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Introduction

In accordance with the President's Decisionl of September

1977 and subsequent Congressional action, Northwest Alaskaﬁ
Pipeline Company (Northwest Alaskan) has assumed re-
sponsibility for financing, designing, constructing, and
operating a transportation system to deliver natural gas
from Prudhoe bay to lower-48 markets in a cost-effective
and judicious manner. To help ensure that this obﬁective

is achieved, the President's Decision mandates the use of

fixed-price contracts in the execution of the project,

with any exceptions requiring special approval from the
Office of the Federal Inspectof (OFI). In addition, the
Federal Energy Regulatory Commission (FERC) has established
an Incentive Rate of Return (IROR) mechanism to ensure

that the natural gas is provided to consumers in the most

cost-effective manner possible.

1. Executive Office of the Presidenht, Energy Policy and

Planning, Decision and Report to Congress on the Alaskan

Natural Gas Transportation System (September 1977),

hereinafter cited as the President's Decision.
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The Department of Interior (DOI) has indicated that it

may mandate that Northwest Alaskan made extensive

use of winter construction techniques, particularly in

the pipeline segment north of Atigun Pass in the Brooks
Range (Section I)2. DOI's announced intentions differ in a
fundamental respect with a basic premise upon which the
entire Northwest Alaskan project was conceived, justified,
and defended before the Federal Power Commission (FPC),

selected by the President, and approved by Congress.

Since the Alaskan Natural Gas Transportation System (ANGTS)
was originally proposed in 1976, Northwest Alaskan has
planned to use only proven construction techniques. The

fundamental construction philosophy for the project is of

1 general summer and shoulder-month construction of a buried

s

gas pipeline, using conventional construction techniques,
from a full-width, all-purpose, all-weather gravel work pad
in all locations where such a pad is required to provide
year-round, all-weather access to the pipeline by tracked

vehicles for construction, operation, maintenance, or repair.

2. Letter of June 13, 1979, from Honorable Guy R. Martin,
Assistant Secretary for Land and Water Resources, Depart-
ment of Interior to Edwin A. Kuhn, Director, Government and

Environmental Affairs, Northwest Alaskan Pipeline Company.
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Specifically, in its original submission to FPC, Northwest
Alaskan stated that "a gravel work pad concept, proven in
the construction of the Alyeska system, is included in
Alcan's plan to allow pipeline construction from March
through November., Such a construction season faciiitates
operating within the 'time windows' established to protect
sensitive species and locations; it also includes periods
when streams and rivers are frozen. Productivity is
enhanced by avoiding construction during the winter period

of low efficiency caused by the harsh climate and darkness,"3
Thx | St s, 1950, +50° !
It has always been Northwest Alaskan's position that the

use of snow/ice roads, snow/ice work pads, and winter
construction programs are unproven construction practices
for a large-diameter pipeline of the magnitude of the
proposed prcject. Consequently, these technigues were not
pianned for any segment of the pipeline as a primary method

of construction.

3. Alcan Pipeline Project, 48-Inch Alternative Proposal,

Submittal of Alcan Pipeline Company at Docket No. RM77-6

before the Federal Pipeline Commission, March 1977, page 5.
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Northwest Alaskan gquestions the government's rationale for

-reopening this fundamental issue, which was explored ex- ég/,..g.:,,
B it

haustively in the events preceding the President's Decision

P ————— i an—

and resolved with the participation of all relevant federal
agenies, including DOI. Nonetheless, in response to DOI's
letter, and to facilitate timely preconstruction planning and
subsequent execution, we have reexamined our position on this

important issue. Based on this reexamination, Northwest

d/%uw‘“/"\((’ ?

! iti i ed: e nnot
Alaskan's position is unchang we cannos

accept a mandate to make use of snow/ice roads

and construction work pads.

The adoption of the winter construction concepts

A(_,J- Awn ud-t “{v
proposed by DOI.would constitute an imprudent and _ﬁia MAA

unsound management decision. The reqguired use of

winter construction techniques, particularly

Saver o [
a fod o 4’\6"“
Qvai/ﬂ, K

é-+tc
constructed because of the inability to forecast 14 Ag /
1

snow/ice work pads for pipeline construction will
increase the risk of delay or noncompletion to the

point where the project cannot be financed or

the final cost. Timely completion and
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project cost control are the major areas of concern to potential

debt lenders. Therefore, a decision by DOI to mandate the

use of snow/ice roads, snow/ice work pads, and winter con- 0J¢4»f£
struction programs will shift the responsibility for project [vva
adee
schedule and cost control from Northwest Alaskan to the w, ”»
government. ' : suu~4L
The Northwest Alaskan position is based on review
and analysis of three areas:
e Construction costs
e Environmental impacts
e Construction contracting, efficiency, and safety.
Based on our analysis in each of these areas, Notthwest
Alaskan concludes that the use of snow/ice work pads, N ewev
. . . s .«O\M—"‘ .
snow/ice rcads, and winter construction programs is not f

cost-effective, will not minimize environmental impacts,
NF

and is impractical from a construction contracting, efficiency,

and safety points of view.

o~

The analysis supporting this conclusion is presented in

the following three chapters.
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-1 CONSTRUCTION COSTS

The use of snow/ice work pads for pipeline construction

will cost more than three times as much as the use of

conventional gravel work pads. Specifically, using a ‘i?pofL
snow/ice work pad, each mile of the pipeline will cost
$5,818,015, compared to $1,639,263 when uéing a gravel
pad. For example, 1f snow/ice pads are used for all 132
miles of Section I of the pipeline, project costs will
iﬁcrease by at least $531,595,264, or $4,178,752 per mile
(see Exhibit l.a and l.¢). The incremental cost to the
consumer during the first year of pipeline operationé
will be at least $108,112,620 for the 132 miles of

snow/ice work pads (see Exhibit 1.b).

The increase in project costs results from the following
four factors:

e Incremental costs of snow/ice work pad construction
e Incremental costs of snow/ice work pad maintenance

e Incremental costs of pipeline construction from

snow/ice work pads

¢ Impacts on overall system cost of construction

schedule slippage.
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CONSTRUCTION COSTS 1.2

Incremental Costs of Snow/Ice
Work Pad Construction

Construction of snow/ice work pads will cost approximately‘
$840,451 more per mile than construction of conventional
gravel pads (see Exhibit l.c). Although construction of a
' gravel pad requires more volume of materiél'than a snow/ice
work pad, the cost of each volume unit for a snow/ice pad |
is approximately 5.3 times greater than for a gravel

pad.

Based on an analysis of two projects that used snow/ice
work pads on roads (NPR-4 and TAPS), we estimate that the
cost of constructing a snow/ice work pad capable of with-

standing heavy tracked-vehicle traffic averages $2.77 per

Whose

cubic foot, or $1,128,914 per mile. (We converted the costs “7
Coo pts |

of these two snow/ice pads to dollars per cubic foot to (TbﬁZI?

oo 6!

eliminate the effects of different pad dimensions;) In

1979, contractors building ice roads in NPR-4 incufred an
costs of $0.95 per cubic foot (direct labor and equipment
cost). Assuming that total cost for work“@ad construction

in Section I is 2.36 times direct costs,* the equivalent

cost would have been $2.24. - Adjusted for inflation at 8
percent per year, the 1980 cost would be $2.42 per cubic foot.

In November 1875, Alyeska built a snow/ice work pad near Globe

* The 2.36 multiplier consists of: indirect costs (construction
support activities, e.g., camp operations, catering, supervision,
etc.) equaled 100 percent of direct costs. In addition contracter':

profit and overhead of 18 percent applied to both direct and
indirect costs. '
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\
Creek on the TAPS right-of-way. Job accounting reports \

, ' ; -1}>4A&4¢—
indicate that the snow pad (which was 2,500 feet long, 65 -
feet wide, and an average of 3 feet deep) would cost a total
of $437,353 (direct labor and eguipment costs). .Again,
assuming that total cosi is 2.36 times direct costs, the
result is a 1975 cost of $2.12 per cubic foot, and a 1980
cost of $3.12 per cubic ggot (at an annual inflation rate v
of 8 percent). /“.P‘:_&)_—_'—/A—'j Gt """"‘r(

The average of these costs is $2.77 ség cubic foot for

snow pad construction in 1980.* We used this wvalue to
develop a cost per mile for using snow/ice work pads.

Because such pads are most likely to be considered in Section

I, we used this section for our analyses.

The average dimensions of snow/ice work pad in Section I

would be 61.75 feet wide and 1.25 feet thick. The average

width was determined assuming a combination of two
construction technigques. Specifically, when ditch
excavation is not used for backfill, and instead hauled away

to a spoil disposal area {(i.e., 85 percent of the length of

* The Arctic Gas Project estimated the costs of using snow
pads and roads for construction aétivities. However,
because those estimates include tge cost of 953 miles of
snow pads and 536 miles of snow roads of unspecified
dimensions, we did not believe that they were comparable

with this project. »




A

-

L 4

6/1/80

CONSTRUCTION COSTS 1.4 /
<Jﬁ~444”}

Section I), the work pad surface is assumed to be 55 feet /Hx~i§“”¢b
> ,_,Lr

wide. For approximately 15 percent of Section I, the soil %;’_ﬂqfi

———

can be used for backfill and can be piled adjacent to the .J <
colad S

ditch on a wider work pad until the backfill activity takes fﬁfb

Ui

place. This technique results in a snow/ice pad 100 feet o lda -
o ; L«)c/Z od
wide. The weighted average width for Section I is thus

61.75 feet.
——————————

Assuming averade work pad dimensions of 61.75 feet by 1.25
feet at $2.77 per cubic foot, a snow/ice work pad will

cost approximately $1,128,914 per mile in 1980.

> 7

Current estimates of the cost of constructing a gravel work v

Qa of average dimension (37.125 feet by 2.83 feet)* in /Wéu/ﬂl/w
. SP—————

K

I3

Section I are $0.52 per cubic foot. These figures were 3
derived from a detailed analysis of the direct labor costs

and eguipment expenses, indirect costs, and contractors'

overhead and profit. The cost of a gravel work pad is therefore

estimated to be $288,463 per mile., This is approximately

one—~-fourth the cost of constructing a snow/ice work pad.

* 37.125 feet average width 1s the weighted-average of 36.5 e
PRI

Tiles of Section I 25 feet wide, 78.7 miles 40 feet wide..and

16.8 miles 50 feet wide. 2.83 feet is the thickness required

to support construction operations during anticipated
shoulder-month construction periods. // { o
5 « 2.%2 14

\5.;4«.&/4d94.d salil fect
los )
- erﬂt? -t t



CONSTRUCTION CQSTS 1.5

Incremental Costs of Snow/Ice
wWork Pad Maintenance

The use of heavy tracked vehicles in pipeline construction
will regquire substantial snow/ice pad maintenance. It is
estimated that the top 2 inches of the snow pad will be

bladed and rebuilt four times during pipeline construction.?*

Using the previously developed costs, we estimate the costs

of snow pad maintenance to be $605,098 per mile (61.75 feet 6?01JQ
x 0.67 feet x 5,280 feet x $2.77). These costs are 23.7 T
times greater than current estimates for combined gravél

pad and road maintenance for Section I ($2,556,000 for 132

miles of pipeline).

Incremental Costs of Pipeline
Construction from Snow/Ice Work Pads

Pipeline construction progress can be severely limited by
winter temperatures. In fact, Northwest Alaskan estimates
that no more than 24 miles of continuous pipe could be laid

per section during any winter construction season (see

* Repairs will be made after passage of major track
equipment following pipebending, welding, bedding, and

lowering-in activities.
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Appendix A). It is estimated that construction costs will A4q4~5¢{
be 3.07 times higher ($4,084,003 per mile) if construction "f""*-f
takes place in the winter instead of the summer and

shoulder months, as currently planned (see Exhibit l.c)*.

This construction estimate incorporates the following

assumptions: : {(ch/dfw .‘»—-fﬁ./ - o s’.g-aaé ‘e

® A progress rate of 3,200 feet per day (384,000 feet for

four months) will be achieved in the summer and shoulder

months**

* These figures do not include the impact of wind chill
on construction productivity. If wind chill is included,
the costs per mile could increase to over $8,069,00 per

mile constructed from a snow/ice work pad.

** Assuming an average pipe lay rate of 3,200 feet per day

per section.
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e The average cost per mile for pipeline construction

will be $1,331,436 during the summer and shoulder months*

e Additional construction spreads including support must
be used to maintain a lay rate of 3,200 feet per spread
per day during winter construction from snow/ice work

pads.

Using these assumptions and considering ambient air
temperature data without wind chill effects, we calculated
that pipeline construction costs from a snow/ice pad will
be $4,084,003 per mile. This is $2,757,567 per mile more
than the estimated cost of construction from a conventicnal
gravel work pad during the shoulder and summer months (see
Exhibit l1.c).

Impacts on Overall System Cost of
Construction Schedule Slippage

Even if additional spreads were added during the winter to
maintain scheduled construction completion, the effects of

abnormal temperature and wind chill could delay the project

* Including both direct costs (survey, ditching, haul and
stringing, bend, line up and weld, weld repair, field
joints, lower-in, tie-in crews, ditch insulation, bedding,
padding, backfill, clean-up, testing, road crossingﬁwqqd
test support) and indirect costs (field supervision, éémp
maintenance,_equipment service, general haul maintenance of

vehicles for others, indirect consumables, catering, and 18

percent for contractors' overhead and profit).

6/20/80
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for an entire construction season. If the schedule slipped
an entire season, the following types of costs would be
incurred:

. ® Execution contractor mobilization for the next season
e Camp utilization costs for an additional season
o Additional season of project management costs

e Costs of delaying overall system completion.
The last cost, delay of overall system completion, 1is
critical. Under the Incentive Rate of Return (IROR)

procedure established in the President's Decision, costs

incurred by the project will earn a 12 percent return for

each year they are invested prior to project completion.

This return (total project costs x 0.12) is added to the
rate base. Assuming that the project were completed at
estimated costs,* the consumer would be charged the
following amount as a result of thé schedule slippage (in
addition’;o,the,incremental costs incurred as a result of
construction from snow/ice work pads):

_ Total " |
INCREASED TARIFF DUE TO DELAY = project x {0.12) x (0.1795).

Costs

* An overrun due to schedule slippage as a result of

snow/ice work pad_cénstruction will be dllowed as a design
change by the Office of the Federal Inspector (OFI).
Tnerefore, the overrun would be added to the original
Certification’Cost Estimate filed with the Federal Energy -

Regulatory Commission (FERC).
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Exhibit 1.d demonstrates the impact on the consumer of
project delays due to snow/ice work pad construction for

different levels of project cost.

Using the same approach, the incremental cost to the
consumer resulting from the increased construction costs

can be calculated as follows:

INCREASED TARIFF DUE TO - Incremental Cost
SNOW /ICE PAD CONSTRUCTION Snow/Ice Work Pa

é}x (1.12) x (0.175)

In the first year of pipeline operations, these costs will
total $819,035 for each mile of snow/ice pads. Exhibit l.b
demonstrates the increased cost to the consumer for each
mile of snow/ice pad constuction. These costs should be
considered low because they include direct construction
costs only and do not include all costs resulting from
schedule delays (e.g., no allocation for project management

or taxes and insurance).






Exhibit 1l.b

INCREMENTAL COST TO CONSUMER
OF SNOW/ICE WORK PAD CONSTRUCTION

MILLIONS OF DOLLARS
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Construction Maintenance Pipeline Construction Total Cost

Cost Per Mile Cost Per Mile Cost Per Mile - Per Mile
Snow/Ice Work Pad 1,128,914 605,098 4,084,003 5,818,015
Gravel Work Pad 288,463 19,364 1,331,436 1,639,263
Incremental Cost of 840,451 585,734 2,752,567 4,178,752

Snow/Ice Work Pad

NOIIONYISNOD d¥d XIOM
IDI/MONS J0 IS0D0 TYINAWZEONI

o'T 3TqTUXI
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INCREMENTAL COST TO CONSUMER DUE

TO SLIPPAGE

TO CONSUMER

COs'’r
(Millions of Dollars)

FROM SNOW PAD CONSTRUCTION*
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[
<

| L | ! | | |
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TOTAL PROJECT COST
(Millions of Dollars)
* 7 vear oI Operaticns only.

I
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2 ENVIRONMENTAL IMPACTS

6/20/80

The concept of construction frbm snow/ice work pads
.and roads has been advocated from an environmental
viewpoint. However, our analysis indicates that
winter construction of a large-diameter buried
pipeline from a snow/ice work pad will not mitigate
critical environmental concerns. In addition, the
prbvisions of the grant of right-of-way stipulations
cannot be met when constructing a pipeline from a
snow/ice work pad.l. Environmental advantages are

offset by corresponding environmental disadvantages.

The use of snow/ice work pads or roads does not
minimize overall environmental impacts. This

conclusion is based on a review of three important

“environmental aspects of employing such a construction

concept:

¢ Tundra and terrain degradation
® Natural snow and water requirements,

® Impacts of wildlife and fish

A

1. Draft Department of Interior Right-of-Way
Stipulations.



6/20/80

ENVIRONMENTAL IMPACTS 2.2

Tundra and Terrain Degradation

Although it is theoretically pdssible to keep tundra and
terrain degradation within acceptable limit; while
constructing a large-diameter, buried pipeline from a
snow/ice work pad, practical considerations prevent such
accomplishment under full-scale field operations (see
Appendix B). Restoration of the pipeline right-of-way
where the pipeline trench has been excavated and
backfilled in a frozen condition has not been tested
under field conditons, much less executed successfully
after the installation of a pipeline. Furthermore,
servicing of a large-~diameter buried pipeline and
maintenance of the right-of-way without a gravel

pad is not practical and would lead to additional

tundra and terrain disturbances (see Appendix B).

In theory, winter construction from a snow/ice work pad
appears to offer two important advantages ovér construction
from a gravel work pad:
e After melt-off, the ground underneath a snow/ice pad
would require little or no restoration because little or

no disturbance has taken place.*

* This advantage is only true where little nonretreivable

4

contamination of the snow/ice pad occurs.
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e The absence of a remnant gravel work pad avoids the
interception of natural sheet flow which is important to
flat terrain ecology, and avoids the need for
longitudinal-drainage structures to concentrate the sheet

flow into cross—-drainage structures.

However, each of these apparent advantages has a corresponding

disadvantage.

Regaréing the lack of impact on the tundra under a snow/ice
pad, the preliminary surf cial results of ‘the TAPS ex-
periments are impressive. However, with a large-diameter,
buried pipeline, the need for stabilization and restoration
of the pipe ditch is more important a concern than the need
for restoration of the pad area. In the event that immediéte
post-construction restoration and grading efforts (e.qg.
backfill-with frozen material) were not successful, summer
vehicular access would be mandatory. Without a permanent
traffic surface adjacent to the buried pipeline, restoration
activities would be limited to workers on foot (supported

by helicopter) using hand tools to establish proper grading
and to control thaw settlement or pessibly major longitudinal
~hydraulic/thermal erosion problems. Any-§gg§§gﬁ%htrmajor
restoration of the ditch area would require the constrﬁction
of a new snow/ice work pad for access during the winter

months.
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ENVIRONMENTAL IMPACTS 2.4

With respect to avoiding interception of natural sheet
flow, it is doubtful that winter restoration practices will
successfully eliminate ponding along the ditch and work pad
areas. Without summer access to the ditch area to ensure
proper final grading of the ditch it is likely that the
sheet flow will pond. Any longitudinal-drainage control
required after construction would negate the advantage of

using snow/ice work pad.

Overall, winter construction of a large-scale, buried

pipeline is impractical when restoration and erosion O»L’LLJ

control schemes are considered. Current plans reguire < ?é /’%:

access to all sections of the pipeline in each of at least \%b»;(Jﬁj

the four summers seasons following the pipeline con- A%ijjl**i
ot

struction season for certain maintenance activities,

A
K

}

‘{,

\‘ AY

e

Y

including terrain rehabilitation and restoration. 1In

addition (see Appendix C), some activities performed in the l < )
2
summer will require direct access to the pipeline ditch }_AL

from a gravel pad (e.g., hydrotest, erosion control and

revegetation).

The successful use of snow pads would reduce the gquantity

of granular materials required and incrementally reduce the
adverse impacts of mining on aguatic and terrestrial habitats
as well as associated fish and wildlife. Substituting water
removal for granular material under winter conditions has

potential adverse environmental consequences as described in

the following section.
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Natural Snow and
Water Reguirements

Major pipeline construction during the winter from snow/ice
work pads capable of withstanding the weight énd abuse of
heavy equipment will require vast quantities of natural
snow and water. Although the exact volumes of snow, water,
and crushed-ice aggregate needed will depend on the den-

sities required and site-specific pad specifications for

load~-bearing capabilities, it has been clearly established
from historical weather records that sufficient suppizes

of natural snow will not be available anywhere along the
pipeline route (see Appendix C) to meet even minimal
demands. In some areas, particularly the North Slope, water
for snowmaking or direct water layering will be in extremely
short supply, if available at all. Moreo&er, in some

areas, water use will adversely affect fish overwintering.

Based on discussions with Arctic construction experts, it
appears unlikely that sufficient snow, will be available to
begin construction of a snow/ice work pad in November (see
Appendixes B and C). 1In fact, in some vyears, accumulations
may not be adequate to start pad construction until January.
Exhibig 2.a represents the amount of snow that can

be expected to be on the ground from October through

May in the North Slope basin.
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To compensate for the lack of sufficient supplies of
natural snow in thé early winter season months, it will be
necessary to manufacture snow. This need, combined with
the usual water requirements ¢f forming a layered snow/ice
pad, will place tremendous demands on winter water
supplies. These supplies will decrease rapidly in the early
winter as the ice on lakes thicken and streams stop
flowing. In addition, water supplies will be restricted
where water removal from lakes and rivers will jeopardize
fish overwintering. As a :esult water probably will have
to be hauled long distances via large fleets of insulated

trucks.

Assuming an average snow/ice work pad volume for Section I
. , -3
of 407,550 cubic feet (61.75 feet wide by 1.25 feet thick /& . ua:je
rd

. 99
by 5,280 feet long), the water requirements are greater / ﬂ,L«i

+ {
J
than 3 million gallons per mile. Water requirements of SV,”SZg»’ I
- “,./r
this magnitude will be difficult to meet, particularly on ¢ eJy’(
W’ 1.4

the North Slope. For example, the current total winter 4&77 C,Jﬁhﬁ

‘ r
reservoir volume for the Prudhoe Bay Development Area on M/&LUL—wa,-‘
Py o /
the North Slope is 274 million gallons. The current winter ., vfﬂéc
- &
demand i 208 million gallons.? 5
2. "Prudhoe Bay Water Problems," Alaska Construction and

0il, Parts I and II, April and May 1980.
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Water is in critically short supply on the North Slope,
especially in the winter. Several plans are being
developed to bolster supplies; for example, the Prudhoe Bay
Development Area is planning to add about 3 billion gallons

of winter storage capacity over the next several years.3

However, it is unclear whether the plans to ensure supply aé‘” /i;
can be carried out, given limits on total water avail- ijzA“ . S |
ability and the increasing difficulty of obtaining permits,ﬁ};w“ﬁa’ws j
for water use on the North Slope.

Impacts on Wildlife and Fish

The use of snow/ice work pads, snow/ice roads, and winter

programs for pipeline construction is theoretically less b,sekj
disturbing to animals and birds than construction during fﬂ,~”<;ﬁ4/
‘the shoulder months from conventional gravel.work pads. gug;”;”:{

The direct impacts of pipeline construction during the fragile

winter months on fish and local ecosyétems will, however, be

ve
more severe (see Appendix B) and such a construction approach {/::f
will be incompatible with the grant of right-of-way stipulations. -
L, |
3. "Prudhoe Bay Water Problems," Alaska Constructicon and b»ﬁﬁa&.

Qil, Parts I and II, April and May 1980.
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The absence of remnant gravel work pads or roads may possibly
limit the disruption of mammal and avian movement and migra-
tion. However, the dynamics of animal and bird avoidance of
or attraction to foreign structures of this nature cannot be
impirically proven. In fact, there is no apparent mammal
avoidance of the gravel work pad adjacent to the bqried

0il line or the haul road pexr se. With either a snow/ice

or gravel work pad the pipe ditch area will continue

to act as a possible modifier of lateral or longitudinal
animal and bird movements regardless of?bonstruction

method.

Winter construction using a snow/ice work pad could have
serious negative impacts on fish and other fresh-water life
along the pipeline corridor. The critiéal areas are fish
stream crossings and fish overwintering areas from which

water might be withdrawn.

For many fish streams, winter construction would avoid most of
the significant biologically sensitive periods. While this is
generally true for most mammal and avian species it is not
always the case for fish. In fact, winter construction
crossinés of many streams will not be permitted because of
sensitive winter fish habitat conditions. In other cases,
where winter crossings may be preferabie, the early winter
shoulder months may be unavailable due to inadeguate snow

or depth of f;gg;e down for the establishment of snow/ice

pads.
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Whether a gravel or snow/ice work pad is used approaching
stream crossings, the pipeline ditch will definitely
disturb the stream bed and banks. Furthermofe, summer
access to streambed crossings for tracked eguipment for
bank stabilization and erosion control would be virtually
impessible without a gravel approach. Also access limited
to the winter months would reguire that initial con-
struction of fish passage or habitat protection structures
be accomplished in the winter; the results of constructing

such structures in the winter has often proved unsatisfactory.

In summary, the general use of snow pads for below ground
construction will result in greater adverse impacts to
the ecosystems involved. Snow pad utilization will
present compliance with right of way stipulations

designed to assure environmental protection.
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CONSTRUCTION CONTRACTING,
-EFFICIENCY, AND SAFETY

The concept of a snow/ice work pad, snow/ice roads, and
winter construction programs for a buried, large-~diameter
pipeline is totally impractical from construction
contracting, efficiency, and safety points of view. It is

g DO planned that any part of the pipeline will be built.
s - : .

using unproven construction technigues.

Construction Contracting

Northwest Alaskan intends to match the specific type of
contract with the degree of risk in contract performance.

However, under the terms of the President's Decision,

Northwest Alaskan will be required to use fixed-price
contracts unless the Federal Inspector determines that

special conditions justify cost-plus contracts.

Beéause uncontrollable risks associated with snow/ice work
pads, snow/ice roads and winter construction programs are
so great, Northwest Alaskan is certain that no ex-

ecution contractor with Arctic experience will submit a bid

for this work under the terms of a fixed-price contract

(see Appendix C).
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CONSTRUCTION CONTRACTING, EFFICIENCY, AND SAFETY 3.2

In the event that snow/ice work pads or roads become
mandatory, Northwest Alaskan would prepare a cost estimate
for the change in design and schedule. This estimate

will be submitted to the OFI for approval by the Federal
Inspector. Once approved, it will be added to the base
estimate as reguired by‘the Incentive Rate of Return
(IROR) mechanism. Using the philosophy consistent with

the President's Decision, it is unlikely that the Federal

Inspector will accept a cost estimate with contingencies.
However, any experiencéd contractor who must submit a
fixed-price bid for pipeline construction from a snow/ice
work pad will include a significant contingency, possibly
100 percent or more. This contingency will compensate
for the risks inherent in this type of construction. As

a result of this contingency, the competitive bids
received will greatly exceed Northwest Alaskan's estimate.
In effect the adoption of a winter construction concept

is contrary to the President's Decision from a contrac~

ting point of view, inconsistgnt with the objective of
the IROR procedure, and the project eguity participants

would be unfairly penalized.
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Construction Efficiency

Pipeline construction is a highly mobile, labor-intensive,
assembly~-line production effort. Rather than the product
~moving through the assembly point, the assembly progresses
over the product. Enclosing a mobile construction operation
to provide a temperature-controlled environment will be
virtually impossible to accomplish in a manner that will
permit both efficient construction operations and the
adherence to high standards of quality control (see

Appendix C).

Severe cold temperatures places constraints on activities
such as welding, coating, and backfilling and causes a’
significant reduction in the efficiency of all operations
exposed to the cold temperatures. Also, equipment breakdown
is more frequent, lubrication imparied, and maintenance and

repairs will be difficult and costly (see Appendix C).

In addition, worker efficiency in cold weather‘drops
significantly, with an estimated productivity ranging from
25 to 75 percent of that experienced during a normal
moderate month. Operations such as welding and coating
must normally be shut down when ambient temperatures drop
to -200F to -300F, and all operations will generally

cease below -350f,

6/1/80
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CONSTRUCTION CONTRACTING, EFFICIENCY, AND SAFETY 3.4

Another important construction and logistics consideration
would be the limited amount of natural light during winter
months. Although artificial lighting has been provided
successfully for fixed construction sites in’the Arctic
(e.g., Prudhoe Bay facilities), the actual concept of
providing such construction support for a large-—diameter
pipelaying operations 1is untested. The maintenance and
logistics requirements of a major, mobile artificial
lighting operation are expected to be prohibitive (see

Appendix B).

Another untested aspect of snow/ice work pad and road
construction is the building of an extensive layered
snow/ice work areas of nonuniform thickness on side
slopes. It is unknown whether it is possible to contain
the fluid snow/ice mixture on a side slope to maintain a
uniform density for strength. For any largé—scale operat-
ions, 1t would be necessary to develop and test new
water application methods and equipment prior to any
significant amount of winter coﬁstruction scheduling.
Even then, there is some risk that the thick sides of
snow/ice work pads and roads will collapse under con-
centrated traffic loads of heavy sideboom tractors (see

Appendixes B and C).
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The majority of snow/ice pads and roads constructed in the
Arctic to date have been to accommodate rubber-tired
vehicles fdr the purpose of transporting bulk materials to
isolated gravel drilling pads. There is very little
experience with' the use of snow/ice structures to support
large-scale, heavy construction using tracked equipment.
However, all experience available indicates that abrasion
and surface deterioration will be severe. In fact, tracked
equipment are ordinarily prohibited on snow/ice roads.

‘Pad maintenance is exp&dted to be -cossdwFfe-(more than gravel
work pad maintenance), eliminates the possibility of a
two-shift operation, and is distruptive to the normal

cadence of pipeline construction operation (see Appendix C).

Construction Safety

The use of heavy construction equipment to lay large~diameter
pipe from & snow/ice work pad is a dangerous construction
practice. It creates an unreasonable safety hazard for

workers.

Heavy eqguipment, even with snow grousers, has little
traction and limited control. The snow/ice compacts
between the grousers resulting in loss of traction. This
is particularly true when under load on an incline or on

uneven surfaces (see Appendix C).

* See Chapter 1 for a comparison of maintenance costs.”
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CONSTRUCTION CONTRACTING, EFFICIENCY, AND SAFETY 3.6

Any construction or monitoring personnel required to work on
the snow/ice pad surface around the heavy equipment would be
subjected to an unreasonable level of danger on the con-

struction site (see Appendix C).
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Appendix A

o S SO

ESTIMATE OF PIPELAYING PRODUCTIVITY
DURING A WINTER CONSTRUCTION SEASON

Northwest Alaskan estimates that there is a high proba-
bility that no more than 24 miles of continuous pipe
could be laid per section during any winter construction
season using show/ice work pads. This estimate is based
on an analysis of winter construction uncertainties
agssociated with a decision to construct from a snow/ice
work pad and is, fundamentally, an analysis of weather
patterns and the effect of ambient air temperature on
construction productivity. Unlike construction from a
conyehtional, ail-season gravel work pad, construction
from a snow/ice work pad is dependent on temperatures
conducive to snow/ice work pad construction and maintenance.
Efficient project scheduling is, therefore, subject to
the vagaries of weather and the pipelaying production
limits due to weather-related delays, worker efficiency
under adverse climate conditiqns, and traditional holiday

periods. These factors must be examined in detail.



ESTIMATE OF PIPELAYING PRODUCTIVITY A.2

We followed a three-step analytical approach in developing
the 24-mile estimate:

Step 1: Estimate the number of expected construction days
available based on weather records and seasonal
constraints '

Step 2: Refine the estimate of available pipeline con-
struction days to a higher level of statistical
probability

Step 3: Estimate pipelaying productivity during available
construction days taking account of operations
sequence and efficiency.

Each of these steps is discussed below.

Step 1:
Estimate the Number of Expected
Construction Days Available

The average number of construction days expected to be
available between October 1 and April 30, working from
a snow/ice work pad, is estimated to be 106 days (1.8 days
in October, 13.3 in November, 20.4 in Decembef; 17.8 in
January, 20.1 in February, 23.9 in March, and 8.7 in
April). The primary factors considered in estimating the
number of days available ére:

e Temperature constraints

e Time period required for mobilization and pre-

construction of snow/ice work pad

o Time period required for final backfill and

demobilization

e Time period allotted for traditional noliday season.

6/1/80
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ESTIMATE OF PIPELAYING PRODUCTIVITY A3

Temperature Constraints

The number of construction days available working

from snow/ice work pads or roads is limited by several

temperature constraints:

1)

Initial construction of snow pads requires ambient

ailr temperatures <0°F. Construction of the initial

work pad foundation depends on rapid freezing of

large volumes of water to a thickness and a snow/water
density that can support heavy construction loads.

The experience of Bearfoot, Inc. gained from exten-
sive Arctic work (for the Arctic Gas project,

NPR-4, etc) along with that of Alyeska and others,
indicates that temperatures less than 0°F are necessary

for this freezing when laying a snow/ice work pad.

Snow/ice work pad maintenance operations require

temperatures <20°%. Once a snow/ice work pad is laid,

maintenance operations {(e.g., repairing pot holes,
reblading, adding make-up snow or water) can be
accomplished at higher temperatures than those
required for initial construction. The volumes
of water that must be frozen rapidly and the
ability to control snow/water densities on an

existing snow pad foundation do not require the
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3)

subzero temperatures needed for initial construction.

-N%ﬁgtheless, the maintenance of snow/ice work pads

that will be exposed to the high wheel loads of heavy
constructicn equipment and degrading action of tracked
equipment reguires substantially colder temperatures
regimes than are required for manufacturing snow (at
near thawing temperatures) for recreational sking

purposes.

Pipeline construction operations cease at temperatures

s o

below -35°F. At extremely low temperatures, labor and

equipment efficiency rates decline to a level where
construction efforts are no longer cost-effective,
regardless of whether pipeline operations are being
conducted from a snow/ice work pad or a conventional
gravel pad, a "no-work" condition is assumed to exist

at temperatures below -35%F.

Pipeline construction operations from a snow pad must

cease at temperatures above 20°F. When snow/ice

work pad maintenance ceases to be effective at temper-
atures above ZOOF, then pipeline construction
operations must also terminate to prevent destruction
of the pad. Therefore, a "no-work" condition also

exists for temperatures of 20°F and higher
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Since the development of the Prudhoe Bay area and the
construction of the Trans-Alaskan Pipeline System (TAPS),
a substantial amount of North Slope weather data has been
collected.* To identify the months in which winter
construction from a snow/ice work pad is possible,
Northwest Alaskan used detailed records of hourly

weather readings, covering the 10 year period from 1969
through 1979, to compute the average daily high and

average daily low for each month (see Exhibit A.1).

Using the raw weather data from AEIDC, we categorized
hourly temperature readings into six temperature ranges

compatible with our construction assumptions:

Temperature
Range Work Conditions
>32°F No work; snow/ice work pad thawing
20°F to 31°F o No work; snow/ice work pad remains
frozen but can not withstand con-
struction activity loads
0°F to 19°F Snow/ice work pad maintenance and
pipeline construction are possible
-20°F to -1°F Snow/ice work pad and pipeline
_ construction are possible
-34°F to 21°F Snow/ice work pad and pipeline
construction are possible at
reduced productivity
=0
<=35"F No work; too cold.

* The primary source for the data is the Arctic Environ-
mental Information and Data Center (AEIDC), located in
Anchorage, Alaska.
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The number of days in each month were then sorted into
the six temperature ranges in each of the 10 years for
which data were available, and computed the average

number of days in each month falling within each range

(see Exhibit A.2).

Using the construction assumptions and temperature data,

the average or expected work days available per month

were estimated for the months of October through April

(see Exhibit A.3). Because of mcbilization, work pad pre-
building, and the traditional holiday season, no pipeline
construction can be scheduled during the ﬁonths of October,
November, December and the first week of January. Similarly,
because of the pre-breakup demobilization, no pipeline

construction can be scheduled during May.

Mobilization and Work
Pad Pre-Bulilding

If winter construction follows a summer and f£all
construction season, the time required for mobilizing
construction equipment and crews can be reduced 5y
enabling prepcsitioning of major eguipment prior to
freeze~up. Work can then begin almost immediately
upon governmental issuance of an on~tundra permit., The

=

remaining mobilization task, then, is the necessity of
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starting each season by pre-building snow/ice work pads
of sufficient length to support the transient nature of

pipeline operations.

Because the temperatures required for initial snow/ice
work pad construction are lower than the temperatures
required for pipeline construction, days that would
otherwise be acceptable for pipeline construction from

a weather standpoint are unusable until a sufficient
length of work pad is pre-built. For construction
scheduling, all of the available work days in October
(1.8 days), November (13.3 days) and Devember (20.4 days)
will be used for mobilization of major equipment and
pre-building the snow/ice working surface. Therefore,

no pipeline construction would ocecur during this period.

Time Required for Demobilization

In a manner similar to mobilization, the end of
each winter constructicon season requires that time be
scheduled for demobilization prior to break-up. Further-
more, pipeline welding operations must often be
terminated before demobilization begins to ensure that
all welded pipe can be lowered in and backfilled before

the equipment is demobilized. For schedule purposes,

o/L/ce0
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demobilization will require all available working days
in May, and all pipe welding and pipelaying activities

will have to terminate at the end of April.

Time Allocated for
Holiday Season

It is customary in the pipeline industry to cease
major comstruction activity during the Christmas and New
Year's holiday season. Therefore, the last week of
December and the first week of January are treated as a

"no-work" period.

Step 2:
Refine the Estimate of Available
Pipeline Construction Days

In this step of the analysis, the estimate of the availabkle
number of work days for pipeline construction is refined
to establish higher levels of statistical confidence for

predicted weather patterns.

The.use of mathematical averages, or more precisely the
arithmetic mean, in calculating the number of winter days
likely to be available during a typical winter season in
Step 1, assumes a probability of occurrence of 50 percent.
(P = 0.5). The extremely large capital investment

necessary for the.Northwest Alaskan project cannot logically

be attractad on such a 50-50 chance basis.
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Accordingly, we used historical data to more accurately
predict the number of work days available pexr month

{see Exhibit A.4). For example, the historical data

may show that the average number of days within a certain
temperature range 1s 5, with a standard deviation of 1.
While the use of a mathematical average implies only

that there is a 50 percent chance of at least 5 available
work days, the distribution implies that there is an

84 percent chance of at least 4, or more available working
days. This approach, based on one standard deviation of
the normal distribution, can be used to predict the minimum
number of available work days in each month with greater -
certaintly.

Using this methodeclogy, the estimate of the probable work
days available per month was refined as follows (see

Exhibit A.5):

Work Days Available (P = 0.84)

Temperature Month L

Range Qct. -Nov. Dec. , Jan. Feb. Mar. , Apr.
-35°F to 20°F| 6.8 21.5 | 22.0 | 21.0 | 21.6 | 27.2 | 22.2
-35°F to 0°F 0 4.9 | 15.4 | 13.0 | 17.7 | 15.8 2.4

However, for the purposes of construction scheduling, it
is important to note that the number of work days available
in any month may not be consecutive or even in reasonably

clecse sequence. For example, a day or two of cold weather

6/1/80
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at the beginning of the month may be followed by a series
of warm days. 'Consequently, the month of November, with
only 4.9 probable work days available is unusable for
mobilization and pre-building. Similarly, the month of
December with only 15.4 work‘days (i.e., 50 percent of

the total days in the month) is only marginally dependable
for mobilization and initial snow/ice work pad construction.
The months of January, February and March contain 46.3
expected work days for snow pad construction (52 percent
of the total season) and 69.8 expected work days for
pipeline construction (78 percent of the totai season) .
The month of April offers no opportunity for further
construction of snow/ice work pads and must be dedicated
to final wrap~up of the winter pipeline construction
season {(i.e., backfilling, cleanup, and the beginning of

equipment and labor demobilization).

Step 3:
Estimate Pipelaying Productivity

Northwest Alaskan has estimated and scheduled the constructicen
rate for installing buried gas pipeline in Alaska, operating
from a gravel work pad during the summer months, to be

3,200 feet in pipe per day per section. This planning

figure can be modified for use in estimating winter
construction by considering the special constraints

encountered when laying pipe from a snow/ice pad. The
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results provide a model of a typical season for a single
construction spread that, allowing for weather and
variationsAin available working days and worker
efficiency, estimates the total length of pipe that can

be laid.

The factor cantrolling the length of'pipe that can be

laid in any period of time is pipeline welding operations.
In the case of construction from a snow/ice work pad,
suffiCieﬂi time must be scheduled at the start of the

season to pre-build the pad, shoot and excavate a ditch,

and string and bend pipe far enough in advance of the welders
to ensure continuity of operations. Based on the expected
number of work days available in a typical season on
Alaska's North Slope, it is not feasible to mobilize an
entire construction crew until some of these preliminary

activities are well under way.

The period with the highest risk of schedule delays due
to temperature constraints are the months of November
and December. No snow/ice work pad construction can be
scheduled during November because of limited cold
temperatures, and only skeleton crews can be expected

to be available during December due to the holiday
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season interruption. Conseguently, the following assump-
tions must be incorporated into our construction model:
1) Construction camps and support facilities can be
activated and (upon receipt of on-tundra permits) snow/

ice work pad construciton can commence in December.

2) Skeleton-crews can continue to work through the
heliday season building snow/ice work pads whenever the
temperatures are low enough, i.e., less than OOF. These
crews could pre~build the work pad at the average rate -
of ope—third mile per day. During the 15 days likely tec
be available in December, the resulting 5 miles of
snow/ice work pad will require approximately 1,013,800
gallons of water per day. During the 40 working days
available in January, February, and March, snow/ice work
pad construction rates must increase to one~half mile per
day with corresponding water requirements of 1,520,700

gallons per day.

3} Blasting and ditching crews can mobilize on the £irst
of January, followed closely by the stringing and bending
crews. Production must initially average one-third mile

per day, increasing in later months.
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‘4)‘ Welding can commence the second week of January and
continue to mid-April, when it must terminate to ensure

the lowering-in and backfilling of all welded pipe before
spring break-up. Work days scheduled for welding are,
therefore, reduced to 75 percent of the time available

in January and 67 percent of the time available in

April, for a seasonal total of 78 days in which temperature
ranges are expected to be satisfactdry {(with an 84 percent

probability).

5) Northwest Alaskan has adopted the following worker
efficiency rate for pipeline welding operations under

adverse temperature conditions:¥

Temperature Range Work Efficiency**
0° to 20°F 75 percent
-20° to -1°F 50 percent
-35° o -21% 20 percent
* below -35°F Nil
* This estimate is based on advise from consultants

with extensive Arctic construction experience.

** Precentage of estimated summer or moderate month

rates.
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Using welding operations as the basis for reductions in
worker efficiency (down froﬁ'an optimum of 3,200 feet
per day), Nérthwest Alaskan estimates that no more than
24 miles of coﬁtinuous pipeline construction could be
scheduled during a winter construction season. This
estimate is based primarily on an analysis of ambient
temperatures. This optimistic estimate of 24 miles per
construction season is the sum of estimated pipeline
construction during three different temperature ranges
fg; each of the four months when pipe construction could

take place (see Exhibit A.6).

Other factors such as thé effects of wind and blowing snow
will further reduce the estimated pipelaying préductivity.
For example, considering wind chill‘effects and assuming
that no pipeline construction operations will take place
when wind chill falls below -35°F, the available work

day would be reduced by 44 percent. This, in turn, will
reduce the pipelaying productivity to appfoximately

12 miles per section for an entire season.
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Exhibit A.1

AVERAGE MONTHLY AMBIENT TEMPERATURES.
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ocT NOV DEC JAN Fru MAR APR
TEMP. RANGE {°F)
H1 LOW | . HI tow | Ltow | Ht LOW | HI LOW | HI Low Hi Low
z32° 15 0.2 0.7 - - - 0.2 - -~ - - - 1.6 -
20°10 37° 14.4 7.0 2.9 0.7 2.8 - 2.3 0.1 0.7 - 0.6 - 2.3 0.8
0°to 19° 133 | 145 13.1 7.3 6.4 3.3 8.2 35 46 0.9 5.6 1.3 17.4 7.2
-20°10 -1° 1.8 8.7 107 | 159 | 128 ] 104 | 11.0 9.3 11.6 6.6 18.1 7.9 8.7 15.4
-35%10 -21° - 0.6 2.6 5.8 76 | 102 6.8 8.3 85 109 | 5.8 14.6 - 6.4
<-35° - - - 0.3 1.4 7.1 2.5 9.8 2.6 9.6 0.9 1.2 - 0.2
31 DAYS 30 DAYS 31 DAYS 31 DAYS 28 DAYS 31 DAYS 30 DAYS
S
AVERAGEMONTHLY 0 0 4 105 1 25 | 108 | 1037 -226 | 89 | -236 | 163 | -18.9 | -138 | 263 | 96 | -108
TEMPERATURE ('F)

* DATA SOURCE: Arctic Environmental Information apd pata Center,
University of Alaska, Anchorage (for 10 year period, 1969-1979)
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Exhibit A.3

AVERAGE MONTHLY WORK DAYS AVAILABLE
FOR SNOW/ICE WORK PAD CONSTRUCTION*
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PROBABILITY OF AT
LEAST X WORKING DAYS

Exhibit A.4

SAMPLE DISTRIBUTION OF
AVAILABLE WORK DAYS
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MONTHLY WORK DAYS AVAILABLE
WITH PROBABILITY OF 0.84*%
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Exhibit A.6

ESTIMATE OF PIPELAYING PRODUCTIVITY

(Work bays Per Montn and Production 6f Welded Pipeline)

1 Assumes 0.75 labor efficiency factor.
2 Assumes 0.50 labor efficiency factor.

3 Assumes 0.20 labor efficiency factor.

MONTH WINTER
TEMPERATURE AND : CONSTRUCTION
LAY RATE JANUARY FEBRUARY MARCH APRIL SEASON
o o
OF to 20°F 5 Days 4. Days 9 Days 22 Days
2400 Feet Per Day 2.27 Miles 1.82 Miles 1.82 Miles 4.09 Miles 10.00 Miles
: o o .
-20 F to -1F 6 Days 17 Days 5 Days 38 Days
1600 Feet Per Day 1.82 Miles 3.03 Miles 5.15 Miles 1.52 Miles 11.52 Miles
o o
~-35 F to -21'F 5 Days 6 Days 0 Days 18 Days
640 Feet Per Day 0.61 Miles 0.85 Miles 0.73 Miles 0.00 Miles 2.19 Miles
" -35°F to 20°F 16 Days 27 bays 14 Days 78 Days
TOTALS 4.70 Miles 5.70 Miles 7.70 Miles 5.61 Miles 23.71 Miles
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10.1

10-1

ITEM 10 -~ WINTER CONSTRUCTION AND SNOW ROADS

PREAMBLE

The construction plan for the Trans-Alaska pipeline
called for extensive logistics operations during the winter,
including the transportation of materials and equipment, in
order to meet the construction schedule. The plan did not

call for the construction of any sections of the main pipeline

- during the winter months. During the winter season of 1975-76,

however, an attempt was made to construct a section of the

- main pipeline in the elevated mode, using a snow pad. During

the same winter season, approximately 147 miles of fuel gas
line, running from Prudhoe Bay to the pump stations on the
North Slope, were scheduled to be const#uctéd using a snow
pad.

One of the proposals for transporting Alaskan natural
gas from Prudhoe Bay to the lower 48 states conterplates a
winter construction scheme (i.e., construction activities on
the ROW limited to the winter season) on the North Slope of
Alaska and on the northern sections of the pipeline route
through Canada (herein colléctively referred to as "The North
Slope”). It would therefore appear that an analysis of the
Trans-Alaska winter pipeline construction experience would be
useful in evaluating the relative viability and the potential
environmental impact ol any fuﬁure pipelines on the North
Slope. Moreover, such an analysis would facilitate the set-
ting of terms and conditions for grant of ROW across federal
public land for such piﬁelines.
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*"PHTLOSOPEY" OF WINTER CONSTRUCTION

The proposed scheme to limit pipeline construction on
the North Slope to the winter season apparently developed from
the premise that winter construction virtually eliminates
adverse environmental impacts. Winter construction is thought
to protect the tundra from construction impact through the

use of snow roads and snow construction pads, in lieu of

h]

gravel roads andwconstruction pads. . It is thought to limit
the field activities on the Row to a season when there is
minimal presence of wildlife and no fish migrations in the
streams and rivers. And, with its reduced requirements for
gravel for roads and construct%gp support facilities, it is
thought to reduce disturbance of streams and rivers and to

minimize the adverse visual impacts of construction.

TEEZ VINTER CONSTRUCTION SCEEME

The season for the winter construction scheme theoret-
ically commences with sufficient freeze-up in the fall to
permit travel on the tundra and lasts until the break-up of
snow roads and snow construction pads in the spring.

The viability of a winter construction scheme for a big-
inch pipeline in the north is based on the following
assumptions:

that snow roads can be built to handle all transport of

materials, equipment, and supplies required for the

construction of a big-inch pipeline;-
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~ that such snow roads, if constructed and used in accord-
ance with certain specifications, will not cause
degradation of the tundra;

- that the installation and use of the snow construction
pad will not cause degradation of the tundra;

- that all the pipeline spread construction activities can
be carried out from a snow pad designed to handle the
construction traffic;

- that the complete pipeline ROW can be restored from the
snow pad, including erosion control measures;

- that all activities for a big-inch pipeline spread on-the
North Slope can be carried out at a reliable production
rate throughout the winter constfﬁéﬁion season, allowing
for certain reductions in the productivity of men and
eguipment;

- that all pipeline maintenance can be carried out using

QZGP vehicles or helicopters, without permanent roads

along the ROW.

CONCLUSIONS

Environmental Aspects:

The winter construction concept is not a panacea for the
environmental proElems connected with the construction of a
big~inch pipeline in the north. In the terms of its direct
impact on animals and birds during construction, the winter
scheme is theoretically the least disturbing. Regarding

direct impact on fish and local ecosystems, however, the
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winter scheme may not be the best solution. Experience on

the Trans-Alaska pipeline shows that direct impact on wildlife,
fish, and local ecosystems can be kept within acceptable

limits using the moderate weather season for the principal
construction activities in the north, provided the work is
properly planned and scheduled with a view to minimizing such
direct impact. An extension of the moderate weather season
scheme to an all-year schedule will further reduce diéect
impact on the environment, an alternative which also has
substantial economic and social advantages.

In terms of terrain degradation, the winter construction
schemé theoretically appears to be an ideal solution. 1In |
practice, however, the neér-perfect performance required to
minimize terrain dégradation from construction and use of
snow roads and snow construction pads will be difficult to
achieve. Practical experience in Alaska and northern Canada
indicates a very high probability of deficiencies in the
execution of an all-winter scheme. The winter construction
concept is based on the assumption that the pipeline trench
can be backfilled and the ROW restored with frozen material
in the winter, thus preventing thermal degradation and
controlling erosion. From even a theoretical point of view,
this assumption is highly questionable; from a construct-
ability point of view, such a restoration and erosion control
sclieme must be classed as impractical.

The winter construction concept also makes the assumption

-~ as yet untested -- that the coperation and maintenance of
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& pipeline system can be carried out without permanent road

access to either the compressor or pump stations.

Construction Aspects:

The success of cold weather construction, as developed
in Alaska and Canada, has been based on creating an artificial
climate for the work. By constructing enclosures, such art-
ificial climates can be created economically for both large
industrial installations and commercial building. In northern
Canada, entire hydro-electric powerhouse sites have been
enclosed, thus facilitating the placing of mass concrete
during the winter months. The experience in Alaska and Canada
clearly shows that enclosure of the work site is the most
practical and economic way to assure productivity and quality
construction in sub-zero weather. Individual shelters for
specific activities are not practical on a production basis,
because the necessary concurrent logistics activities involved
in keeping such enclosures operative and heated are subject
to full ekpqsure to the climatic elements, rendering unpre-
dictable the performance of both workers and equipment. If
the enclosure for a single pipeline activity becomes non-
operational, £he whole spread may be brought to a halt.

There is no record of the successful artificial lighting
of a complete buried mode big-inch pipeline spread, which
stretches between 4 to 10 miles énd is required to move at
rates of up to 1 mile per day. The additional technical and
logistics requirements to keep such an artificial lighting

installation in operation under the climatic conditions in
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the north during December and January would further reduce
the overall efficiency of a big-inch pipeline spread. 1In
terms of constructability, such a scheme appears impractical.

Assuming the foregoing is correct, the practical daylight
geason for winter construction in the north is limited to 85
to 95 calendar days. In order to meet the objectives of
environmental protection, this season is unyielding in terms
of scheduling work, because it is controlled by the climate.
The latest potential freeze-up for practical purposes elimi-
nates pipeline construction prior to the Christmas - New Year
holidays, due to the lack of daylight hours; the earliest
break-up in the spring fixes the end of the winter season.

This study has revealed no facts indicating that the
plan to limit the construction of a buried mode big-inch pipe-
line to the winter season serves any objectives other than
environmental pfotection. No technical or cost advantages
ha&e been claimed for the winter construction concept,
although experience in Canada (mainly south of 60° latitude)
has shown that a buried pipeline in muskeg and similar wet
terrain may be easier to construct when the ground is frozen
and no special ground protection is required.

A construction scheme based on an annual 85-%5 calendar
day schedule in the winter, at a time of year when the
productivity of men and eguipment will be at best 50% of that
for an extended moderate season schedule, is totally uneco-
nomical. Direct coustructioh cost for workers, eguipment,
logistics, and sﬁpplies is likely to run 4 to 6 times the

cost of an all-year construction scheme, exclusive of the
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cost of schedule slippage. Moreover, the winter construction
concept does not meet any test for ™balancing environmental
amenities and values with economic and technical capabilities,

so as to be consistent with applicable national policies."

ANALYSIS AND EVALUATION OF RELATED EXPERIENCES

Preamble

The following analysis and evaluation deals with the
various issues raised in the general discussions of winter
construction of a big-inch pipeline in the north,and supports
the foregoing conclusions. The related experience is based
on records from the construction of the Trans-Alaska pipeline;
submissions before the Federal Power Commission in the United
States and the National Energy Board and the Mackenzie Valley
Pipeline Inquiry (Berger Commission) in Canada, regarding gas
transportation systems from Prudhoe Bay to the lower 48
states. In addition, background information was collected
through interviews with persons having expertise or experience
pertinent to these issues.

The basic intent of thegagréement and grant of right—of?
way for the Trans-Alaska pipeline was that "the parties shall
balance environmental amenities and values with economic
practicalities and technical capabilities, so as to be con-
sistent with applicable national pblicies." It seems proper
to test the "philosophy"™ of winter construction in terms of
its effectiveness in satisfying this basic objective, as it
may apply to any future pipelines using federal public land.

For the purposes of these discussions, the terms "environment”

TERMINUS LIMITED




lo-8
and "environmental" have a limited connotation; for clarity,
"socio-economic aspects” which are proper environmental
concerns have been labelled separately. Further, the term
*The North Slope"” refers to the geographical area of the
North S;ope of Alaska and the Yukon (and the lower Mackenzie

Valley north of the Arctic Circle.)

Environmental Aspects

The potential environmental impact during the construct-
ion of a big-inch pipeline in the north takes two main forms.
The first is terrain disturbance, which results in visual
impact, thermal degradation, and erosion (erosion may have
a secondary impact on fish populations). The second is
damage to wildlife, fish, and local ecosystems through the
direct disturbance of construction activities, such as noise,
harassment, water pollution, and air pollution.

In terms of terrain disturbance, both all-year construct-
ion (using gravel roads and gravel construction pads) and
winter construction (using snow roads and snow construction.
pads) can theoretically keep damage to the terrain within
acceptablé limits. Experience in Alaska and the Canadian
North demonstrates conclusively “that gravel roads and
construction pads, when properly consiructed, keep terrain
disturbance to a minimum. Further, the‘eﬁisten§%°of roads
and gravel construction pads facilitates terrain rehabili-
tation and maintenance within the pipeline right-of-way with-

out further terrain disturbance.
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On the other hand, experience in both Alaska and north-
ern Canada shows that under operational conditions in the
field it is extremely difficult to comply with the specifi-
cations for the construction and use of snow roads as reguired
in order to prevent terrain degradation. Although there is
no actual experience in Alaska or Canada of snow construction
pads on a big-inch buried pipeline, there is limited exper-
lence available from the Alyeska installation of 4.5 miles
of above-ground mode of the main line Trans-Alaska pipeline.
There is also related experience from the Alyeska 8- and 10-
inch gas fuel line on the North Slope. The Alyeska fuel gas
line experience indicates that where blasting for the trench
is required, it will be very difficult to prevent terrain
degradation if the construction is carried out from a snow
pad (Ref.l10.7). The Alyeska fuel line experience does
indicate that, where trenching machines can be used and where
excavated material can be removed from the RQW and replaced
with processed backfill material which is not susceptible
to frost, terrain degradation may be within acceptable limits
(Ref.10.7). BHowever, while it is theoretically possible to
keep terrain degradation within acceptable limits while
constructing a big-inch pipeline from a snow pad, analysis
. of related experience in Alaska in@icates that it is very
doubtful if it can be done under full-scale field operation.
The restoration of the pipeline right-of-way where the pipe-
line trench is excavated and backfilled in frozen condition

has not been tested under f£ield conditions, much less executed
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successfully after the installation of a pipeline. Further-~
more, on a production basis.the servicing of a big-inch
buried pipeline and the maintenance of the right-of-way
without a gravel service road appear totally impractical,
in fact virtually impossible, without causing additional
terrain disturbénce.

The Alyeska experience does show that a big-inch pipe-
line in the elevated mode can be constructed from a snow pad
without causing unacceptable terrain disturbance (Ref. 10.8).

Regarding the second form of potential environmental
impact from the construction of a big-inch pipeline, namely
the direct disturbance of wildlife, fish, and other ecosystems,
a schedule limited to the winter months should have the least
impact. This does not mean, however, that there will be no
impact during winter construction nor that the potential
impact for any other construction schedule, whether an ex-
tended summer season or an all-year schedule, will be unac-
ceptable. The experience with the Trans-Alaska pipeline
shows clearly that, by proper planning and scheduling of the
construction operations, direct disturbance to wildlife and
aquatic animals can be kept within acceptable limits for an
extended summer season schedule. Further, if such a schedule
is extended to an all-year schedule with selected winter
activities, additional "windows" with minimal direct impact
o£ the construction operations on wildlife, fish, and local
ecosystems will become available.

With régard to potential conflicts with mammals, a

yinter construction scheme involves about the sameJconflicts
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-as an all-year scheme. As for fish populations, experience
in Alaska shows that smaller streams may be as important as
large rivers, and uncontrolled winter crossing by the pipe-
line installation may have quite severe secondary impact.

If a rigid winter construction schedule is compared with
a flexible or all-year construction schedule, in terms of
the desired balancing of "environmental amenities and values
with economic practicalities and technical capabilities,”
this study shows that there are éerious doubts as to whether
this balance can be achieved if a restricted to winter
operation construction scheme is implemented.

Regarding the socio-economic impacts of a major pipeline
construction schedule limited to less than 100 days a year,
it is unquestionably the least desirable scheme for the local
people and communities affected by the construction operat-
ions. This gquestion is of less concern on the Alaskan North
Slope, where there are few individuals or communities, but
it is of major concern for the people in the lower Mackenzie
Valley of Canada. Taking into account both regional and
national socio~ecoﬁomic effects, it is much more desirable
to spread employment within physical and cost limits o;er
the longest practical construction season. A year-round
schedule designed to level eméloyment peaks would be the
most preferable scheme, in terms of both the local socio-

econeonic impact and the regional economic benefits.
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Constructability and Cost Aspects

The success of a winter construction scheme in the North,
as has been proposed for a Prudhoe Bay-Lower 48 gas pipeline,
is totally dependent upon the following untested assumptions:

- that a big-inch buried pipeline can be constructed

during the winter months, using a snow construction pad

only, at a production rate in excess of 50% of the rate

which has been recorded in Alaska for summer construction;

-~ that snow roads can handle all transportation of equip-
ment, materials, supplies, and logistics along the
pipeline ROW;

~ that a big-inch pipeline spread can be lighted artific-
ially, to permit work during December and January;

~ that sufficient workers and supervisors will be available
for a full-scale pipeline operation during December and

January.

Experience in Alaska and Canada shows clearly that
reliable production during winter construction in the North
(or in any sub-zero or inclement weather condition) can only
be achieved by creating an artificial climate at the work
site. The enclosure of individual work activities haé not
éroved successful on a production basis; nor is it economical.
Experience and independent studies both show a tremendous
impact of Sub*zero and inclement weather on construction
activities which are not fully protected. The required time
to carry out work varies from a slightly reduced performance
rate for straight manual work which is not hindered by

protective clothing, to a rate ten times as long for complex
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mechanical tasks regquiring exposure of the hands. It is
therefore very doubtful that an averagé production rate in
.excess of 50% of the actual summer production in Aléska could
be aécomplished during the winter in the North. Related
Alyeska experience shows poor production rates, with virtually
no buried pipeline completed during the months of December
and January (Ref. 10.7, 10.8 and 10.9).

There is no actual experience in Alaska or Canada of
snow roads being used for "production transport” for the
sorts of tonnages during a limited season that are involved
in a big-inch buried pipeline -(Ref. Green Report). Nor is
there ény experience in either»Alaska or Canada of the
artificial lighting of a big-inch buried pipeline spread.

The experts before the F.P.C. and the N.E.B. "totally" dis-
agree as to the feasibility of such a scheme. Extrapolation
from other construction experience indicates that, ‘even if

it is feasible to light satisfactorily each of the pipeline

spread activities, this will constitute one more concurrent
and dependent operation which will reduce the average
production rate.

Both past experience and the current trend in Alaska
and Canada is towards a shut-down of all but éssential
functions in the North for an extended Christmas-New Year
holiday, lasting as long as 3 to 4 weeks. .Alyeska's ex?er—
ience on the fuel gas line and on the elevated mode mainline
section confirms this fact. It is very doubtful if sufficient
workers and éupervisors can be induced to forego their

traditional holiday reunion with family and friends, -when
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they have been working in remote areas and particularly
the North. |

Moreover, the first two potential winter construction
months in the North, namely December and January, have more
adverse conditions for outside construction activities than
the last 3 to 4 months from February to May. The weather
during this period is generally more stormy, there are fewer
hours of daylight, and inadequate freeze-up can limit traffic
and make the crossing of rivers and streams more time-consum-
ing and dangerous. These problems, coupled with low morale
among both workers and supervisors due to the curtailment
of traditional holidays, support the conclusion derived from
practical experience in the North that outdoor activities on
a large construction job during the months of December and
January are almost counter-productive.

One further point reguires mention. The safety of
‘workers who are scattered over a long distance, as is the
case in a big-inch pipeline spread, when they are exposed
to sub-zero weather, high wind-chill factors, and "white-
outs,” has not been properly considered in the winter con-
struction scheme.

Weighing the foregoing factors, it must be concluded
that fu}l—scale pipeline installation in the buried mode,
or in any other mode, during December and January borders
on the impractical. The additional cost due to potential
premature mobilizations and additional holiday premiums for
workers and supervisors, together with the cost and the

production impact of artificial lighting, make it impossible
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to predict with any degree of accuracy either the cost or
the rate of progress of the construction. If one assumes
that construction in the North during December and January
is not practical, the winter construction "window" becomes
B5~-95 calendar days. By comparison, an extended summer
season schedule should yield 180-200 calendar days, and an
all-year schedule 250-280 cdlendar days. 'If one takes the
average production rate for winter work at 50% of an extended
summer season production rate, which has roughly twice the
number of days per schedule season, the direct field cost
for the winter construction scheme (comprising labour costs,
equipment capital cost, logistics facilities, etc.) will be
four times as great. This figure does not include the sig-
nificant impact of learning curves for twice the number of
workers and supervisors for a limited season, and their
inevitably lower average skill. Moreover, the Alyeska
experience fully supports the DOE risk analysis evaluation of
schedule slippage during the winter construction of a gas
pipeline. Both the short section of the mainline in the
elevated mode and the fuel gas pipeline "slipped a season.”
Considering the massive negative factors of the projected
cost increase and the high probability of schedule siippage,
with little or no potential reduction in direct environmental
impact, there appears to be valid reason to reassess the
merits of a winter construction scheme. Furthermore, from
& socio-economic point of view, a winter construction scheme
is most undesirable. The inevitable vastly increased demand

for equipment is certainly not in the national interest;
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nor is the potential delay of a year in a planned schedule.
The high seasonal business and employment is not desirable

from any regional economic point of view.
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THE ALYESKA FUEL GAS LINE

The Alyeska fuel gas line is designed to supply gas
to pump stations 1 through 4. It runs from Prudhoe Bay to
pump station no. 4 south of Galbraith Lake, for a total
length of 146.6 miles. The size is norminally 8 inches in
diameter. The pipeline is located partially adjacent to
the state highway, and partially adjacent to the gravel
construction pad for the main pipeline.

"Alyeska proposed the use ©f a snow pad adjacent to
the highway or the gravel pad for winter construction during
the 1975-76 season for this pipeline. The scheme was
approved by APO, and construction commenced in December
1975. By mid-February 1976, approximately 8 miles had been
completed, and by April 30, 1%76 a total of 35 miles.

From April 30 to the end of the season (about.mid-June),
gpother 35 miles was completed, giving a season total of
approximately 70 miles. The work was rescheduled for the
1876-77 season. By February 13, 1977, some 27 miles of
snowpad had been constructed and approximately 26 miles
of ditch excavated, but no pipe lowered into the ditch.
Completion was scheduled for May 1, 1977.

The figures indicate that during the 1975-76 winter
season very little work was accomplished before mid-February.
Production after April 30 to breakup egualled the total
for the season prior to that date. During the 1976-77
season, no pipe lowering-in or backfill had been started

by February 1977. Moreover, pictures taken during summer
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1976 show that considerable disturbance of the tundra had

taken place (Appendix 10-A2).

Conclusions

Snow pads can be constructed to the various classifica-
tions outlined in the Alyeska snow-ice road manual.

When a ditcher can be used and excavated material is
removed from the ROW and backfill is done with processed non-
frost material, minimal terrain disturbance takes place.
However, when blasting for the ditch is required, the ground
adjacent to the ditch gets disturbed, the snow pad gets con-
taminated, ané the terrain disturbance along the ROW is
considerable.

It is impractical to schedule production work in December
and January because workers in the north, who have been awéy
from their families for extended pericds of time, want to go
home for the holiday period. Furthermore, darkness and
severe weather severely limit outdoor activities and affect
the morale of the workers during this period.

Experience.on the fuel gas line clearly shows that
winter construction is no panacea for environmental protection,
as far as terrain disturbaﬁce is concerned. In fact, if
the highway and the gravel pad had not been adjacent to the
snow construction pad to handle the transport traffic
during construction and to facilitate the remedial work during
the summer, the terrain would have been even more

damaged” than it was.
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ALYESKA WINTER CONSTRUCTION OF MAIN PIPELINE - ELEVATED MODE

Field Data
On March 27, 1975, APO issued a NTP for the construction
of an elevated mode section of the main pipeline on A.S.
117-118, a distance of approximately 5 miles; Snow for the
construction pad was collected, with snow fences installed

during December 1975. The pad was graded and compacted

during January 1976. The installation of VSM's cross-members

and pipe was carried out from February through April, 1876.

The snow pad served the intended purposes during the
construction activities. Although the work on the section
did not get completed before spring break-up, the schedule
slippage was not related to the utility of the snow pad.
Reports by APO/TSC and CRREL concur that the terrain dis-
turbance by the construction activities was minimal, and
aerial photos taken in late summer 1976 show little impact
on the tundra along this section of pipeline.

The pipeline on this section parallels the main Yukon-
Prudhoe Bay road, which was used for all supply and logis—'
tics traffic. Thus the snow pad was used for constructicn
purposes only.

It should also be noted that grades both transverse
and longitudinal were slight to moderate for this section

of the pipeline.

Conclusions

A snow pad is practical for the installation of a
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large-diameter pipeline in the elevated mode.
A snow pad adequately protects the tundra if it is con-

iwaccording to Alyeska design standards after there

is»;ufficient freeze-up and if use is discontinued before

break-up in the spring (see pictures, Appendix 10-A3).
Except for activities connected with the snow pad

construction, no activities of the VSM-Pipe installation

took place during December and January.
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NOTES FROM MEETING WITH DR. TERRY MCFADDEN AND PHILIP
JOHNSON OF CRREL, FORT WAINWRIGHT, ALASKA, MARCH 16, 1977

The Cold Regions Research and Engineering Laboratory (CRR=L)
of the U.S. Corps of Engineers is conducting an ongoing
operation of "spot" observations for various types of
work, covering the performance of both equipment and
workers. CRREL's final reports will be prepared in
Hanover, N.H. Their observations have led them to the

following preliminary conclusions:

Productivity

- factors ranging from 1 to 10 have been recorded
for the time required for workers to perform tasks in
cold weather, as compared to the summer season, depending
on the type of work and the chill factor;

~ the worst impact is on any activities reguiring
exposure of hands, such as eguipment repair; the least
impact is on simple manual work; -

- equipment is affected as much as workers. It
almost seems to acguire human idiosyncrasies when it gets
cold, and a lot of small things go. wrong;

- in general on Alyeska work, a factor of 3 may be
a good average for winter vs. summer;

~ the months of December and January have for
prattical purposes been non-productive, due to bad weather,
darkness, and the fact that workers want to go home;

- most types of work can be accomplished in the
winter, but at "a cost”™;

= the answer is to create your own climate.
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Artificial Lighting

- no full-scale o¢operations were observed, but cqnsiderable
work in fixed locations was carried out under artificial
light; -

- the.bperation and maintenance of lighting eguipment

falls in the most affected class, in terms of productivity.

Fuel Gas Line

- all observations were taken during the 1975-76
season;

- construction of the snow pad is no particular
problem. The standards set in the Alyeska Manual are sound
and can be accomplished in the field;

- works well for most construction equipment, but there
were traction problems Ana consequent breakdown of the
surface for trucks and truck trailers, particularly on the
slopes - used dozer for assistance (Note: Exactly the
same as Green report);

- ditching in silts, etc., was fine, but the ditchers
did not perform in frozen gravel;

'~ there was considerable disturbance to the ground
where the ditch needed to be blasted, as well as contamina-
tion of the snow péd.

- in the spring, rock dust was put on top of the snow
pad to complete the work. The cleanup and restoration
work af;erwards did disturb the tundra; and would have been

impossible without the adjacent highway or gravel pad.
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- no follow-up observation on terrain degradation

was conducted by CRREL during Summer 1976.

o
e

Regarding Winter Construction

- environmental impact evaluations were not part of
CRREL's Alyeska programs;

- in general, they cannot see that environmental
protection is "automatic™ with winter construction;

~ this season {(i.e., 1876-77) the drilling at Naval
Petroleum Reserve No. 4 was much delayed due to lack of

snow. The plan had been to work from central camp with

snow roads to each drill site, but little was accomplished

before January;

- from the point of productivity, don't do anythirng
in the early winter which can be done in the moderate
seasons;

-~ there are lots of problems with stream crossings

during early winter.
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WINTER CONSTRUCTION~FUEL GAS LINE

APPENDIX 10

774,036 ft.

146.6 Miles

1975~-76 SEASON AS PER ALYESKA AND APO REPORTS

PROGRESS ANALYSIS:

April 30, 1976

Snow Pad
Ditch
String
Weld
Lower-In
Back-Fill

435,397
287,012
398,138
371,512
230,519
186,386

A1l

June,. 1876
End Season

365,407
578,326
508,407
375,397
365,407

1876-77 SEASON AS PER ALYESKA PROGRESS REPORT

Snow Pad
Ditching
String
Weld
Lower—~In
Back-Fill

February 13, 1%77

145,000
138,699
45,061
14,470
Nil
Nil
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Plan May 1,

(AL)
{MRI)
(AL)
(MRI)
(AL)

1877

405,000
405,000
206,000
272,000
405,000
405,000
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WINTER CONSTRUCTION

ALYESKA BELOW-GROUND PRODUCTION RATES

Appendix 10-A4

NORTH SLOPE - SPRING, FALL AND "BORDER LINE" WINTER

Ending Production Rats Week Ending Production Rate
(miles per day) (miles per day)
Oct. 5, 1975 0.36 April 25, 1976 0.11
Cct. 12, 1975 0.10 May 2, 1976 0.16
Oct. 19, 13875 0.40 Oct. 3, 1976 0.043
Oct. 24, 1975 0.41 Oct. 10, 13976 0.014
Nov. 2, 1975 0.07 Oct. 17, 1976 0.043
Nov. 9, 1975 0.13 Oct. 24, 1976 0.57
Nov. 16, 1975 0.14 Oct, 31, 1976 0.014
Nov. 24, 1975* 0.014 Nov. 7, 1976 0.028
Rov. -30, 1975 0.03 Nov. 14, 1976 .10
April 11, 1976 0.44 Nov. 21, 1976 0.13
April 18, 1978 0.20 Nov. 28, 1876 0.10

*  Begin winter shutdown.

Source:
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LETTERS FRCM ARCTIC CONSTRUCTION EXPERTS

Bearfoot, Inc.

H. C. Price of Canada Ltd.
Majestic Wiley Contractors Limited
Travis E. Smith

Frank Moclin and Associlates, Inc.

Curran Houston, Inc.



130 West International Airport Roaa - Suite M + Anchorage, Alaska 99502 . {907) 279-8823

July 9, 1979

Mr. R. N. Hauser

Northwest Alaskan Pipeline Corporation
P. O. Box 1526

Salt Lake City, Utah 84110

Dear Mr. Hauser: Re: Contract A79-152

Transmitted under cover of this letter is our analysis
of the current state of the art of snow road and snow pad
construction as practiced on the North Slope of Alaska and
its relation to a winter big-inch pipeline construction.

We are prepared to do further work on this or related
subjects as you may require.

BEARFOOT, INC.

WA ER N/

Robert E. Hiukka, President

L 2z

es K. Trimble, P.E.

REA/km

Enc.

ENGINEERING - CONSTRUCTION - ENVIRONMENTAL



INTRODUCTION

Snow roads as used on the North Slope of Alaska,
parﬁicularily in the Prudhoe Bay area and vicinity‘have
been constructed with water saturated snow, built up thin
layer by thin layer to a thickness of 6 to 12 inches. These
roads have served primarily for rubber-tired traffic in the
winter haul of gravel for the construction of permanent
gravel roads, drilling pads and produétion facilicies.
These roads for these specific uses have been employed to
minimize damage to the tundra and effects on wildlife.
Theyv were used for construction of the high voltage overhead
electric distribution system at Prudhoe Bay and in conjunction
with the gravel road network for the relatively short oil
and gas gathering lines. Other.uses have included access
roads to winter test sites and infrequent or low density

rubber-tired heavy load transport accesses.



The owner of Bearfoot, Inc., Robert Hiukka has built
many snow roads on the Arctic Slope. First as Superintendent
for Rivers Construction Company from 1969-1974, he was in
charge of all civil works for Rivers Const. in the Prudhoe
Bay o0il field. He built snow roads to haul large amounts of
gravel at Prudhoe Bay for B.P.-Sohio and Atlantic Richfield
Company. These were successful operations with minizum
damage to the tundra. Later with Arctic Constructors for
the Alyeska Pipeline Construction as a construction ‘super-
intendent, he built snow roads for access and gravel hauling
for the pipeline pad in the Franklin Bluff's section of the
pipeline just south of Prudhoe Bay. While with River'’s
Construction, he built a snow airstrip for Hercules Aircraft
specification 150' wide by 5,000' long, at Heppy Valley

Camp about 100 miles south of Prudhoe Bay.

Another principal, James K. Trimble was involved in the
snow road construction as chief site engineer and assistant
construction manager for Brown and Root. He was in charge
of construction for the B.P.-Sohio portion of Prudhoe Bay.
As Director of Engineering, he was in charge of Arctic Gas

experimentation for snow roads and construction pads in Alaska.



The principals of Bearfoot, Inc. have been actively
engaged in Arctic planning and testing of snow road con-
struction.

The unsuccessful Arctic Gas propesal involved several
hundred miles of snow road and snow construction pad area
across Northern Alaska and Canada and down the Mackenzie
River Valley. Bearfoot also made several trips to northern
Canada and the Mackenzie River Valley in regard to snow road
construction for both the Alaskan and Canadian portion.

In addition Bearfoot directed ice aggregate experiments
for both Alaékan Arctic Gas and Atlantic Richfield Company.

For the last twe winter construction seasons, Bearfoot,
Inc. has furnished construction management assistance to
Husky 0il Co. in the National Petroleum Reserve on the
Alaskan North Slope, on civil works which included snow

roads, snow landing fields and winter cat trails.



IMPACT FACTORS

There is no significant accumulation of snow on the
North Slope until November and socme of the years wmuch later.
In at least two years since 1969 there has not been enough
snow 'to construct snow roads until January or February unless
supplemented by other materials or hauling from natural snow

traps.

The North Slope is characterized by frequent winds whicﬁ
are often high enough to blow snow and increase the chill
factor making work at times not only difficult but often
impossible. The wind is also an important factor in the
accumulation of snow either by natural or man made traps,

thus affecting availability for snow road constructiocn.

‘Construction of snow roads is temperaﬁure dependent.
Either too high or too low temperatures increases the
ifficulty of construction. Although the overall average
temperature is fairly constant from year to year, there is

often significant variation on a weekly or monthly basis.



Permits are required from State and Federal Government
to get on the tundra in the fzll and they are subject
normally to cancellation on 72 hour notice during the approach
of breazkup time in the spring. The time of issuance of permits
is heavily dependent on the freezing of the unfrozen layer of
tundra, the active layer between the top of the ground and the
top of the underlying permafrost layer, and also the presence

of sufficient snow cover to protect the surface vegetation.

In our experience, the tundra has been completely frozen
sometime in November, often by the middle of November. It can
be said with reasonable certainty that the tundra is frozen,
in most years by mid November. Snow cover is another question
and it is doubtful that in most years there will be sufficient
‘'snow naturally available to start in November. It has been our
experience that tﬁere may in some years be a deficiency into

January.

CONSTRUCTION PROCEDURES

. The construction procedures used in the 70's at Prudhoe

Bay evolved from experience and basic methods used earlier

in the 60's and results are similar. The roads are essentially



snow saturated with water and built up in thin layers of 2 or
3 inches .at a time with densities in the order of 0.8 in com-
parison with ice at 0.9.

Although these snow roads are approaching the density
of ice, their behavior is different than.a road constructed
by freezing water poured out on the ground, being tougher
and more resistant to cracking and chipping. Not only does
the snow serve as g sponge to contain the water until it
fréezes, it also promotes a mat of ice crystals which inter-
lock and are stronger than the ice structure of standing
water which is frozen and has the ice crystal all oriented
in one direction.

Snow road construction starts with stripping the existing
snow layer down to the tundra, leaving just enough snow that
the dozer operator doesn't scar the existing vegetation or
cut off the natural ridges of the tundra.

It is necessary to remove the snow from depressions, as
ell o¢f the road has to be built up in thin layers to avoid
bridging over snow pockets. These pockets would be wezk and
*the surface would soon break through under aﬁy traffic
necessitating continuing repair.

After the sﬁcw is removed fromw the tundra, the tundra is

flpoded with water and allowed to freeze.



Then & layer of snow about 2 to 4 inches deep is
applied and dragged or bladed over the route, leveled and
then sprayed with water to saturate the snow. This surface
is compacted and smoothed with the special drag and then
allowed to freeze. This is repeated in several layers
until 6" to 12" of dense, hard, durable road surface is
built up.

Repairs are accomplished in the same way as con-
struction, with pot holes and other areas being filled in
with snow, saturated and allowed to freéze before being
subjected to traffic. Most snow roads are made wide enough
to allow traffic to bypass areas being repaired.

Our own experience has been with snow roads used
primarily by heavy hauling equipment mounted on rubber tires
such as scrapers, dump trucks and front end loaders. There
was occassional traffic with tracked dozers and other equipment
but it was avoided when possible, as the tracked vehicles
would require the necessity for repair on a frequent basis.

There was considerable traéked equipment used on the
construction of the 10 inch gas line south from Prudhoe Bay

to the Brooks Range. Most if not 2ll of this snow pad was



directly oif the shoulder of the gravel haul road and was
not used fof logistic traffic, which used the main gravel
road. Thus there was much less traffic on the snow pad
than would have been the case if it had been the only
surface utilized. Furthermore this pad was, to the best
of our knowledge, not constructed by the layered snow and
water method previously described.

" We do not believe that there have been any examples
of snow road cqnstruction which would demonstrate those
wearing and maintenance qualities required for a full big-

inch pipeline spread working solely from snow roads.

REQUIREMENTS FOR EARLY START OF CONSTRUCTION

The worst period for construction during the winter is
January and Febrﬁary with the extreme cold and long hours of
darkness.

Pue to inadequacy of snow in the early winter in November
ana December, prime winter construction months, it may be
necessary to supplement the natural snow with other materials

and methods.



We participated in some research in the winter of 1976-
1977 on the use of snow fences to entrap snow during the
early part of the winter. These experiments wefe encouraging,
however, only a preliminary beginning was made with much work
remaining to be done before it could be even considered for a
major construction project.

Snow making has been’tried but to date without a great
deal of success. It is a slow, costly method involving hand-
ling very large volumes of water at a time of the year when
water supplies are low or non-existant requiring long hauls
and vast numbers of water trucks to cover long distances.
Research had been projected for large sczle experiments on
very large scale equipment but was not accomplished.

We have been involved in experiments in using crushed ice
in lieu of snow for making ice aggregate roads in Fairbanks in
February 1977 which was successful on a very small scale.
However, the surface of this type of road was severely abraded
with the introduction of track vehicle traffic.

More recently we were involved in an ice aggregat.
experiment under entirely different conditions in the field

on the North Slope but they were inconclusive and the data
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so far obtained is the proprietary information of the client,
It would'appear that this method has some promise for

an early start in construction but a great deal of work and

experimentation remains to be done before thé method cculd

be perfected or shown to be applicable as a pipeline work pad.
We do not believe that there has been any Alaskan North

Slope experience with construction and use of snow pads built

on side slopes reguiring a snow pad of non-uniform thickness.

These roads and pads present additional preblems in construction

and maintenance. Such construction at a minimum would require

considerably more snow which may be short supply. It is

unknown if it is possible to contain the necessary water on

the side slope to maintain a uniform density for strength.

The development of highly sophisticated and specialized water

application methods and eguipment would of necessity need

to occur for this type of large scale application, Even

then it cannot be guaranteed that the thick side of the snow

road will stand up under the concentrated traffic loads of

sideboom tractors.
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INHEREKRT RISKS

Present techniques of snow road construction as practiced
on the North Slope are highly dependent on weather conditions
of temperature, wind, snow fall and snow accumulation on the
ground. Variations in weather has shown by experience the
inability to predict when it can be reliably stated that a
full scale snow road could be constructed. This ability to
predict is a basic requirement for any contractor to bid
fixed price on a definite starting date gnd on a2 known
construction schedule.

It may be possible that sufficient snow has accumulated
in November sometime to permit comstruction of a snow road or
working pad. However, in our experience, there have been
years when even as late as January and February there has been
a severe shortage of accumulated snow. Under these conditions,
using presently developed techniques, a work pad could not be
completed in time for large scale pipeline construction. As
another weather dependent variable, temperatures should ideally
be about -20°F. When the temperature is substantially above

or below, snow pad construction would be greatly slowed dowm.
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It is very difficult to make any progress at temperatures
much above 0°F as freeze back times are greatly increased.
At terperatures much below -20°F water penetration into the
snow is poor and water handling problems are great. At this
temperature construction becomes difficult and slow.

Construction may require hauling snow in from catchment
areas which is slow, costly and inefficient due in part to
the light weight of snow and other gathering and handling
problems.

The winter construction period means construction during
the period of the yéar when temperatures are usually very low,
when high winds are common, greatly increasing the effect of
cold by wind chill and producing white-out (a reduction or -
complete loss of visibility due to blowing snow.) In addition,
the periods of daylight varies from a few hours to virtually
none. For nearly two months the sun does not rise at all and
there is only a mid-day twilight, resglting in the great
inefficiency of having to do everything in the dark under the
difficulty of trying to keep adequate portable lighting systems
running under arctic conditions. Operating under tﬁe conditions
ef poor lighting and intense cold results in very poor working

conditions and a low level of workmen efficiencies. In many
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operations where the worker is exposed to the weather the
efficiency may be 25% or less. Equipment breakdown is more
frequent; lubrication ;mpaired and maintenance and repairs
are difficult and costly.

The construction of the saturated snow road requires
large quantities of water. In the winter time supplies of
water are very limited. The quantity decreases rapidly in
the early winter as ice thickness increases. The constraint
is added to severe restrictions on water removal from fish
bearing lakes and rivers. As a consequence, water probably
would have to be hauled long distances requiring a large
fleet of water trucks.

Access to an area during a second winter season will
require the construction of an entirely new set of roads and
work pads which is a duplication of previous work, as of
course, the structure is lost at the melting at breakup.

This creates the potential for delay in the construction
schedule and the associated cost over-runs.

As influenced by the conditions of weather, construction
rates would be umpredictable for any designated period mzking

scheduling difficulre.
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In our experience there has been little use of snow
roads for tracked vehicle use. Those used have been for
gravel hauling with rubber-tired equipment for road and
drilling pad construction and drilling rig moves. Tracked
vehicles abrade the surface and for such reasons are ordin-
arily kept off the snow roads. There has been no large scale
experience to our knowledge in handling large pipe over the
ditch on a snow pad. It is expected that ebrasion and pad
déierioration will be severe. Due to the congestion of the
working area, maintenance will be difficult and disruptive
as it requires wetting and refreezing of the surface.
Traffic must be halted in this area and cannot resume until
refreezing occures. |

We have directed our remarks to the proven methods of
snow road construction. There are possibilities of being
able to develop means for collecting early snow, for manu-
facturing snow on a grand scale and in using new techniques
and materials such as ice aggregate. These developments are
“either in the coﬁceptual stage or are in the early exper-
imental stage and not yet are ready for a project of this

type. A large scale testing and Research and Development
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prugram would be required and positive results obtained
to justify utilization on a large scale "fixed price"
project.

As a conclusion, we do not believe that the present
use of snow road construction is predictable enough to
permit a contractor to present a reasonable fixed price
bid for pipeline construction from a snow pad on the
Arctic Slope. It would be extremely difficult to get fixed

price bids due to the following reasons:

e Not complete control over natural events

¢ Confined working schedule

e Simultaneous construction tasks

¢ Limited schedule flexibilirty

e Snow pad not known to be resistant to severe
deterioration by pipeline equipment and
concentrated work areas.

e Requires additional equipment

e Severe weather problems encountered

o Low workmen productivity

¢ Increased maintenance problems

e Reduced daylight work time

In summary, the unpredictable nature of the entire snow
road concept contributes to the inability of any contracto:
or company to assess potential final cost with any degree

‘ef accuracy.



H. C. PRICE OF CANADA L1D.

214 - Chinook Centre, P.O. Box 5038, Postal Station “A™,

Calgary, Alberta T2H 1X1
[elephone (403) 253-2815

August 22, 1879

Northwest Alaskan Pipeline Company
P.0. Box 1526
Salt Lake City, Utah 84110

Attention: R. N. Hauser
Director of Construction

Gentlemen:

Subject: Contract No. 179-158, Report on Winter
Construction and use of Snow Roads

4 Pursuant to your request we are pleased to enclose herewith

our summation of our views concerning winter construction of a large
diameter pipeline under arctic conditions.

We are pleased to assist you in your efforts and should you
need any further assistance or have any questions please feel free to
contact me.

Yours very truly,

%1?;~- /{// ﬂ;/(.//f/zk\

J/ G. Beddome
President

DRB/dh

encl.

Teiex 03824696
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Calgary, Alberta T2H 1X1
Telephone (403) 2532815 gary Telex 035 14696

A COMPARISON OF WINTER PIPELINE COMSTRUCTION TECHNICS

Pipeline Construction Technics in Northern Regions vary depending upon
the many variables affected by the design and construction of mzjor
pipeline projects in different locations. Some of the parameters af-
fecting pipeline construction methods are as follows:

A, Terrain
B. Soil Conditions - Muskeg, permafrost
€. Weather - Temperature and Precipitation i.e.,
rainfall and snowfall
D. Daylight working hours per day
E. Construction time frame and related progress
.- F. Vegetation - heavy timber, sparce growth

Primarily, pipelining in northern regions must be broken down into
summer or winter construction based on the preceding parameters. By
assessing the impact of each variable, a viable construction seguence
must be evaluated to determine the best practical way to spproach a
particular project obtaining a construction procedure which will be
both envireonmentally sound and effective to the extent of project
completion within the construction time frame alloted in an efficient,
safe and cost affective effort of the owner comcanies, state and fed-
eral agencies and the contractor.

From a construction point of view, the most important aspect is the
related progress that must be achieved to complete the project both on
schedule and under budget. However, overcoming the terrain and weather
conditions in northern regions can become the foremost obstacle in
achieving these goals.

In Northern Canada and Alaska how to approach building a large diameter
pipeline with ths existing ground conditions such as permafrost and
muskeg along with the extremely harsh weather conditions and their ef-
fects that plague construction efforts becomes a major concern. Looking
at pipeline practices in Northern Canada and Alaska there are two
methods of construction which are used to proceed with the work in an
effective manner. They are as follows: .

1. Build the pipeline in the winter utilizing winter con-
struction practices to overcome the inherent soil prob-
lems. Canadian construction practices dictate that



" H. C. PRICE OF CANADA LTD.

214 - Chinook Centre, P.O. Box 5038, Poswal Station “A”7,

Calgary, Alberta T2H IX!1 ..
¢lephone (403) 2532815 Telex 0324695
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A Comparison of Winter Pipeline Construction Technics

where stable soil conditions exist these areas are con-
constructed in the summer while areas which have muskeg
and ice rich soil are constructed during winter months.

2. For Alaskan pipeline projects, waorking from a work pad
placed on the right-of-way to protect the ice rich layers
of soil provides a workable surface to support heavy
equipment,

In the past, a method of construction in Northern Canada has been devised
and is working extremely well in areas where there is a combination of
both heavily timbered areas with intermixed areas of low lying muskeg

and small bush.

In this instance, to move the pipeline spread across these areas of
muskeg it is more economical to use the winter construction technics
rather than surmer construction practices.

One of the advantages in Canadian winter pipeline construction seasons
compared to Alaska is the approximate eight working hours of daylight.
Also, the time frame for winter construction in Canada is generally
from November 10 thru December 15 at which time pipeline operations
would normally be shut down with work resuming on approximately January
S5 thru March 25 of the following year. During this time one could
expect to have at least one to two weeks of extremely ¢cold weather

in January along with extremely harsh conditions in which to achieve
any suitable production.

Assuming the type of terrain in Canada as previously mentioned, the
typical construction sequence would be as follows:

The initial construction crews beginning on the
pipeline right-of-way would be the clearing and
grading crews. As the timber and brush are being
cleared the grading crew is immediately following
this operation. Snow and loose debris from clear-
ing and grade operations would be pushed into

a berm over the ditch linme to heights of up to
ten feet with an approximate width of fifteen
feet to create anm insulation barrier over the
ditch line thereby protecting the soil over

the ditch from the extremely low temperatures.
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The winter construction method previously mentioned may appear to be
desirable to construct pipelines in areas such as Alaska, however the
concept differs due to some of the same parameters previously listed.

For instance, the severe weather conditions along with reduced day-
light working hours are good examples. The long summer construction
season available in Alaska negates the use of conventional Northern
Canadian pipeline practices as previocusly discussed or the use of snow
pad construction for winter pipelaying.

An alternate previously used to construct pipelines in potential ice
rich areas is one of building a grave! work pad along the right-of-
way in order to prevent vegetastive growth of permafrost areas from
being damaged to 2 point that degradation of ice lenses occurs
prompting settlement and permanent soil instability. In doing so,
this alternate has many other advantages over building of a snow pad
in winter months as a working surface.

By using the gravel work pad for pipeline construction in Alaska, the
contractor is able to take advantage of the eight months of workable
temperatures along with sufficient daylight hours.

Alsc, during the actual pipelaying activities, working from a level
gravel work pad on steep terrain can be a3 vital advantage for standard
pipelaying. In section 11l (North and South of Fairbanks) of the
Alyeska Project H.C., Price Co. experienced one section of constructing
the L48' pipeline where snow pad construction was mandated due to
sensitive soil conditions.. When laying pipe in choppy terrain with
sidehill slopes it is very difficult for the equipment to maintain

the traction needed. Once the pipe is skidded up, it has a tendency
to slide downhill creating a very dangerous situation to workers. On
this particular location H.C. Price Co. had a near fatal accident
resulting from just this kind of a problem.

In addition the extensive heavy equipment traffic requires a constant
repair and maintenance program for the snow pad. The turning of
tracked equipment and the heavy weights particularly with sidebooms
shifting weight on only one of the tracks causes immeasurable damage
tc the snow pad and makes the snow pad maintenance non existant in a
short time.
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In relying on a snow pad for means of construction, all operations are
more dependent on the weather, for example having delayed winter temp-
eratures or an early spring break-up can disrupt all planning and co-
ordination of intricate construction schedules to meet environmental
deadlines. In conclusion, H.C. Price Co. having worked both Alaskan
and Canadian pipeline projects during both summer and winter schedules
have concluded that even though winter pipeline technics such as those
used effectively in Canads, may not be desirable for other areas.

Contractors recognize certain environmentally critical areas must be
constructed during winter months and in our opinion the gravel! work
pad enables the contractor to perform his duties in these areas in
the winter and complete the non sensitive areas during the summer
construction period.



RAA IESTIC WILEY CONTRACTORS LIMITED

Georne 14 Qswald
Vice-Prasident, Construction

September 18, 13879%

Northwest Alaska Pipeline Company
P.0. Box 1526

Salt Lake City, Utah

84110

Attention: R. N. Houser
Director of Construction

Subiject: Lontract No. A79-159 Repor:c on Winter Construction
and use of Snow Roads

Gentlemen;

We herewith submit our opinicns to the best of our knowledge on
the constructicn of large diameter pipelines under Artic Conditions.

We appreciate the opportunity %o assist you on this subject and
any further assistance you may require please feel free to contact
us.

h

Yours truly,

MAJESTIC WILEY CONTPACTORS LTD.

- -

p -
,5/// g// ////'
Pt o : ‘A e

G. M. Oswaid
Vice-Presfdent, Construction

R10/ce

Encls.

10125 . 112 STREET, EDMONTON, ALBERTA TSK 1Y4 — TEL: (403) 432-3921, TELEX: 037-2712



MAJESTIC WILEY CONTRACTORS LIRMITED

A Comparisor. of Winter Pipelire Ceonstru-tion Methods

Winter pipgline construction in Northern Canada has been determined

by the following:

A) Access

B) Groundéd conditions Muskeg - Permafrost
C) Weather conditions

D) Time frame

E) Environmental restraints

F) Fish - Wild life

A construction plan must be prepared taking into consideratin all of
the above mentioned items tc ensurs that the project meets all environmental
requirements, completion détes, and to ensure a safe bgt cost effective
pipeline is constructed whicﬁ will satisfy the requirements of the Owner,
Goverﬁmen:al Agencies and the Contractors.

Looking at winter pipeline construction in Northern Canada and Alaska,
where there is a considerable amount of Permafrost and muskeg to conterd
with, there are only two methods to follow which we believe will satisfy all
concermed.

The current‘apéroved winter construction method used in Nerthern Canada,
could be used on the southern poftion of the proposed Alaskan Gas Pipe Line.

The time frame for winter construction in Northernm Canada is generally

from November 10th through the end of March.

/2
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Time between November l0th and the month of January is the time usually
set aside for Clearing, Grading and obtaining the proper frost penetration.
The menths of February and March are basicly for completing all the pipe
related activities.

The initial construction crews on the pipeline right-of-way would be
the clearing and grading crews. As the timber and brush are being cleared
the grading crew is immediately following this opératicn. Snow and locse
debris from clearing and crade operations would be pushed into a berm over
the ditch line to‘heights of up to ten feet with an approximate width of
fifteen feet to create an insulation barrier over the ditch line thereby
protecting the soil over the ditch from the extremely low temperatures.

By utilizing this technigue, the soil is prevented from freezing en-

B PN

abling the ditching equipment to excavate under almost normal summer con-
ditions. 1In adédition the equipment should stay off the ditch line as much
as possible to prevent driving the frost down. 1In the low lying arecas
(muskeg and wet areas), wide pads would be used to remove the snow to obtain,
the opposite effect of the insulation barrier. By using low ground pressure
equipment, the snow can be removed without the equipment breaking through
these soft areas. Alsc, the same pieces of equipment would “walk down" the
frost to a desirable depth from two feet or more under normal winter temp-
eratures. In effect, an ige bridge is created across an afea which before
would have prevented passage of heavy equipment.

As ditching commences, the removal of berm to spoil side of ditch would
pe immediately in front of the ditching crew and removed only to anticipated

length to be ditched in a single day.

ees/3



To facili;ate this method of winter construction, the sequence of
operations would be changed somewhat fram normal cross-country piéelining
practices. Instead of bending and laying pipe (welding) behind the ditch,
the pipe is bent, welded and placed on skids in front of the ditch oper-
ation. This procedure prevents the backfill from freezing in place on
the right-cf-way and provides the contractor with near summner backfillin
conditions.

The previcus mentioned methods of pipeline construction can not be
used on the northern portioq of this anticipated project. We would propose
an alternate previously used to construct pipelines in potential ice rich
aresas of building a gravel work pad along the right-of-way in order to
prevent vegetative growth of Permafrost areas from being damaged to a point
that degradation of ice lenses occurs propting settlement and permaneni
soil instability. 1In doin4§ so, this alternate has many other advantages
over building of a snow pad in winter months as a working surface.

By using the gravel work pad for pipeline construction ir Alaska, the
contractor is able to take advantage of the eight months of workable temg-
eratures along with sufficient daylight hours and to be able to ensure the
anticipated progress to meet the cdmpletion dates and to come within budget.

Furthermore, once this gravel pad is in place it will be an asset to
the Owning Company for their maintenance program to enablé them to cynply
with all Governmental requirements.

The guestion arises: Can the use of a Snow Pad accomplish the same
end results as a Gravel Work Pad?

We are not aware of any pipeline being constructed from a Snow Wo £ Pad

c../4



in Nerthern Canada, although being Assistant Project Manager on Section I

of the Alyeska Pipeline Preject we know of the problems that H. C. Price

had on the short section that was installed off of a Snow Pad just out of

Fairbanks, Alaska.

We wish to bring your attention to some of the problems that occured:

B)

(o))

)

All operations are more dependent on the weather.

Additional Right—w;y Maintenance people are required for constant
repairs due to the extensive heavy equipment traffic.

In order toc hold the snew on the work pad, it has to be watered
down thereby forming a "skating rink" for eguipment and hands to
work on, contributing to a higher accident rate.

Inability to maintain the same progress as working from a Gravel
Work Pad.

N¢ access for maintenance purposes.

Lue to the rigid time schedule, the project would not be econom-

ically feasible to be constructed off of a Snow Pad.

Majestic Wiley Contractors LImited, having played a majecr role in the

censtruction of the Alyeska Pipeline Project and being one of the major

pipeline contractors who have pioneered winter constructiecn pipeline

proedures, highly recommend the use of a Gravel Work Pad.



Mr.

TRAVIS E. SMITH
830 CHERRY LANE
BAARTLESVILLE OKLA. 74003

September 28, 1379

R. N. Hauser

Northwest Alaskan Pipeline Co.
P. 0. Box 1526
Salt Lake City, Utah 84110

Pear Bob:

In accordance with your request, the following are my comments on the use
of snow pads and snow roads for construction of the Alaska portion of the
Alaska Natural Gas Transportation System:

1.

Snow roads are only suitable for light vehicular traffic if extensive
use is required. They can handle infrequent heavy wheel loads, but
the thickness must be increased. Maintenance becomes a serious and
costly problem when tracked construction equipment is used on snow
roads or pads as the road/pad deteriorates rapidly under uvse, The
pad must be maintained daily and the surface watered down each night
so that it will harden prior to the next day's activities.

Generally there is insufficient snowfall during the winter from Fair-
banks to Prudhoe to provide the quantity of snow needed for signifi-
cant pad construction (e.g., there was only enough for infrequent
3-to-k mile maximum segments on TAPS), and much of the snow has to

be manufactured to meet the total requirements.

Snow fences North of the Brooks Range generally have been ineffective
Iin collecting snow for snow pad requirements, because of the limited
snowfall and the frequent shifting winds.

Manufactured snow Is the only reliable means of providing your snow
requirements. It |s mandatory if snow pad construction is to commence
In October and November. If snow is to be manufactured, the following
must be borne in mind:

(a) Making snow requires that a large volume water source be avail-
able during the full duration of the winter months. Such large
sources are very limited in number and generally they are remote
from the work site.

{b) Snow or water normally must be transported significant distances
from the water source to the work site.

(c) HManufacturing of snow cannot begin until ambient temperatures
are consistently below freezing.
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R. M. Hauser

September 28, 1379
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(d) Snow nbrmally must be manufactured 24 hours/day to meet placing
requirements.

(e) The production rate from one snow machine is generally insuffi-
cient, so that numerous units will be reguired for extensive pad
construction requirements. As an example, two machines operated
24 hours/day for three weeks to construct 2500 feet of snow pad
in Section 3 of the TAPS line.

Use of ice aggregate for pad construction cannot comme ice until the
thickness of ice on the lakes Is sufficient to support mining equip-
ment. Furthermore, large bodies of water will be needed to provide
adegquate quantities of material for significant pad construction.
This will usually necessitate long haul distances from the source of
supply to the work site. . .

The progress rate for snow pad construction is significantly less
than for gravel pad construction unless large gquantities of hauling
equipment {either snow or water) are used.

You must allow a minimum of one month advance start for smow pad
construction before subsequent activities can commence. Otrerwise,
critical construction activities will be delayed by the pad construc-
tion effort. Thus, a minimum of one month will be lost during the
critical Fall-Winter shoulder months for pipeline construction.

A snow pad deteriorates rapidly during the Winter-Soring shoulder
months. Use of snow pads will result in loss of a minimum of one
month during this period for pipeline construction when compared
with the use of a gravel work pad.

Use of snow pad is extremely sensitive to winter temperatures. An
abnormally warm winter will make the use of snow pads impractical.
when this becomes apparent, it will be too late to build a gravel
pad. Should this occur, the critical Winter construction scheduled
for that season will have to be delayed until the following year.
There will be no assurance that the same situation will not occur
again the following season.

Construction from 3 snow pad in hilly terrain is extremaly hazardous
since even tracked equipment with snow grousers tend to slide under
load whan on an incline,

Based upon my TAPS experience, the cost of work pad construction
using snow will be at least ten times, if not greater, the cost of
a gravel work pad.
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Mr. Edwin (A1) Kuhn

Director of Covernment 3}
Environmental Affairg

Horthwest Alaskan Fipeline Co.

1301 "K" Street

Washington, D.C. 20005

Subjezt: Llocation of Gas Line
Jear A):

Your letter of June 28, 1975 transmitted additionz) informzticon and
requested comments regarding the concept' of the gas line “"hugging" the
haul road for substantia) lengths of line, instead of being placed
alongside an extended Alyeska work pad. Also, when I wzs in Weshinzton,
D. C., you related to me some of the discussions going on about locating
the gas line along the Haines line right-of-way from the Salche River
arez ‘south of Fairbanks to Delta Junction, instezd ¢of parzlleling the
¢crude Yine. This letter will address these two issues,

Firstly, reqarding proximity to the haul road I strongly disegres with
and am bothered-by the paragraph contzined on-page 2 of the June 13,
1975 letter from the DOl that says, "where the gas line is routec along
the Yukon River to Prudhoe Bay State Highway, the minimum separation
distance between the gas pipeline center line and the highw2y center
line shall be nominally 44 feet...". The 44' distance from the center
line of haul road to the gas line is much too close and is obviously
predicated on statements included in Jack Turner's June 7, 1978 memo to
the Assistant Secretary where he says, "...preferably such construction
should te dcne in winter when snow pags can be used both for equipment
support and storage". (emphasis added)

I can summarize my opinion regarding "hugging” the haul road by saying
that it is practical to locate 2 buried gas line 55-£0' from the center
line of the haul road. This is somewhat less then the 70' proposed by
Northwest in previous submissions to the DOI. However, the fact that it
{5 practical does not necessarily mean that such 2 location would be the
Teast costiy.

Sute 600, 3201 C Street- Anchorage. Alaskd 99503 (90O7) 276-0M3 Teiex (within Alaska) 25466 (from outsige Alesks) OPO-25-45¢
(An Alcsks Internononal incustes Company)



Pace Two
July 27, 1¢7%

The 55-62' spacing (haul road to gas line) is based on the following:

1). A gravel work pad would be built between the shoulder
of the haul road and the edge of the ditch for stringing,
line-up, welding, side boom cradling of the pipe, lower-
ing into the ditch and backfill.

2). One lane of the haul road would be usec as a par:t of
the work pad for the movement of eguipment and personne!l
along the line.

3). The other lane of the haul road will be kest open for
one-way controlled, non-pipeline construction traffic.

4). No snow pads will be used. As I have indicate? in
ezriier correspondence (my letter dated July 10, 167%
containing a draft copy of prepared testimony to the
Dingell Committee), MNorthwest must not agree tc builc
significant lengths of snow pad or snow rozZ.  This
statement applies regardless of whether the gas line
"hugs" the haul road, s built adjacent to the Alyesks
work pad or is built at any other location. An all-
weather, full width gravel work pad is absolutely
essential to your project, and locating the gas line
alongside the haul road does not change this situation.

1 do nct share many of Northwest's concerns about using one lane of the
haul roa< as 2 pzrt of the work pad. The haul road lane used as a part
of the work pad would primarily be for passing of equipment. All work
relating to stringing, line-up and clamping, welding, cradling, low-
ering-in and backfilling would be done off the gravel work pad, which
would be built alongside of the shoulder of the haul rcad. I have
included a rough sketch of this concept as an attachment to this let<er.

Dust would be controiled by watering the haul road. One-way, non-223
line traffic could be safely controlled on the other lane of the haul
road. | don't believe that the volume of traffic will be so significant
that safety problems or bunching up of haul road traffic would develop.
After completion of gas line construction, the haul road would have to
be dressed and recontoured to repair the damage done moving heavy
equipment over the haul road shoulder. Again, I don't believe this is
extraordinarily difficult or costly to accomplish.

1 believe the basic criteria for the location of the gas line, whether
it is to hug the Alyeska gravel work pad, hug the haul road or be built
from & totally separete and distinct work pad, should be cost and
schedule effectiveness. In other words, Northwest should locate the ga2s
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Tine at that location where the total cost of the project would be the
least.

t these locations where the Alyeska line is buried soil conditions are
favorable to buried pipeline construction...in other words the ground is
thaw stable. When possible, the gas line should also be buried at such
locations, "hugging” the Alyeska work pad as close as pessible, so that
the advantages of the favorable soil conditions can be realize?. Ex-
ceptions to this basic rule should be made only to reduce the number of
river crossings or where another alignment is clearly more cos®t an<
schedule effective. liorthwest people have rightfully pointed out that,
to the extent that the gas line deviates from the c¢rude linz, changss
due to unexpected subsurface conditions increases dramatically. One
only has to look at the negative geotechnical surprises that Alyeska
encdured to support this statement.

To summarize the "hugging the haul road” situation, 1 do nct have 3
basfc concern about locating the gas line 55-60' away from the heaul
road, 2s long-as there is a gravel work pac between the shoulder of the
haul road and the edge of the ditch. I believe that one lane of the
haul road can be used as a part of the work nad and therefore the width
of gravel work pad that has to be constructed for the ges line can be
correspondingly reduced. Of course, the cost effectiveness of this
solution 1s directly related to whether or not a heavy wall pipe is
going to be required by regulatory agencies. Intuitively, I believe
that heavy wall pine should not be required, but the number of dollars
at stake is so significant that formal approval must be obtained from
the regulatory agencies.

1 will leave this issue by again expressing my concern about the numder
of times 1 see comments being made about building extensive lengths of
the gas line from a snow pad, with the gas line as close 2s 44' to the
center line of the haul road. Any attempt to do this would result in
tremendous additional costs and schedule slippages.

.

"By the way, several miles (perhaps as many as four) of the crude line
were built immediately adjacent to the haul road in the Finger Mountain
area south of 01d Man Camp. 1 refreshed my recolleztion about building
this lengih of the crude Yine by talking with some of the field peopnle
involved with its construction. There were no significant problems with
building the crude line adjacent to the haul road, 2lthough the ¢rude
line was 75' from the center of the haul road. Of course, 2 full width
gravel work pad was built between the haul road and the edge of ditch.



Paye Four
July 27, 1875

How I will get into the subject of the re-rou*- proposed by the regula-
tory agencies in the Se¢lche River arez soutr of Fairbanks and north of
Delta Junciion. I indicated to you that Alyesks 2lso studied this re-
route and did not resolve the final location of the pipeline until miZ
1974, The so-called Salcha liver re-route, similar to what s being
proposed by the agencies in much of the correspondence that | reviewec,
was rejectes by Alyeska for the following rezsons:

1). The re-route alignment traversed very rujje? ant
choppy terrain,

2). There was no definitive datz available absus soil
conditions on the re-route location.

3). Because of the side slope construction, a slope stabilis
protler could exist.

4). Access roads, although short, would have to 5e
numerous and contein exagyerated looping to m2in-
tain reasonable grades.

5). Considerable use of terraced, shoofly roads could
be anticipated due to the rugged nature of ths
terrain,

6). There were numerous parcels of private patert
lan? and a number of 0ld and new mining ¢claims on
the re-route.

7). Although material for the work pad would be avail-
able, it would have to be hauled up very steep
access roads.

8). The proposed re-route was about & miles longer than
the Alyeska alignment.

9). Following the ridge 1ines and close to the Haines
right-of-way and the Richardson Highway would mezan
the crude 1ine would pass through high use recrea-
tional areas, and the visual impact would be signi-
ficant.

10). There would be any where from 6 to 15 miles of steep
side slope construction required.

11). Substantial through cuts would b= required at as
many as three Jocations.



Paze Five
July 27, 197%

The conclusion of the Alyeska study was that the cost of the re-route
would be considerably greater than the cost of the present crude Yine
alignmert. 150, the uncertainties associatez with the unknown 5071
conditions were such that the risks were just too great to chenge the
alignment to a location closer to the Richardson Highway. 1 don't be-
11eve that the situations that exist today are any different than the
were for the crude line so my recommendation to you is to s%ick with
your proposeZ alignment,

As requesteZ by John McMillian and John Mason, I ar in the orocess of
reviewing the construction communication requirements and should have
something to you in 2 weeks. Also, I have again reviewed all of the
documents given me, primarily the exchange of letters between DO/ A
Morthwest and DOI/Alyeska, and my comments and recommendztions re'=r"r;
these will be in your hands shortly.

If there are any questions, please do not hesitate
me. I am also aveilable to meet with you at any t

¢ gt in touch witn
2

+
-
im

Sincergly,

Frank P. Moolin, Jr.
FPM:tim

cc: John Mason/NWP/SLC
Darrell Mackay/NuW?
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“r. Rober:t N. Hauser,
Vice President

- T~

Curnrax HousTON INC. \:\ \—-\Cﬂ
PIPE LINE CONTRACTORS

YORETOWYN. HOUSTON, TEXAS 77050

April 7, 198G B

worthwest Alasxan ?ipeline Co.

< 2

3333 Michelson Drive
Irvine, California 92730

Dear r. Hauser:

Subsequant to our conversation relative to our firms experiences in winter pipeline

consStructidn nor

n of the Alaska Brooks Range and more specifically the utilizacion
I submit to you our comments which are based on our conscruction

3
activities spanning a périod of six years. During this period we have constructed

Z 1

over 300 miles of various size pipelines (8" thru 38") using the folliowing comstruction

modes.

.

(241
~

and tie-ins |

L) Pipeline Construction Activities Performed in Winter and Summer
1) Litch excavation

iiauling, stringing, fabrication, pipe laying, lowering-in,

C) Drilling and vertical pipe support (VSM) imstallacion

D) Thermal insulation ’ :
Z) GHvdroczesting (using water and water/antifireeze test medium)

AY
2)
3) P
Anproximately T08 miles of
_— -z
.7

a snow WOrk pad
Was construct
The construczion plan £
stream in eari s

ioviines Constructed Utilizing Both Snow and Gravel Work Pads

s
ils 76 miles was the portion of the Alyeska Fue
ing the 1976-77 winter season.

Pipelines Constructed in Both the Above and Below Ground Modes

1

the work accomplished by our Ifirm was insczlle
.
!

he Trans~Alaska Pipeline called for tne st
977. To that end, completion of the fuel gas line befcre

ot



Lekant Pipeline Co.

Srean-uD was oI the utmost importance. To accomplish this task, our crews were mobi-

lized in mid-November, 1976 to start snow pad construction. This proved to be 2 slow,

costly operation since there was no significant accumulation of snow until aid-

January and in some areas mid-Tebruary. To augment che amount of natural snow ac-

cumulacted in November Deﬂemoer, and January, we resorted to several methods of entrap-
i

& Y
ment. More S)e;lf calily these methods were:

1) Zrecting snow fences

ructing 2 snow berm along the R.O.W. on the oifif-side to the

T
evailing winds
3) Utilizing natural traps and transporting snow to needed areas

luffs to Prudhoe Bay is characterized by frequent winds high
ntities of snow. In this area, we were able to trap snow

e of success. However, our production in this area was very
ed bv the frequent shifcing winds. rapping of snow in all

e very ineffective.

stlv and slow method of layering snow and water was not used. This method was
considered, but was ruled out based on the Zollowing:

1) Schzecdule - Construction of a pad using materials other than natural
snow could not be accomplished at a rate that would allow completion
£ Zuel gas line before break-up.

2) Cost - Due to the logistics involved in getting water to the work sit
and the large quantity of equipment that would be required, it was ag

hat zhe cost of this type construction would be unacceptable. It was
imated chat the cost associated with this method would be in excess
$130.00 per linear fooct.

3) Pacd Urilization - Since the snow pad was to be located immediately adj
to the haul road or Alyeska work pad, affic could be reduced ¢ o
mum on the snow pad. Only the tracked equlpmen_ essential to pipe nandlin
was allowed on the snow pad. All support equipment would traverse tie hau
roac or gravel work pad. As a result of our ability to keep snow pad trai
o a minimum, combined with the fact that all the equipment needad for sma

czter pipe laving is relacively light, the necd for a nignh density pad
such as the snow/water layered pad was not necessary.

t is our opinicn that the use ol conventignai tr

on a snow/water layered pad would be very dange

on the track pads would build to a point where th
con:acu, the pad surface reducing traction to near 2z

OC)

Addizionally, all emplovees that are reguired to work on the p
would be subjected to unreasonable dangers due to working on i
would be in danger due to the possible movement of skids suppo

.
<
F R <
of welded pipe

Cunraxs IHoustoxN INnc.



er ruling out the use of the snow/water lavered method, we electad to duild a pad
naturzl snow using the following procedures.

0
1) The Iirst passes over the pad surface were made using a low ground pressure
folegon. This process was continued until the pad thickness and density
was great eno ubn to protect the tundra from damage by light tracted vehicles.
2) Alfter the base layer was completed, additional pad deptn was obtained by
roiling in acdirional snow from natural snow fall, snow entrapment and
snow transported from natural traps. Motor graders and dozers nulling
compacting and leveling equipment was used for leveling and compaction.
This process was continued until the optimum depth was obtained.
By mid-January we had completed only 10 miles of snow pad, and on February 6, 1977,
with 22 miles of snow pad, we started our pipe laying operations. In mid April, we
ware experlen:ing temperatures forty degrees above zero and pad degradation was consid-
crable. The impact of this unseasonable phenomenon was minimized due to our ability
div L'

menc not essential to pipe handling or ditching to gravel pad. The
ucted adjacent to either the haul road or the oil line pad through-

H O

The risk of schedule disruption due to the unpredictable nature of snow pad construction
was great and boih owner and contractor were Laced with the ever present possibilicy
that che scnedule would slip into the next construction season delaving project com-
slecicen for one vear. Due to this unpredictable nature (i.e., warmer Chan normal temper-

inter, the lack of natural snow fall in November, Deczember, and January,
sera es throughout the winter resulting in pad degradation) a delay
would have been inevitable had completion of the projact been dependent

Jec:
on snow pad utilization. The last 16 miles of the gas line was constructed irom the
oil line gravel pad and not a snow pad.

de to Alyeska's Fuel Gas Line as evidance that the use of snow

proven mode of construction and should be used on portions oi the
ransportation System. Based on our experience in Arctic constructiomn
a

ur

snow ds, we strongly recommend that Northwest vigorously oppose the
s1ow pac concesi. ther, it is our opinion that two monumencal facts were learned
irom the Iuel gas line comstruction.

d, as constructed, would be totally and completely unacceptable

2) ©Develcoment and execurion of a coneraent schedule would be next o impossibie
due t: the unpredictable nature of the entire snow pad concept.

Addizionslly, due consideration should be given to the following:

uction of large diameter pipelines utilizin
oroven construction technique.

Curninran IMousTox. Inc.

”
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Conscruczion would be restricred primarily to the winter months and would
have o very significant impact on the cost effectiveness of zhe project.
This would Se primarily due to:

A)  Worker eiffectiveness and losses in productivity due to extremely cold
temperatures, wind and artificial lighting. To compensate for some
of this loss of productivity per worker, additional manpower would be
needed. This would impact camp facilities and transportation. From
our experiénce, we calculate productivity losses for winter constructien
Lo be:

From +10°F o ~59F u 57 loss in productivicy
From =5°F to -209F a 10% loss in productivity
From -20°F to -30°F a 17% loss in productivity
From -30°F to -40°F 2 30% loss in productivity

pment down-time and meintenance becomes more of a problem and cost factor
Nz the extreme winter months than the human element. Operating costs

¢ increase by as much as 40% during this period due to the following:

A)  ruipment maintenance and service personnel would double during this
perioc

25 T

o) SR

requirements would increase by approximately 30% due to the fact
that all equipment would be running 24 hours a day

@]
~
(/.

ipare eguipment and parts ;wventory would be increased by 10%

D) JOverall equipment life would be much shorter

Thare are certain construction activities that must be periormed during the
swinn.er months, e.g., nydrotest, oack‘lll armor and erosion control, sand-
blasting and painting above ground facilities, revegetation, ecc., all of
which would be very difficult to carry out without the benafit of free access.
In the area where construction utilizing a snow pac is advocated, theres cculd

be as many as 20 test sections and 20 test manifolds where access with hea
aquipment would be essantial.

Addicionally ince water will be the testc medium Zor hydrotesting, access Lo
he water s

s
P
ocurces and cransporting by truck or pipeline will be next to im-
ut gravel access roads.

a ter comstruction woulcd pecome a very expensive anc difiicul
on without tne benefit of year-long access. As mainrenance cont
wa Pipeline Service Company, we encounterad many malntenance
0 mile area of responsibility whicn I would consider as &lmos
ibie to correct without free access. Our area of responsibilit

£

Y

[ 2]

e
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Cunnax Housron, Inc.
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oumn Staction L oto south of Atigun Pass and would cover the entire area whare
. construction is advocated.

[4%

. wi the area in question is subjected to flooding during breakup an
sion and scttlement of backfill is signifiicant. In some Zlooded areas o

Hy

tae {uwel gas iline, large amounts of backiill was washed away allowing the
¢izen insulation boaré to float out. Replacement of this material was very
¢iiiicult cue to the fact that all equipment was restricted to either che
nzul roac or oil line work pads.

& wish to reiterate our concern as to the inherent risxs anc problems
be associated with conmstructing large diameter pipelines using the snow

Very truly vyours,

CURRAN HQUSTON, IXC. )

) .
e
;9122//;,/,¢)L;_/
V. E. Seale
Vice President

VES:nc

- Cennax HocrstoxN, Inc,



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

