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SUMMARY

( ) Draft (x) Final Environmental Statement
United States Department of the Intérior, Alaska Natural Gas Transpor-
tation System EIS Task Force

1. Type of action: (x) Administrative () Legislative

2. Brief description of action: Action pending is granting rights-of-
way permits for crossing Federal lands. A 5,580-mile buried pipeline
has been.proposed to transport natural gas from Prudhoe Bay (Alaska) to
markets in the lower United States. The pipeline, as proposed, would
cross all, or portions of, Alaska; Yukon Territory, Northwest Terri-
tories, British Columbia, Alberta, and Saskatchewan (Canada); and
Idaho, Washington, Oregon, California, Montana, North Dakota, South
Dakota, Minnesota, Iowa, Illinois, Indiana, Ohio, West Virginia, and
Pennsylvania. As proposed, all activities necessary for pipeline
construction and operation will be phased over a seven-year period. Of
all lands traversed by the proposal, 406 miles will involve lands under
the jurisdiction of five Federal agencies, all of whom have permitting
authority. Other permits or licenses also must be issued before con-
struction may begin or the project becomes operational.

3. Environmental impact and adverse environmental effects: Because of
the linear nature of the proposal, a wide spectrum of environmental
impacts will occur if the pipeline is built. Impacts, which are de-
tailed in the Overview and geographically-oriented volumes, will occur
on climate, topography, geology, soils, water resources, vegetation,
fish and wildlife, social and economic environments, land use and
productivity, cultural resources, recreation and esthetics, and air
quality (including noise). All impacts will not be adverse.

- 4., Alternatives considered: Alternatives covered include the courses
of action open to the Secretary of the Interior to approve, deny, post-
pone, or accept and delay or deny part of the proposal; effects of gas
deregulation and conservation; other natural gas sources; alternative
energy sources and modes of transportation; and one major alternative
transportation system involving an all-Alaska gas pipeline, liquefaction
plants, and LNG tanker transport to the conterminous United States.

5. Comments have been received from the following: Comments were re-
ceived from 23 Federal agencies, 35 State and local governments, Canada,
17 companies representing industry, 16 private organizations, 100
individual citizens, and three members of Congress. Comments from
Federal agencies, State and local governments, Canada, private organiza-
tions, and members of Congress are reproduced in the Consultation and
Coordination volume. Other comments will be reproduced and filed as a
supplement to this statement at selected repository sites.

6. Date made available to CEQ and the public:

Draft statement: July 28, 1975
Final statement: MAR 1976




Note for Raaders:‘

I

This environmental impact statement was prepared in response to ap-
plications made to the Secretary of the Interior for permits to: cross
Federal lands with a natural gas pipeline. Tt identifies and evaluates
environmental impacts that could be expectedlfrom construction and
operation of the "Alaska Natural Gas Transportation System m" as proposed

f anies listed in theiConsultation and Coordi-
ggt %g %g ﬁggEiu towagoggepared by an interdisc1plinary team, most of

whom are employees of the United States Department of the Interior.

Detailed construction designs and detailed'p}ans for site restoration
and system operation are not complete at this (proposal) stage of the
project. For this reason, some of the 1mpac§s and mitigating measures
are expressed in ranges of magnitude or quallfled to reflect alternative

situations.

The Secretary of the Interior conmsiders a number of factors in reaching
his decision regarding issuance or denial oftright-ofmway permits. The
environmental impact analysis presented in this statement is an impor-
tant but not necessarily the deciding factor. Alternative gas trans-
portation systems proposals, United States~Canada diplomatic relatioms,
national economic and risk analyses, nationaﬂ defense implications,
energy efficiency analyses, and other factors must also be considered.

This statement is presented in nine volumes as follows:

Overview Volume - North Border Volume
-Alaska Volume - ' I Alternatives Volume -
Canada Volume S ~ Consultation and

San Francisco Volume . . Coordination Volume
Los Angeles.Volume ‘ : Glossﬁry Volume -

Alaska, Canada, San Francisco, Los Angeles and North Border Volumes are
geographically oriented. The Overview Volumeb Alternatives Volume, and
Consultation and Coordination Volume are not geogréphically oriented in
their coverage., :

The following subject groupings are covered sequentially 1n each of the
geographically oriented volumes and Overview:

1. Description*of thelproposal.
2. Description of the’ environment. :
3. The environmental impact of the|proposed action.
4, Mitigating measures proposed -and additional measures
- considered.
5. Adverse effects which cannot be|avoided should the
proposal be implemented.‘




6. The relationship between local short-term uses of
(man's resources) and the maintenance and enhancement
of long-term productivity.

7. Irreversible and irretrievable commitments of

- resources assoclated with the proposed action,

8. Alternatlves to the proposed route.

The reader can review particular segments of the proposed project
selectively. For example, a reader interested only in impacts on North
Dakota, could use the Overview Volume for the system "big picture," and
the North Border Volume for coverage of his particular State. Simi-
larly, a person interested primarily in ways of transporting natural gas
could refer to the Alternatives Volume and satisfy his needs.

Following is a brief description of .the coverage of each part:

Overview Volume - The Overview covers the Arctic Gas
System proposal in its entirety. It will be most
useful to those readers who want a system view and
a broad concept of anticipated environmental impacts
of the entire pipeline project.

Alaska Volume - This volume covers the 195-mile proposal
of the Alaskan Gas Arctic Pipeline Company originating
at Prudhoe Bay and terminating at the Alaska-Yukon Border
and alternative routes.

Canada Volume - This portion of the environmental impact
statement analyzes the 2,435-mile pipeline proposal

of Canadian Arctic Gas Pipeline, Ltd., beginning at

the Yukon-Alaska Border and proceeding generally southward
to Caroline Junction in Alberta where it forks, one leg
entering Idaho, near Kingsgate, British Columbia, and the
other ‘entering Montana, near Monchy, Saskatchewan.
Discussions of route alternatives are also presented. .

San Francisco Volume - This volume analyzes the 917-mile
portion proposed by the Pacific -Gas Transmission Company
which passes through Idaho, Washington, and Oregon to
Antioch, California. Discussions of route alternatives
are presented. '

Los Angeles Volume — This volume relates to the 4l4-mile

portion proposed by Interstate Transmission Associates
(Arctic) extending from the point of United States

entry in Idaho to Rye Valley, Oregon. It also involves
modifications to existing compressor stations in .Oregon,
Idaho, and Colorado. Discussions of route alternatives
are presented. This volume also contains a discussion of




the applicant's future proposal for an additionai 760-mile
pipeline passing through Idaho, Oregon, Nevada, and
terminating at. Cajon, California.

North Border Volume — This volume is an analysis of
the 1,619-mile pipeline proposed by the Northern
Border Pipeline Company. It covers the area from the
United States-Canada border, crossing Montana, North

"and South Dakota, Minnesota, Iowa, Illinois, JIndiana,

Ohio, and West Virginia, to a termination near Delmont,
Pennsylvania. Discussions of route’ alternatives are
presented.

Alternatives Volume - This volume covers courses of action
open to the Secretary of the Interior to approve, deny,
postpone, or accept and delay or deny part of the
proposal; effects of gas deregulation and conservation;
other natural gas sources; alternative energy sources and
modes of transportation; and one major alternative gas
transportation system involving an all-Alaska gas pipe-
line, liquefication plants and tanker transport to the
conterminous United States.

Consultation and Coordination - This volume describes
and discusses the efforts made by the Department of the
Interior to consult with and coordinate its work in the

development of this statement. It includes the gathering

of basic information for analysis, public meetings, public
hearings, and efforts which have and will be made to

assure that environmental impacts are adequately treated.

Glossary - This volume provides the reader with defini-
tions of technical words or phrases used in the environ-
mental impact statement.
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1 DESCRIPTION OF THE PROPOSED ACTION

1.1 ARCTIC GAS PIPELINE PROJECT

1.1.1 Alaska Arctic Pipeline

Tel.1.1 introduction

The Alaska Arctic Pipeline is a part of the proposed Alaska Natural Gas -
Transportation System {ANGTS) which will initially have the capacity to
transport 4.50 bcfrsd (billion cubic feet per day) of ratural gas, 2.25 bcfrsd
from the Prudhoe Bay Field in Alaska, and 2.25 bcfrd from the MacKenzie
Delta area in the Northwest Territories, Canada, to industrial and
population centers in Canada and the United States, The revised
applications from the arplicants are based on the assumption that the 2.25
becf/sd from the MacKenzie Delta area will be transported to Canadian markets
and the 2,25 bcfrd from Prudhoe Bay will be transported to market areas in
the United States. The Canadian Arctic gas mainline can deliver 4.50 bcfs/d
when fully powered while delivery and supply laterals have greater capacity.
The total capacity of connecting facilities applied~-for also exceeds #4.50
befsd. ¢Quantities above this will require additional facilities.

The Alaska Arctic Pipeline will prcvide transportation for natural gas
from the southwest shore of Prudhoe Bay, Alaska, to a point approximately
195 miles east of Prudhoe Bay on the Canada-United States bordér about 4.5
miles inland from the Beaufort Sea coast where it will interconnect with the
canadian Pipeline.

The Alaska Arctic Pipeline is proposed by a consortium doing business
in Alaska as the Alaskan Arctic Gas Pipeline Company.

The initial capacity of the proposed Alaska Arctic Pipeline will be
2.25 bcfsd which can be increased to 4.5 bcfs/d by the addition of four
comgpressor stations. The ultimate capacity of 4.5 bcfs/d would serve a
residential community with a population of approximately 38.6 million or
about 10.1 million residences. :

Refer to Overview, Section 1.0V.1, for additional discussion of the
ANGTS, natural gas reserves, energy needs, and energy demands.

1.1.1.2 Location
Séeg;fic Route

Information presented in this section is based on the Map Alignment’
Sheets submitted by the Applicant and from USGS topographic maps. (See
Figures 1.1.1.2-1 and -2.)

Origin and Terminus

The proposed pipeline originates at the southwest shore of Prudhoe Bay, .
Alaska, in the southeast quarter of Section 11, T. 11 N., R. 14 E, Umiat
Meridian, where natural gas would be compressed to 1,680 psig, chilled to a
temperature of approximately 25°F (~3.8°C), and delivered to the pipeline
system. ’ .

The proposed terminus iﬁ:Alaska is approximately 195 miles (314 km)
east of Prudhoe Bay, Alaska, at the United States~Canada border about 4.5




miles (7- km) inland from the Beaufort Sea coast. At this point, the gas
would enter the Canadian segment of the pipeline system.

Distance and Route Description

Leaving the origin, at Mile Post (M.P.) 00, the proposed route. heads

southeasterly through the developing Prudhoe Ray area, passlng about one-
-half mile southwest of the Prudhoe Bay airfield.

Between M.P. 00 and 61, the proposed route crosses the flat, treeless, -
arctic coastal lake- and pond-dotted plain where pingos and 0il and gas
exploration fac111t1es provide the only visual rellef to an otherwise flat -
terrain. . .

The west bank of the Ccanning River (M.P. 61. 45) is the western boundary
of the Arctic National Wildlife Rangeé. . From .this point, the proposed route
climbs to an elevation of approximately 400-500 feet (122-152 m) and
continues easterly through the gently rclling foothill ccuntry until it
reaches the Sadlerochit River at M.P. 111.12, where the proposed route
climbs to an elevation of between 500 and 600 feet (152-183 m), descending
to an elevation of approximately 350 feet (107 m) at the Egaksrak River
(M.P. 161.00) . From this point, the proposed route continues eastward
through very flat terrain, passing within 3 miles. (5 km) .of Demarcation Bay
before entering Canada at M.P. 194.80.

In general, the proposed pipeline‘route is inland and roughly parallel
to the Beaufort Sea coastline at distances ranging from 3 to 30 miles (5 to
48 km) .

Regignal Description
Parks, Forests, Recreation Areas, etc.

The Federally-administered Arctic National Wildlife Range, the largest
unit in the National Wildlife Refuge System, is Jlocated in the northeastern
corner of Alaska. It extends 150 miles (241 km) north and south across the
Brooks Range and west from the U.S.-Canada border about 133 miles (214 km)
to the west bank of the Canning River. The Range encompasses approximately
14,000 square miles (36,260 sq. km). Established in 1960, the Range is
intended to preserve "...unique wildlife, wilderness, and recreational
values..." (PLO 2214, Dec. 6, 1960) . Approximately 30 percent of the
existing Range is located on the Arctic Coastal Plain and Arctic Foothills.
This part of the Range is a diverse wilderness habitat of coastal lagoons,
barrier beaches, treeless tundra, and thaw lakes, bordered on the north by
the Beaufort Sea and on the south by the Brooks Range.

The Department of the Interior has submitted proposals to expand the
existing Range ky some 6.217 square miles (16,102 sq. km) to the south and
southwest. However, these additions are not associated with the proposed
AAGPC pipeline route.

No existing or prorosed State or local parks, forests, or recreatlonal
areas are associated with the proposal.

State and Borough Boundaries

The. proposed AAGPC pipeline is entirely within the 88,281 square mile
North Slope Borough, created July 1, 1972. (Boroughs in Alaska are similar
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to counties.) The borough office is in Barrow, Alaska, 177 nautical miles
air distance, west and north of Prudhoe Bay. :

" Major Urban Areas

No major urban areas are directly associated with the proposed project
in Alaska although a village of approximately 150 people is at Kaktovik
which is located on Barter Island. Also on Barter Island is an active DEW
Line station, manned by approximately 50 people.

Fairbanks, in the Interior of Alaska, is 327 nautical miles air
distance to the south of Prudhoe Bay, and is a community of approximately
32,975 (July 1975). It serves as a transportation and communications center
for the Alaskan North Slore exploration and development activity. -

Anchorage, [ estimated population 175,697 (Alaska Dept. Community and
Regional Affairs, pers. comm., 1976) ] is some 555 nautical miles south of
Prudhoe Bay, and is similar to Fairbanks in its role as a transportation-
communications center for the Alaskan North Slope development. Anchorage
will be the location of the operations headquarters for Alaskan Arctic Gas
Pipeline Company.

Location of Ancillary Facilities

This section descrikes the prorosed location of the facilities in
Alaska for the proposed AAGPC pipeline system.  Except as noted, information
presented in this section has been drawn from the AAGPC Environmental
Report, Chapter II and Exhibit F, Map and Alignment Series, The Wildlife Map
Series, and supplemental data submitted as a part of its application to the
Department of the Interior and Federal Pcwer CommlsS1on.

‘Compressor Station Sites

The four designated sites are numbered by .AAGPC as CA~01 through CA-0U4
(Figure 1.1.1.2-1 and 2). These four sites each cover approximately 15
acres and are located from 35.7 to 53.2 miles (58 to 86 km) apart. -
Initially they will be used as construction camps, storage sites,
communication sites, and maintenance stations. A primary communication
tower and a -2,400-foot (732 m) gravel airstrip are proposed for each site.
Comgressor stations will be constructed when the volume of natural gas
available to the pipeline system exceeds 2.25 bcfrd. )

Site CA-01, located at M.P. 43.4, will ke about one-half mile (0.8 km)
north of a tributary of the Kav1k River on lands owned and administered by
the State of Alaska.

Sltes CA—02, -03, and -04 are all proposed for location within the
existing Arctic National Wildlife Range: CA-02 (M.P. 83.0) about one-half
miles (2 km) east of Tamayariak River; CA<03 (M.P. 129.2) about 0.5 mile
(0.8 km) west of the Jago River; and CA-04 (M.P. 176.0) about 3 miles (5 km)
east of the ‘Kongakut R1ver. ;

Meter Station

The only meter station in Alaska will be at M.P. 00 at the input end of
the pipeline system. This location is on the southwest side of Prudhoe Bay




in Section 11, T.11 N., R.14 E, Umiat Meridian on lands owned and
administered ky the State of Alaska.

Material Stockpile Sites

Seven sites are proposed for storage of materials to construct,
operate, maintain, and repair the proposed natural gas pipeline. These
sites are of two major types: ports and sites on the pipeline right-of-way;
each will be associated with an airstrig.

bPorts

The existing port facilities at Prudhoe Bay will be used and two new
port facilities will be constructed, one at Camden Bay and the other at
Demarcation Bay. These port areas on the Beaufort Sea coast of Alaska will
receive the majority of supplies for the proposed project. The two new port
areas are respectively 85 and 190 miles (139 km, 206 km) east of Prudhoe
Bay. Each will be equipped with wharves (Figures 1.1.1.2-3 and 4).
Demarcation Bay is 6 miles (10 km) west of the U.S.~Canada border. Specific
locations for the new port sites are not available.

Material Stockpile Sites on Pipeline Right~of-~way

These four sites are located at the previously described compressor
station sites CA-01 through CA-04.

Aircraft Facilities

Twenty new aircraft facilities will be developed as part of the natural
gas pipeline project. These are of two types: helipads and airstrips.

Helipads

Locations of the 14 helipads are listed in Table 1.1.1.2-1. Helipads
are associated with ports, block valves, and repeater communication sites.

Airstrips

" A 2,400-foot-long (73 m) fenced, gravel airstrip site is proposed
within 1 mile (1.6 km) of each of the four compressor station sites.
similar airstrips will be constructed near the port sites at Camden Bay and
Demarcation Bay. Exact locations for the new airstrips have not been
specified by the Applicant. Table 1.1.1.2-2 lists the general location of
the six proposed airstrigps.

'in addition to the new airstrips, several existing airstrips probably
will be used. 1TIwo private airstrips are quite close to the proposed
pipeline. They are located at M.P. 13.8 and one-half mile (0.8 km) south of
M.P. 28.0. Refer to Table 1.1.1.2-3 for a complete list of the existing
airport facilities in the area of the proposal.
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Table 1.1.1.2-1 Helipads

Location Facilities with - Name and background*
Helipads

1. Head of Gas Pipeline Pumping Facility January
- & Primary Communi-
cation Site

2. M.P. 13.8 Block Valve Fehruary

3. M.P. 29.2 " Block Valve géggh

4. M.P. 56.7 Block Vaive April

5. M.P. 69.9 Block Valve May

6. M.P., 98.4 ' Block Valve June

7. M.p. 113.7 Block Valve " July

8. M.P. 144.7 Block Valve August

9. M.P. 160.7 Block Valve September

10. M.P. 191.5 Block Valve  October

11. 8 mi. S. of M.P. 25.0 Communications Bell, (Alexander Graham

site (TWR)+ (R)# Bell, 1847-1922)

12. 4 mi. S. of M.P. 69.9 Communications DeForest, (Lee DeForest)
site (?WR) ®) 1873-1961)

13, 4 mi. S. of M.P. 100. Communications Marconi, (Guglielmo
site (TWR) (R) Marconi, 1874-1937)

14. 1/2 mi. N. of M.P. 147.0 Communications Morse, (Samuel Finley
site (TWR) (R) Breese Morse, 1791-1872)

* - All sites are named for administrative convenience.

+ (TWR) = Tower; (R)# = Repeater

Notes: Intervening block valves, should they prove to be necessafy,
should be named II, III, and so on, following sequentially
west to east (as '"May II," "May III," June, etc.)

O;her Primary (P) Communciations sites are .at named airstrips/
Compressor stations.




Table 1.1,1.2-2 Adrstrip locations and site names

Location Airstrips Name & background”

‘Camden Bay Amundsen Roald Amundsen, Norwegian explorer and
arctic navigator (First successful navi-
gation of Northwest Passage 1905-6)
1872-1928,

Demarcation Bay ‘Pataktak Eskimo: "Place where ducks fly low."

’ (D.A.P.N.+ p. 266)

M.P. 43.4 Arrovsmith Aaron Arrowsmith, English map publisher,

M.P, 83.5 Bruei Adrien Hubert Brue?, French geographer,

M.P. 129,2 Devine Thomas Devine, Deputy Surveyor-General of
Canada, 1873-1879. 1823~ (A.B.T.)

M.P, 176.0 Berghaus Hermann Berghaus, German cartographer,

1828-1890. (A.B.T.)

+ - D,A.P.N., = Dictionary of Alaska Place Names, 1971

# - A.B.T. = Alaska Boundary Tribunal, 1903

* ~ These airstrips are named for administrative convenience.




Table 1,1.1.2-3 Airdrome facllities available in the Arctic reglon

Tower or airport

Name Location Elevation Operaticnal Runway Surface Runway Approximate distance advisory services
{feet) status length lighting Fuel Emergency services from coast {miles) or unicom at sites
Point Barrow 71°20*' 156°38" 9 NARL 5000 Steel Plank Yes —— Emergency services and On coast No
Wiley Post/Will Bogers 71°17' 156°46° 23 Public 6500 Asphalt Yes No equipment wholly inade- On coast Yes
Cape Simpson 71°03" 154°42" - Abandoned (Navy) -~ — No No quate -at all arcetic On coast No
Lonely DEW Station 70°55' 153°14' 29 Alr Force 3800 Gravel Yes - coastal airports. No On coast —
Kogru 70°35' 152°15° —— Abandoned(Navy) —— —— No No aircraft firefighting On coast No
Irk11lik River 70°04' 150°50! 36 Private 1700 - Ne ~ equipment at any 25 ’ No
Knifeblade Ridge 69°09" 154°45' 1380 Public 3600 Gravel No No location. Doctors 135 No ¥
Airport 69°01' 153°54' - Uncertain - -— No No uvnavailable or only 120 No
Prince Creek 697227 153°17' 1000 Public 3600 Gravel No No available infrequently. 95 No§
Airport 69°34' 153°16° — Uncertain —-— — No No Other medical personnel 80 No
Unmiat 69°23' 152°10° 351 Public 5400 Gravel Yes Ltd. present in limited 80 No +
Anaktuvuk Pass £8°08" 151°44' 2100 Public 4400 Gravel No No numbers. -Alrcraft not 160 No -4
Galbraith Lake Camp 68°28'°149°32' 2670 Private 2500 Gravel No — alvays available for 150 -
Toolik Camp 68°38' 149°34' 2400 " Private 2500 Gravel No —- evacuation. Marginal 140 —
Happy Valley Camp 69°09' 148°49" 975 Private 1500 Gravel No — weather conditions 90 —
Sagwon 69°22' 148°42' 650 Public 5800 Gravel No - Yes during winter and lack 75 Yes
Kavik River 69°41" 146°54" 640 Private 5900 Gravel Yes Ho of instrument landing 40 Yes
Yest Kavik 69°45' 147°11" 410 Private 5200 Gravel Ne - systems may preclude 35 No
0liktok DEW Station 70°30' 149°537 16 Alr Force 4000 Gravel Yes - arrival of emergency On coast - 1
Kuparuk 70°17' 149°04" 41 Private 1900 Gravel No o supplies, equipment and 12 —
West Kuparuk 70°20% 149°17' 41 Private 5000 Gravel Yes - personnel for several 10 No
North Kuparuk 70°22' 149°02° 24 Private 2000 Gravel No e days to weeks. 5 en
Point McIntyre 70°24° 148°41' 15 Uncertain 1500 Gravel No — On coast No
Hull 70°15% 148°55" 67 Private 2000 Gravel No -— Pt. Barrow--doctor, fire 1z. No
Deadhorge 70°12" 148°28' 55 Public § 6500 Gravel Yes Yes equipment ac NARL, 12 Yes§
Prudhoe Bay 70°15' 148°21" 45 Private 3500 Gravel Yes - Happy Valley~-medic? 4 -
Coastal 70°12% 148°10" 45 Private 2300 Gravel Ne - 10 ——
Kadler 70°08% 143°04" 67 Private 2400 Gravel No - Sagwon~-medic? 8 -
East Fork 70°12' 147°56° 20 Private 6000 Gravel No - 5 —
Kad River 70°05° 147°38" 60 Private 5400 Gravel No - Prudhoe/Deadhorse~-medics 8 -
Ringo 70°02% 147°43' 118 Private 6000 Gravel Yes —— and dry chemical fire 1z -—
Brownlow Point 69°59" 144°50° 8 Private 2000 Gravel Ne — truck at ARCO. On coast —
Barter Island DEW Station 70”08 143°35° 5 Alr Force 4800 Gravel Yes Yes On coast Ne
Demarcation Bay 69°48" 142°20° 24 Uneertain 1800 Gravel No No Barter Island--medical On coast No
services.

*East of Barrow

FTie~in FSS Barrow

4#Tie-in F8S Fairbanks

§Combined Station/Tower

{Underlining indicates facilities f
close to the proposed AAGPC

plpeline system)




Communication Sites
Primary Communication Sites

One of the five proposed sites is located ‘at an unspecified site on
State-administered lands at Prudhoe Ray near M.P. 00.

The remaining four proposed sites are at compressor station sites (CA-
01 to 08) along the proposed pipeline.

Repeater Communication Sites

All four of the proposed repeater sites, each containing a tower, are
within 10 miles of the proposed pipeline and generally are spaced halfway
between the primary sites. The repeater site locations and names are
summarized as follows: '

Location Name#*

8 mi south Bell, (Alexander Graham Bell,
of M.P. 25.0 1847=1922)

4 mi south Derorest, (Lee DeForest,

of M.P. 69.9 1873~1961)

4 mi south Marconi, (Guglielmo

of M.P. 100.1 Marconi, 1874-1937)

0.5 mi north Morse, {(Samuel Finley

of M.P. 147.0 Breese Morse, 1791-1872)

* All facility sites' are named for administrative convenience.

Applicant is seriously considering satellite communications, thus
avoiding the requirement. for any towers.

Borrow Areas {(minimum of sixteen)

The Applicant selected borrow sources to supply sand, gravel, and/or
crushed rock for construction along the pipeline and at facility sites
(compressor stations, staging areas, stockpile sites, wharves,
communications towers, roads, airstrips, meter stations, and operations and
maintenance areas). _AAGPC has no plans to obtain gravel from the barrier
keaches, spits or lagoons; and AAGPC does not propose to construct wharf
sites on the karrier beaches or spits. ’

The Applicant has identified a rreferred and alternative borrow site
wheréver large quantities of borrow will be needed. Where small quantities
are required, e.g., intermediate borrow areas between compressor station
sites, only one borrow site has been chosen. Hauling distance between the
borrow site and place of use usually is less than 8 miles. Borrow sites,
located on active flood plains, are intended to supply about 2.4 million
cubic vards of sand and grave]l for construction of pads, airfields, and
related facilities. The locations of these proposed borrow sites are shown
on Figures 1.1.1.2-1 and 2 and Table 1.1.1.2~4.
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Table 1.1.1.2-4 Borrow sites for the proposed AAGPC pipeline system

“SITE IDENTIFICATION

BORROW LOCATION

DESCRIPTION OF DEPOSIT

PROPOSED BORROW

REQUIRED DIMENSIONS EST EST EST OVER~ SITE
amea * | mize Vo ICE OF DEPOSIT DEPTH | RECOVERY AVAILABLE BURN EVALD-
NIMBER posT FACILITY o3ya®) | marERIAL LAMDFORM | CONTENT DRAINAGE (FT) (FT} | DEPTH(FT) voruME (10%yd" ) FT) ATION
GH-52 N/a . staging area jio3 G ,8,51 active low to mid channel | extensive 10+ pi:] 2,500 0 to 3 P
Prudhoe Bay flood plain medium
GH~53 WA staging area 103 si,s marine medium to | poor extensive 30+ 20 5,000 T to 1l A
Prudhee Bay high
GM-102 k] staging area 25.1 5,9 active low mid channel | 6,400 10+ io 2,500 o to 3 P
Prudhce Bay flcod plain
and Row
G5 n/A staging area 470 g.s,si fossil medium fair to extensive 20+ 10 2,500 1to 3 B
- s flood plain channel
H-60 R/A staging area 470 s marine {¥) high poor extensive 10+ 10 2,500 G te 1 B
Demaxcation
Bay
CM-109 N/A repeater 2 Seg,si fossil low to f;:r to 6,000 x 1o+ 10 2,500 1to3 ¥
commnpication £lood plain mediun channel 2.000
GM-103 8.5 Row 2.1 S, fossil medium to fai’x to 2,600 20+ ic 2,500 2to s o
£flood plain high channel
GM-54 43,51 Compressor 320 8.9, active medivm to | mid channel 00 10+ 10 2,500 0to3 P
Station (sp} flood plain high
GH-104 62 Row 4 G5, fosgil low o fair to extensive 204 in 2,500 2t 8 P
(GM) flood plain medium channel
107 8l.e Compressor 325 q,8,81 fogsil low fair inte &00 10+ 1o 2,000 1to3 P
station £lco@ plain channel
GM~56 82 Compressor 325 9,5 sutwash low - fair to sur-| extensive 20+ 20 5,000 Qto 2 A
station (Gw} plain rounding ter.
GM-114 100 Repeater 2 g,8,83 fosgil low to tair to 2,600 20+ ia 2,500 2to 8 P
Communication {61y £flood plain medium channel
Site
M-105 111 Tow 3.9 8,9 {SW) fossil medium fair to 1,200 20+ 10 2,500 Zto 5 ?
flood plain channel
4-57 130 campressor 330 g,5,51 fossil medium fair to extensive 20+ 10 2,500 lto 3 A )
station flood plain ehannel
113 130 cA~03 330 g,5,851 active medium mid channel 800 10+ 10 2,500 Oto 3 L
. {GP-GH) flood plain
oH~106 151 Row 5.2 .4 active low to mid channel 2,000 10+ 10 2,500 0tc 3 P
. flood plain medium
GM-58 173 CA~04 338 F.5,81 foagil medium fair into axtensive 204 10 2,500 1t 3 a
- flood plain channel R
121 174 CA~04 395 1s,88,sh plateau low downslope extensive 50+ 20 5,000 0t 2 ¥
Source: WNorthern Mg. Serw. Lot., 1974

*See maps, Mgures 1.1.1.2-1 and ~2.




MILE POST: Mileage location of borrow pits along the pipeline route. N/A
denotes pits not cn the pipeline right-of-way.

FACILITY AND REQUIRED VOLUME (103yd3): Facility for which the corresponding
borrow is needed and the amount of material required.

MATERIAL: Types of material available in borrow pit. Abbreviations used: g-
gravel; s-sand; si-silt; cl-clay; t-till; gr-granite; ls-limestone; ss~
sandstone; dol-dolomite; sh~shale; sis-siltstone; arg-argillite; ch-
chert; cgt-conglomerate; g-quartzite. The Unified Soil Classification
System group symbol is also shown if determined by drilling results.
Geologic age of bedrock is also indicated where determined from
geologic investigations.,

LANDFORM: Physical feature of the terrain where borrow pit is located.

ICE CONTENT: Measure of excess ice in deposit according to the scale: Low=5
to 15%; Medium-15 to 50%; High-50%.

DRAINAGE: General assessment of drainage of surface water from the borrow
deposit. .

DIMENSIONS (ft): Area of ‘deposit expressed as a product of length and width.

aj) When one dimension of deposit is in excess of 2 miles (3km),
e.g. alluvial flood plains, only one dimension is shown.

b) Deposits which cover more than 2 mi2 (5 km2) Hextensive.®

ESTIMATED DEPTH AND ESTIMATED RECOVERY DEPTH (ft): Average thickness of
deposit and the average depth to which material contained in deposit
will be exploited.

ESTIMATED AVAILARLE VOLUME (103yd3): Figure based on the product of the
estimated recovery depth and the area of a typical borrow pit which is
defined as 0.25 mi2., This includes area used for camp, equipment, —
waste material stockpile, and washing and sorting. In cases where ‘
deposits are less than 0.25 mi2, only small amounts of borrow will be |
required and these smaller deposits should be adequate. ;

OVERBURDEN: Thickness of organic and silty material covering borrow
material. : )

103=1,000; yd3 = cubic yard; mi2 = square mile

Initial locations of korrow sites were made by the Applicant based on
aerial surveys and examination of aerial photographs. Final locations will
depend upon field examination to determine the gquantity and quality of
gravel and whether the anticipated amounts can be removed. Accordingly, it
is expected that there will be major changes in the number and location of
borrow sites as detailed information becomes available.

In supplemental information provided by the Applicant, a need was
identified for an additional 700,000 cubic yards of select sand or gravel
for use in backfilling the pipeline ditch. The Applicant has not indicated
the source of this additional borrow. : ‘




Roads
Permanent Roads [approximately 2 miles (3 km) ]

The only permanent rcads proposed by the Applicant are those between
the airstrips and adjacent ccmpressor station or port sites. Permanent
roadways also will -be located between the compressor sites and the primary
communication sites. Permanent “pathways" will be provided between the
repeater sites and adjacent helicopter pads.

Temporary Roads [ approximately 250 miles (#03 km) ]

Temporary sSnow or ice roads will ke located along the right-of-way,
between the port material stockpile sites and the pipeline right-of-way, and
between the ccmpressor station sites and their respective bérrow sites. The
Applicant states there is adequate experience to justify the proposed use of
snow roads.

Unprepared winter trails are proposed for use by sleighs and low
ground-pressure vehicles near the proposed pipeline. The Applicant proposes
t0 use winter trails of this type for surface access during construction of

the four repeater communication sites.

Operations Headgquarters

The Applicant!s main operations headguarters will be located in
Anchorage, Alaska, and its field operating headquarters at -an unspecified
site on State-administered land in the Prudhoe Bay area. Other Primary (p}
Communications sites are at named alrstrlps/compressor stations.

Relationship to Exlstlng or Potential Energx
Sources/Systems

The proposed AAGPC pipeline systém is directly related to the
extraction and transportation Qf oil from the Prudhoe Bay Field. The oil
pipeline system is not connected to the proposed BAGPC natural gas pipeline
system except through common collection and processing facilities owned and
operated for the productlon of 0il. The volume of natural gas available for
the AAGPC system is a function of the rate of 0il extraction.

Construction of the proposed AAGPC pipeline will enhance development of
other potential energy resources along the route and especially the eastern
Beaufort Sea Province. It is expected that future energy transportation
systems would also be located close to the proposed AAGPC pipeline system as
well as to the trans-Alaska oil pipeline system.

Other Pipelines and Power Facilities

The trans-Alaska o©il pipeline, now keing constructed by Alyeska
Pipeline Service Company, begins in the Prudhoe Bay area about 4 miles (6.4
km) south of the Applicantt's proposed pipellne.‘ The Alyeska pipeline is the
only major hydrocarbon transmission facility in the Alaska portion of the
Applicantt's proposed pipeline system.

By agreement, Atlantic Richfield Company operates the eastern half and
BP Alaska, Inc., operates the western half of the Prudhoe Bay Field.
Current activity is directed toward development of the field. O0il wells are

i
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being directionally drilled from several mutiple~well gravel pads called
drill sites. A pipeline system will deliver production from the drill sites
to one of six strategically located seraration facilities throughout the
field. The o0il will be transported Ly an o0il gathering system from these
six separation facilities to the trans-Alaska pipeline origin station. The
gas from all six separation facilities will be transported by a gas .
gathering system to the Central Gas Facilities for further processing. The
Central Gas Facilities will consist of the Central Compressor Plant, the
Field Fuel Gas Unit, the injection-gas ripeline system and the gas-~injection
drill site pads and wells.

The Central Plant will handle produced gas from the entire field. The
gas will be gathered at 600 psig and compressed through two stages to 4,500
psig. This high pressure gas then enters the injection-~gas pipeline system.
This pipeline system transports the gas to the injection wells which will be
completed in the Prudhoe Bay Field pool gas cap. The function ‘of "the
Central Compressor Plant is to compress the natural gas produced from the
entire field for injection into the Prudhoe Bay Field pool gas’ cap. It will
later be expanded to include gas—-chiller and quality processing facilities
to permit the delivery of chilled, compressed gas to the Applicantts
proposed gas transportation pipeline. '

The function of the Field Fuel Gas Unit is to condition produced gas
for use as fuel for the Prudhoe Bay Field operations. This includes fuel
for the central powerplant operated by BP Alaska but does not include fuel
used locally at the three oil-~gas separation facilities operated by Bp
Alaska. It does include the fuel for the remaining three separation
facilities operated by Atlantic Richfield. Insulated lines will transport
the field fuel gas to all users within the field. 1In addition to the gas
fuel used for the Prudhoe Bay Field operations, another function of the
Atlantic Richfield operated Field Fuel Gas Unit is to provide gas fuel for
the Alyeska trans-Alaska pipeline pump stations 1, 2, 3, and 4. Atlantic
Richfield estimates a total of 100 MMcf/d of fuel gas will ke required to be
processed by the Field Fuel Gas Unit. (Atlantic Richfield company, Prudhoe
Bay Field, Central Compressor Plant and Field Fuel Gas Unit - November 14,
1974)

The gas consumed as fuel for field operations represents significant
volumes of produced gas, is part of the total gas reserves, and will not be
available for transport in the Applicant!s gas pzpellne.

Local generators supply electricity to the village of Raktovik and
Prudhoe Bay facilities; there is no regicnal power grid. :

1.1.1.3 Facilities

Pipeline Description

AAGPC states that the line pipe will be fabricated in accordance with
its specifications to meet or exceed the requirements of: (1) the American
Petroleum Institute Specification for High-Test Line Pipe (API Sec. 5 LX),
Nineteenth Edition, and/or (2} the American Petroleum Institute
Specification for Spiral-Weld Pipe (API Spec. 5 LS), Seventh Edition- (RAGPC,
1974b, Exhibit G-II, p. 33).

The details of the proposed 194.8 miles (314 km) of line pipe to be
installed are that the pipe will have a 48-inch (122 cm) outside diameter,
an 0.8000~inch thick wall, minimum vield strength of 70,000 pounds per
square inch (psi), with a maximum operating pressure of 1,680 pounds per
square inch gage (psig). Ultimate tensile strength will be 82,000 psi or
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10,000 psi plus the actual yield strength, whichever is greater. The buried
pipe will be designed to withstand temperatures of ~10¢F (-23°C). ’

The pipeline will be buried except for short portions at the compressor
station sites. The aboveground portions of the pipeline. are necessary for
launching and receiving mechanisms for periodic cleaning with "pigs®
{specially designed devices for cleaning pipeline) and testing of the
system. This pipe will have a wall thickness of 1.034 inches.

The Applicant proposes to use conventional buried construction mode .
design. The ditch generally will be 6 to 7 feet (2 m) wide and about 7 feet
deep, with the top of the pipe a minimum of 2.5 feet (0.8 m) below the
original ground surface, The ditchline will be backfilled with excess spoil
and shaped to a crown or backfill mound above the preconstruction grade
along the pipeline centerline. At all rjver crossings, the pipeline will be
buried below the scour depth of the riverbed, and either bolt-on weights or
a continuous coating will be used. to resist buoyancy. Therefore,.the ditch
{at river crossings) will be somewhat wider and deeper than 6 by 7 feet.

The dimensions of the ditch at river crossings are not known and the
Applicant has not provided data sufficient to make these determinations.

Loops_and_Laterals Description

No pipeline looping has been proposed. The Applicant indicates,
however, that the proposed system would ericourage additional development of
oil and gas in northern Alaska. The proposed AAGPC system has an ultimate
capacity of 4.5 befsd and is expected to operate at full capacity. Looping
of the proposed AAGPC system would permit quantltles larger than 4.5 bcfrd
to be transported.

Description of Compressor Station Sites
" and Ancillary Facilities

Compressor Station Sites

A compressor station site (Figure 1.1.1.3-1) will be constructed on a
15~acre, 5-foot (2 m) thick gravel pad, placed directly on the undisturbed
organic layer or on insulating materials. The pads will be used as
construction campsites and as operation and maintenance centers for the
pipeline during its initial operation (first 2 to 5 years). Included will
be: a) liquid fuel storage {(unspecified construction or dimension; b)
equipment storage; c¢) garage and repair facilities; d) living quarters
{construction camp and operation/repair personnel; e) water storage; f)
sewage treatment facilities; g) incinerator building; and h) open storage
areas for equipment, srare pipe, and varlous materials.

After construction is completed and before compressors are installeqd,
the stations will be unmanned except for periodic use by inspection and
maintenance crews. The living quarters, which will be built. and maintained
at the sites, each will accommodate 30 people.

Each station will have electric generation facilities located in the
water storage building. The turbine-generator will be dual—fuel-powered in
the 250- +to 300-KW capacity range., Natural gas will be the primary fuel
and in case of an emergency, the generator equlpment will switch
automatically to liquid fuel. ;
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The heating systems at each site will be dual-fueled, with natural gas
as the primary fuel and liquid fuel as the secondary. Safety, fire-
detection, and fire-extinguishing devices will be provided.

Various materials and equipment needed for the cperation, maintenance,
and repair of the proposed pipeline system will be stored at the four
compressor station sites.

The development of future comgressor sites is described in 1.1.1.8.

Ancillary Facilities

As proposed, all permanent ancillary (support) facilities are to be
constructed on gravel pads akout 5 feet thick, placed directly on the
undisturbed .organic layer to maintain the integrity of the permafrost.
Where required, a layer of insulating material may be placed between the.
original surface and the pad.

Each of the three port sites wall be provxded with a wharf, large

material storage area, equipment storage area, camp area, fuel storage area,
and associated facilities (Figures 1.1.1.2«1 and 2).

‘ Most of the material and equipment are to be shipped to stockpile sites
at Prudhoe, Camden, and Demarcation Bays by barge in the summer and
transported from these three port areas to the required locations over snow
or ice roads during winter.

A microﬁave communication system of five primary and four repeater
sites will be used for long-distance communication along the pipeline route.
The five primary communication sites sach will be equipped with a guyed
antenna tower, from 140 to 280 feet (43.6 to 85 m) .in height, and a small,
equipment~storage building. Access from the compressor pad to the tower
will be via a permanent roadway. Electric power will be provided by on-site
generators. The repeater site design will be similar to the primary, and
will have emergency living facilities of unspecified size. Access to
repeater sites will be by helicopter.

The six, new. 2,400-foot (732 m) long, gravel airstrips are intended to
serve only STOL (short take-off and landing) aircraft. Each airstrip will
have a small buxldxng, fuel-~storage facilities, nonglare runway-indicating
lights, floodlights in the area of the building and fuel tanks, a wind
indicator, and other support facilities required for safe operation of
aircraft. The entire facility will be fenced. Electric power will be
provided by onsite generators. -

The 14 helipads will be provided with nonglare 1ndzcat1ng lights,
floodiights, and wind socks. -

The Applicant states that all fuel will be stored in a specifically
established area. Bladder tanks will be used to store up to 47,250 gallons
(178,860 liters) of fuel. - For larger amounts, steel tanks with up to
157,500-gallon (596,202~liter) capacity will be used. all tanks will be
surrounded by impermeable dikes., The Applicant has not indicated the type
of fuel or where it will be stored.

Field offices will be constructed on State~owned land at an unspecified
location in the Prudhoe Bay area. Here, a permanent staff of 39 people
required for operation, surveillance, and maintenance activities will be
housed. Facilities include housing, office space, repair shop, maintenance
and equipment storage, utilities and service building, aboveground diesel
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fuel storage tank, underground storage tank for gasoline and pumps, graveled
storage area, vehicle parking area with electrical outlets, and unspecified
ancillary facilities.

Permanent roads. will be constructed between the airstrips and the sites
they serveé. Generally, these roads will have two traffic lanes and will be
about 30 feet (9 my wide. They will have gravel surfaces constructed over
gravel pads.

The AAGPC program for construction in Alaska is predicated on winter
construction using sneow roads. The Applicant states that the basic .
principles for successful snow road construction are: (1} do not level off
or disturb the tundra; (2} build up an adequate layer of compacted~-
conscolidated snow over the frozen tundra before subjecting it to traffic;
(3) adequately and constantly maintain the snow road during use; and (4)
cease traffic as soon as the surface starts to soften in the early breakup
period.

A successful snow road requires constant maintenance. Oonce
construction ¢f a snow road starts, the normal drifting effect on the North
Slore provides snow for maintenance. Maintenance consists of continual
dragging and grading with rrompt repair of weak spots by filling and
consoclidating with water. 7To augment snow during the early season, if
necessary, Applicant will use snow-making methods proven in ski areas and in
northern Canada at low temperatures.

Snow fences will be installed at times planned to avoid interference
with caribou movements. They are required in early fall to trap the first
snows. Their placement is not continucus and is generally parallel to
caribou movements.

Snow/ice roads will be approximately 30 feet (9 m) wide and will have
two traffic lanes. Snow/ice roads will be located as follows: (a) along the
right-of-way; (&) between Camden Bay and Demarcation Bay material stockpile
sites and the pipeline right~-of-way; and (¢) between the stockpile and
maintenance station sites and their respective borrow areas.

The locations of the preferred borrow areas havé been shown in Figures
1.1.1.2-1 and ~2. Access will be by snow/;ce roads.

cost of Facilities

The Applicant estimates that the initial facilities will cost
approximately $495.9 milliocn at 1974 cost levels (AAGPC, 1974c, Dec. 30,
1974 - appendix K). These costs are shown in Table 1.1.1.3-1. Pipeline
facilities are estimated to cost $362.7 million or 73 percent of the total
costs. The estimated costs of other pipeline system facilities are also
shown in Table 1.1.1.3-1.

It is emphasized that the initial operating phase of the pipeline
system proposed by AAGPC does not include compressor stations in Alaska.
Therefore, the throughput of the system will initially be limited to a
maximum of 2.25 bcfs/d. Constxuction of four compressor stations in Alaska
will not take place until 2 to 5 years after the initial system is
operational. The added cost of compressor statLOns in the time permod of
1982 to 1985 is unknown at this time.

In addition to the capital cost associated with the 208,300 tons of 48-
inch steel pipeline and related permanent facilities, the Applicant will
require the following equipment during the construction period: a) 30
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Tabie 1.1.1.3-1 Alaska Arctic Gas Pipeline Company construction cost estimates for

total facilities

Engineering Format
Calendar Years Un-
escalated from 1974

Costs by Calendar Year+ " Total
Description : ($000) ' in service
1976 1977 1978 1979 1980 1980
Land
Pipeline 2,907 31,963 | 107,563 {121,973 | 98,297 | 362,703
Compressor Stations
(None required)
Ancillary Facilities 4,919 4,504 11,421 | 14,437 5,583 40,864
Measuring Station 288 1,733 1,452 3,473
Operations & Maintenance 23 1,135 6,801 8,538 16,497
Facilities .
Communications Facilities 820 946 | 2,679 | 2,626 374 | 7,445
Sub~total direct costs 8,646 37,436 | 123,086 |147,570 |114,244 | 430,982
Pre Permit Costs 10,000 10,000
Operations Prior to Ser- 3,433 3,393 3,563 3,258 1,441 15,088
vice
Engineering 519 2,246 7,385 8,854 6,855 25,859
Contingencles 281 1,216 4,001 4,796 3,713 14,007
TOTAL COSTS 22,879 44,291 | 138,035 {164,478 {126,253 | 495,936

(Excludes Allowance for
funds used during con- -
structioq)’

*Source: AAGPC, Dec. 30, 1974 (appendix K)
+Winter construction period involves portions of 2 calendar years
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crawlers, 100-200 hp; b) 100 crawlers, over 200 hp; c) 50 pipelayers; 4) 100
units major earth-moving and excavating eguipment; e} 110 units compressor
drills, etc.; f) 195 units welding equipment (less if automatic egquipment is
available) ; g) 6 pipe benders; h) 9 crushing units; i) 21 speciality items
such as line-up clamps, cleaning and coating machines, backfill augers,
compactors, etc.; j) 110 tractor-trucks with float, lowboy, tanker, van and
pipe hauler trailers; k) 120 trucks, 5~16 ton class; 1) 240 trucks, 1/2-to-
5-ton class; m) 47,000 tons fuel and lubricants for eguipment; n) 1,800 tons
repair and replacement parts; o) 275 tons welding supplies; p) 850 tons
explosives; gq) 445 tons fertilizers and seed for revegetation; r) 2,100 tons
food for construction workers; s) 17,500 tons cement and reinforcing steel;
t) 6,000 tons methanol; and u) 125 tons lumber.

The Applicant proposes to transport most of its supplies to the port
sites at Prudhoe, Camden, and Demarcation Bays during the 6-week summer
navigation season. Primary movement of these supplies is intended to be
through Canada via the Mackenzie River to the Beaufort Sea and then westward
along the Arctic Coast. A significant number of marine vessels will be
involved. Aircraft, both fixed-wing and helicopter, will be required for
the transportation of reople.

1.1. 1.4 Land Requirements

The Applicant's proposed activities during construction will disturb
approximately 4,631 acres, Approximately 3,233 acres lie within the Axctic
National Wildlife Range [ principally in a 133-mile~ (214 km) long strip, the
full east-west distance of the Wildlife Range] between the Arctic Foothills
and the Beaufort Sea. The specific land uses for the proposal are tabulated
below: ;

Right~of-Way

Construction Right-of~Way (as applied for)

Facility Land Length Width Acreage
Pipeline State 61.8 miles 120 £t 898.91 ac
(99.5 km)
Federal 133.2 miles 120 ft 1,938.34 ac
{214.3 km)
Alaska total 195.0 miles 2,837.25 ac
{313.8 km) .

No Native or private'lands are involved.

Permanent Right-of-Way

Public Law 93-153, Title I, Section 101 amends the Mineral lLeasing Act
of 1920 to read in 28 {(d) as follows:

n(d) The width of a right-of-way shall not exceed fifty feet
plus the ground occupied by the pipeline (that is, the pipe and
its related facilities) unless the Secretary or agency head
finds, and records the reasons for his finding, that in his
judgment a wider right-of-way is necessary for operation and
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.maintenance after construction, or to protect the environment or
public safety. Relatéd facilities include..." (P.L 93-153)

Fina;’detérminationfhas.not been made at this time concerning what
related facilities will be included in the final right-of-way grant.
Existing Rights-of-Way to be Utilized

No right-of-way exists that could be utilized.

Plant, Maintenance, and Ancillary Facilities Site Acreage

\
The information below is a summary of uses that are shown in more
detail in Table 1.1.1.4-1. Facilities listed are outside the 120-foot
construction right-of-way. For locations, see Figures 1.1.1.2-1 and ~2.

Related Land Areas Affected

S o e e e S e S i A o, e

Two road segments would be affected by hauling equipment and supplies
for this proposed project: the North Slope haul road, built by Alyeska,
which may become a State highway and the local private service roads in the
Prudhoe Bay area.,

Housing

The only existing housing near the proposed AAGPC pipeline is in
construction, exploration, and development camps and at Prudhoe Bay on lands
leased from the State of Alaska. These facilities have been built and are
operated by oil and gas companies developing the Prudhoe Bay Field. Use of
these facilities would continue to be similar to that during construction of
the trans-Alaska 0il pipeline. .

Housing in Fairbanks and Anchorage will be affected as long as the
construction of the proposed project keeps large numbers of people in

Alaska.
Airstrips
Existing major aircraft facilities at Deadhorse and Prudhoe Bay would
continue to be used heavily as long as large volumes of supplies and numbers
of constructien weorkers need to be transported.
Fairbanks and Anchprage airfields would also receive heavy use during
peak construction periods.’ ;

1e1.1.5 Schedule

Duration and Phasing of Progject Construction

A

The Applicant's proposed construction plan (see Table 1.1.1.5-1) calls
for the pipeline to be ready to receive the first natural gas for transport
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Table 1.1.1.4-1 Plant, maintenance, and ancillary facllities site acreage

* £
Landowner Facilities No, of Perman, No. of Témporary‘
sites {acres) sites {acres):

State of Meter station 1 2.41

Alaska - Compressor 1 31.00
Station sites
Communications Sites 2 11.00
Airstrips 1 100.00
Roads (50' or wider) . 1 2.76/0.2 mi. 1 3.00/0.5 mi.
Trails (33' wide) 0 3 34.00/8.5 mi.
Helipads ~ Included in acreage for communication sites
Borrow pits 0 7 280.00
Staging sites 1 - 30.00

(existing)
Other operation 1 6.84
Malnt‘ site - i = —
STATE OF ALASKA SUBTOTAL 8 184,01 11 317.00
o Federal Meter station 0

Compressor 3 93.00

Station sites

Communication Sites 3 16.50

Airstrips 5 500.00

Roads (50' or wider) 5 30.00/2.06 mi. 10 187,70/30.5 mi,
Trails (33' wide) 48.10/11,0 mi.
Helipads - Included in acreages for communication sites )

<

Borrow pits 9 360.00

Staging sites 2 60.00

Other

FEDERAIL SUBTOTAL 18 699.50 19 595.80
GRAND TOTALS (STATE AND FEDERAL) gg 833.51 30 909.80

*/ Permanent heréin is assumed to mean lands the Applicant will
require throughout the operatlon and malntenance phases of
the proposed project.

t/ Temporary herein is assumed to mean lands.that Applicant
will utilize durlng the preconstruction and construction
phases.




Table 1.1.1.5-1 Proposed construction schedule, AAGPC pipeline system *

Summer 1976\6/ - Prudhoe Bay, Camden Bay, and Demarcation Bay:
Material and equipment moved into these three
stockpile sites during summer shipping season.
Develop flood plain borrow  areas.

Summer 1977 - Prudhoe Bay, Camden Bay, and Demarcation Bay:
Stockpile site construction completed.

Continue to develop flood plain borrow areas.

Winter 1977 - Compressor station sites CA-02 and CA—04;

1978 Station pads, airstrips, and roads under
construction.

Summer 1978 - Compressﬁr station sites CA-02 and1CA-04:

Station pads, airstrips, and roads completed.
Continue to develop flood plain borrow areas.
Winter 1978 - Compressor station sites CA-01 and CA-03:
1270 Station pads, airstrips, and roads uﬁder
construction, Meter station under construction.
Pipeline ditching and pipe laying.
Summer 1979 - Coﬁpressor station sites CA-01 and CA-03:
Meter station, station pads, airstrips, and’
- ' ‘roads completed. Field operating headquérters

at Prudhoe Bay completed. Restore borrow areas.

©-% - AAGPC, 1974a, 1II, Fig. II.F-1
\/ - Based upon application as filed. On November 15, 1974, the

.Applicant announced that all dates were moved to one year
later. This was reconfirmed on Pebruary 5, 1875. '
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by May following the third winter (November through April) of the overall
project schedule.

The Applicant is confident the construction schedule can be met. The
proposed plan calls for phased completion over the entire 3-year period for
material/equipment distribution, port site construction, compressor station
site construction and, finally, the actual pipeline construction. The
proposed schedule begins the first summer after the project is approved, and
ends the third winter. A single winter period is allocated for actual
ditching, installation,, testing, and charging of the buried pipe along the
195-mile route. The Applicant has concluded that a single winter season is
judged ample time to complete the pipe installation portion of the project.

The proposal specifies that all heavy construction activities will be
conducted during winter (November through April). But the following !
associated ‘construction activities will not be limited to the winter period:
borrow operations on active flood plains; construction survey; receive
material at port and stockpile sites; double jointing of pipe; snow/ice
roads; mobilization for pipeline construction; clean ‘up after pipeline
construction; and restoration and revegetation after pipeline construction.

To facilitate understanding of the proposed construction schedule, the
Applicant discusses the plan in terms of three 65-mile "spreads," indicating
the three individual concurrent construction programs along the 195-mile
- pipeline route. The Applicant's bar graphs of the proposed three
construction spreads illustrate the time schedule of the various
construction activities. These three graphs. are presented as Figures
1.1.1.5-1, ~2, and -3. AAGPC states that borrow operations will be
conducted on active flood plains during the summer and early winter. Depth
of borrow pits will ncot exceed the natural depth of the stream bottom.

Figure 1.1.1.5-4 shows the relationship between the various proposed
construction activities and the resulting proposed pipeline system.

Dates shown on the proposed schedules are those submitted by the
Applicant in March, 1974. On November 15, 1974, the Applicant announced the
dates (1976~1979) shown on the schedule ",..now seem optimistic and its
planning is now based upon a schedule which moves all dates to one year
later.t The Applicant!s schedule is based upon a serjes of assumptions
including: (1) time of year authorization is received to start construction,
{(2) availability of pipe and materials, (3} availability of construction
equipment, and (4) availability of construction personnel.

Proposed Future Construction

The Applicant proposes to operate the pipeline without compressor plant
facilities in Alaska until the transport gas volume rate exceeds 2.25 bcfrsd.
At that time, the Applicant proposes to construct compressor-chillexr stations
at each of the four station sites identified as ca-01, -02, -03, and ~04 to
increase the transport gas volume to 4,50 bcfrd.

The Applicant estimates that construction of the four compressor
stations in Alaska will take place as early as 2 years or as late as 5 years
after initial gas transport begins. Development of additional gas reserves
will be keyed to the decision.

No specific construction schedule for plant facilities is contained in
AAGPC's applications. The Applicant does state, however, that the materials
and heavy equipment for the construction of future compressor stations will
be transported to the sites over snow and{or ice roads during winter.
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Figure 1.1.1.5~4 Schematic diagram of gas pipeline system



Airplanes and helicopters will also be utilized for transporting
construction workers and some lighter items.

‘It should be noted that the Applicant addresses the possibility of
achieving further increased gas volume transport capacity by "looping," a
term generally defined as laying a separate pipeline parallel to-the
existing pipeline. <This, in turn, would be considered only if the daily
transport volume in excess of the stated 4.50 bcfs/d were sufficient to
justify the cost. The Applicant does not view the possibility of "looping"
with the certainty that it places on the future construction of the four
compressor stations, In its application, AAGPC provides no specific
construction schedule for future "looping."

1.1.1.6 Construction Procedures

Activities Prior to Pipeline Construction

Summer Activities

Summexr activities rroposed by the Applicant are the following: a}
surveying--conventional survey methods will be used to stake the boundaries
of the pipeline right-of-way, comgressor station sites, airstrips, borrow
areas, and wharves, etc. Due to the topography and landscape, no clearing
will be required. Survey personnel will be helicopter supported. b}
double-ending (welding joints of pipe together at the pipe storage yards);
c) construction of port areas; d) extraction and storage of sand and gravel;
and e} barging material to the Prudhoe Bay port site and to the proposed
port sites at Camden and Demarcation Bays.

Winter Activities

Winter activities proposed by the Applicant are to construct snow/ice
roads to provide access to rights~of-way, borrow pits, stockpile sites, and
wharves, and to provide traffic lanes for construction traffic along the
working side of the pipeline right-qf-way.

The Applicant proposes to commence snow road construction in October

with low ground pressure vehicles. Provision will be made for erecting snow .

fencing at the start of the snow season, as needed, to augment snow
collection and manufacture. At this time of the winter season, water demand
i1s at its greatest; the Applicant states that most lakes and rivers would
not be frozen to the bottom and the water supply would be readily available.
In addition, there is the possibility of water being available from .
subsurface aguifers in some of the rivers.

The proposed pipeline traverses well north of Shublik Springs (40
miles) and the Applicant has stated that it will not, under any conditions,
take water from this location for its needs.

AAGPC does not plan to indiscriminately withdraw water from fish over-
wintering areas. Water will be withdrawn from such areas only if it is
determined that the fish population can withstand the removal of a specified
amount of water. Studies in this regard are presently underway.

snow roads will be of two general types: High volume access roads and
the traffic lane on the pipeline right~of-way; and the working surface along
the pipeline ditch (see Figure 1.1.1.6-1). The first will be wide enough
for two lanes of traffic [approximately 32 feet, (9.8 m) J; the other will be

29 ’




o€

PACKED SNOW

STRIPPED
TUNDRA

(WHERE APPLICABLE)

WORKING LANE

= -
S
’2"&'%%'2

PACKED SNOW

SNOW ROAD SURFACE

Figure 1.1.1.6-1 Cross

section configuratibn of right-of-way




less dense and smooth, since it will be used as a working pad by slow-moving
construction equipment.

If not enough snow is available, or if processing and compaction do not
produce a hard enough surface, water will be added tc form an ice-cap about
5 inches (12.7 cm) deep in the snow surface. Snow/ice roads will be
maintained by adding snow or water or both to rutted or broken areas.

Borrow Areas

The Applicant has identified primary and secondary materlal sites (see
Figures 1.1.1.2=1 and 2) from which he proposes to acquire 3.1 million cubic
yards of granular material. Of this, 2.4 millidén cubic yards will be used
to construct the compressor station pads, airstrips, helipads, wharves,
concrete aggregate, permanent roads, and communication sites; 0.7 million
cubic yards will ke used as select backfill material in the pipe trench.
Conventional construction techniques for the excavation, removal, hauling,
and placement of borrow material have been proposed by the Appllcant. in
addition, the Applicant states that siltation due to borrow operations in
active flood plains is not expected to cccur owing to special design
criteria which have keen developed; for example, a berm will be constructed
around the entire borrow pit, thereby preventing any silt from reaching the
actively flowing watercourse. AAGPC does not plan to remove gravel from any
areas where flowing water is present. Also, these areas will be revegetated
upon closure of the pit.

The Applicant is aware of the importance of the barrier beaches to the
ecology of the Beaufort Sea coast. The Applicant has no intention of using
gravels from the karrier beaches, and every emphasis will be placed on the
protection of these features along the coast.

camps

Camps will be of various sizes and configurations but all will be self-
sufficient, with appropriate sanitary waste and water treatment facilities,
electric generators, heat systems with operating characteristics suitable
for the arctic conditions.

Small camps (10-50 men) will use module camp units designed to be
transported by helicopter, low ground~gressure vehlcles, or sleds. These
camps will generally be at one location for perlods ranging from & single
day to several months. The camps will support preconstruction activities
such as surveying, materials testing, soils exploration, environmental
research, and will receive initial material and equipment shipments. They
will be served by helicorter, barge, or surface vehicles.

The Applicant proposes to operate small camps at Prudhoe, Camden, ahd
Demarcation Bays, prior to installation of the pipeline. The time of year
and approximate duration of occupancy are as indicated in Table 1.1.1.6-1.

Intermediate camps (50-200 men} will be composed of prefabricated
module units placed on granular pads. They will be used during construction
of compressor station sites, wharves, access roads, airstrips, and granular
pads. Intermediate sized camps eventually will be expanded to form camps
for major construction activities. They will be served by barge, permanent
roads where available, snow or ice roads, helicopters or fixed-wing
aircraft. ‘
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Table 1.1,1.6-1 Period of use and location of small camps

" Location. Season Approximate duration

Prudhoe Bay Summer 1977 4 weeks
Summer 1978 4 weeks

Winter 1978-79 6 weéeks

CA-01 Winter 1978-79 4 weeks
CA-02 Winter 1977-78 8 weeks
Camden Bay Winter 1976-77 6 weeks
: Summer 1977 4 weeks
Winter 1977-78 3 weeks

Summer 1978 4 weeks

CA~03 Winter 1978~79 11 weeks
CA-04 ' ' .Winter 1977-78 13 weeks
Demarcation Bay Winter 1976-77 10 weeks
Summer 1977 4 weeks

Summer 1978 4 weeks

- Note: Dates shown are one year earlier than now anticipated.
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Large camps (500-800 men) will be located either on major unloading
sites or on ccmpressor station sites. Actual size of these camps will vary,
depending on the functions being acccmmodated at any given time. These
camps will be used dquring mainline construction.

Fuel.Stdrage'

Fuel types include natural gas, diesel fuel, gasoline, aviation fuel,
heating o0il, and rropane.

The Applicant proposes to store the fuel (diesel fuel, gasoline,
aviation fuel, propane) supply required for construction activities at -
ports, compressor station sites, or at campsites. Each fuel storage site
will have a specific area for storage tanks with impermeable dlkes around
them.

small volumes of liquid fuel will ke stored in bladder tanks (up to
1,500 bbl capacity). For larger amounts, steel tanks (up to 5,000-bbl .
capacity) may be used instead of, or with, bladder tanks. The final
selection of tank type will depend on: volume of storage; available land;
length of storage time; foundation conditions; costs of moving tanks; and
whether tanks will be retained for permanent operations and maintenance.

Propane fuel will be stored in cylindrical pressure vessels
(approximately 900-gallon capacity).
Stations

Metal-clad, insulated, prefabricated buildings will house major
pipeline components. The Applicant proroses to design and erect permanent
buildings that blend with the landscape. No procedures or techniques for
design or color criteria have been identified. .

Mainline Construction Procedures

Pipelines are constructed in segments (sometimes called spreads). Three
65-mile segments are proposed by the Arrlicant. During mainline
construction, large camps (500 to 800 men) will be located at compressor
station sites. The Applicant proposes to construct the mainline in one . -
winter construction season; therefore, the below listed aspects of
pipelaying will occur along the entire route during wintertime.

Righf—of—Way Grading

Right-of-way grading is required tc provide a safe working surface.
Sideslopes exceeding 39 will require a combination of cutting or filling
techniques to provide a working surface, The cutting technique .can cause -
permafrost degradation; therefore, the Applicant proposes to primarily.
utilize the fill technique. Fill material will be compacted snow - N -
supplemented with water to provide sufficient density to carry constructlon o
traffic. A secondary source of fill material proposed by the: Appllcant 1s S
ditch spoil or borrow materials placed over a snow or 1ce layer. : S
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Stringing Pipe

buring stringing, distribution of individual pipe joints along the
right-of-way, the pipe will be transported on the graded right-of-way by
trucks, all-terrain vehicles, or tracked vehicles. Transportation from the
pipe storage yard port facilities will be over snow/ice roads.

Bending

Bending will be performed in the field utilizing the cold stretch
method with conventional bending machines. Pipe will be bent as required to
fit the contours of the ditch bottom.

Ditch Excavation

Ditch excavation is to be done with wheel-type equipment designed for
the Arctic. This type ditching methad has not proved effective and
additional testing is required on new ditcher components. Recent tests of
special heavy-duty teeth, made from alloys never before used in teeth, show
encouraging success. Ditching machines used in these tests were new
generation prototype machines weighing approximately 200,000 pounds and
having total power of approximately 1,110 hp. These tests have been
conducted in frozen ground in northern Manitoba, Canada, and also in digging
hard shales in Alberta, Canada.

Further development of new teeth is being carried on to arrive at
equipment which will have greater productivity in excavating permafrost.
Manufacturers involved 'in tooth development are based in the United States,
Canada, and Sweden. To take full advantage of this new capability, AAGPC
has invited bids on an even larger, more powerful ditching machine
prototype. This machine weighs approximately 350,000 pounds and has a total
power of approximately 3,500 to 4,000 horsepower. In areas where wheel
ditchers cannot be used, some comblnatlon of blasting, ripping, and
backhoeing will be used for approximately 20 percent of the 195-mile segment
in Alaska. The ditch will be excavated to a 6-foot minimum width and to a
depth to allow 30 inches of cover. The Applicant proposed to remove and
stockplle the tundra and replace it cn top of the backfill mound.

Welding

The Applicant does not indicate the specific welding process to be used
but proposes to use a combination of state-of-the~art procedures that will
meet the requirements of the welding specifications. The Applicant proposes
to conduct welding procedure tests under adverse temperature and weather
conditions to establish detailed welding procedures for such matters as
preheating, use of particular types of filler metals, electrical setting of
welding machines, operating precautions {e.g., line-up and protection from
the elements), sequencing of weld beads, safety and fire precautions, and
clean up.

The Applicant states that all welds will be subjected to both visual
and nondestructive testing, utilizing radiographic and/or ultrasonic
techniques. Specific procedures for repair of welds containing defects have
not been estaklished.
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Coating and Wrapping

The Applicant states that external coating and wrapping will be applied
as part of the corrosion control program. Two basic and industry standard
coating systems are described by the Applicant, either of which may be used
on different sections of the pipeline. One technique is to apply a
continuous polyethylene tape to the pipe suspended over the ditch with an
unbonded outerwrap of polyethylene rockshield. The alterpative coating
system is to use pipe precoated with a fusion-bond epoxy and then field coat
the girth welds with either polyethylene tape, shrink sleeves, or direct
application of epoxy material equivalent to the precoat. Integrity of the
coating will ke checked using full encirclement holiday detectors. When
concrete weighting (installed to control buoyancy) is used, the line will be
coated with doukle thickness tape and an outer shieid. All unbonded
outerwrap will be taped down at the start of each roll and at suitable
intervals.

I
The surfaces of valves and other irregularly shaped fittings which are
not pre-cecated will be coated with conformable polyethylene tape or other
coating material which c¢an be adapted to the irregular surface to give full
coverage and a good bond. Mainline valves will be shop coated.

Lowering—-in

Generally, lowering-in of the pipe will be conducted simultaneously
with coating and wrapping. Prior to lowering-in, the ditch will be cleared
of debris, drifted snow, and ice. The Applicant states that if an otherwise
smooth ditch bottom cannot be completely cleaned, a 6~inch (15.2«cm) layer
of bedding material will be placed in the ditch bottom. The pipe will be
lowered into the ditch using side-bocm tractors equipped with rubber-tired
cradies and/or sllngs and belts to prevent damage to the pipe coating. The
pipe, when laid in the gditch, will conform to the bottom of the ditch so
that it will be uniformly supported.

. Tie-in

Girth welding will connect welded pipe sections. Sections will vary
from a few hundred feet to several thousand feet in length depending on the
number of bends in the section, river crossings, and valve installations.

No special procedures are proposed for cutting, aligning, and welding
pipe ends.

Buoyancy Control

The Applicant recognizes that at scme places the pipeline will be
partially or fully submerged in water or a soil-water slurry medium. In
such areas, the buried pipeline will be subjected to buoyant forces.
Specific location of these areas is unknown at this time.

Methods for buoyancy control being considered by the Applicant include:
a) deeper burial. b} continuous concrete coating at such locations as major
river crossings, certain minor river crossings, and predetermined areas
having high water tables. <¢) bolt-on river weights on small water course
crossings. Rockshield or two layers of outerwrap will be placed under all
weights. The pipe between bolt-on weights will be protected with wooden
lagging and slats held in glace by metal banding. d) saddle weights in
other wet areas, such as muskeg, where weighting is required. The pipe will
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be coated and protected as described for bolt-on weights. e) pipe anchors
in lieu of river cr saddle weights, in areas where underlying soil or rock
will maintain anchorage. Grouted, expanding, and frost type anchors will be
used; and f) selected granular backfill where the pipe trench walls are of
material sufficiently stable to resist lateral yielding.

Backfill

wWhere rock, gravel, frozen fill, or other material in the trench might
damage the pipe, cne or both of the following will be used to protect the
pipe: a) a minimum of 6 inches of selected processed spoil or borrow around
the pipe; or b) rockshield. ‘

According to the Applicant, remaining backfill will be placed in a
crown over the ditch centerline to compensate for settlement, with openings
in the completed crown to permit lateral surface drainage.

The Applicant indicates that some native backfill potentially is
unsuitable and will be disposed of at unspecified locations. An estimated
700,000 cubic yards of select borrow will ke needed to replace unsuitable
native backfill and for: a) backfill at bends; b) drainage, erosion, and
buoyancy control; c¢) areas of potential frost heaving and settlement; d)
areas of potential seismic activity; and e) grade restoration.

Where the tundra surface has been removed before pipeline construction,
it will be stockpiled and subsequently rlaced on the surface of the
backfilled crown of the pipeline ditch to assist the revegetation process.

Cathodic Protection

The cathodic protectign system will be comprised of an impressed
direct-current source and ground-bed anodes at or near each maintenance
station, test leads at approximately 1-mile intervals, and galvanic anodes
where specifically required. The type of ground-bed construction to be used
will depend uron the conditions at each site, determined by detailed
testing. Cable trenches will be 24 to 30 inches (61 to 76.2 cm) deep and up
to 2 feet (0.6 m) wide. The Applicant proposes to- have a cathodic
protection system operational as soon as practicable after construction of
the pipeline section.

The Applicant has not determined the exact location and type of
cathodic protection system to be used. This information is usually
developed as part of the detailed engineering design which depends upon such
things as exact soil information on areas immediately adjacent to the buried
pipeline. The Aprplicant states that tests have been performed which
determined that buried structures can be successfully cathodically protected
in permafrost; a descripticn of the tests and the results was not submitted
for analysis.

Adherence to the Federal Regqulation (DOT, 49 CFR, Part 192) covering
cathodic protection systems will generally insure adequate pipeline
protection. Such regulations are minimum standards, however, emphasizing
monitoring test requirements and providing no design information. Most gas
transmission companies conduct quarterly surveys.
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Block vValves and Scraper Traps

The Applicant states that scraper trap and block valve assemblies will
be pre-assembled if transportation and handling arrangements permit.

Installation will be carried out as follows: a) the pipe trenches 1
widened to allow space for installation of foundations and below-grade pipe
work; b) foundations installed; c) pipe and fittings welded into place, and
the assembly tied into the mainline; and d) backfilling and restoration
completed.

Revegetation ——

The Applicant proposes to provide the initial plant cover on disturbed
portions of the right-of-way, borrow areas, and haul roads by seeding during
the first spring after disturbance. As the backfill crown settles and
compacts, the Applicant rroposes to reseed during the fall of the first
post-construction year. Fertilization is planned at the time of seeding '/
followed with a light maintenance fertilization in the spring of the second
or third year.

The Applicant proposes to do some stripping so that native sod can be
replaced in disturbed areas. There is, however, no specific plan to
accomplish stripping nor has the Applicant .indicated how much, if any, of
the route in Alaska can be stripped.

Cleanup

The Applicant proposes to collect and return surplus construction
material to the original construction stockpile points or to other storage
" areas. All waste construction material will be removed. Combustible waste
will be burned; other material will be buried on the right-~of-way, at
stations or other facility sites, or at abandoned borrow pits. All buried
material will be covered with at least 24 inches of fill. '

Testing_ Procedures

The Applicant states that field testing will be of the hydrostatic
proof pressure type. The procedures will be conducted according to detailed
specifications which will ke developed prior to start of the testing program
in conformance with applicable codes. Proof pressure testing of a line
segment would be conducted after construction and backfilling of the
segment. No gas testing or warm water testing is planned; instead, a
solution of water containing methanol as a freeze depressant is currently
being considered. The Applicant proposes to use a 26 percent concentration -
of methanol. This solution of methanol and water was selected on the basis
of a minimum expected subsurface temperature of 0°F (-17.89C).

In the relatively flat terrain, test section lengths of 3 miles (4.8
km) are planned by the Applicant. The test fluid would be mixed before
entering the first test section and moved from section to section as
construction proceeds. Reserve fluid for about 2 miles (3.2 km) of pipeline
will be prepared. Approximately 55,600 karrels of solution are needed to
£fill 5 miles (8.1 km) of 48-inch (122-cm) pipe.

The Applicant indicates that if test medium containing methanol is
accidentally spilled, it will be allowed to pond; then, suction pumps will
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be used to recover as much of the spill as practicable. The recovered fluid
will be stored in kladder-type storage tanks.

After completion of a test and transfer of fluid from the section,
methanol will be used to dehydrate the gipeline. Finally, the menthol test
solution will be distilled after use and the resulting residue spread over
land surfaces.

Operations relating to leakage determination, and activities relating
to safe operations involving the handling and use of methanol have not been
discussed by the Applicant within the hydrotest section.

’

Work Force
Numker

During the construction phase, the Applicant states..."direct
employment on pipeline related construction is planned to total 115 jobs in
1976 and 500 in 1977 in Alaska.!" During the 1978-1979 winter season..." at
the time of peak employment, the Applicant will require approximately 2,400
direct pipeline wcrkers. These jobs are expected to create approximately
3,600 additional second hand and indirect jobs."

The Applicant proposes to follow all local, State, and Federal health
and safety requirements. Construction safety will be an important segment
of the general training program. Construction workers who are not familiar
with arctic survival techniques will be given instruction, with emphasis on
the minimum requiremerits under the severest conditions. They will be given
information and guidance on the preferred types of wearing apparel available
when working cn arctic projects. The Apglicant indicates that instructors
for safety training will include personnel familiar with the Alaska arctic
climate.

|
Health Services

The Applicant will screen workers to ensure that each is physically fit
and capable of coring with the psychological stress of being relatively
isolated from his usual environment and placed where chill factors are ex-
tremely low with short daylight hours and long work shifts. According to
the Applicant: "“Routine immunizations must be up-to-date, and each
individual should have a tuberculin skin test prior to entering the work
area." :

The needs for health services will be greater during construction than
during operation and maintenance of the pipeline. The Applicant indicates
its construction contractors will be responsible for providing suitable
health services. The Applicant states that injured or ill persons will be
evacuated by IFR- (Instrument Flight Rules) equipped helicopters or small
turbine fixed-wing aircraft such as the Twin Otter. Both are capable of
operating during conditicns of low ceiling and poor visibility.

Health facilities are to include:

(1) A central dispensary at Prudhoe Bay where the physician responsible
for health -services will be based. This facility will have up to a four-bed
capacity and. contain an X-ray laboratory, an electrocardiograph and related
emergency equipment, and pharmacy facilities. The dispensary will also be
staffed with a rhysician's assistant trained in emergency procedures and
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simple laboratory procedures and who .will have authority to dispense
medications. . . !

(2) First-aid stations manned by a physician's assistant at each
campsite during the pipeline construction. Direct communication with the
dispensary at Prudhoe Bay will permit the physician to guide the assistant,
and help speed evacuation of seriously ill or injured-persons.'

(3) Transportation by air for evacuatlon to the Prudhoe Bay dispensary
or, when necessary, to Fairbanks or Anchorage. .

1.1.1.7 Operational, Maintenance,;ehé Emergency Procedures

Technical and Operetfonalfggsc;igtiog

Valves, Controls, and Pipeline

. = ’

The operations and ﬂaihtenanée:plénﬁihg~of.the Applicant is based on

. the use of automatic, unattended equipment at the measurement and

maintenance stations, communication sites, and mainline block valves. A
communication system extendlng along_the entire length of the pipeline will
provide voice services, data transm1551on for theé supervisory control
systems, and maintenance 1nformat10n ‘related to equlpment performance.
Tentatively, a terrestrial microwave - communication system with five primary
communication sites has keen selected. One will be at Prudhoe Bay and the
other four near the comrressor station sites; a repeater communication site
will be located between successive primary sites. The system will tie
together the Applicant's operations headquarters in Anchorage, field
operating headquarters at Prudhoe Bay, ‘and the gas control center in
southern Canada.

Mainline full-opening block valves will be placed at the beginning of
the rpipeline, at each c¢ccmpressor station, and along -the pipeline at
approximately 15-mile intervals. Automatic controls are to close the valve
when a rate of change in pressure is sensed that indicates a break in the
pipeline. Applicant also refers to manual operation of these valves and the
inclusion of the necessary blowdown valves and stacks.

Scraper trap assemblies will be located at the comrressor station
sites. Compressor units installed at the station sites will be designed for
automatic, unattended operation. Discharge pressure, temperature set
points, and unit start-stop will be controlled remotely or locally.

Stations will ke self-protecting,’ with safety devices to shut down the
station when conditions become hazardous. The initial pipeline design will
allow the comgressor stations to be connected and activated with no
significant 1nterrupt10n of gas delivery.

The proposed initial pipeline system does not provide for any pro-

-cessing or treatment.of the flowing gas within Alaska after it is accepted -

from the oil-groducers! gas treating facility at Prudhoe Bay for
transmission at the proposed rate of 2.25 bef/d (billion cubic feet per
day) . The gas will be subjected to rpressure and temperature changes
resulting from frictional losses and heat transfer with the pipe wall but
this rate will not require any processing or treatment for gas quality
control until. it reaches the conmgressor statjon with refrigeration

facilities across the border in Canada. The Applicant's projected gas N

volume rate increase to #.50 bcf/d, estimated to occur between 2 and 5 years
after starting the 2.25 bcf/d rate, will require the installation of
compressors with associated refrigeration' and gas-treating facilities.
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Routine Operations

The Applicant's proposed operations headquarters in Anchorage will
administer and coordinate such matters as personnel relations, employee
training, public relations, engineering, and environmental protection. The
preparation of contingency prlans for line breaks, support facility outages,
and fires will be a combined effort of Loth the operations and field
operating headquarters. The Applicant estimates that there might be one
break in the whole Alaska-~Canada portion of the pipeline in 10 years.

A maintenance and inspection program will be an integral part of
routine operations. The Applicant states that this program will be
developed after the proposed pipeline system equipment has been selected and
installed. This will include the inspection and servicing of valves,
mechanical operations, power supply, automation points, gas measurement
meter runs, recording devices, and all support facilities of the proposed
pipeline. :

Where the pipeline right-of-way cover is disturbed, the thermal balance
will be restored Lty the use of backfill and revegetation. The Applicant
proposes to stockpile gravel for any necessary backfilling of excavations at
intervals along the right-of-way. The locations of these gravel stockpiles
have not been identified.

In the event of a pipeline break, repairs would be .required immediately
and there would be disturbance for several miles along the right-of-way.
The Aprlicant states, in general terms, that surface access along the right-
of-way will be restricted during summer months and helicopter support will
be substituted for overland travel whenever possible, Routine maintenance
requiring use of surface vehicles will ke delayed until after freezeup.

Start~up Plan

The Applicant has provided a brief description of the start-up
sequence. The meter station at Prudhoe Bay will be commissioned first; all
facilities ard instrumentation necessary to measure operating parameters
will be tested for accuracy and performance after installation. Piping in
the meter station will be purged with nitrogen to eliminate all air.

Natural gas will be used to purge air from the mainline. The mainline
will be purged in sections, using a pig to prevent mixing of the gas and
air. The natural gas system for campressor station facilities will be
purged and activated., All station water-handling facilities will be tested
to assure correct chemical treatment and filtration. The emergency shutdown
systems will be tested. The compressor station facilities will be manned
until the system has been approved for unmanned operation.

Maintenance Procedures

Corrosion Checks

Routine monitoring of internal corrosion will be carried ocut using
corrosion-rate monitoring probes at station inlet points. Corrosion of
pipe, fittings, valves, and vessels exposed to the atmosphere will be
inspected visually.
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Route Surveillance

The Applicant proposes using small, fixed-wing, low-speed aircraft once
or twice monthly for normal surveillance activity. During spring runoff,
however, patrol flights may be required weekly. The Applicant has prepared
regulations restricting aircraft overflights. These regulations state that
all sensitive areas, such as the calving grounds of the Porcupine Caribou
Herd, are to ke avoided during critical times of the year, and in the event
that flights are required in these areas, they are to be at altitudes above
2,000 feet. Moreover, it is a serious crime in Alaska to harass wildlife
with aircraft.

Under some conditions, air patrols may be supplemented or replaced by
specially trained ground patrols on foot or in small vehicles suited to the
terrain conditions. The ground patrols will inspect all above-ground
facilities on the right-of-way at river crossings including mainline block
valves, backfill on the line, monitoring systems, and drainage control
measures. The combined air and ground patrols will operate on scheduled
programs. Ground patrols on foot will require helicopter support for
intermediate transportation along the.route.

Airstrips, helipads, communication sites, access roads, and related
facilities will be maintained by the Arplicant in a serviceable condition
throughout the year.

The Applicant has not stated the surveillance schedule for
communication towers, but inspection will include examination of the
supporting structures, the tension. of guywires, and the condition of
foundations. .

Warehousing and Storage

Spare parts, materials, and suprlies for routine maintenance will be
stored at each compressor station site. Modular spare parts kits will also
be available for repairs resulting from major breakdowns.

Routine inspections will be made of the permanent wharf facilities to
check for possible ice damage and for drainage conditions around storage
areas.

’

Emergency Contingency Plans

The Applicant has nct prepared contingency rlans or emergency
procedures, but general considerations and main courses of action have been
presented. The Applicant states that contingency plans will be developed
for the pipeline system on a section by section basis. These will contain
information on the manpower, materials, and equipment needed to effect. major
line repairs and outline steps for their utilization. AsS an example, the
Operating Manual will include a Mainline Break Repair Plan, which will
consider the location, type of terrain, and weather conditions which will be
encountered. Methods of repair will be preplanned and time required for
repairs estimated. Other information in the plan will be type and location
of stored equipment; recommended transportation and routing methods,
considering seasonal and environmental constraints; assignment of
supervisory and repair personnel; notification and reporting requirements.

The Applicant presented a discussion of equipment and procedures that
would be used to repair a hypothetical "worst case" failure, using a
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location.about halfway between the Prudhoe and Demarcation Bays with the
repair being made when the ground was thawed. The discussion is as follows:

The failure assumed is a line break 220 feet long in the vicinity of
Milepost 95, between maintenance stations CA-02 and «03. It is assumed to
have happened during spring flood, or following a summer rain when the
Katakturuk and Hulahula Rivers may be difficult to ford with large LGP (low
ground-pressure) vehicles. The repair egquipment which would be required and
the uses of each are listed below.

Air-cushion Vehicle

The only undertaking by the Applicant to use air cushion vehicles would
be due to this remote possibility of a pipeline break. 1In that event, the
air cushion vehicle would ke required to make one or two trips to move in
heavy equipment from the closest compressor station site. If the rupture
occurred in a pipe bend and a suitable kent pipe section were not available
at an adijacent station, this vehicle would be used to transport a suitable
bend from Prudhoe Bay where a bending machine would be available.

Helicopters

Several helicopters would move to the site to transport personnel and
small equipment, such as aspirators, pumps, lighting plant, welding
machines, cutting equipment, radio-graphic equipment, fuel, lube o0il,
groceries and other miscellaneous material and equipment.

Low Ground-Pressure (LGP} Vehicle Complete with
Backhoe and Blade

Two IGP vehicles, each loaded with terrain protective mats, would
proceed from stations CA=02 and -03 to the rupture site at the earliest
opportunity. In addition to backhoe buckets, air or hydraulic hammers would
be available to break the permafrost prior to excavation. The LGP vehicles
would be used to excavate around the rurtured section, to assist in lowering
the replacement section of the line intc the prepared ditch, and to backfill
after completion of repairs. These two vehicles could move to the site
under their own power.

sideboom Tractors

Two sideboom tractors would be required to place sections of pipe in
position for welding and to assist in lowering the welded replacement
section into the excavated ditch. Both of these tractors could be hauled
from one station if time permitted; or one from each of the stations. They
would probably be transported on 40-ton LGP vehicles. Transportation could
be effected with the air-cushion vehicle if circumstances required.

LGP Crane, 20-ton

Although possibly not essential, one 20-ton LGP crane located at
station CA-02 or -03 could be moved to the site to handle pipe, welding
machines, pumps, etc,, and to assist in lowering=in the completed repair
gsection. The c¢rane may require air-cushion vehicle assistance to cross
rivers. :
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LGP Vehicle, 40-ton

After hauling the two sideboom tractors to..the repair site, two (40~-
ton) LGP vehicles would return to the most convenlent station site to haul
in six 40-foot lengths of replacement pipe (three on each vehicle). Agaln,
this could be accompllshed with the alr-cushlon vehicle, depending on local
circumstances.

.o

LGP Vehicle, 10-ton- o -

Ten-ton LGP vehicles may not be required, but depending on the
avallablllty of hellcopters, they could be used to transport small tools and
equipment to the repalr 51te. Not more than one trip each way 1s .-
ant1c1pated '

AAGPC indicates that low ground pressure tracked and wheeled vehicles
are available through Foremcst International Industries Ltd., Calgary, and
canadair Flextrac Ltd., Calgary. Also, a 25-ton air cushion vehicle is-
available from Bell Aerospace Canada Ltd. and a 100-ton air cushion
transporter is available from Arctic Systems Ltd. These vehicles have all
been in use in the Canadian Arctlc.

Miscellaneous

Portable camp equipment would be moved by helicopter sling from Prudhoe
Bay to required locations. Some of the camp equipment would be placed at
station CA-02 to augment the existing facilities and some would be moved to
the repair site to provide meals’ for the shift workers. TEe main personnel
accommodatlon would be prov1ded at statlons CA=-02 and--03 or at Prudhoe Bay.

The heavy work equipment discussed above ‘could be left on the site
after completion of the repair and removed when winter conditions prevailed,
in order to ensure that damage to the vegetatlon layer was .held to a
minimum. :

It is clear, of course, that the movement of heavy equipment to the
site of repair work, and work at the site, will cause some damage to the
vegetation layer. The Applicant believes, however, that its surface
restoration procedures are quite adequate to repair this type of disturbance
in the same manner that surfaces will ke restored and revegetated fol owing
the initia}l constructlon of the line,

Rupture incidents will require immediate and efficient repair methods

and adequate equlpment must ke readily accessible to any location. The
Applicant's Mainline Break Plan (a part of the Operating Manual) will

~consider the types of tertrain, locations, and weather conditions which will

be encountered. It will preplan methcds of repair, materials, equlpment
reqULred, and will lnclude an estlmate of time duratlon for a major llne
repalr.

The major engineering, geotechnical and wildlife concerns and .
considerations which will influence pipeline maintenance w1th respect to
off-road vehicular traffic are ‘as- follows-

1) The Applicant recognizes that it must preserve and, when damaged,
repair the active surface layer. This requires the minimizing of vehicular
traffic when the ‘terrain is vulnerable to damage, the selection of equipment
which w1ll impose the minimum unit welght on the ground surface, and the

43

S

.



implementation of an on-going suxface repair and revegetation program to
restore ground cover if damage does occur.

2) It will be necessary to monitor the right-of-way for evidence of
active layer damage, so that the Applicant will be in a position to effect
early repairs.

" 3) The Applicant proposes to use aircraft, both fixed-wing and
helicopter, to minimize ground traffic over sensitive areas, always
respecting the presence of wildlife as outlined in the publication,
WCorridor Wildlife Map Series," and the past and ongoing studies and site-
specific examinations.

4) The Applicant will station aprroved types of heavy work and
transport equipment at locations selected to avoid long hauls in sensitive
terrain areas and isolated secticns of the system. ‘

All pipeline right—of-way work, scheduled routing, maintenance
activities and possible emergency repair work will be planned and executed,
recognizing the akove concerns. .

Existing equipment for use on' sensitive terrain is undergoing constant
improvement in design, and such improved equipment will be available when
operations begin. The Applicant emphasizes that much design improvement
‘'wark has been underway by equipment manufacturers for construction on this
and other pipeline systems. . ’

Finally, as indicated in materials filed by the Applicant, pipeline
ruptures are a guite infrequent event, particularly with new lines
constructed using modern techniques.

1
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Health Qnd Safety Measures
Watexr Treatment

Drinking water for construction cambs énd permanent operational
facilities will ke treated. The final design of each treatment installation
has not been selected.

Waste Disposal

The Applicant proposes to bury noncombustible solids. Burial sites
‘have not been selected. Combustible solids will be burned in incinerator
units; the resulting ash will be buried with noncombustible materials.

sewage wastes will be processed in sewage lagoons which include
biological or physical-chemical waste treatment facilities for secondary
treatment for all effluents discharged. The quality of effluent satisfies
regulatory standards. The Applicant states that the‘effluent will be
discharged in a regulated manner and during times of the year when it will
be carried off during spring flood. In areas where discharge of treated
effluent in this manner is impractical it will be drained onto the tundra.
The Applicant states the details of this operation will be available when
final design is complete.
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Fire Protection

The Applicant states that all operations and maintenance personnel will
be trained in fire fighting and fire protection. Heavy work equipment, such
as graders, dozers, backhoes, etc., which are not involved in operating
emergencies on the system, will be made available for emergency fire-
fighting duties. Transportation equipment for fire fighting, including
helicopters, service trucks, and heavy load=carrying trucks for highway
travel in the Prudhoe Bay area, and soft-tracked and low-pressure, rubber-
tired, personnel- and load-carrying vehicles for off-highway movement
stationed at Prudhoe Bay and at the four compressor sites will be available.

A gas detection system will be installed in all buildings that contain
pipes transporting natural gas. Detection of small amounts, approximately
20 to 25 percent of the lower explosive limit, will cause an alarm at the
Gas Control Center and will activate the exhaust fans in the ‘building where.
gas is detected. Detecticn of larger amounts of gas--approximately 50 to 60
percent of the lower explosive limit--will cause an emergency shutdown.

Ultraviolet and thermal detectors will activate automatic fire
extinguishing systems in buildings containing gas piping. Manually operated
fire extinguishers will be placed at strategic locations. An inert, clean~r
agent gas such ‘as halon or carbon dioxide will be discharged automatically
into the building where a fire is detected, displacing the air and
extinguishing the fire. Office buildings and shops will also be supplied
with portable fire-extinguishing and hose equipment in compliance with the
latest National Fire Codes of the NFPA.

Pipeline maintenance crews will have portable fire extinguishing
equipment when they are working on the pipeline right-of-way. All airstrips
and helipads will be equipped with wheeled dry chemical fire extinguishers.

Storage end Handling of Fuel

Propane is required during construction for pipeline heating and for
applying insulating tape on the outside of the pipe. A fenced storage area
of approximately two acres with graded surfaces will be provided at each
stockpile site for storing propane cylinders. The cylinders will be
constructed with internal baffles and valve protectors to meet regulations
regarding transport of rropane.

At each fuel stockpile location, either wheel or track mounted, fuel
tankers will be provided. Each tanker will be equipped with adequate pumps
and piping for loading and unloading the tanker. During the construction
season, liquid fuel will ke pumped from the kladder tanks into the fuelers -
and transported to the actual job site.

1.1.1.8 Future Plans

Abandonment _of Facilities
Salvage and Disposal of Equipment

In light of the huge potential reserves of gas in the Alaskan Arctlc,
it is certain that the proposed pireline system will be operative for many
decades. The Applicant assesses the physical life of the pipeline to be -
more than 50 years and, therefore, cannot predict the most favorable
abandonment techniques.
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Whenever abandonment of the facilities is required, such facilities can
only be abandoned by authority of the Federal Power Commission issued
pursuant to Section 7(b) of the Natural Gas Act, 15 U.S.C. Section 717f(b).
Abandonment must conform to regulations prescribed by applicable local,
state and Federal laws in existence at that time, including the regulations
of the Materials Transportation Board.

The Applicant indicates, however, the pipe itself could be left in
place with no disruption of surface stability. Only if recovery of the
steel is economic at time of abandonment would such recovery be attempted.
The Aprlicant states all the environmental safeguards which apply to the
proposed installation rrocedures will be made applicable to any pipe
recovery procedures. The Applicant anticipates that if the pipe is removed,
the pipe trench will be restored to original contour with material from the
right-of-way, from borrow areas agreed upon with landowners, or from
commercial sources. .

All structures and equipment owned and used by the Applicant during the
operating life of the pipeline will most likely be disposed of, at the time
of abandonment, by sale to local interests (i.e., residents of Kaktovik) or
réemoval from the area.

With respect to camp and other structures required for construction of
the proposed pipeline system, a condition of the Applicant's contracts with
all construction firms will be the proper cleanup and removal of all
structures and equipment to the satisfaction of the Applicant and of local
authorities,

8ite Restoration

Airstrips, station pads, and their interconnecting roads may serve some
useful purposes 50 or more years in the future., If not, according to the
Applicant, the sites can be treated so that they will support plant growth
and their surfaces revegetated. The Applicant has no specific program,
however, for cleanup and restoration of sites at the time of abandonment.

Future Expansion

1) Compressor stations will be ccnstructed at the four sites CA-01 to
~04 described in Section 1.1.1.2. Each compressor station will be similar
in design and layout {(Figure 1.1.1.8=1). Each would hdve a single 30,000
horsepower natural gas-driven turbine compressor and a closed loop propane
refrigeration system, powered by a 17,000 horsepower natural gas-driven
turbine. At these stations, the gas would be compressed to 1,680 psig
{(pounds per Square inch gage) and subsequently would be chilled to a
temperature in the 109F to 309°F (~12.2°C to -1, 1°C) range. They will be
designed to operate by remote automatic control from the Gas Control Center.

With ultimate development of the fcur compressor sites, new buildings
would be constructed for the scrubber, main compressor, chiller compressor,
chiller, motor control center, fuel gas control, and utilities.

2) The major mechanical equipment to be installed includes:

a) Gas scrubbers to remove condensate from the gas as well as to
protect the gas compressor against harmful intake.

b) Centrifugal gas compressor, driven by a natural-gas turbine
of 30,000 horsepower. The prime move will have air-intake filters, an anti-
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icing system, and intake and exhaust silencers. The comgressor will be
equipped with a surge-caqontrol system.

c) Gas refrigeration system, installed on the discharge side of
the compressor. The major elements of this system will include a turbine
driven propane cOmpressor, propane condensers (aerial coolers), a propane
receiver, a refrigerant economizer, gas chillers, and a number of ancillary
elements.

Generally, all mechanical equipment will be housed in heated buildings.
Exceptions to this are the aerial coolers and the propane receiver, which
will be constructed on the gravel pad and will not be housed.

3) Ancillary facilities to be incorporated at comgressor stations
are: :

a) Additional electrical generation facilities to be housed in
the existing utility building. These will consist of one or more natural
gas—-fueled turkine prime movers, each connected to an electrical generating
unit. At that time, the dual-fuel turbine-generator, which is proposed for
each maintenance site, would become the standby unit to be powered by a
liquid fuel in cases of an emergency in which natural gas became
unavailable. '

b) Enlarged natural gas-fueled heating system, which in cases of
emergencies would automatically switch over to liquid fuels.

c) Condensate storage facilities, located next to the existing
fuel storage facilities. :

d) Various additional piping associated with the installation of
compression, chilling, and additional ancillary facilities.

e) A venting system for the gases. During a normal shutdown,
the gas [about 200 Mcf (thousand cubic feet) ] in the main gas piping between
the block valve and the compressor will be vented to the atmosphere
unburned. During a station emergency shutdown, the gas (about 3,750 Mcf) in
the piping inside of the station block-valve will be vented in the same
manner, The propane system will not be depressurized during normal
shutdowns. During maintenance operation, only a portion of the system will
have to be vented. 'Upon detection of fire in the prorpane compressor
building, the propane Lketween the ccmgpressor block-valves would be vented
automatically. In all cases, the progpane would be vented to a flare system
(see item f below).

£) A closed flare and drain system. This system will be
provided to dispose of all liquids removed from the main-gas and fuel-gas
scrubbeérs, as well as the vapors vented from the propane system. ' Vapors
will be flared directly into a hydrocarton burner. Liquids will be drained
into a condensate storage tank, then either burned or placed in portable
containers for subsequent disposal.

q) Enlarged waste-disposal facilities to accommodate the
expected increase in wastes. Generally, sewage wastes will be piped into
two 190,000 U.S. gallon sewage lagoons and retained for 1 year before being
released. (See discussion in Section 1.1.1.7.) Combustible compressor and
equipment wastes will be flared. Organic solids, combustible solids, and
industrial wastes will be burned in a high-temperature incinerator. Ash and
noncombustible wastes will be buried.
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The Applicant believes it should be possible to put a future compressor
station into operation with little, if any, interruption in the gas flow.

The Applicant states that the Yestimated sound pressure levels
associated with a planned typical ccmpressor station with standard silencing
equipment installed are as follows: at the boundary of the compressor
station, 66 to 71 dBA; 500 feet from the station, 59 to 61 dBA; 1000 feet
from the station, 55 to 56 dBa; 1500 feet away from the station, 53 dBA; and
2000 feet away from the station, 50 dBA. The Applicant further states that
these levels will result in an increase over existing levels which will
range "Yfrom as high as 40 dB at the ccmpressor station boundary to 24 dB at
2,000 feet."

Most station emissions will be from three main sources: (a) the main
gas turbine, (b} the refrigeration compressor turbine, and (c¢) the
electrical generation turbine(s). These turbines will burn natural gas, and
the exhaust will contain mainly nitrogen, oxygen, carbon dioxide, water
vapor, and small guantities of nitrogen oxides, oxides of sulfur, carbon
monoxide, and unburned hydrocarbons. With a compressor station emitting
approximately 1.8 million pounds of exhaust per hour, the expected rates
would be:

Nitrogen oxides, NOy - (primarily NO) -~ 14 to 50 grams/second
Carbon monoxide, CO - 1.1 to 1.4 grams/second

Sulfur dioxide, S0 ~ 0.3 gram/secend

Unburned hydrocarbons - 0.4 gram/second

The Applicant calculates the resulting ground level concentration of S0; to
be less than 0.0008 ppm. In addition, 7,200 gallons of water per hour will
ke emitted as vapor from the exhaust stacks.

1.1.1.9 Actions Involved

The scope of some of the obvious Federal and State actions required for
the Applicant to acquire permits prior to construction activities are
discussed. The actions listed are not intended to be all-inclusive but are
herein stated as examples of regquired permit actions to be conducted by the
Applicant. It is noted that any permit granted will require that Applicant
comply with all applicable laws, rules, and regulations.

Several Federal actions are required before the proposed AAGPC pipeline
system can be constructed in Alaska. In addition, the Applicant will need
to obtain permits from the State of Alaska. ‘

Federal Action

Several actions will ke required prior to the issuance of a Certificate
of Public Necessity by the Federal Power Commission and a right~of-way
permit by the Derartment of the Interior.

The existing Arctic National Wildlife Range was established in 1960,
#For the purpose of preserving unique wildlife, wilderness and recreational
values..." The proposed BAGPC pipeline system involves Federal actions under
various legislative and administrative authorities affecting land use
decisions on the Range. These include recommendations of the Department on
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December 18, 1973, to the President and the Congress that the ex1st1ng
Arctic National Wildlife Range be enlarged. .

Several bills were introduced .in the congress at the request of the
Department -0f the Interior and national conservation organlzatlons at that
time. Although there are .differences cn the reccmmended size of the Arctic
National Wildlife Refuge -that would be established, all bills include the
area requested by the Applicant for the proposed AAGPC pipeline system. The
recommendations of the Department to enlarge the existing Range were made
under the provisions of Section 17, Alaska Native Claims Settlement Act.

The Congress has not taken action on :these recommendations. The Alaska
Native Claims Settlement Act also provides that Federal lands recommended
for inclusion in the National Wildlife Refuge System remain in a protected
status until December 18,t1978, unless the Congress dec1des their ultimate
status earller. :

B

The existing Arctlc National Wlldllfe Range 1s subject to the
provisions of the National Wilderness Act of 1964 (78 Stat. 890). That Act
directed that certain federally administered areas be studied to.determine
their suitability for inclusion in the National Wilderness Preservation
System., The Arctic National Wildlife Range met the requirements for study
as established by the Congress and in 1972 the U.S. Fish and Wildlife
Service concluded that the Range, with some exceptions along the seacoast,
qualified for inclusion in the National Wilderness Preservation System. The
exceptions were: 456 acres at Camden Bay, 420 acres at Beaufort Lagoon;
4,500 acres withdrawn at Barter Island for military use; 141-acre townsite
at the village of Kaktovik; and, all lands selected by the villagers of
Kaktovik under the provisions of the Alaska Native Claims Settlement Act.
It should be noted that most bills to enlarge the existing Range also
-provided for wilderness suitability studies and recommendations to the
President and the Congress on whether the lands should be included in the
National Wilderness Preservation System. )

Certificate of Public Convenience and Necessity

The Applicant proposes to construct and operate a natural gas pipeline
and to transport natural gas in interstate commerce. Accordingly, Alaskan
Arctic Gas Pipeline Company filed an application with the Federal Power
Commission on March 21, 1974. Prior to start of construction of the
proposed AAGPC pipeline system, the Applicant must obtain, from the Federal
Power Commission, a certificate of public convenience and necessity
pursuant to Section 7(c) of the Natural Gas Act.

Right-of-Way Permit to Cross Federal Lands

The Applicant proposes to construct and operate a natural gas pipeline
system and ancillary facjlities (1nclud1ng port sites, 'airfields,
communication towers) on Federal -lands in the State of Alaska. All Federal
lands desired by the Applicant are situated within the existing Arctic
National Wildlife Range. Prior to start of construction of the proposed
AAGPC pipeline system, the Applicant must obtain, from the Secretary of the
Interior, a right-of-way permit pursuant to Section 28 of the Mineral
Leasing Act of 1920, as amended (30 U.S.C. 185) and other applicable
provisions of law. Accordlngly, AAGPC filed an appllcatlon with the
Department of the Interior in March 1974.
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Permit to Construct, Operate, Maintain, and Cohnect Facilities
on an Internaticnal Boundary

The Applicant proroses to interconnect the AAGPC pipeline system with
facilities of Canadian Arctic Gas Pipeline, Limited, (CAGPL) proposed for
construction in Canada. Executive Order 10485 requires a Presidential
permit to construct, operate, maintain, and connect facilities of AAGPC and
CAGPIL on the International Boundary between Alaska and the Yukon Territory
of Canada so that Alaskan natural gas from the Prudhoe Bay Field can be
transported and delivered to the proposed CAGPL pipeline system and
subsequently redelivered by the proposed CAGPL pipeline system to the lower
48 states of the United States. AAGPC has filed an application with the
Federal Power Commission for this approval to proceed with the proposed
pipeline system.

Other Federal Permits and Approval

Numerous permits and approval from other Federal agencies will be
required during the planning, construction, operation, maintenance, and
repair of the proposed AAGPC pipeline system. The following discussion
describes the general nature and scope of actions by other Federal agencies.
It is not intended to be all inclusive.

Major actions will be required by the Department of Transportation on
pipeline safety. The U.S. Army Corps of Engineers will be responsible for
approving corstruction activities involving navigable waters. - The Federal
Aviation Administration is responsible for aircraft safety use and for air
transportation of hazardcus materials. The Department of lLabor is
responsible for aspects relating to safety and health standards. Actions
close to the established military DEW {distant early warning)-line sites
would require approval of the Department of Defense.

ot

State of Alaska

The Prudhoe PBay Field is located on lands owned by the State of Alaska.
Prior to the construction of the proposed AAGPC pipeline system, the
Applicant would need several permits from the State of Alaskd. These
1nclude, but are not limited to, a right-of-way to cross State lands;
permission to use tidelands; permit to appropriate surface water for
construction and human uses; approval to cross, use, chstruct or divert
rivers, streams, or lakes; and approval of hiring practlces, and health and
safety precautions for workers.

The State of Alaska retains complete control and ownership of 12—1/2
percent of the natural gas in the Prudhce Bay Field pool. In addition, the
State of Alaska will establish producticn rates for both oil and gas from
the Prudhoe Bay Field rcol. This determination will control the volumes of
natural gas and schedules for making it available for delivery to the
proposed AAGPC pipeline system.

‘Joint _and Complementary Federal-State Actions

Many actions will require joint or complementary actions by FPederal
agencies and the State of Alaska. These include, but are not limited to,
permits for facilities and activities related to air and water guality by
the U.S. Environmental Protection Agency and the Alaska Department of
Environmental Conservation and actions relating to migratory species of
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wildlife by the U.S. Fish and Wildlife Service, Department of Commerce, and
Alaska Department of Fish and Game.

Local Governmental Actions

The North Slope Borough and the Village of Kaktovik méy be involved
with the proposed AAGPC pipeline system. Action, if any, required from
local government is unknown.

Under the provisions of the Alaska Native Claims Settlement Act, Native
corporations were established to select, own, and manage lands and
resources. The proposed AAGPC pipeline project may require permits from
these and other Alaskan Native Corporations. The extent, if any, is not
known at this time since land selections by Alaskan Natives have not been
completed. It is possible, however, that the Kemik gas field may pass into
Native ownership.
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2 DESCRIPTION OF THE EXISTING ENVIRONMENT

2.1 ARCTIC GAS PIPELINE PROJECT

2e1a1 Alaska.Arctic Pipeline

2.1.1.1 Climate
Tenperature

The Arctic Slope of Alaska has long, cold winters and short, cool
summers, with winter temperatures ranging between -20°F and -609F, (-28.9°C
and -51.19C) and summer temperatures between 40°F and 759F (4.4°C and
23.89C). In summer, a semi-permanent weather front oscillates irregularly
between the Brooks Range and the Beaufort Sea. When the front lies north of
the coast, it may warm all areas. : C

The Brooks Range acts as a physical barrier to the m1x1ng of arctic and
continental air masses in both summer and winter.

Weather data records are scarce along the Arctic Coast of Alaska. Data
have been recorded at Barter Island, which is just off the coast north of
the project area, for a period of 22 -years. The records show that ambient
air temperatures range from 78%F to -59°F (23.8°C to -50.59C). Weather data
for Barter Island are presented in Table 2.1.1. 1- 1. :

Ten~year records at Barter Island show that minimum ambient air
temperatures during December, January, and February will be -259F (-31.69C)
or lower for 52 days. Temperatures at or below -259F (-3169C) may be

expected for 15 days in December, 14 days in January, and 23 days in

February (Hastings, 1971 from Namtvedt et al., 1974).

angmentaxy weather data from scattered coastal and inland sites along
Alaska's Arctic Coast show that the Arctic Ocean moderates ambient air
temperature. Southward and inland toward the Brooks Range, winters are
c¢older and summers somewhat warmer.. Figure 2.1.1.1-1 shows average sea
surface temperatures in the Arctic Ocean in August.

Information developed by the Applicant shows that the average winter
temperature along the proposed pipeline route ranges from —9°F to =12°F (-
22.79C to -24.4°C) and that the average summer temperature is 329F (0°C)
{(Table 2.1.1.1-2}. '

Precipitation

The Arctic Slope area is semi-arid, with annual precipitation ranging
between 4 and 10.inches (10.2 and 25.4 cm). Storm paths are present only
during summer months. Precipitation is highest in July and August when it
generally falls as rain. Snow, however, appears in every month and usually
predominates beginning in September. The highest recorded 24~hour snowfall
of 17 inches (43 2cm) fell in September 1954 (Table 2.1.1.1-1).
Precipitation in the Brooks Range to the south may exceed 40 inches (101.6
cm} per year (Feulner, 1973).

At Barter Island, 22 years of precipitation records'show the average
annual precipitation is 6.28 inches (16 cm). The average annual snowfall is
46 inches (116.8 cm). ‘

Annual precipitation in the wvicinity of the proposed pipeline route
generally would not be expected to exceed 20 inches (50.8 cm) and then only
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Table 2.1.1.1-1 Barter Island weather data - nomals', means, and extremes

9s

Temperatures °F Dég‘;::azaye Precipitation in inches 1
Normal Extremes Base 65 °F Water equivalent Snow, ice pellets
W "
P o 0 0 P > g o S =
i o o s i k) <1 - — i E
8 g 5 g2 v ] K ] b ’g g ki W 88 W S - g b+ n B4 "
8 ! ] 8 § & Sz g & 2 & g = é § g o d & s s ]
ﬁ 'g .@. &* -] #‘3 g L] b &:’ 3 = § > b -l 1] § g I . ﬁ :3
(a) 25 27 26 26 26 26 26
I -21.91~15.24 39 1974 ~51 1962 | 2486 0 0.55 | 4.08 1962 | 0.01 1959 | 2.25 | 1962 | 35.0| 1962 | 14.8| 1962
) -25.8}-19.5 34 1962 ~59 1950 | 2366 ‘6 0.33 | 2.53 1955 T 1965 | 1.22 | 1955 | 15.3 | 1955 3.81 1970
M -21.9 _14.-j 36 1967 -51 1973 | 2471 0 0.26 1l.44 1967 T ]1974 Q.55 1967 15.0 1967 5.5 1967
A 8.1 . 43 1958 -38 1971 | 1947 0 0.23 1.22 1963 T 1968 | 0.44 | 1963 | 12.2 1963 4.4 1963
¥ 15.7] 21.1) 52 | 1964 -16 | 1964 | 1361 o | 0-31 J1.51 | 1967 | T  |1948 | 0.76 | 1954 | 11.1 | 1954 | 7.6 1954
3 29.9] 34.11 &7 1961 13 1974 927 0 0.53 | 2.09 1956 | 0.06 }1969 | 1.15 ;956 9.4 | 1974 6.7 1 1974
J 4.5 40.0] 78 1974 24 1973 775 0 1.12 3.01 1971 | 0.15 1958 | 1.64 1871 3.0 1974 2.8 1974
A 34.3] 38.9 72 1957 24 1971 809 0 1.28 3.40 1955 0.16 {1958 | 1.11 { 1955 7.4 | 1969 3.4 ] 1956
s 28.1] 31.6 64 1950 4 1970 | 1002 o 0.89 | 4.91 1954 | 0.07 (1969 | 2.23 | 1954 | 35.8 | 1954 | 17.0 | 1954
0 11.2] 16.4 46 1969 ~23 1970 | 1507 o 0.81 3.62 1954 0.12 1969. .1 1.98 | 1954 32.1 ] 1954 16.0 | 1954
N -5.5 .2 37 1950 ~51 1948 | 1944 0 0.45 | 1.50 1950 | 0.04 11960 | 0.43 | 1954 | 14.9 ] 1950 5.0 | 1967
D ~18.31~12.4 37 1973 -51 1961 | 2399 0 0.29 |1.17 1949 T 1960 | 0.55 | 1949 | 12.9 | 1965 5.2 | 1949
: Jul Feb }19994 (] SEP MAR ’ JAN SEP SEP
YR 4.3} 10,14 78 | 1974 -59 1950 19994 0 7.05 [ 4.91 | 1954 | T 1974 | 2.25 | 1962 | 35.8 | 1954 | 17.0 | 1954

Length of record, years, through the
current year unless otherwise noted,
based on Jamiary data.
70° and above at Alaskan statiomns.
Less than one half.

Trace.

#5un below horizon mntinuoﬁsly November .24 to January 17. )
Yearly totals of data entered in columns headed "Clear, Partly Cloudy and Cloudy” in both tables are for period sun above horizon.

NORMALS ~ Based on record for the 1941~1970 period.
DATE OF AN EXTREME - The most recent in cases of
multiple occurrence.
PREVAILING WIND DIEECTION -~ Record through 1963,
WIND DIRECTION - Numerals indicate tens of degrees clockwise -
from true north. 00 indicates calm. B
FASTEST MILE WIND - Speed is fastest observed l-minute value
when the direction is in tens of degrees.
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Table 2.1.1.1~1 Continued
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to the south on the higher continuous mountain peak areas. ' {Battelle,
1973a, p. #) )

Approxlmately half of the total prec1pltat10n during the year is
received as snow. Figure 2.1.1.1-2 presents the mean annual pattern of
snowfall in northeastern Alaska. Although the generalized values presented
are believed to be accurate, they do not indicate how much snow is actually
on the ground at any one time or location during the winter.

Battelle (1973a) surveyed snow depths along the 62-mile (99.8 km)
length of the proposed AAGPC pipeline route between Prudhoe Bay and the
canning River. April 17 and 23, 1973, were selected as survey dates since
those were the dates when the snow pack was believed to be at maximum.

Snow pack characteristics of the 62-mile segment were found to depend
upon microrelief features such as polygonal structures (see permafrost).
Snow depths seldom exceeded 3 feet and were usually much less. Winds are
important in the distribution and depth of snow at any specific site;
irregular low spots are filled with snow and high spots thinly covered. 1In
many places, vegetation is uncovered.

Average snow depth recorded in the April 1973 survey was 15.1 inches
(38.3 cm). Data collected by Battelle at the Prudhoe Bay area between May
8, 1971, and April 3, 1973 show that average snow depths during the winter
of those years ranged from 10.3 inches to 13.5 inches, Collected data
indicate approximately 2 inches less snow in January. The average snow
depth along the proposed AAGPC pipeline route is expected to be less than 13
inches when construction of the snow/ice roads is started.

Battelle (1973a) poxnts out important aspects of the regional snow
pack. Extensive areas have vegetation protruding through the snow; drifts
into streambanks are affected by the orientation of the drainage to the wind
direction. Larger drainages such as the Canning often lack snow cover next
to the mountain. Stream side vegetation, especially shrubby willows,
encourages increased snow depths; such depths may be more than 3 feet.

The Applicant has not provided data on snow depths on the segment of

the proposed AAGPC pipeline in the Arctic National Wildlife Range (Wthh
contains more than 70 percent of the system).

Winds

Surface winds along the Arctic Coast are persistent in direction and
velocity. Along the Alaskan arctic coastal zone, winds average between 15
and 59 mph. The highest winds occur in the periocd from November through
March. Wind velocities reached 81 mph at Barter Island in November 1970.
Prevailing winds are from the northeast but most high winds (in excess of 40
mph) are from the west (Figure 2.1.1.1~3).

surface wind, especially on exposed knobs and in river valleys where

winds are funneled through mountain passes, picks up fine materials which
can abrade succulent plants and obscure visibility.

Onshore winds along the Arctic Coast occasionally'push the icepack to
shore when the ccast would otherwise be ice free. Table 2.1.1.1-3 shows
that winds 25 mph or greater may be expected at Barrow on 72 days annually.
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Micrometeorological Conditions -

Ice fog is peculiar to arctic and subarctic regions. The water in an
ice fog is frozen. Ice fog is not considered to be harmful to the natural
environment, but may restrict human activities because of limited
visibility. For ice fog to form, large quantities of water vapour, along
with temperatures below -229F are required., Between temperatures of »229F
and -409F, an abundance of nuclei are also required for the ice particles to
form around. Below ~409F, the formation of ice particles is spontaneous and
does not require the aid of nuclei.

The quantity of water vapor in the station exhaust gases will probably
be enough to form ice fog provided atmospheric conditions are rlght. In
areas where ice fog is a problem, such as Fairbanks, Alaska, there is an
abundance of unburned hydrocarbons and particulate matter in the atmosphere
which originate from automobile exhausts and several coal burning plants in
the area. With natural gas as the turbine fuel, if no other contaminants
are present in the atmosphere. it is possible that not enough nuclei will be
present to form ice fog at temperatures above -409F. This appears to be the
case with existing comgressor stations in western canada where ice fogs are
not common during these temperatures.

At temperatures below -40°F, the density a and thlckness of the ice fog
will be dependent on the terrain and the degree of stability of the
atmosphere. It is posszble that even during temperatures below =-40°F, the
dénsity of the ice fog will not be high enough to seriously limit
VlSlbllltY.

Ice .fog is not restricted to u;ban areas. BHot springs, cooling ponds,
and canstruction equipment all are adequate sources of vapor. The latter
also emit particulate matter. Without dissipating winds, ice fog often is
confined to narrow stretches, or patches, along hlghways and around
industrial plants. It remains in sxtu until the inversion lifts.

During warm months, fog frequently reduces visibility. At Barter
Island, fog may be expected at least 74 days each year, '

Low visibility conditions are frequent along the Arctic Coast. At
Barter Island for an average of 118 days a year, visibility is reduced to
one mile or .less ky natural causes other than darkness. The distribution of
these days by month is shown in Table 2.1.1.1-4. o

During a 4~ to 5-week period in December and January, low visibility on
the Arctic Slope makes flying more hazardous than usual. High winds,
blowing snow, and darkness combine to create hazardous conditions. Despite
these conditions several daily flights from Anchorage and Faxrbanks usually
make their schedule to Deadhorse airport.

Sunlight

There is a total ‘lack of direct sunlight in the winter months (55 days
at Barter Island) during which diurnal temperatures range from 12°9F to 159F
{(=11.19C to ~9.49C), It is during this winter period that the Applicant
proposes to iritiate and complete major coastructlon elements of the
plpellne system.
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Table 2.1.1,1-2 Temperature ranges at compressor station locations, Alaska

Mile Post .Elevation Winter  Sunmér Jan. ' '“ifpril  July Oct.
43,4 150 ft. . -12°F +32°F =19°F 0°F +45°F  +15°F

(45.7m) (~24.4°C)  (0°C) (-28.3°C) (-17.7°C) (7.2°C) (=9.4°C)

83.0 “690 ft.  -10°F +32°F -17°F +1°F -43°F  +15°F
(210.3m)  (-23.3°C)  (0°C) (27.2°C) <(-17.2°C) - (6. 1°c) (=9.4°C)

1129.2 | 510 ft.  -9°F +32°F -16°F  +3°F +42°F  +17°F
(155.4m) (-22.7°F)  (0°C) (=26.6°C) (-16.1°C) (5.5°C) (~8.3°C)

176.0 290 ft. ~9°F © 4+32°F =~15°F +1°F +43°F +17°F
' © o (88.4m)  (=22.7°F)  (0°F) (-26.1°F) (-17.2°F) (6.1°C) (~-8.3°C)

Table 2.1.1.1-3 Average number of days when wind speed equals or exceeds 25 mph at
Barrow, Alaska -

Barrow ~ Jan Feb "Mar Apr May June July Aug. Sept Oct Nov Dec

No.Days 6 5 4 6. 3 4 5.7 5 7 13 7°

(Hastings 1971, from ,Némtvedt et al, 1974, p. 137)

Table 2.1.1.1-4 Average number of days at Barter Island, Alaska, when horizZontal
visibility is restricted to 1 mile or less by natural causes
other than darkness .

Month Jan Feb Mar ~Apr ‘May June July Aug ‘Sept Oct Nov Dec

Average v SR o . . .
Number i0 13 9 7 .7 9 12 5 12 7 9 8
of Days » : : ‘

(Hastings 1971, from Namtvedg; et. 3.1'../1974, P. 137) ’
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Sea lce

Sea ice is a dominant feature in the Beaufort Sea for 7 to 9 months of
the year. During the open-water (summer) season, fast ice, which is
relatively immobile ice attached to the coast, breaks up, and the polar pack
ice moves offshore to the north. The polar pack ice may remain quite close
to the Beaufort Sea shoreline or even against it durlng periods of high
northerly winds.

In the years of maximum sea ice retreat, the polar pack lies only 30 to
40 miles (48.3 to 64.4 km) north of the Beaufort Sea coast. The distance
the polar ice pack moves offshore varies greatly and severely impedes
shipping in the Beaufort Sea (Figure 2.1.1.1-4). Dates of ice breakup and
freezeup in the Beaufort Sea are guite variable at Barter Island. The
earliest recorded freezeup was September 20 and the latest, October 25
(average October 5). The earliest breakup was on July 22, the latest,
August § (average July 7 to 28) at Barter Island (Table 2.1.1.1-5). ‘
Generally, the shoreline is icefree for fewer than 3 months (Namtvedt et 1
al., 1974). :

The seasonal freeze-thaw cycle controls the development and dissipation .
of sea ice in northern Alaska. The normal cycle begins with the formation
of river and sea ice during late September when mean air temperatures fall
below freezing. By the end of December, when mean temperatures are well i
below ~#9F (~209C), ice is commonly more than 3.3 feet (1 m) thick. Ice
continues to thicken, reaching a maximum of about 6.6 feet (2 m) in May, |
when melting starts. 1
|
|

Twenty-four hours of sunshine aid rapid thawing during late May and
early June. Melting is accelerated when river water begins to flow over the
river and sea ice. The flood of fresh water may exceed 3 feet (1m) in depth
on the sea ice and ultimately drains through cracks and holes in the sea ice
called strudel (Reimnitz apd others, 1974). See 2.1.1.3 for additional
discussion on strudel. The sea ice along the coast continues to melt during
June and much of July, usually resulting in a lead of open water 33 to 164
feet (10 to 50 m) wide off the coastal and insular beaches (Short 1973).
Most of the lagoonal ice and ice inside the 33 foot (10 m) contour melts
with little or no lateral movement. Off rivers, this melt lead can be 16 to
24 miles (10 to 15 km) in width with the influx of warm river water.
Sometime late in July the remaining sea ice breaks up and moves offshore.
The cycle is completed during the rest of the summer season~-August and
early September--when temperatures are above freezing and remaining ice
continues to melt. )

Sea ice in the Beaufort Sea may be divided into three broad categories:
(1) the seasonal fast ice along the coast; (2) a brecciated shear line and
associated shear zone that marks the seaward boundary of the fast ice; and
{3) the multiyear polar pack ice seaward of the shear zZone.

The fast ice gzone is composed mostly of seasonal ice which can be
thought of as an extension of the land (Kovacs and Mellor, 1974).
Typically, fast ice reaches a thickness of about 6 1/2 feet (2 m) by May
and, depending on the coastal configuration, extends out to the 33 to 66
foot (10 to 20 m) depth contour. This zone is essentially immobile during
the winter, with few topographic irregularities that can be ascribed to
deformation or to the inclusion of larger blocks of older ice from the
previous summer. By the end of winter the ice inside the 6.6 foot (2 m)
depth contour rests on the bottom. As the seas oscillate vertically with
astronomical and meteorologic tides while downward adfreezing continues, the
fast ice is elevated inshore of the 6.6 foot (2 m) contour and often
contains layers of sediment (Barnes and Reimnitz, 1974).
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Table 2.1.1.1-5 Freezeup and breakup dates for the Chukchi and Beaufort Seas at
; selected coastal stations

FREEZEUP ON CHUKCHI AND BEAUFORT SEAS

Statdion Earliest Latest Average Yrs. Data

Point Hope Oct, 6 Dec. 1 Oct. 25-29 6
Point lay . Oct. 15 Nov, 27 Nov. 7-11 4
Wainwright Sept. 16  Oct. 25 Oct, 3-7 8
Point Barrow Sept. 3 Dec. 19 Oct, 1«5 26
Barter Island Sept. 20 Oct, 25 Oct. 5 6

BREAKUP ON CHUKCHI AND BEAUFORT SEAS

Station ‘ Earliest Latest -Average Yrs. Data
Point Hope May 30 Jul. 2 Jun, 10-16 5
Point Lay © May 20 Jul. 9 Jun, 11-17 3
Wainwright Jun. 7 Julo 26 Jun. 23-29 ) 3
Point Barrow Jun. 15 Aug. 22 Jul, 17-23 24

4

Barter Island Jul, 22 Aug. 4 Jul. 7-28
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The bounddry betwéen the statlonary fast ice and the moblle pack ice is
marked by the shear line oriented parallel to the coast along the, 33 to 65
foot (10.to 20 m) depth contour. Seaward of this boundary, shear ridges and
pressure: rldges develop in response to the impingement of moving ice agalnst
the fast ice, forming a shear zone up to 12.5 mlles (20 km) wide (Kovacs and
Mellor, 1974).

The polar pack ice consists df multiyear ice floes 6.6 to 13.2 feet (2
to 4 m) thick and pressure ridges with keels to 154 feet (47 m) (Weeks et
al., 1971). As a result of wind stresses, the general drift of the ice is
westward in the southern part of the clockwise Pacific Gyre (Campbell,
1965) .

During ‘the summer, ice conditions are controlled by local winds. The
polar pack edge is usually 12.4 to 37.2 miles (20 to 60 km) from the coast,
although still inshore of the shelf break (U.S: Navy Hydrographic office,
1958). Under the influence of westerly winds, the Eckman drift forces the
ice and water onshore. When these conditions are severe, sea level is
raised as much as 10 feet (3 m}, submerging the offshore islands and
stranding ice on both the beaches and karrier islands (Reimnitz et al.,
1972) . Conversely, easterly winds move water and ice offshore, resulting in
lowering of sea level by as much as 3.3 feet {1 m). In the absence of an-
influencing, wind, scattered drifting and grounded ice are a common sight
inshore of the pack ice boundary. The presence of the pack ice reduces the
wind fetch and limits the development of waves during the summer so that
seas higher than 3.3 feet (1 m) are rare (Wiseman et al., 1973).

2.1.1.2 Topography

Thée proposed AAGPC pipeline is to be entirely on the North Slope of
Alaska. ©On the basis of major topographic and geologic features, Walirhaftig
(1965) divided the North Slope into the Arctic Coastal Plain and Arctic
Foothills. The Arctic Coastal Plain grades imperceptibly into the Arctic
Foothills as elevation and distance from the coast increases. Elevations
range from sea level at Prudhoe, Camden, and Demarcation Bays to an
estimated 825 feet at M.P. 85 and M.P. 92 within the Arctic Nationail
Wildlife Range. The general line used to separate these two physiogrdphic
provinces is the 600 foot contour interval. Although the bulk of the
proposed AAGPC pipeline system is at or below the 600-foot elevation, most
of the topography on the proposed route across the Arctic National wildlife
Range is.iore typical of the Arctic Foothills provincé than the cCoastal
Plain. Figure 2.1.1.2~-1 shows the general demarcatlon of the two provinces
and the proposed pipeline.

Information submitted by the Applicant indicates approximately-90
percent of the slopes traversed by the proposed pipeline route are less than
32, The proposed routing involves at least 56 places in Alaska where the
slopes range from 39 to 99 +, Most of the steeper slopes are near stream
crossings and locally may approach 209,

Arctic Coastal Plain

The first 62 miles of the proposed AAGPC route cross terrain that is
typical of the Arctic Coastal Plain, which is flat and treeless; its
topography rises imperceptibly from the Beaufort Sea to a maximum elevation
of 600 feet (182.9 m) at its southern margin. The coastline makes a very
small break in the profile of the coastal plain and shelf, and the shore is
generally only 1 to 10 feet (0.3-3 m) akove the ocean; the highest coastal
cliffs generally rise no more than 50 feet (15 2 m) above the sea. Locally,
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an abrupt scarp 50 to 200 feet (15.2-61 m) high separates the coastal plain
from the Arctic Foothills. 1In some places, pingos (ice-cored hills) are
sufficiently numerous to form an undulatory skyline. The coastal plain just
west of the delta of the Sagavanxrktok River has scattered longitudinal sand
dunes.

The Arctic Coastal Plain is poorly drained, and consequently, is marshy
in summer. It is crossed by northward-flowing rivers whose headwaters are
in highlands to the south. A large portion of the plain is covered by
elongated thaw lakes oriented approximately N, 15°W.; the lakes range from a
few hundred feet to 9 miles long, are from 2 to 20 feet deep, and generally
are oval or rectangular in shape. They often expand about 3 feet (1m) .per
year on the windward shore in places. Several generations of drained lake
basins are present.

The entire Arctic Coastal Plain is underlain by continuous permafrost.
A honeycomb of -ice-wedge polygons covers most of the coastal plain and
produces local microrelief of up to 2 feet., Because these ice wedges extend -
local topography above standing water, distinctive plant communities tend to
be- associated with the raised portions of the polygons.

Arctic Foothills

The 55-mile~long intermediate segment (M.P. 62 to M.P. 117) of ‘the
proposed AAGPC route crosses the northern edge of the Arctic Foothills. The
province is characterized by rolling plateaus and linear mountains with
intervening flat to gently undulating plains. The foothills are crossed by
rivers flowing north from sources in the Brooks Range. Most streams have
swift, braided courses across broad gravel flats that are locally covered in
winter with extensive sheets of aufeis that freeze to the streambeds; this
filling of the channels causes the streams to flood their gravel flats. A
few thaw lakes are present in the river valleys and on some divides. The
upper valleys of major rivers from the Brooks Range contain many morainal
lakes; however, there are no glaciers. The entire province is underlain by
continuous: permafrost. Ice wedges, stone stripes, polygonal ground, pingos,
and other features of a frost climate are common.

The last 80 miles of the proposed route technically fall within the
Arctic Coastal Plain, according to Wahrhaftig (1965). The terrain and
vegetation are not typical of the coastal plain except that they lie at
elevations below 600 feet. This segment is more closely related to the
drier Arctic Foothills thancthe Arctic Coastal Plain.

2.1.1.3 Geology
| ‘Lithology

Bedrock along the portion of the pipeline route through the Arctic
Coastal Plain is overlain by 10 or more feet of unconsolidated Quaternary
marine, and locally terrestrial, sediments consisting of pebbly sandy silt,
silty sand, and sandy gravel. Fine-grained sediments generally mantle the
surface. The underlying bedrock is nearly flat-lylng to gently folded
Tertiary and Cretaceous sedimentary rocks, ranging from mudstones to
conglomerates {generally poorly lndurated).‘ .

The bedrock units mentioned above extend into the Arctic Foothills, but
have been folded into east-west trending anticlines and synclines. Where
the proposed AAGPC pipeline would cross the Foothills, the bedrock is
generally covered by more than 10 feet of surficial deposits which, in most
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part, are fine grained and range from organic-rich silt in depressions to
gravelly silt on some of the upland surfaces. The larger stream valleys are
underlain by sandy gravel. Preliminary soil test holes by the Applicant
indicate bedrock is found at a deépth of 7.5 to 14.5 feet in the vicinity of
M.P. 87 and at 7 feet near M.P. 94. The Applicant estimates that.

" approximately 5.1 percent of the pipeline route (10 niles) is located in
areas wheré bedrock is no deeper than 10 feet. The U.S. Geological. Survey
(1974) indicated that bedrock is exposed in the vicinity of the proposed
crossing of the Katakturuk River (M.P. 87). This outcrop is poorly
indurated clayey silt with a few sandy and pebble-gravel beds capped by a
conglomerate, which has weathered to a lag gravel at the sutface. - Locally,
these deposits are very unstable, and mud-flows form at the bases of the
valley walls. Similar bhedrock probably is present locally at shallow depths
along the proposed pipeline route elsewhere through the foothills.

Bedrock is not exposed along the easternmost segment of the proposed
pipeline route between M.P. 117 and 197. The western half of this sSegment
is generally underlain by gravelly silt (glacial till), with local
depressions filled with ofganic-rich silt. The larger stream valleys are
underlain by sandy gravel. The eastern half of this segment is generally
underlain by medium- to coarse-grained sandy gravel forming broad coalescent
alluvial fans. A few areas between fans are underlain by fine-grained
deposits. :

Mineral Resources

Petroleum .

The entire Alaskan North Slope has large petroleun deposits. They are
being explored and exgloited in an intensive program of development.

Known Reserves

Prudhoe Bay Field (Sadlerochlt Formation} {(Figure 2.1.1. 3-1)--011 was
discovered at the Prudhoe Bay.field in July 1968. It is the first
commercial oil discovery in Alaska since the southern ‘Alaska Cook Inlet (in
1958) and Gulf Coast (at Katalla in 1901) regions. Estimated pool reserves
are approximately 10 billion barrels of oil and 22.5 trillion cubic feet of
* natural gas. Prudhoe Bay is the largest oil pool ever discovered on the

North American continent. \

About 80 wells have been completed in the Prudhoe Field. Actual crude
oil production awaits completion of the Alyeska o0il pipeline in mid-1977.

The natural gas produced along with the crude o0il will be séparated,
compressed, and 1n3ected back into the producing reservoir, If a gas
transmission system is available, the gas will be transported to consumer
‘markets.

Construction of thée Prudhoe to Valdez oil pipeline has geherated
drilling activity in the Prudhoe Bay area, both developmental and
exploratory. By the end of March, 1975, two significant well completions
have probably added to the known reserves of the Prudhoe Bay Field. One
well, drilled within the areal limits of the Prudhoe Bay Field, was
directionally drilled from land to an offshore hottom-hole location under
the Beaufort Sea. This well tested 1,350 BOPD (barrels oil per day) and
7,000 MCF of gas per day from the Lisburne formation. The Lisburne
limestone underlies the main .producing formation in the Prudhoe Bay Field
{the Sadlerochit sandstone reservoir}. Although reserves of oil and gas
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contained in the Lisburne limestone canngt be calculated on the basis of
information from one well, the operator of the well believes that the
Lisburne "contains significant quantities of hydrocarbons." If the
additional exploratory wells plamnned during the spring of 1975 to develop
the Lisburne are successful, a new dimension will be added to the proven
reserves of oil and gas in the Prudhoe Bay area.

Another well, also within the areal limits of the Prudhoe Bay Field,
but about 6 miles north of the nearest development well, successfully
extended the productive capability of the Sadlerochit sandstone reservoir.
In March, 1975, the well was cased off as it passed through the Sadlerochit
sandstone reservoir and was drilled to an increased depth to test the
Lisburne formationmn.

. These wells are significant in that both the trans-Alaska oil pipeline
system and the proposed AAGPC pipeline system for natural gas are basically
designed to transport the previously "proven! reserves of oil and gas from
the Prudhoe Bay Field. ‘ ‘

Kemik Field--This field is identified by the petroleum industry as a
gas field. One well was completed in 1969 as a gas well and is shut-in. A
confirmation well was drilled in March 1975. A third well is planned.
Information on estimated reserves is unavailable. The location of this gas
field is close to the Applicantt's proposed gas pipeline. .

Kavik Field--This field also is identified as a gas field, with two
wells drilled and completed as gas wells. Both wells are shut-in and, as
with the Kemik field, no information is available on gas reserve estimates.
The location of this gas field also is close to the Applicant!s proposed gas
pipeline.

Potential Reserves

Marsh Creek Anticline--A potential oil and gas field of very large
accumulation is believed to be located beneath the coastal plain just south
of Camden Bay and near the mouths of Carter and Marsh Creeks.

This geologic structure, known as the Marsh Creek anticline, has a
visible 40-square-mile (103.6 sqg. km) uplift. The potential oil-bearing
structure is 46 miles {74 km) long and covers a surface area of
approximately 150,000 acres (234.4 sq. mi}. At least four geclogic
formations are projected as capable of holding petroleum reserves, including
the Sadlerochit and Lisburne formations, and are comparable to zones with
proven oil and gas reserves in the Prudhoe Bay Field.

No exploratory wells have been drilled because drilling activities have
not been permitted within the boundaries of the Arctic National Wildlife
. Range. Geologic information collected outside the Range, however, suggests
there is high oil and gas potential in the Marsh Creek anticline. The Marsh
Creek anticline is close to the Applicant!s proposed gas pipeline.

Beaufort Sea Province--Petroleum exploration activities along the
Alaskan North Slope have not yet advanced to the stage of drilling offshore
structures jin the Beaufort Sea. The basic geologic elements necessary for
petroleum accumulation and entrapment exist in the offshore Beaufort Sea
area. The onshore oil and gas fields. provide a basis for optimism regarding
the petroleum potential kased upon the total volume of sedimentary rock
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underlying the Beaufort Sea which often is associated with oil and gas
deposits; the Alaska State Geological and Geophysical Survey (Open File
Report #50) made estimates of 2.7 billjon barrels of oil and 13.5 trillion

cubic feet of gas as possible petrqleum regserves within the Beaufort
Province. . .

Coal

The potential for discovery of additional coal deposits is thought to
be good although this area has been largely unexplored (Figure 2.1.1.3-2).

Geothermal

The only known geothermal resource potential along the Applicant's
proposed gas pipeline route lies within the Arctic National wWildlife Range.
Two areas constituting approximately 46,000 acres (71.9 sq. mi) within the
Range have been identified by the Geologlcal Survey as having potential for
geothermal resources., These are located at the Shublik and Sadlerochit warm
springs in the Sadlerochit Mountains. KXnowledge is inadequate to evaluate
the area's potential ccmmercial value, but the Geothermal Steam Act of 1970
(84 stat. 1566) prohibits issuance of geothermal leases within wildlife
refuges or ranges.

For additional discussion of these springs, see fisheries and unigue
areas (2.1.1.7 and 2.1.1.12, respectively).

Metals

No mineral deposits are known to occur along the low coastal plain area
crossed by the Applicant's proposed gas pipeline route (Bottge, 1974).
There is high to good potential that metallic mineral deposits occur within
‘the foothills and mountainous areas just south of the route.

Copper mineralization is associated with a lower Paleozoic volcanic and
carbonate sequence in the Shublik Mountains. Similar volcanic rocks with
reported associated copper mineralization occurs in the Sadlerochit
Mountains. Volcanics that are probably equivalent in age are extensively
exposed to the east in the Demarcation Point guadrangle. U.S.G.S. studies
within the Arctic National wWildlife Range found that mineralization is

evident in granitic plutons at and near Mt. Michelson.

Various amounts of lead, tin, beryllium, and locally, zinc, occur at
Mt. Michelson, and persist around the west edge of the main granitic pluton
and in a 10-mile transverse across its center. Indications are that the
granite is average in lead content but higher than average in tin.

Known mineral occurrences of beryl, galena-sphalerite veins, and
pyritized schist at the granite contact and a pyritized shear zone occur
within the granite at Mt. Michelson. - Abundant red-weathering pyritized
zones within the granite have been mapped. The known data suggest that
there are. many small mineralized zones, and that placer tin is a potentlal
economic minexal rrospect.

Gravel

Gravel is locally being extracted along the Appllcant's proposed gas
plpellne route.
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The Alyeska Pipeline Company and the petroleum development companies of
the Prudhoe Bay Field are extracting sand and gravel from the bed and
outwash plains of the Sagavanirktok River. Volume data for gravel removed
from the Sagavanirktok River drdainage are not available, because the State
of Alaska does not keep cumulative reécords of free use permlts or materials
sales in the area.

There is no overall estimate for the amount, quallty, and location of
gravel along the proposed AAGPC pipeline’ system.- Bedrock is exposed close
to the route. Accordingly, it is unlikely that a rock quarrying and
crushing method could be used to produce the 3.1 million cubic yards of
gravel which the Applicant estrmates Wlll be requrred to construct the
pipeline system.

Geologic.ﬂazards' k3

Permafrost .

Permafrost is a crltxcal geologlcal~c11matologlcal phenomenon that is
important to this envzronmental impact statement. )
The entire proposed AAGPC pipéline system is located in an area of

continuous permafrost.  Permafrost is defined as §0i1l, rock, or any other
earth material, the temperature of which remains.at or below 329F (09C)
contrnuously for two or.more years (Muller, 1945) . it is important to note
that it is not necessary to have ice in order to have-permafrost.
Permafrost is defined-exclusively on the basis 'of. temperature, without
regard to other conditiorns of the materral, such ‘as lrthology, texture,
degree of induration,-or water (ice) content. Although ice is not a
necessary prerequisite of permafrost, Ats .presence and amount in relative
proportion to soil, gravel, 'bedrock, or. other earth*materlal is of extreme
importance to. constructlon rn the Arctic.

The term permafrost rs a mrsnomer.&t"Eerma-“ is derived from the word
permanent, and permafrost is anything but permanent when its thermal
environment is altered. When altered there can be significant changes in
the surface configuration in direct proportroa to the ‘amount of ice present.
When thawed, excess water trapped as ice ig- freed,«resultlng in subsidence
or sinking of the ground surface. ‘Cconversély, exposing a‘new supply of
water to permafrost can cause the water to ‘turn to ice and the ground
surface to be raised or to heave. -

" Permafrost dzstrrbutron is not uniform and depends on many variables.
Although mean annual air temperature is kasic in determining the
distribution,. mean annual ground temperature is the ‘key that determines
presence or absence of the phenoménon. Several other variables relate to
these two values, rnoludrng glacial and c¢limatic history of an areaj;-thermal
properties of the earth material; insulating properties of any overlying
material such as vegetation, snow, or water bodies; topographic conditions
such as orientation of a slope with respect to the sun; and other shade.
factors caused by topography or vegetation.

In the lowland area north of the Brooks Range, the temperature of
permafrost at depths just below the zone*of seasonal varratlon .generally
ranges from'12° to 239F (- 119 to. -5°C).. ot .

.

ty

Data presented by the Applicant: 1ndrcate soil temperatures along the
proposed pipeline route in Alaska range Letween 16°F and 33°F (-8.9°9C and
.69C) . at half the depth of the buried pipeline centerline (approximately 54
inches or 1.4m.). These are shown in Table 2.1.1.3~-1. Most of the
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Table 2.1.1.3~1 Average ground temperatures along proposed pipeline route, Alaska,
© at a depth of -the centerline of the buried pipeline

Si

Average Average Maximum : Average temp. (°F) B
Pipeline segment wintex summex value |
(M.P.) temp. (°F) temp. (°F) (°¥) Jan. April July oot M
00 - 43.4 19(-7.2°C) 28(=2.2°C) 33{0.6°C) 17 (-8.4°C) 16(=0°C} 30(-1.1°C) - 31(~0.6°C)
43.4 - 83.0 ’ 18 28 (~2.2°C) 33(0.6°C) 17 15 26 {~1.7°C) 31~0.6°C)
83.0 - 129,2 20-6.7° 28(-2.2°C) 32(0°C) 18 (~7.8°C) © 17(-8.4°C) 29(-1.7°¢) 30(-1.1°C) %
. 129.2 - 176.0 . 20 28(2.2°C) 32(0°C) 18 17 20(-1.7°¢) 30{~1.1°C)
176.0 - 225 */ 20 26(0.6°C) 33(0.6°C) 18 17 30¢-1.1°0) 31(~0.6°C) =

*/ Uu.8. - canada Border at M.P. 194.80

(RAGPC, 1974k, Exhibit G, pp. 42, 43)




permafrost in Alaska has been in a similar condition for many thousands of
years; some is a slowly shrinking product of ancient colder climates, but
some 1s growing thicker. In northern Alaska where the climate is colder,
permafrost forms a virtually continuous layer to depths of several hundred
feet beneath the surface. It reaches a maximum thickness of about 2,000
feet (609.6 m) near the origin station of the proposed AAGPC pipeline system
in the Prudhoe Bay area (Howitt and Clegg, 1970).

Even in the coldest parts of Alaska, a thin layer of ground, the active
layer, thaws every summer, and separates the permafrost from the ground
surface, The thickness of the active layer depends upon the capacity of the
surface material to protect the underlying permafrost from summer heat. The
thickness can vary locally from 1/2 foot to 5 or more feet (.2 to 1.5 m) and
can change dramatically when the surface is disturbed. See the Soils and
Erosion Sections for more detailed discussion of the "active layer."

The amount of ice present in the surficial deposits or bedrock in which
the permafrost is developed can vary from none to nearly 100 percent. The
proportion of ice to surficial material depends initially on the water !
present in the material before freezing, but during the process of formation
of the permafrost (and during the freeze-thaw cycles in the supra-permafrost
zone) the ice becomes segregated, particularly when the percentage is
relatively high: The segregated ice may take the form of irregular blobs or
lenses, more or less horizontal layers that may range in thickness from less
than 1 inch (2.5 cm) to many feet, or vertically oriented wedges which thin
downward and which may be tens of feet deep and several feet wide at the top
in northern continuous zones (to the south they have smaller dimensions).

Wedges occur in cracks formed when the ground contracts as jt freezes.
Cracks develop over long periods of time and commonly form in a polygonal
pattern resembling mud cracks, but generally much larger. Ice-wedge systems .
are sometimes visible on the surface of the ground (ice-wedge polygons), but
more commonly may have no surface indication. (Figure 2.1.1.3-3).

The engineering problems associated with permafrost are not the same in
every type of rock or sediment. For example, bedrock or well-drained,
coarse sediments such as glacial outwash gravel present few, if any,
construction or maintenance problems because there is little ice.

Major engineering.problems arise where permafrost occurs in poorly
drained, fine~grained sediments. Such sediments generally contain large
amounts of ice, and when the natural thermal regime is disrupted, the ice
begins to melt. The thawing produces instability as excessive wetting and
plasticity of the fine-grained sediments occurs. This instability can
result in the subsidence of the ground surface or in downslope movement of
the entire thawed mass.

It is the change or modification, chiefly degradation {(thawing), of
permafrost that is of primary concern to construction projects in the
Arctic.

. Degradation can happen in two basically different ways: (1) changes in
the thermal balance at the ground surface can cause the active layer to
thicken from summer heating. - Major factors affecting the natural thermal
balance when construction damages the organic surface layer are through
destruction, or compaction and disruption of. surface drainage, and (2)
heated buildings, or other new and steady sources of heat, can change the
equilibrium thawing configuration of the permafrost. Both degradations may
drastically affect the behavior of the material underlying the surface, but
the change may be incomplete for decades, or even centuries (Lachenbruch,
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1970). Thus, a new thermal balance may not ke reached until well after the
pipeline has gone out of use,

The primary engineering problems resulting from thawing of permafrost
relate to the potential loss of strength and volume of the material
{(Ferrians et al., 1969). In ice~rich material, thawing can cause Severe
differential settlement or loss of bearing strength in foundations. Such
effects may be self-perpetuating and difficult to predict.

The nature of the ice in the active layer, as well as its thickness has
an important effect on the amount of frost heaving. 1In relatively coarse-
grained sediment with a low water content, the ice acts as a binder and does
not produce appreciable amounts of heaving. If coarse sand is inter-bedded
with silt and the water content is not high, ice forms as layers in the silt
and as a binder in the coarse sand. In this case, thin ice lenses are
formed and moderate heaving results. If the sediments are mixed silts and
fine sands along with high water content, large masses of segregated ice are
formed and maximum frost heaving occurs.

" Preliminary data submitted by the Applicant indicate that more than 590
percent of the first 45 miles (72.4 km) crosses areas where an "80) percent
ice content" would be expected. Major rortions of this same 45-mile (72.4
km) segment are identified as crossing areas where "much ground ice" is
anticipated. Between M.P. 45 and 125 approximately 85 to 90 percent of the
pipeline route crosses terrain where "thermal erosion is prevalent where
overlying vegetation mat is disturbed or destroved." Between M.P. 115 and
the United States—Canada border, approximately one third of the route
crosses terrain where “high ice content makes material subject to extreme
settlement and flowage even on gentle slopes if ice melts" (AAGPC, 1975).

The Applicant has conducted a reconnaissance s0ils investigation along
the proposed AAGPC pipeline route in Alaska. A total of 55 test holes have
been drilled, but they are too few for more than generalized conclusions,
because of the wide range in subsurface conditions from site to site. Data
are lacking between M.P. 130 and M.P. 175 (approximately 23 percent of the
total proposed pipeline alignment).

Summary data prepared by the Applicant indicate glacial deposits
comprise 37.9 percent of the proposed pipeline route; alluvial deposits,
29,0 percent; marine deposits, 20.1 percent; diverse deposits, 10.2 percent;
and lacustrine deposits, 2.7 percent. Although these percentages ccould
change when engineering studies are campleted, the relationships are
considered typical.

Erosion, Landslides, Slumping, and Subsidence

Most erosion in the Arctic Coastal Plain is concentrated in stream
valleys, gullies, rills, and steeper slopes or exposures which lack cohesive
vegetative covers, Major factors that influence erosive processes at
specific locations include: (1) wvegetation; (2) local topography; (3)
microclimatic conditions, including rainfall, snow accumulation, and diurnal
temperature fluctuation; (4) nature of surface runoff; (5) composition and
texture of the surface soil and rock; (6) frost heave; and (7) permafrost
conditions. These factors are discussed in other sections of this report.

The type and scale of so0il erxrgsion and/or mass~movement processes which
can affect a specific location generally are determined by: (1) permafrost
conditions, ({2) bedrock type, {3) slore characteristics, and (4) surficial
materials.. ‘
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No glaciers are associated with the proposed route.

Reconndissance level 1nformat10n on the geology along the propoesed
route indicates that except for the v1c1n1ty ‘of the Katakturuk River (M.P.
87) , bedrock generally is covered by more than 10 feet (3 m) of materials
for all but 10 miles (16 km) (5 percent). The 10-mile (16-km) section of
the proposed route that involves bedrock at a depth of 10 feet (3 m) or less
primarily is located on the Arctic National Wlldllfe Range betweén the .
Tamayariak and Sadlerochit Rivers (M.P. 81 to M.P. 111).

In permafrost regions, slope stablllty is, very sen51t1ve to the amount
of water in the soil, and therefore; 1nstab111ty is not uncommon when slopes
are as small as 3° and may occur on slopes of less than 39:

) Wind erosion is also a natural process that moves sand and 51lts along
the coastal areas and river bars. Much of thé.erosion along the coastal
bluffs occurs during major storms when the coastal waters are not covered
with ice.

- All of the mass movement processes described here are dlrectly related
to slope anglé because gravity providés the dr1v1ng fotcé to make them
operate. The tendency for. Slope failure to occur iricreases proportlonately
with the degree of slopé. Because of permafrost condltlons, some slopes of
less than 3° are subject to mass movements.

In winter, erosion and slope 1nstab111ty 1n the prOJect areas are
essentially nonexistent because the grcund is completely frozen.

Mass movement processes are generally thought to be the major processes
responsible for lowering the landscape in Arctic regions. Important
processes along the proposed AAGPC pipeline route_lnclude° (1) thaw
consolidation, (2) solifluction, (3) skin flows, and (4) deepseated ‘creep ot
mass movement. These processes are usually closely 1nterrelated and
frequently compounded once a process has stadrted.

Thaw Consolldatlon

Thaw consolldatlon results when frozen flne—gralned ground - thaws. As
interstitial ice melts,; the volume of the thawing 5011 profilé is. reduced..
If water is génerated faster than soil materials are dlscharged the total
soil mass may flow as a liquid. ‘ . .

Typlcally, the active layer (soil or rock material that thaws annually)
is close to or at saturation because percolation is limited in depth by the
top of the permafrost Jayer.

The collection of moisture at the base of the activé layer provides a
lubricated surface which enhances slope 1nstab111ty. Brown. and others
(1969) report that.50 percent of the total aanual thaws occurs within three
weeks of the onset of the thaw season, and that in, Some summers, 100 percent
of the annual thaw depth has been attained by the flrst two weeks in August.’
Therefore, thaw consolidation must. be considered a rapldly occurting annual
event. :

-

Thermal erosion, a closely related process, commonly takes place when
permafrost is in contact with flow1ng water. Thermal heating and melting
result when water or permafrost ice is exposed to solar radiatidn. Surface
drainage tends to collect in thaw depressions or ponds, concentrating
runoff, causing additional melting, and usually acceleratlng the erosion.
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Solifluction

Solifluction, the downslope movement of water-saturated unfrozen
sediments over a surface of frozen material, is probably the most evident
indication of slope instability on the Arctic Coastal Plain and Arctic
Foothills. Soliflucticn differs from cther forms of slope instability, such
as creep and rockslides, in that entire sheets or lobes of unconsolidated
sediment move. Solifluction is effected by the impermeability of permafrost
and low evaporation rate. It is limited to periods of thaw. Downslope
movements may be so rapid that a structure resting upon the area of movement
either will be subjected to large earth pressures or will move passively
downslope.

Fine-grained, ice-rich materials are extremely sensitive to
solifluction and, according to Walker (1973), slopes of less than 39 can
have active solifluction. Movement. is generally slow and limited to the
period of thaw; however, it is an effective instrument in the transport of
large volumes of material.

skin Flows

Skin flows involve the detachment of thin veneers of vegetation and
soil and subsequent downslope movement over a planar incline surface. These
generally are long ribbonlike tears in the surface vegetation which
sometimes coalesce into kroad sheets. This type of slope instability is
shallow in comparison to its length. As with solifluction, skin flows can
occur on both steep and low angle slopes. They are local and are considered
a minor form of slope instability, as they are generally of shallow depth.

Deep Seated Creep

Deep creep involves the displacement of a mass of soil along a-sheer
surface in a more-or-less rigid body motion and is influenced by the ice or
water content of surficial material and the thickness of the active layer.

Large-scale, deep-seated, rapidly moving mass-movement features can
develop where there is a combination of high moisture content, a thick
active layer, and steep slopes. Preliminary evidence collected by the
Applicant and the Department of the Interior indicates naturally occurring
deep-seated creep or land-slide areas are not associated with the location
of the proposed AAGPC pipeline system. However, construction of the
Eipeline ditch may provide local conditions favorable to deep-seated creep.

Coastal and Marine-related Erosion and Deposition

Coastline erosion, through the processes of wave and thermokarst
activity, is common along the Beaufort Sea. Leffingwell (1919) reported

possible shoreline recession rates of 30 feet (9 m) per year between Flaxman

Island and the Brownlow Pcint. In a review of coastline erosion rates
elsewhere on the Arctic Coast, Lewellen (1970). documented erosion rates up
to more than 98 feet (30 m) per year. On the east end. of Pingok Island,
Wiseman et al. (1973) report that the low tundra bluffs retreated as much as
164 feet (50 m) -during a three-~week period 'in 1972. The retreat was
associated with the growth of an inlet spit, during a time of high wave
activity. Similar -erosion and deposition activity could occur in the area
of coastal facilities such as port areas planned as.part of the proposed
AAGPC pipeline system.
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The nearshore bars and barrier islands are known to alter position in
response to winds and currents (Wiseman et al., 1973). Bar migration was
noted to average 230 feet (70 m) per year, with migration apparently
influenced by occasional storms. Barrier islands apparently are migrating
to the west at 19.8 to 627 feet per year (6 to 190 m). Similar rapid
changes in nearshore morphology are Known to occur. around the inlets between
the barrier islands (Wiseman et al., 1973).

.Early maps and explorers! reports, when compared with present-day
geography, suggest that some islands have disappeared in historic times.
Whalers wintered in Camden Bay between Konganevik Point and Collinson Point
behind islands that no longer are present. Similarly, an island shown on
early maps of the Cape Halkett area is no longer to be found.

In the nearshore area off deltas, river overflow drainage through
strudel in the€ sea ice canopy during breakup in May and June creates scour
depressions at least 67 feet (20 m) in diameter and 15 feet (4.5 m) deep
(Reimnitz et al., 1972) (Figure 2.1.1.3-4).

Little deltaic deposition has been noted at deltas associated with the
proposed AAGPC pipeline system.

Ice-sediment interaction is the main cause of sediment reworking from
about a depth of 13 feet (4 m) seaward. Ice gouges, scrapes, and resuspends
bottom sediments.in this zone. Maximum ice gouge depths inshore of the
barrjer islands are generally less than 20 inches deep (50 cm) while
immediately seaward of the barriers gouges up to 39 inches (100 cm) deep are
common (Reimnitz and Barnes, 1974). The density of gouges is generally less
than 41 per mile (25 per km) of track line inside of the barrier islands and
upwards of 41 to 81 per mile (25~50 per km) of track line immediately
seaward of the barriers. )

The distribution and density of these features can change significantly
from year to year, perhaps in response to storm-related erosion and ’
deposition (Remnitz and Barnes, in press).

In an attempt to assess the relative importance of ice and water as
process agents on the bottom sediments of the Beaufort shelf, Barnes and
Reimnitz (1974) have developed a conceptual model (Figure 2.1.1.3<5).

It 'is important to keep in mind that the summer period is much. shorter
than the winter and, therefore, must display a greater intensity of activity
to equal the impacts of winter agents on the bottom sediments.

Earthquakes

No active faults along the proposed AAGPC pipeline system are known
from reconnaissance geology mapping, but detailed geologic field
investigations might reveal evidence of geologically recent movements.
Earthquake activity along the proposed AAGPC pipeline is low (Figure
2.1.1.3-6) . The proposed route lies entirely within zone 1 of the seismic
risk map for Alaska, published in the 1973 edition of the Uniform Building
Code (International Conference of Building Officials, 1973). sSeismic risk
increases from zone 0 to zone 3. 1In zone 1 minor earthquake damage may be
expected in correspondence with Modified Mercalli intensities of V and VI
(International Conference of Building Officials, 1973). It is difficult to
equate intensity with magnitude. However, for general purposes the V, VI .-
Mercalli intensity is somewhat less than a 5.5 Richter magnitude. The risk
map (Figure 2.1.1.3-7) is based primarily on historic seismicity and is a
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gross reglonallzatlon of seismic rlsk for the purpose of a standardized
national building code.

The seismic history along the route is short relative to the time over
which strains accumulate to create an earthquake; hence, the historic record
. of seismicity is a limited guide to future seismic risk.

Earthquakes of magnitude 6 and larger on the Richter scale of intensity
are potentially destructive, and earthquakes of magnitude 5 may cause damage
locally. The seismic history for mainland Alaska is probably complete for
earthquakes of magnitude 6.0 since the installation of the seismograph
station at College, Alaska, in 1935 and as small as magnitude 5.0 since the
mid~1960's when regional selsmograph networks were established in central
and southern Alaska.

Since the mid~1960's epicenters of at least six shocks with magnitudes
larger than 4.0 have been located within about 40 miles of the route between
longitudes 1439 and 146° W. The uncertainties in the epicentral
determinations are estimated to be on the order of 25 miles.

The maximum expectable earthquake is the largest earthquake that, on
the basis of existing knowledge, may reasonably be expected to occur; it
exceeds the largest known historic earthquake. Accordingly, the earthquake
potential along the proposed AAGPC pipeline system may be specified in terms
of a maximum expectable earthquake of magnitude 5.5. This is consistent
with the use of a magnitude 5.5 design earthquake for the northernmost
segment of the trans—-Alaska oil pipeline (SITF, 1972; Page et al., 1972).

Focal depths of earthquakes, though not precisely determined, are
consistent with the earthquakes occurring at shallow depths in the crust.
Accordingly, there is no a priori reascn to expect that larger earthquakes
will nct rupture the surface. Without detailed geologic knowledge that
there are no seismically active faults associated with the proposed pipeline
system, it must be assumed that the maximum expectable earthquake could
occur anywhere along the system.

s

2.1.1.4 Soils

The information in this section is from exploratory surveys of the USDA
S0il Conservation Service and from the Alaskan Arctic Gas Pipeline Co. The
Company drilled test holes along the proposed pipeline route to produce its
data. The data of the Soil Conservation Service are based on exploratory
surveys that report broader soil classifications than .the soil series. Soil
series and associations of them are unidentified in the basic soil mapping
units that are on 1:1,000,000 scale. Thus, the associations are in broader
categories than the soil series level.

‘The soil mapping units in Figure 2.1.1.4~1 were developed as
equivalents of associaticns of series by utilizing the broad categories of
the S8CS exploratory surveys and the specific profile data from the test
holes drilled by the Company.

Table 2.1.1.4~1 contains interpretive information for each series
equivalent occurring within the associations shown in Figure 2.1.1.4-1,
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~Table 2.1.1.4-1  GENERALIZED SOILS INFORMATION

Thickness Depth to Dominant Texture Underlying
Soil Units Land Position Organic Mat Permafrogt’ USDA — Unified Material
Miles .
1A 18 Coastal Plain < g" <12" 0"-60"sil ML ML
1B 15 . Coastal Plain 8"-16" < 12" 0"-60"sil ML ML
Low Terraces ‘
ic 11 Low Broad Kones 8"-16" 10"-24" . 0"-60"sil ML ML
‘ Convex Slopes
b 6 Low Terraces & 8" Deep 0"-60"vgs GP, GM GP
: Ridges
1E 4 Shallow Basinsg = 16" S VA 0"-24" pt PT PT
& Lake Borders .
1F. 3 Floodplains <g" =10" 0"-60"vgs GP GP
16 2 Low Dunes . < 4" i8"-30" 8 SP SP
28 42 Floodplains < 4% 15"-30" 0"-60"vgl GP GP
' Low Terraces . '
2B 9 Low Terraces < 4" Deep 0"-60" vg GP GP
2C 8 Floodplains < 4" = 20" o"-40" 1 ML
" Low Terraces ‘ . 40"vgs GP GP
2D 7 . Floodplains < 4" 10"-30" 0"-60" s SP SP
. & Swales
34 .18 Low Ridges =g 10"-20" 0"-60"sil ML~CL CL
Broad Valleys cl
3B 17 Broad Hilltops 8"-16" 6'"-20" 0"-60"sil ML-CL CL
3¢ 11 Broad Valley 8"-16" < g" 0"-60%"sil ML ML
Long Footslopes o
3p 10 Valley Bottoms =<g" <10" o"-60"sil ML ML
Swales
3E 7 Hilltops gn-16" 6"-16" 0"-60" sc CL CL
3F 7 Narrow Ridges 4" Deep 0"-60"gs11GM GP
- USDA Texture Unified Group Symbols
¢l ~ clay loam’ CL - Lean clays - gravelly, sandy, or silty
1~ loam GM - Mixed gravels, sands or silts
pt - peat GP - Gravels - gravel and sand mixture
s - sand GW - Graded gravels - gravel and sand mixtures
sil - silt loam ML - Silts and very fine sands - silty, clayey
vgl - very gravelly loam fine sands or clayey silts
vgs - very gravelly sand PT - Peat
vg - very gravelly SM - Silty sands -~ sand-silt mixtures
sc-- sandy clay SP - Poorly graded sandy, gravelly sands,
gravelly silt loam -little or no fines

Agsil -
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ALONG THE PROPOSED PIPELINE ROUTE

Drainage Class Flooding Frost Action Reaction Class Permeability Slope
Poorly drained None High non-acid to Moderate 0-3
calcareous
Poorly drained None High non-acid to Moderate 0-3
calcareous
Poorly drained None High calcareous Moderate 0-7
Well drained Moderate Low non-acid to Rapid 0-7
: calcareous
Poorly drained Moderate High strongly acid Moderate 0-3-
Poorly drained High Moderate calcareous Rapid 0-3
Well drained Low Moderate non-acid to Rapid 0~-7
calcareous
Poorly drained High Moderate non-acid to Rapid 0-3
calcareous '
Well drained Moderate Low non-acid to Rapid 0-3
calcareous
non-acid to
Poorly drained High High calcareous Rapid 0-3
Poorly drained Moderate Moderate non-acid to Moderate 0-3
T calcareous
Poorly drained None High calcareous Moderate 0-10
Poorly drained None High calcareous Slow 0-7
Poorly drained None High calcareous Moderate 0-10
Poorly drained None to Low High non-acid Moderate 0-10
Poorly drained None High calcareous Slow 0-~7
Well drained None . Low non-acid Rapid 10-~20
calcareous
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Soil Association No. 1

This association occupies extensive areas of the Arctic Coastal Plain.
Low~lying plains, stream terraces, alluvial fans, many small floodplains,
and the lower footslopes of hills characterize the areas.

Thick permafrost underlies the soil, and nearly all areas are
prominently patterned by the frost features that are common in the arctic
tundra. The dominant soils are poorly drained and congist of loamy non-acid
and calcareous sediments. Gravelly and sandy soils are scattered among the
terraces and flocdplains that border the numerous streams which flow
northward from the Brooks Mountain Range to the Beaufort Sea. Poorly
drained fibrous peat soils occupy lake borders, shallow depressions on
terraces, and small drainageways.

The soils of Association No. 1 are too cold for cultivation (as are the
soils in other associations along the proposed pipeline). Except for a few
well-drained, gravelly soils scattered on the terraces, the soils offer
severe construction problems., The proposed pipeline route encounters
approximately 59 miles of soil association number 1.

Principal Component Soils (series) of Association No. 1

Soils 1A, which underlie a nearly level to a moderately sloping ground
surface, are loamy; such soils comprise about 30 percent of the association.
These are poorly drained soils that occur on nearly level low-lying coastal
plains, terraces, and long footslopes. They are usually formed in non-acid
and calcareous silty materials. Typically they have a surface mat of roots
and organic materials less than 8 inches thick. A black, mucky silt loam
upper layer is underlain by mottled dark gray loamy materials that contain
frost-churned streaks of buried organic matter. Ice~-rich permafrost is
usually less than 12 inches below the crganic mat.

'Soils 1B, which also lie beneath a nearly level to moderately sloping
ground surface, are loamy, roorly drained in their occurrence on low-lying
plains, terraces, and long footslopes. Soils 1B comprise about 25 percent
of the association. They, too, are formed in non-acid and calcareous silty
sediments. Polygons, frost scars, and pingos are common surface features.
Typically, they have a surface layer of organic material ranging from 8 to
16 inches in thickness. The soils consist of dark gray, mottled silt loam
or silty clay loam that contains dark frost churned streaks of organic
matter. A thin darkened layer of mixed mineral and organic materials is
common at the permafrost table which is usually less than 12 inches below
the mineral surface,

Soils 1C are nearly level to gently sloping, loamy, poorly-drained
soils occurring on the crests of very low broad knolls that are only a few
feet above the surrounding plains. They also occur on convex footslopes and
in small scattered areas on terraces. The surface of these areas is
patterned with closely spaced, circular, sparsely vegetated frost boils. 1In
areas between the frost scars, the soil surface is covered with a thick
vegetative mat. Both the soil in the frost scars and the soil under the
vegetative mat consist of mottled dark gray, non-acid to calcareocus loamy
materials that contain black streaks of churned organic materials. Depth to
ice-rich permafrost is usually less than 10 inches in the soil under the
thick vegetative mat, but is up to 24 inches in the sparsely vegetated frost
boils which occupy about 40 to 50 percent of the surface area.

Soils 1D are nearly level to gertly sloping very gravelly soils that
make up about 10 percent of the association. These are well-drained soils
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that occur on portions of low terraces bordering major streams and on a few
low knolls and ridges. Frost features that include polygons and roughly
circular frost scars are weakly developed. On these soils, the vegetative
mat is normally only an inch or two thick and on windswept knolls, the
surface is nearly bare, The soils consist of dark grayish brown non-acid or
calcareous sandy loam. They have a mean annual temperature lower than

329 FP. but they do not retain enough moisture for ice-rich permafrost to
form.

Soils 1E are very poorly drained peat soils with a shallow permafrost
table. They occur in shallow basins on terraces and in areas borderlng thaw
lakes. 1In summer these soils are always wet and low~lying areas are
commonly ponded. The peat materials consist of very dark brown coarse sedge
and moss fibers that are usually very strongly acid. Below a depth of about
12 inches, the materials are perennially frozen and lnterbedded with thick
layers of clear ice. x

Soils 1F are nearly level, very gravelly and sandy, poorly drained soil
that generally occur on floodplains. They have shallow permafrost tables
and’ are subject to periodic flooding, This soil makes up less than 5
percent of the association.

Soils 1G are nearly level to rolling sandy soils that occur on low
stabilized dunes bordering floodplains. They are well-drained and have
moderately deep permafrost tables. This soil makes up less than 5 percent
of the association.

Soil Association No, 2
591l

This association occupies low terraces, braided flood plains, and broad
alluvial fans bordering major streams in northern Alaska. Elevations range
from sea level on plains bordering the coast to 2,000 feet in the Brooks
Range. The dominant soils consist of very gravelly stream deposits that are
underlain by permafrost. Low-lying portions of the association are commonly
flooded by runoff from spring snowmelt and heavy summer rainstorms in the " |\

4

mountainous watershed areas. y

Most of the soils have severe limjtations for construction, but well~
drained very gravelly soils of minor extent that occur near escarpment edges
on low terraces, slightly above the level of floodplains, are among the most
suitable soils for building sites, roads, and other intensive uses in the
arctic. The proposed pipeline route encounters approximately 66 miles of
this soil association.

Soils 2A are nearly level, very gravelly, poorly-drained soils with
permafrost that occur on low terraces, floodplains, and alluvial fans
braided with small secondary stream channels. This soil comprises about 65
percent of the associations. Shallow floods of short duration are common in
the spring and summer on soils in low—-1lying areas alang streams. Most of
the soils on terraces escape flooding. Typically, the soils have a thin
surface mat of organic material over a thin layer of gray stratified silt
loam and fine sand that is usually less than 15 inches thick over very
gravelly and sandy stream deposits. Derth to permafrost ranges from about
15 to 30 inches.

Soils 2B are nearly level, very gravelly well-drained -soils that occur
above escarpment edges on low terraces, They make up about 10 percent of
this association. These soils consist of very gravelly alluvial deposits.
Soil temperatures at moderate depth are continually lower than 32 degrees,
but the coarse textured materials seldom retain enough moisture to form
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large ice lenses. Beneath a thin surfacé mat of organic material the soils
consist of grayish brown or dark grayish brown very gravelly sand that
commonly contains many cobblestones.

Soils 2C are nearly level, loamy, poorly~drained soils with shallow
permafrost that occur on portions ¢of low terraces and floodplains. Beneath
a thin peaty surface mat, the soils consist of mottled gray stratified silt
loam and fine sand that contains dark streaks of buried organic matter.
Depth to ice-rich permafrost is generally less than 20 inches. This makes
up about 10 percent of the association.

Soils 2D are nearly level, sandy, poorly-drained soils with permafrost
that cccur on floodplains and swales between low undulating dunes. The
soils have a thin peaty surface layer over gray or mottled dark grayish
brown fine sand that commonly contains streaks or thin layers of buried
organic matter. Depth tc permafrost ranges from about 10 to 30 inches.
These soils comprise about 10 percent of the association.

Soil Association No. 3

This asscciation occupies low rounded hills bordered by coastal plains
and low-lying portions of the arctic foothills, The hilltops are broad with
smooth, gentle, convex slopes and are strongly patterned with barren or
sparsely vegetated circular frost scars, The entire association is
underlain with thick permafrost and the vegetation is typical arctic tundra.
Elevations range up to about 500 feet along the coast. The dominant soils
are poorly drained and formed in thick deposits of loamy ice-rich materials
derived chiefly from weathered nonacid and calcareous shales. A few very
gravelly well-drained soils occur on narrow ridgetops. The. area has only a
few thaw lakes and they are drained mainly by small streams and waterways. .

Soils of the association are toc cold for cultivation and have severe
limitations for construction. The proposed pipeline route encounters
approximately 70 miles of this soil association.

Soils 3A are nearly level to moderately sloping, loamy, poorly drained
soils which occur on low ridges, long smooth slopes, and broad valleys. In
many places the wvegetation on these soils is interrupted with unvegetated
frost scars. Typically, the soils have mottled dark gray and dark grayish’
brown silt loam or silty clay loam cambic horizons that are strongly frost
churned and streaked with black organic materials. Beneath the vegetation
the soil thaws to a depth of about 10 inches but in frost scars the depth of
thaw is about 20 inches. The unconsolidated perennially frodzen materials
generally contain thick lenses and wedges of clear ice. These soils make up
about 25 percent of the association. |

Soils 3B are nearly level to gently sloping, poorly drained soils that
commonly occur on broad hilltops. They are strongly patterned with closely
spaced circular frost boils that support little or no vegetation and occupy
about 50 percent of the surface area. The soil between the frost scars
supports a dense thick mat of vegetation. Both the soil beneath the thick -
vegetative mat and the soil in the frost scars have mottled dark .gray to
dark grayish brown silt loam or silty clay loam cambic- horizons that contain
many frost churned streaks of black organic materials. The permafrost table
is usually less than 6 inches below the vegetative mat but ranges up to 20
inches in the frost boils. The soils are nonacid to calcareous in reaction
and generally contain thick lenses and wedges of ice in the perennially
frozen materials. These soils make up about 25 percent of the association.
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Soils 3C are nearly level to gertly sloping, loamy, poorly dralned
soils that commonly occur in broad valleys and on long footslopes.
Typically the organic mat ranges from 8 to 16 inches thick. The soils
consist of mottled, dark gray, nonacid silt loam that is frost-churned and
streaked with black organic material. The depth of thaw is usually less
than 6 inches below the vegetative mat and the perennially frozen materials
contain thick lenses and wedges of clear ice. These soils make up about 15
percent of the association. ' h

Soils 3D are nearly level to gently sloping, loamy, poorly drained
soils that occur in scattered swales and broad bottoms. fTypically, beneath -
the organic mat, the soils have a black, nonacid mucky silt loam upper laver
over mottled, dark gray, frost-churpned lQamy materials derived from '
calcareous rock., Depth to icerrich permafrost is usually less than 10
inches below the organic mat. These soils make up about 15 percent of the
association.

Soils 3E are nearly level, gently sloping, loamy, poorly drained soils
that occur in scattered areas on hilltops and are formed in clayey
materials. They are strongly patterned with closely spaced, circular
unvegetated frost boils that occupy 40 to 50 percent of the total surface
area. Between the frost scars the soils support a thick cover of organic
materials. Both the soil in the frost scars and the soil beneath the
vegetative mat consist of mottled. gray, nonacid silty clay or clay loam.
The soil abogve the permafrost is frost-churned and commonly contains a few
black patches of organic matter. Depth to ice-rich perennially frozen
material ranges from about 6 inches under the vegetative mat to about 20
inches in the frost boils. These soils make up about 10 percent of the
association. :

Soils 3F are strongly sloping to steep very gravelly, well-drained’
soils that occur on a few sharp narrow ridge tops. Typically, beneath a
thin mat of organic matter, the soils consist of grayish brown very gravelly
silt loam or silty clay loam. Gravel content generally increases with :
depth; the fragments are usually sharp and angular. Though the mean annual
soil temperature is less than 32 degrees the soils do not retain -enough
moisture to form lenses of ice.

2.1.1.5 Water Resources

Water quality data for the proposed AAGPC project area are inadequate
for long-term assumption. Because of the present wilderhess condition and
light level of human use in the area of the proposed route within the Arctic
National Wildlife Range, water quality is assumed to be good. There are no
industrial chemicals, pesticides, human sewage, or similar contaminants in
the water. This is not to say, however, that the water is "“pure." Large
concentrations of waterfowl adversely affect water quality at lakes during
molting and staging periods. Streams carry heavy sediment loads during
periods of high runoff.

Because of the increasing level of human activity through oil and gas
field development in the Prudhoe Bay area, water quality in that area is
agsumed to be not as good as that within the Arctic National Wildlife Range.
It is believed, however, that water quality in the Prudhoe Bay area is
within established State and Federal water quality standards,

_Nutrients are low in lakes, ponds, and streams; nitrate concentrations
are low in lakes and high in ponds and streams., Dissolved oxygen levels
tend to remain high during the summer Lkecause of relatively low water
temperatures and low biological activity. Turbidity generally is less than
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70 Jackson Turbidity Units, but it ranges from a condition where the water
is extremely clear at low flow stages to one where the water is extremely
turbid at high flow during spring- runoff and frontal storm flooding.
Approximately 75 percent of the annual sedlment load is transported in the
first 3 weeks in June.

The Arctic Coastal Plain contains thousands of shallow lakes and ponds;
wide, braided rivers; and many small streams. The Arctic Foothills contain
swift, braided rivers and a few thaw lakes. Rock-basin lakes are scattered
through the mountains., The major rivers and streams of the Arctic ‘Slope
drainage originate in the Brooks Range and flow generally north (Figures
1 1.1.2-1 and 1.1.1.2-2).

Permafrost generally blocks the downward movement of water, causing it
to go elther through the thaw "active layer" or slowly over the tundra soil.
Ferrians et al. (1969) state that all water derived from rain, snow, and
thawed subsoil accumulates above the permafrost, often in such quantities
that a liquid layer is formed underneath the vegetative mat.

Most runoff is from snowmelt. Major spring flooding occurs in late May
or early June. In subsequent months, flow generally declines. The ° '
recession of flow is punctuated by periodic frontal storm runoff, with peak
flows occasionally being larger than that generated by snowmelt. During
winter months, flow declines to a very low level, and in most streams,
ceases by late November and December.

puring the spring flood, the accumulated precipitation of about seven
months becomes available for runoff within only a few weeks. Flooding may
be severe, The rate of snowmelt .is controlled by spring weather, and is
slowed by refreezing and the capacity of the snowpack to hold melt water.
Ice jams can accumulate runoff and amplify flood peaks when the jams break.

Summer runoff from frontal storms is likely to be more important than
spring flood for construction planning and design considerations on all but
the largest rivers. Summer floods are sometimes as severe as spring floods
and can be far more destructive since they occur when the riverbanks and
beds are partially thawed.

Snowdrifts formed across small streams in winter can form weak dams
when spring runoff begins. When the dais break, the impounded water is
suddenly released .downstream along with slush and snow. Such floods
dissipate quickly in the steep, rough channels at source points, but within
a mile or two of their source, they are likely to be more destructive than
any other flow event. Such flows sometimes reach alluvial fans in the
Canning River region. Similar impoundments may be formed by aufeis.

There are no glacier-dammed lakes in any basin along the proposed route
that might cause major catastrophic flooding.

Surface Runoff--Rivers and Streams

The proposed AAGPC pipeline route crosses 120 identified Alaskan
streams between Prudhoe Bay and the Canadian border. Streams identified and
crossed by the route are listed in Table 2.1.1.5-1. Although much
descriptive material has been written on the water resources, little
quantitative information exists.

A shift of final alignment of the pipeline route upstream or downstream
could increase or decrease the number of streams crossed.
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Table 2.1.1.5-1 Streams crossed by the proposed route

i

Location Location
© {milepost at (milepost at
Name crossing) ,Category l/ Name crossing) Cat:egoryll

Putuligayuk R. 2 T Unnamed stream 78 T
Unnamed stream 3 T Unnamed stream 80 T.
Sagavanirktok R.* 8 MG Unnamed stream 82 T
Unnamed stream 9 T Tamsyariak R, 82 T
Unnamed stream 10 T Unnamed stream 81 T
Unnamed stream 11 T Katakuruk R.% 87 M
Unnamed stream 12 T Unuamed stfeam 89 T
Sagavanirktok R. 16 M Unnamed stream 94" T
Unnamed stream 17 T Upnamed stream - 97 T
Unnamed stream 19 T Unpamed strean a8 T
Unnamed stream 27 T Unnamed stream 98 T
Kadleroshilik R. 29 T Unnamed stream 99 T
Unnamed stream 29 T Marsh Creek 100 T
Unnamed stream 31 T Unnamed stream 102 T
Shaviovik R. 37 M Unnamed stream 103 T
Kavik R, 37 MG
Unnamed stream 37 T Unnamed Stream 103 T
Unnamed stream 38 T Carter Creek 104 T
Unnaned stream 42 T Carter Creek 105 T
Unnamed stream 50 T Carter Creek 106 T
Unnamed stream 54 T Carter Creck 107 T
Unnamed stream 57 T Carter Creek 108 -T
Unnamed stream 59 T Itkilyaiak Creek 109 T
Unnamed stream 61 T Unnamed stream 110 T R
Staines R. 61 M Tnnamed stream 111 T !
Staines R. 62 M Sadlerochit Spring** 111.5 8

R Sadlerochit R.* 112 M
Canning R. 62 MG Unnamed etream 113 T
Unnamed stream 64 T Unnamed stream 115 T
Unnamed stream 65 T Hulahula R. 116 M
Unnamed stream 66 T Unnamed stream 117 T
Unnamed stream 68 T Akutoktak R. 122 T
Unnamed stream 69 T, Unpamed stream 123 T
Unnamed stream 71 T Unnamed stream 124 T
Upnamed stream 72 T Okpilak R.* 125 M
Unnamed streaw 74 T Okpirourak Creek 128 M
Tnnamed stream 76 T Unnamed stream 129 T
Jago R. 131 MG Unnamed stream 171 T
Unnamed stream 135 T Unnamed ‘stream 172 T
Unnamed stream 135 T .Kongakut R. 173 MG
Okerokorik R. 139 M Unnamed stream . 174 T
Unnamed stream 140 T Unnamed stream 175 T
Niguaruk R. 142 T Unnamed stream 178 T
Angun R. 146 T Unnamed stream 181 T
Angun R. 147 T Turner River 183 T
Angun R. 148 T Turner River 184 T
Kogolpak 151 T Unnamed stream 186 - T
Adchilik R.% 151 M Putugook Creek 188 T
Uonamed stream 152 T Unnamed stream 189 T
Unnamed atream 154 T Unnamed stream 180 T
Unnamed stream 155 T Unnamed stream 192 T
Unnamed strean 156 T Unnamed stream 192 T
Unnamed stream 157 T Unnamed stream 192 T
Unnamed stream 159 T Unnamed stream 193 T
Unnamed stream 160 T Unnamed stream 183 - T
Unnamed stream 161 T Unnamed stream 194 T
Bgekarak R.*% 162 M Unnamed stream 194 T
Unnamed stream 163 T Clarence R. 194 M
Unnamed stream 163 T
Unnamed stream 164 X
Ekatuakat R. 166 M
Siksikpalak R. 168 M
Unnamed stream 169 T
Kalokut Creek to170 T

l-/ Legend:

M: Mountain streams

MG: Mountain streams with glacial inf].uance.

T: Timdra streems

S: Spring streams

#*: Numerous channels in braided floodplm .

*%: The slignment does not "croas" Sadlerochit Spring; however, it is so close (about
1 mile downstream)} that it is considered in this catepory.
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In Table 2.1.1.5-1 streams are categorized as follows: Spring streams
are those flowing from springs. Tundra streams drain boggy areas and are-
brownish in color because of organic leachates. Mountain streams carry
relatively large suspended sediment loads ‘during summer, but normally become
clearwater streams during the fall. Some mountain streams are influenced by
small glaciers high in the Brooks Range.

One hundred identified streams are categorized as tundra, nineteen as
mountain or mountain-glacier, and one as spring fed.

Available data for the Arctic Slope Drainage indicate the mean annual
daily maximum discharge rates range from about 30 cubic feet per second
(cfsm) in the coastal plain to about 10 cfsm in the mountains. Mean annual
peak runoff rates reported are as large as 50 cfsm in the region. 'The mean
annual low flow for the entire reglon is reported at less than 0.1 cfsm
(Feulner et al., 1971).

Normally, river breakup first occurs in the Arctic Foothills in early
to mid-May, then progresses downstream, reaching the coastal plain by late
May or early June. During initial stages of breakup, the permafrost's
active layer is generally frozen up to the ground surface; consequently,
most water reaching the river channels from snowmelt must move over the
ground surface. '

During early spring breakup, bottom-fast ice protects the river channel
from scour. As flow increases, this ice is lifted and carried downstream.

After the spring flood, ice may become stranded, increasing the
likelihood of ice jamming, localized flooding, and erosion.

Hydrologic hazards include icings (aufeis), ice-jam flooding, and scour
associated with these events. There are no glaciers along the proposed gas
pipeline route. Small glaciers in the headwaters of streams to the south
have only slight affects on water quantity and quality. The term "icing" or
aufeis descrikes a phenomenon of arctic or subarctic regions. In this
report, it is defined as a mass of surface ice formed by successive freezing
of sheets df water that seep from the ground, from a river, or -from a spring
(Carey, 1973) . River icings are formed from waters of the river itself.
River ice may extend beyond the limits of the river channel into the flood
plain. Ground icings are formed when an obstructlon blocks normal
groundwater flow.

Ice jams and flooding may also occur in major rivers in Alaska in the
spring, since river ice (usually several feet thick) does not always break
up uniformly and may accumulate in unfrozen reaches in areas of construction
or in the shallows. During the brief summer open-water period, there are
floods of two basic kinds. The first of these is the spring breakup flood
which is predictable in severlty and time. Breakup of most arctic rivers is
not caused by increased river flow beneath the ice cover whereby the ice is
floated off, as is true for larger, more southerly rivers. Rather, the
process is one of flow over the icing, with cutting of erosion channels '
through the ice. Sometimes, accumulated pieces of ice cause.minor jams and
local flooding. The large spectacular ice jams of deep rivers such as the
Yukon and Kuskokwim do not occur.

The second kind of flcod is the result of late summer-or early fall
rainfall. These are convective rainstorms; they are most frequent in the
Brooks Range and Foothills provinces. Because of the impervious permafrost,
lack of retarding vegetative cover, and steep slopes, the rise in water
level on the smaller tributary streams is characteristically extremely
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rapid. Little advance flood warning may be possible. The summer floods are
much less dramatic in the major rivers of the Arctic Coastal Plain.

Stream response toO summer storms range widely because of tundra relief.
In a study of a small watershed in the coastal plain (Brown et al., 1868),
runoff was found to range from 1 to 70 percent of the total precipitation
for individual summer storms.

13

Rivers and streams in Alaska along the proposed AAGPC pipeline project
are usually frozen over by early November. The ice continues to thicken
until heat losses by the stream through the insulating snow and ice cover
equal the heat produced by frictional dissipation of the flowing water (in
larger streams). This is the equilibrium thickness, In smaller streams,
flows cease entirely or may exist only in the deeper reaches of the stream.
In shallower areas there may be only subsurface flows in the gravels
underlying the streams.

Studies of a small glacially influenced stream in the eastern Brooks
Range indicate mean annual runoff rates of 0.8 cfsm (Wendler et al., 1972).
Stream~-flow records for the Putuligayuk, Kuparuk, and Sagavanirktok Rivers
indicate mean annual flow rates of 0.2, 0.5, and 0.8 cfsm, respectively N
(UsGs, 1972, 1974a, 1974b). Approximately 50 percent of the total annual .,
precipitation becomes surface runoff (Brown et al., 1968).

Stream-flow data collected since 1971 are available for three major
basins on the western section of the route. These are the only gaged
stations with data summarized in Table 2.1.1.5-2.

Table 2.1.1.5~3 shows the winter characteristics of streams along the
proposed route, and includes ice depth, water depth, flow, and dissolved
oxygen.

Water Quality

Water quality characteristics of closest gaging stations on streams on
the Arctic Slope associated with the proposed AAGPC pipeline system are
presented in Table 2.1.1.5~4. The Sagavanirktok River represents a mountain
stream with minor glacial infiuence; Happy Valley Creek is an example of a
tundra stream; and Chamberlin Creek is a mountain stream.

These streams exhibit good water quality. The pH of the Sagavanirktok
River is generally between 7.5 and 8.0; Happy Valley Creek is usually close
t0 neutral; Chamberlin Creek had a pH of 6.5 to 6.6 in the summer of 1958
(Rainwater and Guy 1961). Their temperature ranges from 0°F to 17°C
annually. The maximum temperatures are .33°F (1°C) in Chamberlin Creek
(Rainwater and Guy. 1961), 37°F (8°C) in Happy Valley Creek, (EPA, 1973),
and 41°F (17°C) in the Sagavanirktek River (UsGs, 1972) . Dissolved oxygen
is usually high in the Sagavanirktok River and in Happy Valley Creek because
of relatively low temperatures and blologlcal detivity.

The nutrient content of arctic streams is generally low. According to
Hobbie (1973) , phosphorous concentrations are always low, but nitrate may be

high.

Nitrate concentrations are usually lower than 0.20mgs/1 in the
Sagavanirktok River. Nitrate was absent from Chamberlin Creek during the
study by Rainwater and Guy (1961).

The erosion and deposition of sedlments in the Arctic Slope drainage
have not been studied extensively. These processes probably occur during
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Table 2.1.1.5-2 Summary of surface water data on

three selected Arctic streams,

~Alaska
‘Drainage Period of Average Maximum Flow™ Minimum Flow
area . record Discharge Date . Discharge Date Discharge
stream {sq mi}) (years) (cfs) (cfs) : (cfs)

Putuligayuk River . No flow during some

near Prudhoe Bay 176 2(1971-72) 43 Jun 6, 1971 4,980 winter months
Kuparuk River 3130 2(1972-73) 1630 Jun 8, 1973 77,200 Jan 1/May 3-72

near Deadhorse ' ) . Dec 26/May 31-73 10
Sagavanirktok River 2208 2(1971-72) 1760 Jun 8, 1971 22,000 1.6

near Sagwon

Mar 21/May 14-71

* Maximum peak flow

Source: USGS, 1972, 1974a, and 1974b




Table 2.1.1.5-3 Winter characterilstics of streams along the proposed AAGPC
pipeline route

M.P. : ' Ice . Water Flov D.O.
(approx,) Stream Location . Date . depth (m) _depth leJg /sec (mg/1)
15.5 Sagavanirktok  IN 11/06/73  0.45 0.35 - -

River

29.0 Kadleroshilik  RC  04/18/73  0.6-1.0 0 0 0

River )
36.0 Shaviovik River RC 04/18/73 0.3~0.6 0 0 —_—
41,0 Kavik River =~ RC 04/18/73 1.0 0 0 -
RC 11/03/73  0.44-0.46 0 —
58.5 Unnamed Stream RC 11/07/73 — 0 0 —-—
61.5 Canning River RC 04/18/73 2.3 0 -0 —_
6N 11/05/73 0.3~0.35 0 0 —
81.5 Tamayariak River RC  11/07/73 0 , .0 . 0 -
: IN  11/07/73 0 0,13-0.35 0.45 '12.6
87.0 Ratakturuk gyyer RC 11/07/73 0 0 0 -
upstream Sadlerochit 4s  04/12/73 0 0.2 1.30 10.4

3 Spring RC 11/07/73 0 0.09/0.21 0.76 12,2

111.5 Sadlerochit ~ 'RC 11/07/73 0-0.01 0 R
‘ River '
115.5 Hulahula River 195 04/06/73 0.9-1.2 s : - 11.2
RC  04/18/73 0 0 -
2,58 ) 11/05/73 0 0.00-0.25 1.35 -
130,0 Jago River RC 04/18/73 0 0 0 -
. RC "11/07/73 0.26-,26 0 0 ——
139.0 Okerokovik River RC 11/07/73 0 0.1~0.2 0.1 10.0
151.0 Aichilik River RC 11/07/73 0.66 B b o -
Unnamed Stream RC  11/05/73 0 0 o —_
(MP 155.5)
161.0" Egaksrak Rive; RC 11/05/73 0 0.05 0.01 12,6
165.5 Ekaluakat River RC 11/05/73  0.34~ 0.0-0.01 0 -
0.42
172.5 Kongakut River 1IN  04/04/72" 0 0.3-0.9 - 12,2
o RC 11/05/72 0 0 L0 .=
"RC = River Crossings, S,N = Directions (south and north) and mileage from river
crossing,
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Table 2.1.1.5-4 Water quality of three streams in the Arctic slope drainage

Nitrate, Suspend.
NO,~N Color Solids, Turbidity
Sample Temp. pissolved Oxygen Conductivity mg} 1 Pt Units mg/1 JTU Source
Date °c pH mg/1 sBat. pmhos at 25° C
Sagavanirktok River Near Prudhoe Bay (LAT 70°11'40" LONG 148°06'40")
05/07/69 0.2 - - - 1604 1.24 5 - - UsGs, 1971c
Sagavanirktok River at Sagwon (LAT 69°22'00", LONG 148°06'40")
05/02/69 0.2 8.0 - - 905 0.00 5 - - USGS, 1971c
08/14/70 13.0 8.1 - - 170 0.09 0 - — USGs, 19714
09/03/70 5.0 8.0 - -— 188 0.05 0 4 - USsGS, 1971d
09/06/70 - 8.0 - - 219 0.05 5 et b USGS, 19714
Sagavanirktok River at Sagwon (LAT 69°05'20", : LONG 148°45'10")
11/15/70 0.0 7.3 9.0 63 190 - — - - N&K, 1973 1/
11/15/70 - 8.1 - - 230 0.16 0 - - UsGs, 1972
03/17/71 - 8.3 - —-— 291 0.07 10 e - USGs, 1972
04/17/71 0.5 7.9 - - 298 0.20 —_— - - UsGs, 1972
06/05/71 8.0 7.6 - - 122 0.05 0 76 - UsGs, 1972
06/05/71 8.0 7.8 11.8 103 120 - - - - NsK, 1973
08/12/71 - 8.3 - - 217 0.00 10 - - UsGs, 1972
08/12/71 5.6 8.1 11.2 92 50 - - - - N&K, 1973
09/09/71 2.0 8.1 - - 213 0.05 0 3 - UsGs, 1972
10/16/71 0.0 8.3 13.8 97 270 - - - —- N&K, 1973
03/17/72 " 0.5 8.0 8.4 - 270 - - Ead b N&K, 1973
06/22/72 9.0 8.4 11.0 97 140 - - - - N&K, 1973
Happy Valley Creek (LAT 69°09'05", LONG 148°51'00")
08/13/71 6.1 7.2 11.2 93 <o - - - - N&K, 1973
10/15/71 0.0 7.3 13.3 94 60 - - - — N&K, 1973
06/21/72 10.7 7.0 10.2 94 21 = - - - N&K, 1973
08/13/72 9.3 6.8 10.6 94 21 - - - - N&K, 1973
09/08/72 5.3 6.9 11.7 87 . 38 - - - - N&K, 1973
Chamberlin Creek (800 feet downstream from Chamberlin Glacier)
07/07/58 - -— - - 12 - - 265 —_— R&G, 1961 2/
07/14/58 - - —— - 11 - - 616 — R&G, 1961
07/28/58 -— - - - 12 - - 758 —— R&G, 1961
08/03/58 - - - - 15 - - 84 - R&G, 1961
08/10/58 1 - - - 14 - - 85 80 R&G, 1961
08/17/58 1 - - - 20 - - 131 150 R&G, 1961
'08/26/58 1 - - - 24 -- - 60 70 R&G, 1961
08/28/58 - - - - 60 -- - 2 20 R&G, 1961

Source: EPAC, 1974, Vol. 4, 2A.4-14

1/ Nauman and Kernodle
2/ Rainwater and Guy




periods of peak flow, primarily during spriné breakup. During a 3-week
period in June in 1962 approximately 75 percent of the annual sediment load
of the Colville River was transported (Walker, 1973).

Lakes .and Ponds ,

The coastal plain contalns ‘numerous lakes, in some areas 80 percent of
the total surface area is lakes (Brown et al., 1968). The lakes are fxrom 2
to 20 feet in depth; they are rectangular or oval in shape. During spring
breakup, the lakes impound meltwater and often flood beyond their normal
shorelines. Lake levels decrease after Lreakup, often to levels below their
outlet elevation, and may become stagnant.

Water Quality

Topographic and climatologic conditions greatly affect the physical and
chemical water quality of tundra lakes and ponds. Lakes and ponds usually
freeze over by mid-‘to late-September; they remain frozen until late June or
July (Brewer, 1958; Sater, 1969); and shallow-water bodies freeze to the
bottom each winter. : :

Ice isolates the lakes from outside influences for 9 or 10 months of
the year. JIce in the lakes generally reaches a maximum thickness in either
March or April. This thickness in the eastern arctic area is between 6.0
and 7.5 feet. ‘ : 5

Dissolved oxygen is normally at maximum during the open-water season
and in the fall (Howard and Prescott, 1871). This is due to the low level
of biological activity (Sater, 1969). From midwinter to breakup, dissolved
oxygen decreases, often to levels less than 5 mg/1 {Howard and Prescott,
1971); severe deoxygenation may take place under ice so that some waters
become anaerobic (Hobbie, 1973). :

In general, the fresh waters of the North Slope that are uninfluenced
by the ocean are dilute calcium bicarbonate waters (Kalff, 1968). During.
summer, the salt concentration in lakes and ponds near the coast increases
as salt spray is carried inland by storms (Howard and Prescott, 1971). Salt
concentrations also fluctuate seasonally. Low dissolved solids .
concentrations in tundra ponds and lakes occur during breakup (Sater, 1969).
Salts in ponds and small lakes concentrate during summer because of
evaporation (Hobbie, 1973); salts concentrate during winter because of
solids rejection during freezing (Sater, 1969; Hqgbbie, 1973). The
concentrations of inorganic ions (except nutrients) in North Slope fresh
waters are similar to those in temperate waters (Hobbie, 1973). -

In ponds and lakes, pH generally ranges from slightly below neutral to
about 8.0 (Howard and Prescott, 1971)}. Nutrients in arctic waters are
present in small quantities (Sater, 1969; Hobbie, 1973). Phosphate
concentrations are low in lakes and ponds (Barsdate, 1971; Hobbie, 1973).
In a study of six lakes and two ponds during the summer of 1964, Kalff
(1968) reported rhosphate (PO#) as ranging from 0. 002 to 0.018 mg/1 in lakes
and from 0.002 to 0.010 mg/1 in ponds.  In .the same study, nitrate (NO3) ’
ranged from less than 0.01 to 0.02 mg/1 in lakes and from 0.05 to 0.17 mg/1
in ponds.

Tundra pondwater color is a result of the leachzng of organic material,

which is increased by poor drainage on the.Coastal Plain. The bottom
sedlments of tundra ponds are also highly organic (Hobbie, 1971). .
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Groundwater

Groundwater conditions along the route of the proposed pipeline are
affected by permafrost. .

Groundwater is usually found beneath permafrost, sometimes at great
depths where the permafrost is continuous. The water may or may not be
brackish, depending upon availability of freshwater recharge, groundwater
flow rates, and other factors. Where permafrost extends to great depths,
groundwater is usually saline or high in mineral content, since permafrost
tends to be impermeable and prevents fresh water from percolating downward.
In many cases, water from wells drilled in permafrost flows under artesian
pressure because permafrost confines the aquifer.

Where drainage is impeded by slope and soil conditions during the
summer months, a perched water table at or near the ground surface may be
created if the permafrost is close to the ground surface, thereby creating
marshy or swampy conditions such as those found on the Arctic Slope. (See
2.1.1.3~Permafrost.)

Groundwater in permafrost regions may also be located under rivers so
deep that they do not freeze solidly each winter. Groundwater resources
have not been developed or explored to any significant extent in the Arctic
Slope drainage or in the vicinity of the pipeline route. Underneath the
rivers, shallow aquifers may exist. The principal recharge source then
would be ‘the river itself, and the direction of groundwater flow would be in
the general direction of the regional slcpe.

Water Quality

The guality of groundwater in the Arctic Slope drainage is probably
best in alluvium beneath rivers. Shallow groundwater in these areas is of
the calcium bicarbonate type, usually with less than 250 mg/1 of dissolved
solids. Dissolved solids probably become more concentrated with depth.
Formation tests of a well between Umiat Lake and the Colville River showed
an increase in dissolved solids and chloride concentrations with depth.
Saline groundwater, mainly of the sodium chloride type, is common below
permafrost on the Coastal Plain; brackish or saline water occurs at great
depth in the Foothills (wWilliams, 1370). Groundwater beneath lakes in the
Coastal Plain may contain dissolved organic material (Williams, 1970). The
temperature of groundwater in the Arctic Slope drainage rarely exceeds 33 to
33.59F (19 to 1.5°C).

Springs

The eastern portion of the Brooks Range, where sandstone and shale
overlie the limestone, contains numerous springs. Most springs within the
drainage basins of rivers in the Brooks Range foothills and river valleys
originate from fracture zones in the Liskurne Limestone Formation which is
associated with the northern front of the Brooks Range {(Williams, 1970).
Other springs originate from younger rocks. All of these springs flow
throughout the year. However, much of the water flow is immediately frozen
as aufeis and augments the flow of recipient streams. Among the largest of
the springs in the Brooks Range foothills are Shublik Spring (1.5 cu.m/sec),
Echooka Spring (1.2 cu.m/sec) and Sadlerochit Spring (immediately upstream
from the proposed route) (0.6 cu.m/sec) (Craig and McCart, 1974a).

Many sprinés are found in the eastern Brooks Range, but most of the
larger springs are found along the northern edge of the mountains. In 1972
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the Geological Survey (Childers et al., 1973) conducted a reconnaissance

survey of selected springs in the upper Sagavanirktok River basin and.
Shublik Spring on the Canning Rlver.

Discharge, temperature, and spe01f1c conductance of the springs were
measured and water samples collected for laboratory analysis. Spring
discharge ranged from 4.2 to 36.5 cfs, and spring temperatures ranged from
2.8% to 9.2°9C. In August, Shublik Spring discharged 37.3 cfs at 3.6°C
compared to 36.2 cfs and 5.3°C in July 1972. These small differences were
attributed to the accuracy of the field measurlng equipment.

calcium bicarbonate was the prlnc1pal mlneral in the springs; total
dissolved sollds ranged from 162 to 156 milligrams per liter., Water
temperature and chemical analysis indicate'the springs were recharged during
the melt season when water percolates into permeable limestone bedrock and
associated talus and alluvial deposits.

Most springs discharge from limestone of the Lisburne Group or its
associated alluvial depos1ts. ‘ -

Large areas of aufeis (icing) are associated with springs in the area

and provide an excellent indicator of spring activity. In some instances,
aufeis deposits are 20 or more feet thick and several miles in length.

The U.S. Geological Survey planned a yeconnaissance level survey of

.springs associated with the proposed AAGPC pipeline system during April

1975. The purpose of this survey was to obtain better information on low
flow and water quality.

Table 2.1.1.5-5 summarizes water data collected at selected springs in
1972. ’ — -

The locations of known springs are shown in Figure 2.1.1.5-1, Almost
all of the springs are located south of the general route. A few perennial
groundwater sources are also ‘located on the Arctic Coastal Plain itself;
these probably originate from tertiary formations rather than the Llsburne
limestone (U.S. Geological Survey, 1371).

Present Water Use:; Streams, Lakes,
and Groundwater

A small amount of water may be taken from streams by hunting or fishing
parties, or other small groups during the summer months.

Ice thickness and reduced flow cause water supply problems, except in
deeper zones of the stream, after about the end of December.

Man§ of the shallow lakes freeze solid, however, the ice can provide a
water source. Flowing groundwater (springs) usually has some unfrozen areas
during the winter.

geaufort Sea

The overall novement of surface water in the Pacific Gyre off the
northern coast of Alaska is westward, paralleling the ice drift (Campbell,
1965; Wiseman et al., 1974) (Figqure 2.1.1.5~2}). On the inner shelf, there
are significant shifts in this pattern during the summer and an intermittent
influx of Bering Sea water has been noted (Hufford, 1974; Mountain, 1974).
The oceanographic regime reflects strongly an influence of winds and the
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Table 2.1.1.5-5 Physical and chemical characteristics of selected springs

Temper- Mag~ Potas-

Location Date Discharge ature Silica Calcium nesium Sodium sium

Name Latitude Longitude sampled  (cfs) T (f0) (5105)  (Ca) (Mg) (Na) (K)

Lupine '68°51'45"  148°12'20" 7/ 9/72 5.8 9.2 3.3 48 8.2 0.5 0.1
Saviukviayak W. 68°54'10"  148°05'10" 7/10/72 12.9 2.8 " 3.1 42 7.'4 .5 0

_Saviukviayak Trib. .68°56'20“ 147°58'45" 7/10/72 10.7 5.3 4.2 37 8 .2 0.1

-Flood Creek 68°58'40"  147°51'30" 7/11/72 36 ‘8.5 5.1 35 8.5 4 .2

Ivishak Hillside 69"61'50" 147°43'00" 7/11/72 4.2 " 8.0 4.8 35 9 .3 .1

Ecﬂooka West 69°15'35"  147°22'50" 7/12/72 36.5 6.6 4.9 36 §.8 1.2 .2

Echooka East © 69°16'00"  147°20'25" 7/12/72 34.9 5.0 3.9 34 8.6 0.5 .1

Shublik 69°28'20"  146°11'S0" 7/12/72 | 36.2 5.3 4.3 39 11 1.5 .3

Bicar- Hardness as CaCO3 Total alka- Dissolved igﬁztixitznce

bonate Sulfate . Chloride Fluoride Nitrate Calcium, Noncar- linity as solids (microchos .

(HCO3) (504) (c1) (F) (¥03) magnesium * bonate CaCOg calculated at 25°C) . pH
160 | 10 1.0 0.5 -0 : 153 12 85 156 . 271 8.6
154 7 1.0 4 0 135 9 76 137 243 8.5
130 11 - 2.0 .5 0.2 125 18 64 127 226 8.4
131 1 ° 2.0 .6 .3 122 15 64 127 224 8.4
134 1 0.8 .5 ] 125 15 66 128 225 8.4
132. '22 . 1.5 .3 0. 131 23 65 141 245 8.4
126 16 1.0 .2 0.1 120 17 62 126 222 8.4

128 35 1.8 N 0o . 142 37 63 156 265 8.4

Source: Childers K et al., 1973.
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Figure 2.1.1.5-1 Location of perennial springs in N.E. Alaska.
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seasonal presence or absence of ice. Current velocity measurements made
during the season of ice cover show an cverall westward movement of near-
bottom waters on the inner shelf at 2 cm/sec’ parallel to the coastline
(Barnes and Reimnitz, 1972, and unpublished data). The flow rates are low
because the ice cover eliminates wind stress on the water. During the
winter, tidal currents of up to 25 cm/sec in shallow water have been
measured under the ice in places where the tidal prism has been constricted
by the growth of ice (Barnes and Reimnitz, 1974).

During the summer, seasonal currents and ice movement are controlled by
the wind regime and both easterly and westerly currents are observed,
although easterly winds and westerly currents are most prevalent (Kinney et
al., 1972; Short, 1973; Wiseman et al., 1974). BAnalysis of ERTS-1 imagery
of the summers of 1972 and 1973 indicates that the dominant direction of
movement for the river-supplied sediment plumes is westerly. During this
season current-meter records show an overall westward current up to 25
cm/sec (USGS, unpublished data) inside the 33 foot contour.

The normal tidal range along the coast js 5.9 to 11.8 inches (15 to 30
cm) but storm conditions (wind and pressure) commonly create sea-level
fluctuations of more than 3.3 feet (1 m) (Wiseman et al., 1974}.

Westerly storms, like the one of Séptember 13, 1970, may cause sea
level setup of over 10 feet (3 m) (Reimnitz et al., 1972).

Waves are generated during the summer months only, and generally are
small because of the restricted fetch related to the presence of sea ice not
far from the coast. When the fetch is large, swells with the height of 6.6
to 8.2 feet (2 to 2.5 m) and periods of 8§ to 10 seconds have been observed
along the coast. The first comprehensive long-~term study on wave regime and
related coastal processes along this coast was made during the 1972 open
season (Short, 1973; Wiseman et al., 1974).

The Beaufort Sea overlies a narrow continental shelf and interacts with
the deep Arctic Ocean to the north and the shallow Chukchi Sea to the west.

The circulation on the Beaufort shelf in summer is complex and not
completely understood. Mountain (1974) reports eastward flow of water along -
the inner shelf which appears to be a regular and dominant feature of shelf
circulation. The eastward flow does not result from a local driving force
but, rather, appears to develop from intrusion of Bering Sea water into the
Chukchi and finally onto the Beaufort Shelf. The Bering Sea water enters
the shelf through Barrow Canyon and has considerable momentum. Current
measurements from depths of 361 to 459 feet (110 and 140 m) showed maximum
velocities of over 100 cm/sec, with averages of about 40 cm/sec.

In addition, clockwise westward flow associated with the Pacific Gyre
has been identified along the outer shelf (Dunbar and Harding, 1968). The
gyral center is near 789N and 1509W in the Arctic Ocean. The clockwise
motion is associated with periods of upwelling. The upwelling regime is
driven by the local easterly winds. This westward flow has been observed
less frequently than the eastward circulation and is believed to be inter-
mittent (Mountain, 1974). The conditions generating upwelling are not yet
understood. o

The nearshore currents &long the Beaufort Sea are strongly .influenced
by local winds. Southwesterly winds, produced by low pressure system and
infrequent westerly storms encountered mainly in late summer and fall, can
cause easterly flow and higher sea level.
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The mean lunar tidal range for the Alaska Arctic Coast along the
Beaufort Sea is of very low amplitude, about 5.9 to 11.8 inches (15 to 30
cm) {(Kinney et al., 1972; Reimnitz and Barnes, 1974; Beal, 1968). The
associated tidal currents are weak. Because lunar tides are not important,
nontidal factors affecting sea heights are unusually significant. Winds and
atmospheric pressure are particularly important. Storm surges can cause
changes in sea level as great as 4.9 feet (1.5 m) over a period of.a few
days {(Kinney'et al., 1972). All availakle data indicate a strong

"correlation between high tides and westerly winds.

The generation of surface waves is restricted to the summer open-water
months. Even during this time, waves are small because of the restricted
fetch resulting from sea ice near shore (Reimnitz and Barnes, 1974). Swells
with heights of 5.9 to 6.9 feet (1.8 to 2.1 m) and periods of 8 to 10
seconds have been observed along the coast when the ice pack was far out to
sea (Wiseman, 1974).

2.1.1.6 Vegetation

Vegetation is generally classified by units in order of their magnitude
as: plant formations,‘plant associations, and component plant communities.

Ma+djor Plant Formations, Associations, and Communities

Tundra Plant Formation

The proposed pipeline route involves only the Tundra plant formation.
This is a treeless formation that is substantially influenced by topography,
substrate origin and composition, surface hydrology, and ice features at all
locations on the Arctic Slope.

Permafrost restricts the roots of plants to a very shallow layer of
soil that annually thaws. From early November to early May, the entire soil
column is frozen. New plant growth is held in check until either the soil
is adequately thawed or until soil around the permeating crown has warmed.
Longitudinal growth of the roots of most arctic plants follows the .
retreating frost at a high rate with the root tip no more than about 1 inch
from the frozen zone. :

Permafrost not .only controls the rate of plant growth, but also vitally
affects the abundance and variety of plant life. Since the average annual
precipitation is approximately 10 inches, the Arctic Slope would be a
desert, but the permafrost keeps water at or near the surface and thereby
maintains a reservoir within reach of the plant roots.

Frost-boils (semiliquid mud forced to the surface during the fall-
winter freeze cycle} result in a thin layer of subsurface soil materials
being spread on top of the original soil-vegetation cover. In frost-boil
areas, plants usually are established very slowly.

Several arctic waterfowl and animals affect vegetation. Molting
waterfowl, because of their great numbers, consume large gquantities of
vegetation along lakes and estuaries, pack the denuded soil, and enrich the
soil with fecal matter in concentrated areas. The brown lemming exerts a
much wider effect. The food-gathering activities of these small animals at
the peak of their population cycle can be significant. Migration routes of
the caribou where extensive trails are cut can cause severe, local erosion;
their trampling can destroy plant cover,
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Plant Associations and Component Plant Communities

‘Five broad .associations of vegetation have been identified in the area
of the proposed AAGPC pipeline. These associations are: Wet Tundra, Moist
Tundra, High Brush, Riparian Shrub, and Beach-Sand Dune-Strand (Figure
2.1.1.6-1). The following discussion of these associations are accompanied
by description of their component plant communities.

Wwet Tundra

Wet Tundra occurs with areas of standing water with little topographic
relief. Microrelief features caused by frost polygons and peat ridges are
common. Dominant plants are sedges and cottongrass, which tend to form a
uniform vegetative mat rather than tussocks. A few woody and herbaceous
plants grow above the water table.

Rooted aquatic plants along fresh-water shorelines and shallow lakes
are associated with lichens, mosses, low-growing willows, dwarf birch,
Labrador tea, cinquefoil, and beach rye. Rooted aquatic plants are burr
reed, pondweed, pendent grasses, and marets tail.

Het Sedqe Meadow Communityr—The wet sedge meadow plant community is
characterized by a broad, flat, poorly drained lowland closely intervalled
by areas of polygonally patterned ground.

Sedge (Carex agua tllls) is the most characteristic species, though a
number of other sedges may be important or dominant in some areas occupied
by this species. Other sedges include Carex chordorrihiza, C. rariflora, C.
rotundata, and C. membranacea. Cottongrasses (Eriophorum spp.) may be
locally important, but usually are not tussock~forming species. Mosses
consisting of sphagnum (Sphagnum spp.) constitute as much as 50 percent of
the ground cover in some wetter areas.

Other plants associated with this community include horsetail
{Equisetum palustre), cloudberry (Rubus chamaemorus), bistort (Polygonum

viviparum) , coltsfoot (Petasites frigidus), and nodding saxifrage (Saxlfraga
cernua) .

Fresh-water Aguatic Vegetation Community--Plant in concentric bands,
reflecting water depths. Most plants are limited to water less than 4 feet
deep. Near the Arctic Coast, where climatic conditions are more severe,
plants grow only at shallower depths. Each plant community reproduces by
vegetative means and, once established, tends to exclude other species.

Submerged rooted aguatic plants can grow in water up to 4 feet deep.
Pondweed (Potamogeton) and buttercups (Ranunculus) are most common. The
rooted emergents are more important and generally grow in 1 to 3 feet of
water. Most common are the grass (Arctophila fulva), horsetail (Equisetum
limosum), mare*s tail (Hippuris vulgaris), and cinquefoil (Potentllla
palustris). The sedge (Carex aquatilis) cottongrass (Erloghorum
angustmfollum), and mountain foxtail (Alogecuru alpinus) grow in less than
1 foot of water and are considered transitionally emergent.

Rooted emergent plants are important in the filling of lakes through
peat accumulation. With the accumulation of plant remains, the water is
gradually displaced with organic debris, which forms a vegetative mat. A
meadow sedge mat finally becomes established.
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Moist Tundra

Moist Tundra varies from continuous and unlformly developed cottongrass
tussocks with sparse growth of other sedges arid dwarf shrubs to areas where
tussocks are scarce or lacking and dwarf shrubs are dominant. Associated
species are arctagrostis, bluejoint, tufted hairgrass, mosses, alpine
azalea, wood rush, mountain avens, bistort, low-growing willews, Labrador
tea, green alder, Lapland rosebay, bluekerry, and mountain cranberry.
Cottongrass~tussock communities are most widespread, and in northern areas,
often are associated with polygonal patterns created by underlying
1cewedges. This community occurs most commonly on south slopes and low
moraines which have well-dralned loamy sozls.

ggggggg—pyggg Heath Tundra Community--The tussock-dwarf heath tundra
plant community occurs extensively on poorly to moderately drained soils,
typically covered by standing surface water for several weeks following
spring snow melt. Sometimes wet soil surface or standing water remain
during the entire.growing season. .

 Cottongrasses (Eriophorum vaginatum, spp. spissum and E. angustifolium
spp. subarticum) are the dominant. Some cottongrass species, particularly
E. vaginatum spp. spissum, form tussocks from 6 to 10 inches high and of
equal width. Mossy channels, several inches to 1 foot in width, may
separate the individual tussocks. ' Tussock development, however, may not be
pronounced where this vegetation type has not been long established.
Mountain avens (Dryas integrifolia), crowberry (Empetrum nigrum),
lingonberry (Vaccinium vitis-idaea), dwarf birch (Betula nana spp. exilis)
are characteristic of drier areas of the tussock~dwarf heath community.

High Brush

High Brush is comprised of deciduous shrub plants. Interspersed among
shrubs are barren rocks and rubble and low mats of both herbaceous and
shrubby plants. ‘White mountain~avens is often ‘a major component of the low
mat as are moss campion, klack oxytrope, arctic sandwort and several
lichens, grasses, and sedges.

Dwarf Shrub-heath Tundra Community--The dwarf shrub-heath tundra plant
community occupies many of the drier (moderate~ to well-drained) sites.
These are formed either by elevation (i.e,, where streambanks, pingos, or
polygonal ridges provide sites above adjacent lower areas) or because of a
well-drained substrate such as gravel..

The dwarf shrub-heath tundra association is characterlzed by dwarf
reticulata) , mountain avens (Dryas 1ntegr1folla), and mountain heather
(Cassiope tetragona). Other common ¢r locally abundant species include
cottongrass (Eriophorum spp.), sedge (Carex spp.), polargrass (Arctagrostis
latifolia), lingonberry (Vaccinium vifis<idaea), Labrador tea (Ledum
palustre spp. decumbens),- crowberry (Emgetrum nlgrum), and dwarf birch
{Betula nana _Spp- exilis).

Plant communities cn the dr;er locatxons are major ccmponents of the
upland-tundra vegetation types of the Foothill and Mountain provinces.
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Riparian Shrub \ —

Within the riparian shrub association, shrub communities on gravel bars
and well-drained lateral embankments of streams and rivers on the Arctic
Coastal Plain are dominated by willow species, particularly the feltleaf
willow (Salix alaxensis). Other willow species include Salix arbusculoides,
S. niphoclada, S. Richrardsonii, and S, walpolei. Associated flowering
herbaceous species include a firewood ( (Epilobium latifolium), milk vetches
{Astraqulus spp.)., (Minuartia spp.). saxmfrages (Saxlfraga spp.) . and :
louseworts (Pedlcularls SPEe) «

Ground cover ranges from less than 10 percent on gravel bars of many
rivers to almost total cover on older, established sites. Shrub communities
at the latter sites often grade into the dwarf shrub-heath tundra type
communltles..

Beach—--Sand Dune--Strand

The beach--sand (dune~-strand association is present along the shore of
the Beaufort Sea Lketween Prudhoe Bay and United States Canada border. This
association is highly variable in its form, substrate makeup, microrelief,
steerness, erosion, and associated plant.communities. The tussock-dwarf
heath tundra or wet sedge meadQw communities of adjacent areas often are
almost at shoreline or within a very short distance of it, dependlng upon
the limit of ice and wave scouring. This plant association occurs in areas
of wave and ice action or where a sand substrate creates an excessively
drained substrate; therefore, little or no vegetation may be present.
Gravel coasts and river and stream deltas are occupied by plant communities,
similar to the riparian shrub communities, with willows less important on
the immediate coast,

Figure 2.1.1.6-2 schematically shows the general relationship of the
plant communities in the project area. ‘

Tables 2.1.1.6~1 and 2.1.1.6-2 summarize the approximate abundance of *

vegetation and mileages of plant communities crossed by the proposed AAGPC .
pipeline.

Human Influences on Existing Vegetation

Residents of KRaktcvik depend upon the natlve vegetation for food.
Although data are unavailable ori the amounts consumed, berries, greens, and
roots are important elements of their diet. Human use of the native :
vegetation has had no significant influence on plant distribution.

Damage to vegetatlon is mostly from track 1mpresszons left on the
tundra by all-terrain vehicles. There is no agriculture.

Unigque, Sensitive, and/ox Threatened
Ecosystems_or Ccmpunities

Arctic ecosystems traditionally are described as "sensitive." This
sensitivity primarily reflects the severity of abiotic (nonliving)
conditions and the tenuous adaptations evolved by tundra fauna and flora.

The low level of incoming solar radiation is the dominant factor

influencing the biotic (living) community. The ability of vegetative
communities to respond to natural or man-induced stresses is limited greatly
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Table 2.1.1.6-1 The approximate abundance of vegetation along the proposed

pipeline route

T
Total Percent Dominate areas
Plant Community mileage total {Mile Posts)
Wet Sedge Meadow 22 11.3 0 to 30
Tussock-Dwarf Heath

Tundra . 67 34.3 30 to 40
Dwarf-Shrub-Heath ’

Tundra 84 43.1 40 to 195
Riparian shrub 21 10.8 120 streams
Beach~Sand Dune~

Strand Q-

Freshwater aquatics 0.5 0 to 56
195 100.0

Filled in ponds where aquatic vegetation is converting to
dryland vegetation: A total of 11 miles of old ponds is

involved.

Table 2.1.1.6-2 The approximate mileage of the broad vegetation zones classified
by the joint Federal-State land use commlssion

‘ fotal Percent

Vegetation type mileage total
Wet tundra 22_ 11
. Moist tundra 152 78
High brush 21 11
195 100
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by the abiotic conditions. As a result, activities which would causé minor
dislocation in vegetative communities in more temperate climates may have
major and longrlasting impacts in the Arctic.’

The proposed AAGPC pipeline system intersects the only remaining
largely undisturbed continuum of plant formations from the Arctic Ocean to
the interior of Alaska. Seéveral of these plant communities have been
identified "as having high prospective value for scientific study as
ecological preserves. These are discussed in 2.1.1.12.

Threatened Species

The National Herbarium of the Smithsonian Institution in Washington, D.
C., has compiled a list of endangered plant species for the United States.
In this list are 35 species from Alaska. Only one of these, Thlaspi
arcticum, a member of the mustard (Cruciferae) family, occurs in the
vicinity. of the proposed route.

puring field studies connected with vegetation sampling along the
proposed route, the Applicant collected samples of Salix reptans, a willow
previously described only from Eurasia. This collection from the Kongakut
River area represents the only known location of this willow in North
Amerjca.

2.1.147 Wildiife

Principal mammdlian species associated with the proposed AAGPC pipeline.
system include seven large land mammals of widespread public interest--polar
bear, grizzly beaxr, musk oxen, moose, caribou, Dall sheep, and wolves. In
addition, mariné mammals including three species of seals and seven species
of whales may be involved when arctic waters are used to ship supplles to
construct and repair the proposed system. Small mammals include arctic and
red foxes, wolverines, lemmings, voles, and ground squirrels.

Thirty-one species of waterfowl frequent the proposed AAGPC pipeline
area. These include pintails, oldsquaw, Canada geese, snow géese, white-
fronted geese, black brant, whistling swans, trumpeter swans, and arctic
loons. ‘

Thlrty-flve species of songbirds (passerines) are found in area
associated with the proposed system, and 24 species of shorebirds. -Lapland
longspurs are the most abundant songbirds while pectoral sandpipers and
semipalmated sandpipers are the most abundant of the shorebirds. Northern

. phalarope, golden plover, and ruddy turnstones are also abundant.

The dominant fish species found in waters along the proposed pipeline
route are the arctic char, a;ctic grayling, and ninespine stickleback.

" The dominant insects are the mosquxtoes, horseflies, deerfiies, and
blackflles., :
Land Mammals
N Carikou
Caribou (Rangifér tarandus) are nomadic herd animals and must travel .

constantly to find adequate food. In summer, they feed on the leaves of the
willow and dwarf birches, grasses, sedges, and succulent plants. After the
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autumn frost, they feed on lichens (reindeer moss) and dried sedges
(Hemming, 1970). More than any other animal, the caribou symbolizes the
windswept tundra. The annual 1300-1500 air mile movement of the more than
100,000 animals in the Porcupine Caribou Herd, treking along their ancestral
paths, is one of the world's most impressive biological phenomena.

The Porcupine Caribou Herd, fourth largest on the North American )
Continent and second largest in Alaska (Iable 2.1.1.7-1) , is international,
ranging over a 120,000~square-mile area in northeastern Alaska, Yukon
Territory and Northwest Territories, Canada.

The size of the Porcupine Herd fluctuates. In 1964 the population of
the Porcupine Herd was estimated to be as large as 140,000 animals. Its
current size is estimated to be between 115,000 and 120,000 animals
{Roseneau, pers. comm., 1975).

A characteristic of caribou is that they constantly move from one area
to another. They visit some areas annually; others infrequently. At the
present time, most of the Porcupine Herd winters south of the Brooks Range
in the boreal forests of Canada and Alaska. During April and May the herd
moves to calving grounds north of the Brooks Range in Alaska and the British
Mountains in the Yukon Territory, Canada. Which passes and valleys will be
used as the herd moves north is unpredictable; however, old trails and
caribou fences constructed by past generations of Native hunters suggest
‘'strongly that the herd's kasic yearly movements may not have changed for
centuries.,

Major spring, post-calving and fall migration movements tend to be in
an arc through Canada, around and through the British Mountains, across the
Firth River drainage and along the foothills and arctic coastal plain north
of the Brocks Range in Alaska. Figure 2.1.1.7-1 shows the spring migration
routes of the Porcupine Herd in 1973 and 1974. As indicated above, all
major river valleys and mountain passes through the Brooks Range are used at
some time. The frequency and numbers of caribou using these migration
routes appear to ke associated with the number of caribou wintering south of
the Brooks Range in Alaska. Within Alaska the Kongakut River on the Arctic
Coast is a frequently used north-south migration route. The Canning,
Hulahula, Aichilik and Kongakut Rivex valleys are important routes through
the Brooks Range for both spring and fall movements. Migration routes
between seasonal ranges are important in the distribution of caribou.”

During the spring migration moving groups of 1,000 to 5,000 or more
caribou in single or multiple lines, nose to tail, are common. During post-
calving movements the mcst impressive compact groups are encountered.

Groups of 20,000 or even the entire herd characterizes this period.

The proposed AAGPC pipeline system crosses the traditional calving
grounds of the Porcupine Herd. Recent studies have found that seasonal
movements follow a relatively well defined pattern with the herd tending
always to return to the traditional calving area (Figure 2..1.1.7-2}. This
area is windswept and generally snow free by mid-May or early June, with the
foothills to about 500=feet in elevation generally becoming snow-free first.
The Alaska Department of Fish and Game (1973) polnts out that the calving
area is the focal point of a herd's range and is critical to the herd's
existence. This critical area for the Porcupine Herd in Alaska is located
within the Arctic National Wildlife Range.

It appears that the calving grounds of the Porcupine Herd vary
conSLderably from year to year. Substantial calving may occur from the
Canning River as far east as the Blow River in the Yukon Territory and from
the Arctic Coast inland as far south as the northern slopes of the Brooks.
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Table 2,.1.1.7~1 Conmparison of numbers in important caribou herds

. Total Area Population
Number Estimated . of Range Density RrReference to
Herd Year {including calves) Method of Estimation ml /hlz Pop. Estimate
Porcupine 1964 140,000 Aerial transect - Extrapolation Lentfer 1965
{calving grounds)
Porcupine 1972 90,000-110,000 Rir photo count - extrapolation 85,000* 1.06~1.29 . Calef & Lortie 1973
- (post calving aggregations)
Arctic 1962 175,000-200,000 Alr photo count - extrapolation Lent 1966a
. {post calving aggregations) .
Arctic 1970 242,000 . 140,000F 1.73 Hemming! 1971
Nelchina 1955 40,000 Aerial transect - winter 10,500% 3.81 skoog 1968
Nelchina 1962 71,000 Range 17,5001 4.086 Skoog 1968
Nelchina 1967 61,000-66,000 ~ Alr photo - extrapolation (post 12,000% 5.08-5.50 Hemming & Glenn 1964
calving aggregations)
Nelchina 1973 8,100 alr photo - extrapolation . g8,3007 0.98 Bos {Pers. comm.)
Forty Mile 1921 568,000 Partial ground count - extrapolation 100,000* 5.68 Murie 1935
’ (autumn migration) 35,000% 1.51
Forty Mile 1953 53,000 Aerial transect - winter 12,0001 0.50 Skoog 1956
Forty Mile 1973 6,000 Le Resche (Pexs.comm
Total Alaska 1970 400,000 Variocus 400,000 1.0 Hemming 1971
{incl. Porcupine hexd) ,
Bluenose 1967 19,000 Air photo count & transect count 75,000% 0.25 Thomas 1969
spring migration ’
Bathurst 1967 144,500 Air photo count & transect count 200,000* 0.72 Thomas 1969
spring migration
Beverly 1967 159,000 Air photo count & transect count 150,000% 1.06 Thomas 1969
spring migration
Kaminuriak 63,000 Air photo count - extrapolation 109,000 0.58 Parker 1972
. (post calving aggregations)
Total Canadian 1967 387,000 sum of above 500, 000% 0.77 Parker 1971
Central Arctic
Newfoundland 1966 7,500 Aerial transect counts-winter range ? Bergerud 1971
Total in Canada 500,000 Sum of above 600,000% 0.83
{incl, Porcupine herd)
Taimyr 1959 110,000 Air photo counts ~ extrapolation
(Sikeria) 1966 252,600 ‘(post calving aggregation)
1967 276,900
1968 303,500 Pavlov et al.
1969 332,900 48,0001 0.71 1971

Note: Metric conversion factor:

1 miZ=2.59 km*

* Range calculated by G. Calef
T Range calculated by author cited
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Range in Alaska and the northern edge cf the 0ld Crow Flats and through the
foothills of the northern Richardson Mountains in the Yukon Territory
{Roseneau et. al., 1975). Within this large region the drier uplands
generally appear to be the most important calving areas. At least half the
herd calved in the Yukon in 1971, 1972 and 1973, while in 1974 most calving
occurred in the Arctic National Wildlife Range (Roseneau et. al., 1975). If
northward migration from wintering areas is delayed by severe weather or
deep snow, calving may occur before cows reach the traditional calving area.

In such event, however, cows and calves still proceed to the traditional
calving area.

Calving begins in late May and is complete by mid-June. Following
calving, caribou, primarily cows and calves, concentrate along the Arctic
Coast north of the proposed AAGPC pipeline system in the Canning River =
Barter Island vicinity. In 1972 and 1973 large concentrated aggregations
were observed in the Camden Bay = Barter Island area. In 1974 a post~
calving aggregation estimated to be between 70,000 and 90,000 animals were
okserved between the Canning River delta and Konganevik Point (Roseneau et.
al., 1975).

West of the Canning River post-calving movements by a small herd (4,000
to 5,000 animals), probably not belonging to the Porcupine Herd, have also
been observed. These animals appear to be from the Prudhoe Bay area and
cross the Canning River to the east near its mouth, swing inland crossing
the proposed AAGPC pipeline system, then drift westward again. By early
July several hundreds of bulls scattered throughout the region between the
Sagavanirktok and Ivishak Rivers drift eastward and northeastward
concentrating in the lower Canning River where they meet the post-calving
aggregation of the Porcurine Herd. It has not yet been determined whether
these caribou belong to the Porcupine Herd. It appears that caribou
utilizing the migration route in the Sagavanirktok Valley are part of this
subpopulation, but their relationship to the Porcupine and Arctic herds is
still uncertain.

Subsequently, most of the post-calving aggregation of the Porcupine
Herd moves eastward into the British Mountains of the Yukon, generally by
about mid-July. During August there is a general dispersal of caribou with
large numbers moving westward along the south slope of the Brooks Range to
the Arctic village - Christian River headwaters area, This westward drift
is reversed almost as soon as the animals arrive in the latter area. By
late August caribou are moving eastward returning to the Yukon.

By mid-September the majority of the Porcupine Herd is well south of
the Continental Divide of the Brooks Range and is usually crossing or across
the Porcupine River. Large segments move south and east towards wintering
grounds, generally between the headwaters of the Porcupine and Peel Rivers
and in the southern Richardson Mountains. 1In October a segment of the herd
ususally moves westward to wintering grounds in the Arctic village -
Chandalar Lake region of Alaska. The kasic yearly movements of the
Porcupine Herd are illustrated on Figure Z.1.1.7-3.

LeResche (1972b) summarizes most recent information on the productivity
of the Porcupine Herd. Cow-calf ratios suggest a *"healthy herd in terms of
productivity.® Information oktained by the Applicant indicates that
productivity has continued to be high.

The Environmental Protection Board (1974) noted that of all the caribou
ranges in North America, the Porcupine Herd had been the least influenced by
man during the last 60-years and speculated that the herd size will probably
increase very slowly over the next few years in its present, largely ’
undisturbed movement.
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In the last few years the area between Prudhoe Bay and the Canning
River has been undergoing intensive exploration and development. These
include the drilling of "wildcat" oil wells, large influx of workers,
increasing use of aircraft to move people and supplies, construction of a
road and oil pipeline along the Sagavanirktok River as part of the trans-
Alaska oil pipeline system and developmental activities in the smaller gas
fields such as the Kemik and Kavik fields.

These, plus future developments associated with the Prudhoe Field, may
alter or restrict caribou movements on their spring and summer range. The
Alaska Department of Fish and Game (1973) notes that it is possible. that
even slight alterations of caribou movements can produce long-term decreases
in productivity by altering naturalquﬁté;ns of range use.

The Alaska Department of Fish and Game concluded that development for
oil and gas in the area used by the Porcurine Herd "...must be conduc¢ted so
that critical hakitat areas are undjsturbed and caribou movements are
unaltered, if this important international resource is to be maintained"
(Alaska Department of Flsh and Game, 19873) .

Moose and Musk Ox

Moose {Alces alces) are at the northern limit of their range along the
north flanks of the Brooks Range. Until recent times, moose were rare north
of the Continental Divide in the Brooks Range (Leopold and Darling, 1953).
Within the area associated with the proposed AAGPC pipeline system, moose
are sparse and widely scattered. Weather, limited winter food supplies, and
predation by carnivores are believed tc be the primary limiting factors to
Arctic Coastal moose populations in Alaska.

Generally, moose are found along streams in the Arctic Foothills and
Brooks Range, but have been reported all the way to the Beaufort Sea
{Thayer, pers. comm., 1974). The moose that live on the Arctic Coast within
the influence of the proposed pipeline system are almost totally restricted
by the availakility of willows. During April 1970, an aerial survey of the
coastal portions of the Arctic National Wildlife Range found 100 moose along
stream courses with riparian plant communities.(esSpecially willow). A major
area where moose concentrate during the winter is along the east side of the
Canning River (approximately #0 miles (64.4 km) south of the proposed AAGPC
route) in the v1¢1n1ty of Shubliik Island and Eagle and Cache Creeks. Of the
100 moose counted in April 1970, 70 were seen in this area (Thayer, pers.
comm., 1974). In the fall, 1973, the moose population in the Canning-Kavik
drainage was estimated to be about 96 animals (Lenarz et al., 1974).

” studies by the Applicant have shown that critical habitat (willow) and the
moose population in géneral occur south of the prime route. Between 25 and
50 moose may be using the area where the proposed AAGPC pipeline system
would be built.

For approximately 100 years, musk oxen, (Ovibos moschatus) apparently
were extinct in northern Alaska. ,

According to Stefansson [Vilhjalmur] a band-of about 13 musk oxen was
reported killed by Eskimos near Point Barrow in about 1858 (Thayer, pers.
comm,.,, 1974). After 1860 to 1865 no musk oxen were seen on the Alaskan
Arctic Coast.

In March and April, 1969, 52 musk oxen were released at Barter Island
and in June 1970, 13 others were released in the upper Kavik River drainage
at approximately 20 to 25 miles {(32.2 to 40.2 km) south of the proposed
AAGPC pipeline system.
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Numerous sightings of musk oxen have been made near the proposed route
by the U.8. Fish and Wildlife Serv1ce, Alaska Department of Fish and Game,
and by the Applicant. Four main groups were seen most fregquently: a group
of eight adults and two calves in the Kavik-Canning-Tamayariak River area;’
seven adults and three calves and a second group of five adults in the
sadlerochit drainage; and nine adults and one calf in the Aichilik River
area (Figure 2.1.1.7=4).

The Alaska Department of Fish and Game (1973) estimates there were a
minimum of 29 adults and there may have been as many as 34 surviving from
the original transplant. e

Because these groups seem to be maintaining their integrity and their
reproduction has been successful, the Alaska Department of Fish and Game
considers the transplant a success.

Musk oxen are frequently seen on the windswept bluff edges where food
plants protrude above the snowpack or in the willow thickets along the
streambeds. Their wanderlng along streambanks from the foothills region to
the ocean shore and back is probably the result of their search for suitably
windswept areas. .

Dall Sheep

Dall sheep (Qvis dalli) do not frequent the Arctic Coastal Plain but
are found in the Brooks Range. Small bands of sheep are located in the
Sadlerochit Mountains of the Brooks Range. Except for a single repeater
communication site near the headwaters of Marsh Creek (south of M. P. 1090),
none of the proposed BAGPC pipeline system is close to known sheep range.
Thayer (pers. comm., 1974) reports, however, that the repeater communication
site does involve the northernmost Dall sheep range in the nation. This
Dall sheep range is considered to be a "major sheep wintering area' by the
U.S. Fish and Wildlife Service (APG, 1974). Some sheep might be affected by
this part of the proposed AAGPC communication system.

The Brooks Range south of the proposed AAGPC pipeline system contains
major concentrations of Dall sheep. Because of its remoteness, accurate
sheep population distribution and numbers are unavailable for the area. A
Nevertheless, approximately 1,000 sheep have been estimated as being in the
Canning River drainage, which may become an alternative air route to the
Alaskan arctic coast, with development of the proposed AAGPC system.

Barren-ground Grizzly Bear

Barren-ground grizzly bear (Ursus arctos) historically have been o
distributed sparsely throughout the Alaskan Arctic Coast. The species is an
indicator of a wilderness environment (APG, 1974) . The barren-ground
grizzly is the most northerly and smallest of grlzzly bears and is adapted

to the tundra environment.

General observations and movement studies suggest that the highest
population densities are in the Arctic Foothills and mountain habitats. .
Studies for the Agplicant by Quimby and Snarski (1974) in the Canning River
drainage showed a density of one bear for each 53-square miles (137.3 sq.
km) . Curratolo and Moore (1975) reported a similar figure of one bear per
57 square miles (148 sq. km) in the eastern Brooks Range. If a significant
area of the arctic coastal plain is included in the estimate, bear densities

would probably approach one bear per 100 sq. miles (259 sg. km), a commonly-
used factor.
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Barren~ground grizzly bears spend most of their active season in river
valleys where food is most abundant. Primary foods are grasses, berries,
and carrion, with some predation on moose and caribou.

Barren-ground grizzly bears are frequently observed on the Arctic
Coastal Plain near the Sagavanirktok, Kavik, Sadlerochit, and Hulahula
Rivers as well as the Canning. Increased densities of grizzly bears have
been reported on the caribou calving grounds during the calvxng period
{Quimby and Snarski, 1974). .

Dennlng occurs each year with the advent of snow and low temperature.
The majority of grizzlies are in the den by the end of the first week in
October. Denning lasts aprroximately from early October to early May.
There aré no known barren~ground grizzly bear denning sites associated with
the proposed AAGPC pipeline.

It is not known how many barren-ground grizzly bears may come in
contact with the proposed AAGPC pipeline system. As many as 25 probably
could be found in all major drainages such as the Sadlerochit and Hulahula
Rivers where the proposed pipeline route is glose to the north flanks of the
Brooks Range (Thayer, pers. comm., 1975). .

Wplves

The wolf (Canis lupus) ranges throughout northeastern Alaska. While
not numerous, more wolves are found on the Arctic Coastal Plain and
Foothills in the Arctic National Wildlife Range than farther west.

Wolves travel in small packs which are usually family groups of one or
two adult females, one or more adult males, cubs of the year, and perhaps
cubs from the previous year. Pack size in the Arctic usually consists of
three to ten animals. Absolute population information is lacking but there
are about four to five packs associated with the eastern Axctic Slope area.

Numbers and seasonal distribution of wolves change in response to the
abundance of lemmings and seasonal movement of large food species such as
caribou, moose, and sheep. Wolves use most of the drainages along the
proposed route and have been sighted during studies carried out by the
Applicant along the Canning, Sadlerochit, Hulahula, Jago, Aichilik, and
Kongakut Rivers and their tributaries,

Wolf movements vary throughout the year but are probably more confined
after the breeding season until pups are born and raised.

Wolves on the Arctic Slope court and breed during the period March 13
to April 10. The pups are born from about May 9 to June 6, with an average
litter of four to five pups. The pups are weaned in about 35 days and
abandon the den about 8 to 10 weeks after birth (George Hall, pers. comm.,
1975) . Dens generally are dug in well-drained soijls such as streambanks or
bluffs, :

Quimby and Snarski (1974) located four wolf dens during~1972 along the
Canning and Kavik Rivers south of the proposed AAGPC pipeline route. There
are no known dens directly associated with the proposed AAGPC pipeline
system.

Wolves feed primarily on caribou, moose, and Dall sheep. They also eat
ground squirrels, microtines, birds, other small animals, and carrion.
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During the year the remains of animals killed by wolves and grizzly
bears are an important food source for a number of small wildlife species
including raven, gqulls, jays, jaegers, eagles, squirrels, furbearers, and
others. During winter, especially, the remains of wolf kills are valuable
to foxes,. eagles, ravens, and jays, because other food sources are less
available {(Thayer, pers. comm., 1974).

Fox
Two species of fox are found in the vicinity of the pipeline route:

arctic fox {(Alopex lagopus) and red fox (Vulpes fulva). The first is
common; the second is not.

The arxrctic fox occurs north of the Brooks Range throughout the area of
proposed construction. The Applicant reports that 90 fox dens and 10 fox
denning areas have been located on the Arctic Coastal Plain (Quimby and
Snarski, 1974). "These denning areas are located near the Kavik, Shaviovik,
Kadleroshilik, Sagavanirktok, Canning, Katakturuk, Sadlerochjit, Hulahula,
Okpilak, and Jago Rivers and their deltas and near Marsh and Carter Creeks,
where well-drained soils provide good denning sites.

A principal food source of the arctic fox is the lemmings. Other
important sources of food include sea mammal and caribou remains, birds and
their eggs, and other small mammals and carrion. Birds and eggs appear to
be the most important prey species for foxes in the Prudhoe Bay area (Sowl,
pers. comm., 1975).

Arctic fox populaticns of northern Alaska fluctuate, with highs in the
population occurring about every 3.6 years and lows about every 3.9 years
{Chesemore, 1967). Population numbers are closely associated with the
abundance of lemmings (Bee and Hall, 1956).

Arctic foxes breed in late March and April (Ogney, 1962) and may mate
again in the fall if circumstances are favorable., The gestation period is
52 days. The number of kits per litter ranges from four to eight with as
many as 20 reported for one litter (Cahalane, 1947). The range in the size
of arctic fox litters appears to be related to the abundance of lemmings
{MacPherson (sic), 1969). Both male and female care for the young.

Young fox leave the den area during September and October. At this
time, many foxes move seaward to the coast and onto the sea ice where they
are known to follow polar bears to feed on the remains of seal kills (Burton
and Burton, 1969-70). In late winter and early spring, they generally move
inland to mate and occupy summer den sites (Chesemore, 1967).

The red fox and its cross, silver, and black variations are common
along the rivers in the foothills of the North and South Slopes, but they
are relatively scarce on the Coastal Plain, although their range and that of
the arctic fox overlag. : ’

Like the arctic fox, the red fox utilizes riverbanks and sandy areas as
den sites, usually at higher elevations (Quimby and Snarski, 1974). It may,
however, den in arctic fox dens or in natural rock caves when available.
Reproductive potential is similar to that of the arctic fox.
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‘Wolverine @ iV

The wolverine (Gulo luscus) is present throughout the entire Arctic
Slope. They are not abundant on any part of the range and are probably more
abundant 1n the Arctic Foothills area than on the Coastal Plain.

Sightings by the Applic¢ant on the coastaliplaln include one just eést
of the mouth of the Canning River and cné.odn the East Fork of the Shaviovik
River. Specific density values are not available. .

Specific wolverine habitat requireﬁents are-unkﬁown, but ample food
sources apparently are the key requirement. Almost any item, from fruit to-
the largest ungulate, is eaten. : ‘

Wolverine feed on carrion when it is available, and are capable of
capturing prey (Rausch and Pearson, 1972). Wolverire and their signsihave
been observed at remains of wolf-killed caribou, moose, and othér carcasses
{Quimby and Snarski, 1974). Dall sheep provide food as a result of their-
natural or accidental deaths. Sea mammal carcasses that are washed ashore ~
are also eaten. 8Small mammals, birds and eggs are probably used on a
seasonal basis, as are berries and other vegetable matter.

Wolverines are relatively long-lived animals, with some reaching 13 i
years of age in the wild. They mature rapidly and all long bones aré fused
within 9 months. About half of all female woverines are sexually mature at.
one year of age. They breed in May, Juné, and July and give birth to an.
average of 3.5 kits in January, February, or March. Natal dens usually are
located on the surface of the ground under snow:. Rock dens aré also used.
The kits emerge in early summer and apparently remain with the female until
fall when they disperse.

LY

Shrews, Voles, Lemmlngs, Ground Squlrrels

These small mammals are 1mportant food for eagles, gyrfalcons,
peregrine falcons, owls, jaegers, weasels, gulls, foxes, wolverlnes, wolves,
and grizzly bears. Their burrowing and feeding activities till and
 fertilizer to the active soil layer, leading to a period of increased
Primary productivity.

The common shrew (Sorex cinereus) is found in'low, wét meadows along
the Arctic Coastal Plain, It is active both day and night and feeds mostly
on insects but also on other small -animals.

This shrew breeds from March to October, with some fehales reaching
sexual maturity at ages 4 to 5 months. The lltter-size ranges from 2 to 10,
and there may be more than one litter per year.

The tundra vole (Microtus ceconomus} occurs on wet, lowland flats, on
river floodplains covered with wet marsh and crossed by low, narrow ridges
that form networks of large frost polygons and also on flat marshes along
lake and stream bordexrs (Pitelka, 1957). It also occurs in foothill areas
of the Arctic Slope where it has a dendritic (tree form) distribution ’
pattern (Bee and Hall, 1956). 'The tundra vole has been observed near the
Sagavanirktok River during studies by the Applicant.

The singing vole (QiérotuS’miurus) is associated with lupine vegetation
on both floodplain and ugland habitats but on sites which are relatively
dry. Typically, the soil is excavatable and relatively deep (Pitelka,
1957} . The singing vole has also been observed near the Sagavanirktok River
by the Applicant.

127




The red~backed vole (Clethrionomys rutilus) occurs on floodplains and
adjacent higher ground including rock fields, outcrops, ledges, and cliffs
(Pitelka,. 1957) . Pruitt (1966) found the red-backed vole in cottongrass
tussocks.

The brown lemming (Lemmus trimucronatus) is most commonly found in
extensive areas of low relief or areas of low-center polygons of the wet’
sedge meadow and/or dwarf shrub-heath vegetation type (Pitelka, 1957).
Optimal habitat usually contains grasses and sedges upon which lemmings
feed. At times of population abundance, however, the brown lemming spreads
onto upland habitats. At these times, it is difficult to distinguish among
preferred habitats. : S

The collared lemming (Dicrostonyz groenlandicus) occurs most frequently
in well-drained, relatively dry, and excavatable ground, usually on ridges
and on rolling ugplands but even on lowlands where small and more or less
isolated mounds offer burrow sites (Pitejlka, 1957). 1In uplands, a netlike
population distribution occurs due to the broken network of low ridges.

Like the brown lemming, it spreads over more than one habitat type when
population abundances occur.

Bee and Hall (1956) reported that the collared lemming was found in
association with cottongrass and the brown lemming with sedges. More recent
studies by Battelle, however, have found the collared lemming also
associated with sedges. Pruitt (1966) found the collared lemming in rocky
uplands or in areas where soils and vegetation cover are disturbed by frost
action.

Pruitt (1966) observed that both lemmings were associated with frost
scars, frost heaving, cr broken ground.

Lemming populations are cyclic in nature, with highs and lows occurring
at 3= to 4-year intervals. . :

Arctic ground squirrels (Citellus parryi kenicotti) are widespread and
very common along the proposed route.  They occur from sea level to as high
as 5,700 feet (1,737 m} in the mountains, wherever the permafrost is several
feet below the durface of the ground {(Bee and BHall, 1356).

Well~drained soils found on gravel hills and ridges are required for
dens. Carl (1971) reported that during heavy rains in 1960 and 1961, npone
.of the pérennial burrow systems was flooded, even though much of the surface
of the study area experienced sheet runoff or standing water.

Ground squirrels eat a variety of plants and occasionally eat carrion.

They hibernate from late September or October until mid-April or early
May. Breeding takes place after hibernation, usually in June or July, and
young are born in litters of four to eight. :

Marine Mammals

Species composition and biology of the mammalian fauna of the Arctic
Ocean adjacent to Alaska are well known but data on numerical abundance and
actual distribution are few. Some species which normally occur in subarctic
regions are occasional visitors to the Arctic Ocean. All species live in
international waters at some point in their life cycle and are, therefore,
of ccncern and potential value to several nations. .
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The Marine Mammal Protection Act of 1972 (P.L. 95-522) prohibits all
U.S. citizens except Alaskan Natives from kiliing or capturing without
permit any marine mammal including polar bears. The gray whale is protected
under the provisions of the 1947 International Convention for the Regulation
of Whaling. The humpback whale has'been'pro;ected since 1966.

A list of species which are known to oécur'in the Arctic Ocean near
Alaska is presented in Table 2.1.1,.7-2. .

Ringed Seal

The ringed seal {sometimes called hair seal) {Phoca 1591__; is
circumpolar in distribution and is the most abundant mammal in the Arctic
Ocean and adjacent seas. Scheffer (1958) estimates the total population at
2,000,000 to 5,000,000 individuals. Johnson et al. (1966) conducted aerial
surveys of rlnged seals in the Chukchi Sea and reported an average of 32
animals per 100 square miles over an area of 2,711 square miles (7,020 sgq
kln).

Such a density of seals may be typical for coastal regions but is
undoubtedly too high for areas covered by heavy, relatively unbroken ice.
Little is known akout ringed seals in the area off the proposed AAGPC
ripeline but it is noted that 75 rirged and spotted seals are reported in
the annual subsistence harvest of people living at Kaktovik.

The smallest of northern seals, the ringed seal, is closely associated
with sea ice and moves seasonally with the ice. In late winter and early
spring, it is the most abundant seal where shorefast ice exists. In summer
it lives along the edge af the polar icepack regardless of water depth (see
Figure 2.1.1.1-4 for distribution of ice).

Pups are born in late March or early April in dens within pressure
ridges or deep snow on sea 1ce, with a fairly high proportion of these dens
occurring on shorefast sea ice. Shorefast dens of ringed seals are thought
to be important to foraging female polar bears with cubs of the year.

Food varies with the season and ocean depth. During spring and in
shallow waters primary food items for the ringed seal include shrimp,
amphipods, and other bottom invertebrates, In deeper water plankton is its
sole diet. 1In.fall and when seals are in shallow waters, fish are their
primary food.

Bearded Seal

The bearded seal (Erignathus barbatus) is circumpolar inhibiting the
diffused edge of broken pack and fast ice during the open water period in
summer. Bearded seals are generally found in the zone of drifting, broken
pack ice from 30 to 300 miles offshore during the winter months. Scheffer
{1958} glves an estimate of 75,000 to 150,000 as the world population, which'
sdems low in view of the animal's commdnness and wide distribution; no
estimate is available for the Alaska region alone. Residents of Kaktovik

- (pop. 150} report an annual subsistenceé harvest of 30 bearded seals.

Harbor or Spotted Seal

The harbor seal (Phoca vitulina) has a wide distribution in both the
Noxth Pacific and North Atlantic. It is absent from much of the polar
region north of Siberia (Naumov, 1933, as cited by Scheffer, 1958). The

T
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Table 2.1.1.7-2 Marine mammals occurring in the Beaufort Sea.

Order Finnipedla
. Ringed Seal® ?usa hispida (Schreber)
Bearded seal® Er gnathus barbatus

(Erxleben)
Harhor or spotted seal seal, Phoca vitulina
(Linnaeus)
Steller sea lion, Eumetopias jubata
(Schreber)

-- Walrus® Odobenus rosmarus (Linnaeus)

Order Cetacea N
Bowhead whale™ Balaena mysticetus i
(Linnaeus)
Fineback whale, Balaenoptera physalus
(Linnaeus)

Humpback whale, Megaptera novaeangliae
Gray whale® Eschrichtius gibbosus
Beluga Delphinap;erus leucus (Pallas)
Narwhal” Monodon monocercs (Linneaus)
Killer whale, Orcinus rectipinna (Cope)

Order Carnlvora
Polar bear Thalarctos maritimus
i (Phipps)

~ Abundant year around

Abundant year around
Abundant seasonally

Rare north of Bering
Strait. Sight.record
from Herschel Island
(McEwen 1954)

Uncommon in Beaufort Sea

Abundant seasonally

Common seasonally,
{(Tomilin 1957;

Slijper 1962)

Uncommon

Uncommon (ANWR, 1975)
Abundant seasonally

Rare (Geist et al., 1960)
Rare (SITF 1972)

Common year around

*Ideﬁtified as present aleng coast of the Arctic National Wildlife Range (ANWR,

1975)
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population in the Beaufort Sea is migratory, moving south to the Bering Sea
during the winter where it maintains association with pack ice. In the
spring and summer these animals move north with the retreating ice pack and
disperse along the coast concentrating in bays and at mouths of major rivers
and estuaries. Harbor seals often ascend rivers inland to feed on spawning
fish. :

The numker of seals comprising the arctic population is unknown,
although estimates of the total number of seals in the North Pacific,
including the northernmost stocks, are given as 70,000.to 250,000 by
Scheffer (1958) and 200,000 by Coolidge et al. (1971). Burns (1970a)
believes that the northern pagophilic harbor seals are reproductively
isolated from the seals that remain in the Bering Sea year around.

Residents of Kaktovik (pop. 150) report an annual harvest of 75 harbor

and ringed seals for subsistence purroses. The ratio of harbor to bearded-
ringed seals in the 75 animals is unknown.

Walrus and Steller Sea Lion

Both Pacific walrus (Cdobenus rosmarus) and Steller sea lion
(Eumetopias jubata) are considered rare in the project area. A single

sighting of the Steller sea lion is recorded on Herschel Island in Canada
just to the east of the Alaska-Yukon Territory boundary. .0One walrus is
reported in the annual subsistence harvest of the residents of Kaktovik.

Bowhead Whale

This bowhead whale (Balaena mysticetus) spends the summer in the Arctic
Ocean and retreats to the Bering Sea and the North Atlantic during the
winter months. It is almost always found in asscciation with drifting ice.
Many bowhead whales summer in the eastern Beaufort Sea along the edge of the
polar pack ice and are commonly away from shore areas. Fall migrations from
the Beaufort Sea to the North Atlantic occur from mid-September to mid-
October. In 1974, the people of Kaktovik took two bow head whales (Herman
Aishanna, pers. comm.).

The bowhead whale was a primary species of whale hunted by whalers
along the coast of the project area at the turn of the century.

Finback, Humpback, and Gray Whales

All three whales--finback (Balaencptera physalus), humpback (Megaptera
novaeangliae) , and gray whale (Eschrichtius gibbosus)-~are associated with
the Beaufort Sea during summer. Population estimates are lacking and all
three species are considered uncommon in the area associated with the
proposed AAGPC pipeline system.. None are taken for subsistence purposes by
people living at Kaktovik. .

Beluga Whale

The beluga whale (Delrhinapterus leucas) is considered a seasonally
common whale in the Beaufort Sea. Like the bowhead whales, belugas are
closely associated with sea ice. Little is known about the beluga whale in
the eastern part of the Beaufort Sea along the Alaskan Coast. Calving of a
large herd, however, takes place in June at the mouth of the Mackenzie
River, Canada.
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"Narwhal

Little is known about the distribution of the narwhal (Monodon :
mongceros) in the eastern Beaufort Sea. This whale, however, has a definite
affinity for sea ice contact and prokakly is in the area, though few have
been sighted.

Killer Whales

The Pacific killer whale (Orcinus orca) inhabits the Beaufort Sea at
least during the ice-free season. Its abundance in the eastern Beaufort Sea
off the Alaskan Coast is unknown.

Polar Bears

The polar bear Ursus maritimus is a member of a distinct community of
animals and birds which live predominantly in sea ice habitats of the polar
basin. From September to April or whenever sea ice drifts or new ice forms
to connect the coast line some polar bears move onto shore and travel
inland.

The polar bear is considered a "marine" mammal and is protected under
the Marine Mammal Protecticn Act (1972).

An international agreement on conservation of polar bears drafted at
Oslo, Norway, in Novemker 1974, directs nations to give special protection
to polar kear denning areas. This agreement was signed by the head of the
U.S. delegation to the convention and will become effective when ratified by
three of the five nations with polar bear populations.

The polar kear is a circumpolar species often denning gregariously in
historical sites known as "core" areas. Throughout the whole arctic, there
are 17 known core denning areas (Harrington, 1968; Nero, 1971). The
northeast Alaska coast has been described as "occasional use" (ADFSG, 1973;
Harrington, 1968) and as "limited use" (Moore, 1975). .

In the circumpolar region, there are at least six recognizable
populations of polar bears. Each of these populations is associated with
one or more core denning areas except the so-called Alaska-north group
(Beaufort Sea). It is felt that a proportion of the Beaufort Sea population
dens on various types of sea ice (Lentfer, pers. comm., 1974). The
difficulty in locating maternity dens on sea ice has been described by
Lentfer (1972). Thus, the importance and contribution of sea ice denning to
the Alaska—-north population is little understood. However, Lentfer (pers.
comm., 1974) reported finding 12 maternal dens, 5 of which were confirmed as
occurring in terrestrial habitats. Additionally, 5 dens were reported on
shorefast ice but the exact location of two were unconfirmed. The area of
denning extends inland from the coast as much as 25 miles according to
Lentfer. In nearshore areas, the role maternal denning plays in maintaining
total population numbers is being evaluated by the U.S. Fish and Wildlife
Service.

The Alaska Department of Fish and Game (1973). reported that the only
known polar bear denning in Alaska occurs on offshore islands and associated
shorefast ice from the Colville River east to Brownlow Point and to a lesser
extent from the Kuparuk River west to the Point Hope area. Recent denning
studies indicate that the area from the Colville River eastward to the .
United States-Canada korder is a significant maternal denning area for the
Beaufort Sea population of polar bears.
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Gavin (1975) states that polar bears are not common in the Prudhoe Bay
area., He reports a single bear at a seal hole just west of Cross Island in
June 1971; a mother and cub on North Star Island on August 29, 1972; and two
females with two cubs each on islands immediately off Aliktok Point. One -
polar kear was reported inland in February 1973 by personnel working on a’ %
well site in the Prudhoe Bay area. Other sighting reports suggest that 724
although not “common," polar bears do frequent the entire coast between
Prudhoe Bay and the Canadian border on a reqular basis. Flaxman Island is a
known site for polar Lkear denning (Detterman, 1974). Figure 2.1.1.7-4 shows
the location of known polar kear denning sites. These are all closely
associated WIth the proposed AAGPC pipeline system.

On the basis of annual fall surveys starting in 1967 polar bears are -!l.
known to come onshore in the Demarcation Bay area and travel inland to
suspected denning areas (Lentfer, pers. comm., 1974}, returning tc the pack
- ice in the spring through the same area. Bears also come on shore in the
Camden Bay area and east ¢f the Jago River to den.

Authorities assert that enough dens have been found to enable them to
assign relative values to specific drainages. Repeated use of the areas - -
around the mouth of Marsh and Carter Creeks make this area near Camden Bay ‘a
primary denning habjitat.

A significant number of polar bears come ashore in late October and
November to prepare maternity dens, usually in snow-drifts, to give birth in’
December. Cuks weigh about one pound at birth, and remain in the den until
April when they are capable of travel.‘ Polar bears feed primarily on rlnged
seals but will eat other mammals, carrion, kitchen scraps or garbage wh;le AN
en route from nearshore denning areas to sealing leads. .

The polar bear is characterized by a low reproductivity capacity since,
unlike black and grizzly kears, it has a relatively late sexual maturity, a
small litter size and a protracted reproductive cycle.

Nearly two-thirds of the litters consist of two cubs, followed in
frequency by litters of one and three (Harrington, 1968). Lentfer {pers.
comm., 1974) reported a mean litter size of 1.6 young compared to 2. 2 young
per brown bear litter and 2.05 young per black bear litter.

The minimum breeding age is approximately 6 to 7 years of age and the
interval between breeding is from 3 to 5 years under normal circumstances .

(Lentfer, pers. comm., 1974). It is possible that a single female may have
no more than 9 offspring within her lifetime.

Tagging studies indicate that bears in the Beaufort Sea north of Alaska
form a somewhat discrete population, with only a limited amount of
interchange with cther Alaskan bears to the west and Canadian bears to the
east.

Although polar bear population statistics are few for the eastern
portion of the Beaufort Sea, the fact that residents at Kaktovik (pop. 150)
report an annual subsistence harvest of five polar bears indicates a '
relatively high number of bears in the project area. ' w

Birds
The area associated with the prOpdsed AAGPC pipeline system provides
habitat for at least 142 species of birds. Most are migratory; some travel

to all the continental and, in many cases, international flyways. With the
arrival of spring, arctic terns return from wintering grounds in the
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Antarctic; golden plovers from the Hawaiian Islands and South America; and
wandering tattlers from Ecuador. The yellow wagtail, dotterel, wheatear,
and bluethroat migrate from the Beaufort Sea coast of Alaska to Asia, and
the buffbreasted sandpiper from India and Africa to the Beaufort Sea coast.

Only six species of birds are reported to winter on the Arctic Slope.
In decreasing order of abundance these are: redpoll, rock ptarmigan, willow
ptarmigan, common raven, snowy owl, and gyrfalcon.

The principal limiting factor for reproductive success of most bird
species in the Arctic is the extremely short breeding season. A late spring
breakup coupled with a snow storm in late August could negate the
reproductive efforts of most species. Midsummer snowstorms often adversely
affect passerine fledglings and disrupt the food supply for many species.
Waterfowl die-offs occur in late spring when arrivals cannot find food on
the still-frozen tundra. (USFWS 1970-73, unpub. data)

The coastal waters of the Beaufort Sea are used by waterfowl, loons,
gulls, terns, and shorebirds for feeding, nesting, and molting. The chief
physiographic features of the Beaufort Sea coast that make it an important
habitat for birdlife are the barrier beaches, the lagoons, the river deltas
(fed by a regular flow of fresh water from the mountains), and the flat
tundra plain above the shoreline. The barrier beaches provide nesting and
resting areas during the molting period; the lagoons provide sheltered, ice-
free feeding areas for adults and young; the river deltas are vital feeding
areas; and the tundra rrovides nest sites close to the shore.

Birds characteristically are asscciated with certain types of habitat.
The following describes the major bird and habitat relations within the area
where the proposed AAGPC pipeline system would be constructed, operated, and
repaired.

The gravel beaches at the river mouths and offshore bars provide
nesting habitat for terns, eiders, Sabine's gulls, glaucous gulls, and snow
buntings. Oldsquaws, eiders, scoters, and scaups molt there. Semipalmated
sandpipers, red phalaropes, northern phalaropes, black brant, red-breasted
mergansers, and snow geese use these beaches for migratory rest-stops or
premigratory feeding.

Most of the waterfcwl species of the area can be found on streams at
one time or another. The ruddy turnstone, semipalmated plover, and arctic
tern are often seen feeding in streams and rivers.

Ponded waters are important habitat for all waterfowl (ducks, geese,
and swans) and most of the shorebirds. ILoons nest on lakes and ponds.

Estuarine areas provide habitat for whistling swans, sandhill cranes,
northern phalaropes, pintails, arctic loons, semipalmated sandpipers, and
oldsquaws. In August and September, black brant and snow geese feed
extensively on these sedge flats.

.+ Birds associated with wet sedge meadows in summer are marsh hawks,
rough-legged hawks, American golden plovers, buff-breasted sandpipers,
lesser yellowlegs, long-billed dowitchers, pectoral sandpipers, least
sandpipers, semipalmated sandpipers, common snipes, red phalaropes, northern
phalaropes, parasitic jaegers, snowy owls, common ravens, Lapland longspurs,
and Smith'!s longspurs.

Birds normally associated with the tussock-heath tundra include the
following: Lapland longspurs, (the most characteristic bird species), marsh
hawks, tough—legged hawks, rock ptarmigan, American golden plovers, buff-
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breasted sandpipers, stilt sandpipers, least sandpipers, parasitic jaegers,.
long-tailed jaegers, cliff swallows, common ravens, -and savannah sparrows..

Riparian shrubs along streams and rivers provide habitat for the
following birds: bald eagles, willow ptarmigan, gray jays, American robins,
gray-cheeked thrushes, yellow wagtails, yellow warblers, Wilson's warblers,
hoary and common redpolls, tree sparrows, white-crowned sparrows, fox
sparrows, black-bellied plovers, dunlins, water pipits, semipalmated
plovers, ruddy turnstone, rock ptarmigan, and common redpoll.

Figure 2.1.1.7-5 shows the-key bird habltat areas a55001ated with the
proposed AAGPC pipeline, system. .

& !

Waterfowl and Shorebirds

Gavin (1975) and others report. that the arctic coastal areas provide
valuable habitat for waterfowl. These include significant breeding
- populations of the lesser Canada goose, white-fronted goose, black brant,
pintail, greater scaup, oldsquaw, Pacific elder, king eider, spectacled
eider. Somewhat less numerous waterfowl species include American wigeon, .
mallard, green-vwinged teal, shoveler, white-fronted scoter, surf scoter, and
American scoter. Table 2.1.1.7-3 summarizes waterfowl population .
observations by Gavin in the Prudhoe ‘Bay area for 1970 through 1973. These .
surveys included observations inland as far as 10 miles. .

Waterfowl on the Arctic National Wildlife Range are represented'by 19

species. The relative abundance of waterfowl was significantly high,
however, in the pond-dotted areas Of the Arctic Coastal Plain to the west.

Among the earliest migrants along the Arctic Coast are the king eiders
from western Alaska and the Bering Sea, bound for Banks Island and beyond.
Gabrielson and Lincoln (1959) reported that common eiders arrived at
Demarcation Point on May 26, and the fjrst king eiders arrived at Point
Barrow on April 6. A million birds may be involved. This migration takes..
place very early, before the breakup of ice. The only places for the birds
to stop and feed are the long open leads or cracks in the ice which precede
breakup proper. In at least some springs, the winterlike weather increases
and open leads do not appear. Substantial portions of the population perish
by starvation and exposure in such years (Barry, 1968).

Other waterfowl species start to arrive in the Arctlc in late May or .
early June. ‘ :

Birds that breed on the Arctic Coast, such as the black brant, common
eider, glaucous gull, and arctic texn, tend to concentrate their feeding,
nesting, and brood rearing on relatlvely inaccessible parts of beaches and
deltas. Normally, birds nesting in these areas,'e d., islands and barrier
beaches, are relatively free from predators and other forms of disturbance
(Gollop et al., 1974). Gabrielson and Lincoln (1959) describe the black
brant as a strictly littoral species, breedlng only in coastal regions.
Commonly, eider nests are close to saltwater'in depressions in the ground,
sheltered by short tundra grasses. The glaucous gull may be found nesting -
on ledges of cliffs, or on the tundra, where it builds its rather bulky
nests on slight elevations. The arctic tern has the most extensive breeding
range of any Alaskan water bird. They. usually nest in scanty collections of
dried vegetation in shallow depressions in the ground (AAGPC, 1974a).

Canada geese, white-fronted geese, and black front nesting on the
Arctic Coastal Plain produce an estimated 1,200 young annually in the area |
through which the proposed AAGPC pipeline and ancillary facilities would be
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Table 2.1.1.7-3 Waterfowl populations in the Prudhoe Bay area, 1970 throughAl973

*11970 1970 |1971 1971 1972 1972 1973 1973
Species Water~ Per— |Water- ©Per- |Water- Per- Water-  Per-~
fowl cent | fowl cent |fowl cent fowl cent

O0ldsquaw 7,740 34.6 | 8,623 33.6 i,802 31.2 9,432 32.9
Eiders 6,074 27.2 16,891 26.3 | 6,524 26.0 | 4,841 16.9
fintails 3,466 15.5 3,784 14.4 4,010 16.0 5,211 18.2
White-fronted‘geese 2,622 11.8 | 3,856 14.7 | 3,638 - 14;5_ 5,187 | 18.1
Lesser Canada geese | 843  3.8|1,306 5.0 | 1,333 4.9 1,810 6.2
Black ﬁrant geése 872 3.9 891 3.4 842 3.4 1,007 3.5
Snow geese - - ibo 0.4 174 0.7 136 0.5
Greater scaup 224 1.0} 258 1.0 238 0.9 207 0.7
_,mgeon 185 0.8-| 159 0.6 ‘142 - 0.6 280 1.0
Mallard 24 0.1 6 Trace -18 ‘ —— 10 -
. Greén—winged teal . 9 Trgce, 2 Trace. 2 0.1 16 ‘0.2
'Shofeller‘ - - 8 Trace 14 — 30 P
‘Scoters 283 1.3 308 1.2 418 1.7 511 1.8
| 22342 - 100 }26,192 ©100 }25,055 100 28,678 100
1970 1971 1972 1973
Average Average Average Average

2.8 pairs per | 3.25 pairs / 3.13 pairs / 3,57 pairs /
square mile square mile square mile square mile

Source; Gavin, 1975.:



built. CcCanada geese prefer to nest inland along the streambanks or on river
islands and awveid barren coastal areas; white~fronted choose higher, drier
sites on coastal and upland tundra near lakes, washes, and rivers; black
front nest on low islands or sand spits in estuaries or river. deltas.

Gavin (1975) reports that in 1971 a colony of snow geese established a
new nesting area at the mouth of the Sagavanirktok. Until that time there
were no breeding colonies of snow geese recorded on the Beaufort Sea coast
of Alaska. From the initial colony of some 50 pairs, this colony increased
to 67 pairs in 1973.

The arctic and red~-throated loon nests at coastal sites and also inland
areas. All loon species need seclusion for nesting and are sensitive to
disturbance (AAGPC, 1974a).

Pintails and oldsquaws are the most abundant ducks in the area
associated with the proposed AAGPC pipeline system.

Overall pintail density for the area is approximately 20 birds per
square mile. On favorable small pond nesting areas adjacént to the river
deltas, densities reach 16 pairs per square mile. Pintails are paired and
on ‘the breeding area the first week in June. Breeding pairs favor polygonal
ground interspersed with many small lakes and ponds. Predominantly, these
nesting areas are sedge-grass marshes, but small ponds on the wetter
tussock-heath tundra are also utilized. (USFWS, 1970 through 1973, unpub.
data) .

Another abundant duck on the area is the hardy oldsquaw. An estimated
breeding pair density of 16 per square mile was calculated from quadrat
data. Nesting activity reaches its highest point during the first week of
July, when oldsquaw populations peak at about 60,000 birds.

Whistling swans and trumpeter swans follow the spring weather north. and
are among the first birds to arrive ¢on the Arctic Coast nesting area,
whenever there is open water in May.

Whistling swans are a common breeder on the Arctic Slope. From surveys
conducted by the U.S. Fish and Wildlife Service, peak density is estimated
at three swans per square mile. Studies by the Applicant indicate about
62.5 percent of the swan palrs have brcocds and brood size averages about 2.8
cygnets. Whistling swans raise an average of 40 cygnets per year on the
Arctic National Wildlife Range,

Two nesting pairs of trumpeter swans have been noted on the Arctic
National Wildlife Range; one pair nested east of Demarcation Bay and one
pair, which produced cygnets in 1372, nested on the Canning River Delta.

Both species of swan are traditional nesters who often return to the
same nest site if the previous year's brood was successful. They choose a
new site, however, if the nest failed. Both require large territories and
are very sensitive to human intrusion during the 4~ to 5-months that they
are on the Arctic Coastal Plain.

Young swans.usually are not flying Ly September. By late September,
however, these swans migrate off the slope {Gabrielson and Lincoln, 1959).

After the kreeding season, ducks and geese enter a molt period which
renders them flightless for several weeks in late summer (Kortright, 1942).
Duting this period of flightlessness they have high energy requirements and
are vulnerable to predation, effects of weather, and other disturbances
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(Klng and Farner, 1963). Because of this they group together in sheltered
areas that have a good food supply.

Birds such as spow geese and black brant must have sufficient time for
undisturbed feeding on the Arctic Coast to store enough energy for the
southward fall migration flight. The critical time is fr¥om August 15
through mid or late September, depending on the weather (Schweinsburg,

1974) . o ‘ .

There is a great increase in numbers of molting waterfowl using the
barrier beaches along the route in July and August. . These are mostly .
scoters (both surf and white-winged) and scaup. Eiders are less common
(schweinsburg, 1974). Bartonek et al. (1971) report that the molting
oldsquaws number in' the tens of thousands, and the greater scaup, eider ;
ducks, and black brant number in the thousands. The fall migration starts’
after the molting period is over and the birds can fly again.

‘The largest and most obvious buildup of bird populations on the Arctic'’
Slope in the fall is that of snow geese and black brant. Snow geese first
appear about August 15, and build up tc large numbers in ensuing weeks. The
Applicant reports 100,000 geese on the basis of a straightline survey,
indicating that the total number of all snow geese staging on the Slope was
probably two to three times that figure.

\
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Surveys by the Fish and Wildlife Service show that approximately 7
200,000-400,000 snow geese disperse in a broad band of large flocks that
predominantly superimposes upon the proposed AAGPC pipeline system.

©
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Snow geese appear to take advantage of ungrazed sedges and berries on
the proposed AAGPC pipeline route. They feed from the coast to the
foothills and from the Yukon border west to the Canning. River. This area is
an historical staging ground for snow geese from northern Alaska and _
northwestern Canada. It is possible snow geese from Northern Siberia form a
segment of this staging population (USFWS, 1975) .. Geese leave the Arctic
Slope in response to bad weather, retreating back to the Mackenzie Delta.

Black brant are common migrants. Approximately 1,800 birds a day pass
through the area during the peak of migration. As winter approaches, they
continue migration westward instead of returning to the Mackenzie Delta like
the snow geese. .

Progect—related surveys by the Aprlicant noted migratory movements of -
white-fronted geese, Canada geese, and whistling swans east from Alaska up
the Mackenzie Corridor, but in relatively small numbers. .

Different species of ducks migrate in different directions; pintails
head east to the Mackenzie River, while mergansers and sea ducks mostly head
west, . apparently following the same route as the brant. . Large sea duck
movements do not occur until after the third week in September. Most of the
loons also go west, following the shoreline. . .

songbirds S

_ Surveys conducted by Applicant indicate songbirds (passerines)
accounted for more than one-half of all birds observed at sites along the
proposed route of the AAGPC pipeline. Of the eight passerine species
observed, the Lapland longspur was by far the most numerous. The second
most abundant passerine, the yellow wagtail, was observed only one-thlrd as
often as the Larpland longspur.
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The only two passerines observed at coastal survey areas were the
Lapland longspur and the snow bunting. As would be expected, songbirds are
more than three times as akbundant in the dry, tundra habitat east of the
Canning River as they are west of the Cannirnig River where waterfowl are the
dominant birds. The Lapland longspur was.the only passerine frequently
observed in the lake pothole area west of the Canning River.

The finches, sparrows, redpolls, buntings, and longspurs are all thick-
billed songbirds, adapted for seed~eating. The redpolls are usually found.
feeding close to the ground on weed seeds or seeds of low bushes and trees,
particularly birch and alder. The Lapland longspur eats about equal amounts
of insect foods and seeds of grasses and sedges. These small sparrow-sized
birds also eat crowberries in the late summer and fall months (Gabrielson
and Lincoln, 1959). ’

The passerine breeding season along the proposed route begins very
quickly in the spring. Nests are usually built and eggs laid by the middle
of June. A few young are seen this early. By the first of July, there is
little territorial defense singing and some fledglings are already .
appearing. By the end of July and early August, birds begin to flock in
preparation for migration. ‘

Eagles, Hawks, Owls, and Other Birds

Golden eagles and short-~eared owls were rarely observed (1 to 5 birds
per square mile), during 1971-72 field surveys by Applicant. This is a '
relatively high population level for these predator species.

Five species of hawks and falcons, or their active nest sites, have
been observed by Schweinsburg (1974b) in the vicinity of the proposed route.
Ssightings included the following species: rough-legged hawk, gyrfalcon,
golden eagle, Swainson's hawk, and bald eagle. The endangered arctic
peregrine falcon inhabits the area but none was observed. or found nesting in
the vicinity of the route. Arctic peregrine falcons (estimates range from 5
to 25 birds) would utilize some part of the proposed right-of-way each-
summer, probakly for food huntlng.

General Alaskan observations in the Arctic and Subarctic by the
Applicant indicate it is uncommon to find gyrfalcons, peregrine falcons,
rough-legged hawks, or golden eagles nesting higher than 1,000 feet above
the surrounding valley floors. Except for golden eagles, nesting sites are
commonly within the lowest 500 feet. A fifth cliff-nesting species, the
common raven, is often associated with these raptors in the Arctic and
Subarctic and nest in the vicinity of the proposed AAGPC pipeline system
route.

During aerial surveys by the Applicant, nine active rough-legged or
gyrfalcon nests were seen within 20 miles of the route. The closest nest
was 5 miles from the proposed pipeline. Gyrfalcons are opportunistic and
will feed on a variety of mammals and birds. The most important food items
generally are ptarmigan and ground squirrels. When ptarmigan populations
are low, gyrfalcons may move as far south as the northern United States, but
arctic populations are never large, even in winters when ptarmigan are
abundant (Gabrielson and Lincoln, 1959). Rough-legged hawks depend. for food
mainly on rodents, although they often take fledgling and post-breeding
adult birds in the molt (White and Cade, 1971).

Snowy owl populations are noted for their fluctuations being dependent

on the abundance of the lemming, their primary source of food. These birds,
however, will eat arctic hares, rabbits, ground squirrels, rats, mice,
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shrews, and tundra~inhabiting birds. (Gabrielson and Lincoln, 19589).
Peregrine falcons feed on a wider range of prey than gyrfalcons but are more
inclined to taking birds,

Ravens are omnivores. They are known to rob nests and to beachcomb,
eating almost anything cast up by the sea. They also eat insects and
tundra~growing fruits (Gabrielson and Lincoln, 1959) .-

The two resident upland game bird srecies, willow and rock ptarmigan,
are found throughout the area. During winter, they gather in the riparian
{(willows) shrubs where they feed on dried berries, leaves of exposed plants,
and the buds of dwarfed willows and birches, They are an important food
source for lynx, foxes, wolverines, wolves, and birds of prey.

Jaegers are often seen robbing other seabirds (gulls and terns) of fish
(Robbins et al., 1966), but during the breeding season they are active nest-
robbers. The long-tailed jaeger was the most abundant jaeger observed by
Schweinsburg (1974) along the route. This bird not only robs gulls and
terns, but it also eats mice, lemmings, young birds, eggs, insects, crow-
berries, and sometimes carrion (Gabrielson and Lincoln, 1959).

Eish

The Applicant has conducted several investigations of fish inhabiting
streams and lakes of the Coastal Plain. Thirteen species of fish were
recorded in the area associated with the proposed AAGPC pipeline system:
arctic char, arctic grayling, round whitefish, broad whitefish, lake trout,
slimy sculpin, fourhorn sculpin, burbot, arctic cisco, least cisco,
ninespined stickleback, arctic flounder, and chum salmon.

The proposed AAGPC pipeline system jnvolves 120 streams of three
different types as it traverses the Arctic Coastal Plain: mountain streams,
tundra streams, and spring streams (see 2.1.1.5). All 120 streams probably
support at least some fish fauna during the summer months. Smaller tundra
streams generally are inhabited only by a few stickleback, sculpin, and
occasionally drayling. Only spring streams and certain deep pools in
mountain streams are not frozen during the winter. Thus, only these areas,
plus a few lakes .that do not freeze completely, can support fish populations
during the winter months.

In addition, the movement of supplies and construction materials by

ship to port sites at Prudhoe, Camden, and Demarcation Bays involves
estuarine and marine systems.

Results of the Applicant's fish-sarpling program by summer gillnetting
and seining in 49 of the larger lakes in the vicinity of the route are
presented in Table 2.1.1.7-4, No lakes containing larger resident species,
such as lake trout or char, are known to exist in the immediate vicinity of
the route. The nearest lake, which is unnamed, known to support a lake
trout population is more than 11 miles south of the proposed route.

Most of these lakes are only a few feet deep, and therefore freeze
completely each year, making them incapable of supporting permanent fish
populations. )

Studies by the Fish and Wildlife Service show that the principal fish
inhabiting the waters encompassed by the proposed right-of-way are arctic
char and arctic grayling. Most arctic char are anadromous. Recapture of
tagged char has shown that they move between major drainages, indicating
that char may use one drainage for spawning purposes and another for
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Table 2.1.1.7-4 Results of summer gillnetting and seining in 49 lakes assoclated

with the proposed AAGPC pipeline system

. Predominant

Frequency of

_ Number of occurrence

species present . lakes (Percent)
'No fish caught 24 5Q
Several species 10 20
Arctic char 1 2
Grayling 3 6
Lake trout 2 4
Stickleback 8 16
Total 49 98

Source: Ward and Craig, 1974.
{
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overwintering., Small isolated populations of char occur where circumstances

prevent migration. ©Natives refer to these char as %0ld Man Fish." (Schmidt,
pers. comm., 1974). :

During the Fish and Wildlife Service studies, grayling were found to be
the most abundant fish in the area. During the spring, many leave the
rivers to feed in the lagoon areas between the shore and the offshore
islands east of Camden Bay where high river discharges reduce the saline
content of the sea water. Their principal food there is brackish water
shrimp., Arctic char and grayling were:caught in about the same frequency in
the lagoons in the spring of 1970. As salinity increases, char and grayling
move back into the river systems. (Schmidt, pers. comm., 1974)

Fish found at river mouths and lagoons in the Arctic National Wildlife
Range are arctic char, arctic grayling, fourhorned sculpins, arctic cisco,
ninespined stickleback, and arctic flounder.

.The following brief life histories of the arctic char and grayling
describe conditions critical to the species! survival. Craig and McCart
(1973) and McCart et al. (1972) report that arctic¢ char spawn in the late
summer and fall (mid-August to December). Known spawning areas are in the
vicinity of .spring water sources. The eggs, which remain in the gravel 6 to
9 months, are killed by freezing and therefore survive only where water
flows durlng the entire winter.

Young~of—the-year fry emerge from the gravel in &prll or May and spend
their first summer in streams. .They overwinter in spring areas and may )
spend several more summers in freshwater as juveniles. After several years,
juvenile arctic char undergo a physiological change, and in the spring, they
migrate seaward as smolts. Smolts remain in the sea throughout the summer,
but return to the stream in late summer (July ~ August) as immature migrants
to overwinter in spring areas. The following spring, the immature migrants
again return to the sea. Migrants may make this annual journey between
freshwater and the sea several times before they mature. Arctic char do not
die immediately after spawning and some may overwinter and make additional
seaward migrations, returning to spawn several times during their lifetimes.
Apparently, arctic char never remain at sea through the winter, probably
because their body fluids would freeze at the temperatures which occur under
the sea ice (DeVries, 1971). :

All stages in -the life history of stream-dwelling arctic char (eggs and
larvae, juveniles, immature migrants, mature spawners, mature non-spawners,
and residual char) are dependent on springs as a source of free-flowing
water during the winter months. For some 8 to 9 months of the year, the
entire char population may be restricted to a few, highly localized areas in
the river system. (Craig and MccCart, 1974). Several age classes are always
present in these critical spring areas during the winter. A significant
disturbance to the spring during winter, therefore, could destroy an entxre
population of arctic char. .

According to the DeBruyn and MccCart (1974), grayling in the area
associated with the proposed AAGPC pipeline system mlgrate to spawning areas
in small tundra streams during spring breakup and spawn in late May or early
June. The incubation perlod is about 14 to 21 days with fry emergence in
late June.

After spawning, adult grayling usually mlgraﬁe to large streams or
lagoon areas where they spend the summer. Young-of-the-year and juvenile
grayling spend the summer in smaller streams.
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In the fall all age classes of grayling migrate to overwintering areas
which may be spring-fed streams in conjunction with arctic char, in lakes in
association with lake trout, or in deeper pools in large rivers.
Accordingly, spring overwintering areas are as important to grayling
population numbers and distribution as they are for the arctic char.

Spawning periods of fish in the vicinity of the proposed AAGPC pipeline
system are shown in Table 2.1.1.7-5.

All fish species that spawn in fall do so in streams or lakes that do
not freeze solid during winter. Subchannel flows in interstices of gravel
riverbeds underlying deegper pools can continue even when river channels are
frozen solid, making some development of eggs and alevins in these areas
possible.

Overwintering habitats for both freshwater and anadromous fish species
are critical to their survival. These are limited and geographically
isolated. As with arctic char and arctic grayling all age classes are often
present, particularly in those areas used by fall-spawning species. For
example, nearly 1,500 adult arctic char (both resident and anadromous) were
seined by the Applicant from a pool in an overwintering area on the Kavik
River estimated to be only 30 meters by 10 meters and 0.5 to 1 meter deep.
This density approaches 10 adult fish per square meter.

Craig and McCart (1974b) surveyed many of the streams which are crossed
by the proposed route in an effort to locate regions utilized as )
overwintering and spawning areas, primarily by arctic char. Fiqure 2.1.1.7-
6 shows the areas found during these studies. '

A number of major streams, including the Okpilak and Jago Rivers,
crossed by the route have not yet been surveyed for overwintering areas.
Some of the major delta areas, such as those of the Canning and Tamyariak
Rivers, also have not yet been surveyed .to determlne if there are critical
overwintering areas for fish. :

Little is known about fish in Demarcation and Camden Bays. It is

known, however, that these areas are used by'fish species inhabiting the
nearshore areas in the summer. The presence of overwintering areas is
unknown (Thayer, pers. comm., 1975).

Sport fishing in the vicinity of the proposed AAGPC pipeline system
occurs to a limited extent, primarily for arctic char and grayling
(Yoshihara, 1972) . Sport fishing is conducted by visitors and workers at’
Prudhoe Bay developments and those conducting studies or seeking recreation
on the Arctic National Wildlife Range.

Total fishing intensity is less than in regions closer to civilization, -

although it is quite intense in waters known to support large populations of
fish.

Because of slow growth rates, most northern fish porulations could not
sustain themselves in the event of increasingly heavy fishing pressures
characteristic of southern waters (Ryder and Johnson, 1972).

Fish are an important element of the diets of people living at
Kaktovik. These fish are harvested annually from streams and estuaries
affected by the proposed AAGPC pipeline system. See 2.1.1.9 for a
discussion of suksistence use of fish and wildlife resources.
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Table 2.1.1.7-5 Spawning season and habitat for fiéh known to exist along the

Arctic coast

Season

Specles

Spawning Habitat

Late Winter

Spring
Late Spring
Summer

Fall

Unknown

Burbot

Arctic grayling
Siimy sculpin

Ninespined
stickleback

Fourhorned

‘sculpin

Arctic char
Round whitefish
Broad whitefish
Lake trout
Arctic cisco
Least cisco
Chum salmon

"Arctic flounder

- Lakes

Foothill streams-~-diverse locations
spring and--foothill gravel shallows

Lakes and ponds in vegetation
Shallow inshore

Mountain streams--spring areas
Mountain streams, lakes
Canning delta '

Lakes

Mountain streams—--gravel

Sand, gravel--areas of streams .

.Gravel--Saganavirtok River only

Ocean

_ From AAGPC, 1974a; and McPhail and Lindsey, 1970.
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Threatened (Endangered) Species

Three animal species listed by the U.S. Department of the Interior as
vendangered® may come in contact with the proposed AAGPC pipeline
activities., Two, the gray and the bowhead whale, are marine mammals. Their
numbers in the vicinity of the proposed project is not known., These animals
would be present only during the period of open ocean water in late July to
early September. This, however, corresgponds to the period of greatest ’
shipping activity during the two years that supplies are to be moved by ship
from the Mackenzie River to Prudhoe, Camden, and Demarcatlon Bays.

The other endangered sPec1es is the arctic peregrine falcon, Whlch
utilizes the proposed right-of-way to obtain its food (small songbirds,
shorebirds, and ptarmigan) for a period of approximately 150 days from
spring througk fall. As many as 25 falcons may utilize the right-of-way
area during the summer months. This probably is a high estimate. No known
. nesting sites are directly associated with the proposed AAGPC pipeline
system. (T. Schmidt, pers. comm.)

Grizzly bear, polar bear, golden eagles, wolverine, and wolves are not
considered as threatened or endangered in Alaska. The polar bear, however,
is subject to international treaty, which, when ratified, will require -
protection of polar bears and especially polar bear denning habitat. The
proposed AAGPC pipeline system involves an area which is considered a
31gn1flcant maternal denning site for the populat;on of polar bears living
in the Beaufort Sea.

Invertekrates

The Arctic Region is characterized by frequent and strong winds,
averaging 10 to 15 mph year-round, These winds interfere with insect flight
and may be a limiting factor to distribution of airborne insects, since they
must dwell on the ground in shrubs or in lees created by microrelief
topography.

Insects are active only during the warmer temperatures of the arctic
summer and are dormant in winter. The duration and severity of winter has
no cumulative effect on insects adapted to the Arctic. Another adaptation
to the cold environment is the reduction in the freezing point of body
fluids in certain terrestrial species, as compared to the same species in
more temperate climates (Downes, 1964).

Many of the dominant and widespread insect groups characteristic of
temperate soils are absent from the Arctic, but the dominant groups (the
mites and Collembola) are as diverse as they are in temperate grassiands.
Representative forms of this group are usually contained within the top 10
cm of soil, but in the tundra areas, thezr biomass ‘rarely exceed 0.5 g/cu. m
(Edwards, 1972).

The low height of the plants is generally favorable to the development
of the terrestrial Collembola and mite fauna. These insects feed primarily
on fungi and their spores and on plant tissue in general. The lichens and
mosses and roots of higher plants provide excellent sources of shelter.
Insects are generally able to move about freely without problems of
desiccation because of the relatively high humidity at the surface.

The Arctic has very sparse insect fauna in terms of species diversity
because insects have body temperatures that vary with the surrounding
medium. Although a few major studies have been done (Webexr, 1950, 1953,
1954; Watson, Davis, and Hanson, 1966), the size and constitution of the
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insect fauna of the Arctic cannot be described with any accuracy. The
collecting has often been incomplete, and seasonal or obscure forms are
often under-represented.

The majority of the readily visible insects are the Diptera or flies,
of which the mosquitoes and midges are the most numerous (Weber, 1950). The
Collembola and mites are the major constituents of what might be termed the’
microscopic fauna of the Arctic.

Various factors of the arctic environment are very limiting to the mere
presence of an insect fauna, but specific adaptations have occurred to
compensate for the extremes.

The small size of the heat budget seems to be an important and

‘controlling feature of arctic life. According to Downes (1964), a random

departure of only a few degrees from the mean would have a great effect on
growth and development. Many of the insects of the Arctic have overcome
this problem by extension of their life cycles through several seasons, thus
having representative numbers of individuals in various stages of
development. A small but useful amount of solar radiation penetrates the
snow to a depth of 10 to 20 centimeters; therefore, an insect can possibly
be warmed sufficiently to start to develop before the snowmelt is complete.

Heteropterous and homopterous plant—-sucking insects are present in the
Arctic (Weber, 1950), but they do not form a conspicuous part of the total
insect population. Lepidopterous caterpillars are present in the Kaktovik
{Barter Island) region and coccids are found on the roots of willows. The
tundra butterfly appears to be dependent on the microrelief features of the
area for protection from the wind. (Sowl, pers. comm., 1975}).

There is not sufficient woody growth in the area of the proposed AAGPC
route to support most of the wood-boring insects, although sawflies

. {Tenthredinids) are not uncommon.

The invertebrates play three major roles in the arctic tundra ecosystem
(MacLean, 1971): '

1. A large amount of biomass is incorporated into invertebrate
consumers, and they may use a significant proportion of the energy of -the
system in respiration.

2. Invertebrates provide food for groups of vertelkrate consumers,
mainly the shorebird and snowbird (passerine) insectivores.

3. S0il-dwelling invertebrates may be crucial links in the proéess of
decomposition and nutrient release. .

Insects are significantly associated with the lemming populations.
Lemming nests have been found to contain as many as 5,000 arthropods per
nest (Weber, 1950). The mites, Collembola, and midgefly larvae (Spanitoma)
are the major insect associates found with lemmings.

Mosquitoes are the major pest insect to both wildlife and man in the
Arctic. Weber (1970) and Rhodes (pers. comm., 1974) indicate that
mosquitoes present definite probléms ahd occur in great numbers. Among the
mosquitoes identified are five species of Aedes (Namtvedt et al., 1974).
Mosquitoes are reSpon31b1e for mortality among young birds, small mammals,

and occasionally, in combination with c¢ther factors, can cause death in
young caribou.
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A significant insect-mammal relationship is found among the caribou.
The botfly, Qedamagena tarandi, may infest the animals in such great numbers
that they render the hides useless to Natives, . 'During periods when botfly
numbers are high, caribou habitats are greatly influenced because caribou
seek areas where they can escape the flies. Such areas are snowbanks,
windswept ridges, or other raised elevations, such as gravel pads, which "
also are associated with oil exploration and development.

Aquatic insects provide an important food for the whitefish and arctic
grayling. Probably of greatest significance are the caddisworms,
Trichopters, and stonefly nymphs, Plecoptera, (Weber, 1950).

Little information is available about aquatic insects in the area of
the proposed AAGPC pipeline system. Studies by the Applicant on arctic char
included stomach analyses of fish taken at spring areas near the route.
These analyses are useful as an index of at least some of the aquatic
invertebrates in the area. See Table 2.1.1.7-6 for a list of fish food
items. :

2.1.1.8 BEcological Considerations

No organism can exist in an environment that is bereft of the special
requirements of the organism for space, food, and shelter. The
interdependency of living organisms and their natural abiotic (nonliving)
setting is circular. Exchange of materials between living and nonliving
parts of this circular path of obligatory relationships, interdependence,
and causal relationships comprise an ecosystem.

An ecosystem is elastic in that its components adapt to change. The
degree of change that successfully can be accommodated in a particular
ecosystem is limited, and each change produces ripples throughout the
circle. should the change be introduced at a critical point in the circle,
ripples become waves. For example, changes affecting caribou migration
routes or wintering areas are not as serious, if there are adequate
alternative routes or areas, as changes' in the calving area.

In the arctic environment, the transfer of energy within ecosystems is
extremely sensitive to change. The relationship of the arctic sun, its low-
angle continuous sunlight in summer and long periods of twilight and
darkness in winter, to the vegetative cover and permafrost represents a
delicate heat balance. A small change in the insulating characteristics of
the vegetative mat changes the depth of the active layer (thawed soil during
the summer). Such changes affect the water table and, in turn, the -
vegetation. '

The general conceptual model in Figure -2.1,1.8-«1 helps frame this
discussion. Basically, two elements operate in any ecological system:
energy and matter, :

Solar energy is captured in photosynthesis by primary producers {mainly
green plants). A fraction of that energy is passed up the food chain to
consumers--first to herbivores, then to carnivores. Death and waste
products represent energy transfer to decomposers. Decomposers utilize this
energy, and function chiefly in returning nutrients to the system for reuse
by primary producers.
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Tabie 2.1.1.7-6 Frequency of occurrence of various food items in stomachs of Arctic Char

from Shublik Spring and on Unnamed Spring.

Food item

Stomach analysis

Shublik Springs

Unnamed "spring

Occurrence Occurrence
(percent) (percent)

Plecoptera nymphs 58 (47) 10 (12)

: adults 8 ((7) 7 9

Diptera larvae 71 (58) 55 (68)

(inc. chironomids) pupae 16 (13) 16 (20)

adults 12 (10) 15 (19)

Simulids larvae 9 (7) 2 3)

Tipulids larvae 3 (2) 1 (1)

Ephemeroptera nymphs 38 (31) 3 (4)

adults 1 (@) 3 (4)

Trichoptera larvae 26 (21) 20 (25)

pupae 6 (5) - -

adults 3 2 2 3)

Orthoptera (grasshoppers) 9 @ - -

Coleoptera (terrestrial) 6 (&)) 3 4)

Hymenoptera adults 3 (2) 15 (19)

Arachnida (hydrocarinida) '3 (2) 3 (4

Amphipods - - 15 (19)

Plant material 4 (3) 3 (4)

Unidentified debris 25 (20) 19 (24)

Empty -2 (2) 2 3)
No. stomachs sampled 123 81
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Figure 2.1.1.8-1 Solar radiation and photosynthesis at Barrow, Alaska
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Maqjor Ecosystems

The major ecosystems along the proposed natural gas pipeline project
may be divided into three types: terrestrial, fresh water, and marine.
These three primary ecosystems may be sukdivided into smaller units based on
the dominant vegetation tyres or physiographic location, or, with fresh
water ecosystems, whether the fresh water is in a stream or lake. For
comprehension of the dynamic, interrelated processes of these systems,
discussion of the three major ecosystem types is adequate.

Terrestrial Tundra Ecosystem

The main components of the ecosystem, soils (2.1.1.4) primary producers
{vegetation,2.1.1.6), consumers (wildlife,2.1.1.7), and abiotic factors
{(environment) have been described in the previous sections. Only certain
processes and inner relaticns are discussed. :

Fresh-water Ecosystems

The proposed pipeline route will cross two types of aquatic ecosystems,
stream and lake. Flowing water ecosystems include the numerous large and
small streams that flow eventually into the Arctic Ocean. Shallow ponds and
small shallow lakes are extremely numerous along nearly the entire pipeline
route in Alaska.

Considerable information on the tundra pond ecosystem is available from
the International Bioclogical Program studies at Barrow, where a coastal
plain situation exists similar to that along the pipeline route.

Information on the flowing water ecosystem in arctic Alaska is scant as to
food chains. Most information from the International Program is directly
related to the fisheries resource.

Arctic aquatic ecosystems are characterized by: (a) extremely low
primary productivity, and (b) low species diversity. The result of low
primary productivity is that secondary productivity is absolutely limited, -
since all animals depend on primary production for required energy.

Nutrient limitation, low levels of energy input from the sun during winter
months (further reduced by snow and ice cover), and low water temperatures
(even in summer) apparently control primary productivity. In rivers and
streams, turbidity may be important. Low species diversity, which is )
apparently caused by a small number of niches available to arctic organisms,
results in simplified food webs.

Marine Ecosystems

The proposed wharves at Camden Bay and Demarcation Bay and the present
wharf facilities at Prudhoe Bay all impinge upon the Arctic Ocean marine
ecosystem. This marine environment has not been described as well nor
studied as intensively as have marine ecosystems in more temperate climates.

Rivers originating within the zone of continuous permafrost virtually
cease flowing into the Arctic Ocean during winter. For a period of several
months, no fresh water or sediment is transported into the ocean, but with i
spring breakup a sudden influx of comparatively warm fresh water into the
cold marine ice-covered system results in drastic changes in the physical,
chemical, and biclogical nature of nearshore waters.

152




Ecosystem_ Productivity

Terrestrial Ecosystems

Primary productivity in tundra ecosystems is low because of low energy
input values and because there is little tc no productivity during the long
winter,

At Barrow (a coastal plain site) yearly production ranges from 78 to
190 grams per square meter (g/m2) of above ground phytomass. The annual
productivity in the wet sedge meadow is about 86 g/m2, while the tussock
communities have an annual primary productivity of approximatley 95 g/m2.
Differences in productivity between different tundra ecosystems are related
to community structure.

While annual production of tundra is low, daily production during the
short growing season is relatively high. At Barrow, productivity ranges
from 1.5 g/m2/day to 1.8 g/m2s/day during the height of the growing season.

Aquatic Ecosystems
Primary Productivity

The productivity of arctic waters is considerably less than that of
most oligotrophic lakes of northern temperature latitudes. Production is
virtually nonexistent for the period November through February. Adaptation
by phytoplankton to extremely low light levels often allows measurable
photosynthesis shortly before and after these dates. Nearly all primary
production takes place from the end of April to the end of September, and
rates of production are quite low during this short season.

In the summer, low nutrient levels are the chief limitation placed on
primary productivity (Hokbie, 1973; Kalff, 1970) . Phosphate appears to be
the nutrient in shortest supply. Nitrate may be critically limited in
lakes, but less so in ponds and rivers. Trace metals and vitamins may be
limited during periods of increased photosynthesis (Hobbie, 1973; Kalff,
1970, 1971) . Nutrient levels in the Colville River and its tributaries are
generally higher than those in adjacent lakes and ponds, indicating that
primary productivity is lower in rivers. The turbidity of rivers, however,
makes productivity measurement difficult.

Primary production may be broken into three categories, representing
phytoplankton, benthic algae, and vascular plants {(eiphyton have not been
described). Phytoplankton have traditionally been taken as the measure of
productivity of a water body (Frey and Stahl, 1958; Hobbie, 1966: Howard and
Prescott, 1%71; Kalff, 1967), but their contribution to total production
depends on the particular situation. 1In shallow lakes or ponds where enough
light penetrates to the bottom and where sediment conditions are favorable,
the contribution of benthic algae may be much greater than that of
phytoplankton. Where a pond supports a shore fringe of vascular plants,
their contribution may also be relatively great. .

Table 2.1.1.8-1 gives the pxoductivity of 'a tundra pond and three
tundra lakes as computed by Hobbie et al., 1972.
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Table 2.1.1.8~1 Primary productivity of some Arctic Alaskan and temperate waters

Type of Community (q C[mzlzgz Reference
Tundra pond

Benthic algae 14 ‘ Hobbie et al., 1972
ﬁacrophytes 15 Hobbie et al., 1972
Phytoplankton - 1 Hobbie et al., 1972
Phytoplankton 0.4-.8 Kalff 1967
Phytoﬁlankton 0.3~.7 Alexander et'ai., 1972

Tundra Lake

Phytoplankton 8.5 7‘ Kalff 1967b
Phytoplankton 9, 6L/ # Howard & Prescott 1971
Phytoplankton 82/ § - Howard & Prescott 1971

Phytoplankton 302/ / Howard & Prescott 1971
After HoBbie,' et al,, 1972
(EPAC, 1974, Vol. IV, p. 2A.6-44)
7 Inikpuk Lake
-ff Esﬁin;ated from data provided by referenced. author
< Tkroavik Lake | |

// Malikpuk Lake
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Marine Ecosystems

Spring breakup represents a'significant transfer of kinetic energy from
the 'méuntaihous headwaters to the river deltas. Also, water surfaces absorb
up to five times as much solar radiation as snow and ice.

§ . B
Nutrient concentrations in the surface layer of the Beaufort Sea are
lower than those cobserved in the bottom waters. This is due to the
deficiency of inorganic nutrients in water from ice melt. The warmer river
water also lowers dissolved oxygen concentrations in the nearshore marine
waters (Hufford, 1974). :

oxygen and chlorophyll data indicate a low inshore primary production
rate. River-contributed turbidity, which reduces light for photosynthesis,
is probably the major limitation on production {(Grainger, 1974).

Annual productivity rates for the nearshore Beaufort Sea appear to be
substantially lower than for the Bering Sea or the Gulf of Alaska
(Alexander, 197“).

Ecosystem Parameters_and Interrelationships

Terrestrial Ecosystems
Food Chain {consumers)

The consumer link in the tundra food chain consists of a small number
of species (herbivores) that feed on the live vegetation and insects
{saprovores) that feed on the dead and decaying vegetation.

One unusual feature of tundra consumers is their poblllty and
widespread migratory tendency. More than a hundred bird species may be
encountered in summer, but most of these are absent from the tundra in
winter. Mammal movements are largely seasonal. Caribou generally move out
of the region to winter south of the Brooks Range. Many arctic foxes move ~
cut onto the Beaufort Sea ice in winter. Even indigenous man. traditionally
has been mobile (nomadic} in this part of the world, capitalizing on cyclic
and noncyclic changes in the availablity of biological resources, Moblllty
is important to the large herbivores, such as the caribou and musk ox, in
reaching their foraging habitats.

In general, the diversity or number of herbivore species in the
community increase north to south in the Arctic. At Barrow, for example,
only the brown lemming is a significant herbivore., The lemming's well-known
but unexplained population density fluctuations, often by factors of 1000,
provoke marked changes in the abundance of carnivorous species that prey
upon this rodent for food. Through this one herbivore, energy is passed .
along to an array of predatory birds and mammals: snowy owls, short-eared
owls, three species of jaegers, least weasels, and arctic foxes. When
lemmings are not sufficently abundant, the predators are virtually absent in
many seasons over large areas of tundra, Such dramatic changes in mammal
and bird populations become less pronounced farther south, as the diversity
of herbivore species broadens. The consequences of an ecosystem where many
predators depend on one, or a few, herbivores limits the species diversity
and cause dramatic changes. in the abundance of the carnivores.

Saprovory consumptiqn of dead plant and animal material exists to a
major degree in the tundra, perhaps because it fills the functional vacuum’
left by the paucity of herbivores. The saprovore food chain crosses the
indefinite boundary between consumption and decomposition. Even the brown
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lemmings contribute significantly to the decomposition process by changing
living and standing dead vegetation into litter and feces. But the
workhorses among the sagprovores are the assorted soil invertebrates that
live in the~rich, organic, peaty socils.

The saprovore chain culmlnates in higher carnivory, cften by the same
species that consume the herbivores, such as owls, jaegers, foxes, and
weasels. In years of lemming abundance, there is widespread predation on .
shorebird eggs and young birds by carnivores (Norton, 1973).

The food chain culminates with the carnivore species, both mammals and
birds. Because of their location at the top of the food pyramid, mammals
and birds are vulnerable t¢ the progressive concentration of
nonmetabolizable toxic compounds. In the tundra food chain, the carnivores
include the weasel, wolf, and a variety of predatory birds including the
gyrfalcon, peregrine falcon, jaegers, and owls.

Decomposition

Organic decomposition rates in tundra soils are low. The explanation
of this basic observation and the effect of slow rates of decomposition on
the whole system are essential to understanding arctic ecology and to
predicting system alterations following disturbance.

Optimum incubation for most microbes occurs in warm and moist
conditions. Above-ground atmospheric conditions in the Arxrctic are cold and
dry. This, in part, explains the severely limited organic decomposition.
Further, micro-biological activity is limited by the short summer and the
shallowness of the active soil layer over permanently frozen ground.
Mineral nutrients are -%locked upY to a large extent in underlying frozen
mineral soils and become available only during occasional seasons of
greater-than-average thaw depths or after certain forms of perturbation.
Although soil organisms in the Arctic show certain adaptations to these
adverse conditions, the number of decomposer taxa is strictly limited.

The most intensive relevant studies of decomposition in Alaskan arctic
tundra are the current U.S. Tundra Biome efforts. Benoit et al. (1972)
characterized high latitude peaty soils typical of the Arctic coastal plain
by four features: 1) The large. organic litter compartment; 2) immobility
of much of the nitrogen in above and below-ground dead compartment; 3)
general paucity of available essential minerals; and, 4) slow mineral flux
rates of soil of microorganisms.

Agquatic Ecosystems
Food Chain

The simplicity of food webs in aguatic ecosystems of the Arctic is
apparent at many taxonomic levels. Sgonges, larger arthropods, reptiles,
and amphibians are absent. The number of genera and the numbers of species
within genera are fewer than those found in temperate waters. Fish are
absent from ponds and from the least productive lakes, but are abundant 1n
many rivers. Some lakes harbor only a single species of herbivore (a
microscopic crustacean), and occasionally, even this species is absent.
There may be only one species of primary consumer. Given this low diversity
and the relatively short lives of many lakes and ponds, the tenuocus nature
of life in the Arctic becomes apparent.
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Zooplankton are the major herbivores. of arctic aquatic ecosystems. It
is possible that phytoplankton are not the chief source of food, and that
dissolved and particulate organic matter and detritus are more significant
in the zooplankton diet. This observation is supported by the high :
zooplankton-to-phytoplankton biomass ratio usually found. Even considering
all sources, =zooplankton populations may be limited in these waters (Hobbie,
1973) .

The biomass of benthic microfauna varies greatly with water depth and
substrate. These organisms are an important part of aquatic ecosystems, and
frequently exhikit densities greater than 10,000 per m2, and occasionally
near 100,000 per m2, (McCart et al., 1973). These densities compare
favorably with those found in more southerly latitudes, but productivity is
nontheless low. Insects {the dominant organisms numerically) and
crustaceans appear to have extended life cycles and corresponding slow
growthe..

Chironomid {(midge) larvae dominate the benthic microfauna in arctic and
subarctic waters and are most abundant in shallow ponds with organic
sediments and in streams originating from springs. They frequently
constitute 50 to 90 perxcent of the fauna. Tundra ponds have about 10
species of chironomids, an order of magnitude less than temperate shallow
lakes (Hobbie, 1973). Oligochaetes, plecoptera, and ephemeroptera are
generally secondary in importance, and several other groups are found in
smaller numbers., . .

Tributaries of the Sagavanirktok River, including springs, beaded
foothill streams, and mountain streams, have benthic fauna similar to the
ponds. Species composition varies greatly between locations and seasons as
insect species, the dominant group, change densities with life stage.
Chironomid density may approach 100,000 per m2, but may only be 10 to 100
"per m2, and a small percentage of the total organisms present. At present,
only preliminary information is available on macrofaunal densities and
biomass, and little 1nformat10n is available concerning life histories and
population dynamics. .

Macrofauna occupy an important ecological position. They are the
primary herbivores in flowing waters, feeding on benthic algae, bacteria,
and decaying plant material. Through their physical activity they cause.
suspension of algae, bkacteria, and detritus, which can be eaten by
zooplankton in lakes. and ponds. Macrofauna are the most important food for
fish and shorebirds and are partlcularly important in rivers where most fish
product.xon occursa

slow growth and development and long llfe spans characterize fish in
arctic fresh waters. Low productivity of the waters and the short growing
season are probably responsible. Despite slow growth, arctic fishes may
reach large sizes, and the lifespan of scme of them is as long as 40 years.

Decomposition

As with the terrestrial ecosystems, decomp031tzon in arctic aquatic
systems is limited, espec1ally in shallow lakes and ponds with heavily
organic sediments. - The rate of decomposition largely determines the rate of
- supply of nutrients to the aquatic community. In the region of the proposed

gas pipeline, however, very little specific information exists on types of
organisms, their biomass, or important functions.

In a Barrow pond, the biomass of kacteria in the water was twice that
of the phytoplankton, while the biomass of sediment bacteria was 1000 times

157




that of the water on an areal basis (Hotbie et al., 1973). High uptake
rates of dissolved organic carbon and low turnover times for the pool of
organic compounds indicate a moderately high level of activity for these
bacteria.

Decomposition is assisted by benthic macrofauna, such as the chironomid
larvae. These organisms are detritovores; they mix and break sediment ’
material. Microfauna may also contribute to the decomposition process.
Fungi are generally important in decomgosition, but apparently have not been
investigated in Alaskan arctic waters.

Marine Ecosystems

Biological activity beneath the winter ice cover near river mouths
lowers the dissolved oxygen content. Fish populations use some of these
areas for spawning and overwintering. The overwintering areas may comprise
a delicately balanced and temporarily closed system, in which the.
nitrogenous excretion products of fish and other fauna are assimilated and
nitrified by microflora. This. process consumes oxygen necessary to the
survival of the fish. e ’

Human activities upstream that would appreciably increase the loading
of dissolved organic nitrogen into the water could have deleterious effects
on this balance. A

Ecosystem Parameters and Critical Factors
Soil Nutrients

The slow rates of decomposition in tundra ecosystems reduce available
nutrients for plant growth. :

Cold tundra soils are deficient in available nutrients, especially
nitrogen (Bliss, 1971). Haag (1973) has shown that in a low arctic, wetland
sedge and upland willow-birch-dwarf heath shrub communities, available
nitrogen limits protein content and dry matter production, while phosphorous
does not. Nitrogen is metabolized into organic compounds at 1low
temperatures, while phosphorus metabolism is limited by low soil temperature
and low available nitrogen. These metabolisms limit nucleoprotein formation
{Bliss et al., 1973).

In very cold soils, however, phosphorous and potassium become limiting.
®Cold phosphorous®" seem to be more limiting than "cold potassium" (Bliss,
1971) . * Thus, as so0il temperatures are lowered, the unavailability of .
nutrients limits plant growth.

Fertilization experiments have supported these hypotheses concerning
nutrient limitation. In Canada and Alaska experimentation, the addition of
nitrogen and gphosphorous both peat and mineral soil have demonstrated
stimulated plant growth (Bliss, 1971; Van Cleve and Manthei, 1972).

Lower soil temperatures decreasge productivity. A small experimental
plastic greenhouse significantly increased dry plant weight, soil
temperature, and soil moisture on Devon Island (Bliss, 1971). This effect

is well known to gardeners in interior Alaska where plastic mulches are
commonly used to increase garden productivity. The 1mportance of increasing
soil temperature for plant growth was found by McCown (1973) in his study of
the effects of hot o0il pipelines on plant growth in cold-dominated soils.
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Within a tundra system, especially a low arctic one such as that on the
Arctic Slope, the increment of nutrients within the mineral soil in relation
to the nutrient pcol of the surface peats (often 5 to 20 cm) and the
standing vegetation may be quite low. This, coupled with slow below-ground
(some 5 to 10 years) and above-ground (some 3 to 5 years) turnover times,
suggests that the organic horizons of bog and.tundra soils serve as a
nutrient sink, which has a low release rate. This sink and its nutrient
release rate may be expected to control primary productivity in bogs and the
accompanying low primary and secondary productivity of bog systems
represents a failure of the decomposition'process. A slow rate of nutrient
recycling depresses turnover rates in the functional compartments of primary
production and consumption. ‘

Vegetation~-permafrost Interaction

Vegetation forms an insulating blanket that effectively maintains a
shallow active soil layer less than a meter in thickness for most vegetation
types.

Permafrost is an important factor in the tundra ecosystem. The
permafrost forms an impervious layer to moisture. fThis results in the wet
substrate of most tundra ecosystems. Disturbance of the vegetative mat
increases thaw and raises soil temperatures. This may result in thermal
erosion if the underlying soils are ice-rich. Under scme conditions,
disturbance of the vegetative layer results in a release of nutrlents and
may result in increased productivity of the ecosystem.

Pire in the Tundra

. Fire in the tundra is neither as common nor as extensive as in the
boreal forest regions of Alaska, because tundra plant communities differ
from forests in the following ways: 1) tundra has more frequent
discontinuities in plant cover; 2) its bkiomass is much less combustible,
and 3) a moist surface organic layer is present throughout much of the
summer in most tundra plant communities {Wein and Bliss, 1973; Cochrane and
Rowe, 1969; Barney and Comiskey, 1973).

At Rankin Inlet on the northwest shore of Hudson Bay, Cochrane and Rowe
{1969), found that heaths and lichens kurned more completely and severely
than did other species. Low shrub-heath communities and others dominated by
these species groups were more susceptible to fire and slower to regenerate.
Communities on moister sxtes did not burn.

Although usually occurring in moist sites, cottongrass tussock tundra
communities are able to carry fire because of the large dead and dry above-
ground standing crop which forms most of the tussock. These communities
recover relatively rapidly after fire (Wein and Bliss, 1973). Annual
production approaches that of unburned areas within 2 years although fewer
species contribute to it. Standing craop may be replaced in 7 to 17 years,
with plant growth and nutrient flow returning to equilibrium. Greater
flowering and greater plant nutrient content in recently burned cottongrass
communities may be results of the following: . (1} increased soil volume
available for nutrient extraction by roots, (2) increased microbial activity
in warmer soils (both of the above result from deeper thaw), and (3} to

nutrients released by the burnlng of the standlng crop (Wexn and Bliss
1973) .

Tundra may be created by fires in rermafrost areas near the northern
limit of trees (Bowe and Scotter, 1973). This process has been described
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for moist cottongrass forest-tundra communities of northeastern Siberia by
Kryuchkov (196S). 1In the years following a fire, thaw depth in these moist
communities often decreased with the rapid rediscovery of cottongrass.
Bliss and Cantlon (1957) discussed the natural conversion of tall shrub
communities growing beside rivers in northern Alaska t0 cottongrass tussock
tundra with scattered alder as thaw decreased with litter accumulation.

Unigue Ecosystems

The Arctic Slope of Alaska is a region of treeless tundra well clothed
by an arctic flora. The tundra ecosystems represent an extreme on the Earth
which, when compared to temperate ecosystems, can help biologists sort out
universal ecological mechanisms fxom purely local adaptations. Tundra
comprises 20 percent of the earth'%s land area, and Alaska is about one-third
covered by tundra. Tundras can take many forms. Some are wet, while others
are drier, and some are dominated by sedges and grasses while others are
dominated by low shrubs and herbaceous rlants. What they all have in
common, though, is their low heat budget and that determines the
characteristic biology of the tundra ecosystems. Although the summer sun
shines continuously fcr more than 80 days, with long days before and after
that, the actual growing season is much shorter. The winter snow cover is
not melted until late in June on the Alaskan Arctic Coast, which means that
half the annual solar radiation is spent before plants can begin to
photosynthesize. (See Figure 2.1.1.8-2.)

When the snow cover melts and the ground is exposed to sunlight, most
tundra plants begin to grow very raridly. This very rapid initiation of
growth is possible partly because a large amount of each plant is below the
ground surface. The very large underground biomass, as much as 17 times
more below ground than above, also favors vegetative reproduction of the
plants which may not successfully produce viable seeds in the short growing
season. :

Diminished solar radiation, short growing season, frozen ground, low
air temperatures, and nutrient deficiencies present conditions which tend to
limit annual production of biomass. Because of this, the annual gross
primary production of plants in the wet tundra near the Beaufort Sea is only
about 170 grams per square meter.- This compares to 1,600 grams pér square
meter in the temperate deciduous forest and about 1,000 in the grasslands.

The factors which tend to limit annual production in the tundra
ecosystem also limit decomposition. In the cool summer temperatures,
microbes can digest only about 10 to 30 percent of the standing dead
material each year. This leads to a substantial buildup of undecayed
organic materials in the soils, the nutrients remain tied up, and lack of
nutrients limits the amount of new growth. It appears that a shortage of
phosphorus is the most serious nutrient limitation in the arctic tundra.

on the Arctic Slope, the land is dominated by surface water. During
the spring meltoff, much of the tundra surface is under water until the
excess evaporates or is carried off by surface drainage into ephemeral
streams. Ponds and lakes are active repositories for much of the litter and
nutrients washed off the land. -
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2.1.1.9 . Economic Factors

History of Economic Development
Alaska

Alaska's economic development began with the fur trade in the mid-
1800's and expanded with fisheries and timber and the discovery of gold,
copper, and now petroleum resources.

The following discussion is quoted.ffom the Special Interagency Task
Force Final Environmental Impact Statement for the proposed trans-Alaska
pipeline, vol. II, pp. 287-290 (SITF, 1972).

The importance of Alaska to the nation and the national economy can be
expressed in terms of defense considerations reflected in expenditures for
personnel, procurement and construction and the gross value of. products from
natural resources which are exported from the State to other domestic
markets or enter into international trade. Although the strategic position
of Alaska was Secretary of State Seward's primary concern in promoting the
purchase of Alaska from Russia in 1867, it was not until the 1942 invasion
of the Aleutian Islands by the Japanese that the national defense importance
of this northern territory of the United States was generally recognized.
Prior to that event, Alaska's national importance was as a source of fishery
products (for the most part canned salmon), gold, copper (for a brief
period) and raw furs. During the 1931-40 decade the average annual value of
out-shipments from Alaska was $58,758,000, composed of canned salmon (55.1
percent of total wvalue), gold (26.6 percent), other fish products (6.4
percent), furs (4.4 percent), used machinery, scrap metal and other
miscellaneous items, (7.5 percent).

During the 1950's and 1960's Alaska, from the national point of view,
became primarily an exporter of military defense., Between 1951 and 1954,
while the DEW line and other facilities were under construction, spending by
the Department of Defense in Alaska averaged $412.9 million annually. This

" declined from a peak of $512.9 million in 1953 to annual amounts fluctuating -

between $264.6 million (1962} and $352.0 million (1968) during the 1960's.

While defense spending declined in the late 1950's, the value of
natural resources production began to climb. Fishery products increased in
value as salmon catches stabilized and the base was broadened and
diversified by the expansion of shellfish products. Forest products
increased in value with the addition of two pulp mills and expansion of
other timber plants during the 1950's. The real boom in natural resources
values, however, was set off by the discovery of oil on the Kenai Peninsula
in 1957 and the discovery and development of other fields on the Peninsula
and in Cook Inlet in the early 1960*'s. By 1965, the total natural resources
products exceeded expenditures by the Department of Defense and this trend
has continued at an accelerating rate (Table 2.1.1.9~1).

Statistics on Federal spending in Alaska for national purposes and the
total value of resource production give an impression of Alaska's economic
importance to the nation, but they do not present a true picture of the
Alaskan economy. Much of the construction and procurement expenditures of
the Department of Defense never enter the resident economy because much of
the equipment, supplies, and specialized labor force must be imported. Some
local resources may be converted into construction materials and local
resale of equipment and supplies may be generated but only a fraction of the
total money spent actually enters the State and the multiplier effect in the
Alaskan economy is low, A great deal of the total value of natural
resources likewise escapes the resident economy in the form of. profits and
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. d estimated value
2.1.1.9-1 Department of Defense expenditures in Alaska an
Table gf major Alaska natural resources production, 1950, 1960, and 1970

Dept. of Total natural Crude X Commercial
Calendar Defense resource petrol & Fisheries Forest Other Raw.~ agricultural
year ‘#/ expenditures ‘products value nat. gas. products products minerals ,  furs products
1850 : $455.9 . $130.6 $ - $100.2 $ 6.1 $ 17.7 $4.4 $2.2
1960 307.5 176.1 1.5 96.7 47.3 20.4 4.8 5.4
1970 " 333.4 632.8 256.7 213.9 108.0 : 42.7 6.0 5.5

*Hilitary and civilian employee payrolls, contract construction, and procurement expenditures within Alaska.
'fr‘isheries products: Wwholesale market value, final stage of processing within Alaska.

Petroleum and natural gas: Crude oil and natural gas at wellhead price. Doesnot include estimate of value added by manufacturing.

Other minerals: Average selling price of refined metals as computed by U. S. Bureau of Mines; land, gravel, stone at estimated.value to construction industry.
Forest products: Value of pulp and lumber f.o.b. mill.
Furs: Raw fur value, includes U.S. share of sales of Pribilof furs at auction.

Commercial agricultural products: Wholesale market values.

ffnepﬁ. of Defense expenditures for fiscal year. Value of natural resource products for calendar years.

Sources: Dept. of Defense from U.S. Bureau of the Budget. Natural rescurce data from U.S. Department of the Intertor agencles, U.S. Forest Service, and.Alaska Dept. of
Natural Resources and Fish and Game.




interest. to nonresident corporations and investors, in equipment and
supplies purchased outside Alaska, and transportation costs and seasonal
wages paid to nonresident workers.

The economic growth of the State is reflected in the rural to urban
intra~Alaska migration. More than 61 percent of the State's population is
concentrated in three major areas: Aanchorage, Fairbanks, and Juneau. The
Anchorage area currently has almost one-half of the Statet's population; it
is becoming a manufacturing and service center for the entire State.
Fairbanks has become the commercial and trade center for the central and
northern regions of state., Juneau, the present State capital, has increased
in importance as State expenditures have become a larger part of the Alaskan
economy in relation to Federal monies.

The Alaskan electorate voted in 1974 to move the State capital to an
interior location which has not yet been selected,

North Slope Borough

The North Slope Borough encompasses 88,281 square miles north of the
Arctic Circle in an area extending roughly 650 miles east to west and 225
miles north to south. The Borough is larger than 41 of the 50 states, but
it contained a population of only 3,757 persons in 1973 (North Slope Borough
estimate). The North Slope Borough was incorporated as a First-Class
borough in 1972, with responsibility for tax assessment and collection,
education, planning, platting, and zoning (Figure 2.1.1.9-1).

Economic development in the North Slope Borough was sliow until oil was
discovered at Prudhoe Bay. In 1969 the State granted development leases to
oil conpanies which led to extensive planning and s$tockpiling of materiais
for oil resource development,

Transportaticn problems also slowed development. The only reliable
connection between Borough residents and other Alaskans is by air. Opening
of the highway ncw constructed as part of the trans-Alaskan oil pipeline
project is the first highway connection from the borough to the road net in
the rest of Alaska. Except for this highway, the vast North Slope Borough
is almost completely roadless. '

Winter haul roads, for moving heavy loads overland when the ground is
frozen, have keen the historic method for moving oil and gas exploration
equipment. These routes usually are constructed for special needs on a
short-time basis, taking advantage of best local conditions.

Principal Economic Activities
Alaska

Commercial Fisheries

Commercial fishing for salmon, halibut, and herring began in Alaska
during the late 1800's. The first salmon cannery in Alaska was established
at Klawock in 1878, and salmon canning rapidly became the dominant fish-
processing activity in Alaska. Fishing for shrimp, crab, and clams began in
Alaska about 1920, and shellfish products now are the State's second highest
value seafood. '

Among the states, Alaska usually ranks first in the value of fish
products produced, and third or fourth in terms of volume. This difference
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in rank for value and landings results from the fact that most Alaskan
fishery products bave high unit value while those from other states contain
large volumes of low-value animal food and industrial products. Overall,
Alaska produces 10 to 12 percent of the total value U.S. fishery products.

Fish processing was Alaska's major manufacturing activity in the years
before statehood. Employment fluctuates yearly (and seasonally), with from
8,000 to 11,000 persons employed in some 200 operating plants.

Forest Products

Alaska's annual harvest of timber has increased steadily over the last
20 years to a present figure of over 650 million board feet per year, with
an end product value exceeding $120 million. In the 1950's nearly all the
timber cut was made into pulp, but by the end of the 60's some #3 percent
was going into cant (rough squared logs) for the Japanese market {Alaska
Department of Economic Development, 1972).

Alaska exports more than 70 percent of its forest product output, and
more than 90 percent of that goes to Japan (NBA, 1974).

Tourism

Tourism is a major inaustry in Alaska. Tourists have increased in
number at an annual rate of 15 percent for the past 10 years. Tourist
expenditures have increased even faster. An estimated 215,000 persons spent
an estimated $72 millicn in Alaska in 1973. The tourist trade that year
accounted for about $10.5 million in State revenues.

Airline travel has become the most popular tourist transportation mode
and the 70 weekly flights by Japan Airlines carry a large share of the
foreign visitors. Cruise ships, some with accommodations for as many as
1,000 passengers, carry 20 percent of the tourists.

Services catering to tourists are labor intensive; tourist dollars have
higher multiplier effects on Alaska's economy than most other types of
industrial transactions. Thus, a relatively large share of tourist dollars
tends to remain in Alaska's economy (Alaska Department of Economic
Development, 1972).

Minerals

Miners and minerals have played a major role in Alaskan history. Hard-
rock miners were producing copper and gold from the coastal areas of the
Alaskan Peninsula, Prince William Sound, and Southeastern Alaska before the
Klondike gold rush in 1898-99. A large but mobile population followed a
succession of placer gold discoveries across Interior and Arctic Alaska, but
the gold rush waned by 1910 and the population of interigr Alaska shrank.

Hard-rock mining remained active into the 1930's but the Kennecott Mine
closure in 1938 ended major copper mining, and closure of the Juneau gold
mines at the start of World War II ended major hard-rock mining activity.
Petroleum has dominated mineral industry statistics since statehood, and
demand for construction aggregates, sand, gravel, and stone has produced the
second largest mineral product value on a statewide basis.
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0il and Gas Industry

The oil and gas industry became significant. in the economic activities
of the sState in the late 1950's, with. . Systematic exploration and development
of the Upper Cook Inlet Basin. Associated with: the Upper Cook Inlet
production area is.a small chemical processing industry. Collier Carbon and
Chemical Company, located near Kenai, a. subsidiary of Union O0il Company of
california, produces ammonia and urea., A liquified natural gas (LNG) plant,
two small refineries (Standard 0il and Tesoro-Alaskan), and an asphalt plant
comprise the present complex. LNG is shipped to Japan and a Japanese firm
is associated with the fertilizer plant. The two refineries produce heating
oil and jet fuel for local consumption .with a .combined throughput of 51,000
barrels of oil daily. Crude gasolines are. either shipped to California for
further refining or blended with imported petroleum products to produce
motor .fuels. . 3

A $200,000° expansxon of the Collier Carbon and Chemical company plant
soon will double its capacity. The Tesoro-Alaskan Petroleum Corporation
also plans an $11 million expansion of its Cook Inlet refinery facilities.
An application (CP75-40) has been filed with the Federal Power Commission by
Pacific Alaska LNG Company to construct new LNG facilities at Nikiski. This
facility (with an initial capacity to liquefy and transport 200 MMSCF/D and
potential of 400 MMSFC/D would liquify Cook Inlet natural gas and ship it to
California in cryogenie tankers. Terminal facilities in California also are
under application (CP74-83) by Western LNG Terminal Company.

Altantic Richfield Company maintains a topping plant at Prudhoe B