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1.0 INTRODUCTION 
 
As authorized by Thomas Kirsten of Jorgensen Associates, Womack & Associates, Inc. (WAI) 
conducted a geotechnical site investigation for the proposed new pathway to be constructed 
along the east side of North Highway 89, north of Jackson, Wyoming (Figure 1). The purposes 
were to investigate surface and subsurface soil conditions, evaluate slope conditions and soil-
engineering properties, and to provide recommendations for foundations, retaining walls, and 
construction. 
 

2.0 PROPOSED CONSTRUCTION 
 
The new paved pathway will be constructed along the east side of Highway 89, north of Jackson 
from the Flat Creek bridge to the Gros Ventre River bridge. A new pathway bridge will cross the 
Gros Ventre River on the east side of the existing vehicle bridge. An underpass will be 
constructed to accommodate access to the National Museum of Wildlife Art (NMWA). There are 
two proposed phases of design and construction: Phase I will extend from the north end of Flat 
Creek bridge to the developed pullout located approximately 0.7 miles northeast of the Grand 
Teton National Park (GTNP) boundary. Phase II will extend from the developed pullout to the 
Gros Ventre River bridge, and will also include construction of the underpass at the NMWA.  
 
Based on preliminary maps provided by Jorgensen Associates (JA), it appears that the new 
pathway will follow existing topography/existing grade for the majority of its length. Small cuts 
and fills will be required in locations where the current grade does not match finished pathway 
grade, or where compressible soft clays underlie the pathway. Existing slopes have variable 
gradients: the northern and southern ends of Phase I and II are relatively flat along the Flat Creek 
alluvial flood plain and along the glacial terrace above the Fish Hatchery; steeper segments along 
the highway near the Fish Hatchery have slopes of almost 12%. It is our understanding that a cut 
section located  north of Fish Hatchery Road, is planned for the pathway and will provide 
borrow material. 
 
Three retaining walls will be utilized along the pathway prism (refer to JA Pathway Plan and 
Profile Sheets for station locations): The Starting Point Wall from stations 0+35 to 1+60 will be 
approximately 300 square feet in size with a height of 2 to 3 feet, the Wetland Wall from stations 
76+90 to 79+88.6 will be approximately 1,200 square feet in size with a height of 4 to 5 feet, and 
the Fish Hatchery Wall from stations 160+20 to 167+71.9 will be approximately 5,000 square 
feet in size with a height of 7 to 8 feet. It is our understanding that a variety of retaining walls are 
being considered for these three locations: MSE, gravity, concrete, or Gabion, and that Hilfiker 
Gabion walls are the most likely prospect at this time. 
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3.0 INVESTIGATION PROCEDURES 

3.1 Field Investigation 
The field investigation consisted of logging and sampling of three geotechnical boreholes and 
five exploratory test pits, and installation of one monitoring well. The boreholes were drilled and 
the monitor well was installed on May 13, 2009, and the test pits were excavated on May 21, 
2009. Borings were drilled to depths between 16.5 feet below the ground surface (bgs) and 26.5 
feet bgs. The test pits were placed along the pathway alignment and excavated to depths of 4.5 to 
11.9 feet in order to observe subgrade soil and groundwater conditions and to obtain 
representative samples. The boreholes were placed at geotechnically-sensitive areas: the 
underpass across from the NMWA (Figure 1A), within the fill prism along the highway ramp by 
the Fish Hatchery (Figure 1C), and at the Gros Ventre River bridge (Figure 1D). Access and 
mitigation constraints precluded subsurface exploration on the north side of the Gros Ventre 
River (in GTNP), as such, exploration at the bridge consists of one borehole southeast of the 
bridge. A monitoring well was installed in the boring associated with the underpass at the 
Wildlife Museum (NWMA). Test pit and borehole locations are shown on Figures 1A through 
1D. Descriptive logs of the test pits and boreholes are attached in Appendix A.  
 
Soil types, consistencies, and stratigraphic thicknesses were observed and documented by a 
Geotechnical Engineer and an Engineering Geologist. Representative samples were obtained 
from critical soil horizons. Note that site conditions are variable and actual soil conditions may 
differ from those represented in the test pit logs. 
 
The Wyoming Department of Environmental Quality (WDEQ) has installed monitoring wells 
around the Flat Creek Motel (also called the Red Barn Site) for the LAUST project, 7 of which 
are in close proximity to the pathway prism along the east side of the highway (Figure 1B). The 
pertinent WDEQ monitoring well logs along the pathway are shown on Figure 1B, attached in 
Appendix B, and are discussed in further detail in Section 4.3.  

3.2 Laboratory Analysis 
Laboratory testing for this investigation included: moisture content, classification, grain size 
analysis, Atterberg Limits, and a consolidation test from an undisturbed clay-silt sample taken at 
test pit TP-3; corrosion resistance testing was performed on two disturbed samples taken from 
boreholes BH-1 and BH-3. Laboratory test results are attached in Appendix C. 

3.3 Report Preparation 
The report describes the geological site conditions and includes a site layout and geologic map, 
test pit and borehole location map, test pit and borehole logs, and laboratory test results. The 
report also provides engineering analyses and recommendations for construction. 
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4.0 NATIONAL MUSEUM OF WILDLIFE ART UNDERPASS 

 
An underpass will be constructed during Phase II of the project for access from the new pathway 
to the NMWA. The underpass will be located at station 122+00, and based on information from 
JA, footings will be approximately 10 to 12 feet below highway grade.  

4.1 Geology and Soils 
Borehole BH-1 was drilled just south of the proposed underpass location at station 122+00, and 
test pit TP-2 was located across Highway 89 from station 122+00. BH-1 reached a depth of 
about 27 feet bgs, and encountered about 5 feet of gravel fill overlying about 4 feet of clayey silt, 
which in turn overlies about 3.5 feet of silty sand. TP-2 reached a depth of about 10 feet bgs, and 
encountered topsoil overlying about 1.5 feet of clayey silt (or loess), which in turn overlies 
colluvial sandy gravels, cobbles, and boulders. It is our understanding that tunnel footings will 
be placed at about 10 to 12 feet below current highway grade (approximate grade at which 
depths in BH-1 were measured from). Based on information from our field investigation, 
footings on the western side of Highway 89 will be placed on coarse-grained colluvium, and 
footings on the eastern side of Highway 89 on silty sand. However, coarse gravel alluvium was 
encountered in BH-1 at a depth of 12.5 feet bgs, and it appears that a very slight over-excavation 
would be required to reach suitable bearing material. 

4.2 Groundwater 
BH-1 encountered groundwater at 15.0 feet bgs at time of drilling (ATD). Groundwater was 
measured in BH-1 on May 21, 2009 and June 10, 2009, and measured 10.8 and 9.8 feet bgs, 
respectively. Based on information from JA, underpass footings will be placed at about 10-12 
feet bgs, and footings may be in groundwater seasonally. 

4.3 Bearing Capacity 
Bearing capacities were estimated using methods suggested by Bowles (1996). Presumptive 
pressures were derived based on visual classification of the soils. The allowable bearing capacity 
on coarse granular soils is approximately 5,000 psf and approximately 1,000 psf for fine-grained 
soils. 

4.4 Settlement 
It appears that underpass footings may be in coarse-grained colluvium on the west side of 
Highway 89, and in silty sand or fine-grained material on the east side of the highway. If the 
underpass crosses into different soil types, differential settlement may become a problem. 
However, BH-1 encountered coarse-grained alluvium at a depth of 12.5 feet bgs, showing that a 
small over-excavation and replacement with pit run may be necessary to place footings on 
suitable bearing materials. Significant consolidation of the coarse-grained colluvium is not 
expected. Topsoil, loess, and other fine-grained material are prone to consolidation and should 
be removed, if possible. 
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4.5 Lateral Earth Pressures 
Lateral pressures on the underpass from earthquakes were estimated using the Mononobe-Okabe 
equations (Bowles, 1996). Because the maximum acceleration occurs only briefly during an 
earthquake, it is common practice when designing earth structures to reduce the design 
acceleration to ½ of the maximum design acceleration (Hynes and Franklin, 1984). We have 
calculated equivalent fluid pressures using a horizontal acceleration kh of 0.11g (1/2 of kh max) 
for the site. Lateral pressure design parameters for variable conditions of slope, seismic 
conditions, and wall configurations are summarized in the following tables. The values in the 
tables below assume that either fine-grained site material, i.e. clay or clayey silt, or coarse 
grained site material, i.e. sand and sandy gravels and cobbles, will be used as exterior backfill. 
 
Equivalent fluid pressures (γK) will vary based on the slope of the ground surface adjacent to the 
foundation wall. Lateral pressure increases when the ground surface slopes toward the wall and 
decreases when the ground surface slopes away from the wall. Lateral pressures were calculated 
for at rest, active, and passive conditions with level backfill. 

 
Table 4-1: NMWA Underpass – Lateral Pressure Parameters – Fine-Grained Materials 

Condition Coefficient of Earth Pressure* γK (equivalent fluid pressure)+

Static Conditions 
Level Backfill 

 
Ko =  0.53 
Ka = 0.36 
Kp = 2.77 

 
γKo = 64 pcf 
γKa = 43 pcf 
γKp = 332 pcf 

Earthquake Conditions 
Level Backfill 
 
Level Backfill  

 
Kae = 0.44 

 
Kpe = 2.57 

 
γKae = 52 pcf 

 
γKpe = 309 pcf 

*Assumes a unit weight for the backfill of 120 psf and a friction angle of 28 degrees. 
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Table 4-2: NMWA Underpass – Lateral Earth Pressure Parameters – Coarse-Grained 
Materials 

Condition Coefficient of Earth Pressure γK (equivalent fluid pressure) 
Static Conditions 
Level Backfill Ko = 0.46 

Ka = 0.29 
Kp = 3.39 

γKo = 61 pcf 
γKa = 40 pcf 
γKp = 458 pcf 

Earthquake Conditions 
Level Backfill 
 
Level Backfill 

 
Kae = 0.36 

 
Kpe = 3.18 

 
γKae = 49 pcf 

 
γKpe = 429 pcf 

*Assumes a unit weight for the backfill of 135 pcf and a friction angle of 33 degrees. 

4.6 Soil Friction 
Terzaghi, et al (1996) suggests use of a maximum of 30 degrees for the friction angle along a 
concrete base in granular soils. Accordingly, a friction value of 0.58, which is the tangent of 30 
degrees, is suggested. The friction value may be combined with the passive pressure to resist 
horizontal loads. 
 

5.0 RETAINING WALLS 
 
Three retaining walls will be utilized along the pathway prism (refer to JA Pathway Plan and 
Profile Sheets for station locations): The Starting Point Wall from stations 0+35 to 1+60 will be 
approximately 300 square feet in size with a height of 2 to 3 feet, the Wetland Wall from stations 
76+90 to 79+88.6 will be approximately 1,200 square feet in size with a height of 4 to 5 feet, and 
the Fish Hatchery Wall from stations 160+20 to 167+71.9 will be approximately 5,000 square 
feet in size with a height of 7 to 8 feet. It is our understanding that a variety of retaining walls are 
being considered for these three locations: MSE, gravity, concrete, or Gabion, and that Hilfiker 
Gabion walls are the most likely prospect at this time. 

5.1 Geology and Soils 
The Starting Point Wall is most likely underlain by soft, organic clays and peat. No test pits were 
completed near this wall, and the closest test pit, TP-1, is underlain by coarse-grained debris fan 
material. 
 
Seven WDEQ monitoring wells were installed in 1997 and 2002 between stations 61+00 to 
69+00: MW-118 through MW-122, which were drilled to depths of 18 to 23 feet bgs, MW-512 
(drilled to about 25 feet bgs), and MW-610 (drilled to 10 feet bgs). These monitoring wells 
encountered approximately 3 feet of sand and gravel fill overlying silt and/or clay. MW-119 
through MW-121 encountered sand and/or gravel below the silt at about 14 to 20 feet bgs; all 
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other WDEQ monitoring wells did not penetrate past fine-grained material. WDEQ monitoring 
well locations are shown on Figure 1B and logs are attached in Appendix B. 
 
The Fish Hatchery Wall is most likely underlain by clay and gravel fill, which in turn is probably 
underlain by soft to medium stiff clay-silt. BH-2 was located just east (downhill) of 167+00 at 
the toe edge of the highway fill prism. BH-2 was drilled to a depth of 21.5 feet bgs, and 
encountered 5 feet of soft clayey silt topsoil/alluvium overlying more than 16 feet of alluvial 
sand and gravel deposits. Fill was not encountered in the borehole. TP-3 was located directly 
north of the intersection with North Highway 89 and Fish Hatchery Road in a topographic low 
between the two fill prisms. TP-3 was excavated down to about 12 feet bgs, and encountered 4 
feet of sandy clay and gravel fill overlying soft to medium stiff clayey silt. The test pit did not 
penetrate the clayey silt. 

5.2 Groundwater 
Groundwater in BH-2, located below the Fish Hatchery Wall at the toe of the highway fill prism, 
was measured at 6.0 feet bgs ATD. We do not anticipate groundwater to be of concern at the 
Fish Hatchery Wall because of the wall’s position up the slope. Groundwater may be shallow at 
the other two retaining walls, and proper drainage practice should be observed. Retaining wall 
drainage is discussed further in Section 8.5. 

5.3 Bearing Capacity 
Bearing capacities were estimated using methods suggested by Bowles (1996). Presumptive 
pressures were derived based on visual classification of the soils. The allowable bearing capacity 
on coarse granular soils (fill, gravels and cobbles) is approximately 5,000 psf on flat ground. 
However, the bearing capacity is approximately 3,000 psf at the Fish Hatchery Wall because the 
bearing capacity is reduced for slope. The bearing capacity for fine-grained material is 
approximately 1,000 psf. The bearing capacity at the Starting Point and Wetlands Walls is 
approximately 1,000 psf.  

5.4 Settlement 
Topsoil and loess are prone to consolidation and should be removed, if possible, below the 
pathway prism. We strongly recommend removing fine-grained material beneath structures. 
 
Soft to medium stiff silt or clay-silt may underlie the two southern retaining walls (the Wetland 
Wall and The Starting Point Wall) and clayey silt underlies the Highway 89 fill prism at the Fish 
Hatchery Wall. Fine-grained material may be on the order of 15 feet thick at the two southern 
walls according to WDEQ well logs, and BH-2 encountered about 5 feet of clayey silt near the 
Fish Hatchery Wall. 
 
Settlement calculations assumed 15 feet for the two southern walls and 10 feet for the Fish 
Hatchery Wall; 10 feet was used rather than 5 feet in order to be consistent with thicker deposits 
that are thought to exist in proximity to BH-2, as documented in TP-3 and a hand-auger hole 
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completed in 2007 for another project, which is located approximately 200 feet from BH-2. BH-
2 may be located on the distal end of the outwash deposits (Qg2) mapped by Love et al. (1992). 
 
The Fish Hatchery Wall will be constructed on the upper portion of the existing Highway 89 fill 
slope (approximately 1.6H:1V), and although the road fill has already loaded the native soil, the 
wall will produce an additional surcharge. The exposed portion of the wall may be as tall as 
about 8 feet, and the toe may be about 12 feet vertically up the slope (above native ground). 
Because of this geometry, an average surcharge thickness of 4.5 feet (height at centroid of 
triangular fill wedge) was used to model the affects of the triangular fill wedge on the underlying 
highway fill and native fine-grained topsoil/alluvium. The highway fill was considered to be 
incompressible. 
 
According to the calculations, settlement on the order of 1 to 2 inches is predicted at the Fish 
Hatchery Wall in the underlying silt material, given the above geometry, assumptions, and 
consolidation characteristics of the soil. 
 
For the Starting Point and the Wetland Walls, a fill thickness of 4 feet was assumed, bearing 
directly on compressible material. Consolidation may be on the order of 3 inches at these 
locations. This estimate is higher than that estimated for the Fish Hatchery Wall because a 
thicker compressible layer was assumed and there is no intermediate incompressible material 
bridging the new fill and compressible material. 

5.5 Lateral Earth Pressures 
Lateral pressures were calculated using methods suggested by Bowles (1996). Equivalent fluid 
pressures (γK) will vary based on the slope of the ground surface adjacent to the foundation wall. 
Lateral pressure increases when the ground surface slopes toward the wall and decreases when 
the ground surface slopes away from the wall. Lateral pressures were calculated for at rest, 
active, and passive conditions with level backfill. Only passive parameters were calculated for 
sloping conditions (slope below) during an earthquake. The passive sloping conditions assume 
that the ground surface slope adjacent to the retaining walls is 29 degrees (2H:1V) or less along 
the highway fill slope, as is the case at the Fish Hatchery Wall. The other two walls will have 
less steep adjacent backfill slopes, and we assume that the backfill at the underpass to the 
NMWA will be level. 
 
Because the maximum acceleration occurs only briefly during an earthquake, it is common 
practice when designing earth structures to reduce the design acceleration to ½ of the maximum 
design acceleration (Hynes and Franklin, 1984). We have calculated equivalent fluid pressures 
using a horizontal acceleration kh of 0.11g (1/2 of kh max) for the site. Lateral pressure design 
parameters for variable conditions of slope, seismic conditions, and wall configurations are 
summarized in the following tables. The values in the tables below assume that either fine-
grained site material, i.e. clay or clayey silt, or coarse grained site material, i.e. sand and sandy 
gravels and cobbles, will be used as exterior backfill.  
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For retaining walls, which are allowed to deflect and develop a full active soil wedge, lateral 
pressure design should utilize active seismic pressures (γKae). The tables include design values 
for both level and passive sloping ground adjacent to the wall. 
 

Table 5-1: Retaining Walls – Lateral Pressure Parameters – Fine-Grained Materials 
Condition Coefficient of Earth Pressure* γK (equivalent fluid pressure)+

Static Conditions 
Level Backfill 

 
Ko =  0.53 
Ka = 0.36 
Kp = 2.77 

 
γKo = 64 pcf 
γKa = 43 pcf 
γKp = 332 pcf 

Earthquake Conditions 
Level Backfill 
 
Level Backfill  

 
Kae = 0.44 

 
Kpe = 2.57 

 
γKae = 52 pcf 

 
γKpe = 309 pcf 

*Assumes a unit weight for the backfill of 120 psf and a friction angle of 28 degrees. 
 

Table 5-2: Retaining Walls – Lateral Earth Pressure Parameters – Coarse-Grained 
Materials 

Condition Coefficient of Earth Pressure γK (equivalent fluid pressure) 
Static Conditions 
Level Backfill 
 
 
Slope Below (-290) 

Ko = 0.46 
Ka = 0.29 
Kp = 3.39 

 
Kp = 1.12 

γKo = 61 pcf 
γKa = 40 pcf 
γKp = 458 pcf 

 
γKp = 151 pcf 

Earthquake Conditions 
Level Backfill 
 
Level Backfill 
Slope Below (-290) 

 
Kae = 0.36 

 
Kpe = 3.18 
Kpe = 0.95 

 
γKae = 49 pcf 

 
γKpe = 429 pcf 
γKpe = 128 pcf 

*Assumes a unit weight for the backfill of 135 pcf and a friction angle of 33 degrees. 

5.6 Soil Friction 
Terzaghi, et al (1996) suggests use of a maximum of 30 degrees for the friction angle along a 
concrete base in granular soils. Accordingly, a friction value of 0.58, which is the tangent of 30 
degrees, is suggested. These values apply the Fish Hatchery Wall, which will be installed within 
granular sandy clay and gravel fill. 
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A friction value of 0.53, which is the tangent of 28 degrees, is suggested in clays and clayey silts. 
The Starting Point Wall and the Wetland Wall will most likely be installed within clays and 
clayey silts. The friction values may be combined with the passive pressure to resist horizontal 
loads. 
 

6.0 GROS VENTRE RIVER BRIDGE 
 
The new Gros Ventre River bridge is located at the northern limit of the new pathway, and will 
be completed during Phase II construction. The bridge is proposed to run along the east side of 
the existing vehicle bridge. 

6.1 Geology and Soils 
BH-3 was located at the southeastern corner of the existing Gros Ventre River bridge, and 
reached a depth of 16.5 feet bgs. BH-3 encountered 4 feet of gravel and cobble fill overlying 
silty sandy gravel and cobble alluvial deposits. 

6.2 Groundwater 
Groundwater in BH-3, located near the Gros Ventre River bridge, was measured at 8.3 feet bgs 
ATD. It should be noted that 4 feet of fill overlies the native ground at BH-3. According to the 
USGS National Water Information System Web Interface flow levels and stage height in the 
Gros Ventre River peaked thus far this year on June 3, 2009. Stage height increased from about 
3.2 feet on May 13 (ATD) to about 6.5 feet on June 3 – as such a similar increase in groundwater 
elevation could be expected. 

6.3 Bearing Capacity 
Bearing capacities were estimated using methods suggested by Bowles (1996). Presumptive 
pressures were derived based on visual classification of the soils. Bearing capacity for the 
coarse-grained alluvium is estimated to be approximately 5,000 psf. 

6.4 Settlement 
Significant consolidation of the coarse-grained alluvial and glacial terrace deposits at the new 
Gros Ventre River bridge is not anticipated. We strongly recommend removing any fine-grained 
material encountered beneath abutment foundations. 

6.5 Lateral Earth Pressures 
Lateral pressures for the bridge abutments from earthquakes were estimated using the 
Mononobe-Okabe equations (Bowles, 1996). Because the maximum acceleration occurs only 
briefly during an earthquake, it is common practice when designing earth structures to reduce the 
design acceleration to ½ of the maximum design acceleration (Hynes and Franklin, 1984). We 
have calculated equivalent fluid pressures using a horizontal acceleration kh of 0.11g (1/2 of kh 
max) for the site. Lateral pressure design parameters for slope, seismic conditions, and wall 
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configurations are summarized in the following tables. The values in the tables below assume 
that coarse-grained site material, i.e. sandy gravels and cobbles, will be used as horizontal 
exterior backfill. 
 
Lateral pressures were calculated using methods suggested by Bowles (1996). Equivalent fluid 
pressures (γK) will vary based on the slope of the ground surface adjacent to the foundation wall. 
Lateral pressure increases when the ground surface slopes toward the wall and decreases when 
the ground surface slopes away from the wall. Lateral pressures were calculated for at rest, 
active, and passive conditions with level backfill. 
 

Table 6-1: Gros Ventre River Bridge – Lateral Earth Pressure Parameters – Coarse-
Grained Materials 

Condition Coefficient of Earth Pressure γK (equivalent fluid pressure) 
Static Conditions 
Level Backfill Ko = 0.46 

Ka = 0.29 
Kp = 3.39 

γKo = 61 pcf 
γKa = 40 pcf 
γKp = 458 pcf 

Earthquake Conditions 
Level Backfill 
 
Level Backfill 

 
Kae = 0.36 

 
Kpe = 3.18 

 
γKae = 49 pcf 

 
γKpe = 429 pcf 

*Assumes a unit weight for the backfill of 135 pcf and a friction angle of 33 degrees. 

6.6 Soil Friction 
Terzaghi, et al (1996) suggests use of a maximum of 30 degrees for the friction angle along a 
concrete base in granular soils. Accordingly, a friction value of 0.58, which is the tangent of 30 
degrees, is suggested. The friction value may be combined with the passive pressure to resist 
horizontal loads. 
 

7.0 GENERAL PATHWAY CONDITIONS 

7.1 Description 
The new pathway will run along the east side of North Highway 89 for approximately 6 miles 
from the northern end of Jackson to GTNP (Figure 2). Existing elevations along the pathway 
range from about 6213 to 6417 feet above mean sea level. The pathway may traverse a moderate 
slope with gradients up to about 12% along the highway north of the Fish Hatchery; otherwise, 
the pathway follows generally flat topography along the Flat Creek alluvial flood plain north of 
Jackson and along the glacial terrace and alluvial deposits within GTNP. The ground surface of 
the pathway is generally covered with grasses and sagebrush.  
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7.2 Geology 
Figure 2 presents the geologic map of the area (Love et al., 1992), which shows the location of 
surficial deposits, bedrock units, and geologic structures (i.e., faults and folds). It appears that 
the southern 2.5 to 3 miles of the pathway mostly overlies Quaternary-aged swamp deposits (Qs) 
from the Flat Creek alluvial flood plain and colluvium (Qc) derived from adjacent East Gros 
Ventre Butte. The pathway then crosses what is mapped as loess (wind-blown silt) above Fish 
Hatchery Road before entering Quaternary-aged alluvial deposits (Qa) derived from the Snake 
River and glacial terrace deposits (Qtg) near the Gros Ventre River. The soil observed in the 
boreholes and test pits excavated for this investigation are consistent with the published geologic 
map, though less loess was encountered than is mapped by Love.  

7.3 Soils 
Three boreholes were placed along the pathway alignment in locations where structures are 
planned: BH-1 was drilled just south of the proposed underpass location at station 122+00, BH-2 
was drilled at the toe of the fill prism below where the large retaining wall will be placed from 
about station 162+00 to 168+00, and BH-3 was drilled on the south side of the Gros Ventre 
River in proximity to the new pathway bridge. Five test pits were excavated along the pathway 
prism.  
 
Soil types are presented below in relation to approximate stationing along the pathway prism. 
Borehole and test pit locations are shown on Figure 1 and detailed logs are attached in Appendix 
A. 

7.3.1 Stations 0+00 to 146+00 
The soils encountered from stations 0+00 to 146+00 generally consist of fine-grained silty 
material overlying coarse-grained alluvial deposits, with lenses of clay and sand present within 
the silt. Fine-grained material was encountered in our investigation down to depths of 3 to 9 feet 
bgs, and monitoring wells installed by WDEQ in 1997 and 2002 encountered fine-grained 
material down to about 14 to 25 feet bgs.  
 
Test pit TP-1, located at station 37+50, was excavated to a depth of 4.5 feet bgs and encountered 
poorly developed topsoil overlying silty sandy gravels, cobbles, and boulders described as 
brown, slightly moist, dense, and massive. TP-1 was most likely situated at the edge of a debris 
fan originating along the eastern margin of East Gros Ventre Butte.  
 
Seven of the WDEQ monitoring wells installed in 1997 and 2002 are in close proximity to the 
proposed pathway prism between stations 61+00 to 69+00: MW-118 through MW-122, which 
were drilled to depths of 18 to 23 feet bgs, MW-512 (drilled to about 25 feet bgs), and MW-610 
(drilled to 10 feet bgs). These monitoring wells encountered approximately 3 feet of sand and 
gravel fill overlying silt and/or clay. MW-119 through MW-121 encountered sand and/or gravel 
below the silt at about 14 to 20 feet bgs; all other WDEQ monitoring wells did not penetrate past 
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fine-grained material. WDEQ monitoring well locations are shown on Figure 1B and logs are 
attached in Appendix B. 
 
Borehole BH-1 and test pit TP-2 were located in proximity to station 122+00 (BH-1 was located 
at station 120+20, and TP-2 was located across from station 122+00), the proposed location of 
the underpass at the NMWA. BH-1 was located on the east side of Highway 89, while TP-2 was 
located to the west of the highway. BH-1 reached a depth of about 27 feet bgs, and encountered 
about 5 feet of gravel fill overlying about 4 feet of clayey silt, which in turn overlies about 3.5 
feet of silty sand. The clayey silt is described as dark brown, moist, very stiff, and slightly 
plastic. The silty sand is described as brown-gray, wet, medium dense, and massive. Underlying 
the finer-grained material, at a depth of about 12.5 feet bgs, is sandy gravel described as gray, 
wet, very dense, and massive. The sandy gravel consists of approximately 10% fines, 30% sand, 
and 60% gravel. Corrosion resistance testing was performed on a disturbed sample taken 10 to 
11.5 feet bgs (Appendix C). Testing shows that the sample has a pH of 7.3, a resistivity of 24 
ohm-meters, sulfate concentration of 24 ppm (parts per million), and chloride concentration of 
13 ppm. 
 
TP-2 reached a depth of about 10 feet bgs, and encountered topsoil overlying about 1.5 feet of 
clayey silt (or loess), which in turn overlies colluvial sandy gravels, cobbles, and boulders. The 
loess is described as tan, slightly moist, very stiff, and massive. The underlying coarse-grained 
colluvial material is described as brown, slightly moist to moist, dense, and massive, and consists 
of approximately 15% fines, 15% sand, and 70% angular andesite and round quartzite clasts up 
to 3 feet in size. It is our understanding that tunnel footings will be placed at about 10 to 12 feet 
below current highway grade (grade at which depths in BH-1 was measured from). Based on our 
information from our field investigation, footings on the western side of Highway 89 will be 
placed on coarse-grained colluvium, and footings on the eastern side of Highway 89 on silty 
sand. However, coarse alluvium was encountered in BH-2 at a depth of 12.5 feet bgs, and it 
appears that a very slight over-excavation would be required to reach suitable bearing material. 

7.3.2 Stations 146+00 to 202+00 
BH-2 was located just east (downhill) of 167+00 at the toe edge of the highway fill prism. BH-2 
was drilled to a depth of 21.5 feet bgs, and encountered 5 feet of soft clayey silt topsoil/alluvium 
overlying more than 16 feet of alluvial sand and gravel deposits. The sand and gravel deposits 
are described as gray, wet, medium dense to dense, and massive. Field estimates predict the 
alluvial deposits consist of approximately 10 to 30% fines, 30 to 55% sand, and 15 to 55% 
gravel. Fill was not encountered in the borehole. 
 
TP-3 was located directly north of the intersection with North Highway 89 and Fish Hatchery 
Road in a topographic low between the two fill prisms. TP-3 was excavated down to about 12 
feet bgs, and encountered 4 feet of sandy clay and gravel fill overlying soft to medium stiff 
clayey silt. The fill is described as tan, moist, stiff, and massive, and consists of approximately 
20% sand, 40% clay, and 40% rounded quartzite gravel and cobbles up to 6 inches in size. The 
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clay-silt is described as black, gray, and tan, moist to very moist, soft to medium stiff, and 
massive. TP-3 did not penetrate the clayey silt.  
 
Laboratory testing performed on an undisturbed clay-silt sample taken from TP-3 at 5.2 to 6.2 
feet bgs shows a natural moisture content of 32.5%, a grain size distribution of 97% fines and 
3% sand, a liquid limit (LL) of 37, a plastic limit (PL) of 24.7, and a plasticity index (PI) of 12.3 
classifying the sample as a clay-silt (CL-ML). Consolidation testing was performed on sample 
U1 of test pit TP-3 from a depth of 5.2 to 6.2 feet bgs (incidentally about 1.2 to 2.2 feet below 
estimated grade prior to construction of the highway fill); results are attached in Appendix C. 
Testing indicates a pre-consolidation (preload) pressure of about 3,300 psf for the sample. In-situ 
vertical effective stress for the sample is about 700 psf so data indicate that the sample is over-
consolidated; however, we are not aware of any geologic process that would have preloaded the 
soils. Other events that could create a preload pressure are seasonal wetting and drying 
(desiccation) or construction loading related to the highway fill. Given the uncertainty in origin 
of the preload pressure and that desiccation probably terminates about 5 feet below the ground 
surface, our settlement calculations assume that the upper 5 feet of the silt is indeed preloaded 
and the underlying silt is not. 
 
A hand auger hole completed in 2007 was located approximately 150 feet northwest of the 
intersection of Highway 89 and Fish Hatchery Road, on the west side of North Highway 89. The 
hand auger hole was advanced to 17.5 feet bgs and encountered tan, slightly moist to moist, stiff 
clayey silt loess in the upper 7 feet of the hole. The remainder of the hole encountered blue-gray, 
moist to wet, soft, plastic clayey silt.  

7.3.3 Station 202+00 to Gros Ventre River Bridge 
TP-4 was located at station 202+50, at the northeastern end of the highway ramp that leads into 
GTNP. TP-4 reached a depth of 5 feet bgs and encountered approximately 1.5 feet of coarse fill 
and 1 foot of buried topsoil overlying coarse sandy gravels and cobbles. The gravels and cobbles 
are described as dark brown, slightly moist to moist, loose to medium dense, and slightly 
stratified. Field estimates predict this material consists of approximately 5 to 10% fines, 15 to 
20% sand, and 70 to 80% rounded quartzite gravel and cobbles up to 8 inches in size. 
 
TP-5 was located at CL 442, approximately 0.3 miles south of the existing Gros Ventre River 
bridge. TP-5 reached a depth of 8.5 bgs and encountered 3 feet of clayey silt topsoil described as 
dark brown to black, slightly moist, soft, and massive. Underlying the topsoil is sandy gravel and 
cobbles described as light brown, moist to very moist, loose, and stratified. Field estimates 
predict the coarse gravel and cobble material consists of approximately 5-10% fines, 20-25% 
sand, and 70% rounded quartzite clasts up to 9 inches in size. 
 
BH-3 was located at the southeastern corner of the existing Gros Ventre River bridge, and 
reached a depth of 16.5 feet bgs. BH-3 encountered 4 feet of gravel and cobble fill overlying 
silty sandy gravel and cobble alluvial deposits. The alluvial deposits are described as gray, wet, 
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and very dense, and consist of approximately 5 to 10% fines, 15 to 35% sand, and 55 to 75% 
rounded gravel and cobbles. Corrosion resistance testing was performed on two disturbed 
samples taken 10 to 16.5 feet bgs (the samples were combined for corrosion testing).. Testing 
shows that the samples have a pH of 7.0, a resistivity of 32 ohm-meters, sulfate concentration of 
7 ppm (parts per million), and chloride concentration of 7.3 ppm. Laboratory test results are 
attached in Appendix C. 

7.4 Groundwater 
Groundwater was not encountered in the test pits, which reached a maximum depth of about 12 
feet bgs. However, groundwater was encountered in all three boreholes, and depth to 
groundwater measured at time of drilling (ATD) ranged from 6.0 to 15.0 feet bgs. A monitoring 
well was installed in BH-1, and indicated water levels of 10.8 and 9.8 feet bgs on May 21, 2009 
and June 10, 2009, respectively. Groundwater typically fluctuates in response to seasonal 
precipitation and snowmelt. This investigation was completed during the “wet” time of year, 
when groundwater is rising due to run-off. 

7.5 Earthquakes and Ground Shaking 
Jackson Hole is located within the Intermountain Seismic Belt, a zone of seismicity that extends 
from southern Utah through eastern Idaho and western Montana and encompasses western 
Wyoming and the Teton Range (Smith and Arabasz, 1991). The Teton fault along the eastern 
margin of the Teton Range, located about 6 miles to the west of the proposed pathway layout, is 
considered an important structural element of the Intermountain Seismic Belt. Predicted 
recurrence intervals for maximum credible earthquakes have passed for most of the fault systems 
capable of generating magnitude 7.5 events in western Wyoming (Case, 1997), implying that the 
risk of major earthquakes is relatively high. 
 
There are three locations where large structures are planned to be constructed along the pathway: 
1) the tunnel/underpass that connects to the NMWA at station 122+00, 2) the retaining wall 
along the highway fill prism from stations 162+00 to 168+00, and 3) the new pathway bridge 
across the Gros Ventre River. Site ground motion accelerations for the design response spectra 
were compared for each of the three locations. Peak ground acceleration (PGA) is estimated to 
be 0.23g. Sites underlain predominantly by coarse-grained soils classify as Site Class D, and 
sites immediately underlain by fine-grained soils may classify as Site Class E. Soft, organic soils 
along the Flat Creek alluvial plain, specifically near the Flat Creek bridge and in southern 
portions of the pathway, may be peaty and could classify as Site Class F. No significant 
structures are planned along the peaty soils (to our knowledge construction will be limited to the 
small Starting Point retaining wall and the pathway prism) so a discussion has not been included 
below, but it should be understood that there is a risk of settlement along the pathway if a design 
level earthquake were to happen. 
 
Site ground motion accelerations and design response spectra were derived in accordance with 
the general procedure defined in the International Building Code (IBC). The approach adopted in 
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the 2006 IBC is intended to provide a uniform margin of safety against collapse at the design 
ground motion. The design earthquake ground motion is selected at a ground shaking level that 
is 2/3 of the maximum considered earthquake (MCE) ground motion. The MCE ground motion 
is defined with a uniform likelihood of exceedance of 10 percent in 50 years. The Site Ground 
Motion and Design Response Spectrum for the 2006 IBC is presented in Figure 3 for Site Class 
D and in Figure 4 for Site Class E. 
 
Earthquake Loads – Site Ground Motion and Design Response Spectrum 2006 
International Building Code (IBC) 
 
Approximate Site Location: Latitude = 43.54º Longitude = -110.74º 
Mapped Maximum Considered Earthquake (MCE) Spectral Response Acceleration Parameters: 
 Short Period (Ss) = 1.19 

1-Sec Period (S1) = 0.46 
Site Class Definition:  

D – Stiff Soil Profile 
Site Coefficients and Adjusted MCE Spectral Response Acceleration Parameters:  

SMS = 1.22 
SM1 = 0.70 
Fa = 1.02 
FV = 1.54  

Design Spectral Response Acceleration Parameters:  
  SDS = 0.81 
 SD1 = 0.47 

 

 

 

 

 

 

 

Site Class Definition:  
E – Soft Soil Profile 
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Site Coefficients and Adjusted MCE Spectral Response Acceleration Parameters:  
SMS = 1.07 
SM1 = 0.10 
Fa = 0.90 
FV = 2.40  

Design Spectral Response Acceleration Parameters:  
  SDS = 0.72 
 SD1 = 0.73 

7.6 Geologic Hazards 
In the event of a large magnitude earthquake, strong ground shaking and ground cracking may 
occur. Loose, saturated sands and silty sand, and in some cases silt and gravel, may liquefy when 
exposed to seismic shaking. However, the soils along the pathway for the most part appear too 
coarse and dense to be susceptible to liquefaction. Sands with blow counts less than 15 bpf 
(blows per foot) could be vulnerable to liquefaction settlement, but not lateral spreading. BH-1 
encountered a relatively thin sand layer at 9.0 feet bgs with blow counts of 15 bpf (Appendix A).
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8.0 ENGINEERING ANALYSIS AND RECOMMENDATIONS 

8.1 Pathway Prism Design Parameters 
The lower, or southern, portion of the pathway appears to be underlain by fine-grained silt and 
clay-silt alluvial deposits, interrupted occasionally by coarse debris fan deposits derived from 
adjacent East Gros Ventre Butte. The middle portion of the pathway along the highway ramp 
near the Fish Hatchery appears to be underlain by clay and gravel fill, which was placed over 
clay-silt alluvium from the Flat Creek plain. The upper, or northern, portion of the pathway 
appears to be underlain by coarse-grained glacial terrace and alluvial deposits derived from the 
Snake River. 
 
Flexible pavement designs have been prepared using methods suggested in Chapter 4 of the 
AASHTO Guide for Pavement Structures (1993) assuming low traffic level. Although the 
pathway is not designed for vehicular traffic, it falls into the low traffic level category both 
during construction (high loads for a short period of time) and civilian use. The subgrade soil 
below the pathway varies spatially and with depth. For fine-grained soils (clayey silt) underlying 
the pathway we have taken a conservative approach and considered the underlying soil to be 
“poor.” For coarse-grained soils (sandy gravel and cobbles) underlying the pathway, we consider 
the soils to be “good.” The pavement design recommendations assume that all topsoil and 
organic material will be stripped prior to road construction. The pavement sections were 
developed based on the following design assumptions: 
 
US Climate Region - VI 
Reliability – 75 % 
Traffic Level – Low 
 

Table 8-1: Flexible Pavement Design Parameters 
Climate 
Region 

Subgrade Subgrade 
Quality 

Traffic Level SN 

VI Clay and Silt Poor Low 2.5 

VI Sandy Gravel and 
Cobbles Good Low 2.2 

 
The design section is based on the following relationship, where the layer coefficient a1 is equal 
to 0.33, a2 is equal to 0.13, and a3 is equal to 0.10. The layer thicknesses (in inches) of asphalt 
concrete (AC), base course (3/4-inch minus crushed gravel), and subbase (pit-run gravel) are 
represented by D1, D2, and D3, respectively. 
 

SN = a1D1 + a2D2 + a3D3 

 
Table 8-2: Pavement Design Section 
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Subgrade Quality Asphalt Pavement 
(D1) inches 

Base Course 
(D2) inches 

Subbase 
(D3) inches 

Poor 2 4 13 
Good 2 4 10 

 
Subbase may consist of approved pit-run gravel available from onsite borrow areas (foundation 
excavations) or other local sources. If the base course is placed directly on alluvial or glacial 
terrace gravels and cobbles, the subbase may be eliminated. The base course should consist of 
well-graded 1 1/2-inch minus road-mix gravel. 
 
According to Jorgensen Associates, Teton County Pathways Program has specified the following 
pavement section: 2 inches of AC, 3 inches of crushed gravel, and 8 inches of subbase. Based on 
the above equation, the structural number (SN) for this pathway configuration is calculated at 
1.8. The recommended SN for “poor” soil with low traffic levels is 2.5 while the recommended 
SN for good soil is 2.2. We believe that the configuration specified by the Teton County 
Pathways Program will be adequate for sections of the pathway underlain by “good” subgrade, 
i.e. coarse gravel and cobbles. However, the performance of the pavements sections in both cases 
(in particular the “poor” case) could be improved if constructed according to the parameters 
outlined in Table 8-2. 

8.2 Settlement 
Topsoil and loess are prone to consolidation and should be removed, if possible, below the 
pathway prism. In general, settlement is not expected along the pathway prism, except where 
additional embankment fill will be placed north of Fish Hatchery Road. 
 
A 2H:1V embankment fill is planned on the north side of the fish hatchery access road, which 
will effectively widen the existing highway fill (which slopes at approximately 1.6H:1V) in 
order to accommodate the pathway section. The new fill will also load the silt material 
underlying the highway fill much like the retaining wall to the south; however, the pathway fill 
will load the silt material to the east of the existing highway fill. The proposed fill thickness 
could be as thick as about 14 feet. 
 
For the above scenario settlement on the order of up to 5 inches is estimated beyond the toe of 
the highway fill, and about 1 to 2 inches is possible in the silt directly below the pathway. The 
lateral variability of settlement occurs because the new embankment fill will create a laterally 
variable surcharge; and as discussed in Section 5.4, the existing highway fill bridges the 
underlying silt. In our opinion over-excavation beneath the embankment fill is not necessary, as 
we do not expect major consequences of settlement, other than possible over-steepening of the 
proposed fill face beyond 2H:1V. 
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8.3 Cut and Fill Slopes 

8.3.1 Permanent Slope Stability 
Based on an estimated angle of internal friction of 33 to 35 degrees within coarse-grained soils, 
non-reinforced cut slopes should be no steeper than 1.5H:1V. Engineered fill slopes should be no 
steeper than 1.5H:1V. Raveling and shallow slump failures may occur if unreinforced cut and fill 
slopes are steeper than a 1.5H:1V grade.  
 
Cut and fill slope angles in fine-grained clay or silt soils should be gentler than the slope angles 
in the coarse colluvial soils. Based on an estimated angle of internal friction of about 28 to 30 
degrees for fine-grained soil, non-reinforced slopes should be no steeper than 2H:1V. Slope 
reinforcement will probably be required for steeper cut and fill slopes. In addition, the clayey silt 
loess is typically subject to erosion and slope protection is recommended. 

8.3.2 Excavation and Cut Slope Stability 
For the purpose of cuts and fills, the pathway soils may be divided into fine-grained (cohesive) 
soils and coarse-grained (non-cohesive) soils. OSHA regulations (29CFR1926) appear to 
classify the fine-grained soils as Type A (unless saturated, which will place them into Type C) 
and the coarse-grained soils as Type C. Simple cut and fill slopes in Type A soils should be no 
steeper than 0.75H:1V, and no steeper than 1.5H:1V in Type C soil. The contractor shall be 
responsible for adherence to OSHA and other safety regulations. 

8.4 Retaining Walls 
Three retaining walls will be required along the pathway alignment. Appendix D includes 
documentation comparing relative cost, design, and construction considerations that may be 
useful for the wall selection process. Although the material is dated, relative ranking in terms of 
cost should be similar today. In general for larger walls that would require tie-backs or 
reinforcement, MSE block walls are the least expensive option, gabion faced walls and H-Pile 
and lagging walls are more expensive, and reinforced concrete is the most expensive.  
 
Table 8-3 summarizes the soil strength parameters to use when considering retaining wall design 
in the soils. Performance of retaining walls is highly dependent on effective drainage. 
 

Table 8-3: Retaining Wall Parameters 
 φ Cohesion (psf) Unit Weight (pcf) 
Native Silt or Clay 28 190 100 
Native Sandy Gravel and Cobbles/Fill 33 0 135 
Compacted Silt or Clay 28 190 120 
Compacted Sandy Gravel and 
Cobbles/Fill 

33 0 135 
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8.4.1 Wall Reinforcement Selection 
Some of the soils encountered along the pathway alignment contain significant amounts of 
material that are too large for use with most geogrids. Typical manufacturers’ recommendations 
for backfill over uniaxial geogrids preclude the use of material over 2.5 inches in diameter. 
Selection of geogrid reinforcement should be made with coarse backfill or screening in mind. 

8.4.2 Wall Foundations 
In our opinion, the coarse alluvium and glacial terrace deposits, generally consisting of sandy 
gravel, cobbles, and boulders will provide adequate support for anticipated foundation loads of 
the proposed walls. Areas underlain by fine-grained deposits, as is most likely the case at the 
Starting Point Wall and the Wetland Wall, may require over-excavation and replacement with 
structural fill, depending on footing depths. Frost protection (depth) should be provided. 
Adequate drainage should be provided behind retaining walls. Specific drainage 
recommendations are provided in below in Section 8.5. 

8.5 Foundation Drainage 
Drains are strongly recommended for the retaining walls. WAI has reviewed the retaining wall 
schematic cross-sections that JA prepared for Teton County, and we believe the drainage plans 
to be acceptable. For the concrete walls, the following suggestions may improve drainage: the 2-
inch washed rock should extend up the back wall to about the excavation line, and be wrapped in 
a non-woven geotextile filter fabric (Figure 5).  

8.6 Corrosion 
Two samples taken from BH-1 and BH-3 were tested for pH, sulfates, chlorides, conductivity, 
and resistivity. Evaluation of corrosion potential is determined from using the Culvert Service 
Life Guidelines from the Montana Department of Transportation (MDT) and FHWA GEC No 5 
– Evaluation of Soil and Rock Properties. Laboratory results indicate resistivity ranging from 24 
to 32 ohm-meters, pH of about 7, and 7 to 24 parts-per-million (less than 0.2%) sulfates. These 
results indicate non-corrosive soils. Laboratory test results are discussed in detail in Sections 
4.3.1 and 4.3.3, and are attached in Appendix C. 
 
According to the MDT guidelines, if the soil pH is between 6 and 8.5, sulfate concentration is 
less than 0.2%, and the resistivity is greater than 22 ohm-meters, corrosion protection for steel 
and concrete is not required. Furthermore, according to FHWA guidelines, the soils are not 
considered aggressive. 
 

8.7 Observation during Construction and Plan Review 
A representative of this office should observe construction of any foundation or drainage 
elements recommended in this report. If any unexpected soils or conditions are revealed during 
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construction, this office should be notified immediately to survey the conditions and make 
necessary modifications. As the plans for retaining walls and other design work are completed, 
this office should be involved in review. 
 

9.0 LIMITATIONS 
 
This report has been prepared based on a limited amount of data. Actual site conditions may 
vary. The report is for single use and under no circumstances are the figures and text to be used 
separately. 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 other warranty is made or implied. 
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APPENDIX A 
 

TEST PIT AND BOREHOLE LOGS 



12.5-25.0ft  Sandy GRAVEL:  Wet, gray, very dense,
~60% subangular to subround gravel, ~30% sand, up
to 10% fines, massive, faint organic odor, easy
drilling, slight grinding in gravels [ALLUVIUM]

100+

100+

15

23

D4

78
10.8ft  Groundwater measured on 5/21/09
9.8ft  Groundwater measured on 6/9/09

9.0-12.5ft  Silty SAND:  Wet, brown-gray, medium
dense, fine, some orange oxidation, massive, easy
drilling [ALLUVIUM]

5.0-9.0ft  Clayey SILT:  Moist, dark brown, very stiff,
slightly plastic, some organics (straw, roots), sample
is greatly disturbed, easy drilling [ALLUVIUM]

0.7-5.0ft  GRAVEL:  Slightly moist, brown,
subangular to subround gravel up to 2" diameter,
larger clasts in spoils, moderate grinding [FILL]
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0.0-0.2ft  Clayey SILT:  Moist, dark brown, slightly
plastic [TOPSOIL]

67

33D1 4,7,7

D3

7,28,50/5"

15,28,50/5.5"

4,7,6

0.2-0.7ft  Gravel up to 1" in diameter [FILL/BASE
COURSE]

D2

100

LOGGED BY:   jrgDRILL TYPE:   CME-75

PROJECT LOCATION:   Jackson, Wyoming

15.0ft  Groundwater ATD

DRILLER:   DaveDRILL CO:   HazTech Drilling, Inc.

GROUNDWATER LEVEL (ft.):   9.8TOTAL DEPTH (ft.):   26.5

HAMMER:   140 # Automatic
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DATE:   5/13/09PROJECT NAME:   Jorgensen Associates - North Highway 89 Pathways

TEST HOLE LOGP.O. Box 12650

Jackson, WY  83002

Telephone:  (307)733-7209

Fax:

HOLE NO.:   BH-1

MEASURED FROM:   Surface
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COMMENTS:   Drilled with 8" OD augers and sampled
with 2" ODX1.5"ID split spoon without liners.
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TEST HOLE LOCATION:   ~30' west and 5' north of refuge gate, 3' north of asphalt on the north side of refuge sleigh ride access driveway,
~15' east of JA CL 117 stake, GPS coordinates: 43.52°N, -110.75°W
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t.) COMMENTS:   Drilled with 8" OD augers and sampled

with 2" ODX1.5"ID split spoon without liners.
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100
25.0-26.5ft  9" of sluff
Remainder: Gravelly SAND:  Wet, gray, very dense,
massive, 70% fine to coarse angular sand, 30%
subround gravel up to 1/2" in diameter

Monitoring well installation:
0-13' 2" PVC pipe.
13-23' slotted 2" PVC pipe.
0-11' bentonite.
11-15' sand.
15-26.5' heave.
Flush mount lid at surface.
Note: Hole heaved to ~15' prior to installation of
monitoring well
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P.O. Box 12650

Jackson, WY  83002

Telephone:  (307)733-7209
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TEST HOLE LOG
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HOLE NO.:   BH-1
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PROJECT NAME:   Jorgensen Associates - North Highway 89 Pathways

PROJECT LOCATION:   Jackson, Wyoming
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D3 39

20.0ft  GRAVEL and silty fine SAND:  Wet, gray, very
dense, ~15% gravel, ~30% fines, ~55% fine sand,
spoon must have driven cobble, no mechanical
breakage or clasts in shoe  [ALLUVIUM/OUTWASH]

Note:  Drilling was fairly easy in sand and gravel.
            Hole backfilled with cuttings.

15.0ft  Upper 7": As above
Remainder: Silty gravelly SAND:  Less than 10%
fines, 40% gravel, 50% sand, massive, loose to
medium dense

10.0ft  Silty SAND and GRAVEL:  As above, gray,
~10% fines, ~35% sand, ~55% subrounded gravel,
faint organic odor

6.0ft  Groundwater ATD

5.5-21.5ft  Clayey/silty SAND and GRAVEL:  Wet,
gray with black and white spots, medium dense,
massive, ~20% fines, ~30% sand, ~50% subrounded
to subangular gravel to 1/2" diameter, some
mechanical breakage  [ALLUVIUM/OUTWASH]
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0.1-5.0ft  Clayey SILT:  Moist, dark brown, soft,
slightly plastic, abundant organics, grades into below,
very easy drilling [TOPSOIL/ALLUVIUM]
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4,7,10
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1.5

27,50/3"

6,8,30

6,12,10

5.0-5.5ft  Clayey/silty SAND:  Wet, gray, very stiff to
medium dense, ~40% fines, ~60% very fine sand,
some organics, massive, grades from above
[ALLUVIUM]

D1

0.0-0.1ft  SOD

HAMMER:   140 # Automatic

PROJECT NAME:   Jorgensen Associates - North Highway 89 Pathways

PROJECT LOCATION:   Jackson, Wyoming

MEASURED FROM:   Surface

DRILLER:   DaveDRILL CO:   HazTech Drilling, Inc.

GROUNDWATER LEVEL (ft.):   6TOTAL DEPTH (ft.):   21.5

LOGGED BY:   jrg
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DATE:   5/13/09

TEST HOLE LOGP.O. Box 12650

Jackson, WY  83002

Telephone:  (307)733-7209

Fax:

HOLE NO.:   BH-2
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COMMENTS:   Drilled with 8" OD augers and sampled
with 2" ODX1.5"ID split spoon without liners; ground
surface is grass.
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TEST HOLE LOCATION:   Station 167 + 00, ~5' west of fence, GPS coordinates: 43.53°N, -110.74°W

ELEVATION G.S. (ft.):   ~6240
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7.5ft  As above, slightly less grinding and easier
drilling
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0.0-4.0ft  FILL:  Gravel and cobble, heavy grinding to
5'
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19,50/5"

4.0-16.5ft  Silty sandy GRAVEL and COBBLE:  very
heavy grinding [ALLUVIUM]
5.0ft  Sandy GRAVEL and COBBLES:  Slightly moist,
gray, trace fines, very dense, ~35% sand, ~65%
round gravel and cobbles, much mechanical
breakage

15.0ft  Silty sandy GRAVEL and COBBLES:  Wet,
gray brown, very dense, <10% fines, ~35% sand,
~55% gravel and cobble fragments (much
mechanical breakage)

Note:  Hole backfilled with cuttings.

10.0ft  Silty sandy GRAVEL and COBBLE:  Wet, gray
brown, very dense, ~10% fines, ~15% sand, ~75%
rounded gravel and fragments (much mechanical
breakage)

8.3ft  Groundwater ATD

COMMENTS:   Drilled with 8" OD augers and sampled
with 2" ODX1.5"ID split spoon without liners.
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19,30,50/6" 100+
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PROJECT LOCATION:   Jackson, Wyoming

PROJECT NAME:   Jorgensen Associates - North Highway 89 Pathways
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HOLE NO.:   BH-3

DATE:   5/13/09
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MEASURED FROM:   Surface
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TEST HOLE LOCATION:   ~20' south and 40' east of southeast end highway bridge abutment, GPS coordinates: 43.57N°,  -110.73°W

GROUNDWATER LEVEL (ft.):   8.3

DRILL CO:   HazTech Drilling, Inc.

TOTAL DEPTH (ft.):   16.5ELEVATION G.S. (ft.):   ~6384

HAMMER:   140 # Automatic
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DRILLER:   Dave

S
.P

.T
. (

N
)

B
LO

W
S

/6
 IN

.

DRILL TYPE:   CME-75
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DRILL TYPE:   Case 580 Super L DRILL CO:   Fish Creek Excavation LOGGED BY:   ds

ELEVATION G.S. (ft.):   ~6221 GROUNDWATER LEVEL (ft.):   N/ATOTAL DEPTH (ft.):   4.5
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COMMENTS:   Ground surface is grass

0.0-0.3ft  Gravelly clayey SILT:  Dry, light gray, loose,
massive, ~10% angular limestone gravel up to 2" in diameter,
~25% clay, ~65% silt  [TOPSOIL]
0.3-4.5ft  Clayey sandy silty GRAVELS, COBBLES,
BOULDERS:  Slightly moist, brown, dense, massive, ~5%
clay, ~10% sand, ~15% silt, ~70% angular quartzite and
limestone clasts up to 2' in diameter, clast size increasing
with depth, moisture content increasing with depth, sandy
pockets, red clay pocket on south end of pit  [DEBRIS FAN]

HAMMER:

TEST HOLE LOCATION:   Station 37+50, JA stake CL 38, Dirt pullout on east side of highway, ~15' west of refuge fence, GPS coordinates:
43.50°N, -110.76°W

MEASURED FROM:   Surface
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DRILLER:   Bill

PROJECT LOCATION:   Jackson, Wyoming
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TEST HOLE LOG

PROJECT NAME:   Jorgensen Associates - North Highway 89 Pathways

HOLE NO.:   TP-1

DATE:   5/21/09
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HAMMER:
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COMMENTS:   Ground surface is grass, cobbles, and silt; ground
may have been disturbed from previous statue

MEASURED FROM:   Surface

DRILLER:   Bill

2.5-3

DRILL TYPE:   Case 580 Super L DRILL CO:   Fish Creek Excavation LOGGED BY:   ds

ELEVATION G.S. (ft.):   ~6235 TOTAL DEPTH (ft.):   10.4
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D1

TEST HOLE LOCATION:   Across highway from station 122+00, ~75' north/northeast of elk statue at the Wildlife Museum, GPS coordinates:
43.52°N, -110.75°W
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0.0-1.3ft  Gravelly clayey SILT:  Very slightly moist, black,
medium stiff, stratified, roots present to ~1'  [TOPSOIL]

1.3-3.0ft  Clayey SILT:  Slightly moist, tan, very stiff, massive,
no pinhole voids, clayey silt only present on east side of pit -
see below for description on west side  [LOESS]

3.0-10.4ft  Clayey silty sandy GRAVELS, COBBLES,
BOULDERS:  Slightly moist to moist, brown, dense, massive,
~5% clay, ~10% silt, ~15% sand, ~70% angular andesite and
round quartzite clasts up to 3' in diameter, pockets of black
organic clay at ~4.5', moisture content increasing with depth,
very difficult digging  [COLLUVIUM]

10.0ft  As above, trace (>5%) silt, ~10% clay, ~25% sand,
~60% clasts, slightly plastic clay pockets
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PROJECT NAME:   Jorgensen Associates - North Highway 89 Pathways

HOLE NO.:   TP-2
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4.0-11.9ft  CLAY-SILT:  Moist, black, soft to medium stiff,
massive, slightly plastic, grades into below  [ALLUVIUM]

5.8ft  As above, very moist, gray
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COMMENTS:   Pit is located on low east side of highway fill prism;
Ground surface is grass

TEST HOLE LOCATION:   ~350' south of station 180+00 in topographic low north of intersection between highway and Fish Hatch Road,
GPS coordinates: 43.53°N, -110.73°W

DRILLER:   Bill

1-2

1.25-1.5

0.0-4.0ft  Sandy CLAY with GRAVEL and COBBLES:  Moist,
tan, stiff, massive, ~20% sand, ~40% clay, ~40% round
quartzite gravel and cobbles up to 6" in diameter  [FILL]

2

9.0ft  As above, slightly moist to moist, tan

1-1.25

33 73.4 12CL-ML
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PROJECT NAME:   Jorgensen Associates - North Highway 89 Pathways
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DRILL CO:   Fish Creek Excavation
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MEASURED FROM:   Surface

DRILL TYPE:   Case 580 Super L

COMMENTS:   Ground surface is grass and gravel fill

LOGGED BY:   ds

ELEVATION G.S. (ft.):   ~6356 GROUNDWATER LEVEL (ft.):   N/ATOTAL DEPTH (ft.):   5
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0.0-1.5ft  Silty sandy GRAVEL and COBBLES:  Dry, brown,
loose to medium dense, massive, ~10% silt, ~25% sand,
~65% angular to subangular quartzite gravel and cobbles up
to 4" in diameter, roots present to ~0.5'  [FILL/BASE
COURSE]
1.5-2.5ft  Clayey SILT:  Moist, black, medium stiff, massive
[BURIED TOPSOIL]

2.5-5.0ft  Silty sandy GRAVEL and COBBLES:  Slightly moist
to moist, dark brown, loose to medium dense, slightly
stratified, ~5-10% silt, ~15-20% sand, ~70-80% round
quartzite gravel and cobbles up to 8" in diameter, some
caving  [GLACIAL TERRACE DEPOSITS]

1.25-1.5

DRILLER:   Bill

TEST HOLE LOCATION:   Station 202+50, JA stake CL 315, ~15' north of Grand Teton National Park sign, GPS coordinates: 43.54°N,
-110.74°W
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TEST HOLE LOG

PROJECT NAME:   Jorgensen Associates - North Highway 89 Pathways

HOLE NO.:   TP-4
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MEASURED FROM:   Surface

HAMMER:DRILL TYPE:   Case 580 Super L
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ELEVATION G.S. (ft.):   ~6387 GROUNDWATER LEVEL (ft.):   N/ATOTAL DEPTH (ft.):   8.5
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DRILL CO:   Fish Creek Excavation

0.0-3.1ft  Clayey SILT:  Slightly moist, dark brown to black,
soft, massive, roots present to ~2'  [TOPSOIL]

3.1-8.5ft  Clayey sandy GRAVEL and COBBLES:  Moist to
very moist, light brown, loose, stratified, ~70% round
quartzite gravel and cobbles up 9" in diameter, clast size
increasing with depth, some caving  [GLACIAL TERRACE
DEPOSITS]

7.0ft  As above, clast size increases to 12" in diameter

1

DRILLER:   Bill

TEST HOLE LOCATION:   JA stake CL 442, undeveloped road/pullout on east side of highway ~0.3 miles south of Gros Ventre River bridge,
GPS coordinates: 43.56°N, -110.73°W

COMMENTS:   Ground surface is grass
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TEST HOLE LOG

PROJECT NAME:   Jorgensen Associates - North Highway 89 Pathways

HOLE NO.:   TP-5
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APPENDIX B 
 

WYOMING DEQ MONITORING WELL INSTALLATION LOGS 



























 

 
 

 
 
 

APPENDIX C 
 

LABORATORY TEST RESULTS 





















 

 
 

 
 
 
 

APPENDIX D 
 

RETAINING WALL CONSIDERATIONS 
 



SOILS, WALLS, AND FOUNDATIONS 
 

3/2/07 §9.4 

9-76 

Table 9-6 Classification of Retaining Wall Systems(14m) 

Wall 
Category 

Wall 
Type 

Construction 
Type1 Wall 

Group 
Design Constraints 

Deadman 
Anchors 

Designed & detailed in 
contract. 

Grouted 
Tiebacks 

Detailed in contract. 
Designed by Contractor’s 
Design Consultant. 

Typical Height Range: 5 to 20m 

 Anchored 
Walls (Sheeting 
or Soldier Pile & 
Lagging Walls) Cut Wall 

Braced 
Walls 

Designed & detailed in 
contract. 

 

Soldier Pile & 
Lagging Walls Cut Wall  Designed & detailed in 

contract. 
Typical Height Range:  
2 to 5 m 

Externally 
Stabilized 
Wall 
Types 
 

Sheeting Walls 
Cut Wall 

 Designed & detailed in 
contract. 

Typical Height Range: 
2 to 5 m 
Maximum Wall Height= 4.5 m 

Mechanically 
Stabilized Earth 
System (MSES) Fill Wall 

 Detailed in contract. 
Designed by Contractor’s 
Designer/Supplier 
(Proprietary Wall)2. 

Typical Height Range: 3 to 20m 

Geosynthetic 
Reinforced 
Earth System 
(GRES) 

Fill Wall 

 Designed & detailed in 
contract. Typical Height Range: 2 to 15m 

Soil Nail Wall 
System Cut Wall 

 Detailed in contract. 
Designed by Contractor’s 
Design Consultant 

Typical Height Range: 3 to 20m 

Internally 
Stabilized 
Wall 
Types 

Mechanically 
Stabilized 
Segmental 
Block Retaining 
Wall System 

Fill Wall 

 Detailed in contract. 
Designed by Contractor’s 
Designer/Supplier 
(Proprietary Wall)2. 

Typical Height Range: 2 to 11m 

Segmental 
Block 
Retaining 
Wall System 

Detailed in contract. 
Designed by Contractor’s 
Designer/Supplier 
(Proprietary Wall)2. 

Typical Height Range: 1 to 2 m 

Sta-Wall 

Detailed in contract. 
Designed by Contractor’s 
Designer/Supplier 
(Proprietary Wall)2. 

Maximum Wall Height = 7 m 

T-Wall 

Detailed in contract. 
Designed by Contractor’s 
Designer/Supplier 
(Proprietary Wall)2. 

Typical Height Range: 
2 to 15 m 

Evergreen 
Wall 

Detailed in contract. 
Designed by Contractor’s 
Designer/Supplier 
(Proprietary Wall)2. 

Maximum Wall Height = 7 m 

Gabion Designed & detailed in 
contract. 

Typical Height Range: 2 to 6 m 
Maximum Wall Height = 6 m 

Gravity Wall 
Primarily Fill 
Wall. May be 
installed as a 

Cut wall. 

CIP Mass 
Gravity 

Designed & detailed in 
contract. 

Typical Height Range: 1 to 3 m 
Maximum Wall Height = 7 m 

Precast 
Cantilever 
Wall 

Designed & detailed in 
contract. 

Typical Height Range: 2 to 9 m 

Gravity 
and 
Cantilever 
Wall 
System 
 

Cantilever Wall 
Primarily Fill 
Wall. May be 
installed as a 

Cut wall. 
CIP 
Cantilevered 
Wall 

Designed & detailed in 
contract. 

Typical Height Range: 2 to 9 m 
Maximum Wall Height = 7 m 

1  Cut wall construction is refers to a wall system in which the wall is constructed from the top of the wall to the base (i.e., “top-down” 
construction). Fill wall construction is refers to a wall system in which the wall is constructed from the base of the wall to the top (i.e., 
“bottom-up” construction). 

 2  Use of proprietary systems must be justified in writing, in accordance with 23 CFR 635.411. 

From NYSDOT Highway Design Manual
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