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Acronyns

We have largely eliminated the use of scronyus in the text, but
several appesr in citations and in the tables. Therefore, we are
providing a 1ist of commonly used acronyms and their meaninga,
ADEC - Alasks Departsent of Environmental Conservation

ADF&G -~ Alaska Department of Fish and Cane

ADNR - Alagks Department of Natural Resources

ADOT&PF ~ Alaska Department of Trausportation and Public Pacilities
AOGCC - Alaska 011 and Gas Conservation Comamission

APQO - Alaska Pipellne Office

ARCO - ARCO Alaska, Iunc.

BLY - Bureau of Lsud Management

EIS - Buvironmental Impact Statement

EPA - United States Puvironmental Protection Agency

GAQ - General Accounting Office

JFWAT - Joint State/Pederal Fish and Wildlife Advisory Team .
KPDES ~ Mational Pollutant Discharge EliminatiopiSysten

SAPC - Standard Alaska Production Company

TAPS - Trans-Alagke Pipeline System

USACE - United States Army Corps of Englneers

gspIl - United‘States Department of the Interior

USFWS — United States Fish and Wildl4fe Service



1. PURFOSE AND OBJECTIVES

This report is submitted in response to a request from Congressman George
Miller, cu behalf of the House Subcommittee on Water and Power Resources,
to provide "an snalysis which compares predictions about the development
of the Prudhoe Bay Pields znd the Trans-Alaska Pipeline System and what
bas transpired in terms of environmental effects and lmpacts on
wildlife.” We have addressed this gquestion by summarizing some of the
thousands of pages of uunpublished dats, published reports, aund sclentific
papere oa the impacts of these projects, and comparing this information
with the predictions presented in the Final Environmental Impact
Statement (EIS) on the Trans-Alaska Pipeline (Pipeline System) prepared
by the U.S. Department of the Interior (USDI 1972). The EIS covers the
pipeline, Haul Road, and Prudhoe Bay oilfields, and 1s the best
comprehensive gource of Information on impact predictions for these
projects. It is also a good vepresentation of the level of understanding
of the sffected envircoment st that time. This comparison provides a
qualitative, if oot quantitative, indication of the predictive
capabiiities of the documents. The results should be relevant to the

_ongoing consideration of questions raised by the proposed exploration and

development in the 1002 area of the Arctic Hational Wildlife Refuge.

II. SCOPE OF ANALYSIS

The predictions znalyzed in this document are based on those portions of
the EIS which address development on the North Slope of Alaska (i.e.,
that section of the pipeline extending north of the Brooks Range, and the
oilfields of the Prudhoe Bay area). The pipeline south of the Brooks
Range znd the marime terminal at Valdez are not covered, since activities
and analyses conducted in the Arctic region are most applicable to future
development in the Arctic National Wildlife Refuge. Also not addressed
are the extensive socioceconomic changes, related alterations im land use
patterns and expansion of human access to areas outside of the Arctic,
and numerous other indirect impacts gemerated in other regions by this
massive comstruction project.

There has been considerable expansion of exploration and development in
the Alaskan Arctlc, both onshore and offshore, since construction of the
Pipeline System and initial development of the Prudhoe Bay field. Some
of the developments, such as the Kuparuk and Lisburne fields, wvere
anticipated in the EIS, while others were not. Specifically, development
of the Milne Point, and Endicott fields was not predicted by the EIS, but
these are directly appurtenant to developments which were predicted. In
addition, expected facilities within the Prudhoe Bay, Kuparuk, and
Lisburne fields have been or are proposed to be significantly expanded by
construction of secondary and tertiary recovery facilities, marine
caugseways, and the Infrastructural development necessary to aupport such
expansion., All of the above activities have been included in thias
analysis.
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Phyelographically, the scope of this review covers development on the
"Horth Slope”, or that psrt of the Alaskan Arctic north of the Brooks
Range (Fig. 1). More specifically, it concentrates on the Arctle Coastal
Flain to the north of the Brooks Kange foothills. However, this reglon

© is nelther physically ner blologically uniform, snd the obgerved effacts

of development slong the plpeline corvridor and in the Prudhoe Bay area
are not alwsye readily extrapolsted to other aress of the Arctic. This
natural variation must be kept 1o mind when considering the physical and
biological response of systems to human fmpacts.

The physical environment of the Aretic Coastsl Plain varies comnsiderably
from esst to west end morth to scuth, and the kinds of facilitles already
in place within one physicgraphic subunit of the reglon will not
necessarily be plsced on identical terrain ip the future. For example,
the existing oilflelds are confined almost exclusively to the flat,
thaw-lake dotted portion of the coastal plain underlain by deep
permafrost over marine and fluvial deposits In contrast, the eastern
Arctic Coastal Plain lies in close proximity to the Brooks Range, and is
characterized by streaw-dissected rolling hille, a few deltaic features
nest the cosst, and & relatively thin permafrost layer overlying

- bedrock. HMeteorcleglcal conditioms, such ag summer rainfall, the amount

and sccumulation eof winter snow, and wind gpeed and direction, also vary
across this region, creating differing environments within which
development impacte ere or will be manifested.

This varying phyzical envircmment influences the bilological features of
tha two areas; habltats, as reflected by vegetative cover, vary
considerably from east to west. For example, the wet, seasonally flooded
ceastal plain and dominance of emergent vegetation around Prudhoe Bay
contrasts sharply with the relatively well-drained wetlands and
associated plant cover to the east. On the other hand, riparian woody
vegetation, more abundant along rivers to the east, is relatively scarce
in the west. These vegetation/habitat differences in turn affect the
distribution and abundance of wildlife. As with phyalcal environmmental
factors, blolegical differences have implications for developments
facilities deslign, timing of sctivities, and the relative vulnerability
of habitats and populations must all be considered when one attempts to
assess or predict impacts. '

III. BACKGROUND

To enable a better understanding of the basis for environmental
oversight, the methods by which Information has been gathered and
reported, and how these have Improved since preparation of the EIS, it is
necesgsary to review the evolutionary history of environmental regulation
and wonitoring ae it pertains to development of the Pipeline System and
0ilfields in the Prudhoe Bay ares. It 18 Iimportant to recognize how
regulatory Iinvolvement and informatiom gathering have chavged over the

last 15 years, allowing us to "catch up” to some degree with the pace of

development,
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A, Pipeline Construction

Discovery of & world claes oil reservolr at Prudhoe Bay in June of 3
culsinsted two deczdes of oil exploration on Alsska's North Slop:.
Juue of 1969, Avlantle Richfield, Fxxon, and Britlish Petroleum,
prioeipels in & vewly created pipeline cousortium, filed a forma!
application with the Buresu of Laud Hansgement of the Department of the
Interior (Department) for a trans-Alsska pipeline right-of-way between
Prudhee Bey and Valdez, Alaska.

The pace of development associated with the Prudhoe Bay o1l discovery and
inereaning concern for potential environmental Impacts led enviroumental
groups to obtale an injunction in &pril of 1970, against lssuance of
pernlts to proceed without full compliance with the Environmental Impact
Statement (BIS) requirements of the recently enacted National
Environmental Policy Aot of 1969 (Act). Ultimately, the Departument was
required to prepare as EXIS addressing the impacts associated with
construction of the Pipeline System and Prudhoe Bay oilfields. 1In April
of 1971, the Department issued a Draft EIS, and the Final EIS was
releszed In March of 1972, In addition, Congressional legislation under
the Minerale Leasing Act was necessary before Congress could declare the
Final EIS sdequate under the Act, issue the right-of-way permit, and
suthorize construction. This wes accomplished inm November of 1973 with
passage of the Trans~Alaska Pilpelina Authorization Act, which obviated
the need for further review under the Act. Construction of the Haul Road
wag coupleted in 1974, and the pipeline in 1976, with oil flow commencing
in 1977,

Construction delsys due to both legal and englneering considerations
provided an opportumity for State and Federal agencles to begin
environmental studies and develop some guldelinés for agemcy oversight.
Ad hoc FPedersl/State environmental coordination began with creation of an
inforesl Interagency Fish and Wildlife Team which shared Information and
iniciated limited blological studies along the proposed route.
Eventually, it was determined that a centraifized entity was needed to
asgure pipeline integrity, review design changes, and monltor
construction and ite impact on fish and wildiife. In May of 1974, a
cooperative agreement between State and Federal governments resulted in
formation of the Jolnt Fish and Wildlife Advisory Tese (Team). The Team
consisted of blologists from the Alaska Department of Flsh and Game, U.S.
Pish and Wildlife Service, National Marine Fisheries Service, and the
Buresu of Land Mansgement. The Team was charged with design review,
field monitoring, and advising the two pipeline survelllance agencies!
the Federal Alaska Pipeline Office and the State Pipeline Coordinator's
Office., Although it did not have a full range of environmental and
engineering expertise, oxr say suthority beyond that provided under State
regulations, the Team was largely successful in minimizing site-specific
impacts to fish znd wildlife. The Inadequacy of industry self-monitoring

- programs, and the frequency with which copstruction stipulations were not

adhered to, forced the Team to concentrate on Intensive field
surveillance of exfeting problems, and precluded adequate follow—up
monitoring (Morehouse et al. 1978). '
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Aside from the direct involvement of Team persounnel in day-to-day
pipeline construction activities, Federal vegulatory overslight of
environmentsl concerns was limited to oecasional Corps of Englneers
(Corps) peruits related to sctivities in mavigable waters. Under the
Clean VWater Act, the Corps' Section 404 progrsa was belng phased in
nationslly between 1974 and 1976, However, most sctivities in Alaska
prior to 1976 were grandfathered, so it was determined that Sectiom 404
would not apply to pipeline coustruction activities. '

B. 0i1field Development

Aithough most of the Prucdhoe Bay area has been developed In recent years,
many facilities were in place long before pipeline construction. Between
1968 and 1971, 38 wells were drilled to explore and delineate the
Sadlerochit Reservoir, and 66 miles of gravel roads, numerous pads, and
three airatrips were comstructed. Additional construction took place
between 1971 sud 1974,

Oversight by Federal and State resource agencles between 1971 &nd 1979
wag limited by the regulatory and administrative processes available for
agency involvement. Although there was some opportunity for the State to
exercipe its regulatory authority, this rarely occurred. Federal
{nvolvement was limited to review of occasional sctivities in navigable
waters., Without agency invelvement, initial development of the Prudhoe
Bay oflfield was controlled by englneering decisions intended to maximize
production and minimlize cost. This resulted in significent impacts which
were often avoided later when there was routine agency review of such
activities (USFWS unpbl.).

In 1979, legeal action by environmental groups apd pressure by Federal
agencies compelled the Corps to exert Sectlion 404 jurisdiction over North
Slope wetlands. In March of that yesr, the Corps issued two general
permits covering two types of oilfield construction activitieas. The
general permits had standardized stipulations and required applicants te
obtain written authorization prior to commencement of work, These
original Corps general permits were further modified into permitting
processes based on the scope of proposed work: the Abbreviated Processing
Procedure and individual, full-review Section 404 permits.

C. Monitoring of Operations

With the startup of the pipelline, the Joint FPish and Wildlife Advisory
Team was disbanded, and Federal responsibility passed from the Alaska
Pipeline Office to the Bureau of Land Hanagement. During the early
1980's, Federsl sgencles degan voutine wonitoring of activities conducted
in North Slope wetlsnds, including virtually all oflfield activitles. A
process evolved which provided for formal review of development
proposals. Using a wetland classification system that identified
priority wetland types based on thelyr walve to migratory birds (Bergman
et al. 1977), the Fish and Wildlife Service (Service) provided
recommendations that mitigated some wetland end wildlife impacts through



siting, timing,.end other couneiderations. State rescurce aggency
involvement im the regulatory process existed st the outset, slthough
conflicting positions oun some lssues often developed (P, Bateman, ADEC,
pers, cotm.). The Alaska Division of Governmental Coordination
established conmolidated State reviev of Corps permits and counsistency
deterninatiove under the Alaska Cosstsl Zone Management Plan. Using
Federel coastal zone wmansgement funds, the State has been able to develop
& wore intenslive and wellw-ccordinated program of oilfield monitoring.

At present, seven Federsl end State resocurce agencles routinely
participate in the vegulstory process, there 1s & sore thorough reviev of
proposale, and project designa are more likely to Include
gtete~of-the~art witigation measures, Az monitoring of permitted
sctivities has becoms more effective, greater compliance has been
achieved. However, in eplte of this highly structured process, there ave
still many projects each year which, due to & lack of planning or advance
notice, veceive hurried snd often inadequate review.

Humerous self-monitoring programs, often required by the Corps and
subject to sgency review, have addressed resource eoncerns in the
ciifislds. Theee have included studies on the effects of rosd
construction and traffic on wetland habitats and bird use patterms, the
{mpacts of various o0lifield activities oo breeding waterfowl, development
of revegetation techniques applicable to Worth Slope wetlands, and
asgessment of the effects of gravel csuseways on the marine environment.
In addltion, the Environmental Protection Agency and the Alaska
Departwent of Eavironmental Conservation have required National Amblent
Alyr Quality wonitoring programs, wastewster discharge monitoring, and
related ptudies.

In sddition to industry-funded studies required by permits, several msjor
atudies have been sponsored by the Depariment of Energy and National
Science Poundatlon (Walker 1986a,b; 1987a,b) to evaluate surface
elterations and their fimpacts on biological systems. The Service has
also undertaken & serleg of contaminant studles related ¢6 reserve pit
filuid dlscharges Into wetlands and resulting impacts om water quality,
sediments, and the blots (West and Snyder~Conn 1987; Woodward, in press;
USFWS unpbl.). Other agencies have conducted more limited water quality
studies. Many of these studies have suffered from a lack of adequate
baseline data; 1n its place, control sites have been selected or models
used to approximate pre—development conditions. This approach is limited
by the degree of comparability of control sites within a study area and
the adequacy of model assumptions. FPurthermore, it has been difficult to
identify causal relationshipa after the fact in areas affected by
multiple disturbapnces. These uncertalnties have often preserved
deniability by the responsible parties.



IV. COMPARATIVE AMALYSIS

The following sectious provide comparisons of facilitles (predicted vs,
sotual) snd lwpacte (predicted vs. actusl)., The analysea of facilities
development and vesource impscts have been separated since, in many
instances, differences between predicted and actual effects are directly
related to changes in the scale or design of facilities made after
prepsration of the EIS. The informstion is presented largely in tabular
forw to allow & more comprehensive presentation of detail and to
facilitate guick refersnce,

4. Facilities Development

Pipeline System

In terws of the mumbere of facilities and thelr land requirements, the
Fipeline System was constructed lsrgely as outlined in the Impact
Statement. However, few predictionz were specific to. the North Slope
gection, It should also be wentioned that some design modifications were
wade later, when more specific engineering Information was available
{Morehouse et al. 1978).

The Pipeline System extends epproximately 800 wmiles from Pump Station 1
to the Valdez Marine Terminal, The aversge corridor width of 2.5 miles
includes the Haul Road. The North Slope segment is 145 miles, or 18% of
the total Pipeline System length. The plpeline consists of 12 pump
stations, 427 wiles of above-ground pipeline, 345 miles of burled pipe,
and 32 piles of above- and below-ground river and stream crossings
(Morehouse et al. 1978), The Haul Road includes 20 permanent bridges,
1000 culverts and 135 material sites (Walker et 2l. 1987a). The Pipeline
System was predicted to cover 39,215 acres, although the actual coverage
wag 33,500 acres (Pamplin 1979). However, since the estimates in the
Impact Statement were based on total rights~of-way requirements, rather
than actual land requirements, the sctual losses exceeded the predicted
losses by 935 acres (Pamplin 1979). Purthermore, while the 135 material
sites needed for the section north of the Yukon were fewer than the 167
predicted, the overall acreage required was significantly higher

(Table 1. For the entire development, including the section on the
North Slope, materizl sites required the most land.

Ag mentioned above, certain design features were modified significantly
after preparation of the Impact Statement. Permafrost limited the
proportion of the North Slope mection which could be buried, while
requirements for free movement of large mammals pecessitated a change
from gravel berm—supported to pile-supported above-ground sections.
Other deviations from the anticipated design vresulted in both
congolidation of the pipeline and HMaul Road rights-of-way in some areas
(e.g., Toolik snd Galbraith Lake), and greater separation of the two in

- others {e.g., along the Sagavanirktok River).
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Teble 1. Summary of prediected and actual land use snd facility requirements
for Trans~Alaska Pipeline Syetem (shown in scres),

Predicted® : Actual®
Type of Use Entire project® Entire project North Slope onlyd
Aaul road 8780e 4000f 1478
Pipeline (work pad 14065 10800 1949
and cleared avea)
Access roads 277C 1250 | 344
Canps 1180 800 148
Pump stations 703 610 121
Haterial gites 5760 | 12200 6528
Disposal sites NP 715 49
Spur dikes NP 400 16
Miscellsneous8 , 503?. 825 267
VYaldez marine terminal 910 1500 -
;;;;;““ 39215 33500 : 10900

8From Trans~Alaska Pipeline System EIS. NP means facilities not predicted.
brrom Pamplin (1979). Does oot include construction since 1979.

CNorth Slope area mot broken out separately in EIS.

dConstruction section 6 (Pump Station #1 to Pump Station #4).

£Based on 200-ft permanent rights-of-way; not estimates of direct surface use.
fDirect surface impacts within 200-ft rights-of-way.

BPredicted includes communications sites, airfields and material storage sites.
Actual includes airflelds, staglng areess, guldebanks, unidentified impacted
areas and the Valdez marine terminal facilities located on uplands.
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0ilfields

0ilfield development in the Prudhoe Bay srea extends over approximately
800 square wiles, a larger geographic area than the 550 gquare niles
predicted in the Impact Statement (Fig. 2), The five reservolrs in
production include three that were predicted (Prudhoe Bay, Kuparuk, and
Lisburne), plus the more recent Hilue Point and Endicott flelds. Much of
the Kuparuk and Endicott oilfield 4reas extend beyond the predicted
limits of oilfield development.

The number of oilfield facilitles and the land they covered exceeded
predictions (Fig. 3, Table 2}, The total area of gravel £111 and
extraction was 60% greater than expected, while gravel requirements
surpassed predictions by 400X, necessitating expansion of gravel mining
from the planned floodpleln sites on the Sagavanirktok, Putuligayuk, and
Ruparuk Rivers to several large gravel pits on tundra sites. The wajor
reagon for this diperepancy was that the ascresge required for pads was
more than three timea what was expected, since individual pads averaged
twice the predicted size. Nearly twlce as sany exploratory, dellpeation,
and production wells were drilled and, while gathering centers were
consolidated, they required larger pads. larger pads were also required
for storage pads, camps, and alrfields. Finally, total road miles
exceeded expectations by approximately 30%.

The most significant unpredfcted facility type was the contractor service
area., HMany such facllities were constructed in Deadhorse, as well as at
Frontier Camp and Service City (Tsble 2). In the Xuparuk field, a second
concentrated support area was constructed (the Kuparuk Industrial
Center). Other facilities not addressed in the Impact Statement included
sewage and solid waste disposal sites, reserve pits, oily waste pits,
docks, causeways, and seawater treatment plants. - °

With the development of these existing facilities, future expansion and
development of new fields ia assured. Development of the shallow West
Bak field, which overlies much of the Kuparuk and Hilne Point fields,
will require closer well spacing, and therefore more pads, roads, and
pipelines. Expansion into adjacent Gwydyr Bay, the Colville Delta, Seal
Island (:ffshore), and Pt. Thomson {s anticipated, since the State has
unitized these fields. Thus far, nearly 4 million acres of the North
Slope have been leased by the State, and this area will be doubled when
proposed lease sales are added (ADNR 1987). Offshore, in the Beaufort
Sea, the State has leased nearly 1 million acres, while nearly 2 million
acres have been leased on the Federal Outer Continental Shelf.
Exploration of these areas 18 continuing.

B. Resource Impacts

This sectlon compares predicted and actual lmpacts of the Pipeline System

and Prudhoe Bay oilfields, using the Finsal RIS for the overall

development as & basis for comparison. However, there are 1imitaticns on
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construction (permitted but sot yet bullt sod prodecta presently vader review) im 5 ollfields.
Fras ¥alker ot al. {1384) for moat of Frodhos Bay (eessursd); Other areas sstimsted from USACE peraits, ADWR (1997} aod

“2arantheses show the portion that is propossd additions. B
ueludes drill pads, gatheriag centers, cawps, stotage pads, airfields, god coutractor service arena located onshora.

“Pipeline comstruciion pads rovaidered as

flocated om artiflefal offshore
Blncludes test/delinestion wells

i doea sot include offshore wells.

Bineludes pada in Lisburne and Iodicortr ataas.

1ncludes power sratlons, ges Intection and crude ofl tosping plenta.

roade; peat roads mot {ncleded.
productice Islandas, tacluded under sarine causeways/docks.

oes not Include Deadhorse facflities whieh ave llated under contractor serrice areas.
EYncloden Froutier Camp and Service City {Prudhoe Bev) and Kuparuk Industrisl Center; ascreaze listed in contractor sarvice arzss.
Bracilities consalidated with gxathering centary; acresges lisced with gathering centers.
BInelwles 7 exploratory alrstriss erereglag § meres wach,

F38 ADHD. leszeas, aversge 1% scres each (ADME, pers. comm,);

Wisburne included vith Prudhoe Sav.

TIncluder sxcevatior gad overburden plecenent .

Some rewmoval sreas fe river floodplaims sot fncluded.

71 ADOTSPT lzanes, average 3.7 scres azch (ADOTLPT, para. comm.).
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such a comparison, particularly for the Pipeline System, which wmust te
tsken Into account when anslyzing this information: ' o )

i3

= Prior to conmstruction, pre-project baseline information on
fish, wildiife, sir, snd water vesources of the affected area,
perticularly on the Nerth Slope, wss limited and qualitative
in nature.

= Predictions made by the EIS were aleo very general and largely
qualitative, reflecting the lack of gpecific Information on
the rescurces and environment of the region and technical
uncertainties sspocisted with such a msssive construction
project (Horehouse et al, 1978).

- Couparison i further limited by the lack of folluwup
infornation gatheved during snd after comstructlon [CAQ 1981),
gince blological monitoring wae veactive and tended o focus
on site-gpecific correction of recurring environmental
problers. There were too few pergonnel, teo 1ittle tide, and
not much emphasis placed on quantification of obmerved impactse
or gathering of detailed ecologlcal dats.

- Generalizations of actusl fmpacts for purpogses of comparison
tend to magk the tremendous variability of site-specific
effects relsted to reglonal topographic and biolegleal
variability, the variety of engineering practices applied, and
the duratfon of impacte.

- There were extreme differences In tralning or polints of view
of the numerous observers and practiticners, with a
conconltant lack of coordination in reporting and responding
to problems, so there is no single standardized data base
which can be readily summarized.

= Due largely to a lack of funding, much of the intensive
mouitoring conducted during and immediately after construction
has been curtailed, preventing a comprehensive assessment of
long~term Impacts. Since many effects way only be assessed
over the long term (e.g., contaminants, revegetation, wildlife
population responses), this is a serious shortcoming in our
knowledge of actual impacts,

Nearly all of the Iimitstions described above also extend to development
of the Prudhoe Bay Oilfield. Little baseline information was available
for this area, and the U.S. Arwy Corps of EFngineers did not extend their
Jurisdictlion under the Clean Water Act to the North Slope until 1980, so
there was little monftoring of development st Prudhoe Bay by regulatory
agencles prior to this time. Thus, more than 2 decade of development
activity had oecurred in the areas prior to inizriation of envirommental

- monitoring, and the severity of impacts could and continues to be

estimated only through extrapolation. Furthersore, oilfield monitoring

studies have been largely project-specific, and have tended to describe
impacts In isolation from one another. Such methods way significantly
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underestisate actusl lossee. 4a for the Pipsline 8ystem, ménitorimg
conducted in the Prudhoe Bay area hss concentrated oa complisnce with
environmental regulstions, rather than on docusenting environmental
effects.

One fmportant tople that was not addressed in the BIS, and continues to
elude scrutiny, fg the issue of long-tevwm, cunulative impacts. The sheer
elze and scope of the developments, and the complexity of ecologlecal
systeme, both Justify and hinder such &n snmalysis. Assessument of
cunulative lmpacts I8 required under the National Enviroomental Policy
Act of 1969 (40 C¥R, Part 1508.25(b3(7)}), which ststes that {mpacts which
may be Individuslly insignificant, but sigeificant when conaldered
together, must be addressed. Implicit 3n this requirement 18 an
understanding that the ultimate effect of many sctions may exceed the sum
of fndividusl impacts, and thet the effects may slso be synerglstic.
Construction of several cavsewsys fn the marine environment is a good
example of this kind of Impsct. In addition, when conaidering cumulative
impacts it is necessary to anticipate the extent of development which may
ve gtimulated by the proposed action. Development of the Pipeline System
and Prudhoe Bay fleld wade it possible to expand production to the
Kuparuk and Lisburne flelds, which wsze anticipated in the EIS, but they
jn turn allowed expansion te adjacent reservoirs, such as Milne Point and
Eadicott, which would not have been fessible without the Prudhoe Bay
infrastructure. These are now making it possidle to develop finds
further offghore, and go on. Ultimately, development of the Arctie
Kztional Wildlife Refuge will be umade possible by the presence of Prudhoe
Bay and the Pipeline System.

Finally, when comparing the predicted and actual impacts of existing
developments, 1t is necessary to consider the effect of mitigative
measures applied durimg or after counstruction which may have served to
reduce the net observed impacts of these projects.- Moat of the
predictions stated in the EIS did not gquauntify potential reduction of
impacts through avoldance, minimization, or replacement of resource
values through design modificstions or mite rehabilitation., While many
of these actions had little or no effect on the outcome, there was some
net reduction of losses achieved, and it is therefore useful to indicate
in this tabulation where mitigative measures have been applied and assess
their degree of success. It is also f{mportant to note that the
mitigative measures (e.g., stipulations or corrective actions) developed
for the projects were not uniformly applied or enforced, that these
measures were bagsed on the same limited information relied upon in the
EIS, and that compliance enforcement tended to focus on those problems
which were most visible. Unfortunately, follow-up studles on the
effectiveness ¢f the various mitigstive strategles employed has also been
limited, Therefore, In assessing the relstive success of mitigation
measures, we have relled heavily upon the combined experience and
observaticns of techulcal personnel both withinm the Fish and Wildlife
Service and other resgource agenciles.

Using the various EIS predictlons for esch category of resources as a

besis for comparison, the following table summarizes informstiom gathered

on the actusl impacta to these resources and provides an sspessment of
the degree to which mitigative efforts have affected the outcoume.
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pusping (Zecansky 1983)
-parzoane] often untrained
—sitigaticn affectiveances 1oited
b7 Insdequats enloremment
(Zenansky 1983)
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~drelaing of oue loke at
Prudhoe Rey 8.3 afly pouth
of Petullgayul Liver

toeg of mageral
squetic bablear

aucaveiios 1a ~sreation of pools

efvar flood- ~diveralon sud enirapaent
plales sed of wutar
| £3.24-3:3] “¥lockege of flow

~alteration of flov regime

=ireation of wedergravel flow
rather thaa surface flow
durieg low weter

withdroval of
river, sirvoas,
and lake water

=aot praedicted

withdrowal of
groundvat e

~uegligible fmpact

tappiag of river -not predicted
watar te ¢raata

reservelrs ia

ad Jzesnt

grovel pits

1 o
----- izpousdnant of
water by wosds,
pada, sacwdanks

-5 guantitive predictions
~prodicted impacta focluds
bdlocksge, @lvarsion of flow dua
to lzadequate culverting, frozem
eulvarts, eulvart faflurs, ete,

dlpchargs of
arcead wabter
Iros gacavetioms

~uot predicted

ermtazlontion

af perfoce oater
¥y peesrre plt
fluida

-0t predlered

[

~dcelnnge and £111 of 148-acrg lake for Pump Statfoa %
(Pamplis 1$7%)

vapproxinstaly 121 of poods and Lsvea {9 1, 90%-scrn
ptudy ates £11led ¥ gruvel from 1249 to 1983

f2 Frudhos Boy ollffelds (Walvar et al, 1985)
~aditionsl 2L of poode/lshes eublacted te fedfrect
dluturbance euck as febris (Yslhar at al. 1586x)

“~iietls mitigatica bafore 1540
-gvoldance, nininiratics
reconsendatices podarstaly
effective ta redwetica of
lepsety slece 1980

“dumerous ezcaration gfires {s Borth $lop¢ rivars
ieft sltared slope, Incrossed pondlng, {ocrezaed
enpaeity, acd lowsr welosity eves 1 or more fears
sxcavation (Voodward—Ciyde 1980, Salth 1%82)
“SriTspaenl of wveter fm wmaay excaveriom bolss
{Pamplia 1979}

~gvoldance of sctive chasesls
end Buffer zovas tneffoctive,
sany active channsly mived,
baffer tocas tasusfflclicet to
avold ervetlon

—eed of edprap sud grovel-#942
vaups o aveld hamk cven and
vehebiiltation psrtially
effective

~for development, sboot 1,7-2.0 Billica galleons per wall
“~3.2-%.3 millon goilons fer alle for fee voeds

“7-8 wfll{on gellone for conatteetion xnd maintessnce
sf pach slrvecvip (USDI 1987)

-during eperation, 36 mf{lliag tzllicas/yr required by
EFport 8ervies Induatry (ADEC mapbl,)

wroughly 100134 willfos palloas/yr totsl freah watar
vz for Prodhos Rey si1f{eld snd gupport Barvicen and
21 miilloe gallons for Tadieort of1fiald, based om
wite? vight applications (ADWR wopbl,)

-iafttelly, witer neads evcoedsd permitted supplics

—relisble wister wster sources sot 1entif{ed

=~3tate Title 18 rogulirocents
prohibit lepeding Flah pessege
and degrediag agueife hadbivar
~3tate sncosTages wag of weter
frem rosdelde {epovndnests for

- road watariag

~suffielsnt sog-I{sb-bearing
lskes svalleble i Prudhes Zay
ares e mast Mtls 14
eequirensuts (Car] Besmimg,
ADPSL, pars. cowm.)

~oagligible fepact due to 1{wfted wsable acurcas
-oely four wells driiled fa fogsvealrieol Rivar with
lzes thes 14,700 gallowa/yr resoved (Balding 1976)

-acar

-faperxk asd Segevaniritok Rivers tappad botd
srefidently and purposely; 191 surface meres of
“remervolrs® crested with mors thez 8.3 z 1014
gellons of river veter (ADTIC Notica of Yiclaticm
dsted June 16, 1988 Anpsc Eaphl.) Lo

aegotisting with ofl fnduetry
to enhance gravel pit resarveirs
Tor fish sud dirds

mitigat{ion effoctivencss maksowg
until profects luplenested

=3, 412 tarrestrial scres flooded
az of 1983 (Valker ot al. 19884)
~iz cosas of desy water, reduced prodectivicy

~in ceses of thallow flooding, facressed productivity
(Balker ot al. 1%864)

iz Prudhoa Bay
wauslly effactive, but chromie
history of poorly plsced,
insdoquataly alred, lcad culverts
#ith mumarous docceeated

cazag of blockod flow and
persanently ispounded wataze
(ADBC et &1, 1984-1987)

~19B4-1984, about 756 al1lies sallzae of watar
élochargad to laken, pomds, sireass ood tundrs from.
devatering of gravel pivs, trasches, {rpoundsaats
(ADEC 1327¢)

~lzpscts on watsr qualiry vaknowa

~cich pult coatsnt fe water of certaln pits

(Zatriz 1987; Csrl Resming, ADFES, paro. comm.)

- —gesatal effloaur restriceisas o
bydrocarbons, garbaza,
coateninests In Btats Excsvweties
Pesateriag Permit, bot zo
arplicable monitoring
raquirspents for dischargs te
surfste watsr ezcapt for solids

~discharge of 47-101 p1lliom geilona/yr resarve

Pt fluide divocrly to tundrs (ADEC 1987¢)
~contemiastion of sows temdra yoedn, lakns Yy mevels
and/ar hpdrocarhons through eeapage, Yresching end
direct discharge te tundra, rosds, sad pads

{(¥apt & fuydar—Cona 1%87, Woodverd i gress)
~vislatione of Stote wasjewster #lrcharpa /EPA water
gaality eritaris compos fres 19E3-1586

~Beepage Theouph pit wallg documented 2k 17 roserve
pits (ADEC waphl.)

~3tate Wnstewster Mecharge
Parmit required 1n 1983
-vead/ped dlocharge pormit
lsgtituted 15 1985 (ADREC 1987:)
~tinee Intefe}l goraits, imcrnsmed
chasical chiractarisatiom, pre-
eod poat-eositerisg Teguicsecats
eddad o peraivs
~early speing devetering pevmit
sddad tn 1987 te fgeilliveta
diocharge of early selivates
renew/iigutd pessgouent poduced
rsad e dowstay
~aloTe BepsuTes Bore offozilve fa
redweling cenzentosties
~peepege temtlos & prodisw (636
. waphl.)

~3tate and Pederal aganales eurreatly

=proparly slaced and aized emlverte
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TAF? HIE

DaVARS “pot predicted

- eradueced vatsr ~agt prodicted

o

-not pradicted, eveept
kydrocsrbons

barsrdous, soa-
hassrdove, ead
BECRA- exowpl

2iiffeld wasten

afl apille —net qusati{fied

plas glycel, ~nuaber ¢f saell spllls {a

sethansl silf{alds during cosotroction
~ae specific predictions oo
lerge apills

arcalen/ ot gueatified

sadivantstiom —siltztlon &m! pedlorsraticm

Irea groelos. durisg
conatrae ticn

S R = = I I T BB BB W E B B P OE i‘llll- -““IIIII‘“-~iIIIl

senclefing drill rig coope, § wivor acd 8 sojor evags
treatuent facilitissflagoone, 3 of which dipcharga
fote neturel lakea (VIPWE wephl,)

~tetal discharge wader &1 permita ellow wp e 1 willfea
zelloas pat day (ABEC 1967e¢)

~receivieg lakes wetvophic {USPWE washl.)

~eurfchueat of rocdsfde ponds from prrage eludge
dispocal va eosds 1Miksly, 883,608 gelloas (n 1346,
{ADEC 1%987¢) :

~bv 1981, sore thare 15.2 ¥Millles galloss fajected for
dlaposel or waterflocding (AOGCC 1947)

~valy o highly lecsl brise epill docunented,

5oue te surfacq ester

~groundwatar altendy poor quellty (high teeal
dizealved eolide) oo impacts neglfgibla

=woat of sverage ¥ millien gallons wanta per Fear
{ADBC 1938%e) puceersfully fniected dalow permafroat
berrier

~eaverel swall eurface spills, lusks Proam barrula,
taeker truck opille {ADEC 1987a)

~vater guality degradation not sonltersd er
queeti{led

~tisce 1983, herardons wastes mot accepted for
{nfeceioe frow pervies Bupport fedustries,
increseieg posaiBllity of {1legel discharge to
surfece waters {ADPC wmaphl.}

~early statistics ou 011 spiils poor
~fot YAPS and oflffelds fa 1983-86, 932 reported
epflls fneluding 66 spllls of sora tham 500 z1llosse
&nd 22 epille of sore thas 1,000 gellens, scetly ef
erude sad dlesel of{l and mostly is ofliflelds
(ADEC 198TR; ADEC sapbl,)
~amounts &f splile/lupscrs to eurfecs water
20t gusntified
~o1} entersd surfate wvaters free reserve pit
discharges (Feot 6§ Snydar-Conn 1987; Yoodwsrd
fz press) and fros o1l apills noer set Dock
rezerve pits (O37WS sephl., SAPC 1904) . |
aed at Storkarsos Polet (Berzmss ot al.; )377)
“Srorksrace Poist eplil dastroyed plunt zed
lovartebrate 1fe sud contsninsted mater pnd sodlimeat
=othar chroale 2piile coused uifcks ta Sagavenirkick
2iver (ADEC waphl.)
~usq of o] vn roads ecatemizated adlscemt temdrs poods
{Zadth 1982)
~lupacts wot stedisd, bat recovery alew bssed ea

prcondary or Cartiary Lvestmoumy
sodevetely affective socerding
Ty ADEC monthly tupevtizg
~eludges gevarally dtapossd By
ivelingration

~fsctlieter enhonced bivd waw,
sthar afgigaticn sot pought
org woa-complissce by
dlzcharge of poor goality
effivent, breschaa of ligoes
dikae, ate. (ADBL 1997:)

~isjectiom balow pareafrost
strats requived and highly
effactiva

~tank storage raquived asd
esually used

~wgter quality fepacte/

eleanups ot acsected

~truck risgste probebly lmpovisst
pource of contsmination of
sarfece watar but impect

local, oftes to lmpoundoimts

-oil apill coutingency planma
~zapid reportiagfeleanup
regelresenty

~fornstise of oll-industry
spoosored oll eleesap compawy
tased {a Prodhoa Bay
~uftization moderstely affsative
12 ol Industry epills, Yut
inaffactive in case of servica
isdustry, whare failure te
raport/elsasuy spills coumes
{ADEC 1387, ADEC mopbl.)

experinentsl epills to Aretic ponds (Raredste ot al. 1980)

~68 prodieted, ot not goastifioed oa arms—wide dasip
~weny recwrrisg tved wachowts cause swaual piltatiecn/
wedinentatica/gravel sutwashing opfecden

-(e.8., Rwparek var Yridpe)

~odditionsl serfcus ailtatica from poor siting of
overburdes material st gravel excsvatics sites
(4LDEC 2t al. 1984-1387)

~sarious eroafen/pedinentation prediaee from activa
excavation of strean/river ¢hamnels (oee srcavatias
iepact estegory ) Foodwsrd-Clyde 1520)

~riparisn/ercoica protactica
vearures toqulred at a3Tmam
end rivar crogsiags
~ssarcnal rostricticas wm
copstroetiom

~3tate snforcemant of atatuwtea
for activitiss {3 anadromous
fish atreame

~pitigation effactizannss
dapendent ¢a locatica,
snforcement, ¢cupliance
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Paralt CATRIORY

FREDTOTEY WY
TAFE BIE

w  ACTUAL TREACTS

HITICATION

dfochavrge efll_
drillima ’
gffluaats

o!ll spille

dipcharge af mog
vater tresioant
chaenicals

alesratics of
sresapographic
coaditiovas

ot prodieted

~poostbility ol splll roaching
Bzeufort $aa vis stresms, But
probabilities wot prodicted

ot predicted

=tot ptedicted

~Eodicort duvelopacnt firet effshors profucticn
fretitew

~epproxinately 120,000 cv pd of materlals to ba
flgcharped from 170 wellp (VSACD 1984)

-gugpendsd afflvent te cover sp ta 5,720 scres of sea
flowr (DSACE 1944)

~popy effoet qupected ca boathos

~potearial for ceatesinsets offscts {hoavy

petals) :

“as 85 for of fehare eplll s date fros Zedicece
develapaene or s=y sxpleration walls
CHUEATowE wagusatiflied alrer epllla, bue
affacts sor sessured (O3FWS wmpbdl.)

~gddition of suswater {stshes and treatmemt planta
ot Prudhes Boy aud Oltkick Foiut (Toparsk fiald)
for soccodary oll recevary requites dlschargs of
trestment cheslesls inte sarine ecvircssaat
~zotal discharge of 9 si1)iee gellons/day fncludes
up to 170,000 1% of solide/day (EFA wnpbl.)
-chenicele sre Targely ¢hloving resetlon producte
{organcehlioridea), cosgulaats, esd elarifiars
~zlevated levels of such chewrlesls s water colusa
sud dutecrable changer lx deazity and diversity of
banthie infoucs sear plaate (BORTEC 1336)

~¥eat Dock god Zodicott eduseways altered sceancgraphie
ecnditions {tropereture asd galiaity) over thouisnds
¢f acres I eearshore rome (Ruvlrasphera 1987,
Gilbertson st al. 1987)
~depending upsw wind conditicas sod freshwatar iapat,
terparatures aod pelinities vay diverge 4~4°C and
10-20ppe rvaspectively serosa Best Dock causeway
{Bovicoaphere L587)
~effects of ZadicotE causewiy wot yet aasasned, but
erpected to be move ertensive (Gllbartsca et al, 1987)
~oreznographic conditions Inportenl coaponeat of
aosdromony fish hebitst, aince thay sltar pray
sbundeacs sud Fleh phystological requitemeats
(Zavivoaphare 1987)

~ebendard KFOLY offchore
stipulacloas oe couposities
sed vatee of discharge
~sdditional coed{tiocas ea
lecatlon and tlelag of
discharge

-sffoctiveners eat yat
sosaaead

~davalopasrat of ofl ppill
¢outingency plana

~HPDES stipulatioms on
composition, rutes, omd
tiateg of discharges
~affectivenass not yet
apigened

~caugeway breachisg (primscily
for fish pees=ga) hes resulesd
i{e ainimal effectivecess
(Moultom et al. 193§}
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SLTUAL IRFACTS

HIYISLTIod

HPaCT CRTBOORY FLEDICTER BY

s Efg
grosion/ ~pedoced torz) productivicy
sedinentatlos ~reductica of besthic organins
efl epill ~zex ofl epill twparts wader

FRESEVATRR GUSLITT AND
GUANTITY (1428}
~izpacts ¢ootingent ox meguitede
ot dureticve of gpiil sed
schar varfebles

thersal effacta  ~liscrensed productfivizy

ot avelied derisg eomstructive whes arveioss
ssdtzoutatice affvcts post eignificaat

“pesteconstyocties studice i 4 fov atresn fousd
fopscte highly variable, reagleg froa iseignificant
lspeces te decressed otending troe gond tezoscale
diveraity (Poofwsrd-Clpda 1960}

“is gesarsl bigh gredfect ssusvsie otresms less
Lepacted thon lowar gredlest, prodoctive streens
(Punboste § Holsrt 1984)

“in Xageveniritok River tvilutsry, lstrassed
Sesaitier of weat tess le eivay poctions 1spacted
by previens gravel mlufag, sa cowpirad to soutiel
oiter (Fooduard-Tlyde 1520)

~lu Buparek Riwer, gruvel sisleg dscrossed
dengivias of all tzuz (Bovdvard-Cyde 1580)

“lwpacte Bighly vartsble, bwt i gecersl, inpoct om
Beathie Ipveriebrote scwssmicion mere gigoificant
fe stnble trilutary streass thaw in lsrga
brafded streonms (PocBests & MoCart 1954)

~vverell rodustfen of squetfc orgaafsmss {Memmes &
Eereodle 1975)

~vaduced poabers of Deathie lavertebrstes fa all
tarceomle groupe ot oma FBorth Slepe otudy aita
(Haumen § Fareodls 1%75)

“impects at othar »fl1 apill locstices sot studied

~tot gtudled

~fpa FREIEWATER (ELALIYY 4
GUAKTITY (7APS)

~seq PEESHUATER (UALITT ANB
(UARTTTY {74PS)

~poa FRESEWATER QUALITY 458

of heated QUARTIFY (1ar8)

pipeliine buried

i stresms or

ziveras

PRESKMATER INVEATEBRATES ({PRUDAOE BAT OILFIFLDS) _ :

THPACT CATEGORY PLEDICTED BY ACTUAL DMPACT: MITICATION
TAP3 113

contamingtlos ~aot pradicted
from reserve plt
flutd diachargon,

puepages, ate.

211 sptllafefle
wnnte digchargas

=localized toxic responsa By
laverzabrates depending ca
timing, volume, flushing

~lezal loases/burial ef

ecd ipentakfon/
‘ aquatic fnvertebraten

turdidiey

«190) avedy foued dacressed tazoncmic diverality and
ebundeocs of awst fowvsrcebrates withia 375 ft of drill
pad afflesat discharge/ssepage oltes with
‘predoulssnce af chircacmids {n ponds adfscent to
tesarva pita, Indlcating coatazafpatica )
{Bast & Sajpdar—Loms 1947)

~chronie sed subscute temleity of cartals recerve
pit fleids dewonstreied, ever vhes 41leted

d i proas)

~most dlecharges froe 4f{lute reserve pit fiaida

end coatamingtod suow bulldesed froe pede

~oeme licke fvos rood oilfng {Saith 1982)

~loos of erustscenns im tesdrs poads mtstistleally
carralstiad with sremetic hpdrotarbor comcsatrations
{Haat & Snydor—Cenc 1367)

~total lees of pomd fevertebrates odsarved from owe
epfll (Rergmen ot al. 17T

~3tobably sz predlcted, but set evvdied er quantilied

= 3tate wsetewster dipchavge
ragelatican eppliad to resacys
ple fluids ia 1983 aad
atrengthousd in subseqeent
yoars

= aitfgstice affectivensss for
lavartebratas sot stedled,
Tt woter gquality lmprovement:
seticed {U3FVS waphl.)

~ 340 sbove and FRISEWATER
EALITY &RD UARTITT
(PRUDROE BAY OITLFIELLE)

- pge FRESRWATER (DALITY 26D
QUANTITY (FRUDROR BAY OILFIRLE
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INFRCT CRTEHAY FRIDICTER &Y SUTEAL DHPALTE HITICAYION
TaFE EI%
diract lozs ef ~xut predfetod wtothl 2odfleer coversd by gravel 2411 ar dredged ptng
tavertebrate during Toucsusy eomebrectliont
1afaons sudfler Yoot Dokt 146 serea
hebitat Endisetes 328
TUTSL LOSERS: B seran

gltevatics af ~uot pradleted “mat questified —ena
saarshore eguatic ~alteratioh of ocoznographie conditicas {teapersture
habitat ~ s6d saliafity) concsd localied shifts fs abusdanca ef

warise aplbonthie foveviebrates (Eevirosphere 1947)
alteracicn of “net predicted -0t quentlfied Zacas

routhic habivat

discharge of =pat predicred

drilitng fliuide

entreinnent Im
seaweter fptntea

~aot pradicted

2lpcharga af
pagweley treast~
eaat #Iflacats

“not predicted

“iz geowrsl, eosdltions fn lmsedizte vielslty of
causevays (ocosnography and sedlzenta)
weifiefently slterad to causy ehanges iz baenthic
coamunity divarsity sed polative sbundupes
{fsviroaphare 1957, matst 1987)

~leag-tars fsplizutions mot yat susssoed

~set quantified

“tzdicott devalopmont firet to discharge large
queetitise of ¢rilling fluide Isto marime
wevirovnent

“only 1 year of drillfug se far, too carly to
datect fepecte (BORTEC 13E7)

~tone changes s bwathic communitien expected

T ~potsztigl fer Wosceusulation of costrmimanta (haozvy

eetele and hydrocarbons) In prey epecies importest
to anzdromcus f1ok asd watarfowl, But mot etudied

=15-30% mortulity of sotrelned lsvertebratas
{bomes & Hoora 1386, 1987)
a0 przpursble ¢ffoctes op spbcice’ adusdance

-t quentified

-zessurable decling In fofevnal abundmece within
slrlag 2ome for plast discharges waakly correlstad
with water quslity changes (RORTEC 1998) -

~gstandard WHPDES vestricticme
~gischarge to b coafined te
sorth (eesvard) sida of deill-
gives, flox rate restrictsed,
zud 211 moterfals to de
digeharged sbova-lce 2t loswt
1,800 o from esnsitive beathie
coapunitien
~exteselive monitoring
requiramenta
~gffectivencas aot yat
assessed, some lack of
complisnca

~Hatize Lifa Return

System (bypase) rveduced
zortality 70 ta 8531 (Dawes
& Moors 1584, 1987)

~HTDES restrictices on
dincharge rates



i

(SARE-ATATIA FITULIVE $YITEN)

EAIAAT ]

24

EETIRATEDE

EWFACT Cnyiissay FREDICTER 47 ECTOAL FEPHCTE
$LFq EIE

hakirat oot predicted ~inpaets dutensive bt ped ensetified

aedlficetlons

Bablear lsas “aot predictad

-eertality of sslazcald cgge
eed eubryos

fiak sortaliry

cheoges Ia ~uot predlcted, azeept as mismer
¢pacice #ffects from thernal changes
coaponition

“i% eowptuncties twctlos & {Posp Ststion 4 ta Profhea
Bay) 1,243 scres wopstated gnd 30633 seres wmvvgecatod
fleodpleln fopsetod Y constrwction setivities, as of
Jaly L97¢1 pubsrastfal bub vocuant!fisd sszeege of
Fiparian habitet slece exdified) sbovs erraags {upoasts
d3 set laclude stustie habitat lepscts {Pampiin 1979}
~rEigeniva eediasitation af subotrsts withla el nad
sraat gad dovnstross of covgtructien sctivitian
~feiroased wustsdle mdutrate comsos, Vet thangas Is
subatrate vary with eharsctariecice of steean and
wleloy practliens (Toodusvd-Clyde 1906)
“long of besk cever {vegetatlon and wndercut banks}
“loty of fumtreom tover aod siterative of [1ea-0Y
flew (Yoodvard-Cipde 1965
~ihduction of habitst dfversity fz materal ¥itea
waere grevel depoalie sovepad boloe witer lica
(Boodwmrd-iipde 1580, Bucleste sad Hufary 1984)
~elieration f2 cheonal svoes pectfens with incresned
verted pariceters and ehallower, tore welform
Seprha {fuerasssd Yrelding), where gravel pcrapsd ever
large evass (Yoodvwerd-Tipde 1980)
~feesensed hebitat fu & few fustancesr vhatg matgrial
gite azcovetive topped Iste growsd water
(Vooduapd-Clpde 1986, Tllsct 1582, Denlesce and
Helort 1504}
~letressed wnstsdle sohstrate

~teexllised redustion, snd {2 nome ceees, loew of surface
fiew (K1Mott 194Y, DosBents end Melrpt 1984)
~elisinstion 6f wumercus straam meesders wik rarsltant
habitet lose ia any lecstiens, but wagsiteds of lozs
sot quantified (JFWAT wapbl,)

~oueeTowe fink bleckagen 2leap Mewd Eosd, whick elintaate

fish uae of mpetresn eguetic hebltat by a1l fiad or
cartefe spaelos andfer cevtain 2ge/size ¢lsrses of finh
(Riifect 198, JFUAY capbl., ADFEC uwaphl, ¥

-verices Ylevels of £ich mortelitles along saveral
stresms Teguitieg froe £9sh entrapseat upstrean of sraas
vhare smefuce floww lest %o permeable pubstrats coused
b isstrsee minleg aod stress flov feRercaptica by
Plpalize tresek smdfor they beld (Zllistt 1982)
~fish sstrapmont ecemrs dwirleg lov flow perisda vhan
fish attempt salgratioa te wintering arésd
(E1lgett 1%42)

~in one s=o8, o astimated 3,000 Pish datrapped dus O
loss of wmrfoce fleve veselting froa grevel removal
frem atross (ADTEC waphl.)

“inztresn gravel vemovel fe one Atlgem Bivar tritatary
eeused discemtinuens purfacs flows iz late THERAT

end otrended swtisatad 753 of posk scummser

realdant Avetfe graylisg popelatiom (R1llett 1982)

~fisk sortalitive frem leevmsasd atrsss mder wintss
eenditices caveed by vary Miph codiveataties
(enopended 201142) frem wpotress comatrmetion

(turied plypa cromaing) but azteat of suek tepacta

sot etwifed (IPS saphl.)

-localized foposts posaidly #igaificsnt, bwt evarall
iapacts su raglonal Pish popalaticas set geantified

-in 1374, savaral thewsand Arctic grarling emabdls

to pwis downatenen through outweah grawel barrior
(ADPEL maphl.)

~fish eg3 end oabryo mortaliey 1ikaly, but aot

vtndled ’

~raryiag Iepects dapendlieg va opaclas Prasemt,
locatien, type esd scope of Eialag oparaticas,
axd time alece disturboece

(Besdwnrd-Ciyde 1980)

“ardtlen eontrel veguirad
“dalfer seripe

~fiok pasmage requirvasets
“stabilicstion of diaturbed
srees

~rehabititation, revegetatice
of diaturted sreap

~gveld chaszel chasges is fish
spowaing bede

~gpelor ninlng slas sod desige
approvals (Burger & Swewsss 1975

~adpigation ealy paviinlly
affective duwo to fnaduquore
wmfarceseat aud Irgegular
spplication (JFAT wapbl.,
Lomsnsky 19@3, Hocohowse et
al. 1%78)

—pee aborg

-g03 above

~peresnad punp Intakas
=gbandonad divarsicos plugged
and atabiliged

=fioh Bypass etructures
~gdtigatica affectivencan lftelted
Yy suforcessat problems
{Morebouns ot al. 1978,

JPAT saphl.)

~gee habitet wodificatiom

whove
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changens ta fiah
dyaplicice of
dletribetions

~teduciion La total productivity ~effocts oa fish fomsicles oot fozat{fied, but
probably varisble and Jecelized
“very lew figk waq documvetled in chasnel lned
sectioe of ¢ome seresms (E1ifett 1983)
~Tieh #s9eitles srevaged 1.7 {imes Righer fa
vadizturbed streted thay fz grevel slned
sktetch of oue atrese (Eilloty 1384) .
. ~{s Segaventehick Bfver, Isvge arcas of floedpleta
deeaped Por gruvel, fscreased Aretie
prayling, roduesd vound vhitelioh, leas of Arctic
char hablket (Posdusrd-Cipde 1949)
. “in zieflar gitestions alswrohare, Aretle grarling
roreased (Beodvard-Cieds 1045)
~in Eupervk Bfver, podveed dlversity ond carly oge
tlesesp of frevfe grayling {Srodusrd-Clyda 1980)
=ts come eivmotiens, crestles ef erirwiptering babitat
and fscressed hebitat diveieity Frobabdly resulted §3
iocalizad fncrosser fn £iok danslties
{Houdwerd-Chpde 1948)

rurqoaatffied flok mortsllty dovastress froe wiater
inmptrean ¢onstrechisg probebly the resule of Bigh
vedizest lesde (BPS popbl,)
~efltetfos of fish speviing yress cownon and {epseta
op fisherisy prodwetiviey very 1ikely but met
guantifiod
~beavy sedinretstion fres coustrection end Fubegquant
repeiv and saismtesnncs setivities kuowe te [1ET
sbrasion of gill ti{ssvas, loag of fish food ergendcme,
foability te feed, 1oso of prissry productivity,
dacredge Iu substrate guslity, evoidance, and
increassd stress eu £1sh, Dbug sagnituds of lzpacts
ot guantified

~redused total productivity
~rgduced fish food ergenisns

ercslon eod
siltaeten

«fish pessags problems
seglipible, If mitigatiocn
epplied

Ylochsgee gt
tatarfersacy
with Fish
YT

-oe of Bost tomnon 894 eutesslva problems durizg and
after cosptruction (Woreloase st 2]1.-1978, Burgar §
Twenzos 19INY
. ~problax at1ll presists, pertfeslarly aloag Maul Road
PR {ADFLS wamphl.}
. ~varions levels of fiad mortalitics st ezaay Torth
$lope siresms frem flsh estrspeent sbove fiok
bleckages derfeg fall swlgrationa {$11llett 1982,
TenPoete & Belore 1984) Lk
-{ish snivepawnt iz dsep wined pits, left mear Ftrasme
s2d rivers (Uoodvard—Clpde 1980, JPUAT wphl. )
~wpatresn aigratien of moveseats Mlecked by Izadaquata
Brream erosnley fatilities ewd fefag problems
{IPEAY waphl.)
+lzpacts em Tish prodwctivity sed pepuistice levals
aet qusstifisd
~$igaificant todwctions iz pwailable fish hshitst
{Xliort I%A1)

~pacess would facrsson haremst
ef fisk resources sorth of
Tokon River

~4iniaioh quality vildsroese
?5shing opportualitiaen

~reduce alza and rate of cateh

~iscroased fichieg prescares odserved et met
wuquantiflsd (ADTES wapdl.)

~see FRESMWATEY QUALLITT AND
GIAXTITY (TAFS)

~dezth of 5ok ewbryoe or

young through deoxygenacion

er loos of fiah food, tould
eoupd zeglipible lspacty nalesn
Lsrze s21l) or 12 locetiom ef
gpavning rus

Iapacts Bob quantified

~teductios fo stonding erop oed divergicy
of squatie fish foed srpumisns doscornved
in evese effecticd 7 opills (ope FRESEIATRR
IAVERTERRATES ~ 2uPg)

" =htolsgleal o fostmcates is -fall fish snigeation Blocked fn Atigum Biwar

of pipeling 1ife hiatories ef bottowm kaacwatare b5 sxrfece flew lest ta plipalisa
buriod wder ewellitng fioh ond sesocinted (Eliioty 1882) :
eivees e erganlone way esuse chaages ~Plok ettrectod 2o wern euters created b7 plpaline
&traany t2 specles compoaitioe trapped end flod ap sivems frose (¥I1lfett 1GRQ)

“poszitle sxhrecenret of evervintaving zewfitions,
but aet stediad

| reae slave

~avold construction {nfer memy
streasbeds

~sroeica control mespures
~tamparary f111 rewpe ts accsss
streans

—mitigstioe sffectivenses 1imfoad
by poor ezfoveencnt and
iradequate Aretic englecerisg
axperieace (JTWAT wupbl.)

~bridges ead ciprap for
atabilisatica, stilltag basins

«probibit use of artiflelal
atructures or streaz thasmel
¢hanges that trap or bloek Flek
-require fish pescage atewmctwres
when channel altared or dlocked
~congtioction tisleg resivlciioms
on 0 enedrosous {leh stTesem
te avold fioh rume
~aitizatica affectivenans lisdras
by posT 2aforcement amd
tzadaquate Arctic saginesriug
axparicacae

~Hpal Read corridor clossd o
fishiag duriag ecastructiem
=iscrassed Plahing presewre vhms
fisbing elosure lifted after
constracticn

~aae FRISAYATIR QUALITY a¥d
QEARTITY (TAr9)

~gee FLESHUATER QOANITY 4FD
QUANTITY (1478)
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chenges La {ish
dreaitive ¥
digcribut lons

groslon ood “reduweed torzl productivity

¢ilzacicon ~raduced flab food orgauieme
blockages o —~figh pasrage problems
fntarfersacy negiipidle, {2 aitigation
with figh applied
prosage
fish harvset ~pecags would facresas barvast
of f1ak rvscurces worthk of
Tokon River
~dialalph quality vildercans
fishing epporrumities
~redoce else end rats of cateh
#il epill ~au2 FAFSAUATIR QUALITY AKD

QUARTITY {T7APS)

~doath of {iah sxbryos or

yorng throwgh deoxygemptioa

ot lose of fish foed, could
cnuns seglipible Inpacty onleaa
large #pil) er i locstion of
Bpavking rus

C<bfulegles]l od fmotmentz im

of pipaline 1ife higtovrias of battom
buriod smder ¢welling fieh and scaocieted
tivers or ergeniods msy caves chenges
ttranns in gpucied ceaposition

~reductioa fa total productivicy

r el

~gfforte oa £ied dpuglitien ot goeut{fled, but
probably warisble sod Jueceltned
“wery low 20eh voe docuseated fa chonnelfgod
eiction of 2o%e otveens (E1llett 1943
~fieh deueltlas svereged 1.7 tises higher fo
wodinturbed stroteh thes I3 grevel wised
shratek of oue stresm (Elifert 1381) .
=it Zegawnnlviesh $iver, lavge sresn af flosdplatn
sevepad For groeal, fucredsed Aseris
yrsyling, roduced vemsd vhiteffeh, lssa of Arcilc
eher habitat (Booduard-Clpde 1960}
“is giniler aitwstions alssdhere, Arerie greylimg
ducraased (Beoduspd-Cipde |08}
»is Xopsiek River, foduced dfversity ond esrly age
elenose of Sretfe groyiing (Boeduard-Clpda 1580)
~i4 pome eftusiiens, erectiek sf ecverwintaring habitat
ned fncreseed hebitat diveraity probetly reswlted tn
orelized fntrosses in Pich densities
{(Hoaduard~iyde 15807

wuequentified ek gortality dovastress fros wistar
festroen tonsirection prohbably the result of bigh
srdisent Inads (BPL moshi.}

~wiltatien of fish spoweing erves common apd {epacts
e Flsheries produetivity very likely but set
guantifiod

~heavy sedimectstics frem eestruetien snd subsequant
repely and ssietestnie petivitfes Yuova o spnse
shreeion af g1l tissuss, losg of fiuk food erpaaloms,
fezbility to Feod, lese of primacy productivity,
dacresse f{n ewbetrate guality, sveidance, and
facresced stvene ex fish, dut magnltede of fapacta
Bot guantifisd

o3z of Bost covmem snd ezteusive probless during and
aftar coastroction (Horsbomse et al.-1978, Burger &
vensen 1977}
~probles atill persists, perticelarly aloag Faul Resd
{ADPEG waphl.}
~Faricus levele of figh sertalitiss at ssay Borth
Slope stewams frog Fish sakrapaeat shove flak
Eleckages during fall wmigrations ($111ett 1942,
Dealoote § Welowy 1934) L
~fish entveparat in doep mised pits, left mear ¥trooms
ard rivars (Yoodwnrd-Clyde 1380, JPUAY wmphl.)
Tepstress aigretlsa 7 moveorets Meched by leadequate
stresw eroselsy Pesilitden ond fefnmg problems
{JPHAT waphl,)
~ixpacty ea Tisd prodectiviey and populstien lavals
wet guantifisd
~sigaificant reductions g gvailable 21gh habitae
{Eiliotr 1742)

~{=ctossed Hohleg prescures sheerved Yot oot
wvaquastifiod (ADPE5 mephl.)

fapacts sot guantiffed

“reductios {2 ptacdicg erop und diveraicy
of egustic Mok food erpeiems docunestod
ia erses effectod b7 eplils (see FRESHVATER
THVERTERRATES ~ iPE)

-fall fieh enigratica Blocked 1m Atlgem Riwar
besdhmatare by smrfoce flow lsst te pipeliea
{E1ifece 1942) :

-ffob sttracted te vers weters ersnsted Yy plipaline
trapped med died g8 stress frose {(E1lfete 1961)

~pasaible asehescewnat of srereistering zeaditions,
bat aat ptediod

| reae gbove

~evold coustructios lafer mmar
stresnbady
~¢fonivn control masourge
~tamporsry 411 resps 3 scesom
streansg
~pftigetion effectivenses limfited
by pour enforcesest gmd
inedaquate Aretie englnoerisg
arperience (JPUAT wapbl.)
~bridges and riprap for
atabiliesticn, stilllng bestes

~prohibit use of artifletlal
structuran or gtiess chonoel
changes that trap ot bleck £leh
~raquire f1sbh peesage etructures
vhen channel sltered or Blocked
~tonptiwttion tialng vestricitowmn
ea 20 znsdresous Iioh stresmm
te aveld fioh rwas
-pitigation affectivensss limitos
by poor saferceasat smd
Inadequate Arctic englnesrieg
wxparience

-Hsul Read corrider closad ta
flabing duriag toastrectism
riscressed fiohing prosswrs viwem
flabing elosure lifted after
econatroctlion

~pap FRESAVATEIR (UALITY AWD
GUANTITY (TAF5)

~aee FRESEWATER (RUALITY &4D
QANTITY (1478)
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THPALT CATELIRY

ACTEAL DNPACTS

HITICATILH

grodfen ond

siitetlen from of elresce ey canse eruslos

pipeline sed gad vllesvien
road CoESLTuc Bgffocts Cenporery, mogisws of
tios Z paave

“afleatica fupsct moet severs 4
river feltas sod merise arves
~gtresa subetrate algerstion nay
canye eoderule siltatios with
shett ters lEpscte of T yewrs

v logs

&heﬂrm’ grooien
of ptiese banks
sod bada

~uot predicted for ofIflsld
srrivitices

{sstrese bar ~gdegqueta culvert deslign and

clave te Fiph eraptTootios etipaletions
movesests [row would sisinlze fmpacts
road gud pipe-

Line crowsing

covgireetiv

wil sills o
flsh elrosss

~pee FRESTRATER QUALITY AWD
GOAFTITY (FRIDROE BAY GILFIELDS)

conteaiosats
ralesssd fu
pguatie svsitema

~poe FRESHMATYR QUALETT AxD
GUANTITT (PRUDROZ BAY OILFIZIDS)

flah stoek
tedustice

~izproved pocess would {acressa
harvast spd reduce FIsh stocks,
lzpeet wot quaatiffed

atrean blockage
frem les
Formation

“{eing predicted Yur sot aa
poteatial dicect fmpact teo
fiehery rascurces

=wheri-tare s{itatiem izcrease
duriag zormal flowe

~leager tara facrszss durimg
bWigh flem

atlestice from
gravel siaing

alrevod strosa
bydrelegy

~ehooges {8 stiream hydvology
vowsltiog in habitat alterstics

~ail plpeline 204 road crcosiags

~fioldeide fepocts from croelon end efltecion crnped
by covstrection of resds, plpelings and pods
(ADPES, USPVE uapbl.)

~elteratios of ntress hydrolegy (ADVLE, TEFWY wapkl, )

~bleckages to fish movemest (ADPSG, DSPWS enphl. )
8 ~lesw of spewnlng, redrisy and feeding babitat feon

above lapactz (ADFEG, DSPYS wapbl.)

~srosfon of grovel {ats strenns often resulted 1a

paruznent {epaet (USPWS wapbl.)

~itreend vith vegatuted sebetrate coversd with §raval,

leag-tors affect (USPVE uspbl,)

=wiater {matrzax seeivity fscrasped turbidicy
upetress of everwintering evaas raoulting I tmpacts
t9 everwiatering Fish (AUFSC wnpdl.)
~taes of flsb spovaing, rearing and feading habfvat

-road celverts danlgeed fov pask
flowe a8t all etream crosaings
~dasiga eften Insdequats, lerge
pevcantage of vued/stress
crossings envvally wveshed ocug
(DFEG, USPYS wapbl.)

{graylies, seickleback, scelpind{Craly end Poullp 187%)

~fmpacts voquantidfed

~erress chennel cowfiguration sod kydrology sltered
by thereal erealen cowaed by graval winfag

(ADFEE, DERE wephl,)

—strasn flov asprured b7 thersokarst setion

{4DELE, USSPV wuphl.)

~extensive 21sh blechagea (ADPEC maphl,)

«fe Kuparut Feeld el] fisd stresme totally or parifally

bleckad is at lesst one locatfon during low susmer
flows {AD7EC umphbl.

-f1ah etocks beltaved te be raduced, bet fosdeguately
studled (ADPLS waphl.) :

~igpact wot guastified

~blockagea to spriag movemant of grayliag
{Yoodward-Clpde 1980)

~loas of spaweing habiter {Boodvard-Clyda 1980)
~delayed apawalay sovemesnta (Woodward-Ciyde 1980)

~quaatity of haditat affacted mot sspansed

-ailltation lscresss gesarally of short durstiem
(Hoodward—Clyde 1980)

~ratuted primary prodwetivity 1s streses
{(Foodward-Clrde 1580)

=~elteratics of subslrats with Impact te epswmisg
end foadlng Baditat (Yoodward—Clyds 13403

~antensive aveas 15 lovar Bagevesirhtiod spd Euparuk
vivars altered fres gravel efeleg {p rivar,

(Yomdwa rd-Clyde 19800 vervlting in

Penntsble eudetrates

Toralding of ehazsale

fehonanl blockazer

®{rereraed Arvetie grovling evbars, rvedwced round

whitsfish, lozs af Arciic char habitar, fiak ettendlng
i Buparuh Biver, sfalng redvosd mumbsr of fiph spacies
and Life hintery sisgen ond tsused Fleh

ratrapocate (Poodssd-Clyde 1980)

~after-tha-fect sitigatioe veed t
retard or atop srceiom by covard
therwally evposed solle

-soae cases of tharmal eveoiom
tontiaug despite stisapts te rmc
{HcClalland-E24 1983)

~culverts designed for posk
fiows, howevar dosligns oftem
tradequata for breakup flows
(ADFEG, USFWS wepbl.)

“acoe appliad

~culvert deosign usad thet
pravants leing
~sechanical resoval of lce
blockages

-when problems predicted ex
saticipated, actiocs ces ba
affactive

-tinlag rastriction for
izatream sctivity vo svold
prasenca of fish

~gesponsl rastricticas For
Instrean sotivitien

~buffera from active parte of
chennels

~altigation effective, bat

mot always epplied or emfovesd
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DPalT CRVESRY

HEETRATIoN

{zpacts te {leh
wvareistariag

viatayr water
withdraeal from
rivars

PRESICYEDR BY ELUTHAL BRRCTR
TLE5 RIS
-strevs lwpacle te svarvisterisg -gravel evtisctles ond fpatellstion of plpalimas ia
fioh frow changes lo wster steuce Suring wister cswsed eleveted turbidity levels
gusiity covsed by fustresm (abPes waphl,)
ecrtivities ~eitesnt of lepadt aat focupanted

~tapsct vould be wlatnsl er meme  ~impscte to evurelstoring J1ed scewmivad, antoat ot
dus te siresw protectics dorvneeteod (ABPEE mupbl.) .

reguletiong ~teisl watar s28 of efiffelé eparstloan awtisated

st 127-10% 23lites galfpesr (ADPEC waghl.)

~total vater withdrswsls fres viver yearn te

date, for all ollfield epercticss mors thaa

- 5.5 & 184 geltens

~ege FRESZATER QUALTTT M0 QDANTITY (FilD20f Ay
DILFEELBE) for & qeuntiffentiss of water withdrewsls

AARINE FI58 (W5UDHOR 34Y CILFIFLDS}

~tfming rectricticas pertlally
affectivg

=aipce 1381, wse of resarvelre ae

water sources reduced seed for
water fros vatural poods end
S8ITassa

“seed more baselise faforestics
cegarding Iish resowrces of
water Yodles to zpeess
potantial inpscta of water
withdrawals

ImpaCt CATECCRY

FREDICTED BY ACTUAL IKPACYS

HITICATION
TiFs ELS
oll zpills ~where flab come fate &firuct ~Bot guantificd - ~developnent of ofl apill
contsct with apllled bydro— -ouzerens snall epflis of ance-pipeliss hydrocsrbéms, toetingency plens
esrboos, kigh eortality (USFWS wapbl.) bot fwpette o snsdrosces Flah
girpested pepalatican fo strvessms or the saripe

alrtgraticn of
sesTohore
babitst

faterruptica of
agarshore f£lsh
BYVERERl

aetrelancet 1a
geswster fmtokas

“not predicrad

~degres of Impact depandeet upom aevivoasent ot dedverated
quantities zpillad, tims of

gear, eod proximity to fish

concentrstions

~up te 54,300 bl sxzectwd teo

B2 gpillod durlng ¢ slugle

pipeling apill, but fvpactas

e fizh populariens mot

predietad

e

-t prodicted ~expsesicd of gxleting fscilities und dyvalspesut
of of lecaat roserveirsz raqeirsd comstrectisa of
graveal-fi1) cinsowsye parposdicular te: -

ehoratias (VZACE 1980, 1934)

~tzencvays altered water guality (tompersturs

axd salisity} by alteriag distridutisa of
brackiok metsr sod levertebrate peay in searabore
soae, ced thua eutemt sod qeality of pusmar
foeding babirat {Fevitcopbere 1987)
mmﬂmﬂmm&mwy!ﬂmuagm
letetiss of pessster intahs sad preamoent plazt
deotrizmatally alteved spprosizstaly 47,000 acrus

of sosvshore sqmatie babizat (Buvirsspbers 1987

~stedied indieste nindlsy budtet Axpacta rovalring feen
Fresames of Badieovt concemay (8i)bartesa et als 1937)

~cesmlative inpact of both cevssvays ou Sarime babitat
2ot Fot gueatified

ca hebitat ¢ontinadty InterTupts or delsys emumar
longehors aovemests of sssdromess 0ish (elocse,
whitefich, and oher) 1 eesrohers drackish water scoa
{Bavirvaphare 1947)

“thiz effert belisved to limlt fesdiag end delay
rataras te svervintering sites i maler cosszal vivers
(Bwvitvophers 1987)

—tetal iepact of bokk covmeveys ox uigretfcn sot pet
guantlficd ’

~aot predicied “teo poewater lwtakae (Beet Dock asd 0lideek) swpply

wter for secopdary recevary of ofl

=third (Tadleote) muler comsttwetisn

~eositering of West Bock {mtohs Indicotse approsimataly
ek piilien lorvel fied (naries sed swelvescws) ave
sutralead zzovelly with povtality wp te 408 (Bomsw &
Hears 1796}

~predancs of tsuseweya described slove and thalr affsct

~spall breschas ia chusevays
to perait #{sh pasesge
sxpacted te have come
besafteial sffece on habitat
coatinniey (UACE 1520, 1884)
~¥reaches at Wost Dock have wot
altigsted habitet leseas er
leproved filadk pacoage
(Zarircophere 1987)
~izsafficlent iaformmtiva frep
eagoing Brdlicotl caupesay
somitoriag stsdiea te nssase
aftfigatica effectiveasns

“bresching sinfaelly effective

(genarally lese thaw 0%
effiefency) at Hast Dock
{Boulton ot 2l. 1%86)

~ingufficient {nforestion from

segeliag Endicott consavay

< sonitorling stwdiag %o zgpcasms

sitigation effectivensae

=~Harine Life Beturs fSystem

{brpase) misimizar losses of

lavger fied (graster thes 10D ms)
~low letske Flew teins te

redece satralooeat
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ACTUAY, Tpacys HITIGAY OE

-5 . F15ac total
=11,600uc for Horth Slope
{sstinatad)

4ivene loss by
remaval e FIL

ehermskaret weupectad, but sot guamtified
. ispounduweate ~erpectad, but sot guaneliff{ed
) (Zrelgage
sleersrios}
sreslonlredepos- ~expected, but st quantifiasd
I ttimm of szposed
sotl or PLL)
duot ~not predicted
I lefng —ezpected, but mot quaatified
FRy -net prodicted
I arewrslatisn
@il opille ~pinbability of pipeline efl
epill wot predicred; for awy

poesldle leek, sn sstimedod
64,000 Bb1 vould ba discharged
tato od jscest vegatatiom; tocal
zortaliey sxpected from @irect
sxpesurap 33,000 Bh1 apil)
szpacied te sflect 6.8 Ieval
acreg

.; w F
.

~33,5000¢ tetel (Pemplia 1579)

~rgvegatation vith fetrodesad
-10,%00ac for Borth Slope (measvred) g

grasnss over approrimstaly

1, 0008

“jraes cover geunavally lesc thae
0% and deciiniog 3% yeaxs
aftar sesdisg; relavacies by
satlve gpecies enly oa lewland
eftes (Mative Plzate 1980
~uplend wetarial siteus snd
vorkpads remafa {srgaly
eavegetated 10-12 ypeavs afier
sheedoument (Wative Flamte 1$80)
~tevegetatica sfferis with
sstive woody plants om Horzh
Slope riparize habicsts
1reffective (Daussors ot al.
1997)

a0t qusstifiad .

mesmon etourrencs vhare gurface tenpersture disturbad
by varisty of offecty {comprusalon of vagetative
tover, duet, lspewndments, wie.; Walkar et al. 1987g)
~urial gffects oboarved rangs from elteratica of
syecles ceapowition to Tntal loss by desp floodiag

~gonai vegetntion lose where
sof] tesperatures stsbilized by
£111 to preveat englacering
Froblens

608 guantifisd
“obsarved ¢ffscts of floodisg racge from changen in

apacien compositioe to Ustal losg of plant coemmunity
(Balbar ot &3, 15874}

—probles ecapounded b7 tharsckaret effgcts

~fecilities aiving to aveid
alteratios of surface flow

~ulverts to lsprove draleege

~enlvert salntensnce durimg
oparational phase

~eitigatios generally succasaful
where surfaca flow well~dafiped

“2nt quantified
-2end of dirsct disturbanes sxpanded Yy runoff/outvash
from roods, pada, pad satarisl afres

~#hot rowivsl practices alse ecatributs to sproad
of grevel f11)

~coaatruction/zalntenance of
drainage chausnals

~parf{ace stabilizstion throsgh
revagetatica {aaffective
-~srosion ceatesl msually
schieved by physlcal sosns

~daat deparitics wp to %eg/e? withia fa of Eayl

Resd (Brows & Berg 1980) .

~duat affecte wp to 1000e from rood {Malkar 2t al. 1937s)
~tstal lose of vagatatiom legs than Be from road
“altersties of spaciag eopesition, sell texturs

sed pf, zad ssovmalp petiaras wp te 1000w froa read
(Brova & Barg 1980)

“periodiec road watsrisg
fanfloctive

“get guantified

“#one altaratfien of atresaflcy and streasbed lsd re
paremalal lclng and loss of viperiea vegatatisn
(Pexgplia 1979)

-aosa (acpe saturel restsdilfi-
sztion of straam eourses)

~trapping of winflows pucw by alavated strwctures

s
aud accwsmlstion from enow romeral couge lsto-lying
seovbeds adlacest to factlitics (URPVE ezphl.)
~eltisstely lasds te loeslissd thasges 13 plaat
vpocles ecaposition, loversd predectivity
—ast guantifiasd for eatire North Slopa 200

~tetel of 15,000 spilly sceurcad aloag TaPg

Mitwesn 1974 and 1§77 (£33 tg 198384, tnclsdlng &5
Erestsy Tthaa 30 gal.) vhieh precuashly lad go
wugetatles Jozoea (ADEC 3OE7%)

~affozts ef ppill elssrup afforts oftss szRcerbate
effecks of 51l on vegetatiem
~ent 1,300 bRl epil) eovared 21 level acTes, of 3 tipes
predictad dus be Wigh lina peenswre (Yalber st sl. 1987a)
v satoad 1,500 Bb1 #pi)l rosehed g eafor et oam, -
exiendsd 1038 milan dovaziresa, B{1eg riparise
vejetaiog (AR0 1979, UEFWE waphl.)

=~ig suesatr, 2pill cloasup efferts
genarally Incransa lupscta te
vrgevation
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Erpadt CRYECORY PEEDICTER 87 HUITEL FRPLCTS HITECATICNE
TaFS ¥l :
ox¥ voy {publie) -etpuificant fopscta te Murth ot guswlifiod “testricted public scoewm ve
$lope Uf publie access “little mczpurable fmpaet Hoerth Slope lergely sworessful
parweitted, fov il socors whila evforced
restricted

“plant denth, toaproseica of
vagatstive sat would lazad to
tharsokarat srcafon, altaratice
of species Conpoaltion -

spread of latro- ~not predicted ~wchasced sigratics alomg treasportstios corvidor ar

“aoag
duced weeds fstroduced with centsminated revegetation paterials
{Tubanis 1983)
£04 emfrolons ~preaibla localized iiaspu:tn ~uone Bessured - —g O
{From puog te soma plent specien
stations) (e.g., Jcheus)
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FEEEATTON (FROTe0l B4Y OILFIVIDE)

ALY CATROGEY FRERTCTED 8T ACTUAL Tiraces N
TAPS RIS

~total of 3,743 scrga for
Azvelopaent of Frudbos Bay,
Rupatuk, sod Listwtae fialds
~Hilee Polue, Zodicott aod ether
proposed sddiciee sol predlened

dlesct looe by
removsl v f111

© thereoksrst wqrpscted, but wot guentified
L agroundne nt “grpeetad, but sot quentified
{dreissge
sltarecion)
aroslon/redepos= ~pof predicted
iticm of f£111
dust ~aot prodiceed
stV ~sot prodictad
socumalatiom
2§} optile -apill probadilities not
pradicted
“no apills pradicted
gpecifically for otlflald
{TA2S eoaly)
wintst tesdes 80t prediered
traval/
oparaticos
dincharge of “net predieted
koagardens oy

Foveatie wiotee

~Prodhos Byt 5,405 seves (Tebla I}
Eupsruki 3,017

Eteburwes hit]

Hilse Pr.2 95

Badicortt 345

Froposad AMitinug: ]

TOTAL LOSSES: 08 acras

wintentlexly studled arese of thew & fscenr te roads
end pady focluded approvizatsly 200 zcrea of
thereoharst diaturbasce directly ralsted ta apprexi=
estaly 300 scces of veade sod pads (40T facrazse

te afferted srea; Yelker at al. 1%87H)

wia the Prefhes Bay Fixld, opprozimately 3,10 acres of
gravel Fii} structurss ereated approxizately 3 438
sares of flucded tundre (667 fmcrezse fn affocted Bres;

lmpecty 2o eegetstlon set gusweified, bat
ranged frow slteriatiow of pleet
torsl lsza of plust cover {Yelker et al. 1584, 1%87%)

precumabdly

et gemnzified
~eone of dirsct dipturbasse ond loss of Fagetation

exnpanded by groalon, rosd 2aiutossncn, cod fpow
renoval (DSPYS maphl.)

-eleng besvlly travaled roads all vagetation
#listosted wfthin 5 8 of vosd (Walher et al. 1987a)
~changes fn apeeies cosporltion withia 20 m of rosd
{(¥zlker ot al. 13387q)

~giteratios of sell eharseteristies and snowoelt
pettarns withis 100 5 ¢f rosd (Wsller at al. 1947s)
~withis eue fatéasivaly studied area of the Prodhce
Bay fleld, IM sores of grevel posds genarzted
epprexinetsly 1l scred of dust-affectod twodra
vegetaticg {1 2vcrouse ts tesdvay lmpecta; Paller
et al. IS34%, 1587%)

2ot quentifisd LT
“tirduted growth sad productivity of Tagetacion
eoveved by late-Iylag eocsdeds ad josoat te slevatad
atrecterss, and orther effests staflar te those
ersatod W fapoasdsests (above) .

~totala mot quaztified for otlfialds
“aussreds small epille have sceyrred,
losa af vegetatise and/or tharmal

vagetation {G3FVS wmpdl.)

~tonstrectics of wistar trafls zed lea 7oods or pods
cozmos fer ercosionsl saizalc work or tomporary
secans/foetlitias (o.g., vork padn, dulfeoatien
walle)

~impacts largely visusl, but may e fros ¢rushing
ef 1fve plents, ecwprsssicsm of live wrgeaie lawer
and fncrmesed thermal subeldents, ond alteration

ol plent commmity compositiom, to localfnsd B2esive
tharaal ¢resiem, Iramdation, eod loos of
vegatative covar (Fslkar ot al. 1947a)

~EpeTorinately & scres of wat tundre vepetstiem

Eflled by epflln er dischargos of Maserdoss
{particularly salveate) ov fomastic wastes
Brow parvies Factlitten {2 Doctherss sves
(TEFWS sapbl.)

~tesidoncs {1o9 294 recevery ef vegetatiem

cenmot be preflcted

epecler composivion to

prosuashly ecsusing
erecioa (ADEC waphl.)
~durlag & U-ucath pectod (1943-47), 23 5p1lis of various
Irdrocarboas covarsd batwees 3 sed 10 acras of tundrs

~fecilities consolidation only
partially achiovadle due ts
angleeering consfderstions
(B2IVS enpdl.)

~witieg te reduce loes of “high
velua™ vegerstios typae 414 noc
reduce sat losses of vegetatiom

“ROng

“facilities siting
~culvert placement and malntesasnce
successful only whers sucfsce
flow wll defived (wscally soc)
~tore succarsful colvarting ia
Tuperck thas Prudhcs Bgy

“Bno¥ repoval plans reduced
ares of impsct frem evow
temoval opsratioas

~twner roed watering has
liaited affect, eince
wlater dust fall 4a 10
times thet of pummer
duat fall

~2eq FRIESWHATER QUALITY AMD
QUANTITY (MLUDBOR BAT QILPIZLDS)

~3tata restricticus om Pumdra
travel feparatioes and guidalinags
for 1ee rosd/pad construeties
gomarally affective in miaf~
aiying sigafficant vegetatica
lapacts

~eeeasional snawthoriced tusdra
travel within vilf{elde
wnitigated

Ttenparary to leag-tera visosl
sffects gvident 1a moat casea
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TAPs K18

4lrect habkitsc ~5%, 213 scrve of habitsr
lons dsatroved or sodifled For
¢ative TAMS roote {acres for
Rartk Slope sot stated la
EL%; estimated gt 11,600 acves)
~tisplaced Wirds sppumed lest
frow population, but aot
wuantd Flad
~grester losses predicted whery
habitar Yieired .
-gdditionel hebiter toss From
roads, aining, logeinz, med
wildfires reselviag froe Rawl
Rogd end alracelp sccess te
previcusly undesvelopad areas

changes fn -ast pradicted
spaclas coepne~
felos ot denslty
from changen iz

hsbitat gualiey

laposndaents, «change? lo dralosge pattorna
Augt ghadow, predicted but chasgea 1z bird
and enowv habitat, yelues not predicted

fence® affects

~all birda driven frem
constructios altes, at lgast
tempornrily

~tolaranca te disturbsnca wot
guaatifisd

“goeed, ovans, looms, cromea,
rapters less telsruat of
digturbance than maserises,
ehorabirds, oowe ducka

~diasturbssce af fomslaa ou masts
could cruve ahandcumsat or
prodation

=33, 302 acyas of bakitat destroved er dlaturbed fop

sative TAPS Tuste (Pamplitin 1379)
~10,%0% acves, or 33 of tots! £iaturbsoce, in
serthars 1% of 1&PT corvider (Pomplia 1979)

~leds of 5,39% prrag vegetsted hablear (Poaplia 1979)

tesulilay 1o lowe ov &laplacencet of spprozivataly
2,300 breeding Bivd palve, based oq McCaffary at
#l. (1982} covsns dats

~t, 243 seves tiperiax willew last (high bied
tabirat velva; CGareer & Rrroolds 1984)

~o0 loss of peregrize folces bresding hehltat
(USPRE wmpbl.} ond mintmal loms of grev hebirvat
~pueaible lose of some prev hehitst for orhar

2l {ffenrattog TEpLuve, but wot slgafftcant

(L8 ndrose, USRS, pare. coma,)

—emtant ef babivst Yost For Trae-napting raptote mot

devered ned

“totel toos or leplacesent of 7,300 birda due to
firect emd secondare hablivat loss (O3PS sstioate
booed et Melffarv ¢t 2. 19D

~ntaade Inarvase {n manbing S{ed deusivy froa 1374 ta

TH8Y &t Mils 17 ou the Fagl Bosd regzeata Wipd
fopeiaticss ro-ertabliohiag tereitories i aToae
dlatertad by dewalopsunt (Heluflary at al. 1983)

~u5 changs f3 fonslty of rapter popaletions attridutoed

to Yabitet chongey waly peragrize felcoas,
prtfeleons, sod rough-lepped havie survayed
{hzbroes at si. 1887)
“peregrine feleon populaticwe loeresssd dua ts
restrietions sa BOT fm 1972 (4mbresa ot ol. 1987)

roesting dessities reduced iz Mewl Zosd doat ghades
ares (MeCaffary st al, 1931)

~Ene® a0d Dater socwwmlations mede hahitar
wnavaileble te postisg Mivds slvag plpelisa, iat
later provided fosdfeg sees for brocd-roatriag
(Bshsabarger ot gt, 1880} .
“Feeet stage I Bewl Roed dwst shodowa vary aarly
iz soascn, zalag sows pravicusly wngva{lsdle
habitat (Marphv ot al. 19%7)

-3 IIAIE (FRUBHOR DAY OILFIELIB) for additiomal
docezentation of staflar affects

~2ot aasesded for most Mrd spacies

~high aest prodaticn by fores alewg flaul Road

(Bazzon & Eberbarde 1881, 3rial 1978)

“aedting succges of paregriss feleoms sed othar

eliffcasting roptors mot vedeced ¥ ecastroctics

activitlas (1.X. Achrosa, BIFUS, pors, comm.)

—Tecreatisaal sctivizies of workers may dawe redeced

peregtrios falcon wpstiag swecoes te £umall dagres
<R Aadross, USAE, pars. comm.)

~tevigetatios of dioturbed aress
1% materis! altes 2od nbove
baried pipaltne, but
affectiveness not apseased

-for peregrise falcons~Section 7
Conealtarton (Padacgersd Spocias
Act) sud recommended protectiee
rezaures {described fz Recovery
Plan; USHWS 1981) wry effective
®srithia 1 aile of sest sites
prohibit habitat siterazions

or conetruction of persanent
tactilizian

*within 15 afles, prehiblt
alteration of Ifatred, high
ecalitv hahitat whieh could
signtficent]v reduce prav
availabfiity

~other ¢11ff-sesting veprors
tenefited from protectios
effoerded peregrive falcoss

~relocation of Pump Staticm 2
gwsy fror petegrioe falces

waets ot Sogwos Blaffs

—culrerts reduced soma
lapounding

a0 mitigation of duat
ohadow affecte

=pipeline access roade gzated to
rastrict access and dactuana
disturbance

~prohidition of wildlife faeding 2o
raquizessat for propar garbage
ctatslnmeat, pot effoctiva, fox
populstiona {screased aloag reads
#ad pear facilftias (Milka 1977}
~for paragrina falcoms, Bactica 7
Consaltation asd rocoemendad
protecticn zessurss {(depcribed 12
Becovary Plas; 3PW2 19Y)
offective, but some lack of
complisnce with tining Testrictiens
{JFAT paphl. s

*sithiz I mile of nast sitae
teguite gfvereft te melnteln
afalpum alticaden of 1300 adove
vest leval fros April 1%

Aaguat 3) prehidit all grousd
loval activity from April 1%~
Bogugt 31 except on existing
thoreaghFfores

®eithie ? mfleo of nast sites
prohidit poresment facilictan
Yariag pustzinsd human activity
awd prohidit pordivities haviag
bigh sotles levele from Aprid 1%
fegust 3

“ather eliff-neating vaptors
bovsfited fros pretsctise

aflerdsd poroprive folecas
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GEADE (TEAFS-ALASZA PIPFLINE STSTTH){Csat ineed)
SHFACT CATEOURY prEsIETER BY . SCTUAL INFECTE HIYICATIOR
Tary Eit
hoetisg ~potential lupscls o peregeing “rapiere sweceptidle ¢y disturbascs durieg brawdiag ~Higrstory Bird Tresky Act
faleos ¥ ohooting adults tessoe but beatlng sctivity coscentrated {g Auguse restricticas ou gshostiag raptovs
and robbiag young for fslcomry sd Beptesber vhun most yousg slready flodged ~lergs geme hunting prohidities
~hvatleg predeure om wetarfowd ~teke for faleowry pot docuseated Yo TAPS area Borth is 5-uile sona on ¢ach side of
sed rapters could be locally sf Brooks Hesge pipelies 1likely discouraged
tevare ~publie swavenesshuster educatica reducling fuctdeutsl algeificant levals of Bird
. “husting prossure om piaramfges sheatiag of raptors setfoawida aad probably fa Alaska bunting
h would be self-regulating ~%fed husvizng lovels sot stwdied, but effacts
ghrough desslty dependence $robably sfsor dse to hustleg restrictioma ia
ripaling corvider
oll epilla ~decriseatal to birds and ~htigen Rivar 3pill of 1,300 tarrels of crude efl

hebitat, byt not quancified
~gpiile I wpper Jagevenirktek
Efwver drefaage could domaype
habitet and Ef1Y wsverbivda
tn Isternstfonally feportaat
vaterfovw]l sras

BIRDS (FRUDAOE BAY OILFIELDY)

aflected E5-2% milow of rivecise acd riparism
habieet (AP0 waphl., USFVS =aphl,)
~eiled Bivds fowads 19 mew gulls, 2 senipalnared
plaver eeats asd Incudatisg adult, eolitery sand-
piper end orbar bivd sestes (Wlte~crmmed amd trog
eparrown) iz elled willows (D579 wapbl.)
effrets of coatentnztivs oo reprefsctive Fuccess
wot stodled, Wt probadly lecalizsd sod shore
term ¢ffects dus 2w elesm wp efferta :
“lose of eesting baditat ix tlperias willows
probebly of longar dwraticn (USFVS wmpbl.)
~2Ifacts of ¢ther epilie not sasessed

-see FRESHWATER QUALITY AKD
QUAKTETY (TAPS)

TeFaCt CATECORY FRIDICTED 2Y

TPt 218

ACTUAL THPACTS

MITICATION

6,745 acras {e ol1field would
be destroyed or modified

£irset babitat
ioeg By gravel
111 and
extrecticn

ehange ia habitat -mot predicted
assoelabed with

eacondary affects

of gravel FLLL

Fopalation de- ~daplecad birds ssommed loet
ersace dua te frem popalstion, but mot
hadivar loas quaatified
~greater losses erpected whars
babitat limitad
changen 12 ~got predicisd

Bpeciog conposm
iries or densivy
frea changes 1u
babirag guality

«11,013 scres totsl habitat lost froa sxistiag or
currently proposed graval FL1) sed ascavatiom im
Prudbos %4y sod surroumding efiffelds (Tadle 23t

Prudboe Bay sad Lisburss srioting: 6,703 aceas
FRuparuk sné Milus Polst axistings 3,310 seven
prepoands 883 acrus

PExdfentt exlnting: 345 acres .

=24 of 1983, withia ) study ¥lecks of Prodhos Bay
ofifleld, 10 %ebitst losa 2o gravel P11E, 5t
habivat medffied By tmpommdnents, dust, gravel
epray, debris, tracks, tharwcharst, sad sther
élaturbancea (Walker ot al, 1384b)

-3 of 1978 lora of 2,300 scres of heditat eqrated

vith lsea of 1,000-2,000 paire of sasting shorebipds
(Comasra at ol, 1984)

~se of 1983 dfrect loor of 3,840 seres of babitae o
Frodhog Yy siifield ehich mould wapport 3,200
ehorebivds {about X of local population) (Hsshns 19843
=8¢ of L1387 loas or dleplacement of 13,3090 Birde dog

te divect s=d pocondary hatitat less (YIFWS eevimata
tazed wm Trey 1387)

=in 1884-83 lowsr ¥rd feasitise Por § phoredipd
epecion fowed in Prudhes Bay eilffeld coppared te
eeatvel aite, 137 roduotien fe swabers, 117 reductios
in 2zets (Foohan 1994)

~loes wat queseifiod for othar specles

~greater white-franted gooss sed Ling eidar nezting
dennition lower la of1ffeld thom in ecatrel ares
{Trep 1987}

~eldsquaw ssd Paeifle losa found brendlag esly ia
essireld gvee {Trey 19E7)

~¢toupolidation of facilities
~uge of winter ice psde for
pipeling cosstruction, aot dome
for pany major projects
{Pewdboe Boy, Lisbutue)

bat dous for Badieott and
proposed for Woparvk sxpansica

-road poutiag asd pad placesent
to avold highest value watlsad
types (Claspes III, IV, ¥I,
RBargogn et al. 1977) te
afatlalzs vatarforl habitat loss
and eveid lespoundveat prodleas
~ainimal mitigatioz for aborebicd
zasting babitat loasa

~pas abave

“Rone
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IHFACT CATECORY PLIDICTED 5T ACTUAL TPACTY I TECATION
TAS KIS

rogd dust shadow «duegt covering vegetstion

gffectsn pradiceed, but losé of
bird habivat value pot
predicted

garly saovoelt -pot predicted
rasulting from

duat shadows

lete snowbank
wallt alomg rosds

~got pradictad

topoundneats
along toads

~slterstion of drsfoage patterna
predicted, but resulifng loss of
bird habitat vot predicted

road effects on  ~pot predicted
bird daveities

from coablaed

sourcas of

ispact (disturk-

ance, lzpownd-

pants, dvet)

road effects o2 -not predicted
drd reprodoctive
FutcEaR

populaticn o=
ererese for some
speciep frog
hebivat thanges
of eviifieial
feedisg

C-sob predicted

~eiguf flerntly lover devaftlos of srating shoredi{nrds
aed pasmarisss {eopecially seulpelmated eandpiper,
ted phslsirepa, duslin, Lapland lengopar) docuseutod
tu svess elfected by dust shedovs sdlscent to hesvily
travalled voeds, coupsred to sdfocent arvss {Cennora
et el 1984, Tvey 1954, 198))

meieieated rosd effecte teiple susber of blede lost
due e divect habiest luas (Coumors ab al. 1%84)

wbird deasity on baavily dusted aide of Lightiy
traveiled tosds 1s Bizhse this os leas dusted otde,
fedteating roode st £2 suow Fences and dust
effeets sffect by foeillitscing smow welt (Troy 1987)
“early gucvtlt avecs feduced by dust shadows aloag
roads sietract and coacontrats sigratory birda
(espactally wstorforl sod ped-necked rhelaropes)
fo the of1fiuld anvlT 1a the stotiog begcom
(Trop 1987, Borphy ot al. 1587)

~benefie {eerly fesdiag babirse) o dstrinaut
{iscrensed {lsturbanse sud erposyce te
comtssinaste} sot docuncntad

~denpitles of sarly oenting spacies {eentpsinatad
wendplpez, duuiin, Leplend lougrpur) redoced iz rosd-
sida sross affedted by peraistant morbents cad
fupounduzats (Troy 1906, 1387)

=3,453 sorer of coustruction-related fspoundseats In
Frudhos Bay elifield gz of 1923, scree not guentified
for otber sdjscent of1fieids (Walbar at el. 1985%)
~seduced sheredind breeding denaftlen dut {meressed
denaities of iste sunmey tigrants {Connors et al,
—elinlested hablitst or reduced saftabilivy for §
ef 13 specian dering the bresding sespon (graater
vhite-frontod gonss, himg elder, sealpaloated
seadpiper, duwslis, Yaff~brosgred sandplper, and
Leplond lomgspwr) (Troy 1984}
—provided “praferred” foufling hahitat for zorthern
pintall, evd-accked phalarops, sod red phalarope
durieg bresdizg sqssecn, But sot *preferced” aastiag
habliest for say spoefen (Troy 1984)

~evarall Yreeding seasem Bird wse apd weatiag
population density lewar withle 320° of roads than
away from roeds (Troy 1984, 1937)
~higher thas sspected wse within 320°
long-billad dowitehers, ved-nocked
enow kmstivgs (Troy [984)
—eenlpalested sasdpipers und rod
lownr seoting densirias efjacent to roads tham svay -
frea roade {Teoy 1987)

~lowar ssetieg densitiee alemg roods shows fer
Lepland loagspars, dualims, arile sandpipars, azd
graater white-frested geesa {Troy 19487)

-lesser goldem—plovers avolded rosdpida arsas for
snetiag (Tray 1347)

~ted~ancked phalarope paly gpsctag with higher
westiag dsnelties sdlaceat to rosds (Trey 199}

of road by
phalaropas, and

~PoSr Peproduckive ouccess for Canads pocaa fa 1988
withis ' of reads {Murphy ot al, 1%47)
~eucesselul groster white~fronted gosss suste
Iecated aors thse 130" Prow rosds with

acderste traffic (Morphiy ot al. 1957)

~pipslingg and debrio along tosdsides provided

ze8t nitee for suov buatlage {Troy 1984)

~glewcons gulls I Righ eoncentrat{cue at Borth Jlops
Boromgh lead 111 1o Predhee Doy (Murphy ot al, 1287)
~foeding b7 warh ervws (Bnusos & Dherherdt 1981)

1584)

phalaropas -i:a!!lm:l_y

-toad wataring for dost
tontrel oaly lo sumsar
~depplta hasry weturieg os
Endicott toad, hesvy duat
wp to 150" oway (Burgess

& Bitchie 1947)

1=

~eulverts to salntaias

draissge patterns variably
affective

~culvarts not pesaible far laxgs
pads

~sous pipeline pada sod roads
pated teo ainfmize vraffic
indocad dust and dfsturbanca

~gavireamental edveetion

progras for work crews te
dfacourage feeding af
wildlifs largely fnaffective
{TSFW3 wrphl.)
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~¢ytuarfes which attract weter—
Fowl may be modified by grevel
rewoval fros {elands, teefs,
and gplits

wodifiention af
gutvesvine sod
ghoreling habi~
tats by gravel
repovel

vodification of
wmarize and chore~
{ina habivata

by construetios
of grave)l cavse
wveys aod srpifi-
clzl islends

-not predicted

ail apills ~detrizente]l te birde and
bebitat, btat threst set
gusatified

~pigratory bivds restrietad
to cogstal heblrate
erpecizlly welsersble to ofl
~tesi ef thousands of weltieg
oldaqusy sod lesser sumbers

of common alders, glavcous gulls

cud arctie terus

potentially affected

~dockes coveentrefed om rivers
durisg wigraties particulstly
vulpersble to afl o= wstar

-6l suspe or pocls may Ettrsct
sad cause mortslity of ducka,
ehorebivds, songbirde, snd
raptors, zopecially satly
algrants
-othar ¢entaninant effecks

wot prodicted

contsnlivante
saghore

coataainanta
of fohore

-not pradictad

huntiag
(recraaticaal
sod pubelstescs)

~sa¥ prazpures o5 relativaly
satonched brasding popalaricans

“u5 docunented effsces dve to alsor seounts of
grsval removal prist te State regulatica

~artiflelal gravel plar (¥rst Dock) wsed losa thes
ad fuceat sefulend shovelises by passerimes aod several
ghorebird species, but deesitian of red-wacked
phzleropes axtremaly Migh (Coomera at al. 1984)
~zaltfng oldequay densitiun lo Stusp Islawd lagoon
reduced 8 1981 sod 1957 by West Dock causevay
extension] sv advarse effects suggested by 1943
datzs {Bavircsphers 134Y)
~changes {e water quallry could affeet B{rd prey
tpeeier gvailsbility sed could modify galtmarsh
bebizat ssed Uy brood-resring end stagleg goess,
but offects not documssied

=5t sreesemaat ef eplll effects on birds
~fuw vaports of ofled birde

~birds ues veserve pite particulacly during apriag
staging (opon woter sarlier thaa tundra sites)
whea pits collect hydrocscions from winter apills
(2rod Pristos, ADEC, pers. cosa,y USFHS wapdl.)

“Be ately of axteut of bird vse of resarve plts eor
effocts of contzalnants o& raproduceiva productivity
“raervs pit Plulds have adverce sffects om tundra pood
watar quality aod macro-fevartabrate cossualties

(%28t & Savdar—{onz 1387} which ney effoct
ird food supply, but met studied

~USFYS dats show perslsteat Besvy matal and bydrocarbos
costszination from offshera drilliag afflvent diaposal
iz beathie sedimsats of shallov-water, lov-avergy
envircessnts; locsl offscty sa Mrde pors 1fhaly thas
ea other Zariss srgamions sines Danthie Iafonms ta
food powree for mariss dirds, bat set atudled

-got stedied, appected ts %a miser {a ef1fialds
—pabglotencs haating prossors 1italy {ocroased tu
Colville Dalts fTom sstablichoast of village of
Pulqzat In 1970 dee ta Predbee Bay developesat

“State regulatiooss prodikic

graval removal from lelsede,
rteafs, and splts dus {o conc.
for modification of lagoow s
eztunrice hablitets sed lose ¢
1slasd sesting habltsr far

efders, gulle, terns, sed geo

—oge FRESHWATER GUALITY AND
GIANTITY (FRUDHOR BT OILFIFL

~ADEC regulations teduced
gusatity of produced flufds,
and requited batter
containnent in pita

—2a¢ studiae of affectivensas
is aitigating impacts te
drds

~WPDES parmits limit disposal
withis 2<m {scbath, affective
saly in soderate and high—sner,
savircamants

~¢ompany policies probidit
firsaras In oilffald

~8tata gama ragulatioms
grohibis blg game huatiag iz
enst of oil field
~prohiditions appareatly
affective {m linitiag

bird bamting epportunitias
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PREDICTED BY
TA¥s 813

IHFACT CATECORY

AUYDAL DRAlTR:

HTicatioa

tucreased pred~  -uol predicted
atfve from higher
predator popula—

tious

’

barvievs to
bird wovemsats

-~uot predicted

=}l Virde driven from
gonstruction aftes, at lmsat

coed eed com-
stractios disp~

turbance affects  teaporarily

oa vesting ~telaresce to diaturbasce sot

watarfowl guantified
—pt4be, g¥ane, loow, ¢rangs,
taptors leea tolsrant of
disturbsnce thas paeverieves,
shoretirds, scae docks
~disturbznce of femalas o nvapte
could lead to sbandonment or
praedatica

Fosd and -gae above

coastrestion

disturbanee

affeers ow brood-
toariag geese

airecaft disturd -s2e above
znee affects oa
gocos debsvier

bumsa pedestrize
disturiance
effacta

~eed abory

~ebeerved high predetioe te braat and Cevsds gooas
szete by for and glancows gulle {umnaturaliy
bigh predetor populstlons Is offifinid):
© Paretic for depredsted 2 of setfve gouse seste fm
15983 o564 14% fa 1504
Palovcous gulle foproduted 328 of activa gooss sezats
iz 1985 und 2% 4 1984 (tsrphy at al, 1984, 1947)

“occasfons) trapping of fomes
~gorbage managesent {weffectiv

~shorebied nesting mstcens Blgher fa 1572 {a Prudhos Bay

aftrer for popalavions daliberatsly reducad ¥y trapping
(Rorten et gl, 1973}

ol 17,000 Birde catizated firiag over 7.8 nile
section of nev poveriiss, 19-1%0 (.09-.891) satimated
eolliatony {Hurphy et al. 1987) .

~savere behaviora) rokpossas to pedestrisn snd wvehicle
traffle durtag tond~croaning artempte by Yrood-rearing

~goae powerlises buried
or hung fros pipelines

seow geese aloag Padivott Zoed {Burgess & Lttehie 1987)

~13 posw geese o21iided with s Bock Yeavater
Trestwout Flaat {4209, FATO, comm.)

~olifield ectivity asd 4foturbanca poszibly altaring
turdrs pwee dlerribution ped fecroseling reproduceive
effort (Murphy et al. 1586, 1987)
=ailfeld disturbence ove focter {afleencing low Canada
goose swd brang docadiag ¥roductivity 1n Lisburse
Develepment Arsa {Murphy ot al, 1988, 1%47)
~Casads geeee and gimatar white-frosted gezse altsred
bahavior pattavar pear vosds durfsg oeotieg ssuson
(Morphy ot al. 1984, 1%8%)
“cumnlative uffpetas of phyaiolegical atreas froa
disturbance {apacts mey affsct survival and
raproductios retas bat 20t pasesced
~disturbances effscts oz cely 0.3, soow goose seating
eelony predieted Iw HIS for Pudfeqet develepaeat
Froject; woaiterfng stwdlee thes far fodicate nolse
and wvehicle traffic aloag Eadlcott oad (1 atle from
e2iony) lnflosnced snsw goose vesting babavior patterms
ef pest attesdance, zod aesting distributica; snow
§005e nsting suceens ratsa lower and gesling sortality
Fates appesy highar subsequeat te Zadiecott construction,
bat 20 lapect oo mumdsrs af geeaa i colony shown
(Bargass & Ritehia 1986, 1987) ;o

4

~brood-rearing saom gesee raraly fad wodisturbed withina
B of Zedicort rosd tariag haevy comstruction rraffic
L2 1983 and avoidod road fa 1906

{Pergsee & Birehia 1988, 1%7)

~aild but statiotfeally datectabdla affact ca
brood-reariag seow gease activitian wp to 1.2 miles
frea Bodicott road (Durgess & Ritchis 1973

~fignd~ving alrvepafe avarflightes csused resctioas
by 337 of mele and 191 of B2oting smow geesa
{Durgass § Ritehiq 1947)

~lean thes 201 of grester white-fromted geess and
Canads geasa resetsd to firod-viag and Set
adreraft, but 407 rescted ve holticoptars (Murphy
at ol. 1347}

—brocd-tesriag snow gease reacted e 323-711 of
alreraft disturbeonce avents (Bztpby ot al. 1987)

~2ots than 3T of Comnda goase rescted te
prdasirian digturbeace events, tnelufing
trask cless-ep erees (Marphy et al. 1281

~toad closures during gy
te raduce digturbsnes from
vehienlar and human traffie
partially affectivae
(¥etarfloed, Kupsruk plpeline
road, Tisturne pipelime pade)
~#intar cosptruction of toada
45d pada to aveld constructice
{apacts; not for mast Twsent
wa for projecta
{Lisburce, EZodicott) be
preposed for Xuparuk
axpacaion

~zeq adova

=£1{ght corridorn and flighe
cailings eateditsbed far

. Badicott developmant ta avoid

disturbance te nesting aed
broed-rearing aroes gemeraily
affective, but scoae complisnce
probless with sca-ollfiatd
sirczaft, eod westher comditica
often weceselitate lowar fIfght
¢etlings for zefaty trenscae
(Burgass & Ritehie 1987, Carmer
§ Raynoldo 1584)
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DEaCT CATECURT PLEDICTED BT ACTVAL LERALTS KIFICATION
TAPS £18 N
diregt ~¢isturbenca/meresement Yy husanr ~disturbency of fudlfvidusls sod groups during “testrictions os Low-lgeeld
digturbasce sctivity, selee, wehicliss,

sfreralt ete. during TaAPS
ecartrwetios and oparsbice with
edveras phynlological affects
o fediriduels and 1ikhely
svoldasce of disturbance arsas

ebstruction of =il pipelice ca gravel berme
Roveneate -
resalt fa:
tdelay or failura to reach
ereditionnl hakitaus
treduce effielsscy of renge
atillsstion
#ieolste frem apsentinl racges,
wltinstaly reducs populaticus
feogbivad TAPS/Prudhoe Bay
ellfleld tufrastructurs eould
substantially 1efluence summer
reuge etilization slong sregie
CHEET
~abovs groumd plpaline on Sersa
1z vicinity of wppar Sspavan~
{zhtok e2od Atigun Bivers could
obatruet large spring sfgraticas
~toad troffic 2z additive

fnflucece to plpeline ou movemem? ~cazibos lezs auccesefsl ta

~sbove ground zlevered pipeline
with frequeat provieion of dest
evellable deslizgn salss] eropeling
faciiivies, partial barsier te
ouvercnts otill predicrad

dipplacemant
fros prefarred
habivats

~fisturbance Prom TAPS and
Frudhoa Bay cosstructies

and operation could couse
aveldanca of activity sreas
~{screased ortality of displecaed
fulnals ar Heplacensnt of

ethar sinals 19 sdjourning
bebitars

direct sortality -emall esoget of gottelity frem
satrapment 1s sod {{rchas, pipa
trevches end mnowdrifra if laft
mattendod and saridow mot
disturted by other human
setivity

~{agrenacd portality froe
eellislons with voad vahfclos 3f
carftos periedically stirscted
te veada by &1fferential puow
end ragutation conditions

~general Inczones pod
eoseentratisn of bunting
preasure 1f TAPS cecridor

eorth of Livengood opsned

te public uspe

For wijor portives of TA¥S could

plyaliea coustruseion ood afilfield developnaat,
end coutiouss wich epetations] activiclias
{Cavsron av 81, 1978, Mtdeler 1846}
rhyslelogical strecess sot atudied
~fisturbed aress gvelded (Coseron gt al. 1979,
Feideler 1966} .

“woel sbove-ground reciicas tltinately supported %y
vErtiesl zupport mewbere whieh &llew cartbeu pansage
(ees wirigavion) .
~TAPS Toute gewsvally parallels eoclbou algraticoal
reates, wot perpendicwlsr darrier te wigrazioa
Tentsa (vewtes wot well knows whea predleticay
anda)
“sgring aend garly pewsar povesents across TAPS
sbuareally lew (Bhictes & Comeres 1943)
“eureal eset-weet novenouls during sumwser in
Prudhoe Rar cosetal sees 200551511y blocked by
Iatunefve ledustrial etrecteres snd sctivities
{Fuittes & Camsrom 1983)
~u# lerge cprieg Blgrecioe sinee TAPS coustructicen
~cause 6f wo post-ecustructice largs oprisg
slgraticos wlvows
-large migretiomz of Westare Aretie Rard occurred
¥rior te vonstruceioce
~ectual lppscre sz lsrga spring sfgrationg unkrown
crosaing elevited pipeltaa
vhen parzileled by rosd wich traffic {Curatole §
Barphy 1983) )
=Centrsl Bretfe Berd speing znd early sueser movemsata
acroas TANS partfally vestricted {a spites of extenstvs
alevared piyalines (Wnlrtes & Caparen 1383

~femalas with yemmg eslves avoid industrial

aetivity svsas (Camerce et ai. 1979, K.¥. ¥hites,
perh. comm.) durlag ealvisg and post~calving sezpons
(late Hay-daguat)
-effacta of displaced ealvisg oa survival and popalatica
dynamica pot tdequataly atwdied

~Teervel of solves ond drova bears nay partially .
- -compansats for ealvisg displecemest izpacts (Wilke 1977)

~ietle sorvality from eBtTapaeat

~diaterbasce tapt caridsa from encountaring theza riakp
-low factdence of mortality from vehicular eolltafons
~telstionship otwess vehlenlgr collisions and
ARtTactica factore sot stwdfed

~in spite of Pepartmant of Praneportation restrictions
2 pablie steasn, buntiag eleaures, sod prodiditica of
aff-Tesd vedicias, sptimated barvest fncressed from
lesn than 300 fz 1983 te ovsr 1,000 1u 1983

(5.9, Wnjeees, 49746, pars. cosm,)

afrceafe opeeat{ons cod
vildlife harceoment
{mplesested snd moaltorsd
during TAPS counstructloa
~coaplisnte soe 100T, Bug
over~411 harssseany lwpacts
reduced
~toise, ground vehicles, and
bumsa presesce disturbanes
wet completuly svolded

~deslgs modification from
erigical oo-the-ground
pipaline daeign to zlevared
plpaling roduced fmpact
atipuletions fwplevented for
wlalpos pips elsvorica 1z woat
ebova groeund mectlons is hnows
Borenast corvidore
~earibon movements pareisliy
facilitsead by adequataly
alevated pipe
—effectiveness of glavated plpa
graatly reduced where road
traffic adjacent te pipelfus
(Curatolo § Burphy 1983)
~woderste consolidation of
fac{litles without 2fgnificaat
banefit to cartbow
~aeparatios of reads amd
pipelfaes partfally fecorporated
1z recent ¢f1ffeld development
deglgn
~tosd/plpeline separatlion
effectivenass voriable baszsd sa:
fintenalty of fodustrisl
laf{rastrocture
feavironmestal factors
¥specifie movemant pattarsa
(Curarelo & Murphy 1383}
~eztesslve elevatad pipelins
acceedates 211 snd wister moves
—aitigation ealy partially effecty
for epring zod early suemar
- sovesents (Balttes § Camarem 1983

~tising rastriction of comatrmetic
activivian znd traffie restricrie
partially effective (E.¥. Whittes
ADFEC, pars. comm.)

~fiald wonitors patrolled TAPS
durisg construction, fdentified
potential snvironsental harsards
and msde recoumandations te
appropriste suthoritisza
~implementation of atrictar ADOTEFF
sad Alagka Ceng Code provieloss
ta hunting from Reul Rood resuitsd
ie subetantially reduced barvest §
1766 (RX.¥. Wnitten, ADPEG, pars.
comm. )
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redeced growth ~local siwoephertie condlitiouns
snd survival of st TAPY puony stetions conld
1ichons (fopare reduce or cospletely slimiasta
csak wistar lichrne e some czace
forage} frem ~arténsive vinter rsuges mske
stgoapherie pol-  local effects weglipgible
lutants relesssd ~(0 fotarnedlate lavels of
by TASE pump twogpheric polivtssts from
weatlons puoap statlioss sors widely
disparsed, Ifchew groweh
could be reducsd over larga
sres and thue-reduce carryiag
tepaciey

~effocte af dtwosphecte pollution ee Ytehens mot ~& g
etudled) likaly segltgible due to use of low-sulfur
fuels snd peoduction of fow-gulfur crude
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disterbaece

direct wortzlity

loae of habivat

ehstroction of
SUreRenls

fosding ¥
brzan g

disnass
tresesittod

~df{sturbauce fron comatruetican
activitler would dignlaoca
eulmals
~lower levels of disturboscs
wvould coatinve throwgh cpevatics
~widy rangieg species (grinaly
besv aod welf) lesst affacted
~gheap meel affvevsd
~asemels wey M detarved froe
pipelive ares dos te lasulatica,
cdov, scund of flowiag efl,

. aud differaeeial sacw

T secumelaties fros delftteg sround
pipelloa '

wagvaidence of ¢onstrucelon eoted, nor
guantified

~seved of ofl In pipsiine not & problen due to
insulecion srovad pipe (DSKVS waphl, )
—oder sot & probles

~fluplisced enlozly conld reowit
is reduced populistiona

~diroct mortelity te mecse from
traffie collfefeas

rpipeling conetruetics divck sap
esttep hoofed salnsls eud baary

~leige peabars of probles bears Eflled (dafenss of
Hfe end property) duriag covstewetion {Nilke 1377)
-maay of probles buare ecntisue te be X{lled
{&sfeuca of LMfe yund propacty) aftsr coustroction by
sslatensuce crove

~zertalily related vo awimal feading; antmaly
~grizely bese, polsr besr and sttrncted to right-uf-way for hesdoute struck Yy
Ball shesp sost divectly wehfclas {Wilke 2%77)

faflvenced frox Imesssesd busting -wonss Boctsilesee frun traffle colllsioens £ Obon
pracoure ~ Ingroved sceens reeatranse, Betl wsgeswelified

~kabitat loae weald dipplace “RG satrapeent in open dfited reported (D3NS wapbl.)
sniesle sud rewalt fa reduced “RuTerEl Taports of furbesrers shst by truckara
popalatiowy (Hilke 1977y

~improved ctease followiang cosstroction resultsd fa
grestar bontieng and trspplag pressuce and reducod
simbers of gowe cnlmelz near the Pipelian

(ADPES wopbl.), Illegel husting recognizad as
gevicus problem by State, dut Izplications on

large sesmsl popelstions sot quantified

~f4r Segavanishtok River willey, 135 scree out of
3,875 errer (213} of ripariss moces habitat was
dizterted by TAPT comstruction; 581 of thia habitat
(238 serus) exuld wot be rehabilitsted (Detsnore at
al. 1M73

~harbivoeres way be atlracted to
vagetation evar bostad pipe sed  -ao prefervestisl feading reported (USFWS anpbl.)
to 20w frae conditica dua te .

heated buried pipa ’

~affeet of shove-ground portica
of plpeline vz large mavamal
BOTERaEl tamnot b ccmelusivaely
prodicted
~knowiedge of bahavisr voseties
te lindted sod ot 3 pownd benis
for daalgn and ppocing of anfmal
crcosing Facfltioe
~above growad pipeline wieh
frequeat provinloss fay salmal
erpeeleg feeilitina of Dest
posafhle design vowld act s
partial darriar te Boofad asimals

~erossing diffizalites for grizzly basr
sod BOOUE 8OR Terorted (USKWS oophl, )}
-tee CAREIOU (TAPS AND FRUDHOL BAT OILFIELDS)

~carniveraa, particulsrly Beare
w24 to a lesser asteat,
welvae aften crests sulsances
ot dapbtToy property
~imprepsr dleposal of trach
conld reselt fm coruivorsy
dependlng apoa pa srefificlal
food pearce end loslug foar ef
man
~fosding would w8l pecur with
constractiva Yol wald with
sablle wae

-uxtsmdiva fooding By couatruction worters aod
enng parccanal {(Rilke 1977, Pollmes ot al. 1990}
“ispreger partage d1sposal asd faalry iscinstaties
evumon, garbege a2 feod source resdily avallabla
(Milke 1377}
=bulldinga eod wehfelsg
for food {M{lke 1977}
—uetahle eoncemtvations ef besre nad wolves bear
etzps fooding em garbage eud handouts (HElke 1977)

dsmaged by baste szarchiag

et prodictad ~oevaral workevs B4R by prodlsa znimla requlrod
tadlag vaceivations pud zalmsl esually destroped

(Fallzes et al. 1980)

=~iapects of hebitat lsas on large cameale sot Quintified

~congtructica fa Atfgue Canyos
scheduled durfag wid sod lste
gusset whae shesp dre sootly
dlapersed to the pouth

“sona gravel mindng sites withi
Dell sheey lamding aress
disapprored {Burger & Jwvencon .

~corridor of five milee s

both sides of pipelime
centerlips elosed to

bunting with firesrws, sorch
of Tukom River .
~huatieg and firesrss prodiibited
durf{ag construction

~firesrse probibited In oflftield

~stipelation Tequiring
facilicvien to allow
pasaaga of lavge
anizals

~plpeling company sati-
faading polley fmaffoctive

dur to lack of enferconent
~feading Frobles termed “eat of
ecatrel” Tequited pazzags of
Btats leglslatiocn prodibiticg
feeding avd gsatting o fize of
41000 (Brete Law SMAL 81.18,
Peoding of Gaga)

~ralecation of problen anteals

{naf{fective
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direct Impacte ~dirvect impeet of constructice

from censtruvctices oe senllast masesles (microtipes)

of MHmited segnituda snd short
futerfon total 3¥,21% seres
toee, aely fndividual selwula
with bone vacges withia sr
wearlapplug sctusl eoemtruation
stose would be dsatroyed er
dinploced

habtitat altar- |
ation withie
conptructios
rone

~vegetative cover Tesderad
uneultadle for swe gpeclas
replaced ralatively quickly
by evver fsvoruble ke
alwflar pr releted shectes,
thus alsfnal met loas to food
chaia

fodirsct hebieat
txpacte from
crastrection

~litele ensvureble fndirser
lopact ox total syotem,
therefore seell Ispact o
zesll sremals (aterotinge)
~little adverse divact ar
indtrect fepsct os larger
rodests awd small predsters

fecrensed aotl
temperaturs &%ove
buried pipelina/

=poteatisl for dirsct znd
Indiveact lmpacts
~haat from betled TAPS would

algroclinate favor vegetatlon growth

ad Jaceat te ~would benafit smaller rodents
elaveted ssc~ beat sdapted to favored
tices of T4P3 vegetation

~woeld benafit predators
{sccassed teap-
plag prasdsures
o Pertasrsrs

~gdditiasal trappleg hsrcvemt
scceptadia with proper harvest

il epills ~direct pdverse short-terw
{opoet, lavel of ispact
contingeat o2 place, hshirae
and sessom, rangisg [rea
aliputa b2 gavare

~pos2ibls mortaliry to scavengare
frea ingestiag patroleam
frem of)-%{1led mineiy

.mcruso‘
grodaticon

~&ot predictod

ripartan hed%itat
eltareciom

from satarial
sitag

-30% predictad

-attual gmall mexwal hebitat daotroyed or
diaturted 33,500 wcres for entire TAPS route s of
July, 1978 (Paaplie 197%)

“epprocisately 5,262 seree of vegetsted habfrat

(ousll mammel haditet) lost or elgnifisantly dfaturbed

for Forth Slope {Pamplia 1979)
~direct deatruction or displecement of saell szemqals
ot quactifled

~ispacts on miceTotine denslttfes and distributicus
locelized and relatad to fepscts ou vagetation
commeities (Brisk 1978)

“habitst loes grestast lupsct ce sicrotine
rodents, but algnificsoce te locel population
danpitlss uaknows

~64t lepacts tot queatiffed

“potitive correlation between small memmsl population

zod dfstsnes fros sesrest pipeline structura,
probebly related o habitet prafaresce (Brisk 1978)
~bebitet altereticns affscting wlerotines caused

ky gravailed aress, wster Ieundatice, Just fallout
end zoating, vevegetatiog, off-voad vehicles
disturbasce, sod ol conteninatios {Brink 1978}
—enell miwesls ebsamt from study eres inundated ¥y
wzter lapousdeents doe te insdequate drainage
etructures {Berink 1978)

~igpacts oot documented

~{ncressad harvest dus teo isproved sccess
but ivpact level pot documented ;

o

~2¢ ksown lupacta

-predation e aderstings lncreaned alomg TAPS sad
Bsul Road corrider due te sartiffefally high
denattian of Arctic foxss sttracted to-artifieial
feod sources (1.4, garbage scd digect Peedingl
along pipeline and voad (Bcink 1978)

szd diract foeding)

=mbtnced groond squirrel babitst snd incronsed
ground pquirtel populeticus withis dipturbed aress,
efter complation of pinfag (Yooduspd-Clyda 1980)
~regetation resoval e Aretde Iloodplaiaa
alisfasted or drasticelly reducod local populstions
of rzll niervtine nopmels other thaa grouand squirrels
(Poodwnrd—Clyda 1900)
~rate of recolonlzatios of alned sitves dirsctly
veleted o redovelopoeat of vegetated hadleats
(Boodsard-Clyde 19$89)

-Bicretines €14 not bagla to reses £isturded armag
&3 primary habitat wsitfl devalopeant of a oultl~
lapar of vegstation sover withk dencities of st lesat
80708 (Boodvard-Clyds 1990)

-stabilizstion and rostoratica
required on all dfeturbed zreae
resulted 1a largely umescoessfu
testoration

~ulverts reduced gsoma tepounding
~afeigation of dust ahedow effec:
wininal

~TAPS/Baul 2cad corridor

tlosed to trappiog during
coasttuction, probably affective
“no aubsequeat mftigation

-design standards, ralvas,
survei{llance and sonftoriag
teguired to oinlalze riakx aof
sptll

~approved oil spill concingency
plans required, ofl spilil
reporting raquireasants

-fenodiate elesouy requized
of all spills

-incivaration of solld wastes
~anima]l faeding prohidited
-aitigation only partially affacts
dsa to poor waars managemeat aod
iasdaquats enforcessar

~stebllization and rastorstios
requirad os all disturbed sreas
but largsly umsuccessfel
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gravel Fiil ~tetsl loas of &,743 scren of ~totzl lose of 11,825 seres of vola, shrew, lenstng, “miefmise Impacts theoagh ef
Euring babitet frow grevel fill #ihe and pquircel hebfrat from grevel (111 1o of{lfiglds constfderatfona
cosgtruction ~popalation losa wi{ll de ssqll {Tsrle 1)

peceeetage of total populirioms

habitet lozs dur -wot predicred
ta pad sud voud
palatesacce

bydrocarben o ~ingestion of contamineuty
othar conteminant -hizh lovslized mortalfry, bur
spill oz bundrs emguantified
~lerger predatory eammals proy
ot contaninstad swaller mapcals
{i.e. Pox catisg wolas)

{scrosesd pre~ ~not prodicted
datios due te
iecressed lox

pojulations

“populetion lewel inpscts vaquantified
~oong Aratic fox dou slites covered by gravel f11t

~vegetetion looe frow sncw teuoval, spreading
gravel, debris, gad conteslpsats off edge of pada
and reads (¥slbar st ¢f 1987)

~lose and change of wgetation from tosd traffte dust
(Brown & Berg 19&0) precumed tn Inpact sxall saomal
yopulatices, wot quane{fied

—many a{1field pit lesks during 198487 period,
ADEC docuwentad 19 pits Tesking (ADEC wnpbl.)
~impact o wemmale ot atwdied :

~hretie fox populstions mot Furveyed, but high bird
nest pradaticos documeuted (Marphy st al. 1935}

~Iikaly fvcresses of predstion ca alcrotines Yt
B3t etudied

UDAGE OTLITELDS)

MARTWE WAMMALS (TRANS-ALASTA PIPILINE SYSTEN AND PR

~tcae slting svsy from fox £

—suow reaoval plang provide

seliectad snov removal locat
~only parttally effecties, &
still put o tundra, Bwt oo
localfized

-rosd watertng, oaly pertisll
affactive, sourcas Iimited ¢
dcue ateas, coabsmimated wat
oftes used for vesd wateriag

~{mperasadle contafansat bers
pit elean up zchedulss
~afitigetfon only parcially
effective (USFUS unphl.)
-see FRESHWATES QUALITYS
QUANTITY (PRUDACE B4Y OTLFIE

~trash and wvsste cootrel
—geoerally oaly parcially eff
because foxr zels sceeas to £«
sourcen eor purpesefully fad
¥orkars

THPACT CATECORY FREDICTED BY

IAPS £13

ACTUAL DPACTS

MITIGATION

ell pollutios ~2 adulore of 54,000 bsrrela of
oll eould resch the parisa
eavirenmont 2 3agavenfrktok
Rivar {s aveat of 3 us jor
pipaliza bragh

«gil veils sod fesder pipalines a
greater threat of spill than the
TaF$ Une

~%o major sp1lla lats the marfae enrlroomest have boen
documsentad ’

~wheles prasest only sassonslly se

sxpogurd woeld b briaf
~pslar boar are hghly 2obile and
eenld toatact ax mcomaolidated
oplll
~if larps quantitias of #f1 becase
4lsparasd 1n the Beanfort Sam,
Bielogieal productivity throughes
the food chata conld s affocted

et roansd
huntiag
Pressdre

-aot predicted

eteeoction te et predicted
busss

Foctilitien

reduced dovming oot pradicted

fa dovelopmesnt
aves

t

~lastancer ef legnl ar t11sgal tska of polar

boar (USPWE ampdl,)

~srveral bowdesd whelss takes deving sudaintance
busta focilitsted by Leproved szccsz end i)

of construction facilirtes on lzisods {VITUS wapdi.)

“pelsr bears and other ecavengers sitrectsd te
facilities, soam dzstreved a2 suiszncsr, alzo sone
instancas of tepreparly dapooed vaste nateriats (waste
products frem bovhead whels betchared at Yast Dock)
attrected polsr bwaz (ESFY3 wepbl.)

~zolar bosre bave histertenlly denzed tp
of Prudboe Bay; Bo rocest mezerds

~tinged sral denatlng ow fce madr davalopmoat eren
benporerily veduced derleg cvsirectisn (Prest é

Lowry 1904)

vicinity

—ctontingavey plensing (leak
datection and locatiom,
aloialeation of apill, 28d
ceataineent

~see MARINE WATER QUALITY

-3tate regulations comtrelling
diepossl of wastas generally
effectiva
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f e £are oard
bucman eceens

tecrocred demand
fotr land nae sod
cwostship fe acea
ol Jactnt te plpe
ltee corvidor

ghort ters ood
perasvest gltar—
srioce of lesd
valeta

sltered pubsie~
tence valoes

~accees to 140 efte strlp of
lawd fros Brooka Ringe to
Besulary Sea not previcuslv
seeeesibls Y roed {total
£Lreags &CC658 pot predicted)

~telativels llafted dewand due
to revotenzos gand climare
saverity faetors

=temporaly and peérmansat
eitarntios of chout

5,508 pcrem:

treduced sesaie valoe
(gestbotice)

Praduced recrestioss! welue
(fish ntoek depletien,
reducsd game puabers)

~a1} eplll cowld result im msior
{spact te aquatie gspecids uvoed
In subsistence, BIS eatimsted
25,000 3B1 would cover 4.6
scves of tervestrial hsbfrvar,
enknow: res {8 squatle hebiret
4l gturbsnce te rivera and
Floodplalaa conld reduce fish
populstions important ts
subsistence

“eccess 1o shout 1,800 sqeare miles wned For Mustisg,
tecrastion, flahing, atefeg, towriss (BLM 1987)
~gignifleant fapact froa corrider bicoalng ws for
tosmerciel troncportat{es arterv fros Horth

3lope to rest of Alzeka (ADGT-PF sapbl,)

~hiah demand for lsadn edjacent to >peline corridor,
BLK presentis sddressing dewned theuw ZIS procens
{BLE 1947}

“two sress {Tukom Rfver crossing asd Coldfoot)
presently developed for pipellme service

factttefes: sore sre 1fkale

~fapuct te ocenle and recrastionsl vsloes !s doubls the
esount predicted, {.e., 18,%00 scras (Fawplis 1979)
affacted during congtroctios

~operation exd mefntensnce added additional

efgeiffonat fmwpacts to corridor due to sdditioaal
gravel gxtraction sod Keuwl Rsad upgrade

~htigus River apill (30,000-)100,000 galloda?) ealw
&8 Jor TAPS plpsitas zpfil

~weveral epilla st cazps eod other facll{tiagn
wetivates of fopsctss

-vilve eplll at Pranklfs Bluffs (1977)

1,300 bbls over Y peres

-cusulative amall apills, astimatq $-10 seras
(ADEC wapbi.)}

~see WATER QUALITY AKND QUANTITY (TAPS)
-eigniflcent disterbancs ta floodplain area froa
comatruction and miterial sutractica

-potential gsse populstics reductions,

ot guantifisd

~land uss plasaing ¥y Stata,
Borough, and BLM

~land use restrictions net
coaprahens | vy

~lend wee plamnning eobt addres;
all fepacts of TAPS operstics

~couptehenalve land mac plannt
~along the disposal srocess 1
oagoling, level of lnpacts
and glffectivanass of
plavning process csonot be
asseoned for manv vears

~conatraction stipulations
(Algsks Stare 3tipulatioes
for the Trans-Alzsks Pipellne
~jotwt Stite/Fedaral

everalte of constroctica
effective in veducing Impacts

~55¢ oll apil]l mempuree ig
FRESHWATER QUALITY/ CUAHTITY
(1AP8)
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plrated lind use -Alegks Merth Jlops consldered —ectual etes of fapact sfgaificestly graster ~stacdard eiring, constrvetiom,
pattere—chrugs fu lsrgest fatect wilderness sraa than prodleted, 800 squere wiles of and operztion stipulatices,
exstherica fu Weited Srates pristine wilderness permantly sltered Iacluvding conmolidatica of

~devalopesat weald Taduce space,  -prolifersctics of developsent ea-going facilfefes to ulnieize vioual

bahitat, aud seteral acesle fupsce, oaly sargisaliy

quslities eflective

~wilderaees fatrusion would

b b porvanant
“plecaseat of 16 ulllion cudle “plocenent of 80 willion cubfe yards gravel (Table 1)

yarde of groevel for coustructiow
of of1field developmant

fulrastrecture
tncroased ~predietad te ba both ~toad access to sreas previously tnaccesaible by
human sccose detrissntal aud besaflelnl wvebiicular traffie: :
2dgtrieental frea Insrvsacd tigring winter about 110 utles of cosat from
presyace of aae Eufgoat {64 stled weqt of Prudhoe Bay) te
*benefictal ¥y providies greater Folet Thomsos (32 miles cast of Prudbos Bay)
opportunity for fndividuale "luring sxener, sbour S0 miles of coast accessible
go sxperfeoce vildernses ~bepalfit o psblic wildarnzss ¢xperieacs aot
“ineresced bunter secssy and toealized becsune roads axveraly reatricted for
praseure =ould b sisissl dus efficinl Busfazes use or by Worth Slopd residents
e resotesess end logfetfeal ~Pradhoe Bay mov actlve dtzglog ares for humting
coat to socesd &UGA end fishieg eetivities by fly-is recrastionaliats
focresas {8 laod -1fmited demend deyoud efl =artanzive developurat for aupport services (Deadhorse)
ues zod cenarehip Lndustry seeds lu fzsedfate Rot pradicted
iy areas sdfuceat Prudbos Bey arza ®38 arivats leavee of stats property from ADNGR
te oflffeld spprovisate toval acregge = 1,500 scres
development {2D#E waphl.)

talrport snd GDOTLPY telited activitles and
legzes » 823 seres (ADOT waphbl.)

winter fwedta -gee YRCETATION (FRUDEOR BAY
travel/sparaticons OQILPIZLDS)

altared gubslo~ ~addressed fodlirectly fm ZIS, ~pradicted tepact of graater buating pressure sceuread
tesea valoes stating that davelopmest would —tetal elosure ts buntisg of large portlons
eausel of the Morth $leps within the etlfiald, about
Ffrocreationsl ccapatition with 323 sguare miles amot aradicted Lo
Bstive sabsistemca sctivitias 4=
8 graatar reatrictions ca bag
linits
curulative sffect ~mot prodicted ~severs]l additional oflfiqlds have or waY cause tepacts
of dovelopsant of of sinflar nature 2nd peops as Prudboe Bay:
estelite oli- i. Exdicott 4, Colville Delra
flelds as direct 1. ®ilas Poiat 3. Point Thomsoa
rasnlt of Prudhos 3. Soxl Island §. Arcric Mational
Bay Flald aod Tiditfe Ratuge
TAPS

—accers restrictionn reduced
fapact frow increazsed
recraational wee, but ser from -
locs] vesidents znd {odyeiry mpe

~8tats sgescy regulstion of
support gervices actirities
ocaly pertially affective, worst
viclatices of regulaticas by
ailfield service sctivities
(ADEL wopbl.)

~standsrd, "state—of~thea-art®
aitigation with potsntislly
sa2¢ short ccalogs previoualy
sxparienced
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V. SUMMARY

This discussion summarizes the salient points of the preceding comparison
of environmental lmpacts for each of the resources considerad,

A, Afr ggglitz .

Predictione for the pipelinas and North Slope pump stations were that air
quality standards would be met and that gaseous emlssions would be low.
Modelling of mitrogen oxides, sulfur dicxide, and carbon monoxide levels,
based on manufscturer specifications and source performance tests,
supported these predictions. However, no amblent air quality monltoring
has occurred slong the pipeline to verify the modelling results., The
wost gerious air quality problems documented during constructlion and
cperation related to dust from wind and vehicular erosion of disturbed
areas and voads, particularly the Haul Road. Dust Impacts, including
impaired visibllity, were not predicted.

For the Prudhoe Bay oilfield, no guantitative predictions of emissions
were made. Limlted amblent air monitoring data from the 6il industry
(for the periods 1979-1980 snd 1986-present) indicate that national
standsrds for nitrogen dioxide, sulfur dioxide, carbon monoxide, ozone,
and total suspended particulstes have all been met on an annual basis.
However, short-term violations of ozone and total suspended particulate
standards have occurred and levels of non-methane hydrocarbons have been
high, indicating that temporary deterioration of certaln air qualtily
characteristics does occur. The fmpacts from these short-term variances
en habitat or wildlife have not been azseszged.

The adequate ailr quality can be attributed to excellent dispersion
conditions (high winds and no physical barriers), the low-sulfur content
of the Sadlerochit oil, and agency requirements for best available
control technology, Inspections, and review. However, the current
development of the Lisburne oflfield, with high-sulfur crude oil, as well
a8 the continued addition of other satellite oilflelds, way alter the air
quality patterns thus far observed.

B. Freshwater Quality and Quantity

The EIS predicted only minor overall effects from the Pipeline Systeam on
the physical and chemlcal quality of water, with qualitative predictions
of some impacts during comstruction, but no impacts on water quality
during operation, except the potential for oil spills. Hany of the
construction snd operations impacts did occur; thus, the predictions were
sccurate in a quslitative sense. However, the frequency and magnitude of
impacts resulting from erosfon and sedimentation, alteration of natural
drainages, losses or impoundments of surface flow (as related to fish
passage), and oil spills were frequently understated, and constituted the
wost significant and pervasive environmental problems caused by
construction g&nd operation of the Pipeline Systea.
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In Prudhoe Pay, reduced freshwater quality and quantity were predicted to
result from drainage of one lake, gravel extraction, local oil spills,
and eroaion from construction activities. In additlon to drainage of the
lerge lake, numerous other ponds snd lskes have been partially filled
with gravel for coostruction of roads and pads, causing substantial
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. lomses of aquatie habitat. Unsuthorized gravel extraction from active

floodplains also had major temporary and ecme long-~term impacts,
ineluding siltation, sedimentstion, diversion, and impoundment of water
snd fish. Impoundments due to blocked dralnsge (sn impact anot predicted)
were extensive, vesulting in the flooding of several thousand acres and
the drying out of adjacent sress. Other aquatic {mpacts within the
oilfield which were not predicted include: contaminatlon of ponds and
lakes adjscent to drill sites by hesvy metale and/or hydrocarbons from
reperve plt discharges or zeepe, lske eutrophication by sewage, and
epills of hazardous materials. The blological implicatlions of these
chinges have not been fully assessed,

The frequency or magnitude of erosfon and gedimentation Impacts were not
quantified in the EIS, although they were considered to be possible.
Actual impacts during pipelive, Haul Road, and oillfield construction were
widespread and severe, and recurring siltstion problems resulted from
construction in and near rivers, streams, and lakes, and from stream
crossings along the pipeline and Haul Road. Two unpredicted sources of
siltation were apnual road washouts and erosion of stockpiled overburden
at gravel excavation slites.

Pipeline o1l spill frequencles were not predicted, their size was
underestimated, and their anticipsted source was limited to pipeline
lesks. Actual impacts occurred from numerous sources, including
undetected leaks Iin buried fuel lines at construction camps and spills
from fuel truck accidents. No follow-up studies have assessed the actual
water quality impacts from oil spills.

Water consumption at pipeline camps and facilities was estimated, but
actual usage has not been fully documented. Predicted use did not
include quantities required to construct ice roads and pads along the
pipeline or in the oilfields. At the time of the predictions, the
technology of ice road/pad comstruction had not been developed. The
quantity of water required for development of the oilfields, for both
dozestlc and industrial use, was not anticipated. Initially inadequate
planning led to shortages, indiscriminate water withdrawal, and some fish
kills. Upon recognition of the problem, adequate non-fish-bearing
sources were Identifled. Industry slso accidentally or purposefully
created large reservolrs when breached riverside gravel pits diverted
streamflow during breskup,.

Recent development of stricter monitoring requirements for wastewater
discharge and implementation of Corps of Bngineers 404 permitting with

agency review and monitoring have been critical to reducing overall

iepacte to natural waters, as has State coumpliance monitoring and
regulations protecting water quality and anadromous fish streans,
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011 Industry veporting and elesnap practices have been relatively
effective in reducing oil epill volumes snd impacts to tundra and natural
water bodies, but service industry compliance has been a problem. Often
the specifie offending party cannot be 1dentified or located. The recent
refusal of oil companize to accept and inject third-party (service
industry) hazardous substances can be expected to Increase the incidence
of 11legal disposals to natural vaters and wetlands.

45

C. Harine Water Quality

Since expansion of production Into the marine environment was not
foreseen In the EIS, the only effect on marine water quality predicted to
result from development of the pipeline and the oilfields was the
possibility that an o4l spill 4into one of the ma jor streams along the
Aretie cosst might reach the Beasufort Ses. However, the probabllity of
such an event and its effects on msrine systems were mot quantified.
Although major spills have neot occurred, numerous minor gpllls from heavy
equipment operations, support facilitles, and drillsites have entered the
nearshore zome. The cumulative impacts of these spills have not been
assessed,

The additional effects of seawater treatment chemicals, drilling
effluents, and other wastewater discharge from offshore drilling 1islands,
and alteration of oceanographle conditions through the construction of
causeways, were not predicted. Some adverse effects from these
activities heve been measured, but their implications for blological
systems can only be assessed over the long term. National Pollutant
Digcharge Elimination System permit stipulations appear to have reduced
discharge effects, but effective mitigation of causeway~induced
oceancgraphic changes has not been achieved., °

D. Freghwater Invertebrates

Localized toxic responses were predicted for aquatiec i{nvertebrates
gubjected to oil spills or oily discharges. -Local losses through burial
of invertebrates were also predicted as a result of erosion and
sedimentation during construction and maintensnce activities. Neither
the magnitude nor the duration of these impacts was quantified.

Limited post-construction atudies have shown long-term reductions in
productivity and taxonomic diversity in some streams adjacent to the
pipeline and Haul Road, although no atudles were conducted during
construction when impacts were most severe. Numerous oll spills
contaminated both lotic and lentic freshwater bodies along the pipeline
corridor, but neither the extent mor duration of biological effects from
0il contamination have been assessed.

There have been few documented spills of oll directly into freshwater im
the oilfields. However, contaminated snow bulldozed off the pads and
lightly oiled reserve pit fluids have been sources of contaminatiom.
Loss of c¢rustaceans from tundra ponds recelving these fluids was
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statistically correlated with aromatic hidrocarbon concentrations.
Decreased tazonomie diversicy and adundance of unondipteran {nvertebrates
wap 2lso found st these sites and attributed to degraded water quality
and contawivant levele. Certaln reserve pit flulds were shown to exert
subgcute and chronie toxicity even when diluted. Sedimentation and
turbidity sre suspected as having sdverse effects, but have not been
studied or quantified.
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In recent years, more stringent wonltoring requirements and wastewater
discharge permits have resulted in an overall improvement {n wastewster
quality, which is likely to reduce fnvertebrate wortality. BHowever, full
complliance has not been achieved,

¥. Marine Invertebrates

Impacts on mariane invertebrates were not anticipated by the EIS, and it
is too early to assess how populations and food webs have been affected
by the varlous alterations of the marine environment which have taken
place. Direct loss of habitat or érganisms through burial or elimination
of habitat, lethal or sub~lethal effects from discharges of drilling
effluents and seawater treatment chemicals, and entrainment in seawater
intakes have all had documented loczlized iepacts on marine

invertebrates. While measures such as discharge limitations and
construction of bypass systems In treatment plants have mitigated some of

. these losses, the net effect remains unknown.

F. Freshwater Figh

Impacts to fish resources were some of the most significant environmental
problems dlirectly associated with the comstruction of the plpeline and
ol1fields, and were in many cases more serious or of longer duration than
implied by the qualitative predictione in the EIS. The most serious and
extensive problems involved alterstion of natural drainages, erosion,
sedimentation, debris and f111 in rivers or streams, and blockage of fish
passage. 011 spills, which were predicted to be a potential problem,
been smaller but more frequent than expected. The primary sources of
these problems were road crossings of stream or river chamnels, erosion
control atructures, and instream mining for fill material.

Significant fishery resource impacts not predicted for the pipelline
included changes in fish density, distribution, and specles composition
resulting from habitat alterations. In a few cases, rehabilitated
material sites enhanced fisheries habitat or created mew habitat
conditlons. Eowever, most hablitat modifications resulted in a net
decresase of habitat quantity and/or quality. Habitat modifications
Included changes in aubstrate characteristics, suspended sediment, loss
of bank and instream cover, straightening of stream channels, loss of
surface flow, and increased braiding (increased width and decreased
depth) where gravel was spread across fioodplains.



Rarriers to fish movements from road and pipeliné crossings and hsbitat
aiterations were predicted for Prudhoe Bay oilfield development, but the
predictions were qualitative and understated, Similar impacts were not
predicted for the pipelime corridor. Obstacles to fish movements
eliminated otherwise availsble fish habitat, and affected different sizes
and ppecies of fish with differiog severity.
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Another impact not clesrly addressed was fish mortality. Fish were
entrapped and prevented from migrating to winter habitat due to loss of
surface flows resulting from Instreswm or adjacent mining lmpacts, or
interception of surface flow by thsw zones around the duried pipeline.
Kortalities alsc resulted when enviroowental perturbations, such as heavy
sedivent loads during winter instream construction, or dewatering,
rendered additional stresses to fish alveady subject to natural harsh
conditions,

The possibility of oil spills entering the marine environment via coastal
rivers was considered, but not quantified. Since the RIS failed to
consider oilfield development in the marine environment, causeway-induced
impacts on anadromous fish were not predicted. Thus far, thousands of
acres of nearshore brackish water feeding habitat have been altered by
two causeways. The carrying capacity of this habitat has been reduced by
significant changes in oceanographic conditions (lowered temperatures and
elevated salinities) and resulting changes in invertebrate prey
abundance. Habitat changes and the presence of physical barriers may
alsc limit longshore movements to feeding areas and may Interfere with
fall movements to traditional overwintering eites in the principal river
deltas. Entraiament ef larval fish in seawater Intakes may also affect
recrultment., Effective mitigation of most of these problems has not been
implemented, since their long-term impacts have yet to be measured.

H. Vegetation

Pill and excavation accounted for most of the predicted and actual direct
losses of vegetation along the pipeline corridor and in the ollfields.
Numerous Indirect impacts, both expected and unexpected, accounted for
edditional losses. Predicted indirect effects included thermokarst,
erosion and subsequent redeposition of exposed soll or fill, alterations
of drainage (washouts and impoundments), stream icing and its effect on
riparian vegetation, and increased off-road vehicular travel by the
public. Several indirect effects were not addressed in the EIS,
including road dust deposition, snow accumulation due to snow removal
practices and wland-drifting, and the introduction of non-mative weeds to
Arctic Alaska. Some contaminant effects were expected but not
quantified, such as oil spills and pump station emlssions, while the loss

“or alteratlon of vegetation due to discharge of human or hazardous wastes

in the ollflelds was not anticipated. Overall, vegetation losses in the
Alaskan Arctic exceeded predictions.
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The effectiveness of mitigative measures in rveducing the net loes of
vegetative cover in the Aretic has been minimal, Initfally, revegetation
using Introduced grasses stadbilized and reduced erosion in some areas
glong the pipeline corridor, but thelr cover on most sites has gradually
declined, while reinvasicn by native plants has been extremely slow in
&1l bBut the most favoradle sites. In some cases, indirect losses have
been wminimized through the incorporation of design features (siting,
culverts, etc.), but there ig continued loss or alteration of plant cover
adjacent to facilities due to dust, thermokarst, snow accumulation, and
fispoundments,

I. Bif%g

The greatest impact to blrds in the pipeline corridor and oillfields was
habitat loss due to gravel £111 and excavation, and assoclated secondary
effects. The direct hadbitat loss for the pipeline corridor was close to
that predicted, but for the ollfield nearly twice the predicted amount
was lest. Significant additional unpredicted loss of bird habitat value
resulted from {ndirect impacts to vegetation and aquatic habitats,
described previously. Consolidation of facilities, siting to avoid high
value wetlands, culverting to maintain drainages, and use of winter ice
pads for construction reduced habitat less, but these measures were not
aiways uged effectively, and there has been virtuslly no restoration of
lost hebitat in the oilfields, Direct and secondary habditat losses
resulted in & total estimated loss or displacement of 22,500 birds, with
possible additional losses due to unquantified impacts.

It was predicted that oil spills, hunting, and disturbance by
congtruction activities would affect birds, but thése predicted impacts
were not quantified. Actual {mpacts of o0il spills and bunting have not
been azsessed but have probably been minor. Restricted public access in
the pipeline corrldor and oilfield has reduced impacts from human
disturbance and hunting, but construction and operation disturbance have
resulted in documented behavioral and distributional changes for several
waterfowl specles in the oilfield. In some cases disturbance wzs reduced
by winter construction. The Endangered Species Act was effective in
preventing predicted impacts to peregrine falcons and concurrently
ainimlized effects on other cliff-nesting raptors.

Tmpacts to birds which were not predicted but have been documented
include: changes in bird densities (increase for glaucous gulls and snow
buntings, decrease for most other species); incresses im predators
{glaucous gullas, arctic foxes) resulting in jincreased predation of birds
and nests in the oilfield; collisions of migrating birds with powerlines
and buildings; and barriers to movement of brood-rearing geese by roads.
The attractlon of some birds to early snowmelt aress and impoundments
along roads was not predicted, and 1ts effect om populations has not been
quantified. The effects of marine causeways and contaminants on birds
were not predicted and have not been fully assessed, although effects on
bird habitats have been documented, Cumulative effects on survival and
reproduction of bird populations from all of the above impacts have not
been snsessed,
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J. Caxribou

Csridou were expected to avold areas of disturbance, and normal herd
wmovenment was predicted to be lmpaired by the presence of pipelines placed
on gravel berms or, to a lesser extent, by elevated pipelines.
Displacement was predicted to lead to fncreased mortality. Direct
sortality was expected to result from accidents agsociated with
constructicon sud lncreased hunting pressure. Pump station emissions were
redicted to cause localizgd reductions in lichen cover, thus reducing
food avallability.

As expected, distuvrbance was extensive during construction, and has
coutinued at low levels during operations. Some spring and early summer
movements of Central Aretic Herd animals across the pipeline corridor
have been partially restricted; however, oversll wovement has been less
impaired than predicted, primarily because normal migrational movements
tend to parallel the plpeline corridor (& fact not known at the time),
but slso because above-ground sections of the pipeline were ultimately
elevated five or more feet above the surface. In addition, the killing,
removal, or displacement of bears and wolves has reduced predation on the
Central Arctie Herd, which may account for the recent Increase In its
nunbers. Predicted effects on the large spring movements through the
Brooks Range of animels from the Western Arctic Herd were never tested,
since the wmigrational patterns of this herd subsequently changed.

Little direct mortality has resulted from accidents, since the source of
disturbance’has tended to reduce the potential for conflicts. However,
there has been some increase in hunting pressure due to inadequate
enforcement of regulations. The predicted effects of pollutants from
pump statlon emissions have not been studied, but are presumed to have
been negligible. The observed avoidance of induatrial activities by
females with young calves wss not foreseen,

Pipeline elevation has been the most effective mitigation measure in
reducing predicted impacts on caribou, although movement is still
affected during apring and early summer, and crossing has been found to
be less likely where the pipeline 1a paralleled by well-traveled roads.
Timing restrictions on comstruction activities during critical life
history periods alsc served to lessen predicted affects. Few adverse
impacts have resulted that were not predicted in the EIS.

K. Other Large Mammals

Disturbance during pipelinme construction was predicted to displace large
mammals, especially Dall sheep. Large wammals did avoild comstruction
activities, but disturbance to Dall gheep was minimized by timing
restrictions on construction. Direct mortality wae predicted as a result

- of habitat loss, construction activities, and traffic collisioms.

Population effects due to the displscement of snimals from thelr habitsts
are not known., The moat significant effect to large mammale is the
improved access which has resulted in greater hunting snd trapping

_presgure, although a five-mile wide band on either side of the pipeline
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corridor 18 elosed ©o bunting with firearms. A large number of bears
were killed in defense of 1{fe and property during construction and many
continue to be killed during plpeline operation. Moose have been and
continuve to be killed along the haul road in collisions with vehicles.
The pipeline waas predicted to be a partial obstruction to movement of
hoofed animsls. Crosaing difffculties north of the Brooks Range have not
been reported for moose or bear. The feeding of wildlife was only
predicted te be a problem after the Haul Read was opened to public uge,
but was sctuslly & problem during construction deapite the "no feeding”

policy. Feeding of wildlife coubined with fmproper garbage disposal

tesulted in bears and wolves concentrating around construction camps. The
State has 5ubsequent1y passed legislation prohibiting the feeding of
wildiife. TNotable iImpacts to large wammals (other than caribou) in the
Prudhoe Bay ollfields did unot ocecur since these gpecles are not common in
this ares.

.. %mall Mammals

Iwpacts to small mammals were predicted to be of limited magnitude and
short durstion and would likely result from construction-related
sctivities, oll spills, and operation and maintenance of facilities.
Where excavation or placement of £111 sltered vegetatlon, individual
animals with home ranges within or overlapping the actual construction
zone would be destroyed or displaced, with limited effects on food
chains., Although populstion level impacte were not assessed, the area of
swall wammal habitat lost due to gravel f1ll or excavation was
significantly greater than predicted. In addition, impacts from
faciiities operaztion and malntenance were significantly greater than
predicted,

The EIS predicted minor reductions i{n predator populations. ' Actual
Impacts resulted in increased predator populations, particularly fox.
Thie 1ikely had an Indirect impsct on prey populations, particulsrly
birds and waterfowl in the oilfield area. Mitigation 4in the form of
strict food waste disposal and control of food sources could have reduced
impacts; however, little attempt was made in this regard.

M. Marine Mammals

011 spills into river systems and/or directly into the marine environment
were predlected to be major sources of impacts to marine mammals. Large
gpills in the Beaufort Sea could potentially have direct impacts on polar
bears, seals, and whales, and indirect impacts on marine manmal food
sources. No major oil spills have been reported. Numerous small spills
have occurred, but jmpacts have not been documented.

Impacts not predicted by the EIS, but for which actusl impacts have been
documented, include incressed hunting pressure, elimination of nuisance
polar bears associated with drilling operations, reduced polar bear
denning activity within oilfields, and temporary displacement of denning
ringed seals.
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N, Wilderness

T A LMl

The reglon of Alaske traversed by the pipeline, and withdn which the
Prudhoe Bay oilfleld development wss sited, was considered in 1970 to be
the largest single ezpanse of intact wilderness left io the United
States. The EIS predicted thet improved access to these lands, increased
commercial end recreational demands on lands ad jacent t» the pipeline
corridor, and possible physical alteration from construction and
operation of facilitles would result in impacts to asegthetics, fish and
wildlife resources, aud vative sudbsistence values. It was also predicted
that impacts would Be both temporary and permanent, but the level would
be limited by the remotenecss of location and the peverity of climate.
Actual impacts to wilderness have been much greater than predicted due to
the unsnticipsted dewsnd for land by the oil industry, related support
services, and locgl residents. Thege impacts are presently occurring and
wlll probably increase im the foreseesble future. Land uge planning and
application of construction stipulations that minimize facility sprawl
end visual fupact have only been marginally effective in winimizing
jmpacts to wilderness values. .

VI. CONCLUSIONS

Fish aod wildlife habitat losses resulting from construction and
operation of the Pipeline System and Prudhoe Bay oilfields were greatly
underestimated in the EIS., They included the direct loss of 22,000 acres
from gravel fill and excavatlion, the even greater indirect losses of
habitat quality due to the secondary impacts of construction (dust,
siltation, erosion, Impoundments, contaminants, etc.), and bdlockage of
fish and wildlife sccess to habitat by roads, pipelines, and causeways,
Some of these Indirect impacts were not predicted in the EIS, and the
observed magnitude or frequency of others were greater than expected.
Although some effort has been made to reduce habitat loss {through
siting, consclidation of facilities, culverting, etc.), rehabilitation
efforts along the Pipeline System have resulted in little restoration of
habitat values, and there has been virtually no concerted effort to
restore such values in the oilfields.

The qualitative nature of the EIS predictions made comparison of actual
with predicted impacts difficult, and assessment of actual impacts was
further confounded by the lack of baseline information and studies
deslgned to specifically address EIS predictions. Honitoring efforts
durling pipeline comstruction focused on crisis-level Teponses to the most
vizible and lwmediate Impacts, and did not address the more subtle or
latent effects on biological systems. Long-term and cumulative impacts
have yet to be assessed, while additional impacts will continue to occur
a8 8 vesult of further oilfield expansion and/or the potential for
opening new aress to public or private interests along the pipeline and
oilfield roads. The chain of events initiated by these developments
continues, and it is difficult to separate their effects from those
caused by the many other developments they have set in motion,
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The fact that many Impacts were either unpredicted, underestimated, or
wisunderstood may be partially attridbutsble to the EIS belng one of the
flrat impact statemente prepsved under the National Environmental Policy
Aet, but & similar lack of predictive capsbility may dDe expected whenever
developuent moves into new geographical sreas or esploys new engineering
sethods and facllity designs.
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This analysis clearly demonstrates that sdequate baseline ianformation and
long-term monltoring studies are essential for accurate impact
ansessment, as well ms for fwproving future predictive capabilities.
Omsgite monitoring of development activitles by well-trained personnel
with enforcement suthority and adequate funding 1s also critlcal for both
minimizing anticipated impacts snd timely assessment of unexpected
impacts.
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