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FOREWORD

This report is the final Geotechnic Evaluation of the Application
by the Alcan Pipeline Company to transport natural gas from Prudhoe Bay
south and east to the Canadian border. The Alcan application is for a
route from Prudhoe Bay south, parallel to the Alyeska 0Oil Pipeline to
Delta Junction and then southeast along the Alaska Highway to the Alaska~-
Yukon border.

This Geotechnic Evaluation analyzes the critical factors affecting
Alcan pipeline integrity.which might pose a potential threat to the
environment and/or the public safety. Derivative conclusions are then
presented which could improve the potential integrity of the Alcan
Pipeline System. This evaluation was conducted by the IROQUOIS RESEARCH
INSTITUTE for the Bureau of Natural Gas, Federal Power Commission (FPC).

Major inputs to this Final Geotechnic Evaluation included the Alcan
Pipeline Company Application for Certificate of Public Convenience; the
Federal Power Commission (FPC) Alaska Natural Gas Transportation Systems
Draft and Final Environmental Impact Statements; the Department of the
Interior (DoI) Alaska Natural Gas Transportation System Final Environmental
Impact Statement; the DoI Final Geotechnic Evaluation of the Alaska Pipe-
line and extensive additional technical data obtained from various other
sources.

For easy reference, the material contained herein is presented in
the order defined by the FPC Environmental Impact Statement Table of
Contents, modified to fit the Alcan application. Only those subjects
jointly identified by the FPC and IROQUOIS as being pertinent to the
pipeline system's integrity are included.

Each of the subjects addressed has been further subdivided into the
following elements for consistency and clarity:

° Applicant's Submission

° Analysis of Submission
° Conclusions

vii
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INTRODUCTION

The North Slope of Alaska was one of the loneliest places on earth
until 1968, when oil in great quantity was discovered near Prudhoe Bay.
The discovery changed the land, about which relatively little was
known, into a scene of mechanized technology into which great aerial
and seagoing armadas have been pouring men and equipment.

As early as February, 1969, the construction of the first great
arctic pipeline was announced to transport crude oil southward across
the tundra, the forests and the mountains to the Alaskan port of
Valdez. Various legal suits by Natives, environmental groups, and
fishermen delayed the issuance of construction permits by the
Department of the Interior. Eventually, Congress passed the Trans-
Alaska Pipeline Authorization Act, signed into Law by President Nixon
in November, 1973.

Natural gas produced during crude oil production will be rein-
jected into the North Slope reservoir until the means to distribute
the Alaskan natural gas to consumer markets are established.

The first application to provide an independent natural gas pipe-
line from the North Slope was filed before the Federal Power Commission
on March 21, 1974, by the Alaskan Arctic Gas Pipeline Company
(Docket CP75-96). The prime route would traverse eastward along the
coast of the Beaufort Sea and near the Canadian oil and matural gas
fields at the mouth of the Mackenzie River, thence southward toward
the center of North America. Companion applications were also filed
to carry arctic natural gas to the east and west coasts of the
contiguous United States.

El Paso Alaska Company filed a competitive application with the
Federal Power Commission on September 24, 1974, for the construction
and operation of a natural gas pipeline from Prudhoe Bay to Gravina
Point in Prince William Sound, Alaska. The El Paso plan is to estab-
lish a tanker fleet to transport liquid natural gas from Gravina
Point to the west coast of the contiguous United States and thence to
distribute natural gas eastward through the existing continental
pipeline network.

On January 23, 1975, the Federal Power Commission consolidated
all then related applications to one common Docket, number CP75~96,
et al.

The Department of Interior and the Federal Power Commission sub-
sequently issued environmental impact statements related to the prime

and alternative routes as well as proposed and alternative marketing
methods. )

Recently, the Alcan Pipeline Company filed a competitive appli-
cation on July 9, 1976, under Federal Power Commission Docket number



CP76-433, et al. On August 5, 1976, the Federal Power Commission re-
quested the Iroquois Research Institute to evaluate the environmental
consequences of the geotechnic characteristics of the proposed Alcan
Pipeline project in Alaska, the object of this report.

This volume and companion documents represent a continuing
participation by Iroquois Research Institute in the environmental
analysis of every major pipeline proposed in Alaska since the Prudhoe
Bay discoveries. '

As in the past, Iroquois has made every conscientious effort to
provide an expert, unbiased analysis and evaluation. No security or
financial interest in any energy company or in any utility is owned by
any Iroquois employees or associates, nor by any member of their house-
holds, assigned to this project.

During this Alcan evaluation, Irogquois experts aerially inspected
by low-level flight the proposed Alcan pipeline alignment in relation
to existing utility corridors and the on-going Alyeska oil pipeline
construction. During the last five years, Iroquois has analyzed
environmental aspects of over 6,800 miles of potential and actual
pipeline corridors in Alaska. In addition, over 200,000 pages of
technical and scientific documentation associated with Alaska pipe-
lines and arctic environmental engineering have been examined and
studied.

Except for unique local conditions, the evaluation of the pro-
posed Alcan natural gas pipeline alignment shows that no geotechnical
objections can be raised over most of the routing proposed.

However, a serious reviewer will note that a combination of
situations, in 1976, does cloud the safety and integrity of a natural
gas pipeline in some areas of Alaska if authorized under the existing
shortcomings of the arctic metallurgical state-of-the-art, the absence
of appropriate cold weather technical standards, the lack of supportive
arctic test pipeline and evaluation data, the inadequate design
criteria for Alaskan operational safety and controls, and a diminishing
decision-making timetable. These observations apply, in varying
degrees, to the pipeline designs proposed by all the competing
applicants.

To recommend major Federally-funded research programs to solve
apparent deficiencies would be outside the scope of our evaluation.

e
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C. ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION

2. Topography
a. General
i. Applicant's Submission

The Applicant did not provide a discussion of the topo-
graphic impacts of the proposed pipeline and mentioned revegetation
as a mitigating measure in one sentence of the discussion of land use
impacts.}/

ii. Analysis of Submission

As indicated above, the Applicant's Submission is deficient
in the area of topographic impact.

The topographic impact of the proposed Alcan pipeline from
Prudhoe Bay to Delta Junction is generally the same as that of the pro-
posed El Paso pipeline, which was described in the Federal Power Com-
mission's Final Environmental Impact Statement of April 1976. Since
that document was written, direct observation (8/25/76) shows that
regrading and revegetation have been accomplished along the Alyeska
route not only ‘on significant portions of the pipeline right-of-way,
but also in several borrow pits, spoil disposal areas, and some access
roads. In areas of pipeline burial where the new grasses have had an
opportunity to mature, the revegetated work pad resembles a raised
sward four or more feet above the surrounding terrain. (This, of
course, is not the case in hill-side cuts.) It is unnatural to the
extent that the work pad runs in straight lines and that the new vege-
tation does not blend in with the surrounding climax species. In
forested regions, these effects are more pronounced.

The improved borrow pits and spoil disposal areas have not
yet blended into the surrounding landscape, primarily due to the lack
of climax vegetation. However, it is possible to predict that, with
the passage of time, most of these areas will be visually integrated
into the natural topography.

The bedrock quarries are indeed scars, especially hill-side
vertical quarries. Bedrock quarries can be, and to some extent have
been, rehabilitated at ground level by using them as revegetated spoil
disposal areas.

The grasses currently used for revegetation are native
Alaskan species which were identified and cultivated by Dr. William
Mitchell of the Palmer Agricultural Experiment Station. Since Dr.
Mitchell's work with these species is recent, there is a lack of seed.

1/Applicant's Submission, Exhibit Z-1, Vol. 1, Sect. 3, p. 3-4.
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impact would be made on the remaining swamps if a winter construction
schedule were followed for those areas.

The topography can also be altered by pipeline induced
mass wasting and landslides which are discussed in Section C.3.d.

iii. Conclusions

(1) The Applicant's discussion of topographic impacts is
insufficient.

(2) Alyeska experience has demonstrated the ability of
revegetation to lessen topographic impacts.

(3) Revegetation may be hindered by a lack of native
Alaskan grass seed.

b. Slopes
i. Applicant's Submission

The Applicant described the topography in general, non-
quantitative terms such as "low," "steep,”™ "rolling," "broad," etc.
Elevations and local relief are stated numerically for each physio-
graphic province, but the only quantitative citation for slope is
"Coalescing outwash fans from the Alaska Range slope 20-50 feet per
mile northward. . ."}/

Elsewhere, the Applicant presented strip maps which con-
tain generalized terrain descriptions for each of twenty-five separate
segments of the proposed line.E/ Again, slopes are not described in
quantitative terms.

ii. Analysis of Submission

The primary reason for describing the topography is to
identify problem areas related to steepness of slopes and the direction
of the pipeline relative to those slopes. The Applicant has addressed
this aspect in neither the environmental baseline nor impact sections.
Slope stability is given only a half-page discussion in the most
general terms.

iii. Conclusion

The Applicant has not described the steepness of slopes
to be encountered, and thus has not specified the angles at which
slopes are to be crossed nor in any way discussed specific areas where
slope stability might be a problem.

L]

1/Applicant's Submission, Exhibit Z-1, Vol. 1, Sect. 2, p. 2-42.
2/Ibid., Exhibit Z2, Sect. 1.




c. General Drainage
i. Applicant's Submission

A brief description of the major streams is given for each
of the physiographic regions.&/ This includes channel patterns,
orientation of streams, valley shapes, and (rarely) width of flood-
plains. Principal streams crossed by the proposed route are listed,
but no dimensions are given.E/

Also given are brief descriptions of a variety of geo-
morphic features and deposits related to rivers and flood streams,
thermokarst topography, thaw lakes, drained basins, initial sand dunes,
stone nets, stone stripes, stone garlands, a variety of glacial ma-
terials, and aufeis.f/

One~third of a pagef/ is devoted to river crossings, where
it is noted that there will be seven principal crossings and about 87
all together. BAufeis, as a phenomenon, is described under Hydrology.E/
No details regarding the distribution of character of aufeis are given
but reference is made to observations along the existing corridor by
the U.S. Geological Survey and aufeis studies by the Institute of
Water Resources, University of Alaska. The importance of vertical and
lateral scour are noted, but no data are given.é/

ii. Analysis of Submission

The generalized descriptions of streams and the specific
related features are adequate to show an awareness of their existence
and some of the problems related to streams.

Aufeis is given less discussion than its importance
warrants. Details of distribution and character would be preferable
to merely citing three published studies.

The major reason for describing drainage characteristics
is to delineate potential problems at river crossings and to provide
a basis for designing materials and construction methods to overcome
them. Specifically, such problems include lateral erosion, bed scour,
and aufeis. Numerical data for these aspects are needed for all major
and probablyv most minor stream crossings.

1/Applicant's Submission, Exhibit Z-1, Vol. 1, Sect. 2, pp. 2-20
to 2-52.

2/Ibid., p. 2-267.

E/Ibid., p. 2-20 to 2-52.

4/Ibid., Sect. 1, p. 1-32.

5/Ibid., Sect. 2, p. 2-293.

6/1Ibid., p. 2-290.




iii. Conclusions

(1) The Applicant's overview of topography and geomorphic
features is, in general, adequate to show an awareness of these aspects
as they might affect pipeline construction.

(2) The Applicant did not supply specific numerical data
on stream crossings, which must be available before designing and
planning pipeline stream crossings.

(3) Similarly, the occurrence and character of aufeis on
specific streams is not adequate, considering the importance of this
phenomenon and availability of data.




C. ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION

3. Geologically Related Impacts
a. Resources
i. Applicant's Submission

The Applicant estimated the resources required for con-
struction of the pipeline}/ without discussing the impact of such
usage. The Applicant's brief section entitled "Impact of Use of
Resources During Operation and Maintenance"z/ implies, and indeed
seems to refer to, a similar but non-existent section for the con-
struction phase of the proposed project.

ii. Analysis of Submission

The impact of the proposed Alcan gas pipeline on geologi-
cal resources is essentially the same as that of the proposed El1 Paso
project, which the Federal Power Commission evaluated in its Final
Environmental Impact Statement of April 1976. Exceptions are noted
below.

Since the proposed Alcan project does not include LNG
facilities, it would not provide a potential collection and export
facility for offshore gas fields either in the Gulf of Alaska or in
the area east of Prince William Sound. Although the Applicant did
not address this point, a spur line could probably be built to con-
nect the Alcan pipeline to coastal regions if the quantity of off-
shore gas justified the efforts. The Applicant's proposed pipeline
would not have capacity for any excess gas over and above the proven
Prudhoe Bay reserves.

The Alcan project would have even less effect than the
El Paso gas pipeline in opening up new areas to mineral exploitation
since Alcan's proposed route follows existing access routes.

Alcan estimated that it will require 11.3 million cubic
yards of borrow materials to complete the proposed project. If this
estimate is based upon the cross~sections illustrated in Drawings
No. APC S9-10 and APC S9~ll,§/ the estimate is probably low. These
cross~sections only show the Alyeska and Alcan pipelines on flat
ground with no side slopes. In several possible configurations of
the pipelines on side hill slopes, it would be necessary for Alcan
to build completely new work pads or to drastically widen existing
work pads. (This is further discussed in Section D.1.b.1.(1).) In
addition, since the buried gas pipeline is designed to withstand
thermal stress without appreciable strain, it need not use Alyeska's

1l/Applicant's Submission, Exhibit Z2, Sect. 6, pp. 28-39.
2/Ibid., Exhibit z-1, vol, 1, Sect, 3.2.6, p. 320,
3/Ibid., Exhibit 22, Sect. 1, pp. 26-27.




trapezoid configuration to allow for thermal strain; therefore, it
might be economical not to precisely parallel the above-ground portions
of Alyeska pipeline, but rather to save between five and ten side bends
per mile by paralleling the general Alyeska alignment instead of the
precise pipeline. The use of this procedure would require the construc-
tion of one mile of new work pad for every two miles that this procedure
is followed.

From Prudhoe Bay to Delta Junction, the proposed Alcan
project would have the same impact on aggregate resources already
strained by the Alyeska construction as the El Paso project would have.
However, from Delta Junction to the Yukon border, the impact on aggre-
gate resources should not be as great. Due to the high proportion of
granular thaw stable and/or non-permafrost soils, less work pad con~
struction would be required. Approximately 10-15% of this segment
would require normal work pads; it should be sufficient for the remain-
der to merely grade the in situ soils. The boring logs included in
the Submission indicate a greater availability of gravel which has not
been impacted by the Alyeska route.

iii. Conclusions
(1) Geological resource impacts of the proposed Alcan pipe-

line are essentially the same as those reported by the Federal Power
Commission in its Final Environmental Impact Statement of April 1976.

(2) The Alcan project would provide less stimulus for
additional resource exploitation.

(3) The Applicant has probably underestimated its gravel
requirement.

b. Permafrost
i. Applicant's Submission

The Applicant defined permafrost and explained its origin
and characteristics in detail.}/ Factors that influence the formation
or, more importantly, the distribution of permafrost are well described
(vegetation, snow cover, water bodies, fire, etc.).

Occurrence of permafrost in each of the physiographic re-
gions 1is described with some quantitative information about depth
of the permafrost table, thickness of permafrost, moisture content, and
permafrost-related features (ice wedges, stone polygon nets, etc.) in
specific areas.

The influence of permafrost such as rooting of plants and
solifluction is briefly indicated. Also, engineering modification of

-

1/Applicant's Submission, Exhibit 2Z-1, Vol. 1, Sect. 2.1.4, pp. 2-59
to 2-67.
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the environment which cause thermal imbalance and their effects on
the engineering structures (roadways, pile foundations) are mentioned.

ii. Analysis of Submission

The Applicant has described the origin, characteristics
and boundaries of permafrost. Some of the factors which influence
the formation and distribution of permafrost are provided. However,
no physical and mechanical properties (except range of moisture con-
tents in fine-grained soils) which are vital to the design of buried
pipeline are mentioned or assessed.

The physical and mechanical properties of permafrost
which are of primary concern for the buried pipeline design are

(1) Frozen dry density

(2) Water content

(3) Coefficient of thaw consolidation

(4) Shear strength

(5) Creep strength

(6) Permeability

The nature of ice bonding and its inter~phase relation~
ship to other soil constituents have to be known for the assessment
of permafrost characteristics. In addition, some of the thermal
properties of frozen soils such as thermal conductivity, specific
heat and latent heat, should be known to determine the anticipated

depth of active layer under differing conditions of soil strata above
which the construction activities will take place.

For engineering purposes, permafrost characteristics are
related primarily to temperature, ice content, and distribution and
continuity of permafrost layers. Of equal or greater importance are
the thickness and character of the active layer, depth of the perma-
frost table, and occurrence of talik (unfrozen) layers, coefficient
of consolidation, permeability, and soil conductivity.

In the section on regional occurrence of permafrost, the
Applicant has provided short verbal descriptions and some numerical
data as to depths of the permafrost table, permafrost temperature,
and moisture contents. Unfortunately, these numbers are not refer-
enced, so it is not clear whether they are based on studies by the
Applicant or are from the open literature. In any case, the data
seem reasonable but cannot be verified since the sources are not
cited.

More importantly, the quantity of information on the
character of permafrost at specific localities along the proposed
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route is totally inadequate for pipeline design or construction plan-
ning. Detailed borehole data, such as that developed for the oil pipe-
line, will be necessary.

The Applicant has provided some borehole data along the
proposed route south of Delta Junction.}/ Some of it is from public
sources, some specifically obtained for this project by the Applicant.
The coverage is spotty, with large gaps separating some areas of fairly
continuous coverage.

Borehole data on permafrost characteristics may be suf-
ficient in some areas to permit general design specifications, but
continuous, close coverage will be necessary before actual construction.

The proposed pipeline route will traverse a wide range
of subsoil conditions ranging from continuous or discontinuous perma-
frost to unfrozen soils. The construction of the pipeline will have
significant impact on the permafrost regions as well as upon the un-
frozen areas.

In permafrost regions, the removal of the surficial
vegetative cover or trafficking over a thin snow cover will cause
thermal imbalance and a deeper active layer will be created. Thus,
many problems such as slope instability, differential settlement, loss
of bearing capacity, and surface erosion will be encountered. Especial-
ly in areas where the ice-rich soils are present in a delicate thermal
equilibrium, a slight change can upset the equilibrium and induce
significant thaw.

On the other hand, after construction, the chilled gas
will create a bulb of frozen soils around the pipe in previously un-—
frozen ground. Consequently, the pipe could be overstressed due to
uplift, or by a serious change in the drainage pattern in the vicinity
of the pipeline area which would create ponding as well as side
channeling. The geometric size of the frost bulb is variable, de-
pending on such factors as the existence of frost-susceptible soils,
the nature of the soil type, the position of the ground water table,
and the operational temperature of the gas in the pipe. Nevertheless,
the presence of a frost bulb in previously unfrozen ground near stream
crossings and subsurface drainage areas would have significant secon-
dary impacts.

Natural disturbances such as climactic change, stream
channel migration, lake drainage, fire, and solifluction along the
pipeline route prior to the commencement of the gas flow could en-
danger the integrity of the pipeline by loss of adequate support,
floating of the pipeline or slope failure.

Once thermal degradation in permafrost is initiated, it
is difficult, if not impossible to reverse, and it continues until a

1/Applicant’'s Submission, Exhibit Z2 and Z9 Supplement.
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new thermal equilibrium has been reached. Generally, a long time is
required to achieve the new equilibrium.

The major impact of the pipeline on permafrost would take
place between the initial disturbance during the construction and the
initiation of chilled gas flow operations. The thaw-freeze cycle
would alter the characteristics of the surrounding soils, possibly re-
sulting in significant damage to the unchilled pipeline as well as to
the environment.

The unchilled, newly laid pipeline could cause thermal
melting and thermal erosion during the intervening thaw periods. The
magnitude of the problem is unknown. However, the ditch could become
a water—filled trench or a french~drain collecting all surface and
some subsurface seepage water, thus weakening the subgrade bearing
capacity. This will reduce the subgrade reaction to the soil-pipe
interface resulting in the over-stressing of the pipeline due to
differential settlement. On sloping terrain, potential slope in-
stability could be created by a pipe-filled trench capturing local
drainage and causing erosion of the materials supporting the pipe.

Thus, the impact of the pipeline on the permafrost as
well as on the unfrozen ground affecting thermal degradation, thermal
aggradation and erosion, must be mitigated to the greatest extent
possible by proper design measures.

ijii. Conclusions

(1) The Applicant‘’s baseline data on permafrost is in-
adequate except for the most preliminary planning.

(2) The Applicant's discussion of permafrost impacts,
both the impact of permafrost on the pipeline and the impact of the
pipeline on permafrost, is insufficient to adequately analyze.

c. Frost Heave
i. Applicant's Submission

The Applicant has submitted a consultant's report en-—
titled "Alcan Pipeline Project, Frost Heave Considerations,"}/ where
it was noted that frost heave is caused by the volumetric expansion
of in situ pore water upon freezing, as well as by the freezing of
water that migrates to the freezing front. The report states that the
former component is usually small, as compared with the latter, which
is also.termed as ice-segregation heave.

1l/Applicant's Submission, Exhibit Z2, Sect. 3.2.
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Conditions causing frost heave are listed as:

(1) Freezing temperature which changes water to ice
(2) Availability of water

(3) Frost susceptible soils

The report presented discussions on engineering
approaches to the frost heave problem. These were described under
three headings: "Heave Rate Versus Overburden Pressure,"” "Laboratory
Determination of Heave Rate," and "Analytical Study."

With references, it was cited that ice segregation
heave rate decreases as the overburden pressure increases. As such,
the application of overburden pressure will reduce the frost heave
rate and therefore reduce the magnitude of frost heave. As the pres-
sure is being increased, a condition will exist whereby the water will
no longer migrate toward the freezing front, but rather will be ex-
pelled from it. Such pressure is termed shut-off pressure.

The consultant indicated that the estimated frost heave
values in the laboratory, under simulated field conditions, will be
conservative, i.e., the estimated value will be much greater than
actual field conditions. This was confirmed by the Calgary Test Site
of Canadian Gas Pipeline, Limited.

The report stated that, in considering wvarious factors
such as the characteristics of the freeze front, variation of over-
burden pressure, the rate of heat removal, soil consolidation and flow
of water, rigouous analytical modelling has been undertaken. Maximum
curvature versus time, maximum pipe movement versus time and maximum
axial strain versus time have been plotted.

The report also asserted that frost heave in cold
permafrost is not anticipated due to the shallow active layer, the
low ground temperature and rapid freezeback of thawed soils beneath

the pipeline.

In the thawed zone of discontinuous permafrost or in
non-permafrost areas, design factors to be considered are

(1) Increased depth of burial
(2) Use of surcharge loading

(3) Replacement of frost susceptible soils with frost
stable material

(4) Lowering of the water table

(5) Insulation of the pipeline

14




ii, Analysis of Submission

The impact of frost heave on the proposed Alcan pipeline
is essentially the same as that discussed in the Federal Power
Commission's Final Environmental Impact Statement of April 1976, for
the proposed El Paso pipeline. The proposed chilled pipeline would
contribute to the creation of both types of frost heave by providing
the freezing temperature, while the trench would collect water, and
fine~grained backfill would provide the frost-susceptible soils.

While the Applicant was correct in stating that a
shallow active layer would cause few frost heave problems, it should
be noted that the active layer may be increased by construction activi-
ties along the right-of-way, which would in turn increase the frost
heave potential.

There are several considerations which influence the
mitigating effectiveness of increased burial depth or berm sur-
charging:

(1) Stress on the freezing front will not be proportional
to the increased depth or surcharge loading due to
the "arching" effects which generally occur where
trenches are backfilled.

(2} The surcharge can be removed by erosion and mass
wasting.

(3) There are economical and physical limits to the
amount of increased depth or surcharge berm which can
be applied.

The impact of frost heave on accessory structures re-
lated to the pipeline has not been addressed by the Applicant. The
structures at the compressor sites would be founded on either shallow
or deep foundations, depending on the soil conditions to be encountered.
These structures, if founded on frost-susceptible soils, could have
serious frost heave effects which would result in cracking of the super-
structure and even ultimate failure of the structure.

If shallow foundations are used, the impact of frost
heave on the structures cannot be eliminated unless the foundations
are placed below the active layer and properly insulated.

At river crossings where pile supports would be re-
quired, the effective embedment length of piles must be adequate to
resist frost heave force. Otherwise, the bridge would collapse due
to uplifting of the pile supports.
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iii. Conclusions

(1) The Submission is incomplete in the discussion of all
frost heave effects, as it omits the problems of auxiliary facilities.

(2) Except as noted above, the Applicant has properly out-
lined the conditions under which frost heave problems should be antici-
pated and has presented adequate design measures to alleviate their
effects on the pipeline.

{(3) Frost heave is a problem which can be mitigated with
proper investigation and design.

d. Erosion and Mass Wasting
i, Applicant's Submission

In the "Geological Hazards" section of the baseline, the
Applicant described several types of erosion: thermal, coastal, and
riverbank. Less than one sentence per physiographic region is devoted
to erosion in the sub-division of that section entitled "Regional
Occurrences of Permafrost and Erosion."}/

After stating that overland flow will have been stabilized
by the o0il pipeline and the highway, the Applicant admitted that
"depending on local conditions; erosion could be augmented by the
proximity of the proposed gas line to the o0il line."Z/ A final para-
graph on the same page touched upon the seasonal influences of snowmelt
and rainfall on erosion.

The mitigations section of the Submission has over one-
half page on erosion, wherein it was stated that the Applicant is con-
ducting a field investigation of soils and slopes along the Alaska
Highway portion of the proposed route. The results of this study will
assist in selecting the appropriate drainage control facilities and
should "almost entirely obviate the need for revising drainage control
plans in the field...Hence, undersizing and/or misplacement of control
structures should not occur."é/ The Applicant listed various types of
control facilities to be considered and, later, stated that the appro-
priate controls would be carried out on all disturbed areas following
contruction or as determined by local conditions.f/

The Applicant stated that frost creep and solifluction
are probably the most common forms of mass wasting in permafrost en-
vironments. The terms "frost creep" and "solifluction" are defined,

1/Applicant's Submission, Exhibit Z-1, Vol. 1, Sect. 2, pp. 2-76
to 2-73.

2/Ibid., Sect, 3, p. 3-11,

3/Ibid., Sect. 4, p. 4-3.

4/1Ibid., Sect. 4, p. 4-16.
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indicating that they can occur on slopes as gentle as three degrees
and often take such forms as lobes, sheets and terrace-like features.}/

The Applicant very briefly discussed slope stability and
presented an outline of the anticipated slope stability problems along
the proposed pipeline route. Except for the areas south of the Brooks
Range, where the line enters the rolling hills of the Yukon-Tanana
uplands, no slope stability problems are anticipated. Side hill cuts
and fills will be avoided in the permafrost areas, which tend to be-
come unstable after construction activities and during the thawing
process. The Applicant's studies are being continued from the Tanana
River crossing east of Tok Junction to the Alaska/Canada border where
the proposed route passes through a hilly area; no specific conclusions
are made in this area.z/

ii. Analysis of Submission

Erosion is a geological process, primarily caused by
water and wind action. Water caused erosion is the greater concern
for the proposed project, and the magnitude of this form of erosion
increases proportionally to slope inclination. The proposed route
would traverse many steep slopes.

Several types of soil found along the proposed alignment
are susceptible to erosion. Wind-blown deposits of silt and sand,
geologically termed loess, are especially sensitive, as are colluvial
and alluvial deposits, when subjected to thermal degradation and/or
concentrated water flow.

Construction activities of the pipeline could cause con-
siderable erosion and mass movement unless adequate precautions are
taken. Such precautions include drainage control, prevention of sig-
nificant thermal degradation, and protection of cut-slopes. Even in
rolling terrain, ice-rich soils would be very susceptible to erosion
and mass movement, since the slope stability in permafrost is very
sensitive to the amount of thaw water generated and disipated in the
soil.

Whereas the Submission is adequate to indicate that the
Applicant has an appreciation of possible erosion problems and has
an understanding of the methods to solve those problems, it is too
general to permit in-depth analysis.

In the baseline section, several types of erosion were de-
scribed, but erosion caused by overland water flow, a type of erosion
most likely to cause environmental and pipeline-integrity damage, was
neglected. This problem was alluded to in the discussion of drainage
control facilities. It is appreciated that the Applicant did not
have site-specific data available at the time the Application was

l/Applicant's Submission, Exhibit Z-1, Vol. 1, Sect. 2, p. 2~34.
2/Ibid., Sect. 4, p. 4-4.
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submitted; however, some criteria for the design and use of the various
erosion and drainage control facilities should have been included.

From a theoretical standpoint, the Applicant's statements
that field revisions "should" not be necessary and that "undersizing
and/or misplacement....should not occur" are acceptable. From a prac-
tical standpoint these statements are optimistic and misleading; con-
struction jobs seldom proceed as planned. There are always field re-
visions; there are always errors. The goal should be to minimize these.

Mass wasting may take place in various forms such as
solifluction, slope failure due to creep of frozen soils, differential
ground settlement or consolidation as a result of thaw strain, and
slumping of ice-rich fine~grained soils when exposed to external de-
gradation by construction activities.

Two components of the general term solifluction are (i)
frost creep -- "the net downslope displacement that occurs when the soil
during a freeze-thaw cycle expands normal to its surface and settle in a
more nearly vertical direction,"” and (ii) "solifluction--the slow
flowing from higher to lower ground of masses of soil saturated by
water."}/ Solifluction occurs only where there is permafrost or deep
seasonal frost penetration. The presence of a frozen layer below the
transient thaw front, which prevents the downward escape of water,
appears to be necessary to promote the relatively fast movement of soil
in the thawed stage. Fine-grained materials (i.e., clay or silt) must
be present in the upper soil layers, and there must be an ample water
supply. The fine~grained soils are necessary to support the migration
of moisture by capillarity to the freezing front. In addition, the
fine-grained soils experience greater reduction in strength than
granular soils because excess moisture is retained more readily,

Since the down slope movement occurs only when earth's
surface is seasonally thawed and frozen, the moving layer is relative-
ly thin. Further, the movement is not continuous nor uniform over an
entire solifluction area, since thawing does not proceed at the same
rate in each sub~area. Each sub-area moves when thaw depth and/or
excess moisture develops an instability within the sub-area. There-
fore, there is intermittent and erratic movement within the total area.
This means that only limited masses are involved at any particular
time. Mud flows have been noted from solifluction lobes or terraces
that behave as viscous liquids rather than as slides.

Active solifluction occurs on slopes where conditions
such as slope inclination, soil stratigraphy, in situ water, and vege-
tation are ideal to support the process. Alteration of these condi-
tions, by man-made or natural agencies, may possibly inactivate the
slope. Conversely, alteration in ground cover, drainage, or other
conditions can reactivate an inactive slope.

1/Benedict, J. B., "Downslope Soil Movement in a Colorado Alpine Region:
Rates, Processes, and Climatic Significance."
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A pipeline installed in the buried or deep buried mode
with a cover of three feet or more should not be affected by soli-
flucting masses regardless of their rates of movement. However, the
work pad which is needed for the construction of the pipeline may
undergo significant thaw settlement and thereby possibly fail if main-
tenance measures are not taken to eleminate the possibility of
solifluction by removing poor, undesirable surficial soils. Removal
of solifluction lobes will be desirable to eliminate the dished areas,
which form directly uphill of lobes and tend to pond water causing
local stability problems.

In areas where cuts or transverse slopes must be leveled
for work pad installation, all undesirable surficial soils should
be eliminated. However, sloughing may occur on the back slope of the
cut or at the toe of the work pad, thus requiring simple maintenance
work. Thermal erosion; i.e., settlement due to melting of ground ice,
may be more severe in some locations than solifluction.

Other forms of mass wasting, due to slope failure, dif-
ferential settlement, or erosion by surface flow, also require care-
ful engineering analysis of the soil stratigraphy, slope inclination,
construction activities, and surface and sub-surface drainage
patterns.

Tt is known that the proposed pipeline will not only
encounter bedrock and thaw stable material, but also a heterogeneous
mixture of ice-rich soils, frost-susceptible soils, and erodible
soils. As such, it will be of great importance for the integrity of
the pipeline to analyze each traversed area for potential erosion
and mass wasting.

Slope stability in permafrost regions is generally
governed by soil type and its long-term strength, slope inclination,
dynamic loading, and ground water condition. Surface disturbances,
which occur during the construction, will cause thawing of soils in
the permafrost regions and the generation of melt water in the soils.
If the melting rate exceeds drainage rate, excess pore pressure is
generated, which causes loss of soil strength and slope failure.

Such events are common in ice-~rich fine-grained soils. In thawed
soils, if the ground water table is high and adequate drainage does
not occur, the same phenomenon is generally found.

It is unlikely that deep seated creep failure will occur
along the proposed route unless a very deep cut is made in the frozen
ground without adequate stability design.

The impact of mass wasting due to differential settlement
of the work pad is also significant. The creation of a deeper active
frost layer will cause settlement of the work pad, the magnitude of
which will vary depending upon soil type and density, quantity of
melt water, and depth of the frozen boundary. Local sections of work
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pad could fail, causing disruption of the construction or maintenance
activities.

Surficial water flow could cause mass wasting in regions
where the drainage is restricted to one area and the critical soil
tractive velocity of water is generated, thus creating surface erosion.
Such cases arise from construction activities.

The Submission is inadequate in dealing with mass wasting
and slope instability. These phenomena were mentioned, but were not
discussed sufficiently with regard to their effects on pipeline integ-
rity nor the effects of the pipeline on activating them. Mass wasting
was not discussed at all and the one method offered to avoid slope
stability problems has only limited utility.

Again realizing the Applicant's lack of site-~specific data
and appreciating the fact that this data is being collected, the
Applicant should have discussed the potential problems and provided
criteria for the analysis and solution of those problems.

iii. Conclusions

(1) The Applicant has demonstrated an awareness of the
potential erosion problems and a knowledge of the measures needed to
cope with these problems. The Applicant has not demonstrated an
ability to effectively employ those measures.

(2) The Applicant has demonstrated an awareness of the
existence of mass wasting phenomena, but has not indicated an aware-
ness that such phenomena offer potential environmental and engineering
problems.

e. Seismicity
i, Applicant's Submission

The Applicant provides brief descriptions&/ of some
specific historic earthquakes: notably earthquakes of 1964 near
Anchorage; 1937 and 1967 near Fairbanks; and 1268 near Rampart.

The main historical data are summarized in two maps. 23
seismic zone mapz/ which shows the epicenters of the higher magnitude
historic earthquakes and the seismic zones based on their distribution.
Importantly, the proposed route does not pass through the highest
seismic zone, Zone 4, and avoids the largest concentration of earth-
quakes in Zone 3. From the Brooks Range northward, the proposed route

1l/Applicant's Submission, Exhibit Z-1, Vol. 1, Sect, 2, pp. 2-73
to 2-75.
2/Ibid., Fig. 2.1.4-6, p. 2-74.
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lies in Zone 2 where only moderate damage is predicted as the maximum
likely.

An Alaskan seismicity map&/ shows the routes of the Trans-
Alaska pipeline as well as the Applicant's proposed route in relation
to a plot of numerous historical earthquake epicenters. With the ex-
ception of areas around the Yukon River crossing and Fairbanks, the
Applicant's route is shown to avoid concentrations of earthquake epi-
centers. Elsewhere,z/ the Applicant states:

As' a minimum, the pipeline will be designed to with-
stand the maximum historic seismic intensity
experienced along any segment of the route. Seismic
risk estimates have been previously developed for the
route segment that follows the oil pipeline alignment
between Prudhoe Bay and Delta Junction. Applicant is
expanding the data base for seismic risk between
Delta Junction and the border by conducting a survey
of the relationship between seismicity and prehistoric
and historic movement along the Denali Fault. Computer
modeling of ground accelerations along this pipeline
segment from various magnitude earthquakes along the
fault is now underway. The resulting data will be
used to determine the method of burial for pipe in

the zone which might be influenced by fault movement.

ii. Analysis of Submission

The proposed Alcan pipeline route avoids most of the
regions of high seismic activity described for the El Paso route in
the Federal Power Commission's Final Environmental Impact Statement
of April 1976. The Alcan route not only avoids the largest concen-
tration of earthquakes in Zone 3, but does not enter Zone 4--the zone
of highest seismic risk. Even so, there has been considerable earth-
quake activity in Zone 3, especially around Fairbanks, and seismic
activity could threaten the integrity of the proposed pipeline system.

1l/Applicant's Submission, Exhibit Z-1, Vol. 1, Sect. 2, p. 2-80.
2/Ibid., Sect. 4, p. 4-4. :
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In addition -to the hazards discussed in the Final
Environmental Impact Statement, many major catastrophic failures (Seed,
1968;1/ Ohsaki, 1966;2/ Ross, Seed and Migliaccio, 1969;3/) have been
observed in recent years due to soil liquefaction in seismically active
regions of the world. It is now generally recognized that the basic
cause of liquefaction of saturated cohesionless soils during earthguakes
is the build-up of excess hydrostatic pressures due to the application
of cyclic shear stresses induced by the ground motions. These stresses
are generally considered to be due primarily to upward propagation of
shear waves in a soil deposit, although other forms of wave motions are
expected to occur. During ground shaking, an element of soil undergoes
a series of cyclic stress conditions. As a result, the tendency of the
saturated soil deposit is to compact and decrease in volume with a re-
sulting transfer of stress to the pore water and an increase of pore
pressure. Consequently, the shear strength of soil is reduced. If the
duration and magnitude of shaking are large enough that the generated
pore pressure is sufficient to cause complete loss of shear strength
liquefaction occurs; that is, the soil takes on the characteristics of
a viscous liquid mass. On level ground, this will result in the
tendency of a weighted pipe to sink or an unweighted buried pipe to
float upward. In the case of sloping ground, lateral movement can
occur, causing significant damage. This can result in a severe threat
to the integrity of the pipeline from both operational and environ-
mental points of view.

The Applicant has not addressed the potential for
seismically-induced liquefaction of soils. Further, not a single
area along the entire pipeline alignment has been identified for lique-
faction potential. The only mention of seismic liquefaction4d/ is
stated as a probable cause of the slumping related to the 1958 earth-
quake near Huslia.

Seismic liquefaction cannot occur where any conditions
exist which prevent the build-up of excess pore pressures due to the
shaking. These conditions are

(1) Clays and some fine-grained silts having adequate
cohesion (plasticity index greater than 5) to re-
sist grain movement which could cause excess pore
pressure

1/Seed, H.B., "The Fourth Terzahi Lecture, Landslides During Earth-
quakes Due to Liquefaction," Journal of the Soil Mechanics and Foun-
dation Engineering, Division A.S.C.E., Vol. 95, No. S.M.4, 1969,
pp. 1007-1036.

2/0hsaki, Y., "The Effects of Local Soil Conditions Upon Earthquake
Damage," Proceedings of Specialty Session 2, Seventh International
Conference on Soil Mechanics and Poundation Engineering, Mexico,
1969.

3/Ross, G.A.; Seed, H.B.; and Migliaccio, R.R., "Bridge Foundation in
Alaska Earthquake," Journal of the Soil Mechanics and Foundation
Engineering, Division A.S.C.E. Vol. 94, No. S.M.5, 1968, pp. 1053-1122.

4/Applicant's Submission, Exhibit 2-1, Vol. 1, Sect. 2, p. 2-75.

22




(2) Very coarse soils, mainly gravels and boulders, which
have sufficient permeability so that water flow can
occur quickly enough to prevent build-up of pore
pressure

(3) Where saturation conditions do not exist (ground water
table is at greater depth)

(4) Rock
(5) Prozen soil

These conditions establish criteria for non-liquefiable
soils.

Two kinds of material are especially susceptible to seis-
mic liguefaction: (1) unconsolidated, cohensionless soils in the
saturated condition and (2) certain under-compacted marine clays that
have been uplifted and have undergone leaching. The latter material
was a major factor leading to the disasterous slumping during the
1964 earthquake in Anchorage. However, such clays are not likely to
occur along the proposed pipeline route.

Thawing of fine-grained soils and/or organic surficial
materials with high porosity and/or high ice content may constitute
an additional category of susceptible materials unique to high
latitudes. These soils may be susceptible to seismic liquefaction on
a seasonal basis, following heavy rains, or after a period of thawing
induced by removal of an insulating cover or by alteration of sur-
face drainage. :

The major point, that the proposed route avoids the most
seismically active area near the Gulf of Alaska, is adequately made
by the Applicant. The presentation of this information, however,
leaves much to be desired. Evaluation of the information presented,
for example, is hindered by inadequate documentation. Of ten refe-
rences cited, eight are not listed in the bibliographyl/ and thus
cannot be verified.

On the seismic zone map2/ the route of the proposed pipe-
line is not shown nor the U.S./Canada boundary. This is not a serious
oversight, but the relationship between seismic zones and the pipeline
would be clearer if the proposed route were shown. Explanation of
this figure is inadequate also in that seismic zones are never de-
fined and the source of the map is not fully stated. In addition, one
must read a footnote on the map to learn that the absence of epi-
centers in northern Alaska is at least partly due to lack of

1l/Applicant's Submission, Exhibit 2-1, Vol. 1, Sect. 10, pp. 10-89
to 10-107,
. 2/Ibid., Sect. 2, p. 2-74,
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appropriate equipment to record them; therefore, seismic activity in
northern Alaska may be more severe than indicated by this map.

The Alaska seismicity mapi/ similarly is not fully ex~
plained. It is not clear whether the epicenters shown represent all
of the earthquakes detected or only those above some minimum magnitude,
nor whether both deep and shallow or only shallow hypocenters are in-
cluded. Since as many as 4,000 earthquakes may be detected in Alaska
each yearz/ and the map contains data from five years, it is likely
that there has been some selection process. This may seem a minor
point, but by selection of data and time intervals, somewhat different
maps can be generated, giving rise to the possibility of choosing an
alternative that will best support a given objective. For example,
compare the Applicant's map (included here as Figure 4) with a similar
mapz/ prepared for the proposed Arctic Gasline project (included here
as Figure 5).

The most serious deficiency is the lack of detailed,
quantitative data regarding ground acceleration expected at specific
localities. This information must be available before pipe specifi-
cations, installation modes, and construction methods can be designed.

In the executive summaryf/ and the summary, as well as
in the design considerations, the Applicant stated that effects of
seismic waves are within the structural capability of the pipeline and
that studies will be performed and any necessary remedial action will
be taken at fault areas.

The effect of shear waves is discussed to some extent
under the heading "Structural Analysis and Design."5/ Faulting, a
potentially more serious action, is not pursued in detail. It is not
clear from the Submission whether only geological faulting, i.e.,
bedrock displacement, is considered or if soil movements due to land-
slides, settlement, or heaving--which can occur at great distances
from a geological fault zone but have a similar effect on the pipe-
line-~are also considered. It is not indicated in the exhibits what
type of remedial measures are contemplated. The change in buoyancy
during potential seismic liquefaction and change in soil pressure
due to possible compaction of the overburden due to earthquake
activity is also not mentioned.

1l/Applicant's Submission, Exhibit Z-1, Vol. 1, pp. 2-80.

2/National Earthquake Information Center, U.S. Coast and Geodetic
Survey, Earthquake History of Alaska: Earthquake Information
Bulletin, Vol. 2.

3/U.S. Dol, Alaska Natural Gas Transportation System, Final Environ-
mental Impact Statement, 1976, Figure 2.1.1.3-6, p. 84.

4/Applicant's Submission, Exhibit Z2, Sect. 3.3, pp. iii, 2, and 6.

5/Ibid., pp. 25-62.
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Under the heading, "Structural Analysis and Design“}/ the
Applicant discusses longitudinal strain due to seismic waves. The

expression for strain due to an operating earthquake, E = + V9 and a
— 4C

maximum contingency earthquake, E = i_%b' are the expressions derived
by Newmark2/3/ and are reasonable for straight, long (without end
effects) pipe buried in fairly uniform soil. Likewise, the values for
soil velocity and propogation velocitiesf/ appear to be reasonable for
preliminary design. Using the Newmark strains computed from the above
data, the'stresses are within reasonable limits. However, as pointed
out by Okamoto,E/ where the rigidity of the ground changes suddenly
(rock to soil, permafrost to thawed ground) at discontinuities (under-
ground to above ground, pump stations, valves,; appurtanances) or at
bends, large bending forces can exist locally. For extreme cases,
Shah and ChuE/ calculate bending stresses five times greater than
axial stress.

The development of a frost bulb (ring) around the pipe
may create size effects, and the critical earthquake induced wave
length and amplitude as discussed by KueselZ/ may be of importance.

In addition to seismic effects on pipeline, but not men-
tioned in the Applicant's Submission, earthquake design of all above
ground facilities must be considered. Critical control facilities
must be protected relative to their importance in maintaining the
operational integrity of the system during contingency earthquakes.

iii. Conclusions

(1) On the basis of available information, the ground wave
velocities used are reasonable. However, the Applicant's discussion
of severity of earthquakes is much too brief, considering the impor-
tance of the subject. This discussion lacks sufficient clarification,

1/Applicant's Submission, Exhibit 22, Sect. 3.3, pp. 25-62.

2/Newmark, N.M., "Earthquake Response Analysis of Reactor Structures,"
Proceedings of the First International Conference on Structural Me-
chanics in Reactor Technology, Berlin, Germany, 1971.

3/Newmark, N.M., and Hall, W.J., "Seismic Design Spectra for Trans
Alaska Pipeline," Proceedings of the Fifth World Conference on
Earthquake Engineering, Vol. 1, 1974, pp. 554-557.

4/Applicant's Submission, Exhibit Z2, Sect. 3.3, p. 49.

5/0Okamoto, Shunzo, Introduction to Earthquake Engineering, Chapter
16, 1973.

6/shah, H.H., and Chu, S.L., "Seismic Analysis of Underground Struc-
tural Elements," Journal of the Power Division, June 1969, pp. 53-62.

7/Kuesel, T.R., "Earthquake Design Criteria for Subways," Journal of
the Structural Division, Vol. 95, No. ST6, Proceedings Paper 6616,
June, 1969, pp. 1213-1231.
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specifically with regard to:

(a) Details to major historic earthquakes and their effects,
and

(b) Maps showing distribution of historic earthquakes.

(2) The Applicant has not considered seismic liquefac-
tion potential. Earthquakes of significant intensity and frequency
are known to occur, and it is likely that materials susceptible to
seismic liquefaction occur aleng the proposed pipeline route. The
Applicant has not addressed this aspect, either by identifying the
location of such materials or be stating that they are present.

(3) The primary deficiency is the lack of hard,
numerical data that can be used in pipeline design for specific lo-

cations. In addition, the following points should be noted:

(a) Fault movement problems have been superficially treated.

(b) The stress analysis for straight, long sections in uniform

soil is in accordance with current engineering practice.

(c) The effect of bends and discontinuities on pipeline stresses
during seismic loading, though significant, has not been

mentioned.

(d) Earthquake potential for significant damage to the control

and operating equipment has not been discussed by the
Applicant.
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C. ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION

4, Soils
a. Applicant's Submission

In the baseline section of the Submission, the Applicant pro-
vided a simplistic discussion of factors which influence soil develop-
ment and mentioned briefly the effects of disturbing Arctic soils.
These 1 1/2 pages are followed by 4 1/2 pages of generalized soil
descriptions for the physiographic regions along the proposed right-
of-way.l/

b. Analysis of Submission

The Applicant's baseline data, while interesting, is too
general for other than the preliminary planning., The Applicant did
not address the potential impacts of the proposed action upon soils
and, therefore, did not provide any measures to avoid or mitigate
those impacts.

i. Ecological Impacts

Because of poor leaching and very slow biological de-
gradation of organic materials in cold regions, trenching, grading,
and borrow pit activities will result in bringing to the surface of
the ground relatively nutrient-poor soils. If the revegetation
process is to succeed, it will require the addition of fertilizers
for rapid establishment and continued growth of most plant species.
Erosion is anticipated to continue by various amounts and for various
time periods depending on soil types and locations. The ecological
impacts caused by erosion may be immediate and long-term, since
erosion is usually followed by sedimentation, and both processes have
adverse effects on habitat.

Vegetation removal on slopes results in an increased
velocity of overland sheet and rill water flow, which accelerates
concentration times of storm produced local flooding. Higher ve-
locities of water flow produce greater soil tractive stresses and
result in erosion which would not occur at the lesser water velocities
sustained under conditions of vegetal soil cover. Though infiltration
rates do not alter significantly from those of the undisturbed soil
cover, erosion is induced or magnified when overland and rill flows
are initiated on unprotected soils. Erosion of incoherent silts in
the Fairbanks area and fine sands southeast of the Tanana River
Crossing near Tok can be anticipated to be especially severe.

The operation of a chilled gas pipeline will result in
warmer or colder mean annual soil temperatures in the vicinity of the

l/Applicant's Submission, Exhibit Z-1, Vol, 1, Sect. 2, pp. 2-52
to 2-59, '
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pipeline depending on pipeline location, the mean soil temperature at
the specific location and the mean pipeline temperature at the specific
location (will vary from +5°F to +250F between compressor stations).

In soil-warmed locations, revegetation should progress more rapidly
than in soil-cooled locations. Revegetation efforts may need to be
repeated after initiation of operation of the pipeline because the
plant species and varieties, initially, successfully seeded may not be
adapted to the change in the local soil temperature.

Spills of various kinds of fuels, chemicals, and sewage
can be anticipated during construction and testing of the pipeline,
and these would affect ground waters. Appropriate handling, storage,
and disposal methods for such soil and water contaminants should be
utilized. Spills which intersect ground waters or streams can contam-
inate a wide area because of resultant water transport of the contami-
nant. The rate of movement and amount of dilution of contaminants so
introduced in the waters depends on parameters such as amount of
dilution waters available, velocities of stream or ground water flows,
and levels of turbulence in streams. Biodegradation of organic
pollutants can occur as the pollutant passes through the soils while
moving downward toward underlying ground waters. If ground water
levels are considerably lower than soil surface levels, pollutants may
not reach underlying ground waters. If overland flow distances of
pollutants are considerable, pollutants can be "ponded" and treated,
recovered, or biodegraded naturally without ever reaching streams.
This is one reason for locating camps away from streams.

Low temperatures and an absence of appropriate dissolution
and dispersion conditions can result in ground water contaminants re-
maining in the vicinity of the point of contamination for long time
periods with very slow biological and diluticnal degradation. This
results in long-term ground water contamination and is especially
troublesome in cold regions.

ii. Engineering Impacts

The various soil types, which will be encountered during
the construction activities of the proposed pipeline, may be cate-
gorized as organic or inorganic soils, and thawed or frozen soils.
The impact of excavation on organic soils as well as frozen soils
would generally be more severe than that on thawed soils.

The thickness of organic soil layers (peat and "tundra")
is known to range from 0.5 to 2 feet in the Northern regions of cold
permafrost to as much as 10 to 15 feet in the Anchorage Area. It is
not unreasonable to expect some areas of thick peat deposits along
the proposed route. Removal of this sensitive organic layer, which
serves both as summer insulation and as a winter chilling heat pump
to permafrost soils, will create a deeper active layer and encourage
erosion, differential settlement, and subsidence.

The excavated frozen soils will generate higher surface
run-off velocities, and drainage provisions will be needed to prevent
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thermal degradation and erosion of trench and neighboring areas.
Special drainage measures would be required where ice-rich soils may
generate mud flows after thawing, thus altering natural drainage
patterns, encouraging further mass wasting.

The physical and mechanical properties of various locally
available soil types should be assessed for engineering suitability
as backfill or structural material for the project use. Care should
be exercised in writing the specifications for backfill and structural
material soils to provide specification compatibility with available
materials wherever sound soil mechanics and structural material
~ principles allow.

c. Conclusion
The Applicant's Submission neglected the impacts of the

proposed pipeline upon soils and is, therefore, inadequate in this
regard. :
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C. ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION

5. Environmental Impacts of Water Resources
a. Surface Water
i. Applicant's Submission

The Applicant's surface water baseline discussion was divi-
ded in three parts: Surface Water,i/ Distribution of Run—off,z/ and
Floods.3/ ‘

The Surface Water portion named the hydrologic regions and
sub-regions in which the proposed pipeline would be located, provided
data on the areal extent and mean annual discharge rate of the Yukon
River Basin, mentioned the existence of lakes near the proposed route,
and referenced three tables:

-

Table 2.4.2 - 1 a list of "principal" streams crossed

Table 2.4.2 - 2 a list, with locations, of glacier-formed
lakes in the Yukon Region

Table 2.4.2 - 3 a list, with locations but no data, of U.S.
Soil Conservation snow course stations

The Distribution of Run-off portion described how run-off
data is recorded and provided general run-off data for several streams
and drainage basins in the vicinity of the proposed alignment.

The Floods portion described various causes of flooding
and seasonal variations of flooding for both the North Slope and the
Yukon Region. Also included were discussions of glacial phenomena

(discussed in Section C.5.c.), flood-related erosion, and river scour.

The Applicant discussed,f/ briefly, several impacts which
construction activities would have upon surface water and surface
water effects:

(1) Alteration of drainage patterns

(2) Increased siltation due to increased erodibility of soils

(3) Increased surface flow due to interception of shallow
ground water

(4) Ponding

1/Applicant’'s Submission, Exhibit Z-1, Vol. 1, Sect. 2, p. 2-266.
3/Ibid., pp. 2-266, 2-272, and 2-274.

3/Ibid., p. 2-286.

4/Ibid., Sect. 3, pp. 3-10 and 3-11.
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In the sub-section entitled Waste Disposal, the Applicant
stated that hydrostatic testing would require 360,000 gallons of water
for each mile of pipe in the section being tested and that "no serious
impact is anticipated" close to large rivers and lakes.l/

The only impacts on surface water which the Applicant
identified for the operational phase of the project were changes in
drainage patterns due to frost bulb induced "ridging" of overburden
soils and the possible need for more test water should the pipeline
fail. / ,

ii. Analysis of Submission

The FPC Final Environmental Impact Statement, Volume II,
April 1976, Section C.5., discusses water resource environmental im-
pacts for the proposed El Paso gas route from Prudhoe Bay to Gravina
Point. The proposed. Alcan route.diyerges.from.that.route.at Delta
Junction and parallels the Alaska Highway to the Alaska/Yukon
Territory Border. That part of the Alcan route lying between Prudhoe
Bay and Delta Junction has largely been covered by the above-referenced
Environmental Impact Statement.

Large rivers to be crossed between Delta Junction and the
Alaska/Yukon Territory Border are the Gerstle, Johnson, Robertson, and
Tanana Rivers. Smaller, but important, streams include Yerrick Creek,
Tok River, Little Gerstle River, Gardner Creek, and Scotty Creek.’
Each of the large rivers is primarily glacial fed from the northeast
slopes of the Alaska and Wrangell Ranges. The Gerstle, Robertson, and
Johnson Rivers are rather wide, short, braided, steep streams with
very erodible gravel beds. The Tanana River at the highway crossing,
southeast of Tok, is slow moving and has a principally mud bed. The
river reaches depths in excess of 35 feet at the Highway Bridge.

Except at major stream crossings where the Haines. pipeline
utilizes highway bridges, the proposed Alcan route would introduce few
new alterations to the present surface drainage on the segment south
of Delta Junction. It is not made clear how the Applicant proposed
to cross the larger rivers, but if burial in river beds is planned,
low water crossings should be relatively uncomplicated except for the
deeper Tanana. The Robertson River, shown in Figure 6, is subject to
considerable winter icing which remains in evidence until July. An
autumn crossing should be readily possible; however, steep river banks
near the highway crossing suggest that a crossing downstream in the
vicinity of the military road crossing would be preferable.

1l/Applicant's Submission, Exhibit Z-1, Vol. 1, Sect. 2, p. 3-13.
2/Ibid., pp. 3-18 to 3-19.
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Operational effects on all streams along the entire route
which are traversed by underwater crossings will result in frost bulb
development surrounding the buried pipe. The frost bulb development
should have little effect on major confined rivers, but it would have a
considerable effect on braided, shallow streams or on the smaller, single
channel streams. This situation is illustrated in Figure 7. Figure 7A
depicts the stream flow regime before the pipeline is imposed upon it.
The frost bulb would initially restrict flow passing through the
river's underlying gravels, as shown in Figure 7B, and could possibly
extend above the stream bottom (Figure 7C) in winter, thus restricting
river flow beneath the ice cover. These effects eventually could result
in the forcing of witer from the stream and/or the underlying gravels to
the surface of the Stream and out onto the ice cover. In small streams
or in braided, shallow streams, the frost bulb would result in an
induced icing problem and could result in a significant portion of the
ground water and stream flows being converted to ice during the winter
months. This "worst case" is illustrated in Figure 7D. The blockage
of stream flow would deprive biological life of its source of dissolved
oxygen, which would normally be carried by the stream and gravel flows.

Formation of ice dams could also result in stream channel
changes and possibly affect streambank stability if water levels in
streams were raised due to such dams. This could affect the integrity
of the pipeline where it enters streams.

Repair of the proposed pipeline during the winter at many of
the buried stream crossings would be very difficult due to problems of
rapid ice formation frequently encountered by repair equipment at that
time of year. Highway construction across the Robertson River during
World War II resulted in a great deal of equipment being lost to the
river during winter construction. More recently, during construction
of the winter haul road to the North Slope (Hickel Highway), considerable
construction difficulties were reported along the Jack River, in the
Brooks Range, because of equipment working in situations of icing and over-
flow (streamflow confined between river ice and channel bottom‘breaking
out and flowing above the stream ice).

Summer repairs would produce many of the same effects as
summer construction, except that the ice bulb surrounding the pipe
would make it difficult to excavate, and access to the pipe would be
hindered by the surrounding frost bulb.

North of Delta Junction, the Applicant proposed to utilize
essentially an extension of the Alyeska work pad. Additional dis-
ruptions or rerouting of surface flows should, therefore, be minimal.
If snow pads are used, they would not significantly alter surface flows.
Snow pads generally melt with their surroundings and do not obstruct
spring runoff significantly. Where snow pads have been used on the
Alyeska pipeline construction, there exists virtually no visible
environmental impact resulting from vehicle activity. However, the use
of snow pads precludes summer construction or maintenance operations
except as they might be carried out from aircraft or ground effect
vehicles (hovercraft). If snow pads are considered, water requirements
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may be a limiting factor north of the Brooks Range because of the
paucity of available water during winter months. Use of snow fences
to gather blowing snow should reduce snow pad water requireﬁents, and
snow fences do not have any lasting environmental impact.

Any new roads to be constructed would result in local
drainage modifications with a possibility of erosion being induced by
channelization of sheet flow. Erosion frequently exists at the down-
stream end of culverts, where fast moving water is decelerated and on
the sides of road fills and cuts.

Water requirements for camps may well exceed the available
winter stream flows. Artifically dug ponds approximately 20 feet deep
in the outer edges of meandering river channels have been adopted as
water supply storage facilities for some of the excess summer river
flow on the North Slope. This technique for storage of camp water for
subsequent winter use requires that summer excavations be dug in stream
beds, resulting in permanent, artificial storage pools in the river
bed, thus altering the visual aesthetics of the stream.

With the exception of the Yukon River crossing, where a gas
line failure could possibly result in a simultaneous oil line failure,
gas line leaks in streams would produce hydrocarbon pollution of water
only to the extent that the natural gas constituents are soluble in
water. Large failures could produce stream sedimentation and turbidity
due to disturbance of the stream channel by large volumes of escaping
gas rising up through the stream bed toward the surface of the stream.

iii. Conclusions

(1) The data supplied by the Applicant is sufficient to give
a knowledgeable layman a "feel" for the surface water situation along
the proposed route. It is insufficient for in. depth analysis or for the
Applicant's preliminary planning. '

(2) The Applicant has totally omitted the impact that sur-
face water may have on the proposed pipeline project, such as increased
~river scour because of a frost bulb.

(3) It is questionable whether or not the removal of 360,000
gallons of water per mile of hydrostatic test will have a "serious
impact" in the vicinity of large rivers and lakes. It is certain to
have a "serious impact" in areas with only small streams and lakes.

(4) The Applicant does not seem to fully appreciate the
potential environmental impact of the frost bulb on shallow streams.

(5) The Gerstle, Robertson, and Johnson