
FOUNDATION SOIL CHARACTERIZATION FOR THE DALTON HIGHWAY 

This report serves to gather together all known test hole information 
for foundation soils on the Dalton Highway. In addition, it analyzes this 

data by statistical methods and characterizes foundation soils to be 
expected all along the route. It identifies thermal 
classification for the soil types, and calculates 
settlement potential due to permafrost degradation. 

state and frost 
thaw strain and 

This report shows that nearly all of the foundation soils along the 
route are in permafrost zones, most of it ice rich, with a potentially high 
sett 1 ement if thawed. On ly a few short sections of ri ver bottom and the 
hill top alignment at miles 95-100 and 105-112 lack permafrost or have any 
extent of non-frost susceptible soils. 

Data from this report could be applied toward answering questions on 

paving of the Dalton Highway. The cold continuous permafrost of the Arctic 
Foothills and Arctic Coastal Plain Subprovinces should allow paving with no 
subsequent degradati on of the permafrost foundati on soil s provi ded the 
thi ckness of gravel embankment is suffi ci ent to prevent thawi ng below the 
existing permafrost surface. The remainder of the route to the south will 
require careful analysis and possible strengthening or replacement of 
foundation soils. Sections of the road having weak base and subbase layers 
would need rebuilding to obtain thick enough layers of free draining 
non-frost susceptible material under a pavement. In all cases, route 
alignment and grades should be improved where needed before any paving is 

done. 
This Dalton Highway materials investigation will be implemented by a 

seminar with R&M presenting soils characterization methods to DOT&PF 
personnel and highway design consultants. That will allow its use in design 
of new road alignments and performance predictions for the Dalton Highway. 

The cover photo shows massive ice along the Dalton Highway. 

Al Brawner 
Research Engineer 
Department of Transportation 

and Public Facilities 
Research Section 
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DALTON HIGHWAY: 

CHARACTERIZATION OF FOUNDATION SOl LS 

1.0 INTRODUCTION 

In this report we present the results of our geotechnical characterization 

of natural foundation soils along the Dalton Highway from Livengood to 

Prudhoe Bay. The scope of this work was identified in the R&M letter 

proposal of May 15, 1984 to Mr. David Esch, ADOT/PF under DOT/PF 

Research Term Agreement 82IP342. 

The purpose of the route geotechnical characterization is to help provide 

DOT/PF a basis for assessing potential foundation soil conditions. 

Particular emphasis has been given to assessment of foundation soil thaw 

settlement performance of the Dalton Highway and provision of a means for 

,prioritizing anticipated field studies on planned upgrading of the highway 

system and for programming possible maintenance requirements related to 

thaw settlement. The general scope of ou r effort to fu Ifi II th is study 

purpose is: 

(1) At a horizontal scale of 1 :63,360, identify and map landform 

profiles/terrain units along the route centerline foundation soils 

(from the bottom of the road emban kment to a depth of 10 feet 

north of Atigun Pass and 15 feet south of the Pass); and, 

(2) Characterize the landforms in the profiles for: 

- Landform Genetic Type 

- Landform Depths (to 10 feet or 15 feet) 

- Thermal State (frozen or not frozen) 

- Soil Type (soil texture - USC System) 

- Frost Classification (USACE System) 

- Thaw Strain Potential 

-1-
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Identification or characterization of the road embankment and structure is 

not included as part of this study. Foundation soil frost heave potential 

is only considered in terms of the implications/limitations of landform frost 

classification by the USACE system. I n addition to the above, we have: 

Presented mathematical. 

cha racterization presented 

segment- specific data; 

techniques 

here with 

for updating the 

available, subsequent 

Used practical state~of-the-art statistical techniques to account 

for geotechnical variability and uncertainty; 

Outlined a technically rigorous strategy for using thaw strain 

potentials in thermal analysis of thaw settlement and its practical 

application in planning and design; 

Identified certain route conditions, features and concerns that 

may be of interest to planning and design. 

-2-
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2.0 ROUTE CHARACTERIZATION METHODOLOGY 

A landform-based approach is used here for route characterization. 

Landforms are elements of the landscape that can be correlated to varying 

degrees with geotechnical behavior and subsurface conditions. 

Landforms are formed by a single geologic process or a combination of 

associated processes which have both cha racteristic surface featu res (s uch 

as topography, drainage patterns and gully morphology) and typical, 

recurrent ranges of geotechnical properties, including characteristic 

distributions of soil properties, such as density, moisture and grain 

sizes. Sand dunes, moraines, floodplains, alluvial fans, and glaciofluvial 

outwash a re all examples of landforms. Each have cha racteri stic surface 

forms that can be identified by field observation and airphoto or other 

remote sensing interpretation techniques. 

The basic premise of landform-based characterization is that a practical, 

efficient way to use geotechnical data needed in analysis and design of a 

transportation system is achieved by organizing and statistically 

characterizing exploration data by landform and geologic region or 

physiographic province (Refs. 7,9,10,15,22-31). 

Once the landforms at a site are identified, the characteristic distributions 

of landform soil properties (as well as some understanding of stratigraphy, 

soil structure, drainage characteristics, and groundwater conditions) can 

be inferred. The sharper the distributions the more precisely can 

geotechnical properties and behavior be predicted. 

Sharp distributions are associated with uniform or "homogeneous" 

properties 

properties. 

and 

A 

broad 

given 

distributions with variable or "heterogeneous" 

heterogeneous properties, 

relatively homogeneous In 

landform can have either homogeneous or 

or both. For example, sand dunes are 

most properties, and landforms composed of 

-3-
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wind blown silts may have a homogeneous grain size distribution but 

heterogeneous moisture content. 

Distributions of geotechnical properties are variable with landform location 

because of differences in climate, weathering rates and processes, and 

predominant bedrock type. Landform property distributions are also 

sample volume (site size) dependent; uniformity or homogeneity between 

samples or "sites" tends to increase with sample volume (site size) 

depending on the degree of spatial autocorrelation of the property. 

Because geotechnical 

and highly variable, 

conditions in the arctic and subarctic are complex 

it is impractical to characterize soil conditions with 

certainty along an entire alignment. 

mu st be done with I imited field data. 

Therefore, geotechnical evaluations 

Landform- based p rocedu res provide 

a rational approach for making meaningful 

subsurface data are sparse or nonexistent. 

following actions: 

predictions where site-specific 

These procedures involve the 

(1) The landforms occurring along a route are identified using 

terrain analysis techniques (Refs. 7,8,9,10, 15,31). 

(2) All available subsurface data are statistically characterized by 

landform and region to give landform/region statistics of 

available pertinent geotechnical parameters. 

(3) Site/segment-specific profiles are developed as needed for 

analysis and design. 

In the third phase, prior information from the landform/region statistics 

are used to augment available site/segment-specific data to create an 

expanded data base from which updated landform/site data estimates of 

site-specific soil property parameters can be made. An updating model for 

making estimates of any site-specific soil property parameter is presented 

in Refs. 22, 24, 27 and summarized below as well as in Appendix F. 

-4-
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2.1 LANDFORM PROFILE MAPPING OF THE ROUTE 

The first step of landform-based route characterization is to map (using 

terrain analysis techniques) observed and inferred landforms and associ­

ated terrain features in plan and, where possible, in profile along the 

route. In profile, the route centerline can be represented by a "landform 

profile" showing the landforms occurring from the ground surface to a 

limiting depth (beyond which there is generally little affect of soil or rock 

conditions on facility performance); in plan, "terrain units" can be used to 

map landform transitions and interpreted profiles along the route. 

2.2 LANDFORM STATISTICAL CHARACTERIZATION 

2.2.1 Geographic Scales 

In general, landform data can be utilized at three (or more) 

geographic scales. In order of decreasing size and data availability 

but increasing geographic specificity, these are: 

(1) for all known occurrences of a landform or landform group (of 

similar landforms), 

(2) for all regional occurrences of a landform or landform group 

within a particular local geologic region, unit or physiographic 

province and 

(3) for site-specific occurrences of the landform in the given 

region. 

In general, 

dependent. 

landform property distributions are scale and location 

It is assumed that the forms of the probability density 

functions (PDF) or basic shapes of the property distributions are 

constant, whereas the statistical parameters of the PDF's generally 

are location and scale dependent (Refs. 22, 27). Landform property 

-5-. 



r3/dlO 

parameters that are not strongly location dependent for a given site 

size (volume) are "statistically homogeneous"; parameters that are 

relatively location dependent are "statistically heterogeneous". 

Statistical homogeneity implies site-to-site uniformity; conversely, 

statistical heterogeneity implies site-to-site variability. 

The working principal for predicting landform soil properties wher­

ever the landform occurs is to utilize all available representative data 

obtained for the given landform. Combining landform data from 

different geographic scales and locations is termed "geographical 

updating" . Incorporating additional, new information at a given 

geographic scale or location is termed "information updating". Both 

forms of updating utilize Bayesian techniques (Refs. 22, 27). 

2.2.2 Geographic Updating 

Geographical updating proceeds down the level of scale in the 

direction of increasing site specificity. In this study, data for each 

landform have been: 

(1) combined to form a set of landform statistics, and 

(2) where appropriate, separated by geologic region to form a set 

of landform/regional statistics. 

The landform or landform/regional statistics can be used as prior data 

fol' site-specific occurrences of the landform. This prior data can be 

used with site-specific sample data to calculate posterior, updated 

estimates of the parameters of the property distributions for each 

stratum comprising a segment/site soil profile. 

Geographical updating can be accomplished at any scale of 

site-specificity, as data availability and needs warrant it; the prin­

cipals of updating apply in the same way. With time, as more data 

-6-
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becomes available, each scale can itself be informationally updated to 

reflect the new data. 

2.3 SEGMENT -BY-SEGMENT SOl L PROFI LE DEVELOPMENT 

2.3.1 Soil Profile Segmenting 

Soil profiles are used to idealize soil stratigraphy and associated 

material properties within a specific site area or segment length for 

engineering analysis and design purposes. A segment is defined as a 

reach of alignment which can be adequately characterized for a given 

(set or single) engineering purpose by a single soil profile. 

Note that each point of a route can belong to more than one soil 

profile (and associated segment) where significantly different 

characterizations are required for the various specific analysis and 

design purposes--e.g., within the limits of available data, 

segment-by-segment soil profiles characterized for thaw stability may 

be different than soil profiles characterized for frost heave or 

erosion. The primary objective of soil profile development is to 

adequately represent--as simply as possible--the pertinent geological 

and geotechnical details that could potentially affect the conditions or 

structu res of concern. 

Segment- specific soi I p rofi Ie development sta rts with identification of 

the landform profile (geologic cross sections of the landforms) at the 

site, which is then refined as needed using available site-specific 

data. Differences between landform profiles (representing spatial 

relationships of soils having similar geological genesis) and soil 

profiles are dependent on anticipated engineering behavior. Landform 

changes affect soil profiles where the changes potentially affect 

geotechnical response. Contiguous landforms may have sufficiently 

similar engineering characteristics that they can be treated as a 

single stratum or soil profile. Or, a single landform may be 

-7-
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characterized by more than one stratum because of significant spatial 

differences in soil property parameters within the occurrence of the 

landform at that site. Thus, soil profiles can be simplifications or 

elaborations of landform profiles. 

2.3.2 Updating of Soil Profiles 

Soil property parameters for each stratum in the soil profile are 

estimated using available site-specific (sample) data and statistically 

characterized landform (prior) information. Formal, mathematical 

techniques for updating are given in Appendix F. 

2.3.3 Limitations on Interpretations 

Without site-specific subsurface data, soil profiles are limited to that 

which can be inferred from landform profiles and a prior knowledge 

of cha racteri stic landform stratig raphy a nd associated material 

properties. Interpretation of the geotechnical response of the profile 

could statistically consider the potential effects of the characteristic 

stratigraphy and properties. 

Development of the site soil profile is dependent on site geology and 

limited by available site data. Erratic soil profiles are the most 

difficult to characterize; they require greater geologic insight into 

the processes involved in the sites depositional environment. 

Depending on the design phase, adequate consideration must be 

given to the impact of very localized geological and climatological 

inhomogeneities which can dominate engineering behavior--e.g., 

massive ground Ice in permafrost. The potential effect of 

unanticipated negative conditions should be considered since, 

regardless of specific technique, subsurface conditions are never 

completely defined in exploration or analysis such that critical 

geotechnical details may go undetected or be inadequately interpreted 

and eventually results in unsatisfactory performance. Careful 
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engineering and geological interpretations and assumptions based on 

sound judgement remains fundamental to the site characterization 

process (Ref. 4). 

2.4 METHOD APPLICATION TO DALTON HIGHWAY 

Application of the route characterization methodology to the Dalton Highway 

consists of: 

(1) Mapping the landform profile (terrain units) along the route, as 

described in Section 3.3; 

(2) Developing a landform characterization for: 

(A) thaw strain potential (based on frozen and thawed dry 

density), as discussed in Appendicies C and D; 

(B) soil type (texture); and 

(C) USACE frost classification (based on landform and texture); and, 

(3) Matching landform thaw strain potential estimates, soil type and frost 

class to the landforms identified in the landform profiles shown on 

the route sheets. 

No site-specific subsurface data were used to update the landform 

characterizations given in Section C.l of Appendix C. Subsequent 

updating of the landform thaw strain potentials (and soil texture and frost 

heave class, as appropriate) presented here with segment-by-segment 

subsurface (borehole) data can be done using the updating techniques 

presented in Appendix F. 

-9-
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3.0 ROUTE SHEET DEVELOPMENT 

Geotechnical characterization parameters for the Dalton Highway route are 

shown on the "Characterization of Foundation Soils" route sheets, found in 

Appendix A. These route sheets, numbered through 26, provide 

coverage of the entire Dalton Highway route. Sheet 1 begins near 

Livengood at the start of the highway and Sheet 26 is located in the 

vicinity of Deadhorse Airport near Prudhoe Bay. An index of these 

sheets has been prepared at a scale of 1 inch = 16 miles (1: 1 ,000,000). 

Included on the 26 route sheets are a topographic map base and data 

bands with explanations of information shown in the data bands. A full 

explanation of terrain unit definitions is provided on the first page of the 

appendix. 

3.1 MAP BASE 

Base maps, shown at the top of each route sheet, were taken from U.S. 

Geological Survey (USGS) topographic quadrangle maps at a scale of 1 inch 

= 1 mile (1:63,360). Information on the base maps include topography, 

water, and cultural features; also, the Trans-Alaska Pipeline System 

(TAPS) is shown, as was mapped by the USGS. Each sheet presents a 

portion of highway route approximately 6 miles wide by 16 miles long. 

At the relatively large scale of the base maps, R&M's plotted location of 

the TAPS Fuel Gas Line (shown on sheets 17 through 25) was 

approximated by using existing information. Additionally, we have plotted 

important features such as DOT/PF camps, CRREL Field Test Sites and 

other features along the highway. 

3.2 DALTON HIGHWAY LOCATION 

We have plotted the Dalton Highway as originally shown on the 1975 photo­

revised USGS topographic maps. Exceptions to this are several areas in 

which road construction was not complete at the time that the aerial photo-

-10-
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graphy was taken. Sou rces for completing the highway location were 

Brown and Kreig (Ref. 5) and as-built drawings provided by ADOT/PF. 

The highway route has been shown as a solid line for ease in identi­

fication. 

Mileposts for the Dalton Highway, as shown in 5-mile increments on the 

route sheets, were provided by ADOT /PF. 

3.3 DATA BANDS 

As explained below, the data bands are representations of certain selected 

geotechnical information and can be found directly below the strip maps. 

Boundaries between adjacent classifications in the data band were projected 

vertically downward from the strip maps in all cases. Because of this, it 

is important to note that lengths along the individual data bands are not 

true horizontal scale distances. To arrive at an accurate lineal summary of 

data it is necessary to project the data band boundary marks to the strip 

map and measure actual horizontal distances on the map. 

3.3.1 Segment Number Band 

Segments of the Dalton Highway route are given by route sheet 

number and individual analysis/design segment within the route sheet. 

Individual segment boundaries were generally based on a change in 

terrain unit type. Segments are numbered south to north (right to 

left) on the d rawi ngs. 

3.3.2 Terrain Unit Band 

This band contains a lineal representation of the terrain units 

(landform profiles) present on centerline. Each terrain unit crossed 

by the route is noted, as are all terrain unit boundaries. 

-11-
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Representations are shown depicting terrain units to 10 feet in depth 

north of Atigun Pass and to 15 feet south of Atigun Pass, as 

requested by ADOT /PF. Average depths of individual landforms 

along with the standard deviations (Appendix C) were developed for 

the route. Abbreviated terrain unit symbols can be found on the 

explanation portion of the route sheet. A full explanation with 

landform - terrain unit definitions is provided on the first sheet of 

Appendix A. 

3.3.3 Soil Type Band 

The soil type band contains a lineal representation of the soil types 

present to a depth of about 15 feet both by name and by Unified 

Soil Classification (USC). It can be used to identify segments of 

similar soil type along the highway alignment. Generally, surficial 

organic material (12 inches or less) is not included In the 

description. Soils are classified using the Unified System (USCS) and 

are indicated by USC symbol such as "GW", for well graded gravel. 

An individual entry may consist of a single soil type, a range of soil 

types, or several different soil types, depending on the variation of 

soils within the unit both laterally and with depth. 

The method of separating soil types is important; a horizontal bar 

indicates vertically distinct soils while a comma (,) indicates soils 

mixed together or interlayered with the first listed soil expected to 

be dominant. For example, a segment might contain cover deposits 

of windblown silt with scattered small sand dunes overlying coarse 

floodplain deposits of gravel with sand lenses. The classification for 

this deposit might be 

SI L T (ML) & SAND (SP , SP-SM) 
GRAVEL (GP, GP-GM) & SAND (SM, SW-SM) 

No attempt is made in this classification to specify the thickness of 

the cover deposits. Generally, the lateral boundaries of soil types 

-12-
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coincide with terrain unit and landform boundaries. However, several 

terrain units may be classified under the same soil type, or a single 

terrain unit may have several soil types within it. 

Classification of the upper 15 feet of soils is dependent on 

interpretation of available data using geologic judgement. Data used 

to classify soils include: the occurrence of terrain units and 

landforms; statistical analysis of laboratory test results with regard to 

occurrence within a given landform, aerial photographs; and 

published maps and literature. 

A dash mark is used for bedrock segments where soil classifications 

have not been made. 

3.3.4 Thermal State Band 

The thermal state band contains the estimated area-wide permafrost 

description. Data used for assessing permafrost classification for this 

band include occurrence of permafrost as noted in any available 

boreholes and their relationship within terrain units, aerial 

photographs, slope aspect, topography and surface disturbance. 

The permafrost classification system consists of four categories: 

GA - Generally Absent: estimate 0-10 percent of the map area 

represented by the segment shown in the band is underlain by 

near-surface permafrost. 

S - Sporadic: estimate 11-50 percent of the map area represented by 

the segment shown in the band is underlain by near-surface 

permafrost. 

D - Discontinuous: estimate 51-90 percent of the map area 

represented by the segment shown in the band is underlain by 

near-surface permafrost. 
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GF - Generally Frozen: estimate 91 to 100 percent of the map area 

represented by the segment shown in the band is underlain by 

near-surface permafrost. 

This system is used to describe only the aerial distribution of 

permafrost beneath the mapped area. It does not apply to and is not 

used to describe the vertical distribution of permafrost. 

3.3.5 Frost Classification Band 

This band displays the frost classification for alignment soils using 

the classification of the U. S. Army Corps of Engineers (USACE). 

Criteria for frost classification is grain size distribution with the 

percentage finer than 0.02mm being the primary factor. The 

following table gives each frost group with the corresponding soil 

types. 

Frost 
group 
Number Soil Type 

F1 

F2 

F3 

F4 

Non-frost 
suseptible (NFS) 

Gravelly soils 

(a) Gravelly soils 
(b) Sands 

(a) Gravelly soils 
(b) Sands, except 

very fine silty 
sands 

(c) Clays, PI ) 12 

(a) All silts 
(b) Very fine silty 

sands 
(c) Clays, PI (12 
(d) Varved clays and 

fine-grained 
banded sediments 

Percentage 
finer than 
0.02mm, 
by weight 

3 to 10 

10 to 20 
3 to 15 

-14-

Typical soil types 
under Unified Soil 
Classification System 

GW,GP,SW,SP 

GW, G P, GW-GM, G P-GM 

GM,GW-GM,GP-GM 
SW, S P, SM, SW-SM, SP-SM 

GM,GC 

SM,SC 
CL,CH 

ML,MH 

SM 
CL,CL-ML 
CL and ML 
CL,ML, and SM; 
CL,CH, and ML; 
CL,CH,ML, and SM 
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3.3.6 

3.3.7 

Soil type (texture) data was used to derive the frost group 

class ification. 

Thaw Strain Potential Band 

This band contains a three level classification of thaw strain 

potentals (an estimate of vertical strain if a frozen soil thaws) for 

each landform within a segment of alignment. The classification 

consist of the following calculated thaw strain potentials: 

THAW STRAIN POTENTIAL CLASSIFICATION 

LOW 

MODERATE 

HIGH 

STRAIN VALUES 

'10% 

10-25% 

Landform values are taken from Table C-1, as estimated using thaw 

strain relationships presented in Appendix D of this report. 

A dash mark is used for bedrock to represent a lack of data for 

this material. 

Comments Band 

Included here are physiographic subprovince divisions and locations 

of major stream crossing and any other items that may be of 

interest in an overall assessment of route foundation soil 

conditions. 
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4.0 DALTON HIGHWAY ROUTE DESCRI PTION 

The Dalton Highway route has been divided (as shown in Figure 4-1) into 

physoiographic provinces and subprovinces based on Wahrhafting (Ref. 

30). The physiographic province and subprovince division boundaries for 

the route are shown by corresponding route sheet and milepost in Table 

4-1. Physiographic subprovince boundaries are also shown in the Route 

Sheets Comments data band and on the I ndex of Route Sheets. 

4.1 GENERAL GEOLOGY AND SOl LS 

4.1.1 Interior Province (MP. 0.0 to 156.3) 

The Interior Province include the Kokrines-Hodzana Highlands on 

the north and the Livengood Upland on the south. These two 

upland areas are divided near Hes·s Creek by the narrow Rampart 

Trough. Topography is rolling, characterized by rounded even 

topped ridges. 

The entire area is within the Yukon drainage basin with the 

Koyukuk and Tanana Rivers bounding it, north and south, 

respectively. 

Vegetal cover consists of muskeg grasses and stunted black spruce 

and tamarack in the frozen lowlands and on north-facing slopes. 

Mixed birch, aspen, spruce and cottonwood thrive on the well 

drained southern slopes and along major river valleys. Little to no 

silt cover is present on some of the higher bedrock hills north of 

the Yukon River. 

Permafrost is present throughout the uplands, occuring 

continuously in low lying areas and on north-facing slopes. 

Sol if I uction featu res a re locally well developed. Seg regated ice is 
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common. On south facing slopes and along major drainages, 

permafrost is generally discontinous. 

Schist and gneiss, with a general northeast-trending structural 

grain, are present in the northern portion of the uplands. Highly 

deformed sedimentary and volcanic rocks containing conspicuous 

limestone units are present elsewhere. Small granitic intrusions are 

scattered throughout but are particularly evident between Prospect 

Creek and the Yukon River. In the sourthern part, a thick mantle 

of windblown silt lies on the lower slopes of hills and thick 

accumulations of organic rich silt (muck) overlies deep stream 

gravels in the valleys. 

4.1.2 Arctic Mountains Province (MP 156.3 to 359.6) 

The Arctic Mountains Province is subdivided into the Chandalar 

Ridge and Lowland, Central Brooks Range and the Arctic Foothills 

(Southern and Northern). 

The Chandalar Ridge and Lowland Section consists of east-trending 

lines of lowlands and upland passes ranging from 3-10 miles in 

width. This section is underlain by continuous permafrost. The 

ridges are, in part, composed of resistant massive greenstone. The 

lowlands are underlain largely by cretaceous sedimentary rocks. 

The Brooks Range is a series of rugged, east trending ridges 

rising as high as 8,000 feet. Steep slopes, cirques and other 

features typical of glacial erosion are predominant, although active 

glaciers a re few and very small. Rock glaciers, sol if I uction and 

other periglacial phenomenon are common. 

The Atigun, Chandalar, Dietrich and Middle Fork Koyukuk River 

Valleys form a natural access channel across this rugged area. The 

pass between the Atigun and Chandalar headwaters, at an elevation 
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of about 4750 feet, is the highest point along the Dalton Highway 

route. Drainage into the main river is by short, steep, 

intermittent streams which often have formed coarse fans. In 

steeper areas nea r Atigun Pass, intermittent streams flow th rough 

blocky talus cones. 

Alpine tundra vegetation is present in the valleys of the Atigun and 

Chandalar Rivers. In the Dietrich and Koyukuk Valleys mixed 

interior forests of spruce, aspen and birch occur near the active 

floodplains. Except for a limited thaw bulb under the larger active 

streams, permafrost is continuous. 

The highway route is, for the most part, confined to the lower 

river valleys where alluvial, colluvial and glacial deposits mask the 

bedrock. In several areas, especially in the upper Atigun Valley, 

bedrock should be expected at shallow depths below natural ground 

surface. Limestone, shale, conglomerate and quartzite are rock 

types that may be encountered. 

The Arctic Foothills consist of rolling plateaus and low linear 

mountains; they are divided into two sections. The Northern 

section rises from an altitude of 600 feet on the north to 1,200 feet 

on the south. The Southern section is 1,200 feet to 3, 500 feet in 

altitude and has local relief of as much as 2,500 feet. 

The main drainage feature is the Sagavanirktok River which flows 

just to the east of the Dalton Highway route. Numerous small 

streams, often with beaded drainage patterns feed the "Sag" River. 

Scattered thaw lakes are present. Vegetation is limited to dry 

tundra on the hills and muskeg in the small valley bottoms and 

upper terraces of the Sag River. 

Shallow thaw ponds are scattered throughout the area, especially in 

drainage divides. To the south, morainal lakes like Island Lake are 
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present. Permafrost is continuous and "cold". Even under the 

active floodplain of the Sag River, only a shallow thaw bulb is 

present. Extensive aufeis accumulation is common on the river. 

Ice wedges, polygonal ground, and other permafrost features are 

present throughout. 

The Arctic Foothills are compos.ed of relatively soft sedimentary 

rocks, some of which are coal bearing. Under certain conditions 

segregated ice has been found in these rocks. In the floodplain of 

the Sag River alluvial gravels cover the bedrock, but on the hills, 

especially in the northern area, only a shallow veneer of silt and 

colluvium is present. South of Slope Mountain thick deposits of 

ice-rich tills cover the bedrock. 

4.1.3 Arctic Coastal Plain Province (MP 359.6 to 414.9) 

The Arctic Coastal Plain Province extends from the shoreline of the 

Arctic Ocean to the vicinity of Sagwon Bluffs (near TAPS Pump 

Station No. 2). The Arctic Coastal Plain province is divided into 

the Teshekpuk Lake and White Hills subprovinces. Scattered 

groups of low hills rise above the plain in the White Hills 

subprovince; the Teshekpuk Lake section is flat. The ocean has 

retreated from this portion of Alaska only relatively recently in the 

geolog ic past, leavi ng a uniform, rather featu reless pia i n dotted 

with ponds and crossed by north-flowing rivers. The Arctic 

Coastal Plain is poorly drained and very gently sloping, rising to 

an elevation of 600 feet at the southern margin. It is underlain by 

continuous. permafrost. 

Soils consist of unconsolidated marine sediments, mainly sands and 

gravel. A ·thin cover, generally less than ten feet thick, of 

fine-grained, ice-rich, windblown silt lies over the marine sediments 

except in the active floodplains of rivers. Terrain in this section 

is characterized by poorly drained bogs and shallow thaw ponds and 
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4.2 

4.2.1 

lakes. In the floodplains, stream-deposited sand and gravel 

overlies the marine sediments, with thin deposits of silty soil. The 

environmental concerns associated with shallow lakes has resulted in 

the attempt to avoid these featu res du ri ng construction of the 

Dalton Highway. 

ROAD CONDITIONS 

Alignment 

The history of the Dalton Highway and its development originally as 

a pipeline and oil field haul road has been well documented in the 

literature (Refs. 19, 14). The initial 56 mile segment, beginning 

from the Elliott Highway near Livengood and extending to the 

Yukon River was designed and constructed in 1969 and 1970. 

Design criteria was based on Alaska State Highway Department 

secondary road standards; however, emphasis on access to and 

priorities for the proposed oil pipeline location made it necessary to 

modify the design at certain points along the route (Ref. 1). 

Design of the Yukon River to Prudhoe Bay road segment was begun 

in 1970 and, after permitting delays, actual construction took place 

in 1974. 

In very general terms, geotechnical related route criteria gave 

major emphasis to utilizing. an embankment overlay concept when 

ever possible. Avoidance of "sidehill" or "through" cut road 

sections was considered desirable and necessary In order to 

minimize potential adverse natural ground thermal degradation or 

erosion in the primarily frozen ground having variable ice content. 

Performance of certain roadway cut sections in frozen ground along 

the Dalton Highway have since been evaluated by various 

investigators and the success of these sections has ranged from 

good to poor (Refs. 3, 13, 14, 18). 
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Terrain and geotechnical conditions highly influenced the location of 

both the road and oil pipeline. Final roadway alignment was 

selected after completion of extensive reconnaissance and detailed 

field studies. Design criteria and final design plans were reviewed 

by va rious governmental agencies prior to begi n n i ng construction. 

Areas presenting more difficult roadway alignment concerns 

included: 

LOCATION 

South of Erickson Creek 

South of Hess Creek 

South of S u ka kpa k Mtn. 

North of Dietrich Ai rport 

Chandalar Shelf 

Atigun Pass 

North of Galbraith Lake 

North of Pump Station 3 

North: of Pump Station 3 

Happy Valley Cut 

Happy Valley 

Sagwon 

MILEPOSTS 

9.5 - 11 

20 - 23.5 

197.8 - 204.7 

211.8 - 221.8 

238 - 239 

245 - 248 

272.4 - 310.5 

314.9 - 317.5 

319.2 - 321.0 

326.5 

326.5 - 340.2 

349.3 - 353 

-21-

CONCERN 

Ice rich soils and 
sidehill grade 

Massive ice and sidehill 
grade 

Massive ice, pingos, 
taliks and cross-drainage 

Massive ice (except at 
granular alluvial fans) 
and sidehill embankment 

Sidehill, steeper grade 
in frozen ground 

Steeper grades, sidehill, 
some unstable side slopes 

Massive ice and some 
sidehill embankment 

Massive ice 

Massive ice 

Throughcut in ice rich 
material with massive 
ice 

Massive ice 

Local massive ice 
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4.2.2 

Additional concerns associated with alignment geometry difficulties 

and special drainage requirements have not been cited here since 

this is beyond the scope of this report. More conventional 

concerns associated with embankment thaw subsidence are addressed 

in Appendix C. Also, as stated previously, frost heave problems 

have not been addressed since this concern is beyond the scope of 

this report. 

Embankment 

The emban kment and or structu ral section represents the more 

significant portion of the roadway in terms of supporting traffic 

loadings. This study addresses foundation soil conditions only and 

specifically excludes consideration of the emban kment or structu ral 

section as that work is being completed by others. Both the State 

of Alaska Department of Transportation and Public Facilities 

(ADOTPF) and the U. S. Army Cold Regions Research and 

Engineering Laboratory (CRREL) have conducted on-going studies 

of the Dalton Highway performance. Shortly after construction 

ADOTPF and CRREL established a number of test sites along the 

highway starting just north of the Yukon River. Information on 

these test sites is presented in various CRREL reports and other 

references. 

With the exception of those areas where unfrozen floodplain gravels 

were available, most of the embankment material was obtained from 

bedrock borrow sources. Since the quality of these bedrock 

sources varied significantly, it is important to recognize that the 

embankment structural performance is in part, controlled by the 

specific characteristics of the rock source and type from which it 

was derived. The ability of the embankment section to respond to 

non-structural conditions, such as foundation soil deformation, is 

also influenced by the fill characteristics; admittedly to a somewhat 

lessor extent. 
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4.2.3 

Emban kment instability, deformation and displacement is readily 

evident along some segments of the route and can be correlated 

reasonably well to those terrain units having higher thaw strain 

characteristics. In these areas, the greater amount of ground 

subsidence has resulted In development of thaw ponds and 

interrupted drainage along the embankment toe section at many 

locations and, slope or shoulder failures in more severe cases. 

Intermittent maintenance and grading of the road surface tends to 

partially obscure the embankment deformation characteristics and, 

therefore, the extent of emban kment subsidence that may have 

occurred cannot normally be ascertained. Also, the amount of 

thermal degradation and maximum depth of annual thaw is generally 

unknown. Some limited information has been obtained at isolated 

embankment locations where test holes were drilled in the roadway 

during late summer and early fall for the recent natural gas 

pipeline studies. (As an example, pertinent boreholes located 

adjacent to CRREL test sites are listed in Appendix B.) In 

addition, estimates of thaw depths can be made based on suitable 

thermal modeling techniques. 

Significant Erosion 

I n general, erosion has not been a major concern with the Dalton 

Highway performance. During the design and construction period 

considerable attention was given to erosion control and to potential 

for long term thermal erosion or thaw :degradation, particularly in 

areas having massive ground ice. Special erosion control studies 

were made by Alyeska Pipeline Service Company on selected soil, 

drainage and ground ice conditions and design procedures were 

developed to minimize adverse impacts. The Wiseman Cutoff Trail 

and Hess Creek Test Site were locations of two special erosion 

studies '(Refs. 2,18). 
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4.2.4 

Particular attention was given to minimizing and mitigating the 

effect of thermal degradation and headward erosion induced by 

concentrated d ra i ngages. Sign ificant gu lIey erosion occu rred a long 

certain segments of the road where concentrated drainage at culvert 

locations induced rapid thaw and carried away large quantities of 

material. Control meas u res typically i ncl uded use of geofab rics, 

granular backfill, broken rock and various type diversion 

structures. Examples of major gulley erosion and drainage control 

applications exist south of Sukakpak Mountain between Mile 198 and 

202. 

Performance 

Thi s study add resses on Iy the cha racteristics of the natu ral 

foundation soils along the Dalton Highway and does not assess 

conditions relating to the roadway embankment or structure. 

Roadway surface conditions along the route vary substantially and 

are, to a large degree, dependent upon the characteristics of the 

imported embankment material contained in the structural section. 

Normal deficiencies in roadway surface conditions are evidenced by 

potholes, rutting, shoving, soft spots and other forms of distress 

produced by varying traffic and wheel load repetitions. These 

forms of distress along with road maintenance operations, such as 

"motor grading", all tend to mask the effect of problems that may 

be resulting from natural foundation soil deformation. Examples of 

roadway surface deficiencies produced by foundation soil 

deformation include local and longitudinal slope failures, usually 

accompanied by differential movement along open cracks, and 

undulating roadway surface resulting from thaw subsidence and or 

frost heave effects. 

Due to the number of parameters involved, it is not always possible 

to di rectly relate roadway surface deficiencies to the cau se of 

failure. In many cases the time and temperature dependent thermal 
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regime and, more particularly, the freeze/thaw interface tend to 

control the roadway condition and directly influence performance. 

During the thawing period, initial near surface wheel load capacity 

constraints gradually transform to problems normally associated with 

affects resulting from deeper seated ground thaw subsidence or 

displacement. 

I n this study we have attempted to provide a means for correlating 

interpreted foundation soil characteristics with apparent longer term 

road performance conditions that have or may still result from 

subsurface subsidence or deformation. Terrain units having higher 

thaw strain characteristics combined with deeper thaw penetration 

obviously represent conditions where large road deformations should 

have or will continue to occur. 
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TABLE 4-1 

PHYSIOGRAPHIC PROVINCE AND SUBPROVINCE DIVISIONS 

Estimated 

Code Province &. Subprovince Route Sheets Mileposts 

3 INTERIOR PROVINCE 01-10 0.0 - 156.3 

3C Livengood Upland 01-02 0.0 - 021.4 

3B Rampart Trough 02-02 21.4 - 026.3 

3A Kokrine-Hodzana Highlands 02-10 26.3 - 156.3 

2 ARCTIC MOUNTAINS PROVINCE 10-22 156.3 - 359. 6 

2D Chandalar Ridge &. Lowland 10-11 156 . 3 - 174. 6 

2C Central Brooks Range 11-17 174.6 - 278.3 

2B Arctic Foothills (Southern) 17-19 278.3 - 312.9 

2A Arctic Foothills (Northern) 19-22 312.9 - 359.6 

ARCTIC COASTAL PLAIN PROVo 22-26 359.6 - 414.9 

1B White Hills Section 22-25 359.6 - 401 .9 

1A Teshekpuk Lake Section 25-26 401.9 - 414.9 
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downslope as a tongue cI rock rubble. 01 IS ~lasSth"d as a roc. gl.cter 
,CgI 

Gef1l!!.ally f.ne-g.a.ned. organoc-roch depoSIts W.lh ,"'a,!able oI"'O"nIS of 
granullir maleroa' pl'esent In bas,ns occun.ng bI!1 .... e .. " "''''ooIhty 
.ounded slopes 011 the Alehc Siopf' It IS usually assoc,"If>rI "".1" f~onon 
upland SIll IElaI The Ollg.n 01 thiS landform IS 1'101 dilon".·I,· kn"""n 
Howevl!f. Ihe mllt .. "al ilpPI'lI'S to have moved '1'110 small ... ~ ..... from 
surround.ng slupeS by sol.fluctlon. creep .nd Of Slope wash 0"_ 
processes Ihat could have. role.n the gef1l!!S's of th,sdl'po'<ll.t ... ,haw 

_ basIn fo.matoon and dramage. o'gan,c deposol developu ... nl and 
pe.haps eoI"n deposlt.on N.val.on may lIlSO .e"5;ull.n mud,I,,'''llon 01 
baSI'" ma'9,ns.nd mInor fewo ••• ng 01 baSIn marg'nallSt-l ..... ' ..... n SOft"'" 

Iocllhl~S Bas.n collUVIum 1$ d.lle.enllaled Itom IhlIw la"" "' .• I.· .. a~ by 
smooth g.adatoon ..... Ih sunounC.ng slopeS and Ihe h,ghly "."'dhl ... nd 
Ih.n cha.acte. 01 attumulliled dePOSItS 

Mat ...... ls depos'ted by WInd 

S,lt detH> .... led by wond 

w.nd blown $.11 dt'poS.lt'd en poOf"ly d'atf\l!d lowland tocahans ml.ed 
.... ,Ih o'gan>e mate .. ,1 and frequenlly Wllh I.ne. lloodpialn 01 olher 
fluv'iI! collu .... l maler.lIls II IS norm.lly Ironn WIth a h.gh oc .. COnll'm 
The p,opo'loon 01 WInd blown S." m IhoS land'ttrm .s usually low .n 
relithon to Ihe o<ganoc malt'l'oa' and oce Ihal ",e present T .... s un'l IS 
illso used lor cI.ss.lylng su.locoallayl!t"S thai are S,lly. organO(" and hogh 
.n oce CQnlltnr bul a.e 01 unce,,,,!!'" on9.n 

EI" Frolen UDlIond 
5011 

Es Eohan Silnd 

FLUVIAL DEPOSITS. F 

Fd - Delta 

Fig _ Grilnul;", 
Alh,l .. ,.1 F.n 

ff$ _ fIne g ••• ned 
Allu ... ,.1 F.ns 

Fpb _ B •• oded 
FloodplaIn 

Fpm _ Meande' 
Floodpla.n 

fpc: - ··~et"or 

Sm.IIWater· 
eouts.e Flood­
plain 

Fps - S.ndy 
floodp"n' 

Fpl Old Terr.ce 

fs _ Relrllnsported 
DI!pOS.ts 

FSI _ Retr.nsported 
DePOSit fan -

..... .-.(1 hI" .... n ",·11 ,.,..~_.", •• ~ on _It II ("I1 .. ·_d UP'iOn(! loc,,100"!> " .. " ..... 11, 

... ,..,." "nl) I". I".C. ""100' .. ,, ... I! ""POS'I!o bpe- ~"'s It .. lufll ... . 
",scuM.·nn} 

Ttol!" Of.g .... 01 1"·5 "n'l '!o 1'101 CO ... pl,:lltly Unde-'Slood:,1 'Spro/) ... bly eoloil'" 
dur 10 ,n u ... I(I<'" S.hy 9 ... rI ... "on 1-I0000r •• 1 d.lle.s f.om upl.nd 
k>Pss IE luI I", •• CU"S'SIS ollh.c. Iro, .. n 5,11 W'lh orgiOn>e 'l'Ch lones 
",net conliOtnS ..... ~S'_ <po IOOmll,,(>nS It oS S,,,,.lar ,n appe-a,"ncr 10 S.I,., 
.t!'tran!opot'IO'tl ""POS'!!o IJSSI ..... 1 ., hl"Qul'nU.,. occurs 0111 Inll" IODS 01 
rodgl's an" 'un!> .............. Ifa"Spt"OI1 .. d OI'9.n '5 1'101 poss.blt!' Tne 
", .. !orner (>1 u"o_oI1,,1'"<"I "'g.,nO(" '0("1, IOnf'~ Ind.call'S Ihal Ihl' un'l ma, 
boo 100>55 Ih~1 h ... ~ ... "'a ...... 1"1 Ito" .... '!o'OX" I"I"POS'hO ... II may Include- S.lI, 
Coll.""un, .n up',,"'1"I rto-P' .. SS..,"S ." 0,1,,110"5 

A depoSll 01 .. 11"".um 1100<1 !Sown by a SI'l'ilm 1I0w'"9 .... 10 iI sland .... V 
body 01 Wille' 

A g-ent1y slop.ng Cone gene.all., compOsed 01 g.anular mate ... 1 w"h 
viI,y,ng amou ... IS of s.1I dePOS'led upon. plllln by iI Stream whe.e " 
.ssues hom • narrow mOl.lnla.n "ililey The prom •• y deDQS'honal .genl 
'5 runn.ng wale. !for sohllucl.on filns. s.el' Collu .... ' undtormsl Can 
Include var"'"9 P'oooIllOnS 01 iI .. illIonehe or mudflow depos'ls. 
eapt'C:,"IIy ". mounla .... oUS reg.ons 

Used lor 9Tllnulii' al1u .... 1 lans "'01 used lor lans thai contaIn 
sogn,I,(.nl .mounlS 01 .ncorpo •• led collUVIum SUCh .S av"anche and 
mudllow dePOS"S IUR Fit 

Used 10' IIl1u .. ,al '"ns composed 01 predom.n.nlly ' .... e,·vr"ned 
rnaleroals Ige ... erally sarod and 51111 DepOs.ts.n these '.ns are laId down 
by Slrl'am actoOn rillhe. I""n by sheel flow and sohfluctlM .5 In 
reUansponed depoSit fans ,hI) whoeh a.e .150 composed 01 SI" and 
nod 

Depos'tS I"d down by • " .. er or sueam a ... d lloaded dut.ng jJe,.ods of 
hIghest "",Ier on lhe presenl stream regImen \1'5 compOSl'd 01 two 
malOl' types of .lIuv.um 11 Fp· •. gene. ally g.a"'ul., " .. erbed Ilale,"1 
accre1lo"') dl'poS'IS and 2) Fp·c. generally 'one·gra.ned cover , .. en.c.1 
acC.etlOn)6I!poS.IS laId do""n abo"e the llverbed depos.ts by streams.1 
bank overflow Iflood) stages Fp·c .n some cases ean be lu.th", 
SUbdIVIded .... to po'nt bar depestls IFp·cp) wh,ch a.e I.rd down 0 ... the 
.ns.de 01 meander loops durong floods wlllch are lower 1h.n bani< 
overflow stagt- They are .nlt-rmed'ate .n sor! le.lure bel .... el'n covet 
depos.ts CFp·e).nd .... e.bed depos.ts IFp-rl 

Depos.ts 01 • stre.m ot tove. with branch'ng .• nllStomoS.ng c.hanf1l!!ls 
Generally eomposed of coa.se·gr" ... ed lIltu"lum .• lthough modlfters 
··-c".nd "-r" .re used "s .boveuttder Fp ThHedeposltsareformedby 
stre."" that have a low flow Ifl rel.loon to lhell hogh sed.ment toM 

DePOSI"IS 01 • Slfe.m Of ,over ..... th tJIooad S·sh.ped ch.nnel$ thaI are nOi 
e.teMovely br •• ded Modlloe.s ··-c" .•. -cp" and ".," a.e uHd.s .bove 
under Fp 

An older. frozen poI"1oo'" 01 a floodplain "",.th • surf.ce layer 01 lCe-roch 
'lowland" !oHs .nd f.ne·gramed allUVIum up 10 len leel th.eI< over 
gr.nul.r .11"",um IFp-r) Generall, has tussocks .net stunled S9,uc.e 
veget".on .nd 0$ used only., Fp.·c OWPI fll-r. 

Poorty sorled fine· 10 COIIrH-D",.ned fluVI.1 depositS I.oddown .n n.rrow 
upI.nd v.lteys. M.y Inc.ludI! r."a"Sporl~ coIl",,'um 

A lloodplaln composed of gef1l!!.ally Silly cover dePOSitS. CFps-cJ _r 
sandy "v"rbed de9oI." IFps-r, totna.nl"!J Itnll' Or no gravel 

An old. d,ssected lloodpl •• n surf.ce no longl" flooded Only the otcJer 
lerraCes. _athered sulftcoentl, to ch.nge lhe eNoraCler ollne fluv ..... 
depoSitS. are Inclucted .1'1 Ihl$ un". Recent terr.ce and dlSSKl>Ofl 
remn.nls whose male ... ts •• e relat.vt!1y una1tl!fed by _ather'ng are 
.Mlcaled by!hI! surfac,·phase symbol tilt 

Gene.alty 'me·g,a.ned. o.ganlC roc:h ",",,1~t.II'\ moved downslope by 

stooewash. sohfluCllOn .nd p'p .... g Th,S "1 IS gene.ally hOlen and 
commonly COntillnS m.sslve ICe 

A 9I!nlly S'OPI~ conI' 01 relranSpOfll'd df!poJS'1S IFSI'lormed whe.e 
confined ch.nnt'IS eme.ge onlO a level plaIn or valley Commonly 
• nduMS .lIu .... 1 I.n mllter .. 1 

FSiI 5,,"d;, 
Rel."nS£lOOIf"d 
De~,ts 

Fss S,lly 
Reu.nSOO"t'd 
DeposliS 

UNDIFFERENTIATED 

GLACIAL 

At.lO NON· GLACIAL 

GRANULAR O£POSITS. FG 

GLACIAL DEPDSJTS. G: 

Gg - GI.coer 

Ggm - lce-COfed 
GIac;III 

Moo"ne 

GI-l.1I Sheel 

Gtd Druml,ns 

GIO - Older 1.11 

Gly - You ... ger T.II 

GLACIOFLUVIAL 

DEPOSI~ 

GFo - OU1w"sh 

GFe - Esker DepoSIts 

Gf.t - K.m. DePOSIIS 

MAN-MADE DEPOSITS. H: 

He: - Cut or E.c ..... t.on 

HI- F,II.nd 
EmtJ. ..... ments 

HI - M'M '"1'"95 

Hw - Waler Of Ice 

PREPARED BY 

Rp"."!oponrd ()ppo,",IS MfI"Pd hom upl,jO""~ Ct' .... OO!oe-d 01 d"ne- ",iOn(! 
Grne-'ill1y t,,,~ g'a.ned I,olen .nd .ce·"c" Mill~"IIIS ro."e bf'e'" O7Iuyl!"d 
do_nSlope bv slopewash. solofluclOo ... • r~ I-.plng Commo ... ,y .... (ludes 
Ofgan.C m"le"" .nd eohiln s.nd 

RI'".nSpo'led deoosns de.rved hom loe"l0 "' .... Iled hIlls Th,S dfopoSlt.S 
grne.alty IrOZen anCl IS composed of f,,,p ·~.alned oc:e·roch se-dome ... IS 
w",ch iI.e commonly o.g.n.c Mater.allo h ....... bt' .. n moved dow"'slopt!' by 
Slopew,)Sh solo"ucloon and P'P .... 9 U, ""'(3 lu-.. sIElultannollll ..... 'S 
be d.slInguIshed hom s'"y .etriinSpofleCI 01:"p0511S IFssl uSIng ,"phoiO 
analYSIS .nd 00"1'19 dala alone Thp'l'fo.e Iht' Fss Un.teiln conla." $Oml' 
loes'" espeC.illI.., '1'1 Ihe l'ilnSll'0n lonp 0" "III slopes belween Elu and ,,, 

ThIS onll may be ust'd wl, .. n .1 IS d,tiO(;ul! 10 d.sto"gulsh bel .... een Ihe 
g.a ... ul~. depos.tS fOund on 11 non-gla(I,,1 lloodplalnS IFpl and allu .... 1 
la ... s IF 1911 and 21 gl;Jclal Oul .... ash I GF oJ In proglaclal env" onmentS I OIIleilS 
beyond. bUI ad,.cenl 10 ltoe hmllS 01 glaClllhOnl ;Iacoolluvlal depoSitS 
grade downsuellm .nlO non·glilc.olluv.al O"poS'IS 

DepOS.ls fOfmed .1'1 d<'KI COnliiCt wotto gldc.al ICe 

Body 01 flowIng O(;e conS'51,ng maInly 01 ,ec,ysli1lhred snow 

A reSIdual ilccumulallon 01 h" and .~n'nanl ICe depoSIted by wastage 
lIlong Ihe ma.g.ns and ,n Ihe termonal lone~ of modern glacle.s The-Se 
moraInes eommonly e"h.b'l Sleep slo~s eo"~p!>e lealu'es lind hIgh 
'nSlab.ltt, • 

" h!!It-'ogl'neous ~OSlt laId down by gla<:, ... 1 .C!! 'nd compoSed 01 
male"als .. a'Yln; I'om cl.y 10 boutdP.~ 

T,II depos.II@d.nlowllnearudgesby 1""flOW 01 glatlallce 

~ela"vcly oldl" h" s~eels w.lh subel".·" ,,'o .... ·ne morPhology and mo.1' 
ad"a"'ced baSIn 1,llon9S May have hog"'" g.ound Ice co ... lrni II ... " 
younger I,ll sheetS 

Rf'lahve1y younge' I,ll Sh!! .. ts comm' .... ' ••• hlb.tong mo.1' plonou ...... d 
mo./tlne IOOog"ptoy.nd lf'sS Int'!"9lal~'" '" ••• nage ne, .... OI'Io. Ihanolf1p, I,ll 
SheelS 

DepOs.ts la,n dow ... by Slft' .. ms flOWIng on under o. '.om glacol~'!o 

Rel.tovely le"l'l floodplllon 01 iI slrelim f1owon9 hom. glac.e. 

lo ... g rodges 01 g •• nula. oee·contact depos'ls formed t... Slreams liS Iht'y 
flow on or under • glac.er • 

H,IIs lind milsses of gr"nulilf lCe·c.onIIaCI depoS"s fo.med by SI'eamS.5 
Ihey flow 011 Of under a gl'Cter 

DepoS'ls or su.la~ mod.flCal,oM result'ng hom huma ... achv.lyfsuc:has 
conSI,uCltOn and mln.npl 

Not used.n mllpplng Thlsdes'9nallon may be usedfo. Iheesllmale<isool 
column not sampled In boftngs thai are d .. lled In cuts Of I'.Cil .... loons 
ralhe. th.n on n&lurallerra.n 

React and foundaJ'on embankmenlS. dIkes and othl!f art.IoC,"1 earth tolls 

. . . 
Coa.se 10 f.ne.g,.,ned deposlls .esult.ng hom placer m.nlng aCh"lloH 

"'01 used .r: ~lIp.,Ing Th.s des,gl".on m.y be used for pornons of 
bor .... gs d"lIed Ih.ough St'eams 01" lates or on It::e Nol used lor buTted 
m.ss.vl' ICe loneS whICh iI.e 'ncluded In the IlImHoom Iypes tn whO(;h 
'hey occur ~ . 

~~~US1~IN~ pEP~S1T~. l 

II - Th.w Bas,ns •• td 

Th.w lilkes 

~~NE OE.!.OS~TS:..~. 

Mc - Coastal PliI.n 
D .. pos..IS 

ORGANIC DEPOSITS. 0: 

UNKNOWN ORIGIN ., 

Genr.",II., 1,1'1" g'a.nt'(! m",,,,, ... 's l",oCI OOw" ,n l,jOke!o 

Gene-rally I,n .. g'd,no-d o'Va ... ,( "c" dt:PO!o'IS .n lat.o:s it ... 1 •• t'p ... "' ........ 
IOfmed bv Ih ...... ng 01 g.ound ICIt 

Mille"ills la.d down under .... OCfoan ilnd 'long liS coas1S 

DeposllS 01 g.a .. pl and s.nd WII" ...... .,.1'19 ;,mou ... IS 01 SIlt I',d do .... n on ... 
gl''''U", SlopIng su.la.::e Ihal was 10 ....... ,'1' subme'ged bene." ... n OCeiln 

Comple_ O. bu" .. •· .·po!o.IS lor whO("h .... !oull'clenl ,nfO.milllon '$ 

a"allable to .. now. I. •. _ 10001U'on 

Terrll," un,1 SymbolS lIppea. as "'flOuS ,·n ... h·nahO":o "I Indl .. oCIual landlarm lypeS 

Su.face ph"sl'S are uSfod Inle"a,n un'l symbolS 10 mdIC31" surlacl' cond.IoOf'S Ihlll donOI sog"'''.cantly lIfft'CI 
so" p.otll"1oes al deplh For e.ampll'. !>uCh sur/ac" condlhons may InCI"d" d,slmC""'e looog.aph., 01" 
vegetal.o", floodIng cond.toons. mlcrol"alu'es 00 l'tlP.aml'nlS I'IC Because Ihl'Sfo lypt>S of surlace 
dlffeorences gene. ally do nOI .eflect dIne.,,", so.ls Ihey a • .,. nOI ,,,nked allhe same le ... el ilS laroflor ... lypesor 
I~"a," un'IS bul a.e Irellle(l liS subordon.lle phases 01 landlorms Su.fac!! pha!oes ma.., .!teel sotllhfo.mlll 
state or"ce conlenl They are symboh,ed w.lh lowe' casp Il'lIefS .... ·p;.Ill'nlheses afle. I~ lellaln un" 
$ymbols desc"bong Ihe depOSItS benealh th.,.surface Fo .... ample. Ihe symbol Fig IluondlcaleS Ihalthe map 
~~~v:~! d lSsec1ed alluv,.I·fan sUff'Ce Ihat 1$ no .ong ...... ct .... e Th"unde.l.,'ng depos.tls coa.se·g.a'~d 

The lollow,ng su.lllce phases arl' cunenlly used 

1ft) Y",,;'g T .. "a ... ·!. ... 
O'Io ..... C"·d R",,,,, .. nl,,, 

Former lioorlpla.n o. allUVIal Ian surfllces Ihal iI'l' "'0 longe. 
act'''el, flooded Tefface depOS"S onlh,S phllse a'!' 1'101 s.gnll>ea ... U,. 
"",ealhe'l'd (5"" Idndlo.m typl' Fpl lor old!!r .... ellihered lenace-s.1 

Ifk' - ~.·.mat.olol Moll,I..,,, 
~ 10000"la.n 

A hummock., floodpla .... surface posSIbly moCl.f.t'd by Ihl'l'lfmllttOn 
iind o. Ihaw.ng of pe.mafrost 

Igml- Mo.a ..... 

G •• 
G. 

B. 

~-
GF otl 

e-G,' 

C:_ .. B. 
B. 

B. 

Floodpla .... a ....... affecled by Ih!! fo.maltoro of surlace ,ce b~ 1I>e 

~I~:~:~ o· .. ,. •• "IoSIVl! sheels 01 wiltr. eml"g,ng hom sp ..... g!o .nd 

Irregular I_I' ,·dph.., 01 d.seonl'"uOUS rod!Jl!S. 11. ... ,115 and 
hummoclls Iou"", ... d,ng CIOSl'd dl'p.esslons on 1111 Sht'el'!o 

TIll Sheet .nd t.1I She.,1 over bed.oc.Ir. 

Floodpla.n 0"1!f glacloflu",al Of lacus"lf1e depos.ts 

CoIlu""um 'nd queshonable 1111 sheet 

CoIluv,um .nd sOllf1uCItM depos.IS over quesloonable becltock 

.. 
~~u=~::e, bedrock Int~rm.ngled woth .rea. 01 ,esldual Sod ,a •. r, 

D.ssecll'd lerrllce remnant of .n .III.IYt;l1 f .... 

Floodpl •• n 
IFp when used as a terraIn un.1 tS equ.v.lent to fp·c,f'p·r. of the Fp-c 
component.s .bsenl f'omthe floodplaIn. as Ina rIVerbed. Fp·r IS USed lor 
Ihe terra." unot I 

Bed'ock 
fB. when used as • lerrilln un,l .ncludes a" 8.·r B.·w and B.-u 
componenls. occ:urr.ng as e.·f e.·w B.·ut . 
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SEGMENT NUMBER 

TERRAIN UNIT· Elx Fs Elx +-.1":"'~ Bx-wt Bx 

SOIL TYPE' ML 

THERMAL STATE GF 

FROST CLASS IF ICAnO" F4 
THAW STRAIN POTENTiAL H 

COMMENTS K )j 
ICE-RICH SOILS 

AND SIDE- HILL GRADE 
PHYSIOGRAPHIC SUBPROVINCE (Psp) - 3C 

EXPLANATION 1-------------r----------------...;...---:n:=.::: .. ;':-:H;";UH='T:;:-;;S::yH::.;;oLS;;---------------------1 PREPARED BY I 
l.EGEND· 

Gf -
D -
S -
GA -
H -
H -
L -

nalton IUghway 
Trans-Alaska Pipeline 
Generally FrozeD 
Discontinuous Permafrost 
Sporadic Per-lIIafrost 
Cenerally Absent 
Hilh 
tIoderate. 
Low 

ex - Bedrock r - Ftuvhl Deposit.s 
C - Colluvial Deposits Ff - AUuvial Fan 
Ca - Avalanche Dep~siU HI - Granular Alluvial ran 
ell - Hudflow Fp - Floodplain 
ex - Basin Colluviu. Arctic Slopa Fpa - Abondoned Floodplain 
Ct - Talus Fph - B.raided Floodplain 
E1 - Loess Fp" - Meander Floodplain 
Ell - "Lowland" loess Fps - Sandy Floodplain 
Elx - Frbzen Upbnd Silt Fpt - Old Terrace 
£s - Eolian Sand Fs - Retransported Deposits 

Fsf - RetTDnsported Deposit FaD 0 - Organic..Dt'posits 
G - Glacial Deposits c • Finer Floodpl.1tn Cover· 
GF • Glaciofluvial Deposits Deposits 
GFo -'Outwash r·· Rive-rbed D.eposiU (wheD 

~L-__ --' 

Gt • Till Sheet used with Fp) 
Gto· Older Till - Residual Soil (,-"hen usd 
Gt.y • Younger Till wft.h b) 
L - Lacustrine Deposits . V - Ileat.hered or Poody Can· 

R&M CONSULTANTS, INC. 
I!NGINEE",. OIl:OLoo.aTa t-LANNII:.. au.vl!"o.a 

Lt • ThIN Basins.and Thaw Lakes . solid:lted Be.drocks 
tic· Coastal Plain neposits ,. - Ullcertaillly RaM PrDJect Number 451099 

STATE OF ALASKA 
DEPARTMENT OF TRANSPORTATION 

AND PUBLIC FACILITIES 

DALTON HIGHWAY: ----- - - - -
CHAR_ACTERIZATION OF FOUNDATION SOILS i 

SCALE IN MILES "(VISIOII o SHUT 

DATE Septef!1ber 198..4 1 



SEGMENT NUMBER 

TERRAIN UNIT 

SOIL TYPE 

THERMAL STATE 
FROST CLASSIFICATION 
THAW STRAIN POTENTIAL, 

COMMENTS 

Fs 

PSP-3A 

EXPLANATION 

Kokrine- Hodzono Romport 
_ Highionds Trough 

26.3MI 

J.EGt:ND TIRRAIN UNIT snlBOLS PREPARED BY I 

CF -
0' -
5 -
CA -
H -
H -
L -

b. - Bedrock F .. Fluvial Deposits 
Dahon lIigln .. ay C ... Colluvial DepOsits Ff ... Alluvial Fan 
Tram.-Al .. s\.a Pipeline Ca .. Avalane-he Deposits Fft .. Granular Alluvial ran 
Generally Fro;!.:n em" .. Hudflow_ Fp .. Floodplain 
Diseont.inllous r~rma(rost ex .. B.1sin Colluvium Arctic Slope fpa .. ALoudoned Floodplain 
Sporadic l'o!:rmJfrost Ct .. Talus Fpb .. Braided rfoodpJain 

_ Ceneull:; .\L!ocllt £1 .. Loess Fp. .... 'eander Floodplain 
nigh Ell ... "Lowland" Loess Fps ... Sandy Floodplain 
tJuderate [Ix .. Frozen Upland Silt: Fpt .. Old Terrace 
LeW' [5 ... Eolian Sand Fs .. Ret."ulnsported Deposits 

Fsf .. Retrnnsponed Deposit Fan 0 - Organic Deposits 
G - Glacial Ucposits c - Finer Floodplain Cover 
CF - GlaCiofluvial Deposits Dl!posits ... 
eFa - Out-wash 'r - RiverLed Deposits (wh(::n 
Gt - Till Sheet use.t vith Fp) 
Gto - Older Till - Residual Soil ("hen used 
Gty - Younger Till with Bx) 

R&M CONSULTANTS. INC. 
.N.INE..... O.DLDO •• T. ~.NN."'. au ... v.ya". 

L • La!;ustrine Deposits V - Veathered'or Poorly Con-
Lt - TbaIJ Basins .and Thaw Lakes 
Hc - CO.lstal Plain ncpoSiLS . 7 

solidated Bedrocks 
RaM Projlel Number 451099 - Uncenainty 

K 

Elx Bx-w+Bx Elx F, Elx 

ML ML 

F4 F4 
H,L H 

Livengood Upland 
21.4 Mlr--MASSIVE ICE AND, SIDEHILL GRADE 

- '71 ' , , PSP-3C 

STATE OF ALASKA 
DEPARTMENT OF TRANSPORTATION 

AND PUBLIC FACILITIES 

DALTON HIGHWAY: 
CHARACTERIZATION OF FOUNDATION SOILS 

REVIS 10M o 
DAn September 1984 0' ,26 



. GF -
D • 
S • 
GA· 
H 

" L • 

. , 

LEGEND 

!Ix - Bedrock F - Fluvf81 Deposit:~ 
Dalton lIi&II'I.' C - ~Uuvial De~s1ts FE _ Alluvial ran 
Trans-Alaska..Pipeline Ca - Avalanche_Deposits Fi, - Granular '.AlluV"J.d .Fan.· 
Generally Frozen ell - Hudflov . Fp - FlocxtPlain 
Discontinuous P."."froso'lCx - Basin Colluvlua Arctic Slope Fpa - Abondoned Floodplain 
Sporadic pumafrost Ct - Talus Fpb - Braided Floodplain 
Cenerally Absent El - Loess FJ- - Meander FJoodphill 
81th . Ell - "LoWland" toess Fps - Sandy Floodplain. 
t1ode-rate - Frozen Upland Sl.k Fpt .. - Old Terrace • 
Low - Eolian Sand Fs ,. Retransport.ed Deposits 

·rsf·~.-Retln"sported Deposi(r.a,\ 0 - Or,BRic D~posfts 
G - Glactal Deposits .' c. - Finer FJDOdp13in Cover . 
Gr· ~ GlaCiofluvial DepoUt:S . Deposits' . 
GFo - Outwasb . r a Rh .. er~ed Deposits ( ... hea 
Gt ... Till Sheet . usell with ~p) 
Gto ... Older TUI • f!.es;dual SoH h;-lten used 
Ct, - Youn&er Till with b) , 
L ... L&custrine DeposIts V -.Jlcalhetea ~r Poorly Con:"' 
Lt ... Thaw Basins.and Thaw Lakes sDlIdated Bedrcc:ks 
He: ... Coastal Plain h.s • Uncertainly 

R&M CONSULTANTS, INC. 
RNDIN..... OEOLOGIST. ~ANN."'. SURv .. ya •• 

- STATE OF ALASKA 
DEPARTMENT OF TRANSPORTATION 

DALTON HIGHWAY: 
CHARACTERIZATION OF FOUNDATION SOILS 

0' 



GF­. -
S -
Gl -
H -

" -L -

Dalton. 1\11"".j 
Trafls.Alas\. Pipeline 
Generally Frozen 
Discontinuous ro,o,"',o"1 
Sporadic Permafrost 
Generall,. Absent 
Hilh 
Moderate 
Low 

.& .. Bedrock 
C .. Colluvial Deposit. 

.. Avalanche De~slt. 

.. Hudflov, 
- Basin Colluvb_.jrctic Slope 
.. Talus . 
- LOes. 
.. "Lowland" Loess 
.. Frozen Upland Silt: 
.. EoUan Sand 

." FlaY!" Deposi.ta : 
Ff .. Alluvi" raa 
FIa .. Granular Allu9ial Fu 
Fp .. Floodphia 
Fpa .. Abandoned Floodplaia 
Fpb .. Braided Floodphlll 

. Fpa .. tJeander Floodplain 
Fps .. Sandy Floodplaia 
Fpt .. Old Terrace 
F. -

DALTON HIGHWAY: 
R&M CONSULTANTS. INC. CHARACTERIZATION OF FOUNDATION SOILS 
ENGINIEIl.... DEOLODI.Ta ~.NN.'" .u ... v .... o •• 



CF -
D -
S -
CA -
H 

" -L -

LEGEND TERRAIN UNIT SYMBOLS 

Ix ... Bedroek. F ... Fluvial J)eposits Fsf ... RetraRsported Deposit Fan 0 - Orcanic. Deposits. 
Dalton Highway C .. Colluvial Deposits Ff· ~ Alluvial ran G .. Glacial Deposits c. ... Tiner Floodplain.Cover 
Tr.llfts-Abska Pipeline Ca'" Avalanche DePOsits FfC'" Granuhr AlJuvid Fan GF ... Glaciofluvial Deposits . Deposit.s . 
Generally Frozen C .... Hudflow Fp .. Floodplain . Gro ... Outvash" I' .. RivuLcd Deposiu (when 
Diseontinuo~s P, ...... (,'o.tl Cx .. Basin ColluviWl Arctic Slop. Fpa .. Abondoned Floodplain Gt .. Till Sheet . ostH1 with Fp) 
Sporadic Permafrost Ct .. Talus . Fpb ... Braided FIoodphfll Gto .. Older TU 1 ... Residud .SollJvhcn used 
Gcneu1)y Absent £1 .. Loess .- . FpII ... Hea"nder Floodplaia Ct,. .. YouRler Till with Ix) 
HiSll . Ell .. "Lowland" loess Fps .. Sandy Floodplalb: L .. Lacustrine Deposits 11 ... Veathered or Poor.y Con-
Hodente _ Frozen Upland Silt Fpt - Old Terrac.- Lt - Thew Basins .and Th3W Lakes $oUd.1ted ledrod:s -
Low _ EoUan Sand r. - Retransported He. - Coasul Plain Deposits , '. 

R&M CONSULTANTS, INC. 
eNOINIEI!"a O.DLODlaT. "-ANN.". aUJilveya". 

STATE OF ALASKA 
DEPARTMENT OF TRANSPORTATION 

UBLI 

OAL TON HIGHWAY: 
CHARACTERIZATION OF FOUNDATION SOILS 

0'26 



TERRAIN U C? Bx-r 
Blt-w 

SOIL'TYPE GM;SM 

THERMAl: STAT!;: 
FROST CLASSIFICATION 
THAW STRAIN POTENTIAL 

COMMENTS 

GF -
D -
S ,­
GA -
H -
K -
L -

EXPLANATION 
TERRAIN UNIT SYMBOLS 

!x - Jledroelt F - Fluvial Det>o~lts _ Fsf - Revansported Deposit ran 0 -"Organi"c Dl!posiU 
Da1ton J}iJ,hwa, C - Colludal Deposits FE - Alluvial Fan G - Glacial Deposits Co ~ Finer Floodplain Cover-
Tuns-Alash Pipeline Ca - Avalanche Dl!;pOsits Ffs. - Granular Alluvial Fan GF - Glaefofluvial DepOsits DeposIts 
Generally Froz.en C. - Hudflow. Fg - Floodplain Gra - Outwash r _ Rh:erbed Depos1ts (when 
Discontinuous Pertflafrost ex - Basin Colluvlu. Arctic. Slope Fpa - ,"bondoned Floodplain Gt - TUt Sheet usetl with Fp) 
Sporadic Permafrost Ct - Talus . Fpb - Braided Floodplain ·Cto - Older Till - _ Residual Soli Y~llen used 
General]y Absent E1 - Loess FpI'II - Heander Floodplain Gt)' - Younger Till . with ax> 
Hilt. • EIL- "Lowland"' Loess ____ . Tps - Sandy Floodplain L - Lacustrine Deposits V - lIt!atht!red Dr foorl, Con-
noderata Elx - Froz:en Upland Silt Tpt - Old Terrace - - - Lt ~ Thaw Basins.and ,ThIN Lakes sDlld3ted B~{.ocks 
tov Es - Eollan Sand Fs - letransported Deposits tie - Coastal Plain Deposits •. Unc:ert3i~t' - - " , 

R&M CONSULTANTS, INC. 
ENGINEEllllla aIEDLDO,aTS __ ANNERa .UAVIEYDRa 

RaM Project Number 451099 

Fs +C? 

ML 

STATE OF ALASKA 
DEPARTMENT OF TRANSPORTATION 

AND PUBLIC FACILITIES 

DALTON HIGHWAY: I 
CHARACTERIZATION OF FOUNDATION SOI~S 

SCALE IN MILES 
lIZ " 

RE.VtSION o 
DATE September 1984 

SHEET 

6 



I------------,-------=---=:..::..-==::..:.::..:.::.:.:-----------=-:----------------~ PREPARED BY 

. cr :a. 
.D • 
S • 
CA· 

-R • 

" . 
L • 

I.EGEND 

Dalton lIighwar 
Tun5~AliJska Pipeline 
Cenerally Frozen 
Diseont InU005 D •• _ ••• < •••• I 
Sporadic Permahost 
Cenerally Absf!nt. 
RiCh 
froderat. 
~ 

Ix ... Bedrock 
C ... Colluvial DIt~s1ts 

... Avalanche Deposits 

... Hudflow 

... Basin ColluvlUIII Arctic Slope 

... Talus 

... Loess 
... "Lowland':' Loess 
... FrQzen Uphnd Silt 
... EoUan Sand 

F ... Fluvlel Deposits 
Ff ... Al1uylel Fan 
Ffl ... Granular Alluvial ran 
Fp ... Floodplain 
Fp .... Abondoned Floodplain 
Fpb'" Braided rtoodphJn 
Fp!l ... Heander Floodplain 
Fps .. Sandy Floodplain 
Fpt ... Old Terrace 
r. .. .etreRsported Deposits 

rsf ... Retrllnsporud Ilcposit Fan. 0 • Organic. Deposits 
'G ... Glacial Deposits c 

GF ... Glaciofluvjal Deposits 
Gro ... Outwash • 
Gt ... Tlll Sheet 

• Finer FloodpJ"ln Cover 
Deposits 

r :. Rh:Hhcd Dl:posits (when 
'15(>11 with Fp) 

Gto ... Older TiJl 
Gt, • YounSu TUI 
L • Lacustrine Deposits V 
Lt • Thaw Bas ins .and Thaw Lalees 
He • Coastal Plain n~l>DsJt. 

_ R~sidu31 Soil (when used 
with b) . 

_ Weathered or Pood; COIl­
solJd3ted Bedr-ocks 

• iJucer-t .. intJ' 

R&M CONSULTANTS, INC. 
ENGINEER. bEDLDO •• Ta Pt.. ... NN.A. .UAVEYDAa 

STATE OF ALASKA 
.DEPARTMENT OF TRANSPORTATION 

DALTON HIGHWAY: 
CHARACTERIZATION OF FOUNDATION SOILS 

Of .26 



GF -
"D -S _. 

GA -
H -

" -L 

J.EG£ND 

nalt.on IUgh",., 
Trans-Alaska- PipelIne 
Generally Frozen 
Discontinuous rr.n .. :tCrost. 
Spoudic t:,um3frost. 
Cenerally- Absent 

"ith 
tlodent. 
Lou 

Ix ~ ledrclck. F - Fluvial Deposits 
c. - Colluvial 'Deposits - Ff- - AlI,;vlal Fan 
Ca .. Avalan"ch.e Depo~its Fl& - GranuJar Alluvial Fan 
C ... Hudflow . Fp ... Floodphln 

.. Basin Colluviu_ Arctic Slop. lOps - Abondoned Floodplain 

... Talus . Fpb - Brafded Floodplain 
- Loess .FJ* .. HCltnder Ftoodplaln 
- "Lowland" Loess Fps ... Sandy Floodplain 
- Frozen Upland Silt Fpt ... Old Terrace _ 
- EoUan Sand Fs - Relunsported Deposits 

Fst ... Retrnnl'poited Ileposit rna '0 ·-Or83n1c Pc-posits." 
G ... Gledai Deposits . c. "·"Fine;.FJoodplaln Cover 
Gr ... G18ciofluviat ~ero~it.s . D'"pcJ!>lu· 
GFo ... Out"'.sh r ... Rivt:rbc:!c1 buposiLs (wllcn 
Gt ... TIll Sh6et lIsc,1 with Fp) . 
Gto .. Older .:Till ... itesidlul Soil ( ... II1!h used 

" Gt:l - Younler Till with B;) " 
L • Lacustrine Qcposlts V - Vcathc!rcd or Poorly Con-
Lt • Thaw Basins .• nd Thnw Lakes solidatcd Bcdrod:"s 
He - Coast.1 Plain D1:IJOsits a UncC!:rUhlly 

PREPARED .BY • 

R&M CONSULTANTS. INC. 
ENGINEE". OEOLOO •• T. ~"NN.". .u .. v.yo .... · 

STATE OF ALASKA 
DEPARTMENT OF TRANSPORTATION 

CILIT 

DALTON HIGHWAY: 
CHARACTERIZATION OF FOUNDATION SOILS 



CF -
D -
S -
CA -
H -
K 
L -

PSP-3A 

URRAIN UNIT SYMBOLS UGENU . 
Ix .. !edrot.t. F - Fluvial nepos its 

Dalton Hishva,. C - Colluvial De~slts Ff - Alluvial FaA 
Tuas-Alaska·Pipellne.. Ca ... Avalanche DepOsits FfC ... Gunular Alluyial Fo 
Generally Fro%en C. ... Hudflow Fp ... Floodplain 
Discontinuous Pe"m.ft< .. t! ex ... Basin Colluviua Arctic. Slope Fpa ... Abondoned Fl00dpld.ll_ 
Spondte Per.afrost Ct ... Talus Fph ... Braided Floodplain 
GenerallJ' Absent ... Loess Fpi ... tJeander Floodplalo 
Hllh ... "Lowland" Loess . rps ... Sandy Floodplaill. 
"odent. ... Frozen Upland Silt 1pt ... Old Terraee 

Fsf'" Retplnsporz.ed Deposit Fan 0 ... Organic. Deposits 
G ... Glacial De,POSits c. ... Hner FJoodp13in Cover 
GF ... Ghcipfluvlal Deposits • Deposits • 
GFo ~Outw • .sll . r ... Riverbed DeposiU" (vhen 
Gt ... till Sheet usell ~ith fp) 
Gto .. Older Till - Residual Soil (1.'hC!n used 
Gty .. Younger Till wit.h Blt) 
L .. Laeust.rine Deposits V .. Vr.alheTr.d OT roor"y Con-
Lt .. Thaw Basi,.s .and Th3W Lakes 70lldated Bedrocks . 
}k;. .. Coastal Plain Low .. Eolia Sand Fs .. Deposits 

PREPARED BY • 

OAL TON HIGHWAY: 
R&M CONSULTANTS, INC. CHARACTERIZATION OF FOUNDATION SOILS 
ENGINE!!:"'. OEOLOGlaT. Pl.ANNE"'. SURVEYORS SHEET 

9 0' 26 



GF -
D -
5 -
.A -. -
n -
L -

Dalt,pR Highway" 
Trafts·A}as'ka Pipeline 
Generally frozen 
Oiscont inuous PC!rmafrost 
Sporadic Perma(rost 
Generally Absent. 
Higb 
tlooerat.. 
Lov 

TERRAI}i UNIT SYMBDLS 

Ix - Jledrock F .. Fluvial Oeposits 
C - Colluvial Dcp()slts Ff - AlJuvlal ran 
Ca - Avalanche DepOsits FfC - Granula,. Alluvial fan 
c. - Kudflow ~ Fp - FJoodplUIl _ 

- Basin eoiluvJm. Arctic Slop. Fp. - Ahondoned Floodplain 
- Talus . Fpb - Br~ided Floodp18fd 

El - Loess.. Fpa - Heand(!;r Floodplain 
1 - "Lowland" Loess Fps : Sandy FlOPdplain 

- Frozen Upland _Sil~ Fpt - Old Terrace 
.. EoUan Sand Fs -

Fsf.- Rctrnn~pb ... ted Ile.posit Fan'O .. Oreanlc DePosits 
G _ .. Glacial Deposits. c - Finer Floodplain Cover 
GF .. Glaciofluvjal Deposit.s lh:posits 
GFd - OUtwash r - Rh-uLcd Deposits (when 
Gt .. Till Sheet uscil wt.,t.h Fp) 
Gto .. Older Til. .. Residual Soil (~hcn \Js~d' 
ClY" YOlJtl3,er Till ." witb Bx) 
L a Lacustrine Deposits \l a Veathe,'bd Dr Poorly Con" 
Lt .. Thaw Basins.and ThavLakes solid3f.ed Bedrocks 

• _ Coastal Plain Deposits .. Uncertainly 

PSP-3A 

PREPARED BY • 

DALTON HIGHWAY: 
CHARACTERIZATION OF FOUNDATION SOILS 

SHUT 

10 OF 26 



OF -
D -
5 -
GA -

·R -

" -L -

LEGEND 
]:~f • .Rei'ran~porte(l ~posit Tan 0 ... OrSanic Depo~its-
c: .:.. Gt'cia1.o~sits 1: : FUIII:r FloOrJplafn C~er 
GF. ". Gl.c1Qfluvi~l Dl/!pDslt.s Dllposit.s .~ 
GFa ... Outyuh r ... ,Riverbed Deposits (when 
Gt ... Tilt Sbeet used with fp) 
Gto - Qldu Tin ... ~esidu.t Soil (""llcn used 
Gty ... YounJ~r Till. wlih b) . 
L - Lacustrine Deposlts V ·-Weathered or Poorly Con-
Lt ... Thaw Buins .an40 'Thaw Lakes sol idated lIedrock~ or 

He - Coastal Plein Deposits ... Uncertainty 

TERRAIN UNIT 

Ix .. Bedroek r" ." riuvlal D.epasits· 
Dalton Ki,hw8, C ... Colluvial Deposits Ff .. AU1.vial Fan· 
TrAns-Alaska PipeUne ea - Avalanche DepOsits Fl& ... Granular Alluvial ran. 
Generally Froz.en C .. ". Hudflow Fp ... Floodplain 
Discontinuous P.""of"o"1 ex .. Basin 6,iluyhm Arct"ie Slope Fpa - Abondoned Floodpla!D. 
Sporadic.--rermafrost Ct - Talus Fpb .. Buld!'d Floo&phin 
.Gene!''' iy f'bsent:. £1 ... La".. . Fps • ~eander Floodphln 
Hiz;h .. • £11 ... "Lowland" Loess fps • Sandy Floodplalll 
Moderate EIx ... frozen Upland Silt: Fpt - Old Terrace . 
Low Es • Eolian Sand ~ Is - Retransported D~pos.f.ts 

R&M CONSULTANTS. INC. 
I!.ND'NEIE"". OlEaLDDI.T. .......ANN.... .URV.VO"". 

STATE OF ALASKA 
DEPARTMENT OF TRANSPORTATION 

HIGHV\{AY: -
CHARACTERIZATION OF FOUNDATION SOILS 

01'26 



ICE. PINGOS TALIKS AND CROSS 
DRAINAGE 

l-------------,,---------;;;...~.;;:......;,.;.....;...:..:...;....;,.-.. TE .. R::R ..... IN:-UN=I::T-::S::YH::.=01:: .. :----:-----..,;..----------; PREPARED BY I 
t.ECttm 

_ Gf -
:D .. 
5 -
GA -
H 

" . 
L • 

Ix .. Bedrock F .. Fluvial Deposits 
Dalton Highwa, _ C· .. Colluvial De~slts Ff .. Al1uvlal ron 
Troths-Ainska Pipeline Ca" Iv. Ianthe De~·1t. FfS" Granular Alluvial ran 
Generally Frozen c ... HudflOll Fp ... Floodphin . 
Discontinuous ,."morrostlcz ... Basin ColJuvhllll Arctic Slop. Fp ... Abondoned Floodplain 
Sporadh: Permafrost· Ct ... Talus . . Fpb ... Braided Floodplain· 
Cenerally Absent £1 - toess. Fps - tJeanJler Floodplain 
RiCh £11 - "Lowland- Loess fps - Sandy Floodplaia 
tlode;rat. . • EIx ... Frozen Upland Silt fpt - Old Terrae. 
Low Es - EoJjan Sand r. - Relransported Dl'!posiU 

Fd ~ Retransported'Peposit fan 0 -.Orcanle DeposIts--
a -lHacial Deposits c .. Finer FloodpJain Cover 
GF :.. GheiofJu~a1 Deposits Depuslt.s 
Gro .. Outwash r .. Riverbed Deposits (,,,In'R 

. Gt .. Tll1 $heet : .uscel witt. l"p) 
Ot.o'" Older TUI .. RC!sidu."!I) Soil (when used 
Ct)' ... YouRZer T~l1 with Ix,. 
L .. Lacustrine Deposits V .. Vulhl!rl'd or Poorly COIl-
Lt .. Thaw lesins.and Thew La1cu solldated kdrocks 
He .. CoasuJ Pldn nepos Its • UllcC!"l"t:ainty' 

8TATE OF ALA8KA 
DEPARTMENT OF TRAN8PORTATION 

ILITIE8 ' 

DALTON HIGHWAY: 
CHARACTERIZATION OF FOUNDATION SOILS 

SHEET 

12. OF· 26 
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MASSIVE ICE (EXCEPT AT GRANULAR ALLUVIAL FANS) AND SII;EHILL 
. EMBANKMENT 

TERRAIN UNIT-SYMBOLS 

Fsl .. RetJ'Dnsporud Deoposit ran 0 .. Orlnte Deposits 
G .. Ghef" Deposits c .... Finer Floodpl.1ln Cover 
GF .. Glaciofluvial Deposita • Deposits 
GFo .. Outwash . r .. Riverbed Deposits (vhen 
Gt .. Till Sheet . bsed vlth Fp) '. . 
Gta .. O)der Till .. Residual So11 b,-hen used 
Gly .. Taunter .Ttll. .with Ix) 
1. .. Lacustrine Deposits V " .. lIeathered or Poorly Con-
Lt .. Thaw Basins .• nd Thaw Labs soUdated Bedrocks 

lis. .. Bedrock F .. Fluvial Deposits 
D.lton "l,ltva, C .. Colluvial DepC!'slts Ff .. Alluvial Faft 
Tuns-Alaska Pipeline c ... Avalanche Deposit. Fll" Granular Athy1.1 ra. 

GF" Geneul1, Frozen C. ' .. HudnOW' • Fp .. Floodplda 
D" Disc.ontinuous P .. · •• "ra.t\ Clr: ... Basin Colladu. A~ct1c Slope Epa .. Abandoned Floodpbbi 
S .. Sporadic Per.afrost Ct .. Talus Fpb ~ Inlded Floodpl.!. 
GA· Generdl,. Absent El - Loess . FpII - lleander Floodp)_l. 
• - Blab £11 - "Lowland- Loess Fps - Sandy Floodplala 
H - Moderate EIx - Frou:n Upland Silt Fpt - Old Teruce 
t - ~ - EoUan Sand Fs - letransported Deposits He .. Coastal Plain Deposits .. Uncertaint, 

R&M CONSULTANTS. INC. 
aNGtNEEIIt. aEOLOG.aT. IPLANNIl". .u,,,,I!YO_ 

STATE OF ALASKA 
DEPARTMENT OF TRANSI?ORTATION 

CILIT 

DALTON HIGHWAY: 
CHARACTERIZATION OF FOUNDATION SOILS 

OF26 



GF -
D -
S -
GA -
R -
H -
L -

L£GEND 

Da hon Jligh"ay 
Trans-Alaska Pipeline 
Generally rro~e1l 
Discont inuous Permafrost 
Spoudie Permafrost 
Cenerally Absent 
HiSh 
fJoderate ..... 

- Bedr';"k TO - F1uv' •• Oepo"lS 
.. Col~nrDe~s!ts . If .. ., AlIuvial..Fan . 
.. balanelft Deposits Fl, .. Granul.~r-~Alluvid Fa 
.. Hud~r~" rj; ~ F10rlhfn 
.. Basin CotluvJua Arctic Sl~ Fpa .. Abcin'doned Floodplain 
.. Talus Fpb .. Braided Floodplain 
.. Loess . . J'.- .. He"Dder Floodplain 
.. "Lowland" Loess rPt .. Sandy Floodplain 
.. Froun Upland Sill: Fpt .. Old Terrae. 
.. Eolian Sand -r.· .. Retransported Deposits 

-~. ~-.- ---- - -.' .--.---.. -----.. --.~,.,.-.::~-

Fsf .. Relrnnsported Deposit ran 0 .. Or&anic. Deposits 
G .. Glacial Deposits c .. Finer Floodplain COyer 
GF .. Glac.lofluYia} Deposits . Deposits . 
GFo .. Outwash r .. Riverhed Deposit.s (whell 
Gt .. Til 1 Sheet IIsed with Fp) 
Gto .. Older Till· .. Residual Soil (tlhCD used 
Gly .. Younger Till with Bx) 
L .. Lacustrine Ih!pos!ts V .. Weathued or Poody Co,,-
Lt - nav Basins.and Thaw Lakes $olid3tC!ci BCldroc.ks 
He - Coastal Plain Deposits -'1fIlc:ertillinLy 

PSP-2C 

PREPARED BY : 

MASSIVE ICE (EXCEPT AT GRANULAR 
AND SIDEHILL EMBANKMENT 

STATE OF ALASKA 
DEPARTMENT OF TRANSPORTATION 

DALTON HIGHWAY: 
ACTERIZATION OF FOUNDATION SOILS 



t , 
i-

TERRAIN UNIT 

SOIL TYPE 
1-------------------\---1--------'-------"--::-::---------"'-= 

THERMAL ST,o.TE IDI GF -~---+--::::=-:=7-.---...o:tq F- ___ 1_:-___ -.---- s D 
Nf'S-F4 

-------j------
HI M,L 

FROST CLASSIFICATION F4 

_____ H~, _M,!:.. ____ ---'_c..H_I_M--",-'-L-'-____ ~H ---------L-;:o _______ .--:..:H.!.,.:.:M'-!,-=L=---________ ---L ____ --l 
fEE ?l ATIGUN PASS: 

STEEPER GRADES,SIDEI-{ILL,SOME UNSTABLE PSP- 2C 
SIDE SLOPES 

LEGEND 



.cr -
D -
5 -
GA -
fl -
H 
L -

I.£GEND 

Da]ton Jlighway 

Trans-Alaska Pipeline 
Generally Frozen 
Discontinuous Pc 
Sporadic PermaCrost 
Gcncr.111y Absent 
High • 
lIodeute 
Lo~ 

lIx - Bedrock 
C - Col Juvial Deposits 
Ca .- Avalanche De:p~sits 

- H..,dflow 
- lIDsin ColluviulIl Arctic Slope 
- Talus 
- Loess 

Ell - "Lbw]and" Loess 
EIx - Frozen Upland Silt 
Es - Eolhn Sand 

PSP-2C -

TERRAIN UNIT SYHB01S. PREPARED BY 

F - Flu'villI Deposits 
fl - AJ1uvinl Fon 
rfg - Granular Alluvial Fan 
fp - Floodplain 
Fpa - Abondoned floodplain 
Fpb - I!ra;dcd Floodplain 
FplII - Hunder FloDdplain 
Fps - Sandy floodp lain 
fpt - Old TerclI<:e 
fs - ReLrflnsported Deposits 

Fsf - Rctronspol1cd rlcposit Fan 0 - Organic: nCpOSllS 

G - Glacial Depostts c - finer Floodplain Cover 
GF .- Gladortuvjal Deposits Deposits . 
Gro - Outlolash r - River-Lct! O('posilS (""hcR 
Gt - Till Sheet IIsed wilh fp) 
Gto - Older Till - Residu3J Soil (,,'hen used 
Gty -. Younger Till "'ith B~) 

R&M CONSULTANTS, INC. 
ENGINEERS liEO,,-OGIST. PLANNERS SURVEYORS 

L .. Lacustrine Deposits \I - \leathered or Poorly Con-
Lt - Thil"" B2:sins.8nd Thil.., Lakes solirl.lted Bedrocks 
He:. - COilstal Plain Oeposits - Ullcer-lilinly 

ALASKA 

STATE OF ALASKA 
DEPARTMENT OF TRANSPORTATION 

III S 

OAl TON HIGHWAY: 
CHARACTERIZATION OF FOUNDATION SOILS 
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-20 17-19 ' 17-17 17-15 

.. Fs +G Fs II 
'J Gf l Gt Gf 

-

I _. E~_ ---.-J Ml GM 
Gl)' Sli]J,l .. 

rr:l5r -17-14c~~~17-:13 

F't='+Ff Fs 
F{-I Gf' Tt 
, .. [,i[. 
"IL sTj" GM --------,._-

GF 

!,';ASSiVE ICE AND SO"IE S!DEHILL 
Eh~3.4r~KMENT 

I 
I 

SP 
~fC 
~ ,. 

GF 
F4 FI 
H M 

8(J~lS 



-~::I::~:·~~:~f3ER------P'1 1 F~;y~X Cx+Fs i8-5 _F~~';: ---:----.-__ - ... <.'1

1 

... -.-' ... _~ :~'~.- -- G,,-~'~: ~ -~-~J'::;II---·-·-----____ -~_o~_=_<,--_-"-

l~~--=I ~1-------------~F~4~/~F~4--~F~3~~--- GF -] F4,F3 _ =. F4,F3 --~~------~_-~-~~--_--tr~========:~~~~~~~~~~~~]:-=~~~~~=~:l::::::::::::::===-==S=M=,=G=M=-~EI~~-.f~=_~i~~;I-/':4~'F5~-,~L:~~=~·- SMIC_M ________ ~II------'---------~ 
. THAW STRAIN POTENTIAL - Ii Ii 

_ .... ~"" __ ., _ _..-. __ .._:..._ .. _ "_oJ... 

COMfl~ENYS ~ MASSIVE ICE AND SOME SIDE HILL EtI.BANf<MENT 
PSP-28 

290.2 fAi 
Kapnruk ."llver 

1
'--< -~.'-<.-"----'" EXPLANATION 
-.----------~----------:.:.-~-----------------------,--

J.E.G£'-:D 

DlI,ton HiS~l"'.Jy 

;r'::!'.s-.!.1 . .iska Pipeline 
Gf - Gcneral!y ffoz-cn 
D - Disc.ontinllous P('rrr:afrost 
5 - Sp:::adic Perrnfrost 
GA - (i..-'::lcrally!,oscnt 
H High 
11 - !!,~-d<:r3te 

L - Lou 

TEJO:AIN UNIT SP:50LS 

Bx - Eecrock F - Fluvial nep':lsits 
C - Colluvial Deposits Fe - Al!lI ... inl Fan 
ea - Avalanc.he DeFosits rfg - G;-ancJar Alh:vial Fan 
em - l1udflow Fp - FJ'Jo~p13in 

ex - Basin Colluvium Arctic. Slope Fpa - Ahondoned Floodplain 
Ct - Talus Fpb - Bnddcd Floodplain 
£1 - Loess FI-'rt1 - ~1eandc[" rJoO'Jplain 
Ell - "!.c.:Jand" !':'ess Frs - Sandy fiooC?lain 
E!x - Froz€on Upland Silt Fpt - Old Terrace 
E"s - :Eolian S·a:ld Fs - Retransvnted DEoposits 

Fsf - RctrM;~ported r:cposit fan 0 • Org;;nic Dc-posits 
G - Glacial ['..-posits 
GF - Glaciofh.:vial Deposits 
Gro - Ot:t.:ash 
Gt - Ti I 1 Slleet 
Gto • Older Til) 

- Finer Fioodpl.:;irl'Co\"er 
!}"p:.>sits , 

r - Ri"l."crL..-,j n';posits (:.;hen 
llsee! \..·ith Fp) 

- P.csiCu.;II Soil (:..·!tcn used 
Gty - YO!)!"!.!:"'f 7i 11 I.;Hh llx) 
L - La'::l<st:-ine :;o;,p:::>sits 1,j - ;;cl;tt'C!l-C or Poorly Con-

r~ t;.~'!l [~t.:Ji\!r;jLl~ ..... ~rll.p,J.Tf3J It\J~~. 
E .... G1NE!!'::lcS OEO'-OGIST8 PL ......... .."EI=>S SlJ","VE"'O~S 

Lt - Th~," 5e~:ins ,,;,c! Th3-"': Lakes solid "!ted !lc1rock5 I' 
rk - Coastal F,ain iici'()sits ? - Ullce;rtJil!ty .• f~5tt Project Number 451099 -.. "-~-_. __ ._, .-.~.--""'"-- ,---



___ .. _, __ ~ _____ o<._. _. _____ . __ ~ __ . __ ~ .. ______ ... ______ . ______ ._. __ ._._~ __ .-----,--"--

TERRAIN UNIT 

SOIL TYPE 

THERMAL STATE 
FROST CLASSIFICATION 
THAW STRAIN POTENTIAL 

COMMENTS· 

Fp 

GM,GW-GM,SM, SW-SM 

FI-F4 

HIM L 
Arctic Arctic 

Foot hI /I s Foothills 
Northern) (Southern) 

gJL+ GFo 
GFo 

GM SM 

F4/F2,F3 

HIM 

ill 
GFo 

.-.. - .. ~.y-.~.---.-,.---.--~ -.... -- .~ .. -----_ .. _--- ._--_.-------------- .. _--_ ... _- --.---... ~---. ----------~~---

~ 
GFo 

Gty 

SM,GM 

GF 

F4,F3 

MASSIVE ICE AND SOME SIDEHILL EMBANKMENT 

PSP-2B 

H 

-------- - ------- - - - --- -----

Fs 
Gty 

F4! F4,F3 

.. PSP-2A 312.9 MI 
~--------------~~~~~--~~~~---------------------------------,,---------------------.-----------~-----------------------------------.-. ----~ 

EXPLANATION 
1------L-E-G-EN-D-----.. ---------..:::.~:....::=--.:..:.~..:.:::.:..:--TE-LR-R-A1-N-UN-I-T-S-YH-,B~OLS:--------------------i PREPARED BY : 

Gf -
o -
S -
GA -
H 
H 
L -

D31ton 1Hg:hl.'ay 
Trans-AlaskA Pipeli~ 
General ly Frozen 
Discontinuous Permafrost 
Sporadic Permllfrost 
(;t:nru 11y Absoz:!t' 

"IIh 
tlor:!er!lte 
Low 

Bx • Bedrock F - fluvhl Deposits-
C - Colluvial Deposits Ff - AIJuvid Fan 
Ca - Avalanche Deposits Ff, - Granuhr Alluvial F1!In 
C .. - Hudflow Fp - floodplain 
ex - lias in Colluvium Arctic Slope fpa • Abondoned Floodplain 
Ct : Talus Fpb - BraIded Floodplain 
[1 - Lou. Fpm - tleander Floodplain 
Ell - "Lo ... lend" toen Fps - Sandy FloodplaIn 
Elx - Frozen Upland Silt Fpt - Old Terr1!lce 
Es - Eolian Sand Fs - Retr1!lnsported Deposits 

Fsf - Retrllnsported Deposit Fan 0 - Organic. Deposits 
G - GlscSal Deposits _= c - Finer floodplain Cover 
GF - Glac.iofluvial Deposits Deposits 
oro - Outwash • I: - Jliverbc:d Deposits (","hen 
Gt - TiJ1 Sheet usol1 ,",ith fp) 
Glb - Older TlJ1 - Rosidual Soil (",-hem used 

.Gty· Youn!I:Ir Ttll ,,,,It.h b) , 
L .; Lacustrine Deposit' V - \leathered or Poody Con-

RSM CONSUI_TANTS, INC. 
E .... CINEERS DI!DLDDIISTS Pt.."""""I!RB IIUR\lEVORIi 

Lt - Thaw Basins.and Thaw Lakes solid.1tcd Bedrocks 
tic ~ Coastal PIain Deposiu ? - Uncertainty REIM Projlcl Number 451099 

STATE OF ALASKA 
DEPARTMENT OF TRANSPORTATION 

"NO PUBLIC FACILITIES 

DALTON HIGIiW A Y: 
CHARACTERIZATION OF FOUNDATION SOILS 

SCALE IN "'I LES REV'S'ON 0 SHEET 
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SEGMENT NUMBER 

TERRAIN UNIT 

SOIL TYPE 

-THERMAL STATE 

FROST CLASSIFICATION 
THAW STRAIN POTENTIAL 

COMMENTS ;. k 

Elx 
Gto 

F4 
H 

MASSIVE ICE 

EXPLANATION 

Fp-c 
Fp-r 

£Q.:.Q. 
Fp-r 

M 

Fpo·-c 
Fp-r 

GW- GP- GM SW-SP-SM 

F4/FI 

HI M L 

'*--THROUGH CUT IN ICE RICH MATERIAL 
WITH MASSIVE ICE. 

GF 

PSP-2A 

Elx 
Gto 

MASSIVE ICE 

PRE;PAREC BY , 
lERRAIN UNIT SYMBOLS 

LEGEND 

GF -
D -
S· -
GA -

• H 
L -

Da 1 ton IT i ghway 

TTO'lns-Alaska Pipeline 
Generally Frozen 
Disc.ontinuous Permafrost 
SpoiBdic Pl!'["mllfro." 
Gcn@ralJy lib. ant. 
fltah 
Uoderst. 
Low .' 

IIx - lIedrock F - Fluvial Deposits 
C - Colluvial Deposits FE - Alluvial Fan 
Ca • Avalanche DepOsits Tfl - Granuhr Alluvial Fan 
C~ .. Hudflow Fp .. Floodplain 
ex. - Basin Colluvium Arctic Slope Fpa .. Abondoned Floodpldn 
Ct .. Talu. . fpb .. lI~.lded rloodphin 
E1 .. to... FJ>III .. tleandu F1oodphln. 
tIl .. "Lowland." Loau Fps .. ~andy Floodplain 
Elx - Froz.~n Upland Silt Fpt - Old Terrace. 
Es - Eolian Sand Fs - Retran!ported Deposits 

Fsf - Retrllnsport.ed Deposit. Fan 0 - Organic. Deposits 
G - Glacial Deposits c - Fine[" Floodpl.1ln Cover 
Gf - Glaciofluvial Deposits Deposits 
Gro _ Outwash - r - Riverbed Deposits (when 
Gt - Till Sheet u5('(1 with Tp) 
O~a • Dldlll' THI - Rt/_Iduil Sell (I.'hon uJO~ 
Ott - Youn&eI' Till wilh b) 
L _ Lacustrine Deposits W' - Vcathered or roedy Con-
Lt - Thllw Basins.llnd Thaw Lakes solidatcd Bedrocks. 
He - Coastal Plain Deposits 7 - Unceruinty 

I=i&M CONSULTANTS. INC. 
ENGINEER. OI!OLOO,aTa PLANNER. SURVEYOflia 

RaM ProJlet Number 451099 

F4 

1< 
MASSIVE ICE 

Fpo Fp 

G~IGW-GM 
SM SW-SM 

FI-F4 
HI M,L, 

STATE OF ALASKA 
DEPARTMENT OF TRANSPORTATION 

AND PUBLIC FACILITIES 

DALTON HIGHWAY: 
CHARACTERIZATION OF FOUNDATION SOILS 

SCALE IN 1.11 LES "VISION 0 SHEET 
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SEGMENT NUMBER 

TERRAIN UNIT 

SOIL TYPE 

. THERMAL STATE 
FROST CLASSIFICATION 
THAW STRAIN POTENTIAL 

COMMENTS 

Fpb-c' 
Fpb-r 

Fpb-c 
Fpb-r 

F4/NFS 
H/M,L 

Fpb·c 
Fpb-r 

SfS-SM 

Elx +Cx 

GF 

PSP-2A 

EXPLANATION 
l---------:----r-----'-----::.:..::...=.:..:.:::.:..:..:..:.::.:..:...--T-E-•• -.-,"'N-:-UN=,T=Sy:cH::cBO:::LS-:--------------------! PREPARED BY : 

J.EG£ND 

Gr· 
D • 

. s -
G' -
H 
H 
L -

Dalton lIighvay 
Tr.1ns-Al ... ska Pipeline 
Generally Frozen 
Discontinllous Permafrost 
Sporadic Perm3irost 
Generally Absent 
JJigh 
Uoderete 
Lou 

Bx - Bedrock F - Fluvial Deposits 
C - Colluvial Deposits Ff - Al1uvial fan 
Ca - Avalanche Deposits Ffg - CrDnular AlluvIal ran 
em. - i1udflow Fp. - Floodplain 
ex - B.1sin CoUuviu!!! Arctic Slope Fpa - Abondoned Floodpldn 
Ct - Talus Fpb - Braided Floodplain 
£1 - Loess rpm - "etmder Floodplain 
Ell - "Lowland" Loess fps - Sandy Floodplain 
[Ix - Frozen Upland Silt Fpt - Old Terrace 
Es - Eolian Sand Fs - Ret.ransported Deposits 

Fsf - Rctnmsl'0rtcd Ocposit Fan 0 - Organic Deposits 
G • Glacial Deposits' C - Finer Floodpl<1in Cover 
GF • Glaciofluvial Deposits n ... posits 
GFo - OutwDsh r - RiveTLed ncposilS (when 
Gt - Till Sheet used with Fp) 
Gto • Older Till • Residual Soil (I.'hen used 
Gty :. Younger Ti 11 with b) 
L • Lacustrine Deposits W - \leathered or Poody Can· 

R&M CONSULTANTS. INC. 
I1:NO ..... EIII!:AS Ol1:0LOOfSTS PL .......... ERS SURVEYDRS 

Lt • Thaw Basins .and Thaw Lakes 50lidated BcdTocks 
tic - Coastal Plain OcposilS t· UucertCliuty RaM Project Number 451099 

Elx . Elx 
Gto 

ML 

F4 
H 

MASSIVE ICE 

ALASKA 

Cx Elx 

STATE OF ALASKA 
DEPARTMENT OF TRANSPORTATION 

AND PUBLIC FACILITIES 

DALTON HIGHWAY: 
CHARACTERIZATION OF FOUNDATION SOILS 

SCALE IN MILES 
.1> 

REVISION o 
DATE September '984 

SHEET 
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COMMENTS lis 

LEGEND 
TERRAIN UNIT SYHBOLS 

GF -
D -
S -
CA -
H -

" L -

Bx. - Bedrock. F - Fluvial Deposit.s 
Dalton Jlighway _ Colluvial Deposits Ff - Alluvial fan 
Trans-Alaska Pipeline Ca - Avalanc.he DepOsits rf, - Granular Alluvial Fan 
General),. Frozen CID - Hudflow Fp - Floodplain 
Discontinuous P ••• ,,"·o.tl ex - Basin Colluvium Arctic Slope Fpa - Abandoned Floodplain 
Sporadic. Permafrost. ct. - Talus Fph - ~r.1idcd Floodplain 
Generally Absent. £1 - Loess rpm - tleander Floodplain 
High Ell - "LoWland" Loess Fps - Sandy Floodplain 
I'loderate Elx - Frozen Uphnd Silt Fpt - Old Terrace 
Low [$ - Eolhn Sand Fs - Retrllnsported Deposits 

Fsf - Ret,rDnsported Deposit Fan 0 - Org8nic. Deposits 
G - Gladd Deposits c - Finer_ FJoodpJ"in Cover 
GF - GladofJuviai Deposits D~pusits..-
GFo - Outwash r - Rh'erbcd Deposits (""hen 
Gt - Till Sheet usel1 \lith Fp) 
Gto. Older Till • - Residual 5011 (,"hen used 
Gty • Younger Till wit,}r B:oc:) 
L - Lacustrine Deposits V - Veathered or roody Con-
Lt - Tht!lw Bt!Isins .and Thilw Lakes sol idated Bedrocks 
tIc· Coastt!lI Ph in Oeposits • Uncertainty 

PREPARED BY , 

MASSIVE ICE 

PSP- 2A 

R&M CONSULTANTS. INC. 
ENGINEERS BIEDLOOISTS PLANNERS SURVEYORS 

STATE OF ALASKA 
DEPARTMENT OF TRANSPORTATION 

DALTON HIGHWAY: 
CHARACTERIZATION OF FOUNDATION SOILS 

SHEET 
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SEGMENT NUMBER 

TERRAIN UNIT 

SOIL TYPE 

THERMAL STATE 
FROST CLASSIFICATION 
THAW STRAIN POTENTIAL 

COMMENTS 

Fpb-c 
Fpb-r 

EII+Lt 
Fp-r? 

GW-

F4/FI 
H/M,L 

PSP-IB 

EXPLANATION 
I------l-.>:-OE-N-D-----I-----------=~~=--...:..:--=.::..:.::..:--rr-R-RA-I-N-UN-I-r-S-y-M-DD-I-S---------------------; PREPARED B V : 

or -
"D -

S -
CA -
H -
M -
L -

Dalton lIighl.lay 

Trilns -A hsk .. f' ipe line: 
Cenerally Frozen -
Diseont inllous Permafrost 
Sporadic: Permafrost 
Gcnecally Itb:.cnt 
High . 
Uoder!lte 
Low 

IIx - Bf!Odrock F - Fluvial Deposits 
C - Colluvial Deposits ff ·"A))uviol fan 
Ca" - Avalanc.he DepOsits rf, - Granular Alluvial Fan 
elll - Mudflow Fp - Floodplain 
C. - B.3sin Colluvium Arctic. Slope Fpa - Abondoned Floodphln 
Ct - Talus rpb - Braided Floodplain 
[J - Loess rpm - tlennder Floodplain 
EJl - "Lo-... 1.and" Loess Fps - Sandy Floodplain 
Elx - Frozen Upland Silt fpt - Old Teruce 
Es - EoHan Sand Fs - Retf«lnsported Deposlt.s 

Fsf - RetrnnsJ-rtcd Dt'posit ran 0 - Orgilnic Deposils 
G - Glacial Deposits c - finer Floodpl.1in Cover 
Gr - Ghciofluvial Deposits Depusits 
Gra - Out"'ash t ~ RiverLt'd ncposils ("'hen 
Gt - Till Sheet IIse.1 ",ilh rp) 
Gto - Older Till - Ruidu31 Soil (1.:ltcn used 
Gty - Younger Till with h) 

R&M .CONSULTANTS, INC. 
I[Na'NEIEAS OIl!:OLOO,aTS PI.ANNIEAS Bu,,"v.,."'OAS 

L - Lacustrine Deposits \l - \:ealht'ccd or P~r1y Con-
Lt - n" ... Basins.8fld Th~ ... Lake:\ solidlted Bedrocks 
ric - Co~stal Plain nCI,osit'J 7 - Uuccrt:li"ty RaM Project Number 451099 

Ell + Lt 
Fp-r '? 

ALASKA 

Ell +Fp-c? 
Fp-c! 

EII+Fp-c 
Fp-r '? 

STATE OF ALASKA 
DEPARTMENT OF TRANSPORTATION 

" AND PUBLIC FACILITIES 

OAL TON HIGHWAY: j 

CHARACTERIZATION OF FOUNDATION SOILS~ 

.. SCALE IN MILES 
1/2 

REVISION o 
,.!i OATE September 1984 

SHEET 
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I SEGMENT NU~rl8ER 

I TERRAIN UNIT 

[SOIL TYPE 

I THERMAL STATE 

r FROST CL.ASSIFICATION 

I THAW STRAIN POTENTIAL 

COMMENTS 

24-9 24-8 

Fpa-c 
Fp 

Fpb-c 
Fpb -r 

Fpb-c 
Fpb r 

·~~---------------~--------------------~---------------~-r--------
EXPLAN.ATION 

Of -
·D -
S -
GA ~ 
H 

" L 

Co; lten l:it!:':,.·ay 

Tr.:J;:ls-J..las\.:! Pipeline 
G~l'Ieral!)· rroz.en 
Disto:ltjr:Ilous rerr..aCrcst: 
Si':nadi(. PI"r.:Jrrcst 
Cc-r,cr.:!lly .~b.ent. 
High 
t;~c~.ste 

Lou 

Ex - Eedrock 
C - Coll~ .... i81 Def'~sJts 
Ca - A\'a1en~hl!: Dep;sits 
elll - M:.H~fJOW 

ex - B<J:dn Colluvju.:; Acetic: Slope 
Ct - Talus 
El - Loess 
Ell - .. Lc .... Jand .. Loess 
EJx - Frozen l'phnd Silt: 
£5 - LO}!l!.n Sand --------- -

TIi':P.AIN UNIT Sn-:uOlS 

F - Fluviel Dc?~silS 
Ff - Al1u\"ial filn 
rfg - Granular Alluvial ran 
Fp - Floodphin 
Fpll - Aloond~:led floocphin 
Fpb - Brilid~d floodFlain 
Fl-'1tI - }leant!er FboJrJain 
FfS - Sandy floodplt>in 
rpt .- Old Terrace 
fs - J:::elr~n!:.?orted Dl';>osits 

Fsf - Rctrlln!'>porlcd neposit Fan 0 - Ot&ilnjc nCr~SilS 
G - Glacial Deposits c - fjnH f1oo<lp1.lin COI.'H 
CF - GlBdofluvial Derosits Oo:pusits 
GTc - QUt\;asb - r. - Rh·cd .. ct.! n"posils (,.:Ioe n 
Gt - Till Sheet tlSNI ... illa Fp) 
Gto - Older Till - Rcsidu31 SoiJ ( .. -l,en used 
(;t)' - ·YoungH Till Lljt.h E;"() , 
L - Lacustrine Dcposits W - \:c:athcrcd or roody Con-
Lt - TI,;]"", EllS ins. and n:'Y~ Lakes solid.:lted tedroc.ks , 
tic - Coastal Plaill n"'l'c~lts . - HntNudnly ~ 

GW-

F4/NFS- F4 

PSP-IB 

24-3 

Fpb-c 
Fpb-r 

24-2 

Fpb-c 
Fpb-r 

Fpb-c 
Fpb-r 

SKEET 
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------------------ --~ - ------------------._---------.-_. __ .- -.. 

SEGMENT NUMBER 

TERRAIN UNIT 

SOIL TYPE 

THERMAL STATE 
FROST CLASSIFICATfON 
THAW STRAIN POTENTIAL 

COMMENTS 

Ell +Lt 
Fp 

Fpa-c 
Fp r 

PSP-IA 

EXPLANATION 

25-10 

Fpo-e 
Fp -r 

25-9 

Fpa-c 
Fp- r 

F4/FI-F4 

Teshekpuk White Hills 
Lake Section Seclion 

401.9 MI 

LEGEND TERRAIN UNIT S'iHBOLS 

OF -
D -
S -
OA -
H 
H -
L -

Da1ton Jligh~3Y 

Trans-Ala:fka Pipeline 
Generally frozen 
Discontinuous rerm~frost 
Sporadic. Permahost 
Ccncrally Absent 
Hi,b 
rbde:nlta 
r.o.. 

Ex • Bedrock r - Fluvial Deposits 
·C - Colluvial Deposits Ff - Alluvial Fan 
ea - Avalanc.he Deposits Hg - Granuhr AlJuvi~l FlIn 
till - Hud£1ow Fp - Floodplain 
ex - Basin Colluvium Arctic:. Slope Fpa • .IIbondoned Floodplein 
Ct - Talus Fph - Braided Floodplain 
El - Loess rpm - t:eander Floodplain 
Ell - "Lo~Jand" Loess Fps - Sandy floodplain 
Eb - Tnn;en Upland Silt Fpt - Old Terrace 
Es - EoHen Sand Fs - Retrllnsported DeyosHs 

Fsf - Re1-pln!'.p::>fted Deposit fan 0 - Oq;!lnic Deposits 
G • Glacial Deposits c .- Finer ,Floodplain Co""er 
GF • Glaciofluvial Deposits 'Do:posits 
Gra - Out.\o:8sb t - Riverbed Deposits (""h"en 
Gt - TJlJ She"t~ uSt'd lo'jth fp) 
Gtc --Oider Till - Residual Soil (t:hen used 
Gt.y - Younger Ti 11 lo'it.h Blt) 
L - Lacu,t.rine Deposits W - ":eatbcr"d or Poorly Con-
Lt - Thaw B.'lSins_and ThaI." Lales solidated Bedroc.ks 
tic - Coas~tlll Phin Ikposits t - Unc.ert::lillLy 

Fpo-c 
Fp-r 

Fpo-c 
Fp -r 

HIM L 

PREPARED BY : 

Fpo-e 
Fp-r 

R&M CONSULTANTS, INC. 
E"'G''''EE~S DI!'Dl.ODI.TS PL.a."'NEA5 SU~VEYORS 

R 8 M P,ojecl Numbe, 451099 

EII+Lt 
Me'? 

PSP-IB 

ALASKA 

Fpa-c 
Fpb -r 

Fpa-c· 
Fpb-r 

F4/NFS - F4 

Fpo-C 
Fpb -r 

STATE OF ALASKA 
DEPARTMENT OF TRANSPORTATION 

AND PUBLIC FACILITIES 

DALTON HIGHVI/ AY: 
CHARACTERIZATION OF FOUND)\IION SOILS 

o SHEET 
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TERRAIN UNIT 

SOIL TYPE 

GF -
D -
S -
GA -
H 
H -
L -

Dalton Ilighlo'ay 

TriHl:s.-Al.1sk.1 PipeHne 
Genera tIl' Fr02.t!R 
Di s!;:ont. inuDus I'c ema r ros t 
5porndic Permafrost. 
GloncraJly Abscht -
High 
I'loderate 
Lou 

IIx - Bedrock. 
C - Colluvial Deposits 
Ca - Avalanche Dep~sits 
till - Hudf1olol 
ex - Basin ColluvJuM Arctic Slope. 
Ct- - Talus 
El - Loess 

1 - "Lowland" Loess 
- Frozen Uphnd Silt 
- [oHan Sand 

TE.RRAIN UNIT SYHDOLS 

F - Fluvial Deposits 
ff - Alluvilll Fan 
Ff, - Granular Alluvhl r"D 
Fp - floodplain 
Fpa - Abandoned Floodplain 
Fpb - Braided Floodplain 
Fp!II - Heander Floodplain 
Fps - Sandy Floodplain 
Fpt - Old Terrace 
r, - Ret..ransported Deposits 

Fsf - RctrDnsported flcposit Fan 0 ··Organic Deposits 
G - Ghid;]) Deposits c - finer Floodplain Cover 
CF - Glaciofluvial Deposits Deposits 
ero - Out "'ash • r - River-Lcd DL'posit.s ( .... hen 
Gt - Till Sheet use" \lith Fp) 
Gto - Older Till - Residual Soil (,",hen used 
Gty - Younge.r Till with b:.) 
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TABLE B-1 

CRREL ROAD TEST SITES - LOCATION AND DATA SUMMARY 

App rox i ma te 
Report Embankment 
Segment CRREL Haul Road Dalton Subg rade Thickness Recent 

No. Site No. Segment Station Highway MP Terra in Unit Soi I Type (m) Boreho I es 

4-12 79-1* 1T 560+89 64.8 E I X? /Bx- r? Ice-rich s i It 1.4 . "9-1 (1), (2)&(3) 
5.,16 82-1 1 1341+89 78.8 Fpa Sandy s i It 1.9 N108-14 
5-19 82-2 1 1537+49 82.3 Elx Ice-rich s i It 1.8 N109-13 
6-8 84-1A* 1 2065+32 93.9 (Fs+C)/Bx-w I ce- rich s i It 1.9 N70-39 
8-21 90-1 2 1046+07 133.6 Fs/Bx I ce- rich s i It 1.9 

10-12 96-2A 3 163+49 161.5 (O+Fs)/(G+GF) Ice-rich s i It 1.5 TH 64-27 
10-22 97-1* 3T 593+44 169.8 (Fs/Gt)+Gt I ce- rich s i It 2.8 N72-9 
11-10 99-1 3 1089+69 179.6 (Fpa-c+Fp-c)/Fpr Si It 1.2 N71-11 
12-23 103-2* 3 2277+02 201.5 Fs/Gt Si It 1.7 N31-12 
13-3 103-3 3T 2414+00 204.0 Fs/Gt. Ice-rich si Ity 2.1 N88-4 

sand 
13-13 104-1A 3 2753+98 210.6 Fs/( Ff+Ffg) S i It 2.1 N33-53 
14-12 107-1 4T 3560+00 226.2 Gt Si Ity gravel 2.1 N77-68 
14-26 108-1 4 557+00 233.0 Ff+Fp-c/Fp- r G ra ve I I Y s i I t 1.5 N81-34 
15-8 108-2 4 704+84 235.8 Fp/GF S i I ty g ra ve I 2.3 
15-16 109-1 5 924+90 239.6 Gt Gravelly si It 2.6 N81-21 

16-11 111-1 5 524+00 256.3 Fs/Gt Si Ity grave I 1.8 N70-24 
16-14 112-1A* 5 604+00 258.3 Fs+Cm Si It 1.2 N83-17 
17-11 114-1A* 5T 1375+19 272.8 Es/F+L Si It 1.0 N77-27,N77-28 
18-2 117-1* 6-S 862+48 288.4 Gty+Fs/Gty Si It 1.3 
19-7 119A-1* 6-ST 1758+68 308.5 E I I/Gfo+GFo S i It 1.8 N77-35 

20-15 122-1A 6-NT 2828+56 327.1 Elx Si It 1.5 N76-51 
21-14 124-1* 6-NT 3334+00 337.2 Elx+Cx Si It 1.9 N33-19 
22-8 127-1* 6-N 4095+04 351.6 Elx+Fs/Bx Si I ty sand 1.2 N32-17,N82-8 
22-13 127-2 6-NT 4357+00 356.4 Elx/Bx-r Si It 1.5 N33-28 
22-14 127-3* 6-N 4493+76 359.3 Fs+Elx Si It 1.3 N33-26 
24-7 132-1 7 1782+54 387.4 Fpb-c/Fpb- r Sandy s i It 1.3 N33-7 
24-8 132-2A 7 1838+04 388.5 Fpa-c/Fp Sandy s i It 1.5 N33-6 

T Subsurface temperature sensors instal led in 1977. 

* - Most active sites. 
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APPENDIX C 

ASSESSMENT OF POTENTIAL FOUNDATION SOl L PERFORMANCE 

C.l LANDFORM CHARACTERIZATION 

Landform characterization results are summarized In Tables C-l and C-2 

for the principal landforms found along the Dalton Highway route. 

Estimates are shown in Table C-l for frozen and thawed dry density (odf 

and °dt) and thaw strain potential E (calculated from °df and °dt 
estimates) . Table C-2 presents soil type (texture) and USACE frost 

classifications. Landform depths were estiniated as part of the mapping 

efforts; results have not been shown on the Route Sheet Terrain Unit data 

band, but were previously provided as a separate tabulation. 

Where information was considered adequate to do so, landform 

characterizations for frozen dry density (odf) were subdivided by 

physiographic subprovinces (PSP) to account for regional variations in 

landform properties. However, in many cases landforms occur in only one 

physiographic subprovince. Also, where information to distinguish 

significant differences between physiographic subprovinces was inadequate 

all PSP were characterized the same. 

C.l.l Soil Dry Frozen and Thawed Density (odf' 0dt) 

Using available data (Refs. 5, 8, 9, 10, 16, 30) and geological 

inferences based on landform genesis, the principal landforms, 

(included in Table C-1), were evaluated for frozen dry density, 

°df· 

In general (i.e., typically, but not always), frozen dry density in­

creases with depth below natural ground surface. Where 

appropriate, depth differences were estimated in depth zones as 

follows, from (1) below the bottom of embankment (the zero depth 
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datum) to five feet, (2) five to 10 feet, and (3) 10 to 15 feet 

(south of Atigun Pass). Frozen dry densities are characterized by 

an average or expected value E[odf]' and standard deviation 

SD[odf]' for each landform (and five-foot depth increment, as 

appropriate) . 

Estimated thawed dry densities, 0dt' were evaluated for each 

landform using the landform soil texture and estimated thawed dry 

densities summarized in Table C-3 from available unfrozen dry 

density data (Refs. 5, 8, 9, 10, 16, 30). Thawed dry densities 

are characterized by an average or expected value, E[odt]' and 

standard deviation, SD[odt], for each landform. 

C.1.2 Thaw Strain Potentials (e) 

An average thaw strain potential, E[E], and standard deviation, 

SD[e], was calculated for each landform/physiographic subprov­

ince/depth combination as given in Table C-1. Calculations were 

made using the fundamental relationship between thaw strain (e), 

frozen dry density (odf) and thawed dry density (odt): 

(C.l) 
e = 1-

Mathematical details of the calculations are given in Appendix D. 

C.1.3 Landform Soil Texture USCS Designation and USACE Frost 

Classification 

A soil texture classification using one or more of the five basic soil 

types and corresponding USCS designations listed in Table C-3 was 

selected for each landform after evaluating available grain size 

distribution data and using geological inferences based on landform 

genesis. USACE frost classifications were matched with soil texture 

C-2 



r3/d37 

to yield one or more of the classifications (NFS, F1, F2, F3, F4) 

for each landform. 

C.1.4 Surface Thickness (D) 

Landforms change with depth below surface of natural foundation 

soil. The centerline profile of landforms occurring from the top of 

natural foundation soil below any embankment soils to a depth of 10 

feet north of and 15 feet south of Atigun Pass is shown on the 

terrain unit band of the Route Sheets in Appendix A. 

In nearly all cases either one or two landforms (a surface landform 

and another landform below) occur in a profile at a given point of 

the route. The single landform occurs from the top of foundation 

soil to the bottom limit of the profile (10 feet or 15 feet) in all 

cases where only one landform is shown. Where two landforms 

occu r, the surface landform is cha racterized by an estimated 

average depth, E[D], and an estimated standard deviation, SD[D]. 

These are shown as E[D] :!: SD[D] in the unpublished tabulation 

which accompanies this report. The underlying landform occurs to 

the bottom limit of the profile (10 feet or 15 feet). For example 

Fs(5':!:t')/Ff indicates landform Fs occurs over landform Ff, the 

depth of Fs is an estimated average of 5' with a standard deviation 

of r, and Ff occu rs to the bottom of the profi Ie. 

C.1.5 Thaw Settlement (TS) 

Thaw settlement IS thaw strain potential integrated over (estimated 

or "potential") thaw depth. Clearly, given the thaw strain 

potential (predicted here by landform and depth), thaw settlement 

further depends on soil thermal properties and road thermal 

design, local climate, weather, drainage factors, and time. 

For illustration, thaw settlement for a hypothetical thermal 

design/load has been estimated for one landform profile (or terrain 
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unit) . Results are given in terms of average thaw settlement, 

E[TS] , and standard deviation, SD[TS], as shown in Appendix E, 

Figure E-l (results are based on mathematical details given in 

Appendix E) . Note Figure E-l shows that thaw settlement 

estimates for a given road thermal design and thermal load can be 

related to landforms or terrain units. 

C.2 SEGMENT-BY-SEGMENT CHARACTERIZATION PROCEDURES 

As stated In Section 2 of this report, the route information developed in 

this study can be used at two general levels of detail. At Level I, the 

landform characterization can be used as IS (without refinement) In 

analysis and design by matching the landform geotechnical parameter 

statistics with the landforms identified in the Route Sheets, Appendix A. 

At Level II, statistics from Level I can be used as prior information with 

segment/site-specific subsurface (borehole, trench, probe, etc.) data to 

make updated estimates of geotechnical variables. Formal mathematical 

techniques for making updated estimates are given in Appendix F. 

C.2.1 Landform Stati stics (Level I) 

At this level of detail landform or landform/PSP statistics are used 

directly in analysis and design; segment/site-specific subsurface 

data is not used to update the landform/PSP statistics. This may 

be appropriate, for example, for design development analyses, 

preliminary optimization studies, preliminary design, route location 

refinement, etc. 

C.2.2 Landform Segment (Level II) 

Available segment/site-specific subsurface data are used to update 

the Level cha racterization statistics. Updati ng IS based on 

Bayesian statistical concepts (Appendix F). 
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UPDATING FROZEN DRY DENSITY.-- The formal methods of 

Appendix III can be used directly. Since 0df is both critical in 

determining thaw strain and a field-observable variable, a formal 

updating approach may be most appropriate where maximum 

utilization of available data is desired. 

UPDATING THAWED DRY DENSITY.-- Formal or informal methods 

may be appropriate, depending on the situation. However, where 

0dt is not measured but must be predicted (the usual situation) 

formal methods (Appendix F) may be an illusory refinement; if so, 

informal (geotechnical judgment) methods can be used for 

updating. 

UPDATING SOIL TEXTURE.-- Informal methods are recommended for 

most cases. Formal methods can utilize the techniques for 

non-normal updating discussed in Appendix F. 

UPDATING THAW STRAIN POTENTIAL.-- Because thaw strain is a 

known function of and we recommend that 

site/segment-specific updates to the landform thaw strain potential 

values (Table C-1) be made by first updating 0df and 0dt and 

then calculating an updated estimate of thaw strain potential 

(except where directly observed field thaw strain [via settlement] 

values are available). We recommend laboratory thaw strain data 

also be evaluated in terms of 0df' 0dt and applied in terms of 

Equation C.l, as further shown in Appendix D. 

UPDATING LANDFORM THICKNESS.-- Informal updating based on 

terrain analysis using available subsurface data is most 

appropriate. Of course, the accuracy of the results (for given 

data) will depend on the quality of the terrain analysis. 
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UPDATING FROST CLASSIFICATION.-- Updated frost classification 

can be read-off directly from updated soil texture using Table 

C-3. 

UPDATED THAW SETTLEMENT.-- Updated thaw settlement estimates 

can be calculated from updated variables used in estimating thaw 

settlement (see Appendix E). 

C.3 APPLICATION OF THAW STRAIN CHARACTERIZATION RESULTS IN 

DESIGN 

C.3.1 Interpretation of Thaw Strain Statistical Estimates 

Route characterization for thaw strain, e, is given in terms of 

estimates of the expected value (mean or average) and standard 

deviation of thaw strain: E[e] and SD[&]. Estimates of SD[e] 

given in this report combine spatial and systematic uncertainity. 

E[e] and SD[e] can be used to estimate thaw settlement, TS, in 

terms of expected value, E[TS], and standard deviation, SD[TS], 

using the physics of thermal analysis and the statistics of point 

estimation techniques, (as outlined in Appendix E) and considering 

autocorrelation effects (Refs. 26, 28). 

Expected value and standard deviation estimates are considered 

appropriate statistics for characterizing thaw strain potential or 

thaw settlement over a given segment length: E[e] and E[TS] are 

estimates of e and TS (1) for any given point along the segment 

(where a borehole is not available) and (2) spatially averaged over 

the entire segment. SD[e] and SD[TS] are estimates of the 

average root mean square (rms) difference between g and TS at a 

point and the mean values E[e] and E[TS] (but, conservatively, 

also including systematic uncertainity in E[e] and E[TS]). Roughly 

speaking, SD[g] and SD[TS] are related to the difference in g and 

TS between non -adjacent poi nts; at close sepa ration distances they 
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will generally over-estimate e or TS differences because of spatial 

autocorrelation of soil properties (Refs. 26, 28). 

Effects of thaw settlement (and thus thaw strain) on highway 

performance are generally related to the settlement average and 

spatial deviations from the average. Exact spatial patterns of thaw 

settlement (which can be very complex) are neither amenable to 

practical prediction nor necessarily useful In design. Therefore, 

for practical use a Thaw Settlement Index, TSI, can be defined as 

a simple measure of thaw settlement performance appropriate for 

design. For example one useful possibility is E[TSI] = E[TS] + 

SD[TS]; another definition, considering E[TS] and SD[TS] are 

positively correlated, is simply E[TSI] = E[TS]. Predictions of 

thaw settlement operating performance can then be made based on 

E[TSI]. 

C.3.2 Use of Thaw Strain Statistical Estimates 

The following methodology (Ref. 24, 28) is used to outline a 

rigorous yet practical approach to thaw settlement design modeling. 

Emphasis here IS on the process used to decide, segment­

by-segment, which candidate design mode is most cost-effective for 

each design segment along the route. This methodology can also be 

used in the design development process: given a set of trial 

design modes, it can help ascertain the most cost-effective modes 

based on geothermal analysis of the mode performance for the 

expected geotechnical conditions, construction and operating costs. 

It can also be used to help prioritize field studies. The approach 

is outlined as follows. 

(1) Estimate operati ng cost (OC) performance as a fu nction of road 

thaw settlement index (TSI). The result will be defined as 

E[OC(TSI)]. Operating cost should include all maintenance and 

user costs. More than one E[OC(TSI)] estimate can be used if it is 
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desired to formally treat E[OC(TSI)] as a random variable; e.g., 

E[OC(TSI)] can be represented by a lower-bound estimate, 
+ 

E[OC(TSI)r, and an upper-bound estimate, E[OC(TSI)] . 

(2) Calculate E[TSI] and estimate SO[TSI], mean and standard 

deviation of thaw settlement index, for the candiate design modes 

and thermal load for each segment along the route. Use either 

landform thaw strain estimates from Table C-l or updated, 
+ 

segment-specific, estimates. Calculate TSI = E[TSI] + SO[TSI] 

and TSI- = E[TSI] - SO[TSI] (or, if desired, TSI could be defined 

by a probability density function). 

Note that the same landform profile and thaw strain estimates will 

apply to many segments. Therefore, in practice many segments will 

not require new calculations. Also, similar segments can be 

grouped together for purposes of analysis (and design) to 

economize on calculations. Contiguous segments can be grouped 

into composite segments where segment lengths are too short for 

economical construction. 

(3) Calculate expected operating cost, E[OC], for each (single or 

grouped) segment and corresponding candidate design mode/thermal 

load, where 

+ + + 
E[OC] = HE[OC(TSI)] + E[OC(TSI)] + E[OCCTSI)] + (C.2) 

- + 
E[OC(TSI) ] } 

(4) Calculate the expected construction and operating cost, E[COC], 

using the E[OC] from (3) and the expected construction cost, 

E[CC], for each candidate design mode: 

E[COC] = E[OC] + E[CC] (C.3) 
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(5) Select the mode with lowest E[COC] for each segment. Where 

E[CC] is influenced by segment length, combine contiguous 

segments into one "design segment" having the same design mode. 

Iterate as required to result in the most cost-effective segment 

design (by minimizing E[COC] for each design segment). 

Minimizing E[COC] for all, design segments along the route will 

result in the most cost-effective design for the Dalton Highway (or 

any subsection). 

C.3.3 P'rioritization of Future Field Studies 

As developed here, prioritizing future field studies (and associated 

analysis of results) uses the premise that data should be collected 

on the basis of maximizing cost-effectiveness to the limit of the 

available budget. 

One reasonable and practical approach given a budget, B, is to 

allocate exploration and analysis efforts to each segment on the 

basis of PEVCEAi, the preposterior (i. e., prior to actual 

exploration) expected value of complete exploration and analysis in 

segment i. The proportion of the tota I budget, B, spent in 

segment i, bi, should equal the proportion that PEVCEAi is to the 

sum total of PEVCEAi for all segments where exploration is 

contemplated, EPEVCEAi-- i. e., 

b. = 
I ( 

PEVCEAi ) • B 
EPEVCEA. 

I 

(C .4) 

where l:bi = Band PEVCEAi is calculated as E[COC]i - E[COC]i"'. 

E[COC]i'" is a preposterior E[COC], estimated from steps (2) 

through (5) of Section C.3.2 but with E[TSI] and SD[TSI] 

estimates based on an n" = ... 

Where b i values by Equation C.4 are too small to be meaningful for 

the given budget the value of b. becomes zero and the calculations 
I 
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reiterated to re-apportion the budget among only those segments 

where exploration is meaningful. 

Values of b. calculated by Equation C.4 assumes that the marginal 
I 

or incremental rate of value/cost in exploration is constant. This 

simplification makes calculations easier, but tends to underestimate 

marginal cost-effectiveness at smaller efforts and over estimate 

marginal cost-effectiveness at large efforts. Useful refinements to 

Equation C.4 can be made if desired. 

C-lO 
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Bed rock 
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C? 
Ca 
Cm 
Cs 
Cx 
EI 
E I I 

EII+Lt 
Elx 

Elx? 
Es 
F? 
F+L 
Ff 
Ffg 

Fp-r 
Fp 
Fpa 
fpb 
fpm 
fpt 
fps 

Fp-c 
fp-r 

fp-r? 
Fpa-c 

PHYSIO-
GRAPHIC 
PROVINCE 

PSP 

Ice-Rich 
2C 
3A 
2C 
2C 
3A 

2A,B 
3A 

lB,2B 
lA 
2A 
3A 
3B 
3C 
3A 
2C 
3A 
2C 

2C,D 
2C 
lA 
All 
All 
All 
All 
All 
All 
All 
lB 
2A 

2C,3A 
2D 
3C 
3A 
lB 
2A 
2C 

TABLE C-1 

ESTIMATED STATISTICAL PARAMETERS FOR ROUTE LANDFORMS 
BY PHYSIOGRAPHIC SUBPROVINCE 

EXPECTED AVERAGE FROZEN EXPECTED THAW 

DENSITY /ST ANDARD DEVIATION STRAIN/STANDARD DEVIATION 

ldf = E [tdf] / SO [8 d() e=E[e]/SO[e] 
( pet) (% I 

0-5' > 5'-10' >10'-12' 0-5' >2'-10' > 10'-1:2' 

85±30 100±25 100±25 28±18 15±11 15±11 
40±30 40±30 40±30 65±24 65±24 65±24 

100±30 110±25 115±25 15±15 8±8 5±6 
40±30 40±30 40±30 63±25 63±25 63±25 
40±30 40±30 40±30 57±30 57±30 57±30 
60±30 70±30 70±30 45±24 35±23 35±23 
30±30 30±30 68±32 68±32 
55±20 60±20 65±20 37±18 31±17 25±16 
30±20 30±20 67±20 67±20 
25±20 30±20 73±21 67±20 
30±20 30±20 67±20 67±20 
60±20 70±20 70±20 31±17 19±16 19±16 
60±20 60±20 60±20 31±17 31±17 31±17 
50±20 55±20 55±20 43±18 37±18 H±18 
65±20 75±20 75±20 25±16 14±14 14±14 
85±20 90±20 95±15 20±13 15±12 10±7 

1051:30 105±30 105±30 12±12 12±12 12±12 
50±30 50±30 50±30 48±27 48±27 48±27 
85±25 90±25 95±25 28±13 23±13 19±12 
95±25 115±20 125±20 22±14 6±7 2±3 

105±30 120±20 16±16 4±5 
85±30 90±30 100±30 28±18 24±17 15±16 
85±30 90±30 100±30 28±18 24±17 15±16 
85±30 90±30 100±30 28±18 24±17 15±16 
85±30 90±30 100±30 28±18 24±17 15±16 
85±30 90±30 100±30 28±18 24±17 15±16 
85±30 90±30 100±30 28±18 24±17 15±16 
60±25 65±20 (75±20) 32±23 25±16 14±14 

105±30 120±20 16±16 4±5 
115±25 125±20 9±9 2±3 
115±25 120±20 120±20 9±9 11±5 4±5 
105±30 115±20 120±20 16±16 6±7 4±5 
105±30 105±25 105±25 16±16 14±13 14±13 
110±30 110±30 110±30 13±13 13±13 13±13 

55±25 60±20 38±24 31±17 
40±25 40±25 55±25 55±25 
40±25 50±25 65±20 55±25 43±24 25±16 

EXPECTED 
THAWED 
DENSITY 

~ dt{ I!cf) 

115±15 
105±15 
110±10 
100±15 

85±12 
105±1O 

85±10 
85±9 
85±9 
85±9 
85±9 
85±9 
85±9 
85±9 

85±19 
105±9 

110±12 
90±12 

115±15 
120±12 
120±12 
115±15 
115±15 
115±15 
115±15 
115±15 
115± 15 

85±9 
120±12 
120±12 
120±12 
120±12 
120±12 
120±12 

85±9 
85±9 
85±9 

(CONTINUED) 
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LANDFORM 

Lf 

Fpb-c 
Fpb-r 

Fpm-c 
Fpm-r 

Fs 

Fs? 
Fsf 

G 
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Gf+Gf? 
Gf+L 
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Gt 

Gt? 
Gto 
Gty 

L 
L? 
MC 

0 

PHYSIO-
GRAPHIC 
PROVINCE 

PSP 

All 
1B 
2A 
2C 
3A 
3A 
2C 
2D 
3C 
3A 
3A 
2D 
2D 
All 
All 
All 
2B 
2B 
2C 
2D 
2C 
2A 
2B 
2C 

2C,3A 
lA 

2C,D 

TABLE C-1 (CONTINUED) 

ESTIMATED STATISTICAL PARAMETERS FOR ROUTE LANDFORMS 
BY PHYSIOGRAPHIC SUBPROVINCE 

EXPECTED 'AVERAGE FROZEN EXPECTED THAW 

DENSITY ISTANDARD DEVIATION STRAIN/ST ANDARD DEVIATION 

rd'= E[tdf] / SO [..rdQ 
....... 

[e] / SO [e] e=E 
( pet) (% ) 

0-5' >2'-10' >10'-12' 0-2' >2'-10' >10'-1:1' 

50±20 50±20 50±20 43±18 43±18 43±18 
125±20 ' 125±20 6±6 6±6 
125±25 130±15 8±8 2±3 
115±25 120±20 130±15 12±12 8±8 2±3 

50±20 50±20 50±20 43±18 43±18 43±18 
110±25 ll5±25 120±25 15±14 12±12 10±10 

40±25 40±25 45±25 55±25 55±25 49±25 
40±25 55±25 60±25 55±25 38±24 32±23 
50±25 60±25 60±25 43±24 32±23 32±23 
40±25 55±25 65±25 55±25 38±24 26±22 
50±25 55±25 65±25 43±24 38±24 26±22 
45±25 55±25 60±25 47±25 38±24 32±23 
90±30 100±30 110±30 24±17 15±16 10±11 
90±30 10O±30 110±30 24±19 16±16 12±12 

11O±25 ll5±20 120±20 14±14 9±9 7±7 
100±30 100±30 100±30 15±16 l5±16 l5±16 
ll0±30 ll0±30 (125±20) l6±16 l6±16 (5±5) 

70±30 90±30 4l±20 24±17 
70±30 90±30 105±30 4l±20 24±17 l3±13 
80±30 95±30 105±30 33±18 20±16 l3±13 
80±35 85±30 105±30 30±23 25±18 11±11 
60±35 70±35 46±27 37±25 
75±30 90±30 37±19 24±17 
40±25 50±25 75±20 58±24 46±23 l8±15 
65±25 65±25 65±25 30±2l 30±2l 30±2l 
50±25 55±25 60±17 56±17 
20±20 20±20 20±20 75±26 75±26 75±26 

EXPECTED 
THAWED 
DENS1TY 

~dt'(lcfl 

85±9 
127±9 
127±9 
127±9 

85±9 
127±9 

85±9 
85±9 
85±9 
85±9 
85±9 
85±9 

115±15 
115±12 

125±9 
l15±15 

l25±9 
115±15 
l15±15 
l15±15 
110±15 
105±15 
115±15 

90±9 
90±9 

l20±12 
70±10 



LAND FORM 

C? 

Cs 

EII+Lt 

Elu 

F 

F? 

F+L 

Ffg 
() 
I ... ,,-0 ] r,) Fpa-c 

Fpb-c 
Fpm-c 

Fs 

Fs? 

Fp-r 
J Fp- r? 

Fpb- r ] 
Fpm-r 

G+GF 

GF ] GF? 

TABLE C-2 

DALTON HIGHWAY SOIL-TYPE LANDFORM CHARACTERIZATION 

PREDOMINANT; SECONDARY· 

SOIL TYPES 

SiSa&Gr;Si 

SiSa;Si 

.§l;SiSa 

.§l 

SiSa&Gr;CI,Sa&Gr;Si 

SiSa&Gr,Si;CISa&Gr 

.§l; S i Sa 

C I Sa&Gr; S i Sa&Gr 

.§l;SiSa 

.§l; S i Sa 

C I Sa&Gr; S i Sa&Gr 

C I Sa&Gr; S i Sa&Gr 

S i Sa&Gr; C I Sa&Gr 

CISa&Gr;SiSa&Gr 

PREDOMINANT; SECONDARY· 

USC 

GM;Sm;ML 

SM;ML 

ML;SM 

ML 

SM;GM;SW-,SP-SM; 
GW-,GP-GM;ML 

SM; GM; ML; 
SW- SP-SM' 
GW-: GP-GM' 

ML;SM 

Sw-.Sp-SM; 
GW-.GP-GM;SM,GM 

ML;SM 

ML;SM 

GW;SW;GW-.GP-GM; 
SW-.SP-SM;SM;GM 

GW.SW;GW-,GP-GM; 
SW-, SP-SM; GM, SM 

GM'SM' 
GW,-GP~W-,SP-SM 

SW'GW' 
GW.-GP-GM:SW:,SP-SM; 

GM,SM 

PREDOMINANT 

FROST CLASS 

F3, F4 

F4 

F4 

F4 

F4,F3 

F4, F3 

F4 

Fl 

F4 

F4 

F4 

F1 

NFS, Fl 

F2, F3 

F1 

(CONTINUED) 

---------------~ -----------
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TABLE C-2(CONTINUED) 

DALTON HIGHWAY SOIL-TYPE LANDFORM CHARACTERIZATION 

LAND FORM 
PREDOMINANT; SECONDARY' 

GF+L 

Gfo 

Gt 

Gt? 

Gto 

Gty 

Me 

Bx 

* NOTES: 

(l)Si=Silts 
(2) SiSa Si Ity Sands 
( 3) S i G r = S i I ty G ra ve I s 
(4) CISa = Clean Sands 
(5) CIGr = Clean Gravel 

SOIL TYPES 

SiSa&Gr;CISa&Gr;Si 

CISa&Gr;SiSa&Gr 

SiSa&Gr; CISa&Gr;Si 

SiSa&Gr,Si;CISa&Gr 

SiSa;Si 

SiSa&Gr;CISa&Gr;Si 

CISa&Gr;SiSa&Gr;Si 

NA 

(6) SiSa&Gr Si Ity Sands and Gravels 
(7) CISa&Gr = Clean Sands and GraVels 

PREDOMINANT; SECONDARY' 

USC 

SM.GM; 
GW-,GP-GM;SW-,SP-SM, 

ML 

SW;GW, 
GW-,GP-GM; sw-, SP-SM; 

GM,SM 

SM, GM; GW-, GP-GM; 
SW, -SP-SM; ML 

SM.GM,ML; 
GW-,GP-GM;SW-SP-SM 

SM,ML 

SM, GM; GW-, GP-GM; 
SW-,SP-SM;ML 

GW,SW 
GW-,GP-GM;SW-,SP-SM; 

SM,GM,ML 

NA 

PREDOMINANT 

FROST CLASS 

F3, F4 

F1 

F2, F4 

f4, F3 

F4 

F4, F3 

Fl 

NA 



o 
I ... 

01 

1 ) 

2) 

3) 

4) 

5) 

SOIL TYPE 

Si Its (Si) 

Si Ity Sands ( S i Sa ) 

Si I ty Gravels (SiGr) 

Clean Sands (CISa) 

Clean Gravel s (CIGr) 

TABLE C-3 

BASIC SOIL TYPE, GRAIN SIZE 
AND THAWED DRY DENSITY CHARACTERISTICS 

ESTIMATED 
P200 (%) uses THAWED DRY DENSITY 

(pet) 

255 ML 85±10 

13-54 SM 105±15 

13-54 GM 125±15 

~ 12 SW,SP,SW-SM,SP-SM 115±15 

~12 GW,GP, GW-GM, GP-GM 130±10 
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APPENDIX 0 

THAW STRAIN ESTIMATING PROCEDURES 

Thaw strain potentials (E) are estimated for each landform using the 

fundamental relationship: 

E = - odf (0.1) 
odt 

where 0df and edt are frozen and thawed soil dry density. Results are 

shown in Table C~l. Because 0df and edt are not accurately known, they 

are random variables; and thus E is also a random variable. 

The average and standard deviation of E were approximated numerically 

using a simple "point estimate method" (Ref. 28). Estimates were made 

numerically to avoid the erroneous effect of negative strain values that can 

occur for cases where 0df is close to edt when using an analytical 

approximation such as a Taylor series expansion (Ref. 23; where negative 

strain values do not occur results with Taylor series expansion are similar, 

e.g., they were identical in the case of Ref. 23, results.) Specifically, 

the expected value or average strain, E[E], and standard deviation, SD[E] 

(the square root of the variance), shown in Table C-1 were computed by: 

where: 

E++ = (1 - 0df+) ~ 0 

°dt+ 

0-1 

(0.2) 

(0.3) 

(0.4) 

(0.5) 
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g-- = (1 - rdf -) ~ 0 
rdt -

r + = 
df E[r

df
] + SD[rdf ] 

r
df

- = E[rdf ] - SD[rdf ] 

r + = 
dt EUdt] + SD[rdt ] 

r - = dt E[rdt ] - SD[rdt ] 

r = correlation coefficient between r df and r dt 

(D.6) 

(D.7) 

(D.8) 

(D.9) 

(D.lO) 

(D.11) 

(D.12) 

Whenever a strain component of E[E] in Equation D.2 was computed as less 
r than zero it was set equal to zero. All E[rdfL SD[rdfL E[rdtL SD[ dt] 

values, obtained by analysis of available data, are given in Table C-1. 

The value of r (the correlation coefficient between r
dt 

and r
df

) was 

assumed as 0.9 for all cases--based on re-analysis of published (Ref. 16) 

APSC laboratory thaw strain data. In our re-analysis of that data r was 

found to vary from 0.81 for silts to 0.98 for clean sands, with an average 

of 0.9 for all soils tested. 

We consider the preceeding approach to estimating thaw strains superior to 

regression analysis approaches (Ref. 16) because (1) it is based on a 

D-2 
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fu ndamental physical relation sh ip (not s imply a stati stical one as are 

regression curves), (2) it does not require as many (often questionable) 

statistical assumptions, and (3) it can fit the (laboratory) data "better" 

than regression curves, particularly at high (near 100%) and low (near 0%) 

strains. 

D-3 
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APPENDIX E 

THAW SETTLEMENT ESTIMATING PROCEDURES 

Thaw settlement, TS, can be estimated from the general symbolic 

relationship: 

TS = 'I'(E~, L~, k~, C~, Z~, 0, T, I, t, etc.) (E.1) 

where: 

'1'(0) = thermal model of the physics of heat transfer in thawing and 

freezing soils, needing "(0)" as input 

E~ = thaw strain potential e: of each of ~ homogeneous soil layers 

L~ = latent heat L of each of ~ homogeneous soil layers 

k~ = thermal conductivity k of each of ~ homogeneous soil layers 

C~ = specific heat C of each of ~ homogeneous soil layers 

Z~ = volumetric extent of each of ~ homogeneous soil layers 

o = thermal design configuration and details 

T = thermal loads (at all boundaries) 

= initial temperature conditions 

t = time 

etc. = all other factors including convection effects 

TS can be characterized as a random variable with estimates of expected 

value or mean, E[TS], and standard deviation, SD[TS]. In particular, if, 

for illustration, the uncertainty in TS is assumed to come only from thaw 

strain, then for a three layer soil profile (~=3), E[TS] and SD[TS] can be 

estimated by: 

(E.2) 

(E.3) 

E-1 



r3/d53 

8 

where: = 118 l: '1'.2 
I 

i=l 

+ 
e~ = E[e~] + SD[e~], ~ = 1,2,3 

e~ = E[e~] - SD[e~L ~ = 1, 2, 3 

with E[e] and SD[e] estimated as discussed in Appendix D. 

(E.4) 

(E.5) 

(E.6) 

An example set of thaw settlement (TS) estimates (average E[TS] and 

standard deviation SD[TS]) are given in Figure E-l. Estimates are for an 

assumed thermal design ("3") In the terrain unit Fpb-c/Fpb-r 

(fine-grained over coarse-grained braided floodplain deposits). Thaw 

settlement estimates are given as a function of the average depth (D) of 

Fpb-c for a range (0, 1, 1 and 2 feet) of standard deviations of depth , 

SD[D]. Therefore, this one chart provides thaw settlement estimates for 

all cover depths of Fpb-c over Fpb-r and would be applicable to all 

occurrences of Fpb-c/Fpb-r (in PSP=I B) where the same illustrative 

thermal design and thermal load is contemplated. 

Figure E-1 shows that estimated thaw settlement, TS, increases with Fpb-c 

(silt) thickness (D), as could be expected. All thaw settlement estimates 

use the thermal properties appropriate for the hypothetical "Design Mode 

3" shown in the drawing. The lower, heavy lines plot the expected value 

of thaw settlement, E[TS], vs. 0, the average depth of silty landform 

Fpb-c (which overlies landform Fpb-r) for four values of the standard 

deviation of D, SD[D]: 0, 1, 1 and 2 feet. E[TS] increases from a 

minimum of about 0.23 feet for no Fpb-c or zero silt (all thaw settlement 

being due to thaw in the gravel, Fpb- r) to about 0.61 feet for Fpb-c 

thicknesses greater than about 1.8 feet (all settlement being due to thaw 

in the Fpb-c silt, the Fpb-r remaining frozen). 

E-2 
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The upper, lighter solid lines plot E[TS]+SD[TS] vs. D; SD[TS] is the 

standard deviation of thaw settlement. For D greater than 1.8 feet 
" 

E[TS]+SD[TS] is the same for all plotted values of SD[D] (0, t, 1, 2). 

For 5 less than or equal to 1.8 feet only SD[D]=O and SD[D]=t are 

appl icable; they give different E [TS] +S D [TS] estimates, as plotted. 

The middle, dashed line is for comparison: it represents the results of a 

deterministic anaysis using average properties. It plots E[TS] as if there 

was no uncertainity or variability in Fpb-c or Fpb-r thaw strain potentials 

(i.e., it assumes SD[e]=O in the foundation soil) or depth (i.e., it 

assumes SD[D] = 0). For this (impossible) situation SD[TS] = 0 so E[TS] 

and E[TS] + SD[TS] coincide. 

These results suggest that for any candidate design In any terrain 

unit/physiographic province along the Dalton Highway route (as identified 

in the Route Sheets of Appendix A) thaw settlement could be estimated by 

simply reading-off E[TS] or E[TS]+SD[TS] from charts such as Figure 

E-l. 

E-3 
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APPENDIX F 

SEGMENT/SITE - SPECIFIC UPDATING 

MATHEMATICAL (FORMAL) PROCEDURES 

This appendix presents and develops concepts and formal mathematical 

procedures of geotechnical updating for route characterizations (Refs. 22, 

25, 27, 28). Updating can be approached either formally (as discussed 

here) or informally, the traditional approach. The basic difference 

between the two is that a formal method uses an explicitly defined 

quantitative model to help focus, guide and enhance judgement, and 

intuition, whereas informal methods are fundamentally more qualitative. 

Which method is "most appropriate" depends on the needs, goals, and 

limitations of the specific application and the quality of the methods. 

Informal methods will not be discussed here. 

For any segment to be updated the landform profile is identified and a soil 

profile defined. Then soil property parameters for each stratum of the 

soil profile are updated using available sample data and statistically 

characterized landform prior information. Soil profiles should be 

discretized or standardized to eliminate any practically significant depth or 

lateral dependence of soil property parameters so that each stratum is 

reasonably statistically homogeneous. Soil profile development can be an 

iterative process with successive refinement of the soil profile geometry 

and parameter estimates. The segment/site soil profile is developed so 

that for each stratum all pertinent geotechnical property statistical 

parameters are characterized by an updated estimate of their mean and 

variance or standard deviation. Numerical examples of this updating 

approach can be found in Refs. 23,25 and 27. 

F.1 PROBABILISTIC (BAYESIAN) UPDATING: MATHEMATICAL 

PROCEDURES 

Bayesian updating techniques can provide a rational and systematic basis 

for combining landform data obtained form different scales and locations 

F -1 
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(geographic updating) or additional, subject/ site- specific data 

(informational updating). They require that the variability in the 

property (s) of interest, X (material and/or geometric), be describable by 

a known probability density function, PDF [X] , having, in general, 

uncertain statistical parameters, 8, described by PDF[8]. 

Subject/site-specific estimates of 8, 8(SJ, are made using prior data and 

available subject/site-specific sample data with Bayes' Theorem to make 

posterior, updated estimates of of 8(S), 8(S)" as follows: Subject/site 

specific parameters 8(S) are random variables (in the Bayesian sense) 

having prior distributions PDF[8(S)]' based on available prior data. 

Subject/site-specific sample data on property X, xes), are summarized by 

a sample likelihood function, L[8(S)/x(S)], which gives the relative 

likelihoods of the uncertain values of 8(S) given xeS). If xeS) is 

composed of n random observations of X, following a PDF having 

parameters 8(S), then the sample likelihood function becomes: 

L[8(S)/x(S)] = II PDF[x j (S)/8(S)] 

j = 1, n 

(F. 1 ) 

Then, using Bayes' Theorem, the posterior, updated PDF of 8(S), 

PDF[8(S)]", is equal to the product of the prior PDF, PDF[8(S)]', and 

the sample likelihood function, L[8(S)/x(S)], normalized by a constant to 

ensure that PDF[8(S)]" integrates to unity: 

PDF[8(S)]" = L[8(S)/x (S) ]oPDF[8(S)]' (F.2) 
fL[8(S)/x(S)] oPDF[8(S) ]'od8 

In all cases PDF[8(S)]" can be used to calculate the updated estimate of 

the mean and standard deviation of the marginal distributions of 8(S) for 

each parameter of PDF [X] : 

E[8(S)]" = f8(S)oPDF[8(S)]"od8(S) (F.3) 

F-2 
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Var [9(S)]" " J9(S)2 oPDF [9(S)) "od9(S) - E[9(S)) ,,2 (F .4) 

1 

SD[9(S)]" = (Var[9(S)]")2 (F.5) 

If the prior distribution of 9(S) and the sample-likelihood function are 

conjugate pairs, posterior distribution of 9(S) are of the same mathematical 

form as the prior; then, the mean or expected value, E[9(S)]", and 

variance, Var[9(S)]", are simply related to the parameters of the prior 

distribution. Justification for using conjugate pairs can be based on 

physical reasoning, empirical evidence or solely on mathematical 

conven ience and simplicity (unless they are not compatible with available 

evidence) . Where conjugate pairs are not appropriate, E[9(S)]" and 

SD[9(S)] " can be obtained using Equations F.1 through F.5, for any 

PDF[e(S)], or L[9(S)!x(S)]. 

Table F-1 presents the pertinent mathematics of two conjugate pair PDF 

models that are particularly useful for site characterization: (1) a normal 

probability model and (2) a binomial model (Refs. 22, 25, 27). 

1. Observed PDF[X]s for soil density, moisture content, shear 

strength parameters, and compressibility parameters tend to 

follow bell-shaped Beta distributions. The central portions of 

the Beta distributions can be described by normal and 

lognormal or inverse lognormal distributions (by simple 

logarithmic transformations the latter two distributions can be 

transformed into normal distributions). Thus, practical 

updating of bell shaped distributions of any property X 

(subsequent to suitable transformation if necessary) can be 

done assuming PDF [X] is normal (defiend by the two 

parameters mean of X, X, and standard deviation of X, 0) and 

using the normal PDF model updating equations presented in 

Table F-1. 

2. The soil property parameter of interest in grain size 

cha racterizations is common Iy associated with the proportion, 

F-3 
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u, compared to a critical value, U, of a soil which is finer 

than a specified grain size (gravel, sand, silt, clay, or any 

particular grain size fraction). The probability of the 

number, Z, of fundamentally sized, effectively homogeneous 

soil volumes composing a site (or stratum) of volume V and 

having u < U can be modelled by the binomial distribution. 

The number of effective soil volumes comprising V is the 

effective number of trials, 1], so that Q, the estimated 

probability that u U in any effective soil volume can be 

estimated using the binomial PDF model updating equations 

presented in Table F-l. Updating parameters can use the 

more general (but more numerically cumbersome) Equations 

F.l, F.2, F.3 and F.4 directly if the normal or binomial 

conjugate models in Table F-l are not appropriate. I n all 

cases, proper use of these techniques requires judgment and 

understanding of their application-specific limitation. 

WEIGHTING OF LANDFORM PRIOR DATA--In the mathematics of the 

updating presented in Table F-l prior site information on property X is 

based on (1) aggregating available X data (on a landform basis) into a set 

of landform sample statistics and (2) weighting these by a numerical factor 

n', which represents a prior sample size; n' is proportional to the 

relevance of the landform statistics to site characterization of property X. 

These are combined, through updating (using Bayes' Theorem), with 

site-specific sample statistics weighted by the available site sample n. 

This aggregating and weighing approach to using priors is compatible with 

data bases formed by combining useful results from all available site 

exploration programs where the quality, quantity, detail, and geographic 

extent of the exploration programs may be quite diverse. I n general, n' 

is dependent on site size, landform geological characteristics, and the 

quality, quantity, and statistical uncertainity of available prior data; 

establishing suitable values for n' requires both analysis and geotechnical 

judgment. 

F-4 
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As an inspection of the equations in Table F-1 - suggest, if prior 

information, measured by n', is adequate, estimates of 9(S) can be made 

with any amount of site-specific data (n)--including no data (n=O). 

However, uncertainity in all estimates, measured by Var[9(S)]", decreases 

with increasing site-specific data (increasing n). In all cases, as n 

increases the influence and importance of landform prior information on the 

estimates 9(S)" decreases. 

Bayesian updating can be used for sites where landform prior information 

must be evaluated on a site-specific basis. Site-specific priors may be 

necessary where (1) available numerical data are inadequate (e.g., because 

of limited subsurface exploration or testing of previous sites In the 

landform) to be of practical value in estimating landform prior parameters 

by mathematical analysis (particularly as concerns variability between 

sites) or (2) geotechnically, site conditions are qualitatively different from 

available landform prior data. In practice, evaluating site-specific priors 

necessarily required geotechnical knowledge, experience and judgement; it 

can encompass analysis and synthesis of all available prior data (qualitative 

and qua ntitative) with specific relevance to the pa rticu la r site in question, 

including geotechnical details of the exploration and testing programs and 

landform and site geological characteristics. Because of the complexities 

involved, prior data can be usefully evaluated and summarized in various 

ways, depending on practical needs and constraints (Refs. 22, 24, 27 and 

28) . 

F.2 UPDATING FROZEN DRY DENSITY (Odf), THAW STRAIN 

POTENTIAL (E), AND THAW SETTLEMENT (TS) 

The estimates of 0df and e = f(odf) given in Table C-1 are landform and 

landform/region (PSP) statistics. We judge the effective sample size of 

these 0df statistics to be about 15; therefore, for informational updating, 

where new landform information of sample weight n is added to the 

statistics of Table C-1, we recommend a prior weight for these statistics of 

n'=15. Where Table C-l landform/PSP statistics are used as prior 

F-5 
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information for geographical updating with segment-specific data, we judge 

the prior effective sample size to be about n'=15 for standard deviation or 

variance (Equation 1.3,1.4 and 1.5 in Table F-l) statistical parameter 

estimates but n'=6 for statistical estimates of the mean (Equation 1.1 and 

1.2 in Table F-l). 

Updating with segment-specific data must consider autocorrelation effects. 

Updating cannot generally reduce uncertainity from inherent spatial 

variability (unless trend surfaces are used, e.g., Refs. 4, 28), but will 

decrease statistical uncertainty. However, due to spatial autocorrelation, 

the information content applicable to a given segment will be less for 

closely-spaced samples than for widely-spaced samples. Although 

mathematical techniques are available for dealing with these effects (e.g., 

Ref. 28), a judgement-based site-specific approach is recommended for 

most cases at this time. As some rough, tentative guidelines: (1) the 

effective sample size (n) for any borehole should not exceed about 1 per 5 

feet in the same stratum, and (2) the effective sample size for borehole 

clusters (3 or more boreholes all within 100 feet of each other and not 

being used to sub-segment) should not exceed about 2 per cluster for 

segments longer than roughly 500 feet. 

To be most appropriate, formal updating should be done on 0df statistics 

and then the effect of updating 0df propogated through to E and TS by 

calculating updated estimates, using the techniques of Appendices D and 

E. 

F-6 



Assumed Soil Propety PDF Hodel 
and Uncertain Parameters of Hodel 

NORMAL With uncertain parameters. 
mean, X, and standard deviation, 
0, of property X 

PDF(X)= _1_ expI-U!::!)2) 
12110 a 

BINOMIAL With uncertain parameter. 
the probability, Q, property u is 
below a critical value U 

TABLE F-l 

UPDATING EQUATIONS FOR SOIL PROPERTY PARAMETER ESTIMATING 

Prior and 
Posterior PDF of Parameters 

STUDENT, INVERTEO-GAHMA-2 
in-i 

PDF(X)=I(n-l) 0 rln/2) 
111 s/ln rlin-ll 

·In-l+no(x-x)2/s 2J- inl 

21in_ilin-i 82 in 
PDF(O)=lsorlln_U 0 laz) 

oexpl-iln-lls2/02 )1 

PDF~:x=i·,s2=s·2,n=n· 

s"2=(n-l)·s(s)2+In'-1)·s(Lf)2 

+non' Ix( If)-xlS))2 /n"] 

In'+o-l) 

BETA 
r(a+1l ) 

PDF(Q)= rla).rlP) 

a=n'oQILf)+noQIS)+l 

ll=n'·(l-QILf))+o·ll-QIS))+l 

Updated Estimates of Hean and 
Variance of Parameters for Site 

E(X(S))";x"- n'ox(Lfl+nox(s) 
n' .. n 

Varlx(s))"; s" 20l n '+n_l) 
(n'+n)0(n'+n-3) 

Elo(S))";;S"
2 0l n'+n-ll.rl(n'+n-2)/2) 

2 rl(n'+n-l)/2) 

\ 

n'oQILfl+n·QIS)+1 
0'+n+2 

varIQ(S))"=EIQ(S))·o[l-EIQIS))") 
0'+0+3 

sample mean aod variance of 
landform lor any) prior 

(Lf) identifies information from landform (or any) prior 
lSI identifies site-specific information 

U.l ) 

(1.2) 

(l.ll 

(1.4) 

(I.5) 

(11.1) 

(II.2) 

x(Lf) ,S(Lf)2 

xIs) ,s(S)2 
Q(LF) 

sample mean and variance of site 
Estimated probability u<U based 
on landform data 

n' laodform lor any) prior sample weight/ 0 ; site sample weight 
0" = 0'+0 ; posterior sample weight 

QIS) Estimated probability u<U based on site data 


