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1.0 EXECUTIVE SUMMARY

The energy needs at Fairbanks are currently met through electric power
generation, steam generation, heating oil and to a minor extent propane and
wood. There is no natural gas utilized or available at present in
Fairbanks.

The closest sources of large volumes of gas to Fairbanks are on the North
Slope and at Cook Inlet. This study evaluates the cost and feasibility of
a pipeline connecting Fairbanks to the Cook Inlet reserves. The major
elements of this study include a future demand forecast, system sizing,
pipeline route selection, environmental acceptability, and capital and
operating costs determination.

1.1 Demand Forecast

Energy demand forecasts to the year 2020 have been developed for the prime
market sectors - residential, commercial and electric power generation.
Potentially, the largest volume customers would be power plants serving
Fairbanks, University of Alaska, and U.S. Military bases in the area. Two
separate demand forecasts have been developed as Department of Defens:
energy policies encourage the use of coal at certain U.S. Military bases
and the policy may inhibit conversion of plants to natural gas firing.

The Baseline Case forecast covers residential, commercial, and non-military
power generation in Fairbanks; the Military Case forecast includes supply
of gas to the Fort Wainwright, Eielson and Clear military bases.

Future demand volumes have been developed on the basis of fuel consumption
estimates made in 1981 and adjusted to reflect growth to 1987 and normal
weather conditions. Further growth to the year 2020 is based on the
Institute of Social and Economic Research (University of Alaska) survey of
residential energy end use with an appropriate gas penetration adjustment.

Factors for gas market penetration for Fairbanks were based on similar
analyses performed by Stone & Webster for equivalent c¢limatic areas
including the Yukon, Northwest Territories and Anchorage.

A summary of the natural gas demand forecasts is provided as follows:

1edl Zu<y Demand (MMcf)
Case Category Annual Peak Day
Baseline Residential 3,378 23.20
( mercial 2,245 15.42
Electric Power 5,842 22.73
Subtotal 11,465 61.35
Military Electric Power 5,946 26.95
Total 17,411 88.30




1.2 System Design

The most convenient point for connection of a Fairbanks pipeline to the
Cook Inlet reserves is via a connection to the Beluga pipeline in the
vicinity of Knik. Gas in the Beluga line has already been conditioned to
gas transmission quality. The Knik connection would be only 7-1/2 miles
from the proposed alignment of the Fairbanks pipeline along the Parks
Highway.

Hydraulic analyses were conducted on various configurations of pipe size
and inlet compression to determine the most effective system.

The results of the 16 inch diameter analysis showed that such a line was
capable of moving the Baseline Case volumes without compression. The line
also had the capability of transporting the Military Case volumes with the
addition of 1inlet or intermediate compression stations. The 16 inch
configuration without compression was therefore selected as the basis of
the cost estimate.

The use of a 20 inch line, as has been suggested by others, was evaluated.
Such a line has the capability of transporting approximately 80 percent
more volume than a 16 inch line for an incremental capital cost increase in
the range of 20-25 percent.

However, a cost increase of some $45 million is not warranted for
throughput volumes that can be handled by the 16 inch line. Should
compression facilities be required to meet the full Military Case volumes
these could be installed for under $10 million.

It has also been suggested that a 20 inch line could be used to backfeed
gas to Anchorage should North Slope gas ever be routed through Fairbanks.
The analysis of such a scenario is outside the scope of the present study.

Additional facilities 1identified as a necessary part of the overall
pipeline system include a custody transfer metering station at the Beluga
supply junction, a city gate station for metering and pressure control at
Fairbanks and intermediate take-off facilities at communities along the
route.

1.3 Pipeline Route

The optimum route between the Cook Inlet area and Fairbanks 1is via the
existing transportation corridor formed by the Alaska Railroad and the
George Parks Highway.

A direct cross country route, though shorter, would be much more costly due
to the rugged terrain and lack of logistical support infrastructure.

The highway corridor provides both road and rail systems for the delivery
of pipe and materials as well as the movement of men and equipment during
construction, Also, the highway 1is adjacent or close to several
communities along the route which would presumably request connection to
the gas line.

P
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Most importantly, the easement for the highway is of sufficient width to
accommodate a 16" pipeline thus ensuring minimal additional disturbances to
the environment.

Within the general concept of following the highway alignment there are two
sections in which alternates have been identified. We can anticipate there
will be legal difficulties in gaining permission to lay a pipeline within a
National Park boundary. Therefore, at Denali National Park the alternate
route leaves the highway to stay outside the park a distance of almost 8
miles.

Towards the northern end of the line, approximately 10 miles south of
Nenana, the terrain provides an opportunity to take a shorter, direct
cross-country route to Fairbanks. Although the cost estimate indicates
that this option is approximately $2.5 million more expensive than staying
" with the highway, we recommend that a final decision should be delayed
until additional studies have been completed at the detailed engineering
stage.

The total length of the proposed route is 298 miles. The split of land
ownership along the route is Federal 15%; State 45%; Borough 9%; Private
31%.

1.4 Environmental Impact

Nearly seventy-nine percent of the pipeline route would parallel the Parks
Highway and share a portion of its right-of-way. Right-of-way clearing
requirements are minimized by this approach and impacts are substantially
lessened as a result of close access to the Parks Highway and Alaska
Railroad. In total, clearing of vegetation for right-of-way preparation
would disturb approximately 3,150 acres. The remaining twenty-one percent
of the route is located in roadless areas. Selection of the most direct
route in those areas would result in minimizing clearing requirements.

No threatened or endangered species are expected to be impacted. Impacts
to wetlands would be mitigated by construction timing and specialized
construction methods such as snow/ice roads and transportation of excess
fill to upland areas.

The proposed pipeline route crosses a minimum of 144 streams and rivers, 40
of which are classified as anadromous fisheries. This is clearly the most
significant environmental aspect of the pipeline routing. Specialized
construction techniques must be employed at water crossings including
fluming, channel diversion, and rehabilitation of stream banks and bottom
material. These measures, coupled with construction timing, would minimize
the effects of downstream siltation on fisheries.

No environmental impacts have been identified that would not be
successfully mitigated and none are considered significant enough to
seriously restrict project development.



1.5 Project Costs

The total cost of the mainline between Cook Inlet and Fairbanks including
metering and pressure/flow regulations at each end of the line is estimated
at $190 million.

The construction cost segment of the total installed cost was based on a
construction plan of four spreads working over a sixteen month time frame.
Three of these spreads are summer spreads working on sections paralleling
the highway. The fourth spread would be responsible for the winter
installation sections at each end of the line.

A summary of pipeline installation costs by spread is provided as follows:

Design
Inspection
Spread Miles Materials Construction Total Cost/Mile
1 91.7 $17,626,551 $33,172,742 $50,799,293 $553,973
2 87.3 $17,818,910 $30,273,084 $48,091,994 $550,882
3 64.3 $12,658,962 $26,360,577 $39,019,539 $606,836
4A 7.4 $1,935,785 $5,266,283 $7,202,068 $973,252
4B 48.0 $12,939,665 $29,359,065 $42,298,730 $881,224
SUBTOTAL 298.7 $62,979,873 $124,431,751 $187,411,624 $627,424
OpFac $1,937,825 $634,112 $2,571,937 $8,610
TOTAL 298.7 $64,917,698 $125,065,863 $189,983,561 $636,035

Contingency funds have been built into the above summary costs at two
levels. Firstly, conservative estimating and production factors have been
used in the estimate development; and secondly, an additional 5 percent
contingency allowance has been added to cover unknown conditions.

Non-construction costs included in the above table at $64.92 million,
include R.0.W. acquisition, permitting, procurement of all major materials,
engineering and design, and construction supervision and inspection. These
costs represent 34% of the total installed cost.

In addition to the above mainline costs, the cost of the gas distribution
system in Fairbanks is estimated at $33,840,000 in 1988 dollars. This cost
is based on the infrastructure requirements needed to supply approximately
12,000 residential/commercial units as well as three power stations at the
time the transmission pipeline is completed.
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2.0 SCOPE OF STUDY

The Alaska Power Authority has authorized a study by Stone & Webster
Engineering Corporation to develop the capital cost, the operations and
maintenance costs and the environmental impacts of a natural gas pipeline
system linking the city of Fairbanks with the Cook Inlet area of Alaska.

The results of this system study will be utilized by the Alaska Power
Authority as part of an overall feasibility study to evaluate upgrading the
electrical transmission system within the Railbelt area.

Prime considerations in the preparation of a solidly based cost estimate
for any pipeline system are the determination of both the size and
associated facilities of the line together with an accurate definition of
the proposed route.

A number of key sub-elements have been developed within the study to
provide the necessary data base for route selection, system sizing and
final costs. These include system demand forecasts, route alternates,
conceptual engineering designs, environmental impacts and mitigation, land
ownership and project permitting requirements.

2.1 Pipeline Capacity

Estimates have been prepared for maximum peak day requirements of gas over
a 30 year period. Estimates are based on existing forecasts for economic
and population growth, electricity demand and historical energy use,
comparative pricing of alternate energy sources and market penetration
factors.

Two scenarios have been developed. The baseline case considers all
non-military gas usage in Fairbanks for residential, commercial and power
generation needs. The military case includes additional loads assuming the
three military generating centers in the area are converted to natural gas
firing.

2.2 Route Selection

The terrain and transportation corridors between Cook Inlet and Fairbanks
have been evaluated and catalogued to determine the most cost effective
route within acceptable environmental and socio-economic constraints.

2.3 Conceptual Engineering

Based on the gas demand forecast, the mainline pipe size and associated
infrastructure facilities have been determined for optimum cost and future
throughput.

Conceptual designs have been developed for all major system facilities
including metering and pressure regulation terminals, scraper stations,
mainline valve stations, highway and water crossings and local distribution
systems.



2.4 Environmental Assessment

The pipeline route will cross varied terrain and will interact with fish
and wildlife resources during the construction operation and maintenance
periods. This is a key concern for most pipelines but is especially
relevant in Alaska with its unique variety of wildlife and sensitive
terrain forms. The preferred route has been selected so that the pipeline
can be installed and operated within acceptable levels of environmental
impact. Where necessary mitigative plans are identified; in most cases
mitigation 1is achieved by careful routing, rescheduling of seasonally
sensitive activities, and modification of construction methods.

2.5 Land Ownership and Permitting

Land acquisition and regulatory permitting are significant aspects of
preconstruction activity. Land ownership has been evaluated to identify
the pattern of ownership along the pipeline route and to assess the
relative holdings of federal, state, native and private lands, especially
those that could impact easement acquisition such as national park and
military land holdings. Ownership data has been cataloged on 1:250,000
scale pipeline route maps.

Regulatory requirements for a gas pipeline in Alaska will involve a
considerable body of permits, licenses and right-of-way agreements at the
federal, state and local 1level. A 1listing of the majority of permits
required by the various agencies has been prepared together with a
selection of typical right-of-way agreements for the various categories of
landownership along the pipeline route.

2.6 Cost Estimates
Cost estimates have been developed for:
1, Capital cost for 16" pipeline between Cook Inlet and Fairbanks.

2. Capital cost for local distribution system within the Fairbanks
area.

3. Operating and maintenance costs both for the 16'" mainline and the
local distribution system in Fairbanks.



3.0 SYSTEM CAPACITY

As part of Stone & Webster's development of the costs and environmental
impacts of a proposed natural gas pipeline to serve the Fairbanks area, we
have estimated peak day capacity requirements in order to provide the basis
for designing the pipeline. These estimates were developed by analyzing
and forecasting gas demand for individual market sectors for the period
through the year 2020. Annual energy demand forecasts for the residential
and commercial sectors were obtained for "normal" weather conditions using
14,274 annual heating degree days.

Gas market penetration for the Fairbanks area was estimated based on an
analysis of market penetration in similar climates 1including Yukon,
Northwest Territories and the Anchorage areas as well as considering the
results of the recent residential end use survey conducted by the Institute
of Social and Economic Research at the University of Alaska (ISER).

Demand forecasts for large-volume customers including electric power
generation plants, U.S. military bases and the University of Alaska at
Fairbanks were based on Stone & Webster's analysis of natural gas
conversion at six existing sites in the Fairbanks area which was performed
for ENSTAR Natural Gas Company during the fall of 1986.

While these rough estimates of potential gas demand are necessary and
appropriate for sizing the pipeline for cost estimating purposes, it should
be noted that more careful consideration of natural gas demand will be
provided in The Power Authority's overall Railbelt economic analysis to
which this volume contributes.

3.1 Forecast Results

The following tables summarize the results of Stone & Webster's demand
analysis and forecasts. Peak day requirements for the temperature
sensitive residential and commercial sectors were calculated considering a
design peak day of 98 heating degree days. Table 3.1 shows the projected
total gas demand for the years 2000, 2010 and 2020 on an annual and peak
day basis for each consuming sector. The electric power sector includes
conversion of the North Pole station of Golden Valley Electric Association
(GVEA), the downtown Fairbanks coal-fired generating facilities of the
Fairbanks Municipal Utilities System (FMUS) and the University of Alaska at
Fairbanks, steam plant. The electric power gas loads are assumed to
convert shortly after completion of the pipeline (mid-1990's conversion
date). No additional gas demand for electric power generation beyond these
initial conversions is included here for the Fairbanks area through 2020.
Any additional growth in electricity demand could be met from cogeneration
or power plants located outside of the Fairbanks area.

With reference to Table 3.1, the constant load demand of 5842 MMcf for
electric power is equivalent to 378,000 Mwh of electrical output.



Table 3.1
Fairbanks Area Gas Demand Excluding U.S. Military Bases

(MMcf)
2000 2010 2020
Annual Use
Residential 2,377 2,868 3,378
Commercial 1,644 1,954 2,245
Electric Power 5,842 5,842 5,842
Total 9,863 10,664 11,466
Peak Day
Residential 16.32 19.70 23.20
Commercial 11.29 - 13.42 15.42
Electric Power 22.73 22.73 22.73
Total 50.34 55.85 61.35

Table 3.2 shows the total projected gas demand including potential
conversions by the military bases at Fort Wainwright, Eielson Air Force
Base and Clear Air Force Station. The conversion of these military bases
to gas is considered separately from the base-case forecasts due to the
possibility that current Department of Defense energy policies such as
those described in the 1982 Military Construction Codification Act and the
1986 Defense Appropriation Report, encourage the use of coal at U.S.
military bases and may inhibit conversions from coal to natural gas.

Table 3.2
Fairbanks Area Gas Demand including U.S. Military Consumption
(MMcf)
2000 2010 2020
Annual Use
Residential 2,377 2,868 3,378
Commercial 1,644 1,954 2,245
Electrical Power 5,842 5,842 5,842
Military 5,946 5,946 5,946
Total 15,809 16,610 17,412
Peak Day
Residential 16.32 19.70 23.20
Commercial 11.29 13.42 15.42
Electric Power 22.73 22.73 22.73
Military 26.95 26.95 26.95
Total 77 .29 82.80 88.30
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Table 3.3 provides a summary of the forecast results for residential and
commercial natural gas demand. Demand 1is split 1into two major wuse
categories: space and water heating, and lighting and appliances for each
sector as well as by gas penetration for each competing fuel. 1In order to
estimate the amount of natural gas which would be consumed in these sectors
for a market area in which gas service 1is not currently available, it 1is
necessary to forecast the demand attributed to each fuel source and apply
gas penetration rates to determine the gas volumes required.

Table 3.3
Annual Residential and Commercial Natural Gas Demand
Fairbanks Area

(MMcf)
Gas Penetration )
% 2000 2010 2020
Residential
Space & Water Heating
Fuel 0il/Propane 97.0 1,831 2,209 2,602
Wood 10.0 17 20 24
Electricity 90.0 351 424 499
Other 80.0 147 178 210
Lighting & Appliances
Propane 98.0 19 23 27
Electricity 10.0 12 14 17
Total Residential 2,377 2,868 3,379
Commercial
Space & Water Heating
Fuel 0il/Propane 98.0 1,290 1,533 1,762
Electricity 95.0 167 198 228
Steam 0.0 - - —
Lighting & Appliances
Propane 95.0 155 184 211
Electricity 10.0 32 38 44
Total Commercial 1,644 1,953 2,245

3.2 Forecast Assumptions and Methodology

Stone & Webster's natural gas demand forecasts for the residential and
commercial sectors were developed from a base year (1981) in which fuel
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consumption estimates were available. The base year consumption data were
adjusted to reflect normal weather conditions. There is no significant
industrial process fuel consumption and therefore no separate industrial
forecast or analysis. The electric power and military sector demand
forecasts are based on previous Stone & Webster evaluation of the fuel
consumption and conversion characteristics at the eight major facilities in
the Fairbanks area. The fuel demand by three of these facilities: GVEA's
North Pole station, FMUS's downtown Fairbanks plant and the University of
Alaska at Fairbanks comprise the base case electric power sector demand.
The alternate case forecast adds the gas demand from three military bases:
Fort Wainwright, Eielson Air Force Base and Clear Air Force Station to the
base case total demand.

The residential and commercial forecast methodologies and assumptions are
described in more detail in the following discussionms.

3.3 Residential

Using 1981 fuel consumption estimates as the base year, residential
consumption was brought forward to yield 1987 estimated consumption
(adjusted for normal weather). The space and water heating energy
consumption was developed using energy use factors (energy
use/household/DD) adjusted for conservation. New housing unit additions in
the Fairbanks area for the years 1981 to 1986 were combined with 1981 total
residential units to obtain the number of occupied residential units in
1987. Lighting and appliance energy consumption was 1increased in
conjunction with the growth in total housing units. The 1987 consumption
estimates were based on the fuel-use splits indicated by the ISER
residential energy survey. Table 3.4 shows the 1987 residential energy
consumption by fuel and major use category for the proposed gas service
area in Fairbanks.

Table 3.4
1987 Fairbanks Service Area Estimated Residential Energy Consumption
(Adjusted for Normal Weather)
(MMBtu)

Space and Water Heating

Fuel 0Oil/Propane 1,801,921
Wood 137,878
Electricity 242,475
Other 175,913

Lighting & Appliances

Propane 16,023
Electricity 97,684

Total 2,471,894




The residential housing unit growth rate projection for the Middle A Case
prepared by ISER was used as the basis to forecast residential energy
demand through 2020. Table 3.5 shows the number of residential customers
which could be serviced with natural gas and the Fairbanks area population
data used in the residential energy demand forecast. By 1987 most of the
conservation adjustments by residential users are assumed to have been
completed. The forecasts assume that the average residential customer will
use 235 MCF annually for space and water heating. Gas market penetration
factors and furnace efficiency adjustments were applied to the projected
energy demand to obtain natural gas demand forecasts. Table 3.6 shows the
residential fuel o0il and natural gas prices on which the development of the
market penetration factors were based. The fuel oil prices are based on
APA's middle growth rate forecast and the natural gas prices.

Table 3.5
Residential Demand Forecast Basis:
Housing Units and Population

Residential

Units in the Fairbanks

Fairbanks Gas Area
Year Service Area Population
1987 10,033 68,391
2000 12,120 79,286
2010 14,627 94,260
2020 17,227 108,320

Table 3.6

Residential Fuel Oil and Natural Gas Price Assumptions
(1987 $ per MMBtu)

Year Natural Gas Fuel 01l
1990 3.47 6.08
2000 4,04 7.09
2010 4.15 8.11
2020 4.63 9.41




3.4 Commercial

The commercial energy demand forecast utilized 1981 consumption estimates
as well as an estimate of the total energy consuming commercial building
area (square feet) in existence corresponding to the 1981 energy
consumption. Energy consumption was adjusted to reflect normal weather
conditions. Commercial building area was increased throughout the forecast
in accordance with the projected growth in Fairbanks area population.
Commercial energy use factors reflecting energy use per square foot of
occupied space were used and adjusted to account for energy conservation.
The conservation factor 1is based on EIA survey data for commercial
buildings in areas with more than 7,000 annual heating degree days. Table
3.7 shows the 1987 estimated commercial energy consumption for the
Fairbanks area. Table 3.8 shows the projected commercial building area
used to develop the commercial energy demand forecasts. The commercial
energy use factor utilized for the forecasts assumes that conservation
ajustments have substantially occurred by 1987. The use factor of 0.281
MMbtu annual consumption per square foot of commercial floor space yields
an average annual use of about 976 Mcf per commercial customer. The
natural gas demand forecasts were obtained by applying commercial gas
penetration factors to the total energy demand forecasts in the same manner
as was used to obtain the residential natural gas forecasts.

Table 3.7
1987 Estimated Commercial Energy Consumption
for the Fairbanks Area
(Adjusted for Normal Weather)

MMBtu

Space and Water Heating

Fuel 0il/Propane 1,135,259

Electricity 151,368

Steam 227,052
Lighting & Appliances

Propane 140,532

Electricity 278,967
Total 1,933,178
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Table 3.8
Fairbanks Commercial Building Area (Sq. Ft.)

Year Building Area
1987 6,884,500
2000 7,981,232
2010 9,488,573
2020 10,903,906
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4.0 SYSTEM DESIGN
4.1 System Overview

The proposed system consists of a gas transmission pipeline, approximately
298 miles long, linking the gas reserves in the Cook Inlet area with the
City of Fairbanks, Alaska. The selected route starts at a point on the
existing Beluga Pipeline (M.P.39) which is approximately 7.4 miles south of
the intersection of Big Lake Road and the George Parks Highway. At this
point the pipeline enters the George Parks Highway alignment and remains
within the right of way, except for a short diversion around McKinley Park
until it reaches Julius (at Hwy MP 295). The pipeline then leaves the
highway alignment and takes a direct path across open country to Fairbanks.

A number of small communities are located along the highway and could be
supplied through individual town border stations. Seven communities have
been identified for possible connection to the mainline with a total
estimated current population of approximately 3000 persons.

The system infrastructure includes metering facilities at the Beluga
connection point, intermediate block valves and scraper stations, and
metering/pressure reduction facilities at the Fairbanks delivery point.
Alternate system cases that are based on pressures above that available
from the Beluga Pipeline would also include a compressor station facility
at that connection point.

4.2 System Analysis
The system design and optimization process entails the analysis and
evaluation of different 1line size and compression options capable of

satisfying forecast load demands.

The flow analysis was performed for a range of peak day volumes that
spanned the two demand forecast cases developed in Section 3.

Peak Day (mmscfd)
Baseline Military
Year Case Case
2000 50.3 77.3
2010 55.9 82.8
2020 61.3 88.3

In addition to calculating line size options for various loads, the impact
of adding compression at the supply point was also evaluated.

A number of basic parameters have been assumed in the flow analysis.

1. Length of pipe between Beluga connection and Fairbanks 298 miles.
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2. Gas composition of gas transported by the Beluga Line.

Component Mol %

Methane 99.0655

Ethane 0.0260

Carbon Dioxide 0.2705
Nitrogen 0.6380

Total 100.0000

MW = 16.99

Gas Gravity = 0.56 (air = 1.0)
K = 1.30

3. Gas Properties

Based on the gas composition, physical properties were determined using the
Ken Starling Equation of State and were used as input into the hydraulic
analysis. The properties 1include the compressibility factor (Z,
dimensionless), the specific heat (Cp, Btu/lbm), and the Joule Thompson
Coefficient (Jt, DegF/psi).

P z Cp Jt
100 0.986 0.532 0.057
200 0.982 0.544 0.057
300 0.058 0.555 0.056
400 0.944 0.568 0.056
500 0.931 0.582 0.055
600 0.918 0.596 0.054
700 0.906 0.611 0.054
800 0.894 0.627 0.053
900 0.882 0.643 0.051

1000 0.872 0.661 0.050

4. Minimum pressure delivered at Fairbanks city gate station has been
assumed as 550 psig.



Flow analysis was performed using the AGA flow equation which determines
flow based on the following formula which includes a kinetic energy
correction factor to account for changes in elevation of the pipeline:
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Where Pl = Upstream pressure, psia
P2 = Downstream pressure, psia
Pav = 2/3 Average pressure, psia
Pb = Base pressure, 14,7 psia
Zav = Average compressibility
Tav = Average temperature, Rankine
Tb = Base temperature, Rankine
L = Length, feet
G = Gas Gravity, (Air = 1)
D = Internal Diameter of Pipe, inches
H = Differential elevation, feet
Q = Gas flow rate, scfd
F = Transmission Factor = 4 Log [3.7 D/Ke]
Ke = Effective roughness of pipe wall, 0.0018 inches

The pipeline is divided into 20 equal segments and the above equation is
solved for the downstream pressure in each segment. The steady state
conditions of inlet and outlet pressure are used to determine the average
compressibility factor.

The temperature drop in each pipeline segment was determined by considering
thermal transfer to the surrounding soil and the Joule-Thompson effect.
The soil ambient temperature was taken as 40 deg F and the depth of cover
over the pipeline as 3 feet.

Gas inlet temperatures at Knik are expected to not exceed 35 deg F during
the summer and will be in the 25 deg F range during winter. The pipline
will therefore be operating at or below freezing point and will not have a
significant effect on the small pockets of permafrost along the edge of the
Parks Highway routing.

The elevation of the pipeline at each segment is used to provide for a
kinetic energy pressure correction factor in the AGA flow equation.
A typical flow analysis output is presented in Table 4.2.



TABLE 4.2

BELUGA-FATRBANKS GAS PIPELINE ANALYSIS

Flow 61.3 mmscfd
Diameter= 16 * x ©.3125 " wt
Mile Elev Comp. Psi Psi Zavg Ta Temp
Post | (feet) (psi) (psig) Oout dim degf degf
2.9 125 - 1915 1001 ©.872 31.8 35.9
14.9 175 - 1001 987 ©.872 31.8 31.8
29.8 2100 - 987 973 @.882 31.7 31.8
44.7 250 - 973 957 ©.882 31.7 31.7
59.6 350 ~ 957 938 @.882 31.6 31.7
74.5 550 - 938 920 @.882 31.6 31.6
89.4 750 - 920 992 @.882 31.6 31.6
1964 .3 900 - 992 881 ©.882 31.5 31.6
119.2 1200 - 881 857 @.894 31.4 31.5
134.1 1600 - 857 829 @.894 31.2 31.4
149.09 2200 - 829 813 ©.894 31.7 31.2
163.9 2225 - 813 796 ©@.894 31.7 31.7
178.8 2250 - 796 778 ©.906 31.7 31.7
193.7 2300 - 778 766 @.90@6 32.0 31.7
208.6 2000 - 766 760 @.906 32.3 32.9
223.5 1400 - 760 749 @.906 32.1 32.3
238.4 1000 - 749 738 @.906 32.1 32.1
253.3 600 - 738 721 ©.906 31.8 32.1
268.2 550 - 721 783 @.9106 31.8 31.8
283.1 500 - 793 685 @.906 31.7 31.8
298 .0 450 - 685 ?.918




4.3 Optimization

A range of flow, diameter and pressure cases were analyzed in order to
determine an economic and effective pipeline solution capable of meeting
short and long term system flow demands. Three prime cases were evaluated
as described below.

In each case the outlet delivery pressure at Fairbanks was calculated for
various pipe diameters and flows based on a fixed inlet pressure at the
Beluga connection point.

Case 1: Free flow with no inlet compression and 1000 psig supply from
the Beluga line.

Case 2: Initial Compression to 1260 psig at Beluga connection.

Case 3: Maximum inlet compression at Beluga connection based on a 1440
psig system.

The results from this analysis are provided in Table 4.3.1.

In addition, discrete analysis for the Baseline and Military Cases was
performed at peakday flow predictions for years 2000, 2010 and 2020. These
results are displayed in Tables 4.3.2 and 4.3.3.

The results of the flow analysis are summarized graphically in Fig. 4.3.1.
The pipeline outlet at Fairbanks was assumed to require a constant delivery
pressure of 550 psig. The inlet pressures were individually set at 1000
psig, 1260 psig and 1440 psig and a curve representing gas flow versus
diameter developed for each case.

The projected peak day flow rate in year 2020 is represented by a
horizontal 1line at 61.35 mmscfd (Baseline Case). This represents a
combination of gas consumption by three power generating stations and
residential/small commercial consumption. A second horizontal 1line at
88.30 mmscfd (Military Case) represents the maximum anticipated consumption
assuming additional gas volumes to supply generation facilities at military
bases.
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TABLE 4.3.1

THROUGHPUT (MMSCEFD)
(OUTLET=55@ PS5SIG)

P(PSIG) DIAMETERS
12 14 16 18 20
1000 32.5 49.2 69.0 94.8 123.7
1260 44 .4 65.7 92.4 127.3 166.4
1440 50.8 75.5 198 .8 147.1 182.7
TABLE 4.3.2
NORMAL: CALCULATED FAIRBANKS PRESSURE (PSIG)
(INLET=100@8 PSIG)
YEAR Q(mmSCFD) DIAMETERS
12 14 16 18 20
20000 50.3 - - 790 891 934
2010 55.8 - - 736 865 920
2020 61.3 - - 670 837 9105
seann 4.3.3
MILITARY: CALCULATED FAIRBANKS PRESSURE (PSIG)
(INLET=1000 PSIG)
YEAR Q(mmSCFD) DIAMETERS
12 14 16 18 20
2000 7.3 - - - 7390 848
2010 82.8 - - - 683 825
2020 88.3 - - - 628 799
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Examination of the throughput curves provides the following information.

o The 14" line with full inlet compression (1440 psig) can supply the
base line case volume. It would however be operating at peak capacity
with no potential for meeting military case volumes or further
throughput expansion. :

o The 16" line can handle the baseline case volumes with a 1000 psig
inlet (i.e. freeflow direct from Beluga line). Inlet compression would
have to be added for military case volumes while at the 1440 psig
maximum case the system would have some surplus capacity of
approximately 20 mmscfd above the military case peak day demand.

o The 18" line in the freeflow mode (1000 psig inlet pressure) can easily
handle baseline case volumes and would be just capable of transporting
the military case volumes. Ultimate capacity of the 18" system is
approximately 145 mmscfd.

o The 20" 1line can easily handle the forecast volumes for both the
baseline and military cases without any inlet compression. Ultimate
capacity is approximately 185 mmscfd or twice more than the military
case demand.

4.3.1 Conclusion

The 14" line is too small; with full inlet compression the system would
operate with only a small margin of extra capacity above the baseline case
volumes.

The 20" line is too large and would provide excess surplus capacity above
the 1larger military case volume even when operating without inlet
compression.

The 16" and 18" lines can accommodate the baseline case volumes without
compression. To satisfy the military case demand the 18" would require
minimal inlet compression addition while the 16" 1line would require
approximately 1250 horsepower for compression.

The 16" pipeline system is recommended as the basis of the preliminary
design and cost estimate. It can accommodate projected
residential/commercial consumption, and if required its capacity can be
expanded with compr¢ 1ion to accommodate the additional but wuncertain
military consumption.

4.4 Flow Diagram

Data developed from the routing evaluation, community gas supply
identification and system analysis has been brought together in a System
Flow Diagram Fig 4.4,

The flow diagram indicates the relationship of all major facilities
including metering stations, scraper stations, community side taps, and
spur lines. Not shown are individual mainline valve locations; the total
number of which is estimated at twenty-two.
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5.0 ROUTE SELECTION
5.1 General Routing

In selection of a pipeline route between the Anchorage area and the city of
Fairbanks the prime consideration is a route that provides for minimum
installed cost of the pipeline combined with acceptable environmental and
social impacts.

The major factors affecting cost for any given size of pipe are length of
line, special design requirements, difficulty of construction and the need
for logistical and temporary support facilities. These two latter factors
in cases of remote cross country pipelines, especially those in cold region
climates, can be very significant cost items.

In the case of an Anchorage-Fairbanks pipeline there is already a major
highway corridor which is not much longer than a direct cross country
route. Since a cross-country route would cross rugged and difficult
terrain, would require major support facilities and access roads to be
built, and would bypass communities that could utilize a gas supply, the
cross country option was rejected in favor of the natural transportation
corridor provided by the George Parks Highway.

The highway route was evaluated in some detail to ensure that pipeline
construction could be completed safely, economically and without major
compromise of community and highway infrastructure along its length. This
detailed examination also provides an accurate data base for development of
the pipeline cost estimate.

U.S.G.S. topographical maps of the proposed route (U.S.G.S. -
Topographical) are provided in Section 10 of this report.

Within the overall approach of paralleling the George Parks Highway a small
number of route options or alternates have been identified.

At the start of the line a connection has to be made between the highway
alignment and the source of the gas supply in the Beluga gas pipeline. A
convenient point on the Beluga line both in terms of a physical connection
and proximity to the highway route is at M.P. 39 on the gas line in the
vicinity of Knik. At this point there are existing in-line facilities and
sufficient land area for making a connection between the two gas lines
together with attendant metering and compression facilities as required.
The distance between Knik and the highway at Big Lake Junction is
approximately seven and one half miles. The terrain although swampy in
areas presents no undue construction difficulty if constructed during the
winter.

At the other end of the line there are two options for the final fifty
miles beyond Julius into Fairbanks.

1. Continue to follow the highway alignment between Nenana and Fairbanks.

This section of the highway follows a series of ridges and is generally
more choppy with tighter bends than is found on the majority of the
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highway route. Termination of the mainline would be on the western
extremity of Fairbanks which is not ideal if gas also has to be
supplied to the east of Fairbanks such as Wainwright, North Pole and
Eielson. The length of this segment, from Julius to Fairbanks, 1is
approximately 60 miles.

2. Diverge from the highway south of Nenana at Julius and take a
cross-country route northeast towards Fairbanks. The terrain is flat
and swampy, crossing many streams and small rivers. Installation would
have to be during the frozen winter season. The majority of this route
alternate 1lies within the Fort Wainwright Military Reservation.
Termination of the line on the southern extremity of the city is
favorable both for distribution within Fairbanks and extension to the
east towards Fort Wainwright, North Pole, and Eielson. The length of
this alternate is approximately 48 miles.

Both alternates are viable options. However final selection should be
withheld until a comprehensive evaluation of environmental and military
ownership constraints has been completed at the preliminary engineering
stage.

Along the remainder of the highway section there is only one area of
significant concern; the Denali National Park. Although this section is
tight in a construction sense the main cause of concern is the likely legal
difficulty in obtaining permission to lay a natural gas pipeline within a
National Park boundary. Accordingly an eight mile long bypass that keeps
the pipeline entirely out of the park has been selected as an alternate.

5.2 Environmental Assessment

Initial investigations of potential alternative routes narrowed the list of
alternatives to a single route paralleling the Parks Highway from the Big
Lake Junction to Julius about 10 miles south of Nenana. A single general
route heading north from the Beluga Gas Pipeline along the Knik Road to the
Big Lake Junction along the Parks Highway was also selected because of the
availability of tie-in facilities at that point of the Beluga Gas
Pipeline. North of Julius the route could either follow the Parks Highway
to Fairbanks or turn northeast and travel cross-country south of the Tanana
River to Fairbanks. Both northern routes as well as the route south of Big
Lake Junction were investigated for potential environmental impacts of
routing the gas pipeline.

5.2.1 Vegetation and Wetlands

Knik Road to Big Lake Junction

A mosaic of vegetation types exist between the connection with the Beluga
Gas Pipeline along the Knik Road and the Parks Highway at Big Lake
Junction. The pipeline would cross approximately 7 miles of closed paper
birch forest, closed paper birch - white spruce mixed forest, closed and
open black spruce forest, and sphagnum bogs. The cleared right-of-way
would be 100 feet wide in this section. Depending upon the final routing,
up to 40 percent of this section could occur in wetland types which would



require Section 404 permitting by the U.S. Army Corps of Engineers.
Threatened or endangered plant species would not be anticipated in this
area.

Though there are existing roads which would provide some construction
access, most of this section would necessitate winter construction
techniques. The discontinuity of the uplands and separation of uplands by
wet bog areas restricts access to the uplands. Larger paper birch and
white spruce trees (e.g., more than 6 inches DBH) would need to felled and
cut up by hand methods; this could be completed during the summer. Smaller
trees (e.g., black spruce, alder, and immature paper birch and white
spruce) could be cleared by hand during summer or by hydroax during the
winter after the ground was sufficiently frozen. Since construction must
be done during the winter, clearing by hyroax, as appropriate, would be
recommended because of its higher efficiency on smaller shrubs.

For areas with road access in this section, trees cut from the right-of-way
should be salvaged for sale or provided to the public for firewood.

Once this section of the pipeline was installed a requirement to fertilize
and artificially revegetate disturbed areas could be anticipated. Natural
revegetation of native plant species should also be encouraged. The first
10-15 years of shrub re-growth would provide excellent moose forage.
Maintenance clearing would not be required in this section.

Big Lake Junction to Susitna River

The overstory vegetation adjacent to the Parks Highway in the Big Lake
Junction to Susitna River crossing section is primarily mature paper birch
forest with occasional white spruce. In some areas the paper birch forest
is immature or of medium age category. The understory is primarily
immature paper birch, white spruce, alder, and willow. Few sphagnum bog
wetlands occur in this section. The existing cleared right-of-way for the
Parks Highway varies from 150-300 feet wide total, with the clearing split
approximately equally on each side in most areas. Clearing for the
pipeline should generally avoid removing the visual screen of forest
between the Parks Highway right-of-way and the adjacent Alaska Railroad or
small transmission lines paralleling the highway. In general, the left
side of the road (while travelling north) would be better for placement of
a pipeline within the Parks Highway right-of-way in this section.
Generally, an average of about 30 feet of additional clearing of forest to
widen the highway right-of-way would be required in this section to
accommodate the 80 foot wide pipeline right-of-way. Most of the existing
highway right-of-way would need to be hydroaxed to prepare it for
construction.  In most cases a screen of trees could not be left between
the highway and pipeline right-of-ways in this section. Following
construction, artificial revegetation of grasses in disturbed areas by
hydroseeding methods would discourage attraction of moose to the highway
right-of-way.

Susitna River to Little Coal Creek

The dominant overstory vegetation is mature to overly mature closed and
open paper birch - white spruce mixed forest. The cleared portion of the



highway right-of-way contains alder and balsam poplar shrubs which are up
to 20 feet in height. The portion of the right-of-way cleared of trees
varies from 5-50 feet from the toe of the highway fill. Clearing of trees
to make an 80 foot wide right-of-way would need to be done by hand, while
the shrubs could be hydroaxed. A few black spruce bogs occur as the
highway nears Little Coal Creek. The pipeline right-of-way would be
adjacent to the highway right-of-way in nearly all cases.

Little Coal Creek to Moody Bridge

Vegetation types change along the Parks Highway as the road changes
elevation and exposure. North of Little Coal Creek stunted spruce are more
dominant while paper birch becomes 1less predominant and shorter in
stature. The cleared right-of-way is less than 5 feet from the toe of the
road in many areas. As the road climbs higher in elevation to the north,
woodland spruce and scattered balsam poplar replaces paper birch in the
overstory. For an approximately 4 mile stretch of highway around Hurricane
Gulch an alder shrubland replaces the overstory trees. North of Hurricane
Gulch the alder shrubland grades into woodland and open white spruce
forest, and eventually back to a paper birch - white spruce mixed forest.
Willows, alder, and resin birch dominate the understory.

North of the Middle Fork Chulitna River the road travels for about 20 miles
through a low ericaceous shrub/scrub with willows, resin birch, and an
occasional bog wetland. An open white spruce forest with an increasing
aspen component begins north of the Nenana Bridge No. 1 (MP 215.7) and
generally continues through the Moody Bridge crossing of the Nenana River.
Confined working conditions through such areas as the Nenana River Gorge
may narrow the pipeline right-of-way, but generally the right-of-way would
remain at 80 feet. Only at river crossings would the pipeline route
diverge for a short distance away from the road. Much of the clearing in
this section could be completed by hydroax, with the exception of the
larger trees. Stunted and dwarf trees would lend themselves well to
clearing by hydroax. Only a few bog wetlands occur in this section.

Moody Bridge to Julius

From Moody Bridge to the Healy turn-off there are few trees to clear.
Occasional stands of dwarf white/black spruce occur, but the dominant
vegetation is low alder and willow. Right-of-way widening in this area
could be completed entirely by hydroax. North of Healy the dominant
vegetation is dwarf aspen and balsam poplar, with tall willow and alder in
the understory. Stands of woodland spruce also occur, often less than 15
feet in height. Occasional black spruce bogs occur within the road
right-of-way. As the highway nears Julius the vegetation changes to a
mosaic of immature aspen/balsam poplar/paper birch and scattered hardwood -
spruce mixed forest indicative of forests with a history of fire. With the
exception of the larger mature trees, most of this section could be cleared
by hydroax.

Julius to Fairbanks

The cross-country route from Julius to Fairbanks traverses a mosaic of
aspen, white spruce, black spruce bogs, open bog wetlands, and low



shrubland communities on almost level terrain. The larger trees will be
located nearer the Tanana River, where the pipeline would be routed to
avoid as much of the Fort Wainwright Military Reservation as possible.
Clearing of a 100 foot wide corridor in this section would introduce a
visual linear feature quite distinct from the meandering Tanana River.
Winter construction techniques including a snow road would minimize surface
impacts of construction but the cleared right-of-way would be obvious for
many years. Were the pipeline routed further east into the military
reservation, the mosaic pattern of vegetation types increase which would
tend to separate the right-of-way into smaller, discontinuous segments.
Hand clearing could be accomplished during summer, but larger mechanized
equipment such as hydroaxes could not gain access until winter when the
ground was frozen. From 60-80 percent of the section may be classified as
wetlands, which would be subject to CORPS Section 404 permitting. Excess
f£ill from trenching operations may need to be hauled to adjacent uplands to
satisfy CORPS requirements. A minimum of 50 or more streams and rivers
would need to be crossed through this section; stream banks and shoreline
vegetation of each stream and river would need to be re-established.
Artificial reseeding of graminoids in disturbed areas of wetland bogs may
also be required. Permafrost may be present in many areas along this
section.

The alternate pipeline route from Julius to Fairbanks traverses primarily
aspen forest with white spruce interspersed along sweeping curves of the
Parks Highway. Moderately steep side slopes would require the pipeline to
be separated from the highway at the top of slopes or toe of road fills in
several locations. Dense alder understory could be cleared by hydroax
following hand removal of the larger trees. The existing cleared road
right-of-way is relatively narrow, and an additional 80 feet or more would
need to be cleared for the adjacent pipeline right-of-way. The Tanana
River at Nenana, Little Goldstream Creek, and Chena River at Fairbanks
would be the only streams and rivers which would need to be crossed by this
alternate route.

5.2.2 Wildlife and Fisheries

Construction and operation of the gas pipeline should have little direct
adverse impact upon wildlife. Removal of trees and shrub cover would
decrease habitat for birds, yet the type of vegetation to be disturbed is
very common throughout southcentral and interior Alaska. The forest would
be expected, over time, to regenerate itself within the portions of the
pipeline right-of-way not subject to main iance clearing for the Parks
Highway right-of-way. An important issue may be the passive attraction of
wintering moose to the highway right-of-way during the first 10-15 years
after construction, and the inevitable vehicle - moose collisions which
will follow. This potential 1is greatest in areas subject to existing
winter concentrations of moose. One avenue of mitigation in these specific
areas may be frequent (e.g., every 3-4 years) hydroax clearing to maintain
shrub heights less than about 3 feet.

Another issue during construction of the pipeline will be the potential
impact to anadromous and resident fish resulting from the numerous river
and stream crossings. With only two exceptions, all water crossings are
proposed to be buried beneath the stream channel. Disturbance of stream



banks and stream beds and downstream sedimentation are sensitive issues
with the Alaska Department of Fish and Game (ADF&G). It should be
anticipated that special construction techniques (e.g., fluming) will be
required for most stream crossings which harbor anadromous fish. It should
also be anticipated that stream bank restoration, and perhaps stream bank
artificial revegetation, will also be required at all crossings. ADF&G
will also impose construction timing restrictions on stream crossings.
ADF&G prefers the typical construction window of May 15 through July 15
during the high water period when salmon fry are outmigrating. Since it is
impractical to cross all streams during this narrow window, plus the larger
streams and rivers are best crossed during low water, it can be anticipated
that ADF&G will work with an applicant to arrive at a mutually agreeable
solution. ADF&G will probably impose more stringent construction methods
if stream crossings are to be completed during more critical periods for
fish.

Generally, the more sensitive streams for anadromous fish are those south
of Cantwell, with the exception of the larger northern rivers such as the
Nenana River, Tanana River, and Chena River. Most streams north of
Cantwell would have less stringent crossing restrictions than the streams
south of Cantwell.

Along the northern cross-country route from Julius to Fairbanks, numerous
streams (e.g., about 40) would be crossed. Stream bank stabilization and
downstream siltation will be the major issues for most of these streams. A
crossing plan would be required for each stream. Because ADF&G does not
have detailed information on fish in most of those streams, the pipeline
project would be expected to support fish studies for most of the streams.

5.3 Geotechnical Assessment

The gas pipeline route crosses three land resource areas of Alaska
including the Cook Inlet - Susitna Lowlands, the Alaska Range and the
Interior Alaskan Lowlands. Each area is characterized by a unique pattern
of topography, soils and permafrost conditionms.

The southern portion of the route, from Knik to Hurricane (Hwy MP 174) is
located in the Cook Inlet -~ Susitna Lowlands area. The soils here consist
of glacial and alluvial deposits ranging in composition from clean gravel
to gravelly, silty, sand. These deposits are commonly mantled by a layer
of silty loess that occasionally contains thin bands of volcanic ash. The
area is topographically low 1lying and is characterized by low moraines
interspersed with many lakes, bogs and broad outwash plains. The poorly
drained low lying areas typically contain silty peat deposits up to 10 feet
thick. Permafrost is not expected to be present along this portion of the
pipeline alignment. Several borrow sites for trench backfill material have
been identified and developed along this portion of the George Parks
Highway. The pipeline route crosses several creeks and rivers within the
Cook Inlet-Susitna Lowlands area. In general these water courses tend to
be relatively shallow and fast and subject to high spring runoff
conditions. Scour protection such as riprap will be necessary for buried
stream crossings. Geotechnical design considerations for this portion of
the pipeline route include 1) the presence of shallow water tables with



potential construction dewatering requirements and pipeline buoyancy forces
and 2) silt and peat deposits that would have to be replaced with nonfrost
susceptible material as pipeline trench backfill. A pipeline buried to a
depth of 3 feet will be located in the soil active zone and will be
subjected to annual freezing and thawing. It is therefore necessary to
replace any potentially frost susceptible material excavated from the
trench with free draining nonfrost susceptible material.

The pipeline route continues for approximately 100 miles through the Alaska
Range after leaving the Cook Inlet- Susitna Lowlands. The route follows
the highway alignment which parallels the Chuitna River and then passes
through the Nenana River Gorge from Cantwell to Moody. The soils along
this portion of the alignment consist of glacial and alluvial outwash
gravel, sand and silt. This area is generally well drained with a few
local boggy peat deposits up to 6 feet thick. Bedrock 1is present at
several locations along the route at depths of 0 to 5 feet. Isolated
occurrences of permafrost have been found at depths of 2.5 to 4 feet below
ground surface in this area. Although ice rich permafrost has been
identified in exploratory boreholes drilled along the highway alignment,
the construction of the highway failed to expose significant amounts of
permafrost that would require special treatment. The pipeline route
crosses the Chulitna and Nenana rivers in several places. These crossings,
where buried, will require scour protection such as riprap. The principle
geotechnical design considerations for this portion of the pipeline route
are 1) the occurrence of shallow bedrock which presents more difficult
trenching conditions and 2) the presence of discontinuous ice-rich
permafrost and the associated settlement potential due to ground warming.

The northern portion of the pipeline route from Windy to Fairbanks is
situated in the Interior Alaskan Lowlands. The predominant soil types in
this portion of the route consist of glacial and alluvial gravels with
varying amounts of sand and silt overlain by up to 3 feet of silty loess
and/or peat. Poorly drained soils in low lying areas have shallow (1 to 3
feet deep) ice-rich permafrost. Permafrost under higher well drained soil
is either very deep or absent. The specific pipeline route will be chosen
to minimize the amount of poorly drained soils through which it must pass.
Consequently, significant occurrences of ice rich permafrost are not
expected to impact the construction of the pipeline. The geotechnical
design considerations for this portion of the pipeline route are 1) the
presence of shallow water tables and the associated construction dewatering
requirements and pipeline buoyancy concerns, 2) the presence of peat and
silt deposits that are unsuitable for trench backfill and 3) the
occurrence of permafrost and the associated settlement potential.

The preferred pipeline route passes through soil and bedrock conditions
that, while requiring special designs to insure the integrity of the
pipeline, are well within the realm of current cold regions engineering
design and construction capabilities.

5.4 Route Catalog

As part of the route selection process the George Parks Highway section of
the pipeline plus the two cross country segments at each end of the line



were evaluated directly in the field and supported by examination of
one-inch-to-mile mapping and Department of Highways reports.

The on-site physical evaluation was carried out by a helicopter overflight
of the entire route and by a road survey along the George Parks Highway.

The results and findings of the routing surveys have been cataloged to
provide a baseline summary of site sgpecific data necessary for route
optimization and development of an installation cost estimate. The catalog
provides a mile-by-mile listing of significant physical features such as
major rail, road and water crossings together with environmental and
geotechnical details that impact the pipeline location and possible special
design requirements.

Since the pipeline follows the George Parks Highway for the majority of its
length a dual system of mile post reference is utilized in the tables. Hwy
MP (Highway Mile Post) refers to the official MP designations along the
highway while mileage of the pipeline commencing at the Beluga Pipeline
connection is designated P/L MP (Pipeline Mile Post).

Table 5.4.1
Potential Gas Service Communities

P/L HWY

MP MP Community Population Connection

12,7 . 57.5 Houston 725 Adjacent to P/L
24,2 69.0 Willow 494 Adjacent to P/L
53.9 98.7 Talkeetna 441 14 mile spur line
165.1 209.9 Cantwell 100 2 mile spur line
203.9 248.7 Healy 334 2 mile spur line
238.7 283.5 Anderson/Clear 370 6 mile spur line
- 304.5 Nenana 540 10 mile spur line
298 358.0 Fairbanks 79,814 City Gate Station




Table 5.4.2
Highway and Rail Crossings

P/L Hwy Crossing
MP MP Type
11.7 56.5 Railroad
21.3 66.1 Railroad
46.9 91.7 Railroad
55.6 100.4 Railroad
86.7 131.5 Highway
124.3 169.1 Railroad
149.7 194.5 Railroad
156.4 201.2 Railroad
198.1 242.9 Highway
198.2 243.0 Railroad
198.3 243.1 Highway
231.4 276.2 Railroad




Table 5.4.3
Environmental Catalog

HWY
MP

Description

Knik Road to MP 52.3
at Big Lake Junction

MP 52.3 - 56.3

MP 56.3 - 57.1

MP 57.1 - 67.3

The proposed route starts at the Beluga gas pipeline at
the Knik Road and proceeds approximately 7 miles due
north to the Parks Highway at the Big Lake Junction.
The route passes through a mosaic of vegetation
types: closed and open paper birch  forest,
occassional white spruce, closed black spruce forest,
open black spruce/sphagnum bogs, and sphagnum bogs.
The final route would skirt the numerous small lakes
occurring in the area. The route parallels a 100 foot
wide transmission 1line right-of-way. The route
crosses Lucile Creek about 1.25 miles south of the Big
Lake Junction and Little Meadow Creek at the Big Lake
Junction, both of which are salmon spawning streams.
Road access would be available at distinct locations
along this portion of the line, but  winter
construction techniques would be required over most of
the area because the uplands are separated by numerous
low-lying bogs. Other than winter construction
methods, no particularly sensitive environmental
issues would be raised in this section. There are
numerous parcels of private property as the route
nears the Big Lake area, and the final routing would
need to take this into consideration.

ROW cleared from about 100' on right side; most shrubs
about 4-6' tall composed of aspen, balsam poplar, and
paper birch. ROW may need to be cleared wider as ROW
on right side is about 75' from ditch line on road.
Varies to 150-200' clearing in places. Hasn't been
hydroaxed for &-5 years, no recent evidence of
hydroaxing. Pipeline would cross some driveways.
Right or left side of the road would be 0.K. To widen
ROW would require clearing of mostly paper birch with
basal diameters 3-8" DBH, some alder/willow
understory, some white spruce.

Railroad crossing at MP 56.3

Starting at MP 56.5 1is Houston Business District.
T-line starts on left side of road about 200 ft. from
edge of road, narrow ROW clearing for t-line. Little
Susitna River at MP 57.1. Could cross on either side
here. To hang pipe from bridge would restrict access
under the bridge.

Small stream at MP 58.0. ROW narrowing, but still.
varies from 50-60 ft. from edge of road. T-line on
right side of road at MP 59.0, about 200' or more from
edge of road with a narrow ROW. The railroad is on




MP

Description

MP 67.3 - 74.7

MP 74.7 - 83.2

left side of road about 300' from edge of road at
about MP 59.5. Small stream at about MP 60.0.
Occasional spruce, but mostly medium age paper birch
with about 8'" DBH and with scattered alder/paper birch
understory. From MP 52.3 to at least MP 61.0 mostly
gravel substrate. If ROW is widened, mostly medium
age paper birch trees would need to be cleared. ROW
about 50' from edge of road in this area. Pipeline
could be put on either side. Crosses a larger t-line
ROW at MP 61.5. No bogs to cross through MP 66.0.
Railroad crossing, either side of road O0.K. at MP
66.5. Also Nancy Lake turnoffs at MP 66.6 and MP 67.3.

About MP 69.0, cleared ROW has narrowed to about 50!
from edge of the road on either side. City of Willow
at MP 69.0. In general, right side of road is better
as there is more development on the left side. Recent
hydroaxing at Willow Creek has pushed the cleared ROW
back to about 100' on each side of the road. Crossing
at Willow Creek (MP 71.4) either should be made
upstream of the riprap or on the left side of the
road. Starting at MP 72.0 hydroax clearing within ROW
to about 60 ft. from the road. About 20' of trees
separate the ROW clearing and a small t-line ROW
paralleling the road on the right side. Widening the
ROW would make the t-line more visible from the road.
There are more private drives on the right side of the
road in this area.

At Little Willow Creek (MP 74.7) the crossing should
be made upstream (right side) of the riprap (about
300' upstream) or immediately downstream (left side)
of the bridge. T-line ROW still on the right side of
the road. Starting to enter more mature mixed forest
(MP 76.0) with more spruce, trees 40-50' tall.
Starting to encounter a few damp bogs. Obvious sign
of moose browsing at MP 77.0, stems broken off on
right side of road. Frequent hydroaxing of shrubs is
necessary to discourage attraction of moose to the
road and pipeline ROW. Mostly mature paper birch
forest, scattered white spruce, trees about 60' tall.
Pipeline could be on either side in this section.
T-line ROW still on right side, with a 70-80' forested
strip between it and the road ROW. Several streams
and small bog areas at MP 81.0-82.0 near 196 Mile
Creek and 197 Mile Creek.




MP

Description

MP 83.2 - 88.6

MP 88.6 - 96.6

MP 96.6 - 104.3

MP 104.3 - 132.8

Kashwitna River (MP 83.2) should be crossed on left
about 100-200' downstream or upstream of riprap
several hundred feet 1if <crossed on the right.
Crossing on the 1left is preferable. A bog on the
right could be avoided by crossing on the left Small
stream at MP 85.0, 6' wide willow bottomland. MP
86.0-87.0 t-line ROW still on right with screening
forest mostly intact.

Sheep Creek (MP 88.6) 1is riprapped quite a distance
upstream, plus ponds on right side, plus t-line ROW on
right side. Recommend crossing on left side
(downstream). Railroad crossing at MP 91.7 can be
crossed on either side. At MP 92.0 there is a small
bog and possibly a small stream to cross. Goose Creek
at MP 93.5 can be crossed on either side.

Montana Creek (MP 96.6) has a high (30') riprap berm
and ponds on the right (upstream side). Recommend
crossing on left (downstream) side. North of Montana
Creek the pipeline could be run on either side. The
ROW on right is wider because of the paralleling
t-line ROW with screening forest. Road ROW cleared is
about 50' wide from the ditch line. Left side of the
road would avoid the Talkeetna turnoff plus the
private gas-stops on the right side. Small stream just
north of the Talkeetna turnoff would need to be
crossed. Railroad crossing at MP 100.4 could be made
on either side, but left side is less congested with
wires. Bog area and stream to cross at MP 101.2.

Cross Susitna River on left (downstream) side of
road. A slough/stream to cross at point "D'" at toe of
road. Recommend being on the left side of the road on
approach, make the river crossing, and then stay on
the left side of the road rather than crossing back
and forth. After Big Bend get into mature mixed
spruce-paper birch forest. Several small streams at
MP 106.0, each about &' wide. Gravel substrate
predominant. Cleared ROW 50-70' wide. T-line ROW on
right side behind screen of trees. Recommend pipeline
on left side. Very few bog areas through about MP
110.0. Small stream at MP 111.5 about 2' wide. Need
to minimize attraction of moose to a widened ROW;
hydroax every 5-8 years. MP 113.0 has birch and
poplar saplings in ROW, t-line (2 conductors) ROW
continuing on the right side behind a 30-40' screen of
trees. Recommend crossing Petersville Road (MP 114.9)
on left side, away from buildings. Trapper Creek (MP




MP

Description

MP 132.8 - 163.2

115.6) can be crossed on either side. Recommend left
side at MP 117.0. T-line stopped at Petersville
Road. MP 117.0-118.0 ROW cleared to about 80' each
side. At MP 118.0 crews were installing a culvert for
a small stream. MP 119.5 ponded area. Logging on
right side at MP 120.0. Overly mature mixed paper
birch-spruce forest, 70' tall spruce, holes in
canopy. ROW grown up to 25-30' tall. Small stream at
MP 120.0. Pipeline on either side of road 0.K. in
this area. Solid, dry ground. Alder and poplar in
understory. Small stream 6' wide at MP 124.5. Small
stream at MP 126.0. Pipeline on either side O0.K.
Stream 10-15' wide at MP 128.5, either side O0.K.
Petersville Road north to Chulitna River may require
very little clearing.

Chulitna River should be <crossed on the right
(downstream) side of the road, where banks are more
suitable plus less scour potential. Small airstrip
just north of Chulitna River on the left side of road,
indicating private property. Now in more undulating
terrain, rising to the northeast. Mature paper
birch-spruce mixed forest to MP 136.0. Troublesome
Creek (MP 137.3) is small and has a campground on left
side of road. Could be crossed on either side,
however, crossing on the left side (downstream) of
bridge would pass through the campground parking lot.
Past flooding evident. ROW about 50' wide each side
from toe of road, overgrown balsam poplar and alder to
20' in height. Overly mature paper birch-spruce mixed
forest adjacent to ROW. Small stream 6-7' wide at MP
140.0; could cross on either side. Gravel pit on left
side road at MP 140.3. Byers Creek bridge at MP
144,0, about 30' wide. Can be crossed on either
side. Overly mature mixed forest extends to Byers
Lake turn-off. Cleared ROW has narrowed to about 5'
beyond the toe of road, with a secondary layer
extending another 40' to the forest. Alder and balsam
poplar shrubs in ROW. Pipeline could be on either
side of the road. Mature mixed forest from about MP
149.0 through MP 155.0, heavier on the spruce.
Relatively dense balsam poplar and alder shrubs in the
ROW, 12-15' in height. Substrate gravelly. About MP
155.0 as «climb higher getting into some bogs
surrounded by black spruce and interspersed with alder
understory to 15' in height, losing some of the paper
birch with a more open canopy and overall shorter

trees. Pipeline 0.K. on either side. Still in an
open canopy mixed forest to MP 158.0 with occasional
bogs with culverts. Pipeline 0.K. on either side.

Horseshoe Creek (MP 159.8) about 10' wide, culverted
through road. Crossing either side 0.K. Little Coal




MP

Description

MP 163.2-194.5

MP 194.5 - 215.7

Creek at MP 163.2 could be crossed on the right
(upstream) side by angling upstream slightly and down
to the creek to avoid the exposed bedrock beneath and
to the left (downstream) side of the bridge.

At MP 165.0 gaining a greater component of stunted
white spruce and paper birch becoming less predominant
and shorter in stature. The cleared ROW is not much
wider than the toe of the road. Gravels predominant,
shallow topsoil. Small stream at MP 167.0. At MP
168.0 in and out of mixed forest, more spruce.
Railroad crossing at MP 169.0, crossing 0.K. on either
side. Leaving Denali State Park at MP 169.0. Alder
to 6-7' in height is primary shrub in ROW at MP 170.0,
ROW about 50' wide each side. Basically paper birch
is no longer a component of forest. Now into woodland
spruce 30-40' in height, balsam poplar also dominant,
only occasional paper birch. As climb in elevation to
MP 173.0 changes into primarily a tall alder shrubland
with only occasional trees. Start dropping back down
again after MP 173.0 and by MP 173.5 begin to pick up
a few spruce again but remains a tall alder shrubland
to Hurricane Gulch at MP 174.0. Bridging of Hurricane
Gulch required. By MP 175.0 into a woodland spruce
forest with some paper birch. ROW clearing of only
occasional spruce trees and hydroax clearing of alder
required in this area. Small culverted stream at MP
176.6, could be crossed on either side. Honolulu
Creek at MP 178.1 could be crossed on either side, but
if crossed on the right (upstream) side should move
about 30' upstream of the bridge to avoid riprap. MP
179.0-183.0 woodland - open white spruce forest, trees
to 35' in height, dense understory. Gravel pit on
right at MP 183.0. East Fork Chulitna River (MP
185.1) could be crossed on either side. From MP 185.0
- 187.0 going up through a valley with mixed paper
birch-spruce forest. By MP 188.0 back into woodland
spruce forest with alder and resin birch understory.
At MP 193.0 scattered trees cleared back to about 80'
each side from toe of road, to 30' in height.
Willows, alder, and resin birch in understory.
Railroad crossing at MP 194.3 and Middle Fork Chulitna
River at MP 194.5 both could be crossed on either
side.

North of MP 194.5 to MP 215.0 vegetation changes to
low ericaceous shrub/scrub with willows and resin
birch, only an occasional bog. Leave Mat-Su Borough
about MP 202.2. Railroad crossing at MP 203.1 could




MP

Description

MP 215.7 - 238.0

MP 238.0 - 272.0

be crossed on either side. Pass Creek at MP 208.0
could be crossed on either side. Jack River at MP
209.5 could be crossed on either side, but the left
(downstream) side is drier. Constricted area near MP
214.0 might better be crossed on the right (uphill)
side if stayed adjacent to the road. Left
(downstream) side crossing at Nenana Bridge No. 1 at
MP 215.7.

Recommend crossing back to right side of road just
north of Nenana Bridge No. 1 (MP 215.7) and remain on
right through MP 219.0 to stay out of the Nenana
River. From MP 215.7 into a woodland spruce forest
with alder/willow understory. From MP 220.0 into an
open spruce forest with willow understory. Spruce
only 10-30' in height. ROW only cleared to toe of
road, but a hydroax would easily clear these trees.
Carlo Creek at MP 224.0 could be crossed on either
side. North of Carlo Creek is open spruce forest with
increasing aspen component, all 6-8' DBH and 20-30' in
height, gravel substrate. Concur with alternate
crossing at Nenana Bridge No. 2 (MP 231.3). Private
property in this area. From MP 231.3 north primarily
woodland dwarf spruce forest. Railroad crossing at MP
235.1 could be made on either side. From MP 235.1
into an aspen/balsam poplar-spruce mixed forest to
20-25' in height with willow understory. Railroad
crossing at MP 236.7. Riley Creek at MP 237.2 could
easily be crossed on the right (downstream) side.
This would avoid crossing both the Parks Highway and
the Denali National Park turn-off road. However, the
alternate route crossing on the left (downstream) side
of the bridge at Nenana River Bridge No. 3 (MP 238.0)
is best because of the steep north bank.

Pipeline should be on right side of the road north of
MP 238.0. Crossings of Ice Worm Gulch (MP 240.1),
Hornet Creek (MP 240.2), Fox Creek (MP 241.2), and
Dragonfly Creek (MP 242.4) all can be easily made on
the right (upstream) side of the road; all these
streams were nearly dry at this time. Concur with
alternate crossing of Nenana River at Moody Bridge (MP
242.9), which appears to be outside the boundary of
Denali National Park. Crossing could also be made on
right by suspension bridge or by hanging from Moody
Bridge. Vegetation in this area is low alder/willow
with scattered stands of dwarf spruce. Bison Creek




MP

Description

MP 272.0 - 286.5

MP 286.5-Fairbanks

Via Cross-Country
Route

(MP 243.0) had virtually no water in it, and could be
crossed on either side. Bison Gulch (MP 243.6) could
be crossed on the right without any problem. From MP
243.6 on north there are few trees beside the road.
The ROW would need to be widened by hydroax. Gravel
substrate. Antler Creek (MP 244.6) has very little
running water, and could be crossed on either side
equally well. Dwarf aspen and woodland spruce
starting about MP 248.0. Healy Roadhouse at MP
245.5. Healy turnoff at MP 248.8, dwarf aspen,
willows, balsam poplar in understory of ROW, woodland
to open spruce 20-25' in height. Dry Creek No. 1 was
dry. Dry Creek No. 2 was also dry. These streams can
run high after rain storms. Crossings could be made
almost anywhere on the right side of either creek.
Panguinque Creek (MP 252.5) could be crossed on either
side. Willows to 8' in ROW in this area, small aspen,
woodland spruce, also large aspen. Slate Creek
crossing with virtually no water at MP 257.9. From MP
258.0 is 8-10' tall willows, alders, and aspen with
occasional spruce trees to 12' in height. All trees
appear dense and stunted in this area, with maximum
heights to about 25'. About MP 261.0 appear to be
getting into silts and leaving gravels. About MP
262.0 picking up some spindly, scattered paper birch
trees. Fires in the. past have affected the
heterogeneous distribution of forest in this area.
Several private parcels on right side of road around
MP 268.0. In this area black spruce with black spruce
bogs. June Creek to cross at MP 269.0. Bear Creek
(MP 269.3) has virtually no water and could be crossed
on either side of the road.

From MP 272.0 starting to get back into discontinuous
stands of mature to immature paper birch, balsam,
poplar, aspen and scattered spruce mixed forest.
Gravel substrate. Nenana River Rex Bridge at MP 275.8
could be crossed on either side. Railroad crossing at
MP 276.3 could be made on either side. Most of this
area could be cleared by hydroax. Very 1level
terrain. Pipeline leaves road at MP 286.5.

Mixture of taller aspen, medium spruce, low black
spruce, open bogs, interspersed with low aspen,

willow and paper Dbirch. Very flat. Looks 1like
excellent moose habitat, though sign is minimal. Less
evidence of recent fires. Much of the clearing could
be by
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MP

Description

MP 286.5-Fairbanks

Via Parks Highway

hydroax with the exception of the larger trees. This
area would c¢ross numerous streams, and winter
construction techniques would need to be employed
throughout the length. Crossing of Tanana River at
Fairbanks required.

Primarily aspen forest with white spruce
interspersed, particularly north of Nenana. Bridge
over Fish Creek at MP 296.7, cross on either side.
Tanana River Bridge (MP 305.1) at Nenana. Railroad
crossing at MP 308.8. Bridge over Little Goldstream
Creek at MP 314.8. Chena River Bridge at MP 357.5.
The Nenana to Fairbanks portion of the highway follows
sweeping curves over loessal hills. The cleared ROW
is generally quite narrow. Divergence from the
highway may be required in some areas of steeper side
slopes. Highway access would be an advantage.
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Table 5.4.4
Geotechnical Catalog

HWY
MP

Description

Knik to MP 52.3

MP 52.3 to MP 71.4
(Big Lake to Willow)

MP 71.4 to MP 104.3
(Willow to
Susitna R.)

MP 104.3 to MP 132.8
(Susitna R. to
Chulitna R.)

MP 132.8 to MP 174
(Chulitna R. to
Hurricane Gulch)

MP 174 to MP 201.3
(Hurricane Gulch to
summit)

MP 201.3 to MP 209.9
(Summit to Cantwell)

MP 209.9 to MP 232.2
(Cantwell to
Nenana R.)

Glacial deposits of gravel, sand and silt overlain by
alluvial outwash gravel and sand. Occasional thin
loess and silty peaty deposits up to 10 feet. The
water table is at or near the ground surface. This
area is classified as generally free of permafrost.

Glacial deposits of gravel and silty gravel.

Peat deposits are very limited in extent. Several Non
Frost  Suceptible (NFS) material borrow sites
identified. Generally free of permafrost.

As above with occasional clay lake deposits.

A veneer of loess is common. Several NFS material
borrow sites identified. The water table is at or
near ground surface in several places. Depth of frost
penetration is up to 6 feet. Generally free of
permafrost.

Glacial outwash composed of gravel, sand and

locally silty gravel. Thin loess deposits blanket

the area. Several NFS material borrow sites available
and/or developed. Shallow bedrock occurs from MP 131
to MP 132.8.

Glacial outwash gravel, sand and silt

overlain by alluvial gravel and silt. The water

table is several feet below the ground surface. Loess
deposits up to 3 feet thick are common. Shallow
bedrock identified at MP 143, MP 156.5 and MP 164.2.
Borrow sites for NFS material and riprap have been
identified. This area 1is described as generally
underlain by discontinuous permafrost.

Glacial outwash gravel and silt. Shallow
bedrock identified at MP 186 to MP 187. Swampy peat
deposit at MP 190. Steep terrain at Hurricane Gulch.

Glacial gravel and sandy gravel with alluvial

channel gravel and sand. Local peat and 1loess
deposits. Permafrost is common at depths of 2.5 to &
feet below ground surface from MP 203 to MP 204.
Bedrock is at depths of 1.5 to 5.5 feet from MP 204 to
MP 204.5

Glacial gravel and sandy gravel with alluvial

gravel and sand. Permafrost is described as

generally discontinuous. Shallow bedrock was
identified at MP 218 and MP 219.




HWY
MP

Description

MP 232.2 to MP 238
(Nenana R. to McKinley
Park)

MP 238 to MP 276
(McKinley Park to
Nenana R. at Rex)

MP 276 to MP 295
(Nenana R. at Rex to
Julius)

MP 295 Cross County to
Fairbanks
(Julius to Fairbanks)

Glacial gravel and sand with occasional silt

and alluvial gravel, sand and silty clay.

Permafrost has been identified at shallow depths.
The terrain 1is rolling to hummocky and 1local
deposits of silt and peat up to 6 feet thick are
present in low lying poorly draining areas.

Glacial gravel, sand and alluvial sand gravel

and silt. Bedrock outcrops from MP 238 to

MP 243, The terrain is steep at the river
crossings. Permafrost is generally discontinuous.
At MP 252 bedrock is overlain by up to & feet of
sandy silt.

Glacial gravel and alluvial gravel, sand and
silt. Generally underlain by isolated masses
of permafrost.

Silty gravel alluvium deposits commonly

overlain by up to 3 feet of peat and/or

loess. Poorly drained soils in low lying areas have
shallow (1 to 3 feet deep) ice-rich permafrost.
Permafrost under higher well drained soil 1is either
very deep or absent.




6.0 CONCEPTUAL ENGINEERING AND DESIGN
6.1 Mainline Design

The proposed gas transmission line between its connection point to the
Beluga pipeline and its termination at a city gate station at Fairbanks is
approximately 298 miles in length. System analysis (see Section 4) has
identified the optimum pipeline diameter as 16 inch for the baseline case.

For 80% of the route the pipeline will be installed within the easement of
the Fairbanks Highway between the communities of Willow (Hwy MP 53) and
Julius (Bwy MP 295).

The initial 7 miles from the Beluga pipeline to Willow is across undulating
lightly timbered country interspersed with wet open areas. The final 48
miles from Julius to Fairbanks crosses open flat country traversed by many
meandering streams and small rivers creating considerable areas of open
bogs. Both these sections would be best installed using winter working
techniques and will require the implementation of bouyancy control measures.

The design of the pipeline would be in accordance with the provisions of
the Code of Federal Regulations, 49, Transportation Part 192.

The high pressure transmission system will be constructed of API 5L-X60
carbon steel pipe. Isolation valves will be provided at each major river
crossing and at selected intervals along the line according to the area
classification of each section of the pipeline. A number of communities
are passed by the pipeline and it is anticipated that some of these
communities will be provided with gas service.

The following communities have been determined to be of sufficient size to
make gas connection feasible.

Hwy
City Population M.P.
Houston 725 57.5
Willow 494 69.0
Talkeetna 441 98.7
Cantwell 100 209.9
Healy 334 248.7
Anderson/Clear 370 283.5
Nenana 540 304.5

Significant design features of the line include the following:

o Class of Construction

o Supply and Terminal Facilities
— Metering
-~ Pressure Regulation

0  Scraper Stations



River and Stream Crossings

Highway and Railroad Crossings
Block Valve Stations

Special Geotechnical Considerations

O0O0O0O0

6.1.1 Class of Construction

The following table provides the class definitions based on human occupancy
density and the required design factor and mainline valve spacing. In
addition the calculated pipewall thickness based on API-5L X60, 16"
pipeline with a maximum allowable operating pressure (MAOP) of 1440 psi has
been determined.

Design Valve Pipe
Class Factor Spacing (miles) W.T. (inch)
I 0.72 20 0.281
II 0.60 15 0.344
ITI 0.50 8 0.406
IV 0.40 5 0.500

As already noted the majority of the pipeline lies adjacent to the Highway
and would fall under a Class II classification (0.60 design factor) but
some segments parallel to the highway and passing through small towns with
a Class II density would require a 0.50 design factor. The initial and
final cross country sections lie within Class I. No part of the proposed
mainline route would fall within Class IV. For the purposes of the cost
estimate the following quantities have been assumed.

Length Pipe Size
(miles) (inch)

63 16 x 0.281
211 16 x 0.344
24 16 x 0.406

6.1.2 Terminal Facilities

Gas supply to the Fairbanks pipeline would be obtained from the Beluga
pipeline system at approximately MP 39 on that system. A metering station
will be installed at this location to facilitate the custody transfer of
the gas from one system to the other.

A typical meter station schematic capable of handling a flowrate of 70
mmscfd with expansion capabilities up to 95 mmscfd is shown in Figure 6.1.1.
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The metering and recording equipment will be housed in an insulated
pre-engineered type steel building equipped with catalytic type space
heaters and with space for normal operation and maintenance activities.
The station would be designed for unattended operation with remote
monitoring of key functions.

The metering unit can be field fabricated or supplied as a prepackaged skid
complete with either mechanical and/or electronic data recording system.
The gas company would have the option of manual collection of data logs or
remote readout at a central dispatch center.

The meter station will consist of two 8" senior type orifice meter runs off
a common header. A spare connection will be incorporated on the header for
a future meter run should the system be expanded. The meter runs will be
equipped with power operators on the downstream valves. The power
operators will be designed with automatic run switching controls to ensure
that the pressure differentials across the orifice plate operate within the
40-160 inch water column range. The meter station will also incorporate
the use of a Real Time Measurement (flow computer) for instant calculations
of flow for control purposes. Flow and temperature recorders with
automatic chart changers will also be installed.

The equipment will be capable of providing totalized flow at standard
pressure and temperature bases with input for corrections to specific
gravity, thermal content, supercompressibility and changes to beta ratios.
Totalized flow and pressure conditions at the station will be telemetered
to the central control room.

6.1.3 Scraper Stations

Scraper stations will be installed at regular intervals along the
pipeline. These stations facilitate the pigging of the pipeline during
normal maintenance of the pipeline for internal cleaning and removal of any
gas liquids that have condensed in the line. It is expected that future
Department of Transportation regulations will require pipelines to be
capable of handling "intelligent inspection pigs" used for pipe wall
thickness, deformation and corrosion surveys. The scraper traps will be
designed to handle these types of inspection devices.

Scraper station spacing has been selected at approximately 80 miles which
results in three full scraper stations together with a launcher scraper
trap at the Beluga connection and receiving scraper trap at Fairbanks.

A typical station schematic is shown in Fig 6.1.2.

6.1.4 Road and Railroad Crossing

The pipeline route as it parallels the main highway will cross the Alaska
Railroad 9 times and will cross the George Parks highway 3 times in order

to avoid constricted areas or make the optimum approach to stream and river
crossings.
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All railroad crossings will be carried out by means of a large diameter
steel casing sleeve first installed under the railroad embankment and
through which the gas pipeline is subsequently threaded. Road crossings
will be installed either cased or uncased dependent on local and state
requirements. It has been assumed that all <crossing of the
Fairbanks-Anchorage highway will be cased.

Typcial details of a cased crossing is shown in Fig 6.1.3.
6.1.5 Mainline Valves

In conformance with the DOT code mainline block valves will be installed in
the pipeline at the designated spacing (20 miles for Class I and 15 miles
for Class II). Additionally mainline valves will be installed at the
scraper stations and at any major crossings where the future ability to
isolate the crossing is deemed advisable.

Valves fitted with line break monitoring and shut-in capability will be
installed at several locations along the pipeline system. These line break
operators will shut the pipeline down in the event of a major failure such
as a line rupture.

"All valves in the mainline will be 16" of the through-conduit ball type
with a 1440 psig working pressure. It is estimated that 22 mainline valves
would be required not including the full line size valves associated with
the scraper station assemblies and terminal facilities.

Mainline block wvalves will be installed underground with extended valve
stems and blowdown risers.

A schematic of a standard block valve station is provided in Fig. 6.l.4.
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6.1.6 Cathodic Protection

The pipeline system will be cathodically protected using an impressed
current system. The spacing of the CP system connection points will be
determined following a soil resistivity survey and selection of the coating
for the pipeline. Cathodic protection test points would be installed at
regular intervals and where possible combined with pipeline mile markers or
crossing markers. Power for the CP system will be obtained from the
nearest available power source.

6.1.7 Geotechnical Considerations of Permafrost along Road Alignment

A limited amount of special treatment for permafrost conditions will be
required along the portion of the pipeline alignment that parallels the
Parks Highway. A study of the construction records for the h1ghway reveals
only local occurrences of permafrost.

Two types of permafrost, dry and ice-rich, may be encountered during
construction. These two types of permafrost require different treatments.

Treatment for both types of permafrost will require the replacement of any
fine grained or peat rich soil excavated with a nonfrost suceptible (NFS)
material. Additionally, treatment of ice-rich permafrost will include over
excavation to provide additional insulation of the unexcavated permafrost
from the pipeline to prevent excessive settlement.

6.1.8 Permafrost along the Cross Country Portion of the Alignment

Ice-rich permafrost in poorly drained areas is common along the northern
portion of the pipeline alignment. The route will be selected to minimize
the amount of special treatment required. Treatment for ice-rich
permafrost will include overexcavation of the trench and replacement of
fine grained and peat rich soils with an NFS backfill material.

6.2 Distribution Design

The gas distribution infrastructure for Fairbanks will be composed of the
following components, a town border station (TBS) which connects to the
high pressure gas transmission line and meters/regulates all gas entering
the system, district regulating stations (DRS) which provide the primary
pressure cut from high pressure to the medium pressure distribution network
of typically 4 inch and smaller pipe, and finally the individual service
connections to each customer at which point the final medium pressure to
low pressure regulation is performed.

The distribution system would consist of a medium pressure distribution
piping which operates in the range of 30 to 100 psig depending on system
requirements.

Polyethylene materials are typically used in distribution piping systems
becat @ of their «c¢:i_1icity to undergo considerable defo: ti« before
suffering structural damage, the ability to resist corrosion, wear
resistance and the ease of installation.



The design of the distribution system would be in accordance with the
provisions of the Code of Federal Regulations, 49, Transportation Part 192.

Significant design features of the system include the following:

o Town Border Stations (TBS)
o District Regulating Stations (DRS)
- Metering facilities
-~ Pressure Limiting Devices
o Piping Infrastructure
~ Main piping
- Spurs and lateral piping
— Service connections
— Distribution line valves

6.2.1 Town Border Station

The Town Border Station (TBS) receives gas from the transmission pipeline,
reduces the gas to the distribution pressure and meters the amount of gas
passing through it. In the case of the Fairbanks system all pressure would
be limited to 550 psig.

This gas metering system provides a cross check on the volumes taken from
the pipeline system by the community takeoffs as well as providing a system
balance for an overall leak detection management program. Delivery of gas
to the city of Fairbanks will additionally require the installation of a
pressure reduction and control facility. The pressure in the mainline
would be reduced to a lower pressure (550 psi) suitable for the local
distribution system. The gas will have to be preheated using an indirect
heater system prior to the pressure reducing station to prevent the
possibility of system freeze-up.

The pressure reducing and control system would comprise a two stage system
with a parallel reducing system for safety and operating requirements.
Pressure relief and a blow down system will protect the distribution system
from the possibility of over pressurization. The gas would be odorized
prior to delivery into the gas distribution network.

A typical layout of a city gate metering and regulation station applicable
to gas supply for Fairbanks is shown in Fig. 6.2.1.

The metering, and regulation equipment will be installed within insulated
pre-engineered steel building(s) adjacent to the mainline scraper trap.

For the communities along the George Parks Highway which can potentially be
provided with gas service a smaller Town Border Station with an additional
level of regulation could be combined in a single facility. A typically
schematic of such a facility is presented in Figure 6.2.2.

6.2.2 District Regulating Station

The Distribution Regulating Station (DRS) receives gas from the 550 psig
intermediate pressure distribution main and regulates the pressure to the
80 psig medium pressure system through use of a two stage pressure
regulator. Depending on station gas throughput, a large station such as
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that servicing the city of Fairbanks would have two regulator runs in
parallel, with one in service and one acting as standby. A typical station
piping schematic is presented in Figure 6.2.3.

Downstream heat exchangers will be required to raise the temperature of the
gas cooled by the Joule Thompson effect which resulted from the pressure
drop through the regulator valves. For a 550 psig to 80 psig pressure cut
the expected temperature drop could be as much as 26 degF.

6.2.3 Piping Infrastructure

Distribution mains in the the high pressure system would utilize carbon
steel pipe and would transport gas throughout the service area with main
branches to local Distribution Regulating Stations.

Downstream of the DRS, gas will be distributed through 5',4" and 2" NPS
pipe to spurs and laterals in the service area. Each service area is
provided with valves capable of isolating the area in the event of gas
leakage, pipe repairs or service extensions of distribution pipe to
previously unserved areas. To improve the reliability of gas supply, and
minimize consumer disruption, pipe would be linked in an interconnected
matrix such that gas supply can be rerouted around blocked off areas.

Service line size 1is typically 1.5" polyethylene NPS for commercial
connections and 3/4'" NPS for residential connections depending on consumer
gas volume requirements. The gas will be metered and finally reduced to a
pressure of approximately 6' of water column by an individual regulator at
the building or structure where the gas will be used.

A typical polyethylene pipe commonly used for gas distribution would be
Driscopipe SDR 11 polyethylene pipe ranging in size from NPS 6" down
through NPS 3/4". All connections above NPS 3/4'" are joined by the butt
fusion method.

A conceptual arrangement for the high pressure backbone main to deliver gas
to each power station is shown on Fig. 6.2.3. The lines are sized to
handle Baseline Case peak day volumes and to deliver gas to the electrical
generating equipment at a minimum pressure of 450 psig.
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7.0 CAPITAL COST ESTIMATE
7.1 Mainline Pipe

Mainline Pipe Construction Costs are divided into three categories—-Pre-Bid
Expense, Pipeline Construction Costs, and Operating Facilities. Pre Bid
Expense includes those items which will ©be wunder the execution
responsibility of the Owner or the Contracting Agency such as right-of-way
acquisition, permanent material procurement, and special work execution
contracts. Owner and Design Costs are included in this section.

Pipeline Construction Costs include all activities under the responsibility
of the execution contractor to include right-of-way preparation expense,
actual pipeline construction, and landscape restoration along with support
services such as camp construction and operation, and developing and
processing of borrow materials.

In addition the Mainline Pipe Construction is divided into four
construction sections to coincide with the amount of work which it is
estimated can be constructed in one season by one spread. Three of these
sections are summer work. The fourth, which is divided between the extreme
southern end and the northern cross country section, will be winter work.

Operating Facilities include operating systems which will be used by the
pipeline operator such as the SCADA system (supervisory control and data
acquisition), corrosion protection system, a maintenance shop and warehouse
as well as the pig launcher and receiver stations and the metering stations
on each end.

An overview of the timetable required to complete the entire project is
shown in the Project Summary Schedule Fig. 7.1.1.

7.1.1 Owner and Design Costs

Owner and Design Costs includes owner costs, engineering and design,
material inspection, field inspection, and =x-ray inspection. AFUDC
(allowance for funds used during construction) is not included.

Owner costs are estimated at 2 percent of the total project costs.
Engineering and design are estimated at 3.5 percent of total project
costs. Material inspection is estimated at .5 percent of the permanent
material costs. Field inspection is crew based and costed on a Spread
working day. X-ray inspection is on a cost per foot.



7.1.2 Pre-Bid Procurement

Pre-Bid Procurement includes the purchase of most permanent materials and
preliminary negotiation of pipeyard storage leases. This work will be the
responsibility of the Owner or the Contracting Agency.

Permanent materials are procured directly by the Owner or its Contracting
Agency as these are normally long lead time activities which would have the
effect of delaying the execution of a construction contract were they the
pipeline contractor's responsibility. In addition, it is important to
maintain uniformity in manufacturer and quality throughout the length of
the line. This is accomplished through central purchasing. Finally, the
permanent materials for a pipeline are a significant portion of the cost of
the project. When the owner or its contracting agency purchase the
permanent materials additional fees for profit and overhead are avoided.

In this estimate Pre-Bid procurement includes the following:

Mainline 16 Inch Pipe

Pipe Coating

Delivery to Rail Sidings on Project
Mainline Valves

Other Appurtenances including Metering
Pipeyard Leases

000000

Other appurtenances include concrete weights, rock shield, protective
covering for joints and tie-ins, corrosion protection system, and sleeves
for road crossings.

Pipeyard Leases are also included in this area to accommodate delivery of
pipe, should it be necessary prior to start up by the pipeline execution
contractor, and to prevent a bidding advantage by an ambitious contractor
who ties up the more favorable sites.

The permanent materials will be shipped via ship directly from overseas
ports to the Port of Anchorage. From the Anchorage Port most material will
be loaded on rail cars and shipped via the Alaska Railroad to selected
sidings along the project. Most materials produced in the U.S. or Canada
will be shipped directly, via rail, to Seattle or Prince Rupert, and
thence, via Hydrotrain to Whittier and the Alaska Railroad to designated
sidings on the alignment.

Pipe purchase costs are for triple random lengths and are quoted as FOB
trucks, Anchorage Dock, with duty paid. It is anticipated that pipe
coating will be accomplished in the Anchorage Port area prior to delivery
along the alignment. Preferred pipe coating is fusion bonded epoxy.

7.1.3 Other Pre-Bid Costs

Other pipeline related Pre-Bid Costs are included in the Mainline Capital
Cost Estimates which are related to the actual route. These costs are:

o Temporary Right-of-Way Leases
o Permanent Right-of-Way Costs
o Permitting Costs
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Temporary Right-of-Way Leases will permit adequate construction width,
particularly where the alignment deviates from the State Highway
right-of-way.

Permanent Right-of-Way Costs will be required wherever the alignment
crosses private land as well as in the road right-of-way which abuts land
owned by Regional or Village Native Corporations which were acquired under
the Alaska Native Land Claims Settlement Act. This condition occurs
principally in the Cantwell area as identified in Section 10 of this study.

7.1.4 Separate Contract Costs

In addition to Pre-Bid Procurement of permanent materials and right-of-ways
and permits, it is anticipated that major aerial crossings will be let
separately from the Main Pipeline Contract.

There are two aerial crossings planned— Little Coal Creek and Hurricane
Gulch. This specialty work is identified as a separate item from mainline
pipe construction.

7.1.5 Pipeline Construction

All items of work which can affect progress of the mainline construction
will be the responsibility of the Pipeline Execution Contractor. Pipeline
Construction is sub-divided into four areas or phases: mobilization,
logistics & support, civil construction, and pipeline construction.

7.1.6 Spread Descriptions

The pipeline has been divided into four separate geographical areas or
"spreads". These are divided at natural interfaces to reflect some
uniformity within the spread and include work which can be completed in a
single season. Spreads one through three are anticipated to be summer
work. Spread four is anticipated to be winter work. Spread four is
further divided into two sub-areas to include the off-road locations at
each end of the alignment.

The spread division will insure a maximum amount of competition among
contractors for the work and the most competitive pricing. Each spread
will be let as a separate contract. A single contractor may or may not be
successful bidder on more than one spread.

Spread One begins at the intersection of the alignment with the Parks
Highway at Big Lake Junction, which is Milepost (MP) 52.3 on the Parks, and
extends north through the Susitna River Valley to Byers Creek at MP 144 for
a distance of 91.7 miles.

Spread Two begins at Byers Creek Crossing (MP 144), heads north in the
Chulitna River Valley, crosses Broad Pass to Cantwell and then follows down
the Nenana River Valley to the Denali National Park Boundary at MP 231.3
for a distance of 87.3 miles.

The basic route for Spread Three will travel cross country on a sloping
bench above the East Bank of the Nenana River to by-pass Denali National

7-3



Park. This route re-joins the Parks Highway at the entrance to the Nenana
Canyon at approximate MP 238.5. The route then follows the highway down
the canyon and along the Healy plain to the vicinity of Clear/Anderson. It
leaves the highway near Julius, at approximate MP 295, for a distance of
about 64.3 miles.

The Park by-pass adds approximately 3000 feet to the previous road
alignment and is about 7.8 miles in length. The original alignment through
the Park, followed the Parks Highway to Julius at Milepost 295. Our
detailed cost sheets are based on the original alignment length of 63.7
miles. The revised basic alignment length for Spread Three is 64.3 miles.
Our cost estimate for Spread Three makes an adjustment of the per mile cost
determined on the detail sheets to relect this longer length. The cost of
the more difficult overland route is offset by the elimination of one major
stream crossing of the Nenana and two railroad crossings.

Spread Four has two sections—-Spread 4A from the intersection of the Beluga
line at Knik to Big Lake, and Spread 4B from Julius Creek on the Park
Highway overland to Fairbanks.

Spread 4A takes off near Knik in a northerly direction to the intersection
of the Parks Highway with the Big Lake Road, a distance of approximately
7.4 miles overland.

Spread 4B leaves the Parks Highway near Anderson, at Milepost 295, heading
overland towards the Tanana River upstream from Nenana. It enters the
Blair Lake/Ft. Wainwright Military Reservation at the crossing of the Wood
River. From this point the alignment parallels the meander of the Tanana
on the western edge of the Military Reservation. It crosses the Tanana
River on an alignment which extends Peger Road and terminates at the
Citygate Station in Fairbanks near the sewage treatment plant. Total
distance of Spread 4B, as presently planned, is 48 miles.

Alternate 4B follows the Parks Highway from Julius through Nenana and on
into Fairbanks, terminating in the vicinity of the University of Alaska
heating plant. Costs for 4B are estimated on the basis of the per mile
cost developed for Section 3 with some additional quantity of rock ditching
added to the base case. Total length of Alternate 4B is about 62 miles—-
14 miles longer than the cross country base. The individual construction
schedules for each spread are provided in Figs. 7.1.2A-D.

7.1.7 Labor Rates

The labor rates used in the estimate are based upon the Alaksa Department
of Labor 1988 Wage Rate Schedule for state funded construction work. These
rates, sometimes known as the "Little Davis Bacon Rates', reflect those
rates currently in place in the statewide master labor agreements with the
various construction trade unions. A 60 hour work week with time and one
half for over forty hours is used. The workers compensation rate used is
the 1987 rate for pipeline construction since the 1988 rate, which is
higher, is expected to be reduced as a result of recent legislation. Labor
rates are fully burdened with payroll taxes and insurance, including
payroll based 1liability insurance. The Labor Use Rate Calculation Work
Sheet, found in Appendix C, after Tab 6, provides the detailed rates used.
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7.1.8 Equipment Rates

The equipment rates used are based upon the rates calculated in The
Construction Equipment Ownership and Operating Expense Schedule for Region
IX (Alaska) published by the U.S. Army Corps of Engineers. Rates for
pipeline construction equipment not included in the Corps schedule are
extrapolated on a similar basis from '"lower 48" pipeline construction
equipment rates. The equipment rates consist of two parts-- equipment
operation and equipment ownership. Equipment operation includes repair and
service labor, fuel and lube, tires, and repair parts. It does not include
the labor to operate the equipment or equipment repair support equipment
such as mechanic trucks, grease trucks, and fuel trucks. Equipment
ownership expense includes depreciation and cost of facilities capital
expense.

Winter rates for equipment are factored up by 30% to reflect the higher
cost of equipment operation during the winter season when most equipment
generally runs 24 hours a day at sub-zero temperatures.

7.1.9 Mobilization

Pipeline equipment in the cost estimate is mobilized from a midwestern
point, the closest location of major pipeline contractors. Most of the
equipment is mobilized via rail to Seattle, via Alaska Hydrotrain to
Whittier, and via the Alaska Railroad directly to the project. Some of the
light rubber tired vehicles are driven directly to the project. Larger
rubber tired equipment is driven to Seattle and shipped Tote to Anchorage
and then driven to the project when this routing is more economical than
rail.

Demobilization includes return of equipment to the Midwest.

Equipment for civil construction is mobilized from within Alaska as are
most camp facilities. It is anticipated that the civil work will be
largely sub-contracted to local contractors.

7.1.10 Logistics and Support

Logistics and Support costs include campsite and contractor's yard lease
and sitework costs, camp and shop installation costs, camp operations costs
and pipe storage yard sitework costs. Pipe unloading and storage costs at
the project are also included in this sub-section.

Each spread will have at least one camp site and contractor's yard. The
campsite for Spread One will be in the vicinity of Sunshine, which is just
past the Talkeetna Spur road on the Parks Highway (MP 99). Spread Two's
campsite will either be in the vicinity of the abandoned FAA installation
at Broad Pass (MP 201) or in the Cantwell area (MP 210). It is anticipated
that Spread Three will use two campsites—— The first will be at Healy (MP
247) and probably use commercial dining facilities at that site for feeding
the crew. The second will be in the Clear/Anderson area. This same
campsite will be expanded to service Section 4B during the winter. Section
4A will not use a dedicated campsite since adequate housing is available in
the area and work here will be of short duration.

7-5



The camps will be constructed of ATCO type modules of which there is a more
than adequate supply presently in Alaska. The typical housing unit will be
the 56 man unit which consists of 7 eight man bunk trailers and one utility
trailer with an enclosed central walkway. Warehouse and shop buildings
will be ATCO foldaways. Floors, if any, will probably be precast slabs.
The camp units serving the summer spreads will not be interconnected with
covered walkways. The camp for Spread 4B will have covered walkways.

All of the camps except Broad Pass will be serviced with commercial
electricity which is readily available. Commercial telephone service
should also be available, although Broad Pass may need a radio or microwave
link.

Soil conditions and the temporary nature of the installations should
facilitate the use of septic tank/absorption field system for sanitary
wastes. Solid wastes will be incinerated for the combustibles and use
locally available 1landfills for the remainder. Water will be supplied
from wells with minimal chlorination.

Unskilled labor will be 1largely local hire and will not require camp
accommodations. In addition, a percentage of the crew will provide their
own mobile housing which will use available commercial camper parks or, if
a shortage exists, camper parks provided by the contractor.

7.1.11 Civil Construction

Civil Construction consists of reclamation, revegetation and 1landscape
restoration of all sections, production of select backfill in areas of rock
excavation, excavation of borrow and construction of work pads over
short areas where winter construction is not desirable and removal of those
pads upon completion, and snow road construction and maintenance in Spreads
4A and 4B.

In addition to areas of rock excavation, some select backfill is estimated
to be required in areas of large boulders and at some stream crossings.

Snow road construction and maintenance will be a major item in Spread 4B.
Snow road construction will be two phased. In Phase one, the traffic way
is cleared to encourage frost penetration. The cleared snow is placed
over the pipeline ditch alignment to retard frost penetration in the ditch
area. During Phase two snow is compacted in the traffic areas and water is
applied to provide a durable riding surface and protect the tundra.

Phase one construction is conducted with low ground pressure equipment for
minimum tundra or ground cover damage. The numerous streams along this
route will prohibit an early start on phase one since the ice will not be
thick enough for crossing or the ambient air cold enough for ice bridge
construction.

Phase two construction requires the compaction of the existing snow and the
importation or manufacture of additional snow so that a minimum compacted
thickness of 15 to 18 inches is achieved in the travel lanes.

Ice bridges will undoubtedly have to be constructed for many of the stream
crossings by drilling and flooding the ice. A few of the streams in this
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area tend to run warm until late in the winter season. Temporary bridges
across the deeper channels will be required under these circumstances.
Recycled flat cars and pre-fabricated modular work bridges are available in
Alaska for this purpose.

7.1.12 Pipeline Construction

Pipeline construction activities are, for the most part, conventional.
These activities are outlined on the cost summary sheets for each Spread.
In our estimate dewatering equipment is included in appropriate work
items. It is not anticipated that well point or area well type dewatering
will be required.

Short sections of Spreads 1-4A will be in permafrost which will require
frost excavation techniques with special frost penetrating teeth or
drilling and shooting of the ditch. Much of the ditch excavation in Spread
4B will be frozen material.

Stream crossing of anadromous and resident fish streams will require
schedule coordination and special measures to protect the fish.

7.1.13 Operating Facilities

Costs for operating facilities are based upon estimates for like work and
include a custody transfer metering station at Knik and a city gate station
at Fairbanks. The costs for SCADA facilities are rapidly declining due to
new computer operating system technology. We have modified a recent quote
for this system. The corrosion protection system will be by means of
impressed current cathodic protection system. We are anticipating that the
Cantwell Shop and Warehouse facilities for maintenance will be provided by
converting similar facilities used during construction.

7.1.14 Escalation

In Alaska construction costs in almost all categories have been declining
over the past few years due to a drastic reduction in construction volume
in the State. That decline is probably over. Labor costs have remained
steady for several years, reflecting an oversupply of Union labor and
pressure from an Open Shop labor force. We believe that labor costs will
continue to remain steady.

While nationally construction equipment costs have increased, in Alaska
overcapacity has held those costs steady. Increasing costs for repair
parts and tires have been offset by decreasing fuel costs and decreasing
ownership costs.

Costs of steel pipe from Japan have increased dramatically in the past few
years due to the change in the value of the Yen, escalating costs in Japan,
and import quotas on foreign steel. We have used Japanese pipe prices for
our cost estimate. We are unable to predict future pipe prices but note
that world demand is not pre :ly escalating so we believe that our
present quote may be near peak prices.

As a result of these factors we have not used any escalation factors.
Should this project move forward, consideration of current market
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conditions in relation to the expected construction schedule can be made to
determine what, if any, escalation factor is appropriate.

7.1.15 Contingency

This estimate has been prepared by construction estimators familiar with
local conditions along the route and Alaska construction costs and
logistics problems. No detailed design was available but detailed soils
information was available from the Parks Highway construction documents.
It 1is doubtful that major unexpected conditions or changes will be
encountered. In normal construction cost estimating for bidding the
"unknowns," risks of the project are reflected in three places -- the
production rate, the crew configuration, and the fee. This estimate
follows that procedure. The production rates are conservative as is the
estimate of quantities and the crew sizes.

recognition of possible unknown conditions or
a 5% Contingency Factor has been used on

Nevertheless, in
unanticipated price escalation,
the total cost.

7.1.16 Cost Summary
A summary of the estimated Mainline Pipe Capital Cost is as follows:
Table 7.1.1

Mainline Pipe
Capital Cost Summary

1988$
Design
Inspection
Spread Miles Materials Construction Total Cost/Mile
1 91.7 $17,626,551 $33,172,742 $50,799,293 $553,973
2 87.3 $17,818,910 $30,273,084 $48,091,994 $550,882
3 64.3 $12,658,962 $26,360,577 $39,019,539 $606,836
4GA 7.4 $1,935,785 $5,266,283 $7,202,068 $973,252
4B 48.0 $12,939,665 $29,359,065 $42,298,730 $881,224
SUBTOTAL 298.7 $62,979,873 $124,431,751 $187,411,624 $627,424
OpFac $1,937,825 $634,112 $2,571,937 $8,610
TOTAL* 298.7 $64,917,698 $125,065,863 $189,983,561 $636,035
3 (alt) 63.7 $12,546,222 $26,178,655 $38,724,877 $607,926
4B (alt) 61.7 $12,915,048 $26,893,843  $39,808,891  $645,201

* TOTAL includes an appropriate apportionment of contingency cost.
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Spread 3 alternate is a route following the Parks Highway right-of-way
through Denali National Park. Spread 4B alternate is a route following the
Parks Highway right-of-way from Julius Creek near Clear to Fairbanks.

Summary and detail costs sheets for each spread may be found in Appendix
C. Detailed crew sheets for each item of work may be found following tab 3
of Appendix C.
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7.2 Distribution System

Distribution system costs have been estimated on the basis of required
infrastructure neces