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 state and frost
classification for the soil types, and calculates thaw strain and
settlement potential due to permafrost degradation.

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
settlement if thawed. Only a few short sections of river 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 degradation of the permafrost foundation soils provided the
thickness of gravel embankment is sufficient to prevent thawing 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



DALTON HIGHWAY::
CHARACTERIZATION OF FOUNDATION SOILS

FINAL REPORT

BY

C.L. Vita, J.W. Rooney, C.H. Riddle
and L.J. Acomb

ReM CONSULTANTS, INC.
5024 Cordova Street
Anchorage, Alaska 99503

September 1984
for
STATE OF ALLASKA
DEPARTMENT OF TRANSPORTATION AND PUBLIC FACILITIES
Division of Planning and Programming
Research Section
2301 Peger Road
Fairbanks, Alaska 99701

The contents of this report reflect the views of the authors who are
responsible for the facts and accuracy of the data presented herein. The
contents do not necessarily reflect the official views or policies of the
Alaska Department of Transportation and Public Facilities. This report
does not constitute a standard, specification or regulation.



r3/d2

1.0

2.0

3.0

DALTON HIGHWAY:

CHARACTERIZATION OF FOUNDATION SOILS

TABLE OF CONTENTS

INTRODUCTION

ROUTE CHARACTERIZATION METHODOLOGY

2.1 Landform Profile Mapping of the Route
2.2 Landform Statistical Characterization
2.2.1 Geographic Scales
2.2.2 Geographic Updating
2.3 Segment-By-Segment Soil Profile Development
2.3.1 Soil Profile Segmenting
2.3.2 Updating of Soil Profiles
2.3.3 Limitation on Interpretations
2.4 Method Application to Dalton Highway

ROUTE SHEET DEVELOPMENT

- 3.1 Map Base

4.0

5.0

3.2 Dalton Highway Location

3.3 Data Bands

Segment Number
Terrain Unit

Soil Type

Thermal State

Frost Classification
Thaw Strain Potentiai
Comments

LWLWwLLWLWwW
WWwWwwwwow
~NO WU AWK =

DALTON HIGHWAY ROUTE DESCRIPTION

4.1 General Geology and Soils
4.1.1 Interior Province
4.1.2  Arctic Mountains Province
4.1.3 Arctic Coastal Plain Province

4.2 Road Conditions
4.2.1 Alignment
4.2.2 Embankment
4.2.3 Significant Erosion

4.2.4 Performance

2.
2.
2.

REFERENCES

PAGE

OO~~~y UL w

—
o

S O S Sy S S S S
UM PERWN= == OO0

16



r3/d3

APPENDIX A

APPENDIX B

APPENDIX C

APPENDIX D

APPENDIX E

APPENDIX F

APPENDICIES
Route Sheets
CRREL Road Test Sites-.Location and Data Summary
Assessment of Potential Foundation Soil Performance
Thaw Strain Estimating Procedures
Thaw Settlement Estimating Procedures

Segment/Site-Specific Updating Equations



r3/d4

FIGURE NO.

Figure 4-1
Figure B-1

Figure E-1

TABLE NO.

Table 4-1

Table B-1

Table C-1

Table C-2

Table C-3

Table F-1

LIST OF FIGURES

Physiographic Provinces of Alaska
Locations of CRREL Road Test Sites

Terrain Unit Thaw Settiement Chart

LIST OF TABLES

Physiographic Province and
Subprovince Divisions

CRREL Road Test Sites - Location
and Data Summary

Estimated Statistical Parameters
for Route Landforms by Physio-
graphic Subprovince

Dalton Highway Soil-Type Landform
Characterization

Basic Soil Type, Grain Size and Thawed
Dry Density Characteristics
Updating Equations for Soil Prope}'ty

Parameter Estimating

PAGE

26
B-1
E-4

PAGE
27
B-2

C-11 & C-12

C-13 & C-14

C-15

F-7



r3/d5

DALTON HIGHWAY:
CHARACTERIZATION OF FOUNDATION SOILS

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 geotechnicai charécterization 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 our effort to fulfill this 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 embankment 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
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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. In addition to the above, we have:

- Presented mathematical. techniques for updating the
characterization presented here with available, subsequent

segment-specific data;

- 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.
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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 characteristic surface features {such
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 are all examples of landforms. Each have characteristic 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 and broad distributions with variable or "heterogeneous”
properties. A given landform can have either homogeneous or
heterogeneous properties, or both. For example, sand dunes are

relatively homogeneous in most properties, and landforms composed of
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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 landferm 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 vclume (site size)

depending on the degree of spatial autocorrelation of the property.

Because geotechnical conditions in the arctic and subarctic are complex
and highly variable, it is impractical to characterize soil conditions with
certainty along an entire alignment. Therefore, geotechnical evaluations
must be done with limited field data. Landform-based procedures provide
a rational approach for making meaningful predictions where site-specific
subsurface data are sparse or nonexistent. These procedures involve the

following actions:

(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, landform property distributions are scale and location
dependent. 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_.
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2.2.2

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).

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
fon site-specific occurrences of the landform. This prior data can be
uséd with site-specific sample data to calculate posterior, updated
estimates of the parameters of the property distributioﬁs 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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2.3

2.3.1

becomes available, each scale can itself be informationally updated to

reflect the new data.
SEGMENT-BY-SEGMENT SOIL PROFILE DEVELOPMENT
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

structures of concern.

Segment-specific soil profile development starts 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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2.3.2

2.3.3

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.
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.
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 characteristic landform stratigraphy and 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 geclogy 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 geolegical 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 dgfined in exploration or analysis such that critical
geotechnical details may go undetected or be inadequately interpreted

and eventually results in unsatisfactory performance. Careful

-8-
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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.1 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.
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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 1 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 1T 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. Sources for completing the highway Ilocation 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 drawings.

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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3.3.3

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.
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 scil types is important; a horizontal bar
indicates wvertically distinct scils 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

SILT (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-



r3/d1

3.3.4

7

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.
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.

-13-
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3.3.5

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 sysfem 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.
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.
Percentage
Frost finer than Typical soil types
group 0.02mm, under Unified Soil
Number Soil Type by weight Classification System
Non-frost
suseptible (NFS) ‘3 GW,GP,SW,SP
F1 Gravelly soils 3tc 10 GW,GP,GW-GM,GP-GM
F2 (a) Gravelly soils 10 to 20 GM,GW-GM, GP-GM
(b) Sands 3to 15 SW,SP,SM, SW-SM, SP-SM
F3 (a) Gravelly soils 20 GM,GC
(b) Sands, except
very fine silty
sands *15 SM, SC
(c) Clays, PI 12 - CL,CH
F4 (a) All silts - ML, MH
(b) Very fine silty
sands 15 SM
(c) Clays, Pl %12 - CL,CL-ML
(d) Varved clays and - ClL and ML
fine-grained CL,ML, and SM;
banded sediments CL,CH, and ML;

CL,CH,ML, and SM

-14-
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3.3.6

3.3.7

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

classification.
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 calcutated thaw strain potentials:

THAW STRAIN POTENTIAL CLASSIFICATION STRAIN VALUES

LOW “10%
MODERATE 10-25%
HIGH ’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.

-15-
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4.0 DALTON HIGHWAY ROUTE DESCRIPTION

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 Index of Route Sheets.

4.1 GENERAL GEOLOGY AND SOILS

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 Hess 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.

Solifluction features are locally well developed., Segregated ice is

-16-
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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 are few and very small. Rock glaciers, solifluction 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

-17-
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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 near Atigun Pass, intermittent streams flow through

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 l|imited 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.
lce wedges, polygonal ground, and other permafrost features are

present throughout.

The Arctic Foothills are composed 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
geologic past, leaving a uniform, rather featureless plain 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. |t 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 socil. The
environmental concerns associated with shallow lakes has resulted in
the attempt to avoid these features during 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 1968 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 various.governmental agencies prior to beginning construction.

Areas presenting more difficult roadway alignment concerns
included:
LOCATION MILEPOSTS CONCERN

South of Erickson Creek 9.5 -1 Ice rich soils and
sidehill grade

South of Hess Creek 20 - 23.5 Massive ice and sidehill
grade

South of Sukakpak Mtn. 197.8 - 204.7 Massive ice, pingos,
taliks and cross-drainage

North of Dietrich Airport 211.8 - 221.8 Massive ice (except at
granular alluvial fans)
and sidehill embankment

Chandalar Shelf 238 - 239 Sidehill, steeper grade
in frozen ground

Atigun Pass 245 - 248 Steeper grades, sidehili,
some unstable side slopes

North of Galbraith Lake 272.4 - 310.5 Massive ice and some
sidehill embankment

North of Pump Station 3 314.9 - 317.5 Massive ice

North. of Pump Station 3 319.2 - 321.0 Massive ice

Happy Valley Cut 326.5 Throughcut in ice rich
material with massive
ice

Happy Valley 326.5 - 340.2 Massive ice

Sagwon 349.3 - 353 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 embankment and or structural 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 embankment or structural
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

Embankment 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 resulfted 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 embankment 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 isclated
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

In 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 draingages. Significant gulley erosion occurred along
certain segments of the road where concentrated drainage at culvert
locations induced rapid thaw and carried away large quantities of
materiai. Control measures typically included use of geofabrics,
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

This study addresses only the characteristics of the natural
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 directly relate roadway surface deficiencies to the cause 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.

In 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.

-25-



Barrow BEAUFORT SEA

CHUKCH]I SEA

BERING SEA

PACIFIC OCEAN

g‘g. » - p'.‘
- &

Figure 4~1. PHYSIOGRAPHIC PROVINCES OF ALASKA
(from Wahrhaftig, 1965)

DALTON HIGHWAY

"
f?wn / OEP ] EBS! M SYATH OF ALASKA ( FB. )
. SEFARTMENT OF TRANSPORTATION
cko JCHR R&EM CONSULTANTS, INC. I;ALTON HIGHWAY: s
LT LT ) ] {-T9.1. 11 } .4 -y - VO -
DATE. SEPT 1984 CHARACTERIZATION OF FOUNDATION SOILS PROJNO451099
SCALE NTS | owe.no J




r3/d30

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
1 ARCTIC COASTAL PLAIN PROV. 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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relransported teposit fans {Fsl) whith are also composed of sk and
sand

Deposns lad down by a river or stream and llooded duting penods of
tughest waler in the present stream regimen [t 18 composed of two
majer wypes of attuwium 1) Fp-r, generally granular siverbed Llateral
accre1son) deposis ang 7} Fp-c, generally fine-gramed cover {vertcal
accretion) deposits ad down above the niverbed deposits by sireams at
bank overllow {llood) stages Fp-¢ 0 Some tases can be furthet
subdrvided into point bar deposis (Fp-cpl which are aid down on the
msde of meander loops duning floods which are lower than bank
overfiow stage They are intermediate in soil texiure between covet
{Fp-¢) and ] tFp-n

Deposits of & stream or niver with b

Fpm — Meander

Fpa —

Foc —

Fos —

Fp1

Fs —

Fsf — Retransported

of coarse-graned ailuwum lllhough modihers
“.e” and “-r” are used as abeve under Fp These deposns are formed by
streams thit have 8 low flow 10 reiation 10 thew high sediment joad

Deposis of & siream pt mm with bvoad 5- sh.peﬂ channels that ave no1

Abandoned
Floodplen

“Creek” or
Small Weter-

course Flood-

plain

Sandy
Floogplam:

- Old Terrace

braided K s "-¢”. "-cp’ and "™ are used as sbove
under Fp.

An older, frozen porticn of a floodpiain with & sutface layer of Ke-rch
“lowland ™ loess lnd fina-graned slluvium up 1o 1en feet thick over

p-1) has and stunted spruce
vegeullun and 15 nsed only a5 Fpa-c over Fp-t.

Poorty soried fine- 10 coprse-grained Huv:at deposits Ind down in narrow
uptand valteys. May include retransporied colluvivm.

A lloodplain composed of generally $illy cover deposits (Fps-c) over
sandy tFps-n g Istile or no gravel

An oid, dissected oodpiain surface no longer floeded Only the older

deposns, are ncluded n ths unil. Recent terrate and dissethion
remiants whose materiats are ¢ ng are
snarcated by the surface phase symbol lfll

Deposits

Deposit Fan

fing-graned, organc fich matenals moved downslope by
slopewash. solifluciion and pping This | -1 15 generatly frozen and
commonly :omzms Massive e

A gently s1upmg cone of retransporied depusas lFsl lormed where
confined chanhels emerge onto & level plan of valley Commonty
includes aliuwa! 1sn matenast

10 change the character of the fluwal .

Fsa  Sanov
RAetransporied
Deposty

Fss - Silyy
Retransporied
Deposits -

UNDIFFERENTIATED
GLACIAL

AND NON-GLATIAL
GRANULAR DEPOSITS. FG

GLACIAL DEPOSITS. G:

Gg — Glaceer

Gpm — lee-cored
Glacial
Morane

G1 — Tl Sheet
Gtd  Deumbins

Gio — Dider Tl

Giy — Younger Tut

GLACIOFLUVIAL
DEPOSITS, GF:

GFo — Ourwash
GFe — Esker Deposits

GFk — Kame Deposits.

MAN-MADE DEPOSITS, H:

He — Cut or Excavation

Wi — Fill and
Embankments

— Mane Tatings
Hw — Witet o kce

Reiransporied depotns derived from uplands composed of dune sand
Generatly Iing giamed froren ang ice-rich Matensis iave bren moved
sownslope by siopewash, sohli ary pping C Iy sncluties
organic matenal and eohan sand

Retransporied deposns devrved Trom loess mantied hully Thas deposit s
genetally frgzen ana s composed ot tine grained sce.rich seciments
wruch are commonly orgamic Maienais have bern moved downsiope by
slopewash soliftuction and pipng U1 wed Lovss (Eluicannot always
be dstnguished trom Silty 1F58) ugeng purpt
analysis ang bonng da1a alone There!ove the Fss uritcan contawn some
Ioess especialiy 1n the ifansihon zone on Yl siopes between Elu and
Fss

This unit may be used when it 15 difficul to dishnguish between the

granular found on 1) glacial {Fp) and alluviat
{ans (Fig)iang 21 glacral (GFo) Inproglaciat 1areas
beyond. but adjacent 1o the l-m-ls of g gacrotivnal

grade LR i

Deposns lormed :n duect contact wrth glaciat ce
Body of Ilowing e
A 1 ac ! of ull and e by

along the margins and in the termmal zones of modern glaciers These

mptaines commonly gxhibit Sieep stopes coltapse |ea|u«=s and h.gr.
msiabiny

9 mamly of recr snow

A heterogeneous deposit 131d down by glacual «e and composed of
matenals varying from clay 1o boulders

T:# deposited i low [inest 1idges by 1" 1iow of glacial e

Retatvely alder 1! sheets wirh subGus ¢t mora:ne morphology and more
advanced basin filings May have hglwr ground ice content than
younget 1l sheets

Relatively younger 1l SHERTS COMMGrin «<2IMDIING More pronoused
moraine 1opography and less integrate i age nelwork than older 1l
sheels )

Deposits 12 down by Sireams flowing on under or hipm glaceers

. Relatwely level fioodplain of a sueam Hiownng from 3 glacier

Long rrdges ol g s act di formed by as they
flow on of under & glacrer -

Hills and masses of granutar ice-comact deposns formed by streams as
they flow on ar under 2 glacer

Deposis or surface modsfications. resulting from human aciwity [such as
Consttucton and mimng)

Not usedinmapping This des:gnanon may be usedfor the estmared sosl

column not sampled 1n bortngs 1hat are dulied 1n Culs or excavations.
rather than on aatural terran

Road and foundation embankments. dikes and ather arnhicial earth s

.
Coarse 10 ing-gramed deposns resulting from placer mining actoaives

Not used iz mapping This desighation may be used for pornons. of
botings drited 1hrough sireams or takes or on ice Not used for buried
Massive e 20nes winch are mcluded n the landiorm types m which
1hey ocour -

LACUSTRINE DEPOSITS. L

Lt — Thaw Basins and
Thaw Lakes

MARINE DEPOSITS. M.

Mc — Coastat Plan
Drposits

ORGANIC DEFPOSITS. O:

UNKNOWN ORIGIN ¥

Generally iy grasned matenials iad gown in lakes

Generally lune graned organi 1gh gepoils in Tahes 27 Hepres s -
formed by thawsng of greund e

Materals 1200 dowh under an ocean and slong 11s coasts
Deposits of gravel and sand with varying amounts of silt law Bown on a
gently sloping surface 1hat was lormesly submerged beneath an ocean

Deposits of predominaniy organic matenal such as pr a1 bogs a0d fers,

Complex or burw:

posts lor wheh ansullicient informanon o5
availabie 10 allow !

SRl < g

TERRAIN UNIT SYMBOLS

Terrain unit 5ymbols appear as vanous comb-natony of indivdual 1andlorm types,

Surface phases are uSed INIEIEAM LA SYEMBUIS 10 INAICaTe Surl ate CONTHIONS that do not ssgnihicantly atfect
sort pwoerhes at depth For example. such surface conditrons may intlutle dshinclive WooGt Aphy of

microledures of hneaments eic Because these types of Surface-

ditferences generally do not refiect aifferem sois they are 1ol ranked al the $ame leve! as lardtorm iypesor
tertan unils but are trealed as subordinate phases ol landglorms Surface phases may alfect soil thermal
staie pr.ice conlent They are Symbolized with lower case letlers 1n patentheses after 1he teiran unt
symbols describing e deposns beneath the-surface For example the symbo! Fig tiindicates that the map
unit 15 & tissected 2lluvial-1an surface that 1S no ronger active The undetlying deposi 1s coarse-grames

altywium

The followng surtace phases are currently used

L] Yoauivg Tettaces of

Dirusecisd Remnants

ik} =  Prernairost Motidien

Hloodplan

Hay — Aulers Zone
igml — Moraine

G- Gt
Bx

GFori

c-Go

c_. Bx
Bx

Fig 1
Fp

By

Former ticodplan or afluvial fan surisces thar are no fongee
actively tiooded Terrace deposas inihis phase are not syymificamty
weathered {see landtorm type Fpi for olider. weathered tefraces)

A hummocky ! p surlace
and or thawng of permalrost

¥ by the formation

Filoodplain ate.as aflecied by the foremairon of surlace sce by e
ireesing of <uvi vosive sheets of water emerging teom $prangs and
St eams

Irreguiar  tri aphy of discomnubus ridges. «nolls  pnd
hummocks sut o ndimg Closed depressions on 1l sheets

Tl sheet and tll shew over bedrock
Floodplain over glacisfluwvial or 1acusirne deposis
Colluviurm and queshonable ull sheet

Col and sohftue over

bedrock

gled with greas of residual soil (Ba-r}

Coll over bedrock inte
over bedrock .

Dissecied 1ersace remnant of an atiuwal fan

Floodplan

{Fp when used as 3 tere3in unit 18 equivalent 1o Fp.c- Fp.1.of the Fp-e
component s absent framthe floodplain_ asina rverbed. Fp-t 18 used for
the tertaws unn )

Bedrock

(Bx when used as » terrawn unil includes all Br-r. Bx-w and Ba-u
components. nceuriing as Br.e 8- w Bx-up

Some debinmons alter Amencan Geological Instnute 1972 Giossary of Geoloyy 805 p ~

Portions ol ths explanalion were prepared by Raymeng A Kee g and ASsociates Inc | Anchoraye. Alaska
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SEGMENT NUMBER
) Elx : '
TERRAIN UNIT - Elx Fs Elx + 2% Bx-w+Bx Elx |\ | Fs [ -
SOIL TYPE" _ ML - ‘ ML | — N ML
THERMAL STATE GF “Fpa or Fpt
FROST CLASSIFICATION F4 - F4 | =] Fa ‘
THAW: STRAIN POTENTIAL H _H,L . H
COMMENTS . ) ' LS 2 -
T L ICE-RICH SOQILS . T o
_ AND SIDE-HILL GRADE PHYSIOGRAPHIC SUBPROVINCE (PSP)-3C
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D AR AU At 1 R ety v sl iy e PO SIS AND PUBLIC FAGILITIES
Trans-Alaska Pipeline - - 1 0! - nu - iofluvia o 5 1 E T Ctt— — -
pr it Frozc: g: Avalanche Deposits i:& : g]l’:od;‘a:i:!luvhl Fan gio -_l(';}::::fll vial Deposits .- :‘v):it‘d Deposits (uhen C DA LTO N H I G HWAY : _—
b - ls)i:ls:;tiin::::nl;::::fmst gx - Basin Colluvium Azctic Slops }'p: - Abur::O:ed!f‘lwtliplliﬂ Gt - E;‘ 5:;:: i :seﬁdwi:hsﬂ;i (vhen used CHARACT ER IZATIO F
et g b D dresded ewipltn oSl TE i < e | AEM CONSULTANTS, INC, - N OF FOUNDATION SOILS |
: * Foderate. E:: - rlg;::nspxi:;sssnt T i::. - g::dgef::::ﬂ.“ . t?. :;25;::::5?:35;;:\; Lakes ¥ } u::;?:::cd‘?ed:::k: o i SCALE IN MILES ’ SHEET
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" SEGMENT NUMBER 2-10 2-9 | 2-8 [2-7| 2-6 2-5 |
N - |EX+EW ‘
TERRAIN UNIT - Elx. Bx Ehs__- l Fpm Elx Bx-w+Bx
‘ _ML —
SOIL TYPE o Bx-w+El —-4 sl om L
THERMAL STATE GF [ D] . - . GF_
FROST CLASSIFICATION i - | F4/F3 F4 - T = )
THAW STRAIN POTENTIAL - - .M H . H,L A
COMMENTS Kokrine- Hodzana | Rampart PSP-3B | Livengood Upland
" 4 . Highlands | Trough 21.4 MI,——MASSIVE ICE AND SIDEHILL GRADE
26.3 M1 ‘ - —b3 PSP-3C

BBBBBBBBBBB
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Dal way Ssits Bt - Allwviol F T ope T Floogpiatn DI;QI \Y/ B ]
— U2 t Coll b 1 Ff - uvia o 1 A
— Tra a Pi Ac\‘val::k:.: Dt::;:i rrrrrrrr A;;'l‘n al F fluvi. epos Depusits ™ . M b D A LT 0 N H lG H WA Y : i
Gen rozen Mudflow, - Fp - Floodplain h - ive{ 1:"'&;?6)5115 : = CHARACTERIZ O -
i us Po - heet . used ] . i < H
o s D Iajia Golluviun Trasgroin m cxidual Soil (ien weed | REM CONSULTANTS, INC. g = ATION OF FO UNDATION SOILS
- - i § hB ENSINEERAS LODISTE PLANNERS BURVEYORS -
I‘I:i; o - ?[;ij " Loess e 12::?2 :in ne its :allh y oBt :oar ALASKA SCALE IN MILES  ]Mrevision 0 . SHEETY -
o F land § d Tha solid edro v I, IDATE "
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- . . s - o = 8 M s P . - R . . - . “ . I -

SEGMENT NUMBER. . - - 3- : e : -' 3 . '
R o Readld. _Ep-r i - L : ORI - oL e L Elk By " Bx- e e Byew - . laxeEx ‘Elx? : B
¥ T_ERRA!N UNIT: = Ao Brow . Lo . Elx g ‘ T [Bew] B* ,‘-',‘*Bx Elx] . . Bx-w+Bx [ Fs . Bx w oo Lo B“Bx Fs 4+ Bx .EBI:. Fs | -2

- F ‘ WL ¥ _ : S ML - o Lo — MLl — 8- . M —_ 21
| SOIL TYPE sweb ol SWSP-EW }-GW-, GP-GW, SW, SPSM . _ , S X Wﬂ-‘s—/i L : . _ o o ML
" THERMAL STATE - |6Fpl—6A : - . . __GF__ RN R

FROST CLASSIFICATION FaJf) F1 - K F4_ S R Fa| - s Y - — : i Fq

THAW STRAIN POTENTIAL - |H/Lp|srL/H B H-. . HL | H L - [ W - HL - K H

.COMMENTS . N I T e e — - — : 7

S, . . - PSP—-3A T SR . : o | .
EXPLANATION —— -~ 7~ : S : ’ . "STATE OF ALASKA -
LEGEND . .- , TERRAIN UNIT SYMBOLS - T : PREPARED BY DEPARTMENT OF TRANSPORTATION
) .- St . L - . AND PUBLIC FACILITIES
Bx - Bedrock . F - Fluvial Deposits Fsf' - Retyonsported Deposi€ Tan 0 - Organic Deposits . -
Daiton Nighway . - |¢ - Colluvial Depotits . "Ff - Alluvial Fan § -Glatial Deposfts =" . - Finer Floodplain Cover - . DBQ?JM

- Gty oser |8 g s T e Sl At o 3 Gttt ptes - pnten S DALTON HIGHWAY:

1 IR iscontinuous Permafrost|{Cx - Basin Colluviue Arctic Slope - ndone: ain - eet T - L.osed W ! ) )

ZA- ipo“di]t; P:;usfmst Ct -Talis Huvios Reeed S.l P ::; - :::igcd :I:cl»::gup:ni g:o -;ﬁlrs!l“ﬂ: . - - Resi":iu:;hszﬂ (vhen used REM CDNBULTANTB. INC. CHARACTERIZAT|ON OF FOUNDAT|ON SOILS li

- enera sent E]l - Loess. = Heander Floodplain ~ Younger 111 -- v Bx " oo T8 SLANNERS BURVEVORS -
: - ::i,f" = - Elll-;].m'rland" ln;ss w - g:: -:nnd: F]ﬁdpl::n‘—— g"-h:n:[ri:: Dcp:s;;s L v -_Hel:t‘;lere)ﬂ or ‘l;oorkl:' Con- ) . SCALE IN MILES REVISION 0 . SHEET
- oderste A % = Frozen an . e, - srrace - R = Thaw Basins .an aw es solidated Bedrec! - ke ! L
L - low - Es - Eolian ?&L s C— E’ - ::fr:nsp:zt:d Deposits f;: -c?;stanl rimn Deposits T - Uncleirtatin‘ty - | R&M Project Number 451099 ) e s T 1 1 paTE -September 1084 : 3 o286
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. SEGMENT NUMBER. . o ) A &0

TERRAIN UNIT' . BEEENE [ Bx-wiFs - ot e _

'SOIL TYPE R N L N s - — - F SEMC | Be M- Smow M SoMmL| o M - GW-GP-GM, SW.SP5w | * |
THERMAL STATE - o - GF | S N~M. -~ D _ . ] - ~6F - I" b 1. GF D . ] : GF =
FROST CLASSIFICATION ' —TFa |- - —  [jra_ . — - - FyFapx—p| — | - - - F4 - FAF4FI Fa | Fa/FAF3 . | . - N F4 = —lFa/m

THAW STRAIN POTENTIAL . I D dwo v [ oW M 7 - M o H/M H |-wWwwm J°° .-~ -~ H o FYYTR
| COMMENTS - -~ .. T L L n e o neEL e e el LT T o - : _
: S pEPEBA. e e e '
EXPLANATION . : STATE OF ALASKA
- | e A Fustie At "

- ——— Dalton Highvay i ol et ;t < :’:'I"':l;" eriod“ ) :’f: ;f::;:; %:rm!i':’:m“ ’“2'???2:"55323’2?23'&;" Y Dyﬂ-\/ o e -
—— Trnns-Aiaska Pipaline ga -i:;ll:::;i %ifi:ﬁ: ’ }‘fg-riu::llnr Ali.“mvhl Fan GF '-Glaciofluvpio:[pepo'siu . Deposits T LI (o M DALTON HlGHw AY:
GF - Generslly Frozen . jea -~ Hudflow, . . Fp - Floodplsin - : GFo - Gutwash . £ =Riverbed Deposits (when .. . )

D - Discontinumos Peraatrest|Cx - Basln Cotluniun drctic Slopa Fpa - Mrondoncd Flootplatn & STLTTRL - L -dasiel el b ot | AEM CONSULTANTS, INC. CHARACTERIZATION OF FOUNDATION SOILS
D memeratly Mbseat Bl Lo e IR e Floo e Mveeirint Deponits e ot Poorly Come | SROMOMISTR miAnmany munvevers SCALE IN MILES REVISION SWEEY
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SEGMENT NUMBER - - - . _
i = R ' : SR S S S S Fs : Elx  EliOHq Elxi Fot | Fs [Fpi+ - {Fpa-c? o Es +EI :
SOIL TYPE R R L-Eﬁf—'—” L ML e Hﬂ% o B ML L .
THERMAL STATE. | ] GF .~ ~cea—p] dF . JofeFjof - 6F - | D ] GF
FROST CLASSIFICATION " - x T F4 . _ : - ‘- ST S Fa
" THAW STRAIN POTENTIAL E : v — H A SN N N H.
COMMENTS " - .. . . o> Tim o e : - e e :
' C PSP-3A"
° EXPLANATION - _ : . - STATE OF ALASKA
= e racranmn ey, Rt e AL
) Dalton Highusy Bx - Bedrock . F - Fluvial Deposits . Fsf « Retransported Deposit Fan O -orgml;lzdpu:l:s_c ; Dl[w - - - - - S—
——— Dalton Highw - Colluv eposits - .- uvial Fan = Glacial Deposits . - Finer ain Cover . |\ /l
— Trans-lnlash Pipeline g. -ivlnllsnt::at 'ljiel;%sii:l E ;:g -AG]rlanullllr f\nuvhl Fan g}' - éncﬁo;ﬂﬁl ;zposits €. :icposhi:sn P ;L b O . DA LTON H IG H WAY :
GF = Generally Frozen Ca - Mudflow - - Fp = Floodplain GFa - Dutwash : ¢ - Riverbed Deposits {when > - .
scont inuvous Permafros us . - ndone: ain - eet N dsed w ¥ . . -
s g;uxadlz P:rﬁnirostf * !c:: = Talus cot A‘ ! F:: - :::i:ed :li::::l::nl g:o -.:);:Ilts:‘ll‘l T . Resi‘d::;l?s«:?},(uhcn uscd R&EM CONBULTANTB. INC. CHAR ACTER IZATION OF FOUN DAT'O N SOlLs
ener. sen - - Loess - Mesnder n « Younge: X ENGINEEZRT OEOLOBISTS RLANNERES BURVEVORS -
R o~-- :ixh 211y Mpsent g:l - ["nLowland" Loess - ’ is: - :and: Fl:::;?‘:};i lc.t,- gacuszt;::lg:wstt’ ¥ - iﬂﬂ'"")d or Poorly Con- SCALE IN MILES - . REVIZION 0 SHEET .
LT R T i Depasits bt - Comeal Plain Depontts 1 ‘- tneertatnty - | RBM Project Number 451099 [ . i |PATE September 1984 5 ora26




| SEGMENT NUMBER

‘| Terran urjl'r' o

SOIL TYPE

THERMAL STATE |
FROST CLASSIFICATION
THAW STRAIN POTENTIAL
"COMMENTS -~ 0 =

EXPLANATION . . STATE OF ALASKA
LEGEND TERRAIR UNIT SYMBOLS - R IR | PREPARED BY : DEPARTMENT OF TRANSPORTATION
“1Bx - Bedrock . . - . F - Fluvial Depesits . Fsf - Retransported Deposit Fan 0 - 'Organic Deposits __AND PUBLIC FACILITIES

—— Dalton Highway € - Colluvial Deposits . Ff = Alluvial Fan : G - Glacial Deposits e = Finer Floodplain Cover - !;Qﬂ—v -
—— Trans-Alaska Pipeline [Ca - Avalanche Deposits Ffg - Granular Alluvial Fan GF ~ Glsciofluvial Deposits Deposits O D A LT o N H IG H w AY -
GF - :zneully Ftu;n . Cm - Hudflow, : Fp - Floodplain GFo - Outuash . . = Riverbed Deposits {when e -
D - Discontinucus Permafrost{Cx - Basin Colluvius Arctic Slope Fpa - Abondoned Floodplain Gt = Ti1l Sheet - used with Fp) | i3
S - Sporadic Peraafrost Ct - Talus : b - Braided Floodplain to - 01 - - Residual K: ed REM CONSULTANTS, INC. - CHARACTERIZATK}N OF FOUNDAT|ON SOILS
;A era n E}L sssss pm Floodpl on 1n ) " GEoL ™ ® sLAVEvORE - IEVIS(I) ——— d -

Low Loess . loodplat = Lacustrine Deposits ¥ - Veathered or Poorly Co SCA ] 1ON SHEET ' .
K - oderate Elx - Frozen Upland Siilt Fpt - 01ad Terxace : "7 Lt = Thaw Basins_ and Thaw Lakes solidated Bedrotks ALASKA LE IN MILES 0
L - Lew . ) Es - Eolian Sand Fs « Retransported Deposits Mc - Cosstsl Plain Beposits ? - Uncertainty ’ | RBM Project Number 451099 ) N N | - |DATE September 1984 6 oF 2 6
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SEGMENT NUMBER I lru] 75 B O 2T 19 18 7-7 7-6 T 7-a | 73 ~ 72 7T
.TERRAIN UNIT : Bx-w | BxtBx-w N __x_vé_x,_ FpiFs “5%' +Bx - Bx+Bx-w Bx-w + Bx Bx-r BfFS PR Bx-r_ . . Fs e
2 N - . : - : - Bx o Bx-r e Bx-w - - C?+F?
-SOIL TYPE - — = ML - — : . _ ML
. Bx : ML : GMSM | “TEMisM
THERMAL STATE D GF | D GF -
FROST CLASSIFICATION — Fa ' — F4 .
| — FA/F3,F4 |-}
THAW STRAIN POTENTIAL L +—H/M H/L I ™M 1. H/L L H L H;;4 M e
COMMENTS | s - e : - . ,
. 114.0 Mi 3 .
] ) ! : 105.7 Mi
- : EXPLAN; “_)N ] Fish Creek PSP-3A Kanuti River
. T ’ ‘
B STATE OF ALASK
 15GEND st . TERRATN UNIT SYHDOLS . ] PREPARED BY : _DEPARTMENT OF TRANSPOARTATION
. x = Bedroc . F - Fluvial Deposits Fsf - Retrensported Neposit Fan 0 - Organic Deposits AND PUBLIC FACILITIES
Dalton Highway € - Colluvial Deposits Ff - Alluvial Fon - '@ = Glacial Deposits ¢ = Finer Floodplain Cover Dyd_\/
rans-Alaska Pipeline a = Avalanche Depos - Granular uvial Fan -« Glaciofluvial Deposits eposits .
- _:i‘ > g:“"i.lil’ !'tauz:npe . ' . Cg - %ud%lo::“n : l:s 1 . }}:;‘ - g]eo:;hl:‘i tal }; Eﬁo -:Dltuisﬁ 121 Bepostt r - nnup:rb?d nuposhs (when - _—‘I—‘ S M DA LTO N H lG HWAY :
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H - Hoderate Elx - Frozen Upland Silt Fpt - O1d Terrace Lt - Thaw Basins.and Thaw Lakes solidated Bedrocks
L - Low Es - Eolian Sand Fs.
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SEGMENT NUMBER H 455 is-afi5-3 I
TERRAIN UNIT . : ‘ ‘ =T . Epb-r 4 Ct+F{+Ca
SOIL TYPE G4, S, ML e 1, SH ML, SY - S, G-
TRERMAL STATE : ____GF GF [ s o
FROST CLASSIFICATION - F4 NFS-F4 Fi-F4 Fi-F4 .
THAW STRAIN POTENTIAL H H ML : H, ML H/ML H H,M,L
COMMENTS - - S —— A K A
M o . ATIGUN PASST - . o A
. _ STEEPER GRADES, SIDEHILL ,SOME UNSTABLE PsP—-2C . SIDEHILL , STEEPER GRADE
) ) ’ : SIDE SLOPES IN FROZEN GRQUND
. EXPLANATION ) ~ ) STATE OF ALASXA
LeverD . TERRATH UNIT SYHBOLS FRERPARED BY ¢ _DEPARTHENT OF TRAMSPCRTATION
) Ex - Sedrock F - TFluvial D it Tsf - Fetr ported Deposiy F - Grgenic Deposi AND PUELIC FAC‘L[T]ES
ga!tcn;fxgiua? i g - Co]l:uvif] Depesits FE - ;1‘;:‘23“1 ;{::5 * GS - S;:c;:;r;)eZDSits s S - inzr,;loigpi;li: Cover Ej ![g‘j—\/ TR ' F;;WM LAY .
——— Trans-Aleskz Pipeline & - vzlanche Deposit Ffg - Granular Alluvis] F: F - Glaciofluvial Deposi cposi ] o d pid LEREDPENRL A
g? - gf-neratl.ly szpen . . gm - Hodflow : PQS]AS Fpg- Pl:odp;:in et Ten gr‘a - Du!t::aih : possts or - R{{i&its‘b:dsDEposils (when SR ) P E’ § @ ~a :f% & :; @E_h EH’A ‘f :
- Discoatinusys Permafrost|Cx - Basin Colluvium Arctic Slope Fpa - Abondoned Floodplain . 6t - Till Sheet esed with Fp) ° CELAIAA YL T e Eif 2 bl T
S - Sporadic Permafrost Ct =« Talug . ) F];b - Bri:d::eﬂoodp]aln " Gto = DIIder TZTI . - ;::id:;l Snli’l {vhen vsed R&f\ﬂ CQNEULT'ANT‘_SQ 8] e C#EqﬁL%A(J l EL%IZA l iOP’q G a'. E‘OUE%DA i ?é} ;ﬂ 3(} EL:S
GA - Gf!-"cf?-lly Absent El - Loess _Fpm - Meander Floodplain Gty - Younger Till with Bx) ENGINEERS GEDLOGItS PLANMERS s!n:rvE\-rcu:s. - -
H - .‘1:;;11 . E1l - "Iowland” Loess Fps - Sendy Floodplain L - Lacustrine Deposits W - Weasthered or Poorly Con- SCALE N HILES REVYiSION 0 SHEET
¥ - lModerate Elx - Frozen Uplznd Sile Fpt - 0ld Terrace ... . Lt - Thaw Eesins .znd Thaw Lakes, sclicdated _E.cdror__.ks T - N . o=
L - Low 1 Es - Eolian Sanfi .. ci'ii “Fs - Retzensported Deposits He - Cosstal Plath Deposifs 17 - Uscercainty 7+ ° ) REBHM Project Numbar 451099 i B s i |PATE September 1984 ‘E 2 oF 26
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Generally Absent

R T LN
>
[ I

Fps - Heander Floodplain

Gty - Younger Till

with Bx}

SEGMENT NUMBER - —16-22 16-21 1619 —— 16-18 6-I7T—+ | «1-16-16 16-15 16-14 16-13 i 16-1 16-10 ¢
. : ‘ i Fs ‘
TERRAIN UNIT Ff+Cm Fs +Ff+Cm Gt +C Ff+Cm T Ffg Fs 4+ Gm Ffg ot - Ffg qu+Cu§%-
5™ Fs+Cm +Ff SW-,SP-SM;| . ML SMEM—L oy o Fpb— | C
"SOIL TYPE -~ llsyemFtL  GM.SMML GM GM, SM.ML. GW- GP-GM | R N il 1 |Ffg+ca Bxtot _ CM,SM,ML
T THERMAL STATE Ff+Cm+ Ffg/ GF - \_SW-,SP-SM; GW-,GP- GM/~— ML /SM,GM
FROST CLASSIFICATION F4 | . Fa F2-F4—]— | _F4 Fl __F4 Fl_Feralrarard Fi F2 -Fa
THAW STRAIN POTENTIAL H M H AH| H/M M H-M
COMMENTS _
o . . PSP—2C - . - 254 Mi
» ) - Atigun River
EXPLANATION STATE OF ALASKA
LEGEND , TERRAIN UNIT SYHBOLS | PREPARED BY : DEPARTMENT C!)-F TRANI?-I:TQ:;ATION
a1 W5 ghwrmy gx - B'zdlro:k - F - Fluvial Deposits Fsf - Retronspoyted Neposit Fan 0 - Organic}hcf‘:os!ts ’——'Dm\/ _AND PUBLIC FAC ]
a1ton Highwa - Colluvial Deposits ~ Alluvial Fon ~ Glacial Deposits ¢ - Finer Floodplain Cover l\ /]
Trans-Alaska Pipeline Ca .- Avalanche gziésits }}:}t'; - [A:‘:anular Alluvial Fan gl—' - glacia:‘lﬂvﬁll;eposits rDcpusits # i [y DA LT O N H i G H WAY :
F Generally Frozen Co - Hodflow °. Fp - Floodplain GFo - Qutwash r - Riverbed Peposits (vhen S )
e A R i O Ly ' e | RSN CONSULTANTS, ING. CHARACTERIZATION OF FOUNDATION SOILS
El - locss

. . ENGINEERS DGEOLOOIBTE PLANNEAS BUAVEYDRS REVISION
High Ell - "Lbwland” Loess Fps - Sendy Fioodplasn 1 - Lacustrine Deposits W - Weathered or Poorly Cone ALASKA SCALE IN MILES . - ] .
Hoderate Eix - Frozen Upland Silt Fpt - Old Terrace Lt - Thaw Bzsins.and Thaw Lakes solidated Bedrocks N ' i 1 6 P
Low . Es - Eolian Sand Fs - Retrsnsported Deposits He = Coastal Plain Deposits .1 - Uncerlainty RABM Project Number 451099 éﬂ:ﬁtklx,iﬂ_m_g = 4 }CATE September 1984 OF 2 6




W~ SP-Si
W-,GP-ci |

S
5
G

SOIL TYPE -

5L STATE

A
s/Fi—— - F

THE?

FI7ta =

FROST CLASSIFICATION

/H

Fooiiills | Eracks Renge

pip-28 {Scuthern)
) 278.3 K

13 B0

S iviYiie

THAW STRAIN POTENTIAL o .
U - : . <
COLHERTS = Arche | Ceniral HASSIVE ICE AND SOME SIDEHILL -

GF - ¥

D - sczntinuous Fermefrost
§ - CSporedic Feramzfrost

GA - Tenerally Absent

Ho- Nigh

H - loderste

L - low .

TERRAIN {RIT SYEBOLS

REFARED 3 @

)

STATE OF ALAGKA
BEPARTMENT COF TRAHSPORTATION
AND PUZEIC F

o v

E8

- F - Fluvisl Teposits Tsf - Retrensporied Bepesit Fan 0 = Organic Dopesits T - £

- Ff - AYlvviel Fan ) G - Glacial Depesits - Firer Fiooiplzin Cover iy \}\‘ ‘/ i

= Aealznche Deposits Ffg - Granvler Alluvizl Fan GF - Glacjofluvial Deposits " Mepesits (T H {7

- i low Fp - Floodplain GFo - Cutwash ~ Riverbed Leposits (vhan T et e e e e —d H * -

- Eesin Colluvivm Arctic Slope Fpa - Abundoned Floodplain Gt ~ Till Sheet used with Fp) ! Eé CE i

- Tales . Tpb - Braided Floodpldin Gio - Older Till - Residusl Ssil fohen wsed PG H ]

~ loess . Fim - Meander Floodplain Gty - Younger Till with Bx) ;.4,,,;_\,5;5' ~ e i o

- "Lowland” Loess Fps - Sandy Floodplain L - Lacustrire Tepesits - Ynsthered or Posrly Con- REVISION z

- Frezen Upland Sile Fpr - 014 Terroce Lt - Thaw Basins.gnd Thaw Lakes solidated Eodrozks = .g; =7y

~ Lolizn Szad Fs - Retransported Deposits Me - Cozstzl Plein Pipesits -~ Uncertainty DETE Sepiem_,er 1384 ] 'f OF ?—‘_ 6
e T e = A e A e e et e ns mamrn T - e e e i e e e ot i £ R S — e o ot e



 SLCGMENT MUEBER

TERRAIN UNIT -

SOIL TYPE e

THERMAL STATE .
FROST CLASSIFICATION | F4,F3
-THAW STRAIN POTENTIAL

" COMMENTS - =2 — T
MASSIVE ICE AND SOME SIDEHILL EVSANKMENT
PsP-23 Kaparuk

W

A N e ot e b 3 ettt s
EXPLANATION STATE OF ALASKA
LEGEND . TEERAIN UNIT SYHB0LS . DEPARTMENT OF TRAKSPORTATION
. , PR BUDE S 5~ —i=
s _— Bx - Eedrock F - Fluvial Deposits Fsf - Retreansporied Deposit Fan O - Organic Depesits AR D&, Py "‘Z‘,‘,L" TACILITY !‘.iu_,,,w_‘_h__,‘ e+ i e e eeereen)
saiten Righway C - Colluvjal Deposits FE - Alluvial Fan : G - Glacisl Pepesits ¢ = Finer Floodplsin' Cover -
moes— Trems-Alesha Pipeline Ca - Avzlanche Deposits Ffg - Granular Alluvial Fan GF - Glaciofiwvial Deposits Deposits . Y oe
GF - Generally Frozen Co - Hudflow Fp - Flsodplain GFo - Dutwash . £ - Riverbed Duposits (xhen 2
D - Discontinuous Permafrost|Cx - Bosin Colluvium Aretic Slope Fpa - Abondoned Floodplain 6t = Till Sheet used with Fp) MEIRATIOONY 30y 1) €
S - Spsradic Permafrost Ct - Talus . Fpb - Braided Floodplain Gio - Dider Till - Besidual Seil {=hen used FASLA ETEINSSEILTARITE, IR, Ay N B LY .-_;*:i:,‘- LA |
GA - G-:.:ncrally Abscnt El - Loess i Fum - Meander Floodplain Gty - Younger Till vith Ex) EWNGINEXRS CESLOGISTE PLANNEAS sx’_,nuevons § 7 m—— - -~ e et s - <]
H - Hizh . £11 - "Lestand™ Loess Fps - Saady Ficodplain L - Lacustrine Tzposits ¥ - ¥ezthered or Poorly Coa- L S S IN MILES l REVISION 0 !
" - Mderate Elx - Frozen Upland Silt Tpt - 01d Terrace Lt - Thaw Zesins and Thaw Lakes solidated Bedrocks P - ) i - - ' .
L - Lev R £s - Enlien Sand Fs - Retransported Deposits e - Coastad Flain Neposits 7 - Lncertainty L.} D3 Project Number 45{083 . i DATE September 1934 l




SEGMENT NUMBER
TERRAIN UNIT

GM,GW-GM,SM, SW-SM

SH,GM

SO TYPE .

"COMMENTS

__PSP-2A

Arctic| Arctic
Foothilis| Foothllls
Northern}!(Southern)
312.9 Mi

THERMAL STATE _ _
FROST CLASSIFICATION FI-F4 F4/F2,F3 : “F4.F3 T Fa/F4.F3
THAW STRAIN POTENTIAL H/M,L H/M
s |
-1

N

MASSIVE ICE AND SOME SIDEHILL EMBANKMENT

PSP-28

EXPLANATION

PREPARED BY :

STATE OF ALASKA
DPEFARTMENT OF TRANSPORTATION

LEGEND TERRAIN UNIT SYMBOLS A
s . Bx =« Bedrock . F - Fluvial Deposits - - Fsf - Retransported Deposit Fan D - Organic Deposits AKD PUBLIC FACILITIES

Paleon Highway © - € - Colluvial Deposits Ff - Alluvial Fan © G -Glacjal Deposits -5 .. e - Finer Floodplain Cover Du : ez 3 :
——— Trans-Alaska Pipeline Ca - Avalanche Deposjits Ffg - Granular Alluvial Fan GF - Glaciofluvial Beposits. Depusits .___J'"‘j ._B DA L I @ N Eﬂg 'G E% Jv AY : K
GF - Generally Frozen . | tr - Hudflow . Fp = Floodplain " GFo - Dutwash = r - Riverbed Peposits (when N ;
D - Discontinvons Permafrost{Cx -~ Basin Colluvium Aretic Slope Fpa - Abondoned Floodplain Gt - Till Sheet usod with Fp) LT 3
§ - Sporadit Permafrost Ct < Talus Fpb - Braided Floodplain Gto - Oldez T111 - Rositusl Soil {when used R&WVI CONMNSUILTANTS, INC, B CHARACTERIZATION OF FOUNDATION SO“.S !
Gh -~ Generally Absogr El - loessn Fpm = Meander Floodplain . Bty = Younger Till with 8x) : ENGINEERS OECLOGISTE PLANNERS SURVEYORS
H - High Ell - "Lowlend” Loess Fps - Sandy Floodplain % < Lacustrine Deposits ¥ - Veathered or Pooriy Con- ALASKA SCALE 1IN MILES REVISION 0 ’ SHEET
M - Hoderate Elx - Frozen Upland Silt Fpt - 0ld Terrace Lt - Thaw Basins .and Thaw Lakes solidated Bedrocks - 7 j 1 1 Q
L - Tow K Es - Eolian Sand . - Fs - Retransported Deposits Me - Coastal Plain Deposits ? - Uncertainty’ . N R8N Pro;!ci Kumber 451099 émm,_m ) e | BATE September 1984 . OF 26




. SEGMENT NUMBER 20-9 20-8—1
Fpg-¢ FsEll S
TERRAIN UNIT . Foor- Foor
‘ T WL CTEUE
SOIL TYPE » ., ) GW-GP-GM,SW-SP-SM__ Facr 1
"THERMAL STATE . GF , -
FROST CLASSIFICATION : F4 - F4/FI I . _F4 FI-F4 8
THAW STRAIN POTENTIAL H ‘ H/ML _ H B ] ] H/ML . -
COMMENTS o K MASSIVE 1CE I ~T1ROUGH CUT IN ICE RICH MATERIAL . K—assverce i< MASSIVE ICE |
’ WITH MASSIVEICE - PSP-2A . A - . ’ A ; -
EXPLANATION : - - ' . ' , STATE OF ALASKA %
LEGEND : TERRAIN UNIT SYMBOLS . ] PRERPARED BY : DEPARTMENT OF TRANSPORTATION »
Bx - Bedrock F - Fluvial Deposits Fsf - Retronsported Deposit Fan 0 - Organic Deposits - AND PUBLIC FACILITIES _,:
——— Dalton l!ighwa!_ . € - Colluvial Deposits Ff - Alluvial Fan G - Glacial Deposits ¢ - Finer Floodplain Cover B];W ;
I o R e Tl e DALTON HIGHWAY: 2
D - Discontinvous Permafrost|Cx .- Basin Col um Arctic Slope Fps - Abondoned Floodplain Gt = Till Sheet _ vsed wit .
5 - Sporb:i: Fer:uholt c: - Tu:u: > tevt .At . i ;ﬁb - :-nided Fluo:pl}:i: U:ﬁ = Dides Ti11 - - Residuil sﬂl;'l (when \f"‘ R&EM CDNSULTANTS lNC. C H AR ACTER IZAT’O N 0 F FOU N D AT]O N s 0 IL S H
GA -~ Cenezally Absent El « Lousa Fpm - Heander Floodplain Oty - Younger Till . with Bx) EWGIEERS DEGLOGISTE PLANNERS EDRVEYORS H
H + High - Ell - "Lovland” Loass Fps - Sandy Floodplain L - Lecustrine Deposits W - Weathered or Poorly Con- . SCALE IN MILES REVISION 0 SHEET
H - Hoderate | Elx - Frozan Upland Silt Fpt - 0ld Terrace Lt - Thaw Basins and Thaw Lakes solidamd_Bedmcks_
L - Low - Es - Eolian Sand Fs - Retrandported Deposits Hc - Coastal Plain Deposits 7 - Uncertainty RABM Projett Number 451099 d , Iﬂ_ -t '] L IDATE September 1984 ) 2 O or 2 6




21—-20 RI-17

21-16

25—

21-14 2113

SEGMENT NUMBER
TERRAIN UNIT )

Fpb-c
Fpb-r

Elx +Cx

Elx

Gto ‘Elx+Cx'

ML

!
L EIxF-; F-g;c

SOIL TYPE &W-, GP -GM, SW-, SP-SM
THERMAL STATE GF ,
FROST CLASSIFICATION F4/NFS M F4 -
THAW STRAIN POTENTIAL H/M,L H
COMMENTS ’ k 3
. . pPsP-2A MASSIVE ICE
EXPLANATION STATE OF ALASKA
LEGEND TERRAIN UNIT SYMBOLS PREPARED BY : DEPARTMENT OF TRANSPORTATION
Bx - Bedrock F - Fluvial Deposits Fsf - Retransported Neposit Fan 0 - Organic Deposits AND PUBLIC FACILITIES
Dalton Nighway - Colluvi o - wvi n - Glacial Deposits - c - Finc vodplain Cover I\ /|
Trans-Aloska Pipeline g.g - ivlallancile l:)ei;?:ssix?s i:g - :‘.lr]anulzlr }:\nlluvhl Fan g}' -(élla:io!fll:x\:ial‘;epnshs rbup:s:.:SOdp e DMSI—-\/ DA LT o N H ' GHWAY [ .
- t

GF - Generally Frozen Cm - Hudflow - Fp, - Floodplain GFfo - Dutwash I - i
D - Discontinuovs Permafrost|Gx - Basin Colluvium Arctie Slope Fpa - Abondoned Floodplain Gt ~ Till Sheet used with Fp)

"8 - Sporadic Perm3afrost Ct - Tales Fpb - Braided Floodplain Gto - Older TiHl ~ Residual Soil {vhen used REIV CONSULTANTS, INC o CHARACTER[ZATlON OF FOUNDAT'ON so‘Ls }
GA - Generally Absent El - Locss B Fpm - Heander Floodplain Gty - Younger Till with Bl)d . ENGINEERS GEOLOGIBTS PLANNERS BURVEYORS = -
H - High Ell - "Lowland"” Loess Fps - Sandy Floodplain L - Lacustrine Deposits ¥ - Weathered or Poorly Con- A REVISION SHEET j
H - lHoderate Elx - Frozen Upland 5ilt Fpt - D1d Terrace Lt =~ Thaw Basins .and Thau Lakes solidated Bedrocks ALASKA SCALE IN MILES 0
L - Low Es - Eolian Sand Fs - Retransported Deposits Mec - Coastal Plain Deposits 7 - Uncertainty R&M Project Number 451099 2 § JDATE Séptember 1984 2 1 oF DG

- RiverlLed Deposits {when
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MATC

SEGMENT NUMBER 22-j6 22-15—* | 22-14 22-13 _
: ‘ EU+Fp-¢c® Elx
TERRAIN UNIT . Fo-r? |] Fs +EIx Bx=T Fpb-r i_gpg-c
-r

SOIL TYPE \Ell +Fp-c 7 L —cpey FRa-ct Fobg
“THERMAL STATE S Epbor

FROST CLASSIFICATION F47/NFS.FI

THAW STRAIN POTENTIAL A/M,L

YA

White Hills Arctic Footblils
MASSIVE ICE

COMMENTS ,
_ . " Section ( Northern)
PSP-1B 359.6 Mi PSP-2A
EXPLANATION
STATE OF ALASKA
LEGEND ) TERRALN UNIT SYMBOLS 7 PREPARED BY : DEPARTMENT OF TRANSPORTATION
Dalton Highwe | Bx - Bedrock F « Fluvial Deposits Fsf - Retransported Deposit Fan 0 - Organic Deposits AND PUBLIC FACILITIES
alton Highway C - Colluvial Deposits F£ - Alluvial Fan © 6 -~ Glacisl Deposits ¢ - Finer Floodplain Cover CDL(
Trans-Alaska Pipeline Ca - Avalanche Depasits- Ffg - Granular Alluvial Fan GF = Glaciofluvial Depesits Pepusits’  _ I [y D A LT 0 N H IG H w A . :
gF - gfn:ral?y Fruz;:n frost ga - Hudflow Fp - Floodplain GFo - Cutwash .t - Riverbed Deposits (vhen - Y . |
- iscontinvous Permsfrost|Cx - Basin Colluvium Arctic Slope Fps - Abondoned Floodplain 6t - Till Sheet . used with Fp) i
§ - Sporadic Permafrost Ct - Talus . Fpb - Braided Floodplain Gto - Oider Til1 - - Residual Seil {vhen used R&EMWM CO CHAR ACTER IZAT|0N o F FOUN D AT i
ﬁﬂ - :?":H“Y Absent :}1 - Lc.n:s_s:l Fpm - Heander Floodplain Gty - Younger Till with Bx) ENGINEERS an!yo%};ll_-zﬁm-!ssanlvgg; lo N SO lLs I
- ig - - "Lowland” Loess Fps - Sandy Flocdplain L - Lacustrine Deposits W - Veathercd er Poorly Con- REVISION
# - DModerate Elx - Frozen Upland Silt Fpt = 01d Terrace Lt - Thaw Basins.and Thaw Lakes solidated Bedrocks n SCALE IN MILES 0 s“‘EET
L - low , Es - Ecolian Sand Fs = Retransported Deposits Mc - Coastal Plain Deposits ? - Uncertainty RBM Project Number 451099 L—ﬂ—ﬁl@ﬂ- . X o | PATE Septem'ber 1984 2 2 oF 2 6
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SEGMENT NUMBER

23-6

23-5

TERRAIN UNIT

Ell+L¢
Fp-r?

ENN+L¢t

Eil +Fp-c ?

Fp-r?T Fp-c?

: ML :

SOIL TYPE GW-,GP-GM, SW-,5P-SM
THERMAL STATE GF
FROST CLASSIFICATION F4/F)
THAW STRAIN POTENTIAL H/M, L
COMMENTS

. PSpP—~iB

EXPLANATION STATE OF ALASKA
LEGEND TERRAIN UNIT SYMBOLS PREPARED BY : DEPARTMENT OF TRANSPORTATION
AND PUBLIC FAGILITIES

Dalton Highway
Trans-Alaska Pipeline

GF - Gcnerally Frozen

D -~ Disceontinuous Permafrost
S5 - Sporadic Permafrost

GA - Generally Msent
B - 3
B -

L -

High
Hoderate
Low

= Colluvial Deposits
" - Avalanche Deposits
. Fp - Floodplain
- Basin Colluvium Arctic Slope

Ell - "Lowland” Loess
Elx - Frozea Upland Silt
Es - Eciilan Sand

Fpt - 0ld Terrace
Fs - Reiransported Deposits Mc - Coastal Plain Pepusits 7 - Uuccrtainty

- Fiuvial Deposits FsE - Retransperted Depoasit Fan 0 - Ocganic Neposits
Ff -"Alluvial Fan G - Glacial Depesits ¢ - Finer Floodplain Cover
Ffg - Granular Alluvial Fan GF - Glaciofluvia) Deposits Deposits
GFa ~ Qutwash £ < Riverbed Deposits (when
Fpa - Abondoned Floodplain Gt - Till Sheet used with Fp}
Fpb - Braided Floodplain Gto - Older Till - Residual 50§l (vhen used
Fpm - Heander Floodplain Gty - Younger Till with Bx)
Fps - Sandy Floodplain L - Lacustrine Deposits ¥ - Veathered or Poorly Con~
Lt - Thow Basins .and Thow Lakes solidated Bedrocks

DALTON HIGHWAY: ,

ENGINEEAS" BEQLOGIBTE PLANNERS

BV

REM CONSULTANTS, INC. CHARACTERIZATION OF FOUNDATION SOILS.

=
A

E]

REVISION 0 SHEEY

RABM Project Number 451099

et ot el st et memremmmeee—-ad | P*TE September 1984 23 or 26
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SEGMENT NUMBER

TERRAIN UNIT

SOIL TYPE : : GW-,GP-GM, SW-,5P-SM 4
| THERMAL STATE - GF L ]
| FROST CLASSIFICATION _ F4/NFS-F4 :
| THAW STRAIN POTENTIAL _ H/ W, L .
COMMENTS : o : ' '
: . ’ PSP-1B
| XPLANATION STATE OF ALASKA R
1EGIND TERRAIN UNIT SYHDOLS ) PREPARED BY : 'DE?ARTE.!,ENT OF TRANSP@RTATION

. Ex = Eedrock : . F - Fluviel Deposits Fsf - Retzensported Depesit Fan 0 - Organic Beposits
LCalton Highvay C - Colluviasl Deposits Ff - Alluvial Fan 6 - Glacial Depesits ¢ - Finer Floodplain Cover f:] 2[ E l \ /
—— Trans-Alasha Pipeline lea Ffg GF - Glaciofluvial Deposits e

- Avalenche Deposits - Granvlar Alluvial Fen Depusits N e D

T

AlLLASKA

GF - Genzrally Frozen Ca - MHuvédflow ¥p -~ Floodplain GFo - Qutvash €. - Riverbed Beposits {when
D - Discontisuous Perralrost|C€x - Basin Colluvium Arctic Slops Tpa - fbondancd Floodplain ~ Gt - Till Sheet B ased with Fp) - : ' [ -
5 -  Sparadic Pereafrest Ct - Talus Fpb - Braided Floodplain Gro - Gider Till - Residual Seil (vhen used S pA ITONISE JI“TA[“JTS IS
| GA - Generally Absent El - loess - . Fpm - Meander Floodplain Gty - -Younger Till . vith Bx) - ENGINEERS GECLOGISTS DLAwwEDS Stﬂvs‘:on;
} H - High £}l - "Lewland” Loess Fps - Sendy Floodplain L - Lacustrine Deposits ¥ - %Weathered or Foorly Con-
‘ ¥ - bsdarste £lx - Frozen Upland Silt . Fpt - 014 Terrace Lt - Thaw Basins and Thow Lakes solidated Bedrocks - —
} Lo- £s - Eolfan Sand Fs - Retrsnsported Beposits Mo - Coastal Plain Depusits 7 - Uncertainty R&M Project Number 451099 |

AND PUBLIC FACILITIES

BALTON HIGHWAY:
CHARACTERIZAYION OF FOUNDATION SOILS

SCALE IN

MILES

REIVISION 0

P Bt .,

PATE Septembar 1984

SHEET

24 °r 26 |
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,125-,7 -] 25-6 - 25-5 25-4 25-3 ‘ 25;2

“SEGMENT NUMBER 25-12 25-11 25-10 - 25-9-— ] 25 -8 T
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TABLE B-1

CRREL ROAD TEST SITES - LOCATION AND DATA SUMMARY

Approximate

Report Embankment
Segment CRREL Hauil Road Dalton Subgrade Thickness Recent
No. Site No, Segment Station Highway MP Terrain Unit Soil Type {(m) Boreholes
y-12 79-1#% 1T 560+89 64.8 E1x?/Bx-r? lce-rich silt 1.4 W9-1(1),{2)&(3)
5=<16 82-1 1 1341+89 78.8 Fpa Sandy silt 1.9 N108-14
5-19 82-2 1 1537+49 82.3 Etix lce-rich silt 1.8 N10G-13
6-8 8U-1A% 1 2065+32 93.9 (Fs+C)/Bx=-w lce~rich silt 1.9 N70-39
8-21 90-1 2 1046+07 133.6 Fs/Bx ice-rich silt 1.9
10-12 96-2A 3 163+4L9 161.5 (O+Fs)/(G+GF) fce-rich s 1.5 TH 64-27
10-22 97-1*% 37 593+4L 169.8 {Fs/Gt)+Gt lce-rich silt 2.8 N72-9
11-10 99-1 3 1089+69 179.6 (Fpa-c+Fp-c)/Fprf Silt 1.2 N71-11
12-23 103-2% 3 2277+02 201.5 Fs/Gt Silt 1.7 N3t-12
13-3 103-3 3T 2414+00 204.0 Fs/Gt. tce-réch silty 2.1 N88-4
san
13-13 JOU-TA 3 2753+98 210,6 Fs/(Ff+Ffg) Silt 2.1 N33-53
i4-12 107-1 uT 3560+00 226.2 Gt Silty gravel 2.1 N77-68
14-26 108-1 L 557+00 233.0 Ff+Fp~c/Fp-r Gravelly silt 1.5 N81=3Y4
15-8 108-2 4 T04+8Y4 235.8 Fp/GF Silty gravel 2.3
15-16 109-1 5 924+90 239.6 Gt Gravelly silt 2.6 N81-21
16-11 1111 5 524+00 256.3 Fs/Gt Silty gravel 1.8 N70-24
16-14 112-1A% 5 604+00 258.3 Fs+Cm Silt 1.2 N&3-17
17-11 1TIY=-1A% 5T 1375419 272.8 Es/F+L Silt 1.0 N7T7-27,N77-28
18-2 117-1# 6-S 862+48 288.4 Gty+tFs/Gty Silt 1.3
19-7 T19A-1# 6-ST 1758+68 308.5 Ell/GFo+GFo Silt 1.8 N77-35
20-15 122-1A 6-NT 2828456 327.1 Elx Silt 1.5 N76-51
21-14 124-7% 6-NT 3334+00 337.2 E I x+Cx Silt 1.9 N33-19
22-8 127-1#% 6-N 4095+04 351.6 Elx+Fs/Bx Silty sand 1.2 N32-17,N82~8
22-13 127-2 6-NT 4357+00 356.14 Eix/Bx-r Silt 1.5 N33-28
2214 127-3% 6-N LL493+76 359.3 Fs+EIx Silt 1.3 N33-26
24-7 132-1 7 1782+54 387.4 Fpb-c/Fpb-r Sandy silt 1.3 N33-7
24-8 132-2A T 1838+04 388.5 Fpa-c/Fp Sandy silt 1.5 N33-6
T - Subsurface temperature sensors installed in 1977.

# - Most active sites.
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APPENDIX C
ASSESSMENT OF POTENTIAL FOUNDATION SOIL PERFORMANCE

C.1 LANDFORM CHARACTERIZATION

Landform characterization results are summarized in Tables C-1 and C-2
for the principal landforms found along the Dalton Highway route.
Estimates are shown in Table C-1 for frozen and thawed dry density (de
and Kdt) and thaw strain potential & (calculated from de and th
estimates). Table C-2 presents soil type (texture) and USACE frost
classifications. Landform depths were estimated as part of the mapping
efforts; resuits 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 (de) 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.1.1 Soil Dry Frozen and Thawed Density (de, th)

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,
de-

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

c-1
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C.1.2

C.1.3

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[de], and standard deviation
SD[de], for each landform (and five-foot depth increment, as
appropriate).

Estimated thawed dry densities, th, 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[Kdt], and

standard deviation, SD[th], for each landform.
Thaw Strain Potentials (&)

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 (g),

frozen dry density (de) and thawed dry density (th):

LY (c.1)

Mathematical details of the calculations are given in Appendix D,

tandform 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

Cc-2
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C.1.4

C.1

.3

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

for each landform.

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
occur, the surface landform is characterized by an estimated
average depth, E[D], and an estimated standard deviation, SD[D].
These are shown as E[D] t 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't3')/Ff indicates landform Fs occurs over landform Ff, the
depth of Fs is an estimated average of 5 with a standard deviation

of ', and Ff occurs to the bottom of the profile.

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

Cc-3
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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-1 (results are based on mathematical details given in
Appendix E). Note Figure E-1 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 |, 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 Il, statistics from Level | 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 Statistics (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 Iandform/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 | characterization statistics. Updating is based on

Bayesian statistical concepts (Appendix F).

C-4
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UPDATING FROZEN DRY DENSITY.-- The formal methods of
Appendix Il can be used directly. Since de 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

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

dt

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 de and th' we recommend that
site/segment-specific updates to the landform thaw strain potential
values (Table C-1) be made by first updating LY’ and LI 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 de, xdt and applied in terms of

Equation C.1, as further shown in Appendix D.

UPDATING LANDFORM THICKNESS.-- tinformal 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.

C-5
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c.3

Cc.3.1

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).

APPLICATION OF THAW STRAIN CHARACTERIZATION RESULTS IN
DESIGN

Interpretation of Thaw Strain Statistical Estimates

Route characterization for thaw strain, e, is given in terms of
estimates of the expected wvalue (mean or average) and standard
deviation of thaw strain: E[e] and SD[e]. Estimates of SD[¢]
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[s] and E[TS] are
estimates of ¢ 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[z] and SD[TS] are estimates of the
average root mean square (rms) difference between ¢ and TS at a
point and the mean values E[t] and E[TS] (but, conservatively,
also including systematic uncertainity in E[¢] and E[TS]). Roughly
speaking, SD[e] and SD{TS] are related to the difference in £ and

TS between non-adjacent points; at close separation distances they

C-6
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c.3.2

(M

will generally over-estimate ¢ 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, TS!, 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[TS!] = E[TS]. Predictions of
thaw settlement operating performance can then be made based on
E[TSI].

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

is outlined as follows.

Estimate operating cost (OC) performance as a function of road
thaw settlement index (TSI1). 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

C-7
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(2)

(3)

(4)

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

Calculate E[TS!] and estimate SD[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-1 or updated,
segment-specific, estimates. Calculate TSI = E[TSI] + SD[TSI]
and TSI~ = E[TSI] - SD[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.

Calculate expected operating cost, E[OC], for each (single or
grouped) segment and corresponding candidate design mode/thermal

load, where

E[OC] = %{E[OC(TSI+)]+ + E[OC(TSIN] + E[OC(TSP)]‘ +  (C.2)
Efoc(Tsn 1’y

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)

c-8
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(3)

Cc.3.3

Select the mode with lowest E[COC] for each segment. Where
E[CC] is influenced by segment Ilength, 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).
Prioritization 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 i 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 total 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 s
contemplated, :PEVCEAIi-- i.e.,

(C.4)

b, = (PEVCEAi . B

EPEVCEAi

where Ibi = B and PEVCEAI is calculated as E[COCli - 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 bi values by Equation C.4 are too small to be meaningful for

the given budget the value of bi becomes zero and the calculations

C-9
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reiterated to re-apportion the budget among only those segments

where exploration is meaningful.

Values of bi calculated by Equation C.4 assumes that the marginal
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-10
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TABLE C-1
ESTIMATED STATISTICAL

PARAMETERS FOR ROUTE LANDFORMS
BY PHYSIOGRAPHIC SUBPROVINCE

PHYSI0~

EXPEGCTED AVERAGE FROZEN

LANGFORM EXPECTED THAW EXPECTED
GRAPHIC DENSITY/STANDARD DEVIATION STRAIN/STANDARD DEVIATION THAWED
PROVINGE DENSITY
Ydf= E[xaf]/ sD [¥df] €=E [e]/so[e]
{pcf) (%)
Lf PSP 0-5"' >5'-10" >10'-15" _0-5" >5'=10" >10"-15" dt{pcf
Bedrock ice=Rich 85+30 100125 100125 28118 15+11 15211 11515
C 2C 4030 H40+30 LO+30 65124 65124 65+24 105£15
c? 3A 100+30 11025 115125 15+15 8+8 5+6 110+10
Ca 2C 4030 4030 4030 6325 6325 6325 10015
Cm 2C LO+30 H0o+30 40130 57+30 57+30 5730 8512
Cs 3A 60+30 70+30 70+30 ust2y 35123 35123 105110
Cx 2A,B 30%30 30+30 68132 68+32 85110
El 3A 55120 6020 6520 37+18 31217 2516 8519
Ell 1B,28B 3020 30120 67120 67120 8590
Eli+Lt 1A 25120 3020 73£21 67120 8519
Elx 2A 3020 30x20 67120 67120 8519
3A 60+20 : 70120 7020 31817 19+16 19116 8519
3B 60120 60120 6020 31:17 31+£17 31817 85+9
3C 50+20 55120 55+20 4318 37118 37118 8519
E1x? 3A 65120 15+20 75%20 2516 14414 411y 85419
Es 2C 85+20 90120 95+15 2013 15+12 1017 10519
F? 3A 105430 105130 105130 12112 12+12 12£12 110+12
F+L 2C 50130 50130 50130 ug27 ug+27 4827 Q0+12
Ff 2c,D 85125 90125 95425 28+13 23+13 19£12 115%15
Ffg 2C 95125 115120 125120 22+14 67 213 120112
Fp-r 1A 105430 120120 16216 4+5 120+12
Fp All 85+30 90130 100£30 28118 24417 1516 115+15
Fpa All 85+30 90x30 100+30 28118 24+17 15116 115£15
Fphb All 85+30 90x30 100x30 28118 24117 15+16 115+15
Fpm All 85130 90130 100130 28+£18 2417 15316 115%15
Fpt Al 85430 90130 100130 28+18 24417 15116 115115
Fps All 85430 90+30 10030 2818 2417 1516 115415
Fp=C All 60125 65120 (75+20) 32123 251+16 14114 8519
Fp-r 1B 105+30 120120 1616 L5 120112
2A 115125 125120 919 2+3 120£12
2C, 3A 115+25 120120 120120 919 L5 L+5 120112
2D 105+30 1151220 120120 1616 617 415 120x12
3C 105+30 105125 10525 16216 T4x13 1ht13 120+12
Fp=~r? 3A 110+30 110230 110£30 13113 13413 13413 120+12
Fpa-c 18 55125 60420 38424 31417 8549
2A 40+25 L0+25 55425 5525 85+9
20 Lho+25 50+25 65120 55125 43+24 25116 8519

{CONTINUED )
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TABLE C-1 (CONTINUED)

ESTIMATED STATISTICAL PARAMETERS FOR ROUTE LANDFORMS
BY PHYSIOGRAPHIC SUBPROVINCE

EXPECTED AVERAGE FROZEN

LANDFORM PHYSIO- EXPECTED THAW EXPECTED

GRAPHIC DENSITY/STANDARD DEVIATION STRAIN/STANDARD DEVIATION THAWED

PROVINCE DENSITY

P
Ydaf=€[rdf] 7/ so [xdf] €:=E [e]/sp[e]
{pef) %o

LT PSP 0-5" >5'-197 >10'-15" 0-5' >5'-10" >10'-15" Ydt(pcf)
fpb-c All 5020 50120 50120 43+18 43+18 43£18 8519
Fpb=-r 18 125320 125+20 616 616 12749
2A 125+%25 130615 . 818 2+3 12719
2C 115125 120120 130115 12812 818 2+3 12749
Fpm-C 3A 50120 5020 50120 L3:18 L3118 43+18 8519
Fpm=r 3A 110+25 115+25 120125 15+14 12+12 10410 12719
Fs 2C 4o+25 L0125 35+25 55+25 55125 39+25 85+9
20 4o+25 55125 6025 55125 38+24 32+23 8519
3C 50125 60125 60425 L3+24 32423 32+23 8549
3A Lo+25 55425 65125 55+25% 3824 26t22 8519
Fs? 3A 50425 55425 6525 u3+24 38+24 26122 8519
Fsf 2D L5+25 ' 55125 60125 4y7+25 38+24 32%23 8519
G 2b 90+30 10030 110+30 24+17 15+16 10%11 115415
G+Gf All g0+30 100+30 110%30 2419 16%16 12+12 115+12
Gf+Gf? All 11025 11520 120+20 4314 9+9 77 12519
GFf+L All 160+30 100+30 100%30 1516 15+16 1516 115415
Gfo 28 11030 110+30 (125+20) 16+16 16+16 (515) 12549
Gt 2B 7030 90+30 41+20 24417 115415
. 2C 70+30 90+30 105130 B1+20 24117 13+13 115115
2D 80%30 95+30 105+30 33+18 20%16 13£13 115415
Gt? 2C 80135 85+30 105+30 3023 25+18 11+11 110415
Gto 2A 60+35 70135 y6+27 37+25 105115
Gty 2B 75%30 90+30 37+19 24+17 115115
L 2C Lo+25 50+25 75+20 58124 L6123 18115 9019
L2 2C, 3A 65125 65125 65125 30421 3021 310+21 9049
MC 1A 50125 55+25 60+17 56%17 120112
0 2C,D 2020 20420 20120 75126 75126 75426 70110
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TABLE C-2
DALTON HIGHWAY SOIL-TYPE LANDFORM CHARACTERIZATION

LAND FORM PREDOMINANT ; SECONDARY" PREDOMINANT ; SECONDARY" PREDOMINANT
S0IL TYPES use FROST CLASS
Cc? SiSa&Gr;Si GM; Sm; ML F3,F4
Cs $iSa;Si SM; ML Fl
Ell+Lt Si;Sisa ML; SM Fu
Elu Si ML Fy
F SiSa&Gr;Ci,8a&Cr;Si SM; GM; SW-, SP-SM; F4,F3
GW-, GP-GM; ML
F? SiSagGr,Si;ClISa&tCr SM;GM;ML; F4,F3
SW-, SP-5M;
GW-,GP-CGM
F+L Si;Sisa ML;3SM g
Ffg ClSa&Gr;SisSa&ir Sw-,Sp-SM; F1
GW-, GP-GM; SM, GM
Fp-c
Fpa=~c
Fpb=-c §i;SiSa ML;SM Fy
fpm~-C
Fs Si ML F4
Fs? 8i;SiSa ML;SM Fy
Fp-r Cl18a&Gr;S5iSa&Gr GW; SW; GW~-, GP-GM; F1
Fp-r? SW-, SP-SM; SM; GM
Fpb-r Ci1Saglr;Sisa&Gr GW, SW; GW~, GP-GM; NFS,F1
Fpm=-r SY-,SP-SM:GM, SM
G+GF SiSa&Gr;ClSa&Gr GM; SM; F2,F3
GW, -GP~GM; Sw=, SP~SM
GF ClSa&Gr; SiSa&Gr SW; GW; F1
GF? GW,-GP=CM; SW-, SP-SM;

GM, 5M

{CONTINUED)
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TABLE C-2{CONTINUED)
DALTON HIGHWAY SOIL-TYPE LANDFORM CHARACTERIZATION

LAND FORM PREDOMINANT ; SECONDARY" PREDOMIN ; SECONDARY" PREDOMINANT
SOIL TYPES uUscC FROST CLASS
) SM, GM;
GF+L SiSagGr:C1Sa&Gr;Si GW-,GP-GM; SW-, SP-SM, F3,Fu
ML
Gfo ClSag&Gr;SiSa&Gr SW; GW, F1
GW-,GP-GM; Sw-, SP-SM;
GM, SM
Gt SiSag&Gr; CiSa&Gr;Si SM,GM; GwW~,GP-GM; F2,F4
SW, -SP-SM; ML
Gt? SiSagGr,Si;ClSagGr SM,GM, ML; FL,F3
GW-,GP~GM; SW~SP-SM
Gto Sisa:Si SM, ML Fu
Gty SiSa&Gr;CiSa&Cr;Si SM, GM; GW-, GP-GM; Fi4,F3
SW=, SP=SM; ML
Mc CiSa&Gr;SiSa&Gr;Si GW, SW F1
GW-, GP-GM; SW-, SP-SM;
SM, GM, ML
Bx NA NA NA
# NOTES
(1) Si = Silts
(2) SiSa = Silty Sands
(3) SiGr = Silty Gravels
{4) CiSa = Clean Sands
{5) CIGr = Glean Gravel
(6) SiSa&Gr = Silty Sands and Gravels
(7) CciSa&Gr = Clean Sands and Gravels
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TABLE C-3

BASIC SOiIL TYPE, GRAIN SIZE
AND THAWED DRY DENSITY CHARACTERISTICS

ESTIMATED
SOIL TYPE P200 (%) USCS THAWED DRY DENSITY
(pcf)
1) sSitts (Si) 255 ML 85110
2) Silty Sands (SiSa) 13-54 SM 105115
3) Silty Gravels (SiGr) 13-54 GM 125415
4) ‘Ciean Sands (Cl1Sa) <12 SW, SP, SW-SM, SP-SM 115+15
5) Clean Gravels (CIGr) <12 GW, GP, GW-GM, GP-GM 13010
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APPENDIX D
THAW STRAIN ESTIMATING PROCEDURES

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

fundamental relationship:

e=1- adf (D.1)
¥dt

where LBP and T4y are frozen and thawed soil dry density. Results are
shown in Table C-1. Because de and Typ are not accurately known, they

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

The average and standard deviation of & 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 LY is close to Tt 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[:], and standard deviation, SD[¢]

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

Ele] = 3{[Ce--) * (e**)] (1 *+ r) * [(e*-) * (e-*)] (1 - r)} (D.2)

sD[e] = (E[?] - E[e]D)? (D.3)

where:

E[e2] = 4([(-)2 + 0 1+ )+ ()2 + =921 (1 - (D.4)

g++ = (1 - de" >0 (D.5)
Kdt'+
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e-- = (1-2df) 20 (D.6)
Yat”
B} g .t
gt- = (1 - 'df) 20 (D.7)
Yot
} ¥ -
e-+=(1-%df) 20 (D.8)
Yae”
¥yt = Elgg] * SD[r ] (D.9)
84 = E[¥4] - SD[¥ ] (D.10)
S4t = E[¥,] + SD[r ] (D.11)
Fye = E[xdt] - SD[xdt] (D.12)

r = correlation coefficient between de and th

Whenever a strain component of E[e] in Equation D.2 was computed as less
than zero it was set equal to zero. Ali E[de], SD[de], E[th], SD[xdt]

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

The value of r (the correlation coefficient between th and de) 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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fundamental physical relationship (not simply a statistical 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 = Y(e9, L9, k¢, C9, Z9, D, T, I, t, etc.) (E.1)

where:

¥(*) = thermal model of the physics of heat transfer in thawing and
freezing soils, needing "(*)" as input

£ = thaw strain potential ¢ of each of ¢ homogeneous soil layers
Lo

latent heat L of each of & homogeneous soil layers

k3 = thermal conductivity k of éach of ¥ homogeneous soil layers
Cv = specific heat C of each of 4 homogeneous soil layers

A = volumetric extent of each of ¢ homogeneous soil layers

D = thermal design configuration and details

T = thermal loads (at all boundaries)

I = 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 (9=3), E[TS] and SD[TS] can be
estimated by:

E[TS] = 1/8 {3¥ (e, ey, 25, **0) * ¥pleg 7,2y, 25, o0) (E.2)

+ aee +‘P8(81-'€2_' 53_)}

sD[Ts] = [E[TS?] - E[TS]? (E.3)

E-1
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8
where: E[TSz] =1/8 ¢ ‘i’i?' (E.4)
i=1
¢9’ = E[ed] * SD[ed], ¢=1,2,3 (E.5)
g9 = E[ed] - SD[e9], ¢=1, 2,3 (E.6)

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

An example set of thaw settlement (TS) estimates (average E[TS] and
standard deviation SD[TS]) are given in Figure E-1. 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, %, T 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-¢/Fpb-r (in PSP=IB) 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. D, 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 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 vavlues of SD[D] (0, %, 1, 2).
For D less than or equal to 1.8 feet only SD[D]=0 and SD[D]=} are
applicable; they give different E[TS]+*SD[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]=0 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-1.

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 eiiminate 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 wvariability 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, 6, described by PDF[8].

Subject/site-specific estimates of 0, 8(S), are made using prior data and
available subject/site-specific sample data with Bayes' Theorem to make
posterior, updated estimates of of 6(S), 6(S)" as follows: Subject/site
specific parameters 6{(S) are random variables (in the Bayesian sense)
having prior distributions PDF{06(S)]" based on available prior data.
Subject/site-specific sample data on property X, x(S8), are summarized by
a sample likelihood function, L[8(S)/x(S)], which gives the relative
likelihoods of the uncertain values of 6(S) given x(S). If x(S) is
composed of n random observations of X, following a PDF having

parameters 6(S), then the sample likelihood function becomes:

L[8(S)/x(S)] = I PDF[xj(S)/G(S)} {(F.1)

j=T,n

Then, wusing Bayes' Theorem, the posterior, updated PDF of 8(S),
PDF[8(S)]", is equal to the product of the prior PDF, PDF[68(S)]', and
the sample likelihood function, L[8(S)/x(S)], normalized by a constant to
ensure that PDF[8(S)]" integrates to unity:

L[8(S)/x(S)]*PDF[8(S)]’ (F.2)

PDF[8(S)]" =
TL[8(S)/x(S)]*PDF[8(5)] *d8

In all cases PDF[6(S)]" can be used to calculate the updated estimate of
the mean and standard deviation of the marginal distributions of 6(S) for

each parameter of PDF[X]:

E[6(S)]" = /6(S)*PDF[8(S)] '*+d6(S) (F.3)

F-2
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]..2

Var [6(S)]" = /6(S)2*PDF[6(S)]"+d8(S) - E[9(S) (F.4)

sD[e(Ss)]" = (Var‘[B(S)]")% | (F.5)

I¥f the prior distribution of 8(S) and the sample-likelihood function are
conjugate pairs, posterior distribution of 8(S) are of the same mathematical
form as the prior; then, the mean or expected value, E[8(S)]", and
variance, Var[8(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
convenience and simplicity (unless they are not compatible with available
evidence). Where conjugate pairs are not appropriate, E[6(S)]" and
SD[e(S)]" can be obtained using Equations F.1 through F.5, for any
PDF[6(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, ->'<—, and standard deviation of X, ¢} and
using the normal PDF model updating equations presented in
Table F-1.

2. The soil property parameter of interest in grain size

characterizations is commonly 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 wvolumes 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-1. Updating parameters can use the
more general (but more numerically cumbersome) Equations
F.1, F.2, F.3 and F.4 directly if the normal or binomial
conjugate models in Table F-1 are not appropriate. In 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-1 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. In 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.



r3/d59

As an inspection of the equations in Table F-1 .suggest, if prior
information, measured by n', is adequate, estimates of 8(S) can be made
with any amount of site-specific data (n)--including no data (n=0).
However, uncertainity in all estimates, measured by Var[06(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 8(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 quantitative) with specific relevance to the particular 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 wvarious
ways, depending on practical needs and constraints (Refs. 22, 24, 27 and
28}.

F.2 UPDATING FROZEN DRY  DENSITY (de), THAW  STRAIN
POTENTIAL (g), AND THAW SETTLEMENT (TS)

The estimates of de and ¢ = f(de) given in Table C-1 are landform and
landform/region (PSP) statistics. We judge the effective sample size of
these de 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-1 Ilandform/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-1) statistical parameter
estimates but n'=6 for statistical estimates of the mean {Equation 1.1 and
.2 in Table F-1).

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 de statistics
and then the effect of updating de propogated through to ¢ and TS by
calculating updated estimates, using the techniques of Appendices D and
E.
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TABLE F-1
UPDATING EQUATIONS FOR SOIL PROPERTY PARAMETER ESTIMATING

Agsumed Soil Propety PDF Model Prior and Updated Estimates of Mean and
and Uncertain Parameters of Model Posterior PDF of Parameters Variance of Parameters for Site
NORMAL_With uncertain parameters: STUDENT, INVERTED-GAMMA-2 ELX(S) ] "=xe=_D"2X(LE) +neX(s)
mean, X, and standard deviation, _ n-npind rin/2] a'tn tr.1)
o, of property X PDF(R)={* 22— & r[:n-il w2
; 5 /% s//n var[X(s)}"= s' “{n +n-1) (1.2)
PDF(X)= —— exp!-l(-—&-)zi _ _ (n*+n}e(n*+n-3) .
/%6 *[n-1+n+(X-x)2/52) *nl
Elo2(s)]*=_8"22(n"4n-1)
i } ’ ) ‘n'+n_3) (103)
- n- 2 m
pDF(a)=l£Liﬂﬂil——_ o S _
s*I{in-}] o ' E[U(s’l'=/§ '(“'*n—1,.r[(n'+n—2)/21
oexp[-i(n—l)SZ/al’]] 2 Tl(n'+n-1)/21 (1.4)
PDP':;=)-((Lf), 52=5(Lf)2,n=n' var{a(s)]*= 3102(9”'-52[0’(3)]' (1.5)
PDFf:§=§'.sz=s“2,n=n' \\
52=((n-1)+s(S)2+(n*~1)+s(LE)2
tnen [x(1£)-x(5)12/n"]
(n'+n-1)
BINOMIAL With uncertain parameter: BETA ‘e .
the probability, Q, property u is PDF(Q)= r(a+f) Qﬂ-l (‘_Q)ﬂ*‘ ElQ(sS)]"= '2“QLE§%§252£§1:1‘ {117}
below a critical value U Tta)*T ()
a=n'*Q(LE)+n+Q(S5)+1
= n z - n-z w_ " ‘-El (s)]-
POF(Z)=(,)Q"(1-Q) B=n'*[1-Q(LE)} ) +ns [1-0(S) ]} +1 var (Q(s)1*=e1Q(s) 1"+ [ —ies] (11.2)
§(Lf),s(Lf)2 = sample mean and variance of {Lf) identifies information from landform {(or any) prior
- landform {or any) prior {S)} identifies site-specific information
x(s),s(S)2 = sample mean and variance of site n' = landform (or any) prior sample weight; n = site sample weight
Q(LF) = Estimated probability u<U based n* = n'+n = posterior sample weight

on landfora data
ol(s) = Estimated probability u<U based on site data




