01 ft
-0.01 - -0.005 ft

OO0ooooooooog

[0 0.025 - 0.03 ft

-0.005 - 2.6020852e-018 ft

Model: Linear Elastic (Total)
Young's Modulus (E): 1,000,000 psf
Unit Weight: 42 pcf

Poisson's Ratio: 0.3

Name: Box Culvert Engineered Fill

Model: Linear Elastic (Effective)

Effective Young's Modulus (E'): 800,000 psf
Unit Weight: 140 pcf

Poisson's Ratio: 0.3

Name: Fat Clay
Model: Soft Clay (MCC w/ PWP Change)
O.C. Ratio: 1
Poisson's Ratio: 0.3
Lambda: 0.13026487
Kappa: 0.013026487
Initial Void Ratio: 1.027
Unit Weight: 92 pcf
hi': 0 °

Name: Gravel and Sand

Model: Linear Elastic (w/ PWP Change)
Effective Young's Modulus (E'): 864,000 psf
Unit Weight: 120 pcf

Poisson's Ratio: 0.3

Name: Loose Sand

Model: Linear Elastic (w/ PWP Change)
Effective Young's Modulus (E'): 132,000 psf
Unit Weight: 105 pcf

Poisson's Ratio: 0.3

Name: Sandy Lean Clay

Model: Soft Clay (MCC Effective)
O.C. Ratio: 1

Poisson's Ratio: 0.3

Lambda: 0.140686

Kappa: 0.013026487

Initial Void Ratio: 0.9

Unit Weight: 95 pcf

Phi: 0 °

b
=
SRR || L.
= \ i
=
E
GRAVEL & SAND
=
FAT CLAY
\ \ \ \ \ \ \ \ \ |
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File Name: Stony Creek Box Culvert Settlement Placed on Loose Sand.gsz

Date: 12/28/2015

Kind: SIGMA/W

Name: Coupled Stress/PWP
Method: Coupled Stress/PWP
Initial PWP: Parent Analysis
Duration: 728 days
Settlement: 7.979 inches

Fill Placed Over Culvert

1,870 —

Y-Displac
-0.7 - -
-0.65 -
-0.6 -
-0.55
-0.5-
-0.45 -
-0.4 -
-0.35
-0.3 -
-0.25 -
-0.2 -
-0.15
-0.1--

OoooDoDooooog

ement

0.65 ft
-0.6 ft

-0.55 ft
--0.5ft
-0.45 ft

-0.4 ft

-0.35 ft
--0.3ft
-0.25 ft

-0.2 ft

-0.15 ft
--0.1ft

0.05 ft

Name: Box Culvert

Model: Linear Elastic (Total)
Young's Modulus (E): 1,000,000 psf
Unit Weight: 42 pcf

Poisson's Ratio: 0.3

Name: Box Culvert Engineered Fill

Model: Linear Elastic (Effective)

Effective Young's Modulus (E’): 800,000 psf
Unit Weight: 140 pcf

Poisson's Ratio: 0.3

Name: Fat Clay
Model: Soft Clay (MCC w/ PWP Change)
O.C. Ratio: 1
Poisson's Ratio: 0.3
Lambda: 0.13026487
Kappa: 0.013026487
Initial Void Ratio: 1.027
Unit Weight: 92 pcf
hi': 0 °

Name: Gravel and Sand

Model: Linear Elastic (w/ PWP Change)
Effective Young's Modulus (E'): 864,000 psf
Unit Weight: 120 pcf

Poisson's Ratio: 0.3

Name: Loose Sand

Model: Linear Elastic (w/ PWP Change)
Effective Young's Modulus (E'): 132,000 psf
Unit Weight: 105 pcf

Poisson's Ratio: 0.3

Name: Sandy Lean Clay

Model: Soft Clay (MCC Effective)
O.C. Ratio: 1

Poisson's Ratio: 0.3

Lambda: 0.140686

Kappa: 0.013026487

Initial Void Ratio: 0.9

Unit Weight: 95 pcf

Phi: 0 °

1,865 — t_;g/ /}

1,860 WAN CLAY
=

1,855 —

1,850 —

1,845 —

1,840 — .

1,835 —
1,830 —
1,825 |— FAT CLA
1,820 —

1,815 —

T T e "0.20 o e R ]

1,810 —
GRAVEL & SAND

1,805 —

1,800 —

1,795 —

1,790 —

1785 — J EATCLAY ——
1,780 —

1,775 —

1,770 —

1,765 — HF

1,760 | | |
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