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ABSTRACT / Siting a geologic repositery for isciaurg migr-
leve! nuclear wasie up to 10.C00 years is a coniroversial Lr-
deraking never before attempted in the Unitec Staies. Tre

Nuciear Waste Policy Act of 1882 sxemptea recesicry siting
from imponant requirements for environmental review uncer
the National Envircnmental Policy Act. In Cecemcer 1887, the
Nuciear Waste Policy Amencmenis Act icentfied Yucca
Mountain as the firs: site to be cnaracienzed fcr 2 nigh-evel
nuclear waste reccsilery. In lignt ¢f the unoroven nature of
the lechnclcgy teng evaiuaiec, ne scientfic urcenanties
associated with Yuccz Mountain, anc the iack of croven
methccs for nsk evaiuaticn, the environmentai ccuces fer re-
pository siting represent a significant cecanure frcm more
tracitional, comorenensive, and intercisciciinary enviren-
mental review for siling nuclear crojects. The golicies warrant
furiher siudy by ihcse interested in now cresent as well as
fuiure cecisions aocut complex tecnncicgies may be mace.

Deciding where to locate a geologic repository for
disposing of high-level nuclear wastes in the United
States is a complex issue. The policv that dictates the
siing program was set forth by the Nuclear Waste
Policy Act of 1982 (NWPA), which subsequentiv was
amended by the Nuclear Waste Policy Amendments
Act of 1987 (NWPAA). Davenpor: (1986 and
Frishman (1986) reviewed the intncate legal matters
concerning high-level nudear wastes. and Carer
(1987) and Cooper (1988) provided accounts of the
muldrudinous policy-making considerauons and n-
volved history leading to the current program. Others
discuss the wide range of technical issues invoived in
developing a repository (Roxburg 1987. Chapman and
McKinlev 1987) and the myriad socioeconomic consic-
erations associated with faality siung (Colgiazier 1982,
Walker and others 1983). Missing from these reviews
is a perspective on the normatve impiicanons of the
present nuclear waste program to enwironmental
policy. Such a perspective is important because the
program has generated numerous but inadequateiv
studied controversies regarding standards of environ-
mental review for complex technologes.

While the issues faced bv the naton in disposing of
as much as 30—100 tons of commerdal and defense
high-level nuclear wastes by the year 2000 or shoru:
thereafter are of considerable importance. relauvei
stringent and comprehensive environmental review

KEY WORDS: Emvironmental policy; Nuciear wastes: Naucna Emvron-
mental Policy Act: Nuclear Waste Policy Act Yucca
Mountain

Emvronmental Management Vol. 13, No. 4, pp 435-+41

called forth by the Natonal Environmental Policy Act
(NEPA) has been compromised bv NWPA and
NWPAA of the sake of political expediency (Carter
1937, Cooper 1938. Clarv and Kraft 1988). In light of
what is generallv perceived as the prevailing public at-
titude in favor of vigilant environmental protection
and the contradictorv eclipse of and unfulfilled poten-
uai of NEPA, it is important to be aware of how cur-
ren: nuclear waste policy is evolving and what its po-
tenual impiicauons are to the future of decsion
making for protecung the environment (Caldwell
1985, Bartlett 1986. Renwick 1988).

Tne Reocsitery Siting Program

Background History

A deuiled historv of events leading to passage of
NWPA in eariv 1983 is provided by Carter (1987),
who shows that, simply put. nuclear weapons and nu-
clear energy are examples of technologies that have
created large quanudes of wastes for which a proven
and acceptable management soluton does not exist.
When the United States adopted nuclear technology. it
was believed that reprocessing of high-level radioacuve
wastes would be a significant component of the man-
agement scheme ulumately adopted by the federal
government. The failure of recvcling as an opton for
waste management resulted in consideradon of
various alternative permanent disposal methods with
the prevailing view being that disposal in deep geo-
logic repositories was the preferred alternatve. This is

® 1989 Spnnger-Verag New York Inc.



J. Lemons and C. Malone

436

the concept that was adopted and incorporated into
NWPA, which authorized the Department of Energy
(DOE) to undertake a program for developing two re-
positories, one in the western United States and a
second in the eastern porton of the naton.

Because the dedision to pursue the repositorv solu-
uon had been evident as early as 1979 and was for-
mally made by the president in 1980, the DOE had
initated its repository siting program in advance of
passage of NWPA. In so doing, it was natural that the
agency should seek sites on its own reservauons that
held the promise of being acceptable from the stand-
point of waste conwainment. However, technical and
adwvisory studies pointed to salt deposits as a preferred
medium for geologic disposal and none of DOE'’s res-
ervatons was underlaid bv salt beds or domes. For this
reason DOE iniuated invesugauons to locate suitabie
salt deposits in addituon to undertaking studies on
lands it controlled. Thus. before NWPA was con-
ceived, DOE had identified potenual repositorv sites:
In basalt at the Hanford Reservauon, Washington: in
welded twff at Yucca Mountain, Nevada, which
borders the Nevada Test Site (NTS); and at seven lo-
cauons underlaid by salt deposits in Louisiana, Missis-
sippi, Texas, and Uuah.

Once DOE started considering sites on land it did
not control, it became clear thar the agency faced sig-
nificant difficulties in dealing insttutionally with other
federal agendies and with state governments. States
often questioned the technical adequacy of sites. and
they demanded a strong voice in repository decisions.
Consequentially, DOE turned to congressional sup-
port for the repository siting program and worked to
create nauonal legislation for establishing siting proce-
dures and dealing with states’ rights (Carter 1987).
This effort resulted in passage of NWPA, which was
signed into law in early Januaryv 1983.

Environmental Review under the Nuciear Waste
Policy Act

The procedures set forth in NWPA for selecting a
suitable repository site were complex, intricately
crafted, and reflected a delicate balance between tech-
nical and political considerations. Primacy in selecting
repository sites was to be given to technical factors,
even though the NWPA specified that a first reposi-
tory would be located in the west and a second one in
the eastern United States. This concession to regional
politics and equity was essenual and consttuted 2 sig-
nificant compromise to repository siting procedures. A
role was also provided for state and local governments
to paruadpate in the siting process. However, this role
eventually was compromised as DOE increasingly as-

serted its authority over states in the face of public op-
positon and controversy surrounding the site selection
process (Carter 1987, Gervers 1987, Kraft 1988, Clary
and Kraft 1988).

The NWPA conuined several provisions that

guided environmental review of potental repository
sites, and that served to eclipse NEPA as a compre-
hensive policy act for environmental protecton. Sec-
vons 112(f) and 114(f) limit the analvsis of alternatives
that normally would be addressed under NEPA. Sec-
ton 112(f) represents congressional premises that: (1)
a repository is needed, (2) the appropnate tuming for
construcuon of the repository is as specfied in the
statute. and (3) deep underground bunal is the desir-
abie means to dispose of high-level radioactive waste
and spent nuclear fuel. These premises are presum-
ablv not subject to liugation (Montagne 1985). Section
114(f) states:
“compliance with the procedures and requirements of this [Aa] shall
be deemed adequate considerauon of the need for a repository, the
ume of the imual avaiability of a repository, and all alternatives to the
isolauon of mign-level radioacuve waste and spent nudear fuel in a
repository.

Sections 112(e) and 113(d) exempted DOE from
major environmenual reviews required by NEPA Sec-
uons 102(2)(c) and 102(2)(E), which require prepara-
uon of comprehensive environmental impact state-
ments (EISs) and consideraton of alternative courses
of acdon that might involve conflicung uses of the
same resources. The NWPA also exempted DOE from
NEPA Secuon 102(2)(F), which requires recognition of
the worldwide and long-range consequences of dedi-
sions. Lasdy, Section 112(b)(3) required DOE to use
available data for environmental assessments (EAs)
rather than acquiring more empirical informaton
needed for comprehensive evaluaton of each site. An
important consequence of the exemptions to NEPA is
that less emphasis was given to considerations of alter-
nauve actions, which is the heart of the EIS as per
Council of Environmental Quality (CEQ) regulations
40 CFR 1502.14.

The NWPA Sections 114(d) and 114(f) limit the
customary role of the Nuclear Regulatory Commission
(NRC) in evaluaung environmental impacts for siting
of nuclear fadlites by restricting involvement to k-
censing once a construction site is selected and by re-
quiring the agency to utlize DOE’s EIS to the extent
practicable. This, in effect, let DOE identfy potenual
repository sites while being exempt from the stringent
environmental regulations typically enforced by NRC
in siting America’s nuclear fadlides.

Lastly, three western and three eastern sites were to
be recommended for site characterization studies by



1985 and 1989, respecuvely. Consequendy. NWPA
defined a rapid schedule of tasks for DOE, even
though the scientific community concluded that insuf-
ficient ume would be available to obtain necessary sci-
enuafic and technical informauon bv established dead-
lines (Clary and Kraft 1988).

Narrowing the Number of Sites for Characterization

During the same ume that DOE was focusing on
the nine preselected sites for the first repository, it was
aiso developing the siung guidelines and preparing
the statutorv EAs required bv NWPA. The simulta-
neous development of the guidelines and the EAs as-
sured that no undue problems with evaluatng a site
would arise. In accord with NWPA procedures, once
the EAs were prepared for the nine sites, DOE se-
lected three for intensive site characterization that was
to involve both surface and underground investga-
dons of geology, hydrology. and other environmental
conditons. In Mayv 1986, DOE released the EAs and
announced that sites at Hanford, Yucca Mounuin,
and Deaf Smith County, Texas. were the choices for
characterization (Department of Energv 1986a).

Because of the absence of comprehensive site-spe-
cific environmental information and the lack of com-
pleted site characterizauon plans for describing pro-
posed acuons, the EAs were not well received bv the
affected states and the public (Clary and Kraft 1983).
Moreover, the DOE analvsis that ranked the sites in
order of suitability for repository siting revealed that
DOE had not designated the top three for character-
izauon but instead had chosen the fifth in rank (Han-
ford. Washington) over the second (Richton, Missis-
sippi) (Department of Energy 1986b). This was seen as
a victory for the State of Mississippi. which had vigor-
ously opposed being a host state to a DOE repository
(Carter 1987, Gervers 1987). It subsequendy was
learned in congressional investgatuons and elsewhere
that DOE had shown a bias in favor of the sites asso-
ciated with DOE reservatons and had suppressed un-
favorable environmental and geological information
reflecung adversely on the Hanford and Yucca
Mountain sites (US House of Representauves 1986,
US General Accoundng Office 1988, Johnson 1988,
Crowe and others 1988, Wells and others 1988, Szy-
manski in press).

Addidonal controversies also developed during this
stage of the site selection process. The DOE did not
completely share informadon it possessed with either
affected states or the public (Clary and Kraft 1988).
Questions arose concerning technical considerauons
affecting site suitability (Carter 1987, Brown 1987a,
Strolin 1987). Moreover, DOE'’s consultation process
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became controversial because of the perception that
environmental review was not adequately addressed in
the siting process (Kraft 1988, Clary and Kraft 1988).

" As a result of these perceived or real problems, initial

openness to the nuclear waste program turned to op-
position (Gervers 1987).

Designation of Yucca Mcuntain for Characterization:
Questions of Technical Adeguacy

Controversy and oppositon to the DOE siting pro-
gram resulted in politcal stalemate. Congress there-
fore concluded that the program was flawed and redi-
rected it (Brown 1987a. Cooper 1988). Thus. in late
1987 the NWPAA was passed. The act mandated that
only one repository be constructed instead of two and
that Yucca Mountain be the onlv site to be character-
ized for suitabilitv.

Issues of technical adequacy for a geologic reposi-
tory at Yucca Mountain have immense consequences
because of the requirement that the site be suitable for
containing highly radioactve wastes for 10,000 vears.
Safely isolating wastes for such a period of time is a
unique and ambitous undertaking never before at-
tempted. This challenge makes geologic repository
siting and development enurely different from all pre-
viouslv undertaken large-scale efforts. The geologic
and hydrologic histories and characteristics of the host
setung must be better known than any geologic area
ever studied. An unprecedented demand thus is being
placed upon science and technology to idendfy a pri-
mary geologic barrier that will protect nuclear wastes
from interacton with the natural geohydrologic set-
ung. Projections of the performance of the geologic
barmer require an understanding of the interacuon of
the various geologic factors and processes within the
natural repository seting. Geohydrologic, geochem-
ical, thermal. and mechanical factors and processes. as
well as tectonic behavior, all relate to one another.
Their coupled effects on waste isolation and integrity
of the repository must be clearly understood if the re-
pository performance is to be predicted.

There is a growing body of informaton that is pro-
viding insights to the geologic and geophysical setting
of the area (e.g., Journal of Geophysical Research 1987,
Johnson 1988, Center for Neotectonic Studies 1988,
Center for Volcanic and Tectonic Studies 1988, State
of Nevada 1985). These studies concern structural re-
ladonships within a regional framework and have,
among other things, delineated zones of weakness af-

. fecting the sability of the Yucca Mountain area. On-

going research has identfied six major site suitabilicy
issues for the evaluation of the site for a potental
high-level nuclear waste repository:
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(1) effects of future tectonic events on site integrity,

2) effects of future volcanism on site integrity,

(3) potenual for contaminaton of the, regional
aquifer beneath the site,

(4) effeas of future climatic variaton on the hvdro-
logical regime and integrity of the site,

(5) the nature of moisture and gas movement
through the unsaturated zone ar the site, and

(6) the nature of extractable natural resources at the
site. and the consequent potenual for future
human intrusion that could compromise site in-
tegmy.

Resolving these and other issues of similar signifi-
cance that will anise as more is learned about the
science of siting a geologic repository will challenge the
state of the art of scence iwself (Johnson 1988). Al-
ready, available geophysical testing technologies have
been found inadequate for delineation of the subsur-
face and straugraphy to the degree of refinement re-
quired. Addidonally, the science of hvdrology in the
unsaturated zone is in its infancy, and there is litde
agreement regarding validauon of exising and new
computer modeling techniques for analysis of existing
conditons and for predicting hvdrologic response to
other geologic processes such as tectonism and' vari-
able heat flow. Such problems become critical in view
of the philosophy behind deep geologic waste disposal:
that the geological system in which the repository is
developed is the primary bartier for waste isolation.

Effecuve waste conuinment relies upon the known
geologic and hydrologic characteristics of the site and
the setting, an ability to. predict how future processes
and events will alter the known characteristics, and
means of evaluatng the risks involved. Consequently,
effecuve waste containment requires complex but in-
adequately developed capabilives (Kraft 1988). The
concept of performance assessment for a repository
and the information needed to accompiish it involve
intricate problems whose solutions are constrained by
the primitve nature of risk assessment and evaluation
methods (Freudenburg 1988).

There are other reasons for concern over the siting
program, one of the most significant being the DOE
dedision to rely on the statutory EA for the Yucca
Mounuain site as evidence that adverse impacts are un-
likely to result from site characterization (Department
of Energy 1986c). Accordingly, DOE does not intend
to conduct comprehensive environmental baseline in-
vestigations before the site is disturbed by characteriza-
ton acuvites (Department of Energy 1988a). Limited
monitoring for impacts once characterization is un-
derway may occur for sensitive biota at the site, arche-

ological resources that would be directly disturbed,
toral suspended paruculates in the atmosphere, and
limited parameters for groundwater resources ar
Yuca Mounuin. There will be no measures of eco-
system integrity, no basis for comprehensive environ-
mental review and evaluauon, and the gaps in infor-
mation exisung in the EA with regards to air and
water quality, land. use, soils. ecosvstems, noise, and
aesthetics will remain unfilled prior to site disturbance
(State of Nevada 1987).

An example of the potenual environmental
problems that can arise as a result of inadequate infor-
madon and evaluations in the statutory EA is the issue
of threatened and endangered species and critical hab-
iat at Devil's Hole and Ash Meadows in California and
Nevada. The statutory EA menuons these protected
resources but fails to provide anv useful informaton
Into potenual impacts from site characterization activi-
ues at Yucca Mounuin. about 30 km to the north.
Dunng recent studies of Devil's Hole, Ash Meadows,
and the associated groundwater basin, on which Yucca
Mountain borders to the west, evaluauon of existng
information iliustrated that groundwater impacts at
Yucca Mounuain can be expecied to affect Devil's Hole
and Ash Meadows (Winograd and others 1988). On
the strength of such concerns, the US Natonal Park

‘Service filed a protest-over DOE's application for

water nights at Yucca Mountain (Williams 1989). This
acdon almost certainly will bring the US Fish and
Wildlife Service and the Endangered Spedes Act into
consideration because of the number of protected
species and habitats involved and the recognition of
the criticality of groundwater in a basin aiready experi-
encing excessive consumpton (Fish and Wildlife Ser-
vice 1983, 1983). Issues such as these were not re-
solved by the statutory EA because it did not contain
results of 2 more rigorous environmental review.

Discussion and Conclusions

The program for siting a geologic repository for
disposing of America's high-level nuclear waste and its
implementation by DOE involve a number of consid-
erations with respect to how environmental policy
should be conceived and implemented for technologi-
cally complex and controversial projects. These in-
clude issues such as the federal policy for environ-
mental review with respect to the role of NEPA, the
role of organizations and individuals in technological
review, the technical adequacy of the repository pro-
gram, and assessments of the risks involved.

Environmental review for the siting program was
guided by several important statutory provisions of



NWPA. Extensive site-specific sciendfic information,
based upon systematic interdisciplinarv methods, was
not required for each potential repository site. Sections
112(f) and 114(f) limited the discussion of the full
range of alternatives that would normally be applied
to the first repositorv under the full force of NEPA.
Sections 112(e) and 113(d) exempted DOE from envi-
ronmental reviews required by NEPA Sections
102(2)(C), (E), and (F). The requirement for an EIS in
accord with CEQ reguladon 40 CFR 1500-1508 was
replaced by a NWPA-mandated sattory environ-
mental assessment designed to evaluate siting guide-
lines promulgated by DOE iwself (Mussier 1984). The
adequacy of environmental. review was also con-
strained by the deadlines established bv NWPA (Kraft
1988).

The NWPA Section 112(b)(3) hastened preparation
of the statutorv EAs by requiring DOE to use available
dara for the assessments rather than acquiring the
comprehensive. empincal informadon needed for
evaluaung each site. This meant that the siting guide-
lines developed and applied in the statutorv EAs could
not call for evaluaton of criteria for which data failed
to exist. If such evaluation were called for, the conse-
quence would be that some of the nine predetermined
sites would be disqualified a priori. To accommedate
this situadon with respect to potential environmental
impacts in the absence of full scientific information,
DOE equated environmental protection with the in-
tent to complv with individual federal environmental
laws. Merelv by expressing the intent to comply, and
without conducting full regulatory reviews, DOE was
able to conciude in the statutory EAs that no signifi-
cant impacts would occur as a result of site character-
1zation acuviues. Because of the NEPA exemptions
granted by NWPA, the ruling reached by the courts in
the landmark Calvert Cliffs case staung that compli-
ance with environmental regulations does not relieve
an agency from the necessity of performing a compre-
hensive, integrated review of potenual impacts, does
not apply to the DOE positon (Rogers 1977).

The NWPA also limited environmental review of
the DOE siung program by the NRC. Under 10 CFR
51, the NRC typically requires strict environmental re-
view for siung nuclear fadilites, but Congress reduced
NRC involvement in the siung process. By rendering
CEQ and NRC regulations for NEPA review inappli-
cable to site characterizauon, NWPA assured that the
saatutory EAs to be prepared by DOE would be gov-
erned only by the siung guidelines subsequently to be
prepared by DOE itself under 10 CFR 960.

The exemptons from NEPA review granted to re-
pository site characterizadon studies by NWPA, cou-
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pled with the prohibition on new studies to provide
empirical information needed for comprehensive en-
vironmental evaluation, must be assessed by those in-
terested in the future of environmental policy.
Scholars of NEPA have observed that the potenual of
NEPA has yet to be realized (Caldwell 1983, 1987),
that the ratonality embodied by NEPA is unique
among environmental laws (Bardet 1986), and thar
the current trend is toward an eclipse of NEPA by
other laws (Renwick 1988). The eclipse of NEPA is
especially of concern because it is the only legislation
that calls for the svstematic, interdisciplinary assess-
ment of environmenual consequences in the repository
siung program. In the case of repository siting, regula-
tons requiring NEPA review were replaced bv a set of
evaluauve guidelines conceived by the same agencv
that was to follow them and with full knowledge of
where the gaps in informadon existed that could im-
pede the evaluation. This regulatorv approach is basi-
cally one of self-reguladon. Numerous studies have at-
tributed environmental, health, and safet}"problems at
DOE facilides to similar forms of self-regulaton (US
Government Accounting Office 1986. US Senate
1987, Department of Energy 1988b. Natonal
Academy of Sciences 1988).

The fact that complete environmental information -
was not obtained before Yucca Mountain was desig-
nated as the only site to be characterized for suitability
as a repository has additonal implicatons. Examina-
ton of the legislatve history indicates that NWPAA
conains the presumption that Yucca Mountin is qual-
ified undl there are adequate data that would dearly
disqualify it. However, this presumpton works in con-
cert with the fact that DOE has used only existng or
available data for the siting process. These guidelines,
combined with the fact that alternatve sites are not
being characterized. do not ensure that the best or
safest available site is selected. Once Congress made
the decision to only characterize the Yucca Mountain
site under provisions of NWPAA, no other site could
be substituted without clear demonstratdon that Yucca
Mounuain is unacceptable for compelling sdendfic
reasons (Cooper 1988). The burden of proof for de-
termining whether Yucca Mountain is unacceptable is
placed on DOE. As shown by Brown (1987b), it is dif-
ficult for the party with the burden of proof to sustain
that burden if challenged by others who assert that the
burden has not yet been met. In part, this difficulty is
due to the fact that environmental problems are com-
plex, and environmental assessments often are not
able to predict impacts with reasonable certinty
(Lemons 1986, Freudenburg 1988). The placement of
the burden of proof on DOE, combined with the fact
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that neither DOE nor Congress is willing to consider
characterizadon of alternaudve sites at this time or in
the forseeable future, increases the likelihood of a
final dedsion being made to develop a repository at
Yucca Mountain (Cooper 1988).

In terms of what policy best guides environmental
review, there is the implication here that Congress was
wrong to eclipse statutes and concepts embodied in
NEPA and that the actuon may establish a precedent
for future complex, controversial programs. What
must be recognized is that the final dedsion con-
cerning where to locate the geologic repository for
high-level nuclear wastes is one of the most technically
and ethically complex deasions that the nadon faces.
The potental consequences of a repository are far-
reaching because the risk of an uldmare failure will be
borne by future generations over the next 10,000
vears. In the context of poliucs, such a vast perniod of
ume and the concept of future generations are bevond
the capadity of many to understand and deal with in a
meaningful way (Bishop and others 1978, Partridge
1981). Inadequades in saentfic understanding of the
Yucca Mountain site due to a lack of comprehensive
informadon thus imply unknown and unperceived
risks to the distant furture. Because of the complexity
of the issues, the highly uncertain consequences asso-
ciated with siting a geologic repository for high-level
nuclear wastes, and the primitive nature of risk assess-
ment and risk evaluaton procedures, it is impractical
that any individual or even one federal agency can
know what constitutes the best or most acceptable con-
sequences.

Given the fact that there is room for judgment in
the face of uncertainty about repository decisions in
general, and Yucca Mountain spedifically, the question
remains whether the best natonal policy is one that
sets aside portions of NEPA thar recognize the need
for systematc, interdisciplinary review of environ-
mental dedsions. Such a policy discounts the very type
of information and procedures necessary to make
more open and fully informed dedsions about com-
plex technologies. Thus, it seems that a full analysis is
needed of the implications of the nadon'’s current nu-
clear waste policy on the future of policy making for
environmental review and protection.
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Recent decisions have established Yucca Mountain, Nevada, as America’s first characterization site for a
high-level nuclear waste repository. The decision remains controversial because it generated numerous
understudied and unresolved value-laden public policy issues. This paper describes several alternative
frameworks for assessing decisions about nuclear waste disposal, and is intended to supplement our
previous study on the Yucea Mountain repository.

KEY WORDS: Nuclear waste, environmental ethics.

'INTRODUCTION

In a previous paper, we describe how America’s policies for disposal of high-level
commercial and defense nuclear wastes are governed by national legislation such as
the National Environmental Policy Act (NEPA), the Nuclear Waste Policy Act
(NWPA), and the Nuclear Waste Policy Amendments Act (I*«W\u’PAx‘k).I The
NWPAA recently established Yucca Mountain. Nevada, as the nation’s first char-
acterization site for a high-leve! nuclear waste repository. In our aforementioned
paper, we show how NWPA. NWPAA and decisions made by the Department of
Energy (DOE) have generated controversial but understudied value-laden public
policy issues.

Examples of such issues include the following: First, NEPA is considered to be one
of the most important pieces of national legislation calling for protection of environ-
mental values. The NWPA exempted the repository site selection process from
important NEPA requirements. This reduced the ngor of environmental assessments.
and made it appear that debates should be focused primarily on technical and
economic factors rather than on more broad environmental values described in
NEPA. Second, NWPA originally required open participation, consultation, and
cooperation between people with different interests and values. However, many
DOE decisions and Congressional actions were consistent with more narrow techno-
logical perspectives regarding repository site selection, and therefore did not suffi-
ciently allow for public participation as mandated by NWPA .? In addition, DOE did
not foster cooperation and consuitation with Nevada nor compliance with state
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environmental regulations as required by NWPA..? Third, many DOE decisions were
based upon scientifically inadequate environmental assessments.” This violated the
ideals of science that call for open discussion, dialogue. and debate regarding
scientific issues. Fourth, NWPAA established Yucca Mountain as the only site for
characterization and therefore disregarded the concern for an equitable sharing of
risks between different parts of the country as originally mandated by NWPA. Fifth,
NWPAA provides compensation to Nevada for being repository host, burt also
imposes restrictions upon the state in order for it to receive said compensation.
Nevada contends that the compensation is manipulative because of the requirement
that basic and existing rights and duties be relinquished.® Sixth, many people distrust
decisions made by government and corporate experts in the nuclear industry because
of perceptions that the public has not been fully informed of nsks or allowed to
participate in decisionmaking, and because protection of the environment, health,
and safety of people has been inadequate under existing legislation and administra-
tive decisions.”-® .

The Yucca Mountain siting decision remains controversial. In addition, the
General Accounting Office’s (GAO) recent report documents that the nation’s
cleanup of nuclear wastes may cost more than $130 billion.® In comparison, the
federal government spent $160 billion last year on all domestic discretionary
programs. These budgetary demands will intensify pressure to do something about
the nuclear waste cleanup issue. However, a lasting solution to the nuclear waste
problem requires that adequate scientific information, as well as open debate and
discussion of controversial value-laden public policy issues be part of the
decisionmaking process. Such a solution is not likely to be forthcoming unless
frameworks for assessing public policy decisions are better understood.>"’

In the remainder of this article we discuss alternative perspectives and frameworks
for assessing value-laden decisions about nuclear waste disposal. This paper supple-
ments our previous paper on the Yucca Mountain siting decision, which contains an
in-depth analysis of events leading to the decision and a discussion of public policy

issues which it generated.’

FRAMEWORKS FOR MAKING DECISIONS

A fundamental dilemma surrounding nuclear wastes concerns the tension that exists
between: (a) our knowledge of the long-term effects of nuclear waste, and (b) our
awareness of the fact that the longevity of nuclear wastes gives rise to both scientific,
political, and ethical uncertainty in our assessment of its practical consequences.
Given this dilemma, what decisionmaking frameworks exist that can guide

decisionmaking?
1. Citizen Participation and Acceptability of Nuclear Waste Siting Decisions

An important component in public policies involving siting nuclear waste reposi-
tories is the determination of risk and the level of risk that is deemed to be
acceptable. Following environmental assessments that provide an indication of the
probability and magnitude of environmental and public health risks, decisions are
made that in effect declare a certain level of risk to be acceptable.

The nuclear waste repository issue historically has been controversial, in part, for
the technical reason that although a nuclear energy program exists it cannot be
considered safe in the absence of a repository, and for the political reason that a
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repository has yet to be developed. The controversy involves several fundamental
perspectives that influence decisionmaking about nuclear wastes.

The technological perspective is most common in decisions about nuclear waste
disposal. Itis highly analytical, and includes tools such a probability theory, decision
and cost-benefit analysis, systems dvnamics, and econometrics. Proponents of the
technological perspective hold that the technical and organizational problems of
managing a problem as large and complex as nuclear wastes are enormous. They
maintain that the public cannot be expected to grasp the many scientific and technical
issues. Further, they perceive that fundamental differences people have about how
nuclear wastes should be handled generate endless debate and controversy. The
technological perspective holds that if an agency such as DOE is given responsibility
to accomplish tasks according to a specific schedule, then it must be given authority
to manage and guide the program. This implies that while people and state
representatives with different interests may review and comment on DOE docu-
ments, they would not be brought into the actual working or decisionmaking process.
Also inherentin the technological perspective is the view that DOE can correct some
conflicts through public relations activities, but ultimately Congress will need to
exert the federal authority over states. This is, of course, exactly what happened in
the passage of NWPAA.

Decisions about complex technical issues that contain value-laden questions are
tvpically made by technical/scientific experts who have a technological perspective.
Such experts analyze value-laden questions in separate fact-value terms.® This type
of analysis results from three factors: (a) Such decisionmakers have primarnily
scientific/technical backgrounds and therefore do not always understand the applica-
tion of moral reasoning to ethical questions, (b) Much administrative discretion
exists for rule-making, and (c) A lack of conceptual clarity of relevant words/phrases
for ethically based decisions exists, as for example in the NEPA statement of
purpose. A consequence is that science is given the role of assessing environmental
impacts and risks, and evaluation of acceptability of impacts/risks is left to the
political process or whatever ethical process might exist.” This solution isolates
questions of epistemological and methodological uncertainty from influence by
environmental ethics. Doubts about the validity and acthority of scientific analyses
and their resolutions are left to members of the scientific:technical community, in this
case DOE. For purposes of ethical analysis, what remains after internal review by
DOE scientific/technical experts 1s usually regarded as definitve. The fact that
impact/risk assessment and uncertainty arguments regarding theory and method are
largely confined to the DOE scientifictechnical community prevents them from
being a part of broader forms of ethical and public policy arguments that may
undermine the legitimacy of an informauon gathering and decisionmaking process
controlled primarily by scientific/techmecal experts.

Bella er al. discuss the democrauc perspective, which maintains that the funda-
mental issue of nuclear waste management is the relationship of citizenry to
institutions of pq:nw\.*f:r.s Is the relationship to be based upon trust or force, cooperation
or manipulation? Repository siting decisions involve 1ssues of citizen participation,
distributive justice, concepts of freedom, and centralized versus decentralized
decisionmaking. >~ Consistent with fundamental ideals of a democratic society, what
is required is that institutions of power attempt 10 resolve conflicts in ways that are
accountable to the public trust and not dominated by these institutions themselves.

In contrast to the technological pe rspective, the democratic perspective strives 10
develop procedures to integrate science and ethics in the formulation of public
policy, so that they are not dealt with asseparate fact-value issues in decisionmaking.
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One approach is to demand that the general public or policv-making representatives
become literate in the basic epistemological issues of evidence, uncertainty, and
hypothesis, while simultaneously demanding that scientists learn to make concise,
articulate defenses of why the best available evidence supports one conclusion
instead of another.® The ethical validity of a particular decision is determined less by
the particular values or goals that the decision may serve than it is by the incorpora-
tion of epistemological and ethical criteria into the decision process itself. It is the
method of policy formation that is subject to moral critique, and if it is found to be
adequate. then the moral justification of a particular decision consists in having been
derived through valid procedures. The democratic perspective requires a high level
of citizen participation in decisionmaking that is not controiled by federal agencies
with a disproportionate amount of power. It also requires a relationship of trust
between agencies and the public insofar as environmental protection is concerned.

The organizational and personal perspectives have been studied less than other
perspectives. but are nevertheless relevant. The organizational perspectve per-
ceives technology from the point of view of affected and affecting organizations.’
Peopie with an organizational perspective are cognizant of parochial priorities and
interests that are distinctive to his or her organizations, and tend to reinterpret
information about technology in a way favorable to organizational goals. The most
subtle and elusive perspective is the personal. which sees the world through the eves
of the individual, often in an intuitive manner. Technology is primarily evaluated ina
way which relates individuals to the technology and its impacts.

Linstone er al. describe how perspectives on assessments such as nuclear waste
depend on various assumptions which people have about the worid and the questions
they ask.” The researchers examine different modes of thought and paradigms for
assessing decisions about technology. These include: (a) problem-solving, where an
assumption exists that there is a solution to the problem; (b) cost-benefit analysis and
related techniques, which search for an “optimal™ solution; (¢) reductionism, which
assumes that subdividing and simplifying complex systems will lead to better
understanding; (d) use of data and various models. which contain different assump-
tions about the nature of reality and hence lead to different modes of inquiry and
conclusions: () quantitative and qualitative analysis, which defines the relationship
and importance of measurables and immeasurables; (f) importance of the individual,
which defines the role of the individual in the aggregrate view of things: (g)
perception of time, which defines the time horizons in which different people or
organizations make assessments about the future.

The differences in these modes of inquiry and paradigms are then used to classify
similarities and differences berween perspectives concerning, say, nuclear waste
technology. Traits studied include Weltanschauung, characteristics of each perspec-
tive (e.g. product vs. process, rational vs. intuition, efficiency vs. creativity, analysis
vs. experience, objective vs. subjective, etc.), preferred system of inquiry for
problem-solving, and concepts of time used for assessments. Application of the
different perspectives to assessments of technology such as nuclear waste can narrow
the gap berween models and reality in decisionmakirg and therefore reduce con-
troversy about public policy issues.

However, most assessments about nuclear waste reflect the technical perspective
to the neglect of other perspectives discussed.’” Accordingly, such assessments do
not reflect the full benefit which could be gained by comparison with other perspec-
tives. More importantly, few comparisions between different perspectives include
consideration of an “ethical” perspective. For example, Shrader-Frechette docu-
ments how environmental assessments of nuclear power reflect a narrow technical
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and economic focus to the exclusion of important value-laden issues requiring ethical
analysis.!! We are not aware that any assessments have been made about nuclear
waste disposal under NWPAA that include a comparison of ethical with other
perspectives.

An ethical perspective is based upon the fact that many people believe decisions
and actions should be predicated upon sound moral principles. Environmental
ethicists have identified several criteria on which decisions about high-level nuclear
waste storage need to be based in order for them to be more ethical and, hence, less
controversial. These include principles of moral reasoning, normative ethics, and
forms of rationality appropriate for environmentally-ethical decisionmaking.

The goal of moral reasoning is to develop the interest in and skills necessary for
thinking carefully about questions of right and wrong, good and bad, justice and
injustice, duty and obligation. As stated in Regan, requirements that should be met
to make an ideal moral judgment might include the following: (1) Conceptual clarity,
(2) Valid information, (3) Rationality, (4) Impartiality, and (5) Use of valid moral
principles.?

Philosophers engaged in normative ethics attempt to go beyond the afore-
mentioned principles of moral reasoning; they attempt to determine what moral
principles are valid. While it is beyond the scope of this paper to discuss in detail
theories of normative ethics, several criteria inherent in such theories include: (a)
environmental compatibility, (b) utilitarianism. (c) distributive justice, (d) concepts
of freedom, (e) citizen participation in decisionmaking, and (f) decentralized
decisionmaking. Excellent discussions of normative ethics and environmental prob-
lems are found in Regan'? and Atutfield.?

2. Congress and Nuclear Waste Policymaking

Congress has played a major policy role on nuclear waste disposal, in funding the
implementation of policy, and in overseeing policy implementation by the DOE and
other federal agencies. Several criteria need to be applied to assess the role of
Congress in the Yucca Mountain siting decision.

One important criteria for assessing Congressional actions is that of political
legitimacy, which is a major ethical issue in the policy process. Political legitimacy
usually refers to decisionmaking that is constitutional and acceptable to relevant
political actors. These may be the general public, regulated groups or other actors
(e.g. environmental groups or public utilities), legislators, and administrative
officials. The focus is on procedural criteria that can lead to an agreed upon definition
of the public interest, such as whether adequate opportunity is given for articulation
of the issues, arguments by supporters and opponents of the policy, public involve-
ment, interaction among policy actors, and consideration of technical information.

Applied to the Yucca Mountain siting decision, the question of political legitimacy
allows consideration of important questions such as: (a) whether and to what extent
pertinent scientific information (and uncertainty) was used, (b) whether states such
as Nevada were given sufficient opportunity to express their concerns, and (c)
whether the decisionmaking process itself was sufficiently open to allow 2 full airing
of policy arguments.

Political legitimacy needs to be evaluated within different contexts of rationality 10
more fully assess Congressional decisions about nuclear waste siting.'* Rationality is
required for making good public policy decisions and moral judgments. Rationality
is the ability to recognize the connection between different ideas, and to recognize
that if some statements are true, then some other statements must be true while

-
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others must be false. Itis in logic that rules are set forth that specify which statements
follow from others, and it is because of this that a person who is rational often is said
to be logical. To reach an ideal moral judgment, one must not only strive to make a
judgment against a background of information and conceptual clarity, but must also
explore how beliefs and facts are logicaily related to other things that are believed or
not believed.'?

Rationality is emphasized as a necessary trait to make ethicallv informed
decisions. However, several forms of rationality exist which can serve as a basis for
evaluation of the political legitimacy of Congressional decisions about nuclear waste
disposal. It is important to understand the different forms of rationalitv and to make
them explicit so that we can discern whether one form of rationality should have
precedence over others.

Caldwell** and Bartlett! present an excellent discussion of different forms of
rationality used in policy formulation and decisionmaking. Substantial rationality
applies to individual decisions. Such rationality takes into account the possibilities
and limitations of a given situation and reorganizes it 50 as to produce, increase, or
preserve some good according to the goals of the particular individual. Functional
rationality is characteristic of organizations that are structured to produce. increase,
or preserve some good in a consistent and dependable fashion. Principies of order
underlie both substantial and functional rationality. This implies that decisions are
made according to principles and from organized structures which embody principies
of order. Substantial and functional rationality therefore entail more than technical
information, the efficient achievement of a single goal. or economic efficiency; the
maximum achievement of a plurality of goals is a desired outcome.

Technological rationality refers to the systematic application of large-scale tech-
nology to most levels of human activity, including governmental and economic
policies which have growth as their central aim. Technological rationality empha-
sizes uniformity, efficiency, impersonality, and centralized decisionmaking.
Economic rationality views humans, as opposed to nature, as the basic unit of
rational analysis; it also emphasizes the material welfare of humans and their mastery
over nature. Economic rationality is applicable to tangible and commensurable
values, but often disregards important ecosystem components with little economic
value. In addition, economic rationality focuses on short-term instead of long-term
benefits.

Social rationality is based on standards and principles other than efficiency, such as
interpersonal relations, independence and freedom, and social action. Legal ration-
ality refers to rationality appropriate to the fundamental rules of a society, the
rationality of preventing disputes and providing solutions through a system of rules
that are clear, consistent, detailed, and technical. Such rationality informs people/
agencies about what resources are available to them, what persons/agencies can
count on to perform actions, and what actions each person/agency must
perform. Political rationality refers to decisionmaking structures in terms of order of
discussion and decision. It reflects adequate provision for gathering and checking
information, adequate provision for inventing and checking suggestions, and ade-
quate procedures for combining suggestions into a decision. Lastly, ecological
rationality may be thought of as pertaining to living systems which includes the
relationships among human and nonhuman living systems and their environments in
a holistic manner. Ecological rationality also stresses long-term benefits over short-
term gains. Such rationality draws extensively from the science of ecology. However,
the foundations for ecological reasoning include ethical, religious, literary, and
experiential foundations as well as the scientific.!®




WASTE DISPOSAL 269

Practical consequences occur if different forms of rationality are not made explicit
by decisionmakers in the decisionmaking process and if they are not fully understood
by them. Rationality is an important concept in policy-making, yet many decisions
are controversial because they are based on different forms of rationality. For
example, economic and legal rationality often conflict with ecological rationality.
Fundamentally, environmental ethics is concerned with whether and on what bases
ecological rationality is said to have precedence over other forms of rationality in

environmental decisionmaking.

CONCLUSION

Decisions about nuclear waste disposal are made within a context of scientific,
ethical, and political uncertainty. Scientific uncertainty exists about suitability of
geological sites. engineering design of repositories, and geohydrologic modelling.
Ethical uncertainty exists, for example, concerning how to spatially and temporally
distribute burdens created by nuclear waste disposal. There is no consensus on what
perspectives about technology or decisionmaking frameworks should apply to
nuclear waste disposal, and none fits the policy problems precisely. This creates
uncertainty about public policy, which means that decisionmakers are, to an extent,
feeling their way as they attempt to resolve a novel kind of public goods problem.
The fact that most decisionmaking perspectives are imperfectly applied to nuclear
waste disposal means that substantive environmental goals, uncertainty, and the use
of power have a relatively more important role to play in decisions and therefore
require additional study and public discourse. Although the most obvious char-
acteristic of the different decisionmaking perspectives is that they often conflict with
each other, it is through their interaction and conflict resolution that they lead to
insights about the assessment of nuclear waste disposal that will not emerge
otherwise.

In closing, we ask whether consideration of a perspective based upon environ-
mental ethics can really be counted on to help guide environmental scientists and
policy-makers in decisionmaking? It seems doubtful that ethical precepts can, at this
time, provide decisive guidance to the environmental conscience where large,
complex, multiple interest issues like nuclear waste disposal are involved. Hargrove,
on the other hand, draws a hopeful conclusion from the dilemma by stating that
ethics can help environmental professionals by assuring that facts and other input to
decisions are brought into the open to influence policy makers.!” The results,
Hargrove believes, will be not that decisions are easier to make but that they will be
made in a more honest, ethical, and straightforward manner than typically is the case
and that the environmental scientist will have played a proper role in the process.
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Abstract. The state of Nevada is authorized by the Nuclea

program for siting a nuclear waste repository at Yucca Mountain,

environmental review program and concludes
prior to site disturbance.
evaluation is being carrie
of defined resource management objectives.
environmental resource management and other concepts re

INTRODUCTION

This paper presents an approach to environmental program
planning for the proposed national high-level nuclear waste
(HLW) repository at Yucca Mountain, Nevada. The ap-
proach is proposed as an alternative to the environmental
program identified as part of the U.S. Department of Energy
(DOE) Civilian Radioactive Waste Management Program
(CRWMP) (Parker eral.. 1990). The approach proposed here
would address environmental issues effectively and better
serve the substance of the National Environmental Policy Act
of 1969 (NEPA) than does the DOE's program. This paper
presents a framework for accomplishing that objective based
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(2) identification of impact avoidance criteria to guide

d out. (3) assessment of cumulative impacts throughout
An alternative program developed by Nevada is presented that embodies principles of

flective of accepted standards of environmental practice.

r Waste Policy Act. as amended. to review the U.S. Department of Energy (DOE)
Nevada. This paper reports on the results and status of the State’s
that the DOE program is deficient because it fails to include: (1) comprehensive baseline studies

monitoring of all components of the environment while site
the Yucca Mountain Project, and (4) direction under the aegis

on the pursuit of such a program at Yucca Mountain by the
state of Nevada.

BACKGROUND AND PURPOSE

Since 1976, the Department of Energy (DOE) has conducted
preliminary technical suitability studies related to nominat-
ing a site for the HLW répository at Yucca Mountain, located
about 176 kilometers (110 miles) northwest of Las Vegas,
Nevada, adjacent to the Nevada Test Site (NTS). The DOE’s
mission was formally defined by the Nuclear Waste Policy
Act of 1982 (NWPA). The NWPA identified an objective of
developing mined geologic repositories for permanent depo-
sition of commercial HLW and established a process of site
selection that was to include comprehensive investigations
by the DOE of site technical suitability, and protection of
public health, safety, and the environment.

The history of the DOE’s progress in the program is well
documented. Briefly stated. the DOE first carried out pre-
liminary technical investigations at nine potentially accept-
able sites with different geologic materials and climatic
conditions. In 1986, the DOE narrowed the candidates to
three sites in the western United States (Washington, Texas,
and Nevada), amid controversy regarding the basis of its
decision (Carter. 1987). In 1987, Congress, bending to
pressure to keep momentum in the slow-moving and expen-
sive program, passed the Nuclear Waste Policy Amendments -
Act (NWPAA) that established only one site for site char-
acterization—Yucca Mountain, Nevada (Carter, 1989).

0191-5398/90 $3.00 + .00
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The selection of Yucca Mountain has been opposed in Ne-
vada, both on the political basis of the selection as well as on
technical, environmental, and other issues. In regard to the
technical issues, the State argues that Yucca Mountain will
prove unsuitable for a repository because of recognized
hazards posed by potential earthquakes, volcanism, and
groundwater intrusion that would compromise significantly
the integrity of the repository during the 10.000 vears for
which the DOE must demonstrate that the waste will be
isolated from the environment. Geotechnical problems with
Yucca Mountain as a suitable repository site are a primary
focusof Nevada's opposition to the HLW repository (Malone.
1990a and b). From an environmental perspective. the DOE
Yucca Mountain Project will cause further unnecessary envi-
ronmental damage. The State'sreview of the DOE'senviron-
mental program concluded that it is poorly conceived and
weakly structured, thereby lacking the safeguards needed to
minimize environmental damage. For further discussion of
these issues see Cooper (1989), Loux (1989), and Power
(1989). Some of the State’s concerns were subsequently
confirmed by the review of the Nuclear Waste Technical
Review Board (NWTRB, 1990).

The DOE has been criticized in the past for not planning and
carrying out a credible environmental program for site char-
acterization at Yucca Mountain based on comprehensive.
site-specific, baseline information and systematic, integrated
impact analyses in accordance with the NEPA (Clary and
Kraft, 1988 and 1989; Malone, 1990c). Unfortunately, the
State has seen little improvement in environmental program
planning at the DOE for the Yucca Mountain Project.

In a report to Congress on November 29, 1989, the DOE
presented plans for restructuring the CRWMP, as it had
concluded that the program cannot be effectively executed in
its current form and must be restructured in order to develop
atechnically sound and integrated radioactive waste manage-
ment system (U.S. DOE, 1989a). Environmental issues were
not addressed specifically in that report; however, the sig-
nificant deficiencies with regard to them warrant correction
in a restructured program. For this reason, a review of
significant aspects of the DOE's environmental program at
Yucca Mountain is presented below. Malone (1989 and
1990c) has presented detailed discussions of the program

elsewhere.

Overview of the DOE Environmental Program at
Yucca Mountain

The DOE environmental program for site-characterization
activities at Yucca Mountain (U.S. DOE, 1988a) consists of
documents that include an overview of the environmental
program (U.S. DOE, 1988b), and various reports that address
plans for environmental monitoring and mitigation to be
conducted during site characterization (U.S. DOE, 1988c),
regulatory requirements that apply to site characterization
(U.S. DOE. 1988d), reclamation (U.S. DOE, 1989b and
1990a), and field activities for acquiring environmental in-
formation to support monitoring, mitigation, compliance,
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and reclamation during the course of site characterization
(e.g..U.S.DOE, 1988eand 1990b). Alldocuments and plans,
exceptthose addressing the field activities. are of a procedural
nature. and the environmental program overview (U.S. DOE.
1988b) does not provide a comprehensive and integrated
perspective on planned field investigations at Yucca Moun-
tain. The DOE has pressed the State to issue environmental
permits to initiate site characterization. even though it has
failed to complete planning of all parts of its environmental
program.

The DOE's failure to address environmental concemns in a
syvstematic manner stems from its use of the 1986 statutory
environmental assessment (EA), issued as the foundation of
the program (U.S. DOE, 1986). The EA presented the DOE's
conclusion that there would be no significant environmental
impacts of site characterization. With few exceptions. the
environmental data used for the EA were regional in nature,
as opposed to being derived from site-specific studies: detailed
comprehensive environmental investigations at Yucca
Mountain remain to be carmed out. Rather than incorporating
a pre-site characterization environmental baseline program
into the repository program. the DOE (1988b) used the results
of the EA (U.S. DOE. 1986) to limit the scope of its subse-
quent environmental investigations to data collection that
will serve the purpose of effecting “mitigation™ of the impacts
of the proposed site characterization activities and repository
development.

If Yucca Mountain proves to be a suitable site, the DOE must
prepare an environmental impact statement (EIS) prior to
repository construction. The environmental studies for the
repository EIS will be planned and implemented after site
characterization has commenced and adverse impacts from
those activities are incurred. As a result, the baseline for the
EIS will not reflect cumulative impacts from past land dis-
turbance at Yucca Mountain (i.e., effects of the DOE’s ex-
tensive activities from 1976-1986 related to nominating
Yucca Mountain as a repository site), and as a consequence
of extensive renewed siting activities during site character-
ization foreight ormore years. There will be nocomprehensive
study of environmental conditions as they exist now, and no
basis for restoring the site to its original condition. as required
by the NWPA, as revised.

Beyond the issue of environmental impact documentation
under the NEPA orthe NWPA, concern remains over whether
environmental objectives are being served adequately by the
DOE’s Yucca Mountain Project. This question addresses
issues at the heart of the NEPA as the nation’s comprenensive
policy on the environment (Lemons er al., 1989). The foun-
dations of the problem are the DOE s focus on the procedural
rather than the substantive requirements of the NEPA, and the
failure of the DOE to establish meaningful environmental
objectives in the program. In the Site Characterization Plan
(U.S. DOE, 1988a), the response to environmental issues
concerning repository construction and operation was put off
until EIS scoping in October 1997 (U.S. DOE, 1989a). The
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DOE has no comprehensive environmental management
program based on defined goals and implementation plans
formanaging the environmentand resources of Yucca Moun-
tain. or for the repository program which extends disturbances
into resource areas and jurisdictions far beyond the NTS. The
ongoing studies 10 “mitigate” impacts lack direction and
integration, because environmental goals have never been

identified.

The DOE must realize that while it has a mandate of the
NWPA to fulfill. it also must be a responsible manager of the
lands under its jurisdiction, ensuring that environmental
goals are observed and that they are not made subservient to
repository development goals. The DOE has a poor record of
environmental management on many of its sites. including
the Nevada Test Site, and now must undertake extremely
costly clean-up programs (U.S. DOE, 1989d).

In the absence of defined environmental objectives. a com-
prehensive environmental baseline, and an integrated envi-
ronmental management program, the DOE will find it diffi-
cult to assess impacts in a meaningful manner and develop
approaches to impact minimization and comprehensive
mitigation. This shortcoming is revealed by the DOE’s
failure to identify meaningful significance critena foravoiding
environmental impacts, including those that assuredly could
affect federally-listed rare and endangered species. The
DOE. having predetermined a finding of no significant im-
pact in the 1986 EA, refuses to officially recognize the
possibility that significantimpacts could result from its siting
and site-characterization activities, and therefore has not
identified avoidance criteria that can be objectively reviewed

and applied.

Because the DOE has embarked on an environmental pro-
gram that serves the objective of repository development. its
approach has been to make promises about impact control
without an integrated approach o either recognizing or
averting impacts. The DOE's ongoing environmental field
studies are intended to assist the DOE in conducting
geotechnical studies at sites regardless of the sensitivites of
the landscape and resources in which they occur. For ex-
ample.during an April, 1990. field inspection by the NWTRB,
the DOE was asked to identify the avoidance cnteria by
which geotechnical studies (including substanuial surface
disturbance) could be moved so as to prevent impacts on local
populations of the threatened desert tortoise (Gopherus
agassizii) and their habitat. The DOE staff could not provide
such criteria. Moreover, DOE staff stated that they could not
identify which geotechnical studies could be moved 50 as 10
avoid or minimize impacts. The DOE also intends to construct
major facilities. such as for the proposed exploratory shaft,
within the floodplains of large drainage courses. The hazards
of drill pad wash-out and contamination of subsurface envi-
ronments with surface runoff and the impacts 1o the ecology
of the washes have been ignored in such siting decisions.
From such site-characterization plans, it appears that the
DOE program does not have a functional and effective means
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of integrating environmental impact avoidance consider-
ations into its activity planning process. Also. itappears that
the DOE intends to site and conduct all studies proposed for
site characterization without regard to the impacts on sensi-
tive environmental resources that would result.

In its 1990 report. the NWTRB cited significant deficiencies
in the Yucca Mountain environmentai program. but did not
specify how the DOE might remedy those shortcomings
(NWTRB. 1990). If the intended substance of the NEPA is
to be realized in the CRWMP, a new approach is needed.

Basis for a Restructured Environmental Program

In late 1986, Nevada began planning its own environmental
program based on concepts of resource management. cumu-
lative impact assessment, and protection of ecological integ-
rity. i.e.. the principles that are embodied by the NEPA and
concepts of sound environmental impactanalysis. The State’s
environmental program is directed (1) to establish an inde-
pendent baseline investigation in order (2) to identify envi-
ronmental management objectives, (3) to specify impact
significance criteria that can be used for monitoring the
DOE s activities and the resultant effects on the environment,
and (4) to prepare approaches to restoration. In accordance
with the NWPA and the NWPAA. the state of Nevada is
entitled to carry out oversight activities for the DOE reposi-
tory siting program at Yucca Mountain. Funding is provided
through grants to the State authorized by Congress from the
Nuclear Waste Fund, administered by the DOE.

The state of Nevada has prepared reports that: (1) pointto the
need for environmental oversight of the DOE project, (2)
describe the concepts of reasonable and responsible environ-
mental planning. and (3) outline a study program for com-
pensating for the shortcomings of the DOE’s program. The
documents include plans for environmental field studies that
finally were implemented in 1989, but later terminated when
funding to the State was severely curtailed. Much remains 1o
be done to complete the environmental program conceived
by the State. but the preliminary results are sufficient to
formulate the framework of a more environmentally-sensi-
tive approach to site characterization than that pursued by the

DOE.

ENVIRONMENTAL MANAGEMENT AND ITS
APPLICATION AT YUCCA MOUNTAIN

Environmental Protection as a Fundamental Objective

Nevada believes that the DOE's site-characterization pro-
gram, if properly conducted, will confirm the already existing
evidence that Yucca Mountain is unsuitable for a HLW
repository. Therefore. further study, and its attendant envi-
ronmental disturbance, will result in unnecessary environ-
mental impact. Nonetheless, as the DOE intends to pursue
site-characterization, its environmental program should be
designed not only to serve repository development goals, but
also to provide environmental review of the program inde-
pendent of those goals. The alternative approach developed
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by the state of Nevada embraces the concept of environmen-
tal management involving identification of environmental
sensitivities, evaluation of potential site-characterization
impacts and their significance in advance. avoidance of
impacts to the extent practical. and mitigation of impacts via
best management practices and site restoration.

The fundamental goal of environmental managementat Yucca
Mountain should be to protect the environment consistent
with the resource value of the site. The primary principles of
the alternative environmental management strategy are dis-
cussed below. This strategy is consistent with sound prin-
ciples of environmental planning, assessment, and manage-
ment (Jain er al.. 1982 Beanlands and Duinker, 1984; Mur-
thy. 1988: Bartlett. 1986: Westman, 1985).

Identify Environmental Sensitivities and Constraints
Prior to Further Disturbances

At present. the resource values at Yucca Mountain and
vicinity remain unknown. The alternative approach implies
an understanding of environmental conditions upon whichan
evaluation of resources can be made. A management plan
then can be developed that minimizes impacts to sensitive
and key components of the environment and maximizes the
potential for reclamation or restoration of the environment.
As the fundamental purpose of environmental management
should be to maintain the integrity of the environment at
Yucca Mountain while site-characterization activities are
being carried out. itis necessary toevaluate Yucca Mountain’s
resources and environmental sensitivities, and from those
identify and implement management objectives.

The first step must be to identify sensitive components of the
environment and the constraints which they pose to site
characterization and to reclamation. Such constraints must
be observed in siting specific proposed activities. Based on
known sensitive resources. it would be possible to identify
potential impacts that should be avoided and conditions that
may impede mitigation and reclamation. At Yucca Moun-
tain, the environment is too little known at this time to
designate key orsensitive components and todevelop a sound
management plan. The generic, regional information avail-
able and studies conducted for the state of Nevada suggest
that the site is part of a unique ecosystem containing sensitive
biota (ESA. 1990). Additionally, there are potentially sig-
nificant physical environmental connections between Yucca
Mountain and other unique environmental resources in the
vicinity that remain undefined.

Evaluate Cumulative Impacts

Because the DOE repository siting and development program
at Yucca Mountain has been, and will continue to be, accom-
plished in stages over several decades from the 1970s through
about 2010 or later (U.S. DOE. 1986, 1988a. and 1989a), itis
essential that an environmental management strategy include
analysis of incremental and cumulative impacts. This is
necessary for reclamation purposes, and also as a means for
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helping prevent changes in the environment of the site that
could affect its fundamental integrity. No consideration has
been given by the DOE to past impacts and it has fallen on the
state of Nevada to characterize the disturbances (Winsor and
Ulland. 1989: Winsor and Rousseau, 1990). The DOE’s past
and ongoing investigations also have focused on about a 78-
square kilometer (30-square mile) area at the repository site
where disturbances are concentrated. However, the DOE's
proposed site-characterization studies and their impacts po-
tentially extend over areas distant from Yucca Mountain.

For the alternative approach. cumulative impacts would be
given sufficient study to ensure that a comprehensive as-
sessment of all components and phases of the program are
evaluated. and that all sites of disturbance are analyzed
specifically and in combination with other sites. This means
that. in contrast to the existing plan, each site-charactenza-
tion activity would be planned carefully in advance and
include a complete description of the activity. its precise
location. its scheduling. elements that may lead to environ-
mental alteration or hazards. and proposed means to reduce
environmental impact.

Plan Site Characterization to Avoid Impacts

The DOE has not identified impact significance criteria,
because the environmental sensitivities were not defined by
the suspect findings of the statutory EA, and it has fragmented
each environmental program element so that significant
impact cannot be recognized. A reordering of priorities is
needed such that site-characterization activities are planned
to avoid impacts to all aspects of the environment to the extent
practical, as required by the NWPA. In the altemative
environmental management program, impact avoidance is
given a priority position in environmental management.
Avoidance is the preferred choice wherever and whenever
environmental sensitivities are rated high. For example, in
the case of the desert tortoise, the point of impact avoidance
is to protect the individuals of a designated sensitive species
and the integrity of their local habitat. An avoidance of
impacts to the sensitive elements of the environment implies
that impact significance criteria are identified in advance of
any activity that could disturb the environment so that
avoidance can be planned. Such criteria should incorporate
means to identify both incremental and cumulative impacts in
spatial and temporal contexts. - In the case of the tortoise,
criteria fordetermining whetherasite-characterizationactivity
should or should not be moved to avoid impacts to local
populations of tortoise and their habitat should be identified.

The identification of site-specific criteria for impact avoid-
ance is the only reasonable approach to protecting the envi-
ronment from unnecessary damage. Itis also the only way in
which independent reviewers, such as the State, the U.S.Fish
and Wildlife Service, or the National Park Service can deter-
mine whether the DOE is making an effective effort to protect
the environment and significant species such as the desert
tortoise and desert pupfish (Cyprinodon diabolis). Criteria
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must be established for each elementof the environment. The
key environmental issue areas requiring such criteria are

presented later in this paper.

Plan and Implement Mitigation and Reclamation To
Preserve Ecological Integrity

In place of impact avoidance. the DOE has placed consider-
able emphasis on mitigation and an assumed ability toreclaim
the site (U.S. DOE. 1988b). This emphasis is grounded in an
optimism for reclamation success that is not shared by many
experts familiar with the sensitivities of the desert environ-
ment. the extreme limitations which it imposes on mitigation
efforts. and the state of the art in reclamation techniques
(NAS. 1974: Box. 1976: Allen. 1988). Thereisscantevidence
in the literature to support the DOE’s claims to mitigate
impacts to insignificance or to achieve its objective of estab-
lishing effective site reclamation.

The proposed management strategy must include a program
for mitigation. reclamation. and site restoration in order 10
meet the requirements of the NWPA and NWPAA. While
avoidance of impacts based on known sensitivities to distur-
bance is preferred. this goal cannot always be achieved.
Thus. it is essential that either mitigation or reclamation and
restoration measures be well-planned. Which course to
pursue depends on the sensitivity and importance of the
resource to be protected and the severity and extent of the
impacts involved. The ultimate consequences of the impact
to preservation of environmental integrity is the factor upon
which decisions must rest relative to mitgauon, reclamauon.

and restoration.

Mitigation and reclamation planning must begin with a
recognition of the limited opportunity for success given the
state of the art in these areas. Those limitations are based on
the dearth of information about desert ecosystems in general,
and at Yucca Mountain specifically. physical environment
constraints (especially the limited availability of water), and
the potentially high costs that may be associated with minga-
tion and reclamation. Those limitations proside the basis for
a substantial research effort. one that 1s likely 10 require
detailed onsite studies of natural conditions of vegetaton.
soil. hydrology. and other factors. and direct expenimentation
with reclamation techniques over a long penod.

After some basic information is gathered about methods
likely to achieve success. site-specific objectives for recla-
mation or restoration can be identified and plans formulated
forachieving them. Itis important todefine realistic reclama-
tion objectives in advance of surface disturbing activities,
because these may guide the course. nature. and timing of the
activities creating the disturbances.

Develop an Environmental Management Plan

The HLW program is necessarily complex. encompasses
activities in a large geographic area with a variety of bio-
physical environments. and is extended over a long period.
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Additionally. the Yucca Mountain Project will continue to
extend impacts into jurisdictional areas beyond the DOE’s
purview. A program with these qualities demands guidance
under the auspices of a defined and integrated management
plan. Currently. the DOE Environmental Program is an effort
lacking specific environmental management objectives for
the resources and land units. The Yucca Mountain Project
should be guided not solely by the DOE’s mission to develop
a repository. but also by its stewardship mission to carry out
responsible management of the NTS and to conform with
land management objectives for the adjacent areas of U.S.
Bureau of Land Managementand U.S. Air Force land. as well
as the more distant areas which potentially could be affected
by the Yucca Mountain Project. e.¢.. Death Valley National

Monument.

For the alternative approach. the environmental program
would be oriented to establishing specific objectives for the
lands and resources that could be affected by the project. and
credible means 1o attain them. The objectives and guidelines
for implementation would be defined by the sensitivities of
the resources in both their local contexts and in regard to the
broader considerations of their status. The environmental
management plan should serve as the aegis under which
decisions about activities that may alter the environment can

be made rationally and with purpose.

To prepare specific objectives and implement policiesorland
management guidelines. it will be necessary to synthesize a
vast quantity of information about all aspects of the environ-
ment. The demand exists for information management sys-
tems capable of handling the volume and complexity of the
information. The approach proposed here incorporates the
concept of a centralized. controlled. environmental database
readily accessible to many potential users (including all
interested parties). The database includes both spatially-
defined information. as well as the textual and tabular data
collected over time regarding environmental variables.
evaluations of environmental sensitivities, impact models.
and plans for and records of disturbance activities, mitiga-
tion. reciamation, and regulatory-compliance monitonng.
Remote sensing imagery interpretation for monitoring envi-
ronmental change and the use of sophisticated computers of
the type known as a Geographic Information System provide
a pnmary means to accomplish the marshalling and use of
large volumes of primary data from which to make cumula-
tive impact assessments. develop environmental manage-
ment plans. and assist decisionmaking about activities that
potentially could cause significant environmental impacts
(Winsor and Rousseau, 1990).

NEVADA'S ENVIRONMENTAL PROGRAM

The Nuclear Waste Project Office (NWPO) environmental
program mission was defined after detailed evaluation of the
Y ucca Mountain Project found the structure, plans, and goals
of the DOE"s CRWMP falling short of sound environmental
practice (NWPO, 1987; ESA and RCI. 1989).
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The environmental program was formally set in motion in
1988. The program established eight primary goals (NWPO,
1987; ESA and RCI, 1989):

I. identify environmental management objectives and lay
out a program to achieve them:

2 undertake studies to establish a baseline of environmen-
tal information at Yucca Mountain before further envi-

ronmental disruption occurs;

3. use the environmental baseline to assess the impacts of
the DOE's past disturbances and proposed site charac-
terization:

4. use the preceding impact analysis to evaluate the effi-
cacy of the preliminary impact analyses reported by the
DOE in the statutory EA (U.S. DOE. 1986):

5. identify and assess federal. state. and local regulatory
environmental requirements;

6. determine the scope of reclamation measures needed;

7. develop environmental monitoring and impact mitiga-
tion plans; and

8. incorporate environmental studies during site character-
ization or adjust the monitoring program [0 accommo-
date information needs for the EIS and the siting
guidelines, once more is known about the repository

design.

Management Objectives and Study Plans

The state of Nevada's primary goal is to protect the ecological
integrity and biological diversity of the Yucca Mountain area
to the extent practicable and commensurate with its ecologi-
cal and environmental values. The immediate objective is to
avoidsignificantly altering the natural ecosystem, and thereby
compromising its environmental integrity, so thatany unique
characteristics and resources endemic to the area can be

studied before they are altered by further impacts from site -

characterization. The overall principles of environmental
resource management discussed previously are the frame-
work of the program. The primary precepts of this strategy
are as follows: ;

1) Avoidance of impactshould be the primary goal: impacts
that are unnecessary or which would seriously compro-
mise attainment of environmental objectives should be

prevented.

2) Mitigation implemented prior to and during disturbance
to eliminate and reduce impact should be the second
goal. If impacts cannot be avoided. mitigation should be
identified clearly in advance of the impact. Mitigation
should be viewed broadly in concept, but measures
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should be identified with a high degree of specificity, so
as to include application of specific techniques toa given
site, preparation for reclamation techniques, off-site
considerations and compensation.

3) Reclamation should be regarded as a follow-up to un-
avoidable disturbance and impact. Reclamation should
be regarded as an integrated program directed to attain-
ment of resource management objectives. [talsomustbe
regarded as an ongoing program: initiated prior to dis-
turbance—at which time specific reclamation needs and
plans are defined. implemented immediately afterimpact
occurs, applied continuously and monitored for success.
and adapted to changes in information on potentially
successful techniques.

The objectives and strategy require refinement. Too litle
information has been collected about the Yucca Mountain
areato achieve definition of specific environmental objectives.
General objectives have been identified using the regional-
based information about the vegetation, wildlife. soils. hy-
drology and water quality, climate and air quality, noise and
aesthetic environment. and cultural resources of the area
(ESA and RCI, 1989). Additionally, means to identify
impacts have been described using indicators of direct and
indirect impacts. The refinement of the environmental man-
agement plan requires information collection in an integrated
study design. A study plan has been prepared that guides the
overall effort required to achieve the objectives. as well as the
eight goals of the environmental program previously identi-
fied (ESA. 1989a). Investigations conducted in 1988-1989
for the State have provided the basis for some refinement of
objectives keyed to observed conditions at Yucca Mountain.

Environmental Baseline of Yucca Mountain

A primary objective of the environmental program is 10
assess the full complement of impacts of the DOE’s past
siting and proposed site-characterization activities with a
view toward cumulative impact assessment. To achieve this
goal. itis necessary to obtain baseline information relative to:
(1)the fundamental character of the resources. (2) the amount
of disturbance that has occurred to date, and (3) the sensitivi-
ties of the resources to impacts. Because information of these
types is critical to the completion of the other tasks, its
collection has occupied the greatest portion of the work
program to daie. Enough information has been obtained
through literature review, interpretation of remote sensing
imagery, and some field investigations in the Yucca Moun-
tain area to obtain a preliminary understanding of the envi-
ronment and the sensitivities involved. Summarized here are
results of studies on biota. soils. extent of existing disturbed
areas, and reclamation. The plans were laid for other environ-
mental investigations in the field. These included studies of
erosion, climatology, air quality, hydrology, water quality,
noise, cultural resources, and aesthetics. Because of funding
limitations. these baseline studies were curtailed, but will be
resumned at a later time, if possible. :
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Vegetation. The distribution of regional vegetation was
described and mapped at the climax series level for most of
a 155-square kilometer (60-square mile) area centered on
Yucca Mountain. The mapping and analysis were accom-
plished in phases. using interpretation of remote sensing

imagery. including low-altitude, large scale color stereo-.

paired aerial photography from 1988. high-altitude satellite
spectral imagery from the American Landsat 5 Thematic
Mapper satellite. and panchromatic imagery from the French
SPOT satellite (Winsor and Rousseau. 1990). Onsite verifi-
cation studies were conducted in two areas 1o which the
State's environmental team was permitted acCess. Fifty-one
permanent field sampling sites were established that repre-
sented the diversity of vegetation types in the Yucca Moun-
tain area. Quantitative data on perennial vegetation were
collected in the field (because of a persistent droughtover the
last few years, the growth of annuals was insufficient to
warrant detailed data collection for them). and used to char-
acterize and distinguish at least eight climax series types and
24 series-association sub-types (ESA. 1990). These findings.
which are a significant refinement of previous work per-
formed by the DOE, (O'Farrell and Collins, 1984), suggest
that substantial biological diversity exists in the immediate
vicinity of Yucca Mountain. The State's team also collected
importantinformation linking the vegetation types to important
biophysical relationships. Such information will prove useful
in carrying out sensitivity analysis. impact assessment. and
reclamation planning. Two protected species considered to
be of special status, the black wooly-pod (Astragalus funereus)
and the Mojave fish-hook cactus (Sclerocactus polyancistrus).
are known to occur in the area of Yucca Mountain.

The DOE did not conduct detailed vegetation studies at
Yucca Mountain for the statutory EA (U.S. DOE, 1986);
rather, it provided only small-scale mapping and character-
ization of five plant associations based on nine transects. The
DOE relied heavily on the regional data on vegetation of the
NTS for purposes of impact assessment. The State’s team
found that use of regional vegetation data is not well-suited
for impact assessments. Similarities of the vegetation of
Yucca Mountain and other parts of the NTS do not extend
beyond the biome level of 2 vegetation classification system.
The biome is too coarse a classification for identifving
meaningful ecological units for impact assessment, reclama-
tion planning, and resource management purposes. The
State's large-scale mapping and more extensive pnmary data
collection for identifying the plant associations (24, as
compared to the DOE'’s five associations in the EA) offer far
greater utility for identification of ecological relationships
(such as connections to biophysical controls. identification of
keystone and critical-link species, indices of biodiversity,
and relationships to foodwebs and habitat requirements of
wildlife). as well as for assessment of sensitivities (0 distur-
bance.

The generic, regional information available and studies con-
ducted for the state of Nevada suggest that the site is part of
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a unique ecosystem limited in extent by virtue of its location
within a transitional desert ecotone: its soils are of volcanic
origin. as opposed to sedimentary. like most of the surround-
ing area, i.e.. the Mojave Desert to the south, or the Great
Basin to the north (Beatley. 1980: Collinseral.. 198 1; Mitchell.
1984: ESA. 1990). Additionally. the field investigations
confirm the fact that much of the area remains in near-pristine
condition. a situation unusual in most of southemn Nevada.

Wildlife. The State's wildlife investigations have focused
on: (1) identification of the terrestrial wildlife of the Yucca
Mountain area. (2) assessments of the status of the desen
tortoise and its habitat at Yucca Mountain, and (3) identifica-
tion of the sensitivities and issues potentially affecting the
unique ecological areas at nearby Ash Meadows and Devil s

Hole.

The Yucca Mountain wildlife investigations to date include
field studies of mammals, reptiles, and amphibians. The fielc
studies indicate the presence of small rodents typical of the
Mojave and Great Basin biomes. A richer fauna is considered
to be present potentially, but the severe drought appears to
have affected wildlife use of the area and reduced the endemic
population at the time the studies were conducted.

The desert tortoise is a species of special concern that occurs
at Yucca Mountain. It has been a candidate species for some
time. and in 1989 was listed as threatened in Nevada anc
California. It is also a state-protected species in this area.

Field investigations of the tortoise were conducted on the
portion of the NTS at the base of Yucca Mountain in late
summer 1989 (Karl, 1989). The investigations included first
reconnaissance surveys followed by studies on 23 strip
transects to assess the distribution, habitat associations, and
relative abundance of tortoises. Observations of tortoise and
sign were used to yieldarough estimate of tortoise abundance
at about 3 to 19 individuals per square kilometer ( 1010 50 per
square mile). The highest densities appear o occur on
alluvial fans. many of which are areas in which the most
intensive disturbance from DOE site characterization is an-

. ticipated to occur (U.S. DOE. 1988a). The data are prelimi-

nary, but are indicative of tortoise populations greater than
those reported by the DOE at less than seven tortoises per
square kilometer (20 per square mile) (U.S. DOE, 1986 and
1989¢) and of higher density on the alluvial fans. Both the
difference in tortoise abundance and distribution of estimates
among the DOE's reports and the State’s survey are poten-
tially significant for impact analysis of disturbances associ-
ated with site characterization. Preliminary assessments
were made of habitat quality, most of which is considered tc
be fair.

Little actually is known about the tortoise in the Yucce
Mountain area (Berry. 1984; Karl 1981, 1983, and 1989).
Although the DOE has. to date, considered impacts to the
tortoise to be insignificant, there are numerous unanswerec
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questions regarding the local populations. Key issues to be
resolved include potential fragmentation of the endemic
populations and their habitat. Cumulative impacts must be
considered in the context of the widespread decline of the
tortoise throughout much of the Mojave Desert (because of
disease and other factors) and in southern Nevada in particular.
There is a potential for the loss of possibly significant habitat:
habitat relationships and quality remain as yet undefined and
unstudied at Yucca Mountain. The sensitivity of the population
and the habitat to alteration is an important consideration
because the Yucca Mountain population is at the edge of the
natural range of the species and presumably at the margin of
its environmental tolerance. The concern is that even small
changes in the environment may resultin large impacts on the
population. Tolerances to. and recovery rates from. natural
and human-induced environmental perturbations remain
unknown. Little is known about the vitality of the popula-
tion—if it is growing. stable. or declining. and whether the
respiratory disease that has destroyed a large portion of the
tortoise population west of the Colorado River is present in

the Yucca Mountain population.

There is little evidence to support the assumptions inherent in
the DOE s mitigation plan (U.S. DOE. 1988c and 1989c¢) that
tortoises can be relocated easily without inducing significant
adverse effects on both the relocatees and the individuals in
the relocation site. The State’s desert tortoise studies. like
those of the other environmental factors. indicate that there
are many more questions than answers about the environment
" and resources of Yucca Mountain. and that assumptions of no
significant impact must be regarded as premature.

The State has also investigated potential concerns regarding
the relationship of the DOE’s site-characterization program
to the extremely sensitive resources and environment at Ash
Meadows and Devil’s Hole. Ash Meadows. located 40
kilometers (25 miles) south of Yucca Mountain. is a 57.500
hectare (23.000 acre) oasis of enormous biological impor-
tance. [t supports more species of endemic animals and plants
than any area of similar size in the United States. including at
least 12 federally-listed endangered and threatened species
(Hendrickson and Kubly, 1984). More than 30 springs and
seeps create habitat for at least 30 animals and plants found
nowhere else on earth. Devil’s Hole. located near Ash
Meadows. is the site of the most restricted habitat of perhaps
any vertebrate in the world. the Devil’s Hole pupfish. Both
areas are protected. currently managed primarily by the U.S.
National Park Service.

Ash Meadows and Devil s Hole are supported almost entirely
by groundwater. The springs are the discharge from a
eroundwater basin to the north and northeast that likely
includes Yucca Mountain. A potential exists for DOE activities
at Yucca Mountain to affect the hydrological conditions at
Ash Meadows and Devil s Hole, either through the release of
contaminants or by alteration of groundwater flows. Even
minor alterations of water level in Devil’s Hole could destroy
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the entire fragile ecosystem. The DOE has yetto demonstrate
that its site-characterization activities will not result in sig-
nificant. irreversible, adverse impacts on Ash Meadows and
Devil's Hole. A challenge to this effect has been made by the
National Park Service (Williams. 1988) and must be resolved
by the DOE. There is a clear need for the establishment of
specific impact criteria that can form the basis of monitoring
groundwater quantity and quality and defining feasible ap-
proaches to prevention of impact.

Soils. An evaluation of soils was omitted from the DOE’s
statutory EA (U.S. DOE. 1986). a fundamental oversight
given the important reiationship that soils bear to vegetation.
wildlife, and hydrology in the desert. A draft study plan for
soils has just been prepared by the DOE (U.S. DOE. 1990b):
these studies would be undertaken arfter the initiation of site
characterization. The State has initiated a soils investigation
so that information can be provided to understand better
biophysical relationships. estimate impacts. and plan for
reclamation before the DOE's siting activities irreparably
alter the site (RCI. 1989a). The soil survey included mapping
of soil units and characterization of soil associations in a
1.820 hectare (4.500 acre) area of the NTS near Yucca
Mountain. At least seven soil associations and 17 soil series
were mapped at large scale in the area. Additionally. land-
forms were identified by genetic class and mapped. Both
landforms and soils appear to bear significant relationships to
vegetation in the area, and will form important controls in
reclamation planning. Primary characteristics of the soils
useful for impact assessment and reclamation planning were
analyzed as part of the studies.

The DOE’s Past Disturbances and Proposed Activities

Since 1976, DOE preliminary investigations for the reposi-
tory have caused widespread disturbances of the landscape.
Those disturbances have not been identified accurately by the
DOE to date (U.S. DOE. 1988a). In order to obtain a better
understanding of the status of the environment at Yucca
Mountain. to predict future impacts, and to plan for reclama-
tion. as required by the NWPA, the State undertook an
investigation of the extent of past disturbance on and near
Yucca Mountain. The investigation was accomplished largely
through mapping. using interpretation of large scale stereo-
paired recent photography. historic photography. and remote
sensing Landsat and SPOT imagery. The results of this
investigation have been published elsewhere (ESA. 1989b;
Winsor and Ulland. 1989: Winsor and Rousseau. 1990).

Disturbances were categorized by 24 activity types with
associated disturbance characteristics. The disturbances were
mapped and tagged with an identification number and type.
A total of 258 hectares (638 acres) of disturbance was
measured. Assuming similar disturbance characteristics of
planned site-characterization activities, an additional total
211 hectares (522 acres) would be disturbed. The distur-
bances vary greatly in character. from total vegetation and
soil removal down to bedrock. to lesser disturbances that
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probably will undergo natural revegetation over time. The
disturbance assessment provided further indication of the
extremely slow process of natural recovery of disturbance in

the desert.

Reclamation Needs, Strategies, and Practices

The DOE must reclaim the site if it decides not to construct
the repository or. in the event of repository development. to
reclaim the site at the time of tacility closure. Restoration of
disturbed land in arid environments is highly constrained by
the special limitations of the harsh climate. particularly low
and variable precipitation. wind erosion of topsoil. and the
need forestablishment of critical soil microorganisms (Allen.
1989). Although proposed activities for site characterization
and repository development are the types of disturbances
typically associated with mining. successful reclamation of
the site will not be achieved easily. The DOE has given scant
attention to the critical limitations of the Yucca Mountain
environment in site restoration and has provided minimal
information about the scope or goals of its reclamation
program. the tvpes of reclamation practices it intends to
employ. schedules. or other pertinentinformation (U.S. DOE.
1989b. 1990a). Accordingly. the State has undertaken an
investigation of the overall potential and strategy for recla-
mation that incorporates the concept of application of best
management practices (ESA. 1989a: ESA and RCL. 1989).
The strategy is intended to identify objectives of reclamation.
appropriate levels of effort. and guidance for establishing
specific reclamation plans. That strategy is based on the
recognition that local site variability has produced numerous
plant communities and soil conditions. each with different
potential for revegetation (ESA. 1990). Each disturbance of
the vegetation and soil will have to be considered indepen-
dently when formulating reclamation prescriptions. Nosingle
approach cun be applied to the entire Yucca Mountain site and
area. Additionally, reclamation performance standards nec-
essarily may vary over the site in accordance with site-
specific reclamation potential (RCI. 1989b).

RCI (1989b) found that previous reclamation work has been
done only outside the Yucca Mountain area. Studies of native
shrub species” adaptability have occurred primarily in south-
ern California and Arizona. Species adaptability recommen-
dations. other than for native shrubs. are derived from seeding
cuides and are based more on species characteristics than on
actual field trials. Little or no soils information on previous
study sites has been documented. and the studies of soil
stubilization. site preparation. mulching. and fertilization
conducted mostly at mining sites in southern California are
site-specitic case studies. Therefore. itisdifficulttoextrapolate
results of the past out-of-area studies of reclamation to
specific sites at Yucca Mountain. Additionally. many recla-
mation studies reported in the literature were of short term
and conducted at an applied level of research with liule
understanding of why a response occurred. As a result. the
reported reclamation recommendations were based on trial-
and-error approaches with little understanding of the under-
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lying mechanisms that would allow extrapolation to other
sites like Yucca Mountain. Scientific research of desert soil
and vegetation interrelationships is in its infancy. Itappears
that much of the desert vegetation is distributed in “fertile
islands™ related 1o sensitive vegetation/soil interdependen-
cies. An understanding of these interrelationships and sen-
sitivities is critical to establishing elements in reclamation
requirements. such as the important work on reestablishment
of mycorrhizal fungi in the soil to improve reestablishment of
some desert shrubs (e.¢., Allen. 1989).

The disturbance assessments reported earlier were used to
estimate the potential costs of reclamation of the past dis-
turbances. Field inspections were made to assess the scope
and anticipated problems for planning reclamation efforts.
The cost estimates range from five million to 23 million
dollars. depending on the level of effort and goals for recla-
mation of the site (ESA and RCI. 1989). Reclamation costs
for proposed site-characterization activities are not known.
because many of the DOE's plans are not fully conceived or
sited. Much potential damage from site characterization
could be avoided by a better-planned program in which
impact avoidance is given higher priority. Where environ-
mental disturbance is necessary. many established best man-
agement practices can be used to minimize soil and vegeta-
tion damage. promote reciamation. and thereby reduce rec-
lamation needs. For example. many fertile islands can be left
intact without compromising the intended grading design.
and track equipment could be used on many roads instead of
blading. so as to reduce damage to the vegeration and to
maintain an indigenous onsite seed source for revegetation.
By such practices. revegetation can be promoted by both
natural processes. in conjunction with supplemental planting.

The State s objective forreclamation is to encourage reestab-
lishment of the ecological integrity of the site at conditions
approximating those before the DOE initiated its studies for
nominating Yucca Mountain as a repository site. The strat-
egv is based on the integration of reclamation considerations
into all activity phases including the periods prior to distur-
bance. during the disturbance activity. and following aban-
donment of a specific site. Reclamation should be oriented to
development of sound and integrated planning and imple- .
mentation. Overall and site-specific reclamation objectives
should be defined in advance of disturbance activities and
specific practices; responsibilities and schedules should be
identified for each phase of reclamation activity. A monitor-
ing program alsois acritical element of the States reclamation

strategy.

FUTURE PROGRAM DIRECTIONS

The concept of the environmental management program
envisioned by the State and summarized in this paper can be

" realized if efforts are continued in a number of key areas

discussed below. Continued primary data collection in a
field-based program is essential to other aspects of environ-
mental management planning. The State’s environmental
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team was able to conduct only limited baseline studies in the
field. The baseline studies of vegetation, wildlife. special
status species. and soils should be continued and expanded
onto Yucca Mountain and into the surrounding region (RCI,
1989a; ESA, 1990). Seasonal investigations of terrestrial
ecology are needed to understand better biophysical relation-
ships and sensitivities of the environment to disturbances.
The baseline studies should be expanded over several years
to capture a broader range in environmental conditions: the
1989 field studies were conducted in the third year of a

drought.

Studies of the desert tortoise require considerable expansion
in scope and geography. and should be conducted over
extended periods (Karl, 1989). As noted, there are many
questions that need to be resolved before the DOE undertakes
a program of tortoise relocation and habitat destruction in
conjunction with site characterization. Studies of vegetation
must be integrated into the habitat quality evaluations for
tortoise impact assessments.

The baseline studies must also be expanded to encompass the
full range of environmental factors presented in the State’s
Environmental Studies Plan (ESA. 1989a). Studies postponed
due to funding limitations should be initiated, including
climatology. air quality, hydrology, erosion, water quality.
noise, cultural resources. and visual/aesthetics. These studies
are needed because: (1) impacts of site characterization are
anticipated to affect the resources in question, (2) they are
critical to understanding biophysical relationships of the
Yucca Mountain ecosystem, and (3) they are not being
addressed adequately by the DOE (NWPO, 1987 and 1988:
Winsorand Ulland, 1989: Malone, 1990c). Integration of the
findings of sophisticated hydrological models are needed to
assess the potential for significant effects of site characteriza-
tion at Ash Meadows and Devil's Hole. Also of great
importance are the proposed studies for establishing reclama-
tion procedures (RCI, 1989b).

Inconjunction with the baseline studies, acomplete evaluation
" of environmental sensitivities is required. Preliminary as-
sessments of sensitivities have beenestablished, at least at the
level of identifying key environmental concerns and generic
sources of impacts from human disturbances. More com-
prehensive assessments are needed of biophysical relation-
ships, environmental responses to disturbance stimuli, and
constraints posed by the natural environment of Yucca
Mountain. These are needed both in a site-specific contextas
well as for general and cumulative matrices. Analyses of
these types set the stage for definition of useful impact
significance criteria.

The State’s objective in impact assessment is to establish
meaningful impact analyses using predetermined impact
significance criteria. To achieve this, further investigation in
two areas is required. First, impact models must be con-
structed to predict the effects of each disturbance type asso-
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ciated with a site-characterization activity. These should be
based on observed. and preferably measured. effects of past
disturbances at Yucca Mountain and generic effects of new
planned activities by the DOE. The models should incorporate
both direct and indirect effects that can be used to define
thresholds of significance. Second. impact indicators must
be identified in advance of disturbance activities so that
impacts can be recognized through monitoring efforts. Pre-
liminary identification of impact indicators has been made
using generic criteria (ESA and RCI. 1989): these require
refinement and integration into the impact models.

Continued investigations of best management practices as
applied to the specific environment of Yucca Mountain are
needed. The preliminary work previously described indicates
that much information is lacking about reclamation practices
and their potential for success. Most literature on reclamation
in desert environments indicates thatsoil reestablishmentand
revegetation are extremely slow processes under natural
conditions. and that proactive reclamation is a labor intensive
and expensive process that often has met with limited success
(RCL. 1989b). For these reasons, further research is needed
regarding which reclamation practices are likely to succeed at
Yucca Mountain. Active tests of reclamation techniques are
needed in the Yucca Mountain environment. Simularly.
further information is required regarding other mitigation
measures and their potential for success at Yucca Mountain.
e.g.. dust control. noise and vibration control. and cultural
resource recovery requirements.

In its independent role, the State intends to monitor fully all
DOE activities during site characterization. A full monitor-
ing program consistent with the objectives. approaches, and
constraints recognized by Duinker (1989) should include use
of remote sensing methods and field studies to detectenviron-
mental change, pre-disturbance site assessments. ongoing
measurements of environmental effects of disturbance-gen-
erating activities, ongoing monitoring of mitigation and
reclamation efforts, and compliance monitoring. The de-
velopment of an integrated. centralized database is essential
for this purpose, particularly use of a Geographic Informa-
tion System (Winsor and Rousseau, 1990).

CONCLUSIONS

Nevada questions the necessity of further environmental

disturbance at Yucca Mountain and has significant concemns
about the environment that are not being addressed effec-
tively by the DOE. The deficiencies inthe DOE environmen-
tal program will undermine the credibility and success of the
EIS that must be prepared for repository construction. Addi-
tionally. those deficiencies will pose potentially critical limi-
tations to the reclamation program that ultimately must be
pursued at Yucca Mountain. Even more important to national
nuclear waste policy, shortcomings inthe DOE environmental
program jeopardize the efficacy of the repository program by
calling into question the soundness of fundamental analyses
of the ability of a geologic repository at Yucca Mountain to



perform as intended and protect the environment for at least
10.000 years. The DOE must recognize the Yucca Mountain
Project for the unique. first-ever effort that it is. and not
approach repository siting as a routine construction project.

Another important issue raised by the NWPA. NWPAA. and
the choice of Yucca Mountain as the sole site for consider-
ation for a geologic repository involves reclamation poten-
tial. National policy rightly calls for reclamation of a site
following environmental disturbance as a result of charac-
terization and repository development. Yetin the case of the
Yucca Mountain site. where harsh desert conditions prevail,
it is questionable that the environment is sufficiently per-
missive for reclamation goals to be met. This is due tothe lack
of effective site reclamation methodologies for arid regions
like those of the Transition Desert (Wallace eral.. 1980: RCIL.
1989b). Because of this. the wisdom of pursuing repository
siting in an area where reclamation goals are unlikely to be
achieved must be called into question. For this reason. the
proposed restructuring of the national nuclear waste reposi-
tory program (U.S. DOE. 1989a) mustinciude consideration
of the reclamation issue and the need tor considering alter-
native siting measures more in line with meeting reclamation
goals than likely can be attained at the Yucca Mountain site.
This is another instance where environmental limitations and
the lack of adequate scientific knowledge and technical
methodologies to overcome them must be considered in
establishing national policies such as those embodied in the
NWPA and the NWPAA (Malone. 1990a and 1990b). Atthe
very least. a reordering of priorities is needed for the Yucca
Mountain Project. such that impact avoidance is given a
higher degree of importance in planning and conducting site
charucterization.

The DOE's proposed restructuring of the CRWMP presents
an opportunity for effecting a significant alteration in its
approach to environmental analysis and resource manage-
ment at Yucca Mountain (U.S. DOE. 1989a). Itis time that
the DOE develop an environmental maniagement program
thatis in line with currentconcepts of environmental planning
and management for federal lands. In recent years. some
federal agencies with stewardship responsibility for publicly-
owned lands have made significant strides in developing
environmental management plans with clearly drawn objec-
tives tor resource management. by implementing plans and
policies. und by establishing protocols for minimizing adverse
impucts 1o the environment. It is hoped that the DOE will
rethink carefully its strategy about environmental manage-
ment for the CRWMP and incorporate an environmental
ethic that responds to the substance of the NEPA as the
nation’s comprehensive policy on environmental quality.
The alternative environmental management program pro-
posed here offers the framework for this long-needed fresh
approach to the environment for the nuclear waste repository
project at Yucca Mountain.
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ABSTRACT / The US Department of Energy (DOE) plans ic
conguct site characterization studies at Yucca Mcuntain, Ne-
vada, to determine if the location 1s a suitatle site for 2 nu-
clear waste repository. In lieu of traditional environmen:ai re-
view in accordance with the Naticnal Envirenmenta! Paiicy
Act of 1963, the DOE is relving on an environmer:al assess-
ment (2A) mandated by the Nuclear Waste Poiicy Act of
1882 as the comerstone of its environmental program for the
Yucca Mountain Project. Because of statutery restrictions, the

EA is not based on comprehensive baseline information.
Ne:ither does it acdress funcamentals cf environmental anal-
ysis such as ecclegical integnty and assessment of cumula-
tve impacts. Consequently, the present envircnmental gro-
gram for Yucca Mountain reflects decisicns made without
complete informaticn and integrated environmental review.
The shericomings of the pregram risk ccmpromising the nat-
ural integrity of Yucca Mountain and invalicating future as-
sessment of the ability of a nuciear waste repository Iccated
at the siie to protect the environment. Significant improve-
ments are needed in the reposiicry siting program belore it
can serve as a medel of how scciety can evaiuate the long-
term environmental consequences cf advanced technologies,
as has been suggested.

Disposal of highly radioactive waste from nuclear
power plants and production of nuclear weapons in
deep geologic repositories in the United States is man-
dated by the Nuclear Waste Policy Act of 1982
(NWPA). The NWPA directed the US Deparument of
Energy (DOE) to conduct geologic and hvdrologic site
characterization studies at three candidate sites to es-
tablish the suitability of the sites for location of a re-
pository. Difficulties encountered by the DOE in im-
plementing environmental provisions of the NWPA
resulted in a failure of the nadonal nuclear waste
policy (Clary and Kraft 1988, Lemons and others
1989) and led to passage of the Nuclear Waste Policy
Amendments Act of 1987 (NWPAA). The NWPAA
reformulated natonal policy and mandated that the
DOE consider only the Yucca Mountain site in south-
western Nevada as a potenual locadon for a repository.
[Favorable qualities of the Yucca Mountain site have
been discussed by the DOE (US DOE 1986).) The
amendment of NWPA thus presents an opportunity
for the DOE to modify its approach to repository
siung to bring about a more successful nuclear waste
disposal program than was the case prior to 1987.
Clary and Kraft (1988) point out that whether or not
this occurs depends on DOE's capacity to learn from
experience and to devise appropriate strategies. Proce-
dural aspects of the post-1987 environmental policy

for the repository siung project at Yucca Mountain

KEY WORDS: Environmental analysis; Repository siting: Yucca Moun-
tain

Emaronmental Management Vol 14, No 1. pp. 25-32

have been described (Lemons and Malone 1989, Ma-
lone 1989), thereby setting the stage for a review and
analysis of the substance of the post-1987 DOE envi-
ronmental program.

An impormant issue related to the success of the
Yucca Mountain environmental program is the sug-
gesuon that the high-level nuclear waste issue may
serve as a model for how sodety deals with the conse-
quences of new technologies that have the potental
for threatening the environment for thousands of
years (Nauonal Board for Spent Nuclear Fuel 1988).
This issue compliments recent discussion regarding
how society can avert environmental problems that
have the potendal for threatening the future
(DeYoung and Kaplan 1988). The Yucca Mountain
Project is relevant in this context because a nuclear
waste repository must be demonstrated capable of iso-
lating radionuclides from the environment for at least
10,000 years (US Environmental Protecion Agency
1985, Egan and Clark 1989). Assessing whether or not
a sealed and abandoned geologic repository will pro-
tect the environment for thousands of years is a com-
plex problem beyond the scope of this article. The
issue is steeped in uncertainty and subjectvity that

~ must be addressed by performance assessment meth-

odologies that have yet to be developed and that will
be based more on probabilistic approaches than on
deterministic ones (Lieberman and Lee 1986, Buxton
1989). However, the impacts of geologic and hydro-
logic site characterization activities cannot be separated
easily from the long-term environmental behavior of a

© 1990 Springer-Veriag New York Inc
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repository svstem because information on the natural
setting gathered during the siting phase ultimately will
be used to assess the long-term environmental fate of
radionuclides. The efficacy of repository performance
assessment could depend on the cumulative impacts
resulting from activities carried out in the course of
-detailed site characterization, i.e., determining the suit-
ability of the site for a repository. Thus. in the context
of a nuclear waste repository, the concept of perfor-
mance assessment largely is analogous to the environ-
mental concept of cumulative impact assessment that is
a fundamental cornerstone of US environmental
policy (Westman 1985, Bardet 1986, Caldwell 1983).
These issues are addressed below by reviewing the
substance of the DOE environmental program plans
for site characterization of Yucca Mountain in the con-
text of some current views on environmental impact

analysis.

DOE Environmental Program from 1982 to 1987

In order to analyze and evaluate the current DOE
environmental program for siung a nuclear waste re-
pository at Yucca Mountain, it is necessary to under-
stand the program since the enactment of the NWPA
in early 1983. This departure point is significant be-
cause NWPA contains provisions that exempt reposi-
tory siting activiues from preparing an environmental
impact statement pursuant to compliance with the Na-
tional Environmental Policy Act (NEPA) of 1969. This
issue is seen as the root of the procedural difficulties
with the Yucca Mounuain environmental program
(Lemons and Malone 1989, Malone 1989). As docu-
mented by Clary and Kraft (1988), the DOE pre-
pared environmental assessments (EAs) for potential
repository sites as directed by NWPA. However, the
resulting poor technical quality of the documents was
the underlying cause for the policy failure of NWPA
and the passage of NWPAA in 1987. To determine
whether the current approach being taken by the
DOE for the Yucca Mountain Project stands to achieve
the outcome desired by NWPAA (Clary and Kraft
1988), it is helpful to review the statutory EA for the
Yucca Mountain site (US DOE 1986).

In accordance with the NWPA, the Yucca Moun-
tain statutory EA (US DOE 1986) was prepared based
on available regional informadon. No new studies
were undertaken to provide comprehensive, site-spe-
cific environmental insights. Another limitation was
that only preliminary descriptions of the proposed site
characterization activities at Yucca Mountain were
available for preparation of the NWPA statutory EA.
When the document was issued, the DOE (US DOE
1986) stated that as a result of the lack of complete

information on baseline environmental conditions at
the site and on the proposed action, the results should
be considered preliminary. An indication of the extent
of unceruaintv that characterized the NWPA statutorv
EA for the Yucca Mountain site can be gained from
Table 1 by comparing the description of the proposed
action used for impact analvsis with the site character-
1zauon acuvides currently planned. For example, the
statutory EA stated that there are to be 20 drill holes,
whereas the current plans (U'S DOE 1988d) reveal that
up to 400 holes may be drilled or cored. Addiuonal
shortcomings of the NWPA suawutorv EA from the
perspecuve of environmental analvsis include the fol-
lowing:

1. No menton was made of environmental impacts
associated with disturbance to soils. and no ecolog-
ical informauon existed with respect to soils at
Yucca Mountain.

2. There were no data on air quality and meteoro-
logical conditons at the site.

3. No groundwater quality information was pre-
sented.

4. No consideration was given to impacts from noise.

No information existed on visual resources and

potenual impacts from the repository program.

6. Without any basis in empiricism or determinisuc

analysis, the EA concluded there would be no sig-

nificant environmental impacts from site charac-
terization.

Without any regulatory analysis, the EA con-

cluded that all applicable environmental require-

ments can be met during site characterization.

(S]]

=1

Clearly the NWPA statutory EA for the Yucca
Mountain site was not suited for purposes of rigorous
environmental review, evaluation, and planning in the
traditional sense of NEPA (Lemons and Malone 1989,
Malone 1989). Clary and Kraft (1988) concluded that
the failure of the DOE to carry out systematic and ob-
jective surveys and impact analyses, to adopt credible
methodologies and analytical procedures, and to de-
fend the findings of minimal environmental conse-
quences resulted in the DOE not achieving its goals
under the NWPA. The roots of this failure have been
atributed to the NEPA exemptions granted by the
NWPA to repository siting activities and the prohibi-
tion on acquisition of complete information on envi-
ronmental conditons at sites like Yucca Mountain
(Lemons and Malone 1989, Malone 1989). As a conse-
quence, the DOE did not carry out environmental im-
pact analysis in accordance with traditional NEPA
standards and guidelines. In light of the complex,
controversial nature of the nuclear waste issue, this
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Table 1. Surface-disturbing siting activities for the Yucca Mountain Project

Described Carried out Planned for

mn EA before 1987 after 1957

Activity (DOE 1436) (DOE 1988d) (DOE 1988d)
Drill holes (N) 20 216 350-400
Trenches (N) Unspecified 6+ 25-30
Hydraulic pavements (N) Not included s} 9
Seismic surveys (km) 80 Unknown 150-240
Infiltration plots and ponds (N) Not included Unknown 87
Exploratory shaft facilities (ha) 3 8 13
Access roads (km) 160 190 40-50
Area disturbed (ha) 280-320 370 200-320

shortcoming must be viewed as a major error in deci-
sion making and policy that NEPA was meant to avoid.

In addidon to understanding the background to
the statutory EA, it is useful to consider the environ-
mental regulatory requirements that apply to reposi-
tory site characterization acuvites at Yucca Mountain.
The planned activities are to be carried out over a pe-
riod of five to seven years and will be in additon t0
similar acuvities that were conducted prior to 1986
when siting was halted pending preparation of site
characterization plans (Table 1). In large part the reg-
ulatory requirements that apply to the Yucca Moun-
tain Project (Malone 1989) set the framework for the
DOE environmental program. The most nowble of
the environmental requirements are those contained
in NWPA (Table 2) that have been at the root of dec-
sions made by DOE with respect to environmental re-
view for site characterizaton. As a consequence of the
partial NEPA exemptions, it is DOE policy that the

NWPA statutory EAs were program-spedfic deasion

documents that bear no relation to the requirements
of the NEPA. Because an environmental impact state-
ment is not required for site charactenzauon, the DOE
has no plans for evaluatng impacts that could occur as
a result of site characterization and errors reflected in
the NWPA statutory EA for Yucca Mounuain nsk
being perpetuated during site charactenzauon. Fed-
eral and state environmental regulatons that apply to
the project also influence the environmental program,
but none of these require comprehensive environ-
mental analysis (Malone 1989). For the most part the

federal and state compliance requirements are similar-

to those that apply to all major construcuon acuviues
on federally owned land.

DOE Environmental Program for Yucca
Mountain since 1987

Following passage of the NWPAA in 1987. the
DOE issued an Environmental Program Overview (LS

Tabie 2. Environmenta! provisions of the Nuclear
Waste Policy Act for repcsitory siie characterization

Section Reguirement

Recommendaton of candidate site for
considerauon as a reposilory site reguires
preparauon of a statutory environmental
assessment (EA) based on informauon
available at the ume.

Siting acuviues are exempt from
preparation of an EIS pursuant to NEPA,
Subsequent to site recommendaton,
geologic and hvdrologic siung studies are to
be carried out at Yucca Mountain in a
manner that miumizes the significant
adverse environmental impacts that are to
be identified in a second EA (separate from
the Section 112 EA) submitted as part of
the plans for siung studies. The plans also
are to include reclamauon of the Yuca
Mountun site and mitigaton of significant
adverse impacts.

112 (a) and (b)

112 (e} and 113 (d)

113 (a), (b). and ()

DOE 1988a) that describes environmental planning
for site characterization activites at Yucca Mountain.
The program overview describes the purpose of other
documents that, when completed, will comprise com-
posize plans for protecting the environment at Yucca
Mounuin during site characterization (Table 3). All
the plans are based on the findings and conclusions of
the NWPA swawtory EA (US DOE 1986) and are
predicated on the assumption that the EA provides 2
sound basis for continued environmental program
planning. As discussed in the preceding section, the
adequacy of the statutory EA is fundamental to the
post-1987 DOE environmental program. The compo-
nents of the DOE environmental program plan for site
characterization activities are discussed below, followed
by a criique of the success with which the Environ-
mental Program Overview (US DOE 1988a) illustrates
that the documents reflect comprehensive, integrated
environmental program planning for the Yucca
Mounuain Project.
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Table 3. Documents described in the environmentzl
program overview (DOE 1988c) as comprising the
environmental program pians for site characterization
at Yucca Mountain

Tide Reference

Environmenul Monitoring and LS DOE 1988a
Miugauon Plan

Environmenul Regulatory LS DOE 1988b

Compliance Plan
Reclamation Program Plan
Reclamation Feasibility Plan
Reclamation Implementauon Plan
Environmental Field Actvity Plans for:

In preparation
In preparauon
In preparauon

Aesthetcs Unscheduled
Air quality US DOE 1938f
Archeology LUS DOE 1958¢
Noise Unscheduled
Soils Unscheduled
Ecosvstems LS DOE 1988e

Water resources In preparauon

Monitoring, Mitigation, Reclamation, and
Regulatory Compliance

An Environmental Monitoring and Mitigauon Plan
(US DOE 1988a) addresses monitoring and mitigaung
significant adverse impacts from future site character-
izaton acuviues and was prepared to assure that site
characterization would be conducted in a manner that
minimizes environmental impacts. The plan is not
comprehensive and fails to address all components of
the environment because the NWPA statutory EA was
used to identify potental impacts to be minimized and
mitigated during site characterization (US DOE
1988a,b). Thus, if a2 potental impact is not identified
in the statutory EA, it is not addressed in the moni-
toring and mitgadon plan. For example, terrestrial
ecosystems are to be surveyed principally where site
characterization acuvites will result directly in site dis-
turbance and not across the endre study site. There
will be no comprehensive studies associated with im-
pact monitoring and mitigatdon prior to site character-
ization. No monitoring will be conducted for soils,
noise, and aesthetics because the statutory EA con-
cluded that no impacts will occur in those components
of the environment. Monitoring for air pollutants
from site characterization will cover only partculate
matter, and no other emissions resulting from site
characterization will be measured. There will be no at-
tempt to address cumulative impacts of any kind, and
the only form of mitigation to be considered is subse-
quent alteration of an ongoing activity if impacts are
detected. In the DOE's view, the concept of cumulative
impacts from past and planned activities and the need
to consider direct mitigation measures are ideas re-

stricted to NEPA and do not apply o the Yucca
Mounuin Project (LS DOE 1988b). Thus, the scope of
the plan for monitoring and mitigation is narrowly re-
stricted to the context of the NWPA and the statutor
EA with no consideration of a broad perspective on
environmental review.

Following the monitoring and mitigation plan, the
DOE issued a plan for complving with environmental
requirements other than those derived directy from
the NWPA. The Environmental Regulatory Compli-
ance Plan (US DOE 1988c) is a procedural document
that implements the DOE internal orders requiring
that operations be carried out in an environmentally
sound manner as defined by statutes and regulations.
This reflects how DOE equates environmental protec-
uon with regulatory compliance. Such a policv would
be more credible if NEPA were complied with in its
enunity during repository siting, but this is not to be
the case. Aside from the specific exemptions granted
bv the NWPA that remain applicable to site character-
ization at Yucca Mounuin, there is no indicauon in the
regulatory compliance plan (US DOE 1988c) of how
the requirements that address planning, decision
making, and other aspects of NEPA may be met
Other than the limitations imposed on NEPA, the
compliance plan adequately identifies the range of
non-NWPA and environmental requirements likely to
apply to the Yucca Mountain Project. How compliance
will be achieved is not addressed, and although the
plan mentions that a compliance auditing program will
be developed, there is no discussion of its substance.

The DOE is preparing three separate plans for rec-
lamation activides at Yucca Mountain (Table 3) pur-
suant to the requirements of NWPA. The first of the
documents is to be a Reclamation Program Plan meant
to discuss the requirements that mandate reclamation.
The second document will be a Reclamation Feasibility
Plan describing field studies for developing reclama-
tion practices for the Yucca Mountain site. The third
document will be a Reclamation Implementation Plan
that discusses how the results of the feasibility plan will
be implemented. A notable feature of these plans is
that they will include plans for floristic studies of the
Yucca Mountain ecosystem (US DOE 1988a) that will
be apart from the ecological investigations to be car- .
ried out on soils and on fauna. As a consequence, no
single plan exists for comprehensive ecological studies.

Environmental Field Activities

Field studies and analyses needed to provide data
and information for the Environmental Monitoring
and Mitigation Plan, the Environmental Regulatory
Compliance Plan, and the uncompleted reclamation



plans are to be described by DOE in a set of Environ-
mental Field Activity Plans (Table 3). Each individual
disciplinary field activity plan is to be developed to re-
flect only the studies needed to meet environmental
requirements as they arise in a stepwise manner
during the course of the Yucca Mountin Project.
Thus. as a need for field informauon arises, a new ac-
tivity plan will be prepared or an exisung one
amended to reflect the studies required. This ap-
proach precludes DOE ever achieving the comprehen-
sive planning and integradon that typically charac-
terize sound and effective environmental analysis. As a
result of the piecemeal manner in which the field
plans are being prepared, it is not possible to obtain a
perspective on the overall studies that are to comprise
the DOE environmental program for the Yucca
Mounmuin Project. The difficulties inherent in the ap-
proach are apparent from the following observations.

1. The Environmental Field Actvity Plan for Ter-
resterial Ecosystems (US DOE 1988e) describes pre-
construction surveys needed at Yucca Mountain to as-
sure that no protected species or habitat is present.
These surveys will focus on the desert tortoise (Go-
pherus agassizit) because that species is a candidate for
protection under the Endangered Species Act. Fol-
lowing completion of site characterizaton, DOE will
conduct postconstruction surveys to determine the
need for impact mitigation and reclamation. As noted
above, the ecosystems field plan contins no florisuc
studies as these are to be included among the reclama-
tion plans. Neither does the plan contin studies or
analyses of ecosystem-level parameters such as produc-
tvity, nutrient cycling, and ecological integrity.

9. The Environmental Field Acuvity Plan for Air
Quality (US DOE 1988f) addresses monitoring of par-
ticulate matter to determine if regulatory exceedences
will occur during site characterizauon. No other cri-
teria pollutants are to be monitored with respect to site
characterization acuvities, and no dispersion modeling
is planned. Meteorological monitoring (US DOE 1985)
is a program separate from the environmental pro-
gram and is not addressed in the air quality plan.

3. A comprehensive survey of Yucca Mountain for
archeological sites was conducted in 1982 prior to pas-
sage of NWPA and was reported in the NWPA statu-
tory EA (US DOE 1986). The archeological resources
data base constitutes the only source of comprehensive
site-specific environmental information available for
Yucca Mountain. Locations of archeological sites are
known and an archeological field acuvity plan (US
DOE 1988g) contains plans for recovery of artfacts
where site characterizaton will directly disturb them.
All the measures required by federal archeological re-
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sources protection laws and regulations are addressed
by the field plan.

4. A field plan for water resources is being pre-
pared for purposes of environmental regulatory com-

- pliance and monitoring. The inital omission by the

DOE of such a plan was on the basis that the NWPA
statutory EA found no potenual impacts to water re-
sources as a result of site characterization activities at
Yucca Mountain. However, DOE (US DOE 1988¢)
subsequenty learned that field studies were needed
for purposes of regulatory compliance.

5. No field plans are available for soils, noise. and
aesthetics. As the DOE contends that no regulatory re-
quirements exist for soils, noise, and aesthetics during
repository siting, field plans will not be prepared for
analysis of impacts from site characterizatdon. Moni-
toring for these aspects of the environment as part of
the Environmental Monitoring and Mitigation Plan
(US DOE 1988b) was omitted because the NWPA stat-
utory EA concluded that adverse impacts would no re-
sult from site characterization activities.

Environmental Program Overview

The Environmental Program Overview for site
characterization activites at Yucca Mountain (US DOE
1988a) describes the procedural purpose of the indi-
vidual plans that comprise the DOE environmental
program (Table 3). The document does not discuss
the substance of each plan and thus does not provide
an integrated view of the scenufic nature of the DOE
environmental program. There is no component of
the plan that accomplishes a substantive, as opposed to
a procedural, overview and illustrates that the pro-
gram reflects a comprehensive approach to planning
for environmental protection. The absence of com-
plete environmental baseline informadon precludes
accomplishing a sound analysis of impacts that could
result from site characterization and renders all plan-
ning based on the NWPA statutory EA subject to un-
certainty. The lack of complete information on condi-
tions at the site will not be remedied because the true
baseline will never be known. The dedision to monitor
impacts primarily where the NWPA statutory EA pre-
dicted them means that unmonitored components of
the environment could be impacted and never de-
tected.

Discussion and Conclusions

Environmental protection programs are based in-
creasingly on concepts of cumulative impacts, biolog-
ical diversitv. environmental integrity, and resources
conservation (Stakhiv 1988, Westman 1985, Jordan
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and others 1988. Otfice ot Technological Assessment
1937). This is not the case with the Yucca Mountain
repository siting project. Given the inadequacies of the
environmental planning effort. it is unlikely ‘that the
DOE can carry out a credible and effective program of
impact analysis and environmental protection during
site characterization at Yucca Mountain. There is some
reason to believe that prior to repository construction
at Yucca Mountin, a more comprehensive and inte-
grated approach to DOE's environmental program
could be developed. This possibility exists because of
the requirements that performance assessment studies
be carned out before authorization of repositorv con-
struction in order to demonstrate the abilitv of the en-
vironment's natural setung to safely conuin nuclear
wastes for at least 10,000 vears (US Environmental
Protection Agency 1984. Egan and Clark 1989). Per-
formance assessment must address the susiained in-
tegrity of the site’s natural setting and confirm that cu-
mulatve impacts of radionuclides from a repository
will not threaten the quality of the environment (Lie-
berman and Lee 1986, Buxton 1989). However, the
assessment ulumately could be flawed because of
DOE's current policy of not performing comprehen-
sive, integrated siting studies and not analvzing cumu-
lative impacts as a result of site characterizaton.

A sound environmental program plan for Yucca
Mountain must provide for acquisition of comprehen-
sive information on the site.- This means that baseline
conditions should be described before site character-
izaton proceeds. It will not be sufficient for studies to

be carried out after site characterization has been iniu-

ated, as the US DOE (1988a.b) plans to do. The lack of
complete environmental baseline information for the
Yucca Mountain site coupled with the DOE decision to
monitor impacts primarily where the NWPA statutory
EA predicted them means that unmonitored compo-
nents of the environment could be impacted and
never detected. This is important with respect to the
need for impact mitgation and site reclamation. The
consequences that environmental impacts that are not
remediated could have to the preservauon of the site's
natural integrity-are a critical factor in light of the per-
formance assessment requirements (US Environ-

- mental Protecdon Agency 1985, Egan and Clark,
1989). It is essental that geologic and hydrologic char-
acterization not compromise the fundamental nature
of the environment. To do so would impose uncer-
tainty on the ability of the site to perform as intended
and protect future environmental systems from se-
rious radiological impact. To this end it seems that au-
diting of predicted impacts as discussed by Canter
(1985) is needed at Yucca Mountain.

A major weakness in the post-1987 DOE environ-
mental program for Yucca Mountain was ineviable
when the decision was made to accept the statutory EA
(LS DOE 1986) mandated by the NWPA as the basis
for subsequent planning. The alternative would have
been to follow the intent of the NWPA. set the statu-
torv EA aside once it had served the deasion-making
purpose intended by NWPA, and prepare another as-
sessment based on comprehensive, empirically derived
information as an intrinsic component of site charac-
terization. In choosing not to follow such a course. the
DOE has not benefited from the experience of the
failed 1982 policv (Cleary and Craft 1988) and. as a
result. the absence of appropnate environmental anal-
vsis conunues to trouble the repositery siung project.
Conunuing to pursue the environmental policy emin-
aung from' NWPA in 1982. alreadv proven to be
faultv. will onlv resuit in another faiiure of the high-
level nuclear waste repository program. The reason
for the DOE reliance on the NWPA statutory EA is
unclear but may be based on legal considerations and
an unwillingness to suggest that the document was in-
adequate by undertaking another analysis based on
comprehensive environmental informauon and com-
plete plans for site characterizauon (Malone 1989).

If an alternauve to the present course of environ-
mental program planning for the Yucca Mountain
Project were to be developed, it could adopt an ap-
proach that holds promise for accommodating the
complexities inherent in repository performance
studies where uncertainty is a significant consideration
(Buxton 1989). In this respect recent developments in
expert systems technology (Lein 1989) offer a unique
approach to complex environmental assessment and
merit consideration. The computer-based expert
systems approach is well suited 1o accommodatng the
multfaceted consideratons inherent to environmental
performance assessment. Interdisciplinary knowledge
can be encoded to provide solutions to specialized
problems that transcend traditional, formalized envi-
ronmental analysis. An espedially appealing aspect of
the svstems approach is that it provides for the
screening and evaluaton of alternative consideratons,
such as siting activities and engineering designs, before
adverse consequences occur (Lein 1989). If adopted by
the DOE, expert systems methodology could provide
the framework for an enlightened approach to envi-
ronmental planning and performance assessment for
the Yucca Mountain site that is consistent with the
complexity and significance of the nuclear waste dis-
posal issue and program in the United States.

A fundamental lesson to be learned from the expe-
riences that led to and that are following from the



NWPA policy failure is that in mauers of criucal envi-
ronmental concern over high-risk technologies like
nuclear energy and disposal of nuclear waste the envi-
ronmental rationality embodied within NEPA (Bartlett
1986) should not be set aside for an:expedient politi-
cally based rationality. The environmental rationale
that is the cornerstone of NEPA and upon which the
precepts of sound environmental impact analysis are
based (Bartlett 1986, Caldwell 1988) will serve society
well when faced with making decisions in the face of
uncertainties that carrv unknown risks to the environ-
mental svstems of future generatons. The concepts of
environmental integrity (Westman 1983) and cumula-
tive impact analysis (Stakhiv 1988) are essential to the
task of assessing the performance of an environmental
svstemn in which a repository is to be developed for iso-
lating nuclear wastes for thousands of vears. In this
sense the emerging methodology of performance as-
sessment for a repository system stands to benefit
from adopung the precepts of sound environmental
planning and management founded on preserving the
integrity of environmental systems and analysis of cu-
mulatve impacts disturbuted over time. Only if per-
formance assessment is conceptually sound and does
not compromise basic precepts of environmental pro-
tection and analysis like those embodied in NEPA can
it ever offer society a potential means of addressing
the long-term consequences of scientific and techno-
logical development on future environmental systems
and generatons. In this respect, how society deals with
the issue of nuclear waste could be a turning point in
addressing the consequences of far-reaching actions
on future environmental systems and generations
(National Board on Spent Nuclear Fuel 1988;
DeYoung and Kaplan 1988). The US nuclear reposi-
tory program as now reflected by the DOE Yucca
Mountain Project shows litdle promise of contributing
to the resoluton of this problem.
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ECOLOGY, ETHICS, AND PROFESSIONAL
ENVIRONMENTAL PRACTICE: THE YUCCA MOUNTAIN,
NEVADA, PROJECT AS A CASE STUDY |

Charles R. Malone
Nuclear Waste Projecr Office

Abstract. The U.S. Department of Energy (DOE) is proposing o develop a geologic repository for disposing of high-level nuclear waste ac
Yucea Mountain, Nevada. In this commentary. the ecology program for the DOE's Yucca Mountain Project is discussed from the perspective

of state-of-the-art ecosvstem analysis. environmental ethics. and siand

ards of professional pracuce. Specificaily at issue is the need by the

Yueza Mounzain ecology program to adopt an ecosvsiem approach that encomgpasses the current sirategy based on populauon biology and
community ecology alone. The premise here is that an ecosysizm approach is esseaual for assessing the long-term potential environmental
impacts at Yucca Mountain in ight of the thermal erfects expected to be assoctated with heat from radioactive decay.

INTRODUCTION

The resolution of environmental issues. both short-term and
long-term, involves a proper synthesis of environmental
information with panciples of ethics and values (Lemons.
1987: Shrader-Frechette, 1993: Golley. 199+). In some cases
this does not happen. a frequent reason being that environ-
mental science and management often are not practiced
holistically in an integrated and interdiscipiinary sense as
advocated by environmental professionals such as Caims and
Crawford (1991) and Dorney and Domey (1989). Some
environmental professionals do not comprehend holisuc ap-
proaches to environmental protection or for other reasons do
not practice their profession in a manner that integrates
principles of interdisciplinary environmental science and
ethics adequately.

My commentary discusses such a case from the perspective
of the ecosystem approach (e.g., Allen and Hoekstra. 1992:
Golley, 1993; Slocombe, 1993b: Grumbine, 19942) and
comments on issues of methodological value judgment, en-
vironmental ethics, and standards of professional environ-
mental practice. From this perspective, [ suggest how con-
cepts of ecosystem analysis combined with sound principles
of ethics and professional practice can contnbute to the
resolution of some controversial environmental issues.

The case study at hand is the U.S. Department of Energy
(DOE) project to dispose of high-level nuclear waste ina deep
geologic repository at Yucca Mountain, Nevada. The Yucca
Mountain Project previously has beenused by Lemons ( 1995)
and Shrader-Frechette (1993, 1994) to illustrate clashes be-

Charles R. Malone is an environmental scientist with the Nuclear
Waste Project Office. Capitol Complex, Carson City. NV 89710.
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tween ethics and methodological value judgment. In the
present commentary, I use the Yucca Mountain ecology
program as an example of how environmenial decisions nesd
10 be based on an understanding of the capabilities for human .
actions to pose a threat to long-term environmental quality
(e.g.. Peters and Lovejoy, 1992). In cases involving potenual
consequences to long-term ecosystem integnty (Woodley et
al.. 1993), it is prudent for decisions to be made in a manner
that poses the least threat to the environment for furure
generations. Extremely long-lived radioactive and associated
hazardous waste threatens environmental quality for as long
as 10 million years (Kirchner, 1990). Therefore, decisions
made now about such wastes could deprive future genera-
tions of options and choices that are rightfully theirs to make
(Baldwin, 1985). From this standpoint.logically fall ques-
tions about ecology and environmental ethics with respect 1o
the Yucca Mountain Project.

[t should be noted at the outset that the concern  express here
is not over the loss of a small amount of desert ecosystem.
Instead. my concern involves the greater potential environ-
mental consequences that could follow from the sacrifice of
the ecosystem atop a high-level nuclear waste repository at
Yucca Mountain (Figure 1). Thus, it is not explicitly the
principle of maintaining ecosystem integrity and biodiversity
that is at issue but rather what might result from failing to use
ecosystem analysis to assess the potential consequences. This
in turn leads to issues of ethics and professional practice and
some of the challenges faced by the environmental profession
in terms of applying the best scientific concepts and pracuces
available for preserving the environmenmt for future

generagons.

THE YUCCA MOUNTAIN CASE
The purpose of the Yucca Mountain Project along with other
information relevant to my commentary is shown in Table L.

0191-5398/95 $3.00 - .00
Copyright © National Association of Environmental Professionals
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Figure 1. Map of the U.S. DOE Yucca Mountain Project Site Showing the Perimeter
of the Proposed Geologic Repository for Disposing of Nuclear Waste
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Regulations require that the repository must isolate nuclear (Kirchner, 1990), which has a half-life of 24,390 years. As

waste from the environment for a minimum of 10.000 years noted, Kirchner demonstrated that nuclear waste inside 2
(Lemons et al., 1989; Malone. 1989: Shrader-Frechertte. deep geologic repository would be hazardous foraslongas_lO
1993). This is because there will be large amounts of long- million years. He suggested that a waste containment period

lasting radioactive contaminants such as plutonium-239 of 10,000 years is far too short. a matter that remains open for
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within the DOE complex attempted t¢ disprove the findings
but failed (Benjamin. 1994: Bowman. 1993).

A principal matter of concem at Yucca Mountain is the hea:
that will occur within a repository as a result of radicactive
decay. This is estimated to cause peak temperatures around
300°C atthe repository walls that would remain above |00°C
tor over 10.000 vears i Buscheck and Nitao. 1993: Buscheck
ez al.; 1993). The hvdrothermal scenario tor such a “hot”
repository is poorly understood with respect to the associated
environmental conseguences. Hydrothermal precess model-
ing by Buscheck and others suggests that temperarures within
the top 7 m at Yucca Mountain can be expected to rise by 2n
average of 2°-13°C. This is consistent with the 6°C nsz
allowed by the DOE (1988b) for temperature tncreases at thz
ground surtace.

The repository-driven hvdrothermal regime be:ng studied 5
anucipated ( Buscheck. 1994b) to influence the surtace envi-
ronment beginning atour 200 years arter the repository 13
rilled in 2030. Pgak effects would occur at the surtace of
Yucca Mountain after another 400 to 800 vears and would
remain in erfect for at least 10.000 vears or longer. These
erffects would occur over an area 3 km in diameter (7 km")
(Buscheck and Nitao. 1993), designated herz as “the surtace
thermal impact zone.” This is comparable to the 10 km-
disturbed area allowed by the DOE (1988b). The potential
impact zone is partally shown in Figure 2. The invesugators
have yet to conduct field studies relative to thermallv induced
changes near the surface at Yucca Mountain (Buscheck,

1994a).

The issue of repository-induced thermal impacts at Yucca
Mountain is more than a scientific curiosity. An environment
altered by subterranean heat at Yucca Mountain could influ-
ence the ecosystemn and in turn the hydrologic balance and
groundwater regime above a repository. Because groundwa-
ter is considered to be the most importznt factor affecting a
repository’s performance (by corroding waste canisters and
transporting radionuclides), long-term interactions between
the nuclear waste and the underground setting should not be
ignored (Malone, 1989-90, 1990c; Fehringer, 1994; Lemons
and Malone, 1994; NWTRB, 1994).

The problem would arise from increases in environmental
temperature and therefore is similar to questions posed by
elevated soil temperatures associated with global warming
(e.g., Peters and Lovejoy, 1992). Accordingly, it is logical
to consider whether or not understanding the issue of
repository-induced scosystem impacts would be responsive
to the application of the holistic ecosystem approach as some
are doing in the case of global warming and the environmen-
tal implications to ecosystem integrity and biodiversity (Van
Cleveetal., 1990; Field etal., 1992; Harte etal., 1992, 1995;
Peterjohn et al., 1993, 1994; Harte and Shaw. in press).

MALONE

[t might be expected thatin complying with the requirements
of the Nauonal Exwironmantaj Policy. Act (NEPA) at Yucea
Mountain, the DOE weuld adopt a systematic ec osvstam
approach for environmental impact assessment ‘EIA). Such
:pproacncﬂma"u.:amc {¢.g.. Beaniands and Duinker, 1984-
Duinksr and Baskerville, 1986: Westman. 1987: Caimns and
Crawford. 1991; Golley. 1993), but the DOE (1588a, 1992)
continues o pursue an approach basec alone on population
biology and community ecoiogy and lacking integration with
aptouc eavironmental sciences such as hydrology, geology.
and climatology (Winsor and Malone. 1990: Malone. 195Gb:
Lzmons and Malone, 1991 NWTRB. 19%4). The DOE
2poroach is se2n heres as being conirary o principles of
2avironmental 2thics and standards of professional environ-
mentai practice. To unders: anc :*-:; it 1S 1nstructive o con-
sicer some K2y issues of etucs and profession2i practics
pefors tuming attention o .hc Yucca Mountain Project and
agplied 2cosvstem scienca.

ETHICS AND STANDARDS FOR PROFESSIONAL
ENVIRONMENTAL PRACTICE

As ncted in the introduction above, environmental profes-
sionais should conduct their practice cognizant that the svn-
thesis of authentic facss and values consistent with interdis-
ciplinary concspts is a professional responsibiiity. Some
profsssionai codes of ethics and standards of professional
pracucerecognize this(e.g., Shrader-Frechette. 1994: ACEC,
1995: ESA, 1995; Lemons, 1995; NAEP, 1995; NDEP,
1995). For example, Table 2 lists some fundamental prin-
ciples of ethics and standards of practice adopted by environ-
mental professional organizations such as the Nauonal Asso-
ciation of Environmental Professionals (NAEP).

The principles listed in Table 2 set the scene for this case
study of ecosystem science, ethics, and standards of profes-
sional practice using the Yucca Mountain Project ecology
program (DOE, 1986, 1988a. 1992, 1994b). Specifically. the
approach taken involves using principles of ethics and stan-
dards of environmental practice to question the absence
within the DOE ecology program of an m:erdlscxplma.rv
ecosystem-based approach to EIA.

My first premise is that the Yucca Mountain ecology program
is not being conducted consistent with environmental codes
of ethics and sound professional practice. A second premise
is that this fault has adverse consequences for both the nuclear
waste repository program and the long-term environment.
The principal fundamental fearure of the Yucca Mountain
ecology program on which these premises are based is the
program’s failure to apply the ecosystem approach advocated
by Schulze and Zwolfer (1987). Westman (1987). Goiley
(1993, 1994), and others in accordance with interdiscipli-
nary, integrated environmental management as set forth by
Savory (1988), Caims and Crawford (1991). Allen and
Hoekstra (1992), and Golley (1993. 1994).
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Table 2. Fundamental Principles of Ethics,
Standards of Practice, and Guidarice for
Environmental Professionals Relevant to

the Yucca Mountain Case and
This Commentary

= Environmental professionals must conduct
themselves in 2 manner consistent with the
principles of environmental ethics and objecuvity.

» Environmental professionals must acceot oniy
assignments for which they are qualified. and they
mus: alert clients when another professionai’s
experuse will be required for an assignment.

= Environmental professionals must incorporate the
best principies of the environmental sciencss ror
racducinz environmentai harm and eanan

environmental quality. This includes re:og;tz:ng
that environmental management anc praciice involve
the interdisciplinary consicerauon of all
environmental factors (biotic, abiouc. natural, and
cultural). Thus, environmental professionals must
recognize and foster the participation of otner
professionals in interdiscipiinary teams for
performing environmental impact assessment.

« Environmental professionals must support their
findings and advice to clients with authentic data.
analyses. and plans based on objective procecures. If
uncertainies remain in imporiant environmental
insights and advice presented (o clients. the
uncertainties must be acknowledged. If subjecuve
judgmment is used to advise a ciient where authenuc
data are unavailable, that fact must be
acknowledged, and the judgmental procedures
followed must be made clear.

« Environmental professionals must deterrrune that all
project activities are consistent with the intent of and
comply with all applicable laws. regulauons, and
standards, especially the Nauonal Environmental
Policy Act.

» Environmental professionals must seek common.
adequate, and sound technical grounds for
communication with and respect for the
contributions of other professionals in developing
and execuung policies, plans. acuvites. and
projects.

» Environmental professionais must encourage
development of their profession and participate in
maintaining its integrity and competence.

Source: ACEC (1995). ESA (1995). NAEP 11995), and
NDEP (1995).
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I support these premises first by turning o issues of ecosvs.,
tem science regarding the Yucca Mountain Project. Second,
[ =xplain the potential adverse consequences of the Yucca
Mountain ecology program as it now stands. Third, [ show
how the ecosystem approach could be applied o correct the
asserted shortcomings that are of concem within the DOE's
nuclear waste repository project.

ECOSYSTEM SCIENCE AND THE YUCCA
MOUNTAIN PROJECT

In this 'section. the =xisting ecology at Yucca Mountain is
summarized. Following that. fundamental principles of the
holistic ecosystem approach to addressing environmenta
problems are discussed. This serves as a basis for subse-
quently understanding why comprehending the holistuc eco-
svstem and assessing its long-term future as opposed to
studving the present biotic structure alone is consistent with
the environmental challenges posed by a high-level nuclear
Waste repository.

The Yucca Mountain Ecology Program

The Yucca Mountain site (Figure ) is located within a
narrow biotic zone (2-3 km wide) where the Mojave Desert
and the Great Basin Desert meet. The vegetation of this
transitional desert ecotone was described by Beatley (1973),
but prior to the interest in the Yucca Mountain site as a
location for a nuciear waste repository, little environmental
informauon existed regarding the area.

Following passage of the Nuclear Waste Policy Actof 1982
that set forth the repository project, an environmental assess-
ment was issued for the Yucca Mountain site (DOE, 1986).
Ecological informaton for the assessment was based on
biological surveys focused primarily on four pnincipal plant
communites recognized at Yucca Mountain. Live trapping

. of small mammals was carmied out to deterune species

composiuon anc relauve abundance. Preliminary surveys
were conducted for the presence of the desert tortoise
(Gopherus agass:zit), aspecies later designated as threatened
unde: the Endangered Species Act In all, the biological
surveys at Yucca Mountain prior to 1986 were meant to
idenufy protected biota. Ecosysiem analysis was not at-
tempted for the DOE’s 1986 environmental assessment.

Additional ecology field activities were initiated by the DOE
at Yucca Mauntain in 1990 and continue to the present (DOE.

1988a. 1992. 1994b; Parker et al., 1990). The activites

- include studies of the population biology of the desert tortoise

and the communitv ecology of vegetation and small mam-
mals. No special consideration is being given to the ecology
of the 7 km® hydrothermal impact zone atop the site shown in
Figure 2. ?

While the issue of the long-term ecosystem integrity at Yucca
Mountain 1s a formidable one. it is likely to be no more
problematc than the requirement to predict climatic. geo-
logic. and hydrologic conditions over a period of 10.000
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vears. Without such information. it is doubtful if sufficient
insight into the potential for environmental iezdbucks to
intluence repository integrity and nuclear waste isolztion will
be available for the ultimate decision to procesd with devel-
oping a repository. This decision is anticipated to be made by
the DOE in the late 1990s.

The following section of this commerntary discusses the
tundamentals of ecosvstem analysis in the context of :he
Yucca Mountain Project and suggests that an ecosysiem
approach. as opposed to one based only on the lower hierar-
chies of population biology and community ecologv. is both
necessary and practical.

The Ecosystem Approach
Hzre the term “ecosystemn’™ meuans the integrated. process-
tuncuional svstem discussed by Mclntosh 11933 and 2
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rated on by others (¢.g.. Schulze andZwolfer. 1987: Allen and
Hoeksira. 1992:Golley. 1993). Ecosystems include the inter-
acting complexes of the biotic and abiotic environment and
are viewed as open sysiems that are dependent on the abiotic
environment. Additonally. 2cosystems exhibit organization
and self-regulation where the biotic components influence
the abiotic environment. This two-way interacion involves
numerous teedback mechanisms. as sugzested oy Figure 3.

The process-functional concept of ecosvsiems is mora realis-
t:c than one that focuses on biotic structure alone. Thus.
insights intc ecosyvstems and their integnty can be seen more
2flectuively in terms of dvnamic process-onented transforma-
tions of materials and energy rather than as things. 1.e., biota.
in a place at a given time (Woodley etal.. 1993: Harte eral..
1993).

Figure 3. Conceptual Configuration cf an Integrated Process-Function Ecosystem
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In most ecosystems. plants occupy a key position because of
their autotrophv. Sometimes animals can dominate an eco-
systemand in such cases are designated as “keystone species”
(Mills etal., 1993). An example of this is the role plaved by
burrowing rodents in some arid and sermuarid ecotones (Brown
and Heske, 1990) similar to the Yucca Mountain site where
the dissemination of sesds of annual grasses and forbs
depends on the rodents. [f something happens to the rodents.
the nature of the ecosystem changes. With respect to Yucca
Mountain, the role that rodents play and the effects that
elevated subsurface temperatures could have on them are
unknown. This is an example of the myriad of ecological
phenomena that can be overlooked in the absence of an
2cosystem approach to EIA.

Ecosystem Perturbation

Over long periods of time. natural ecosystems characteristi-
cally maintain themselves in equilibdum with respect to
functional processes. If a perturbation occurs, such as global
warming te.g.. Peters and Lovejoy. 1992: Peterjohn et al..
1994: Harte. 1994), this balance will be upset. and processes
throughout the ecosystem will be altered in an effort by the
system to achieve a new equilibrium. If a functional steady-
state condition is not reached. the ecosystem will become
progressively dysfunctional, and if the situation persists long
enough. the ecosystem will break down (Rapportetal.. 1985;
Costanza et al.. 1992). This will result in the environment
being altered to an extent that the ecosystem will be unable to
recover. Such a situaton likely would result from increased
underground temperatures above a nuclear waste repository
at Yucca Mountain (Harte, 1994; Tausch et al., 1994).

At Yucca Mountain. some of the future environmental changes
likely to occur are shown in Figure 4, based on Peters (1992),
Peters and Lovejoy (1992), Buscheck and Nitzo (1993).
Buscheck (1994a, 1994b), Harte (1994), and Harte et al.
(1995). The umeline shows that while subsurface tempera-
tures at the Yucca Mountain site would be increasing, atmo-
spheric temperature associated with global warming also
might be increasing. There is no understanding of the envi-
ronmental interactions of these two perturbations because
such a dual temperature change, both above and below the
ground surtace. has never been addressed. However, Whitford
(1992) and West et al. (1994) have shown how critical the
three-way relationships among climate, soil. and vegetation
are to the functional integrity of desert ecosystem processes
such as maintaining nutrient and water budgets. Understand-
ing such matters in the context of the long-term environment
at Yucca Mountain is important ( Lemons and Malone, 1991;
Ferhenger. 1994; Harte. 1994; NWTRB, 1994).

A difficulty in environmental science has been predicting
what will happen in the future to disturbed ecosystems (e.g.,
Rapport et al., 1985; Westman, 1987; Costanza et al.. 1992;
Harte et al., 1992). Central to that is the concept of scale,
which pertains to both time and space (Allen and Hoekstra,
1992). The issue of the future ecosystem at Yucca Mountain
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Figure 4. Postulated Temperature Timeline
at Yucca Mountain Under a Regime of
Global Warming and Subsurface Heat from
a Hot Nuclear Waste Repository
(not drawn to scale)

8.000 years _il_ Global warming abates
3.000 years —— Peak subsurface temperature
is maintained

700 years —— Peak subsurface temperature

is reached

300 vears —— Subsurfacs (6-7 m) temperature
increases

130 years — Air temperature increases 2°C:
additional ecosystem siress occurs

70 years —i-— Ecosystem stress occurs

50 years —— Air temperature increases
another 1°C

0 years —— Air temperature has increased 1°C

Sourcs: Peters (1992). Peters and Lovejoy (1992}, Buscheck
and Nitao (1993), Buscheck (199<4a, 1994b), Harte (1994).
Harte er al. (1995)

under a regime of elevated subterranean temperature is large-
scale with respect to the ime period involved and small-scale
with respect to the areal space thatmay be affected. Size is not
the principal critical characteristic with respect to a thermally
altered ecosystem at Yucca Mountain. Rather, the most
important aspect of the problem is the long-term capability of
the environment at the site to sustain ecosystem integricy.
Tradiuonal discussions of ecosystem response to perturba-
tions such as temperature change generally have not consid-
ered the complexity of feedback mechanisms associated with
funcuonal processes and with maintaining ecosystem integ-
rty (Mooney, 1991: Field etal., 1992; Woodley etal.. 1993).
Why this is essential to to the Yucca Mountain case and how
it could be accomplished by the ecosystem approach are
addressed in the next two sectioas of this paper.

POTENTIAL LONG-TERM ENVIRONMENTAL
INMPACTS AT YUCCA MOUNTAIN

A reasonable question to ask is why the Yucca Mountain
Project should invest in an ecosystem approach when only a

" relatively small (7 km?) thermal impact area at the site would

be likely to experience long-term impacts from a nuclear
waste repository. In other words. with such a vast extent of
arid lands in the vicinity of the site. how could the loss of such
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a small area be significant? [n response to this queston. itis
necessary to consider what is likely to hapoen at Yucca
Mountain during the thousands of vears arter 1 geologic
repository is completed. filled with waste. und permanently
sealed. To facilitate this. some rational 2assumptidns about the
affected area of concern must be considered berore preceed-
ing to a scznario for the potential conseguenues.

Although scientific uncertainty abounds in the Yucca Moun-
tain Project. Buscheck (1994a. 199+b) and Buscheck and
Nitao (1993 beiieve that heat from radicacuve decay in a
repository beneath Yucca Mountain will reach the surface
and will cause increased soil temperatures tor up 0 10.0C0
vears. Dunng the ume that subterrangan temperaturas are
increasing. aUMOspheric remperature agove ine suriacz2 also
may be nsing duz 0 globai warming (Pzters and Lovejov.
1992). Most climatologisis behieve that chanzing chimauc
conditions will cause global tamperatures 0 incraase by 5° =
1 .3°C (Peters. 1992). This is expected 0 hold as well for the
Great Basin region (Giorgt et al.. 19920 Murpny and Weiss.
1992) where Yucca Mountain 1s located.

Whitford (1992) and West et al. (1994). for example. have
shown how critical interactions among the atmosphere. soil.
and vegetation are o desert ecosysiems and how changss in
one component of the ecosystem will induce responses in the
other components. Noble (1993) has shown that ecotones.
such as the Yucca Mountain site, can be expected (o respond

to climate change before other areas do. Under the regime of

global warming, the vegetation of the northern Mojave Desert.
now occurring in the valley fléors and on the slopes of Yucca
Mountain (Beatley, 1975: DOE, 1986 Malone. 1991), would
be 2xpected to move to the summit of the ridge (Murphy and
Weiss. 1992: Woodward, 1992: Tausch et ai., 1993). Such
shifts ‘in dominant vegetation as a consequence of climate
warming were suggested by Harte et al. (1993) and subse-
quently demonstrated (Harte and Shaw, in press). Unan-
swered in the case of Yucca Mountain is whether or not the
vegetation that now inhabits the vallevs and slopes at the site
would remain or be replaced by species from even hotter
environments like those currently occurring in the Death
Valley region 60 km south of Yucca Mouatain.

A 7 km® thermally affected area at Yucca Mountain could be
significantly altered so that it would constitute a disturbed
_ and dvsfunctional area inhabited only by invaders like wm-
bleweed (Salsola kali) and red bromegrass (Bromus rubens).
At best. the affected area would adaptinto a semiautonomous
system of its own with different structural and functional
attributes from its initial condition and the surrounding eco-
svstem (Tausch et al., 1994). Discerning the nature of the
existing ecosystem and projecting its integrity far into the
future are the issues that face the Yucca Mountain ecology
program.

In light of the uncertainty involved. and lacking information
to the contrary. it must be assumed that a reasonable worst-
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case situation could oczurat Yucca Mountain. The postulated
scenario depicted in Figure 3 was constructed from existine
information and professionai views (Buil. 1991, 1995; Peters
and Lovejov. 1992: Buscaeck and Niwo. 1993. Buscheck 2t
al.. 1993: Tauschetal.. 1993. 1994: Buscheck. [994a, [994b:
Harte. 1994: Harte et al.. 1993: Harte and Shaw. in press).
Reflected in the scznano is knowleda= that at Yucza Moun-
taia a likzlv route for radicactive waste to reach the 2aviron-
ment is via the groundwater acuifer that hies 225 m beneath
the repository honzon. Subterranean heatat Yucza Mounian
is expected to drive groundwaier in (he unsaturated zone
above the repository (o the surrace in the form of water vapor.
During tne winter this is likely to resultin 2reater than nermal
{og above the rzcository anaconsecy auy increased preZipi-
tation. [n the summer. despite (he potentii for watervazor o
havs a slight cooiing 2rfzct. the wawr would 2vaporate
rapidly because of normal ancity eananced by increased
ambient temperatures from globai warming. Very few.ifany.
higher plant species might be expecied 10 survive nese
conciiions. and eventually such an ecosystem hikaly would

Figure 5. Model for an Environmental
Response at Yucca Mountain from a
Hot Nuclear Waste Repository

Subsurrace temperature and local climate are alterec.

v
Vegetation is reduced and winter precipitation
is increased.

v
Runoff and infiltration increase.

|

v
Erosion and bedrock exposure increase.

v
Vegetation is eliminated.

|

v
Erosion and infiitration are maximized.

v
Would the performance of a repository be influenced?

Source: Bull (1991, 1993). Peters and Lovejoy (1992).
Buscheck and Nitao (1993). Buscheck ¢t al. (1993). Buscheck
(1994a, 1994b). Harte (1994). and Tausch et al. (1994).
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become dysfunctional and barren of both vegztative Sover
and soil (Bull, 1991. 1993 Peters and Lovejoy. 1992: Tausch
etal.. 1993, 1994).

Land forms exist today thatare similar to what could occurin
the future at Yucca Mountain (Bull, 1991, 1993). Uncer such
conditions. both erosion and infiltration would accelerate,
and greater amounts of water would move downward toward
the repository horizon. altering the geohydrology of the sit2
(Buscheckand Nitao. 1993: Buscheck. 1991a). Thisresponse
would b intensified by heat-induced upwelling of the reposi-
torv overburden. which would enhunce the naturaily occur-
ding fractures in the rock overburden and further incraase the
rate of water infiltration to the repository honizon (Buscheck.
1964a).

Foliowing from this scenario is the question of whetherornot
such environmental impacts would affect the performance of
repository. [t fits with what is known about the Yucca
\{ountain eavironment that acceierated movement of pre-
cipitation toward 3 repository and 1nto tne agu:fer pensath it
wouid result from removal of the vegetation and soil above
the repository. The consequences of this perturbed environ-
ment on the abiiity of a geologic repository at Yucca Moun-
tain to isolate radionuclides tor at least 10.000 years is not
being addressed by the Yucca Mountain Project (Dixon.
199.4. 1993: Fehringer, 1994, NWTRB. 1994). In view of the
theorv that water in 2 repository could result in a nuclear
disaster (Benjamin, 1994: Bowman. 1995: Bowman and
venner. 1993), it is contingent under NEPA regulations (40
CFR 1502.22(a)) regarding “reasonably foresesable™ im-
pacts for the DOE 1o assess such a scenario. To do so based
on the concept of ecosystem-based environmental analysis
would be consistent with the state of the art of ecosysiem
science. This assertion is discussed in the next section.

A RESOURCE-BASED APPROACH FOR
ADDRESSING THE YUCCA MOUNTAIN CASE

Approaches to applied ecosystem research suitable for the
Y ucca Mountain case have emerged recently from the issue
of global warming and questions about long-term future
environmental conditions and ecosysiems. Notable in this
respect is the resource-based approach of Field etal. (1992).
This approach toecosystem analysis addresses the functional
responses of narural setungs 0 alterations in environmental
forcing factors that drive an ecosysiem like those invoived
with climate change (e.g., CO,. temperature. moisture).

The Conceptual Framework

Field et al. (1992) demonstrated that the effects of increased
temperature and CO, and changes in soil moisture on terres-
trial ecosystems can be analyzed in terms of the resources
required by organisms for growth. These resources include,
among other things. light. oxygen. CO,, water. nutnents. and
carbon compounds. Results of expenmental studies of the
responses of ecosystems (o changes in soil ferulity. water
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availability. or temperature provide a starting point for as-
sessing the impacton ecosystem integnity likeivtoresult from
long-term changes in environmental condiuons.

The -asource-based approach addresses a broad range of
ecosystem types and complements the unified concept of
ecosvstem (Allen and Hoekstra. 1992). both of which
together respond 1o the call by Moonev (1991) for new
ecosvstem-based strategies for addressing phenomena like
changes in climate and ambientiemperature. Othersarz using
similar approaches for field research regarding ecosvsiem
responses o changing environmental conditions such as
temperature (e.2.. Van Cleve et al.. 1990: Peterfjonn et al .
1993, 1994: Harte eral. 1993: Harte and Shaw. in press). anc
-neir methods have besn judged appropnate for the Yucea
\lountain case (Fehringer. 1994: Harte. 199+ NWTRS.
1992 Tauscheral.. 1994). Forexampie. expenimental stucies
of ecosysiem perturbation by artifictally raising subterranean
temperatures to simuiate nuclear waste impacts to the surtacs
aavironment could be performed to provide the data nezceg
under the resource-based approach {Fehnngsr. 1992: Hare.
1994: NWTRB, 1994). Once the direction and magnitude of
the ecoSYSIem responses are sufficiently understood quant-
tatively. scosystem network modeling, such as advocated by
Allen and Hoekstra (1992) and applied by others (2.g2.. Peters
and Lovejoy. 1992), can be used t© predict the long-term
potental of the Yucca Mountain ecosysiem.

What the Yucca Mountain Ecology Program Should Be
Doing .

The worsi-case scenario at Yucca Mountain (Figure 3) 1s.
aczording to NEPA regulations (40 CFR 1502.22{a]).reason-
ably foresesable. The NEPA regulations further state (<0
CER 1502.22) with respect to “incomplete ot unavailable

information” needed to dispel concemn about 2 reasonably
foresezable impact that the information must appear in a
NEPA environmental impact statement (EIS) unless obtain-
ing the data would involve “exorbitant” costs (Foglemar.
1990: Bartiert and Malone, 1993: Cox atal.. 1993). Thus. t¢
avoid having to assume the worst-Case scenario in the EIS for
the Yucca Mountain Project. the DOE needs 2 restrucrurec.
reoriented ecological program that would provide informa-

tion dispelling the scenario and its potential consequences.

The ecology program for the Yucca Mountain Project shoulc
begin with an analysis of the present ecosystem at the site.
conducr expenmental temperature studies. understand the
responses Of ecosystem processes to dual forces of tempera-
ture increases. and forecast the long-termconsequences to the
repository environment. To accomplish this requires recog-
nizing concepts like ecosystem integrity, ecological feed-
back, and nonequilibrium ecology as well as ecosystem
processes like nutrient. heat, and water budgets (Winsor anc
Malone, 1990: Cairns and Crawford. 1991; Allen anc
Hoekstra, 1992; Field et al., 1992 Hombeck and Swank
1992: Slocombe. 1993b; Harte et al. 1993). Addiuonally
functional processes and systerl components thatare critica
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to ecosystem integrity at Yucca Mountain should be idenu-
fied through experiments on heat perturbauon. Finally. the
Yucca Mountain ecology program should use process-based
simulation modeling for impact assessment based on likely
alterations of ecosystem processes (Winsor and Malone,
1990: Allen and Hoekstra. 1992). The fundamentals of such
an ecosystem approach to EIA and forecastng were set forth
by Beanlands and Duinker (1984), Duinker and Baskerville
(1986). and Westman (1987).

With regard to field studies on ecosysiem responses (o
alterations in subterranean temperatures. experimental heat
perturbations induced by tunnel-installed electnc heaung
cables (Peterjohn et al.. 1993. 1994: Harte. 1992) or piped
geothermal water (Tausch et al.. 1994) would be pracucal.
Buscheck et al. (1993) have proposed in sifu heater tests on
rocks from the repository horizon at Yucca Mountain to
confirm their thermal models. Such studies would provide
insight to the possibility of homeostatc temperature feed-
back by water vapor moving upward from a repository
(Buscheck 1994a, 1994b). Itis not pracucal to conduct long-
term realistic studies of the effects of a nuclear waste reposi-
tory. However, studies of five years’ duration would provide
insights to potential Jong-term environmental consequences
at Yucca Mountain.

This course of study, applied in conjunction with methods
involving watershed ecosystem analyvsis (Homnbeck and
Swank, 1992), has been recommended for the Yucca Moun-
tain Project by a group of White House-appointed reviewers
(Fehringer, 1994; NWTRB, 1994) as well as by others
(Winsor and Malone, 1990; Lemons and Malone, 1991,
1994: Field, 1994; Harte. 1994). However. the recommenda-
tions are considered impractical and unnecessary by the DOE
(Dixon, 1994) as well as by the community ecologists and
population biologists responsible for the Yucca Mountain
ecology program (O’Farrell. 1994). The DOE believes that
the schedule for the EIS for a repository is too critical 1o allow
for the costs and time delays involved with the ecosystem
approach for EIA at Yucca Mountain (Dixon, 1994).

ETHICS, PROFESSIONAL PRACTICE. AND
YUCCA MOUNTAIN

In comparing the actions of the Yucca Mountain ecology
program with the ethical principles and standards of sound
practice for environmental professionals givenin Table 2. the
following points emerge.

- The Yucca Mountain ecology program is not being
pursued in a manner consistent with the principles of
environmental ethics. ' ‘

«  The population biologists and community ecologists
involved with the program have stepped outside their
expertise with respect to advising the DOE that the
Yucca Mountain ecology program does not need to be
based on ecosystem analysis. Moreover. the advice given
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by the environmental professionals is biased toward the
DOE view that it is untimely for the repository projec:
schedule to implement an ecosystem approach. This
policy appears to be based on undocumented subjective
judgment alone and not to be supported by facts and
analvses consistent with scientific opjectiviry.

»  The Yucca Mountain Project is inconsistent with thz
intent of NEPA regarding interdisciplinary approaches
to EIA and does not recognize the pnncipies of holisuc
environmental management.

«  The environmental professionals engaged in the Yusca
Mountain ecology program have discounted the impor-
tance of scienufic uncertainoy in thew assessment of the
plausibility of a worst-case environmentai scenano that
could jeopardize the acceptable performance of a geo-
logic repository at Yucca Mountain.

«  The failure of the Yucca Mountain ecology program ¢
be integrated with other environmental programs such 2s
clhimate forecasting, hvdrogeology, and hvdrothermal
studies in the Yucca Mountain Project is inconsistent
with an interdisciplinary approach to environmental
impact analysis.

»  The personnel involved with the DOE ecology program
have not heeded the advice of outside expert reviewers
such as the White House-appointed NWTRB with re-
spect to the Yucca Mountain ecology program and have
not sought the counsel of appropriate outside environ-
mental experts.

+  The preceding points are inconsistent with fostering the
environmental profession and preserving its integnity by
virtue of competent practce.

Considering the nature and significance of the Yucca Moun-
tain Project, especially regarding the environmental quality
of future generations, it is reasonable to hold the project 0
high standards of environmental ethics and professional
practice. This particularly is the case regarding incorporation
of the best principles of environmental science in an effort 10
resolve the issue of the worst-case scenario (Figure 5) and the
risks of widespread radioactive contamination that would
result from an explosion in a repository for high-level nuclear
waste at Yucca Mountain (Benjamin, 1994; Bowman, 1995:
Bowman and Venneri, 1993).

My commentary contends that the Yucca Mountain Project
stands to benefit from the application of principles of envi-
ronmental ethics, appropriate expertise. and sound
professional environmental practice. These ideals are en-
couraged by professional organizations like the NAEP. If the
environmental managers of the Y ucca Mountain Project were
members of an association with an adequate code of ethics
and standards of practice, they could be called upon by the
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association to explain the ecology program in light of com-
ments like those expressed herein. Unfortunate!ly, this 1s not
the case.

The final secticn of my commentary addresses the role of
professional organizations like the NAEP regarding such
matters.

ECOSYSTEM MANAGEMENT, ENVIRONMENTAL
ETHICS. AND THE NAEP

Advocates of integrated. interdisciplinary environmental
management(2.g.. Baldwin, 1983: Savorv. 1988: Domev and
Domey. [989: Caimnsand Crawford. 1991: Grumbine, 1994a.
1992b: Knight and Bates, 1993:) recogniza the nead for their
discipiine to remain abreastof modem 2cosvsiem sciencs and
to incorporate ecosystem analysis as a matter of policy. This
is occurring now tn most federal landholding agencies where
the approach to environmental resource management advo-
cated here is being implemented in response to Vice Prasident
Gore's Nauonal Performance Review (GPO, 1993: GAO,
1994b). To this end. a Presidential Executive Order has been
recommended {OEP. 1994: [EMTF. 1995) that would require
relevant raderal agencies to develop. adopt. and implement
ecosystem-based management of resources. both natural and
cultural (socioeconomic). Legislation was introduced in the
U.S. Senate in the form of the Ecosystem Management Actof
1994 (S. 2189) to require that all federal lands. such as the
Yucca Mountain site, be managed in accordancs with the
principles of ecosystem science.

Some agencies foresaw this action and began taking steps in
that rezard three vears ago (e.g.. FS, 1992, 1994, BLM. 1994:
DOD, 1994; EPA. 1994; FWS. 1994, 1995: GAO, 1994a).
The DOE took steps in this respect with a draft policy that
would require all agency projects. including the Yucca Moun-
tain Project. to be based on the principles of ecosystem
management to protect the environment (DOE. 1994a). The
draft policy stated that it would be based on concepts of
ecosystemn sustainability and Stodiversity. Implementation of
the policy by the DOE would have constituted a major shift
in an agency currently driven by the concepts of nuclear
technological sustainability and development, as opposed to
ecosystem sustainability. As of July 1993 the DOE policy has
not been implemented. Other federal agencies are pursuing
ecosystem management policies and programs that merge
natural and socioeconomic sustainability as well as
biodiversity (Grumbine, 1994a. 1994b: Knight and Bates,
1993).

Thus, for the Yucca Mountain Project the DOE is proceeding
with an EIS for the nuclear waste repository that overlooks
ecosystem analysis and management and instead is based on
pooulation biology and community ecclogy alone (Dixon.
1995). In the DOE's approach. no meaningful attenton is
given to interactions between the biotic and abiotic aspects of
the environment. This is consistent with precepts of sustain-
able technological development and inconsistent with ap-
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.proaches based on precepts of environmental ethics and

sound professional practice. Others have shown that the
conflict between technological development and ecosvsiem
management is unnecessary. because reasonudle ecosysiem
approaches for avoiding the conflict are available (e .,
Golley, 1993, 1994; Slocombe. 1993a). -

The case of the Yucca Mountain Project illustrates that thera
remains a need for skilled and ethically motivated environ-
mental professionals to resolve complex and portentous
issues involving the environment of future g=nzrations. This
does not mean to suggest that the only capabie environmental
professionals are ecosystem ecologisis or that there arz no
limits to what applving the ecosystem approach can accom-
plish (Hilbomn and Ludwig. 1993: Shrader-Frechette and
McCoy. 1993, 1994). [t does mean. as some professionai
codes of ethics support (Tabie 2), that cognizance of intercis-
ciplinary concepts and practices, such 2s the ecosysiem
approach. should be encouraged. pursued. and appited wher-
ever appropriate. In the context of the Yucca Mounain
Project, it means that population biclogists and community
ecologists involved with the DOE ecology program are
remuss if they do not appreciate and advocate an ecosysiem
approach to long-term EIA. Ecologists who specialize in
hierarchies of lower order than the 2cosysiem are of course
essential to the interdisciplinary ecosystem approach, as are
experts in other environmental disciplines (Baldwin, 1985:
Dormey and Dorney, 1989; Cairns and Crawford. 1991: Allen
and Hoekstra, 1992; Grumbine, 1994a, 1994b: Knight and
Bates. 1995). The point is that interdisciplinary guidance
consistent with the ecosystem approach should be fundamen-
ta! to actvities like the Yucca Mountain ecology program.

Golley (1993, 1994) suggested that the ecosystem perspec-
tive and approach can lead to an environmental value system
that influences environmental law and political agendas.
Golley also pointed out that the ecosystem perspectuve is
necessary for guiding environmental resource managers as
well as for understanding long-term environmental issues.
Thus, Golley views the ecosystem conceptas a foundation for
environmental ethics. This view anchors ecosystem-based
ethics in tangible experience with nature involving authentc
and factual ecosystem science and competent professional
expertise, as encouraged by this commentary. Indesd. the
discipline of environmental management has recognized
this. For example, Baldwin (1985), Savory (1988). Domey
and Dorney (1989)., Caims and Crawford (1991), and
Grumbine (1994a) have well articulated and applied the
ecosystem concept to holistic resource management.

The adoption by most federal agencies of concepts such as
resource management, ecological sustainability, and preser-
vation of biodiversity based on principles of ecosystem
management (GAO, 1994a; Grumbine, 1994a; Knight and
Bates, 1995) is evidence that the ecosystem perspective of
Golley (1993) is materializing rapidly. Some may view this
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transition to ecosvstemn-based environmental policy and prac-
tice as being as significant as the passage of NEPA was in
1969. This is because the implementauon of environmental
policy based on the ecosvstem approach may make 1t possibie
for NEPA finally to achieve what it was envisioned (o do by
those involved in drafung the act. 1.2.. (0 see environmental
resources and impacts assessed and managec 1z an intercis-
cipiinary. holisuc context with ecosystem-ievel science at the

core of the effort. Thus, NEPA sought to cive the nation an

environmental ethic (Bartlett and Malone, 1993;. and now
the ecosystemn approach advocated by Golley (1993, 19921
Slocombe (1993a, 1993b). Grumbine (1993a'. and mam
others to environmental assessment and management cffers
a way of reaiizing and applying that ethic.

The necessity forall environmental professionals :o think anc
practice in accordance with the exemplary pnnciples of botn
ethics and standards of professional pracuce s recognized oy
professional environmental organizauons like the NAEP
Such groups should, therefore. endorse and foster the appii-
cauon of concepts and principlies of €cosysiem management.
especially where the science of environmental impact assess-
ment and compliance with NEPA are concerned. The neec :s
to transpose awareness and practice of this ecosystem-based
environmental ethic to insurutions like the DOE and to
activiues like the Yucca Mountain Project.

_ This issue is of course far larger than the DOE’s Yucca
Mountain Project, which served here to illuszate a major
challenge facing environmental professionals and organiza-
uons like the NAEP. The task at hand is to take acuon with
respect to fostering exemplary ethics and competency among
all environmental professionals and to assure that interdisci-
plinary science and the ecosystem approach play 2 strong role
in achieving sound and accountable environmental practice.
Those who direct and govern professional environmental
organizations must continue taking concrete steps 1o mest
this challenge.
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NVIRONMENTAL COMMENTS ON THE E NOI FOR

THE YUCCA MOUNTAIN PROJECT

1. Background

Choices about what knowledge to base public decisions on and
how the knowledge 1is used influence human society. With respect
to protecting the environment, the National Environmental Policy
Act (NEPA) focuses on this concept and seeks to improve the use
of knowledge in public affairs (cf. "Science and the National
Environmental Policy Act",The Environmental Professional 15: 1-
160, 1993), such as disposing of nuclear waste. In the context
of the U.S. Department of Energy (DOE) Yucca Mountain Project
this aspect of NEPA is of paramount importance because of the
many uncertainties associated with isolating nuclear waste for
10° years. Fortunately, the timing for the Yucca Mountain
environmental impact statement (EIS) coincides with a transition
in federal environmental policy that is making the resource
management process more open to stakeholder participation and
collaborative decisionmaking ("The Federal Ecosystem Management
Initiative", The Environmental Professional 18: 1-235, 1996).
This ongoing initiative stands to benefit stakeholders in the
Yucca Mountain Project by making available knowledge relative to
the NEPA process that otherwise might be denied, i.e., if DOE
adheres to the relevant environmental policies established by the
Secretary of Energy in 1994.

The seeds within DOE for the transition away from
autocratic, closed environmental decisionmaking driven by the
desire to make proposed projects succeed are the Secretarial
Policy on the National Environmental Policy Act of June 13, 1994
and the agency's December 21, 1994, Land and Facility Use Policy.

The latter, issued by the Secretary of Energy and explained in
Department of Energy - Stewards of a National Resource, is a
resource stewardship policy that invokes ecosystem management to
integrate DOE's mission, economics, ecologic, social, and
cultural factors. The intent is that a comprehensive resource
management plan be prepared for each DOE site, which should
include Yucca Mountain. Other federal agencies took steps prior
to DOE's action to adopt ecosystem management in complying with
the White House National Performance Review (Creating a

Government That Works Better & Costs Less, September 1993) that

called for agencies to adopt "a proactive approach to ensuring a
sustainable economy and a sustainable environment through
ecosystem management." The action steps for accomplishing this

1



were set forth in The Ecosystem Approach: Healthy Ecosystems and
Sustainable Economies, the June 1995 report of the Interagency

Ecosystem Management Task Force which participating agencies,
including DOE, agreed to implement.

In the past, effective policies were lacking within DOE for
creating and providing knowledge for the public and for opening
the agency's environmental decionmaking process. This was
despite NEPA's mandate for federal agencies (a) to utilize a

systematic, interdisciplinary approach to protecting the
environment, (b) to ensure the integrated use of environmental
information in planning and decisionmaking, and (e¢) to initiate
and use ecological information in the planning and development of
resource-oriented projects. These directives are meant by NEPA
to be made apparent in EISs for projects that might significantly
affect the human environment, including that for both present and
future generations. They are included in the Secretarial Policy

on the National Environmental Policy Act of June 13, 1994.

The emergence of initiatives like ecosystem management now
render it federal policy that the public be provided the
knowledge envisioned and explicitely mandated by NEPA. This
essentially moral framework gives direction to the links between
knowledge and action that must be forged under the NEPA Section
102 mandate. This is part of the ethical dimension explicitly
written into NEPA in terms of a call for results conditioned by
context-specific knowledge including input from affected parties
(stakeholders) and by the ethical concerns articulated in NEPA
Section 101. Thus, in view of DOE's commitment to comply with
the substantive spirit of NEPA and to adopt ecosystem management,
it is crucial that these policies be reflected in the EIS IP and
achieved by the EIS for the Yucca Mountain Project.

A policy conceptually related to ecosystem management is the
November 19, 1993, Common Sense Initiative undertaken by the U.S.

Environmental Protection Agency (EPA) (cf. NAEP News 20(5): 10-
11). The ecosystem management initiative adopted by DOE, as well
as by EPA, and the EPA's Common Sense Initiative share a

recognition that ecosystems are an integrated system of air,
" water, land, and biota requiring holistic environmental
management. They also recognize that human society, ethics, and
democratic principles regarding protection of resources are
rapidly moving away from the traditional adversarial relationship
with federal agencies and toward opening environmental
decisionmaking to stakeholders in collaboration with government.
A preview of DOE's response to the ecosystem management
initiative illustrated the developing awareness within the
federal government of its responsibilities to the public
regarding environmental information and decisionmaking (Ecosystem



Management: Federal Agency Activities, Congressional Research
Service, 94-339 ENR, April 19, 1994). A subsequent description

of DOE's current policy regarding the ecosystem management
initiative will appear early in 1996 ("The Federal Ecosystem

Management Initiative," The Envirommental Professional 18: 1-235,
1996). Both presentations discuss the importance of DOE's

ecosystem management policy and note that NEPA "gave the nation
an environmental mandate but no definite plan to achieve
environmental goals. Now, the ecosystem approach offers a plan
to move towards achievement of essentially the same environmental
goals." Additionally, DOE views implementation of ecosystem
management as part of the agency's pursuit of Environmental Total
Quality Management (TQM) (cf. Applying Total Quality Management
to Environmental Activities, Workbook for a conference sponsored
for and supported by DOE, January 25-27, 1991, La Jolla,
California, and, Environmental TQM, Second Edition, McGraw-Hill,
Inc., 1995). Environmental TQM is viewed by DOE headquarters as

being equivalent to ecosystem management in that both concepts
seek to sustain ecosystems for supporting economic development
and communities for future generations (i.e., sustainable

development, cf. Toward Sustainable Development, Island Press,

1994). This is evident in DOE's adoption of the same framework

for ecosystem management to achieve sustainable development as
that set forth by the White House, which is:

- Define and identify ecosystems of concern;

- Involve stakeholders to develop a shared vision of an
ecosystem's desired future condition;

- Characterize the ecosystem, its holistic environmental
condition, and trends for the ecosystem;

- Establish ecosystem goals;

- Develop and implement an action plan for achieving the
goals;

- Monitor conditions and evaluate results; and
- Adapt management according to the new information.

The framework established by DOE's Land and Facility Use
Policy should apply to the NEPA process underway for the Yucca

Mountain Project. This much has been acknowledged by the
project's management (W.E. Barnes' letter of November 9, 1995, to

the State of Nevada Department of Administration). In this
letter, Mr. Barnes, manager of the Yucca Mountain Project,



asserts that ecosystem management is and has alway been practiced
by the DOE at Yucca Mountain. Yet Mr. Barnes also asserts that
the site-wide resource management plan, being prepared by the
Nevada Test Site in accordance with principles of ecosystem
management consistent with the Secretary's resource management
policy of December 21, 1994, does not apply to the Yucca Mountain
Project. Moreover, Mr. Barnes stated that there is no intention
to prepare such a management plan for the project, which
contradicts his assertion that the Yucca Mountain Project
embodies the ecosystem management concept. (Barnes' letter
responded to an August 28, 1995, inquiry from the State of Nevada
Department of Administration about the consistency between the
Yucca Mountain Project and both DOE headquarters policy and the
Nevada Operations Office policy regarding implementing ecosystem
management as set forth by the White House and adopted by DOE's
own Land and Facility Use Policy.)

Over the years that the Yucca Mountain Project's
environmental program has been underway, the State of Nevada and
the Nuclear Waste Technical Review Board have consistently
faulted the program because it lacks an ecosystem approach to
environmental protection (cf. The Environmental Professional,
Vol. 17: 271-284). Instead, the program relies on a piecemeal,
compartmentalized approach based on population bioleogy and
community ecology totally without benefit of interdisciplinary
integration. This is the result of (a) environmental management
that is unqualified in EIA and ecosystem management regarding
compliance with the substantive spirit of NEPA and (b) support
contractors who are equally unqualified with respect to the
scientific as well as the ethical aspect of environmental
practice. (As noted later in these comments, in the context.of
the Yucca Mountain Project's ongoing NEPA process, these
discrepancies contradict 40 CFR 1502.6 and 40 CFR 1502.24
concerning interdisciplinary studies and scientific integrity and
are therefore inconsistent with the Secretarial Policy on the

National Environmental Policy Act of June 13, 1994.)

Thus, the Yucca Mountain environmental program lacks
scientific integrity and credibility due in part to the absence
of competent environmental professionals capable of
interdisciplinary teamwork and bound to codes of environmental
ethics and best standards of professional environmental practice.
To its credit, the NTS environmental program, on the other hand,
benefits from qualified environmental management. This accounts
for the NTS's adoption of ecosystem management upon which to base
resource management planning in the course of complying with NEPA
on a site-wide basis, except for the portion of the site occupied
by the Yucca Mountain Project. Unfortunately, the Yucca Mountain
Project fails to require attention to scientific, ethical, and
professional precepts in carrying out the NEPA process. This
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situation exists in part because of the September 1, 1994,
Memorandum of Agreement between the DOE Nevada Operations Office
and the Yucca Mountain Project Office that sets the two apart
with respect to environmental protection, compliance
decisionmaking, and the NEPA process.

As noted, the Yucca Mountain NEPA compliance program is
driven by the desire to implement the project, the decision for
which is already made on the part of the DOE. As a consequence
of this predetermined decision, little importance is likely to be
given to the EIA planning process regarding cognitive reform
measures implicit in DOE's Secretarial Policy on the National

Environmental Policy Act and in the Land and Facility Management
Policy, the latter of which explicitely embraces ecosystem
management and collaborative environmental decisionmaking betweem
DOE and its stakeholders. However, the preparation of the Yucca
Mountain EIS IP will provide DOE the opportunity to redress this
and other shortcomings of its environmental program.

The manner in which EIA and the EIS planning processes are
undertaken for the Yucca Mountain Project represents a major
determinant of .the outcome of the NEPA process because planning
for the EIS IP plays a central role in structuring and applying
knowledge to carry out EIA to support environmental
decisionmaking. Adequate implementation planning must assure
that all practical alternatives within the project will be
pursued in light of sufficient, credible scientific information
for EIA and long-term environmental protection. This requires an
effective interdisciplinary approach to EIA for (a) acgquiring
empirical baseline information, (b) empirical information about
potential adverse impacts of the proposed action, (e¢) reducing
EIA uncertainties through environmental risk analysis, and (d)
developing adequate plans for monitoring, managing, and
mitigating potential negative impacts up to 10° years. The only
manner by which the last requirement can be achieved over such a
great spans of time is by strict adherence to impact avoidance
(cf. The Environmental Professional 12: 196-207).

Traditionally DOE relies heavily on subjective "expert"
judgement for its EIA process instead of pursuing empirical and
guantitative approaches. Consequently, views regarding impacts
fail to rely on systematic empirically based findings and instead
are derived from personal opinion. This problem is further
compounded by the absence of any formal methodology for treating
subjective judgement for EIA and for maintaining a sound,
defendable basis for inference and decisionmaking. Without a
consistent means of guiding the application of personal opinion
through the Yucca Mountain EIA process, a critical source of
uncertainty and imprecision is left untreated to degrade the
predictive credibility of the process and procedures that created
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the project's EIS, and ultimately the EIS itself. This is the
flawed scenario currently being pursued for the Yucca Mountain

Project.

If the DOE continues to assert, as Mr. Barnes did, that its
environmental program at Yucca Mountain is based on ecosystem
management without first restructuring the environmental program,
in the end the EIA process will rely on subjective opinion that
is neither visible nor formal to the extent that current practice
and the ecosystem approach to environmental management dictate.
In this case, environmental impact analysts will fail to separate
objective fact from personal copinion and instead will switch
between the two conditicns as the need arises to falsely justify
a predetermined decision to develop the project. This situation
would thus repeat the mistakes evident throughout the DOE's 1986
statutory EA for the Yucca Mountain site (DOE/RW-0073, May 1986) .
Such a strategy, which the Yucca Mountain environmental program
currently is repeating, will fail to convince stakeholders of
DOE's good faith in carrying out EIA as well as call the
credibility of the EIS into gquestion on grounds of not conforming
to the norms of sufficiency. 1If this scenario prevails, DOE
ultimately will compound and perpetuate its lack of integrity
regarding the NEPA process because there will be no direct
measure to extract from the Yucca Mountain EIS for deriving a
value of integrity. Thus, in the end the EIS will lack
credibility and fail to achieve "full compliance with the letter
and spirit of" NEPA as stipulated by the Secretarial Policy on

the National Environmental Policy Act of June 13, 1994.

The complimentary policy frameworks of NEPA and of ecosystem
management offer DOE an opportunity to furnish stakeholders with
the knowledge needed for responsible environmental decisionmaking.
for the Yucca Mountain Project. Ecosystem management principles
are consistent with NEPA's policy, and their implementation in
the Yucca Mountain Project would provide stakeholders the basis
for obtaining information necessary for social choice that more
readily allows ethically based, rational decisionmaking. Thus,
knowledge provided by the DOE through the NEPA process should
create links between the affected public and federal resource
management policy. As noted later, this is being achieved by
other federal agencies in the Yucca Mountain region (e.g., the
Department of Defense, Bureau of Land Management, Fish and
Wildlife Service, National Park Service, and the USDA Forest
Service) and by DOE itself for the NTS (cf. Five-Party

Cooperative Agreement, May 1994, for federal lands surrounding

the NTS, and Yucca Mountain, that includes the State of Nevada as
a party). The Yucca Mountain Project stands as an exception to
how public land and resources are being managed throughout '
southern Nevada.



Achieving NEPA's ethical policy goals for the Yucca Mountain
Project will require a new environmental rationality and ethic
that historically has been missing from DOE's NEPA process.
Credible execution of the NEPA process rests on a recourse to
competently executed science. As noted, this demands control of
the process by professionals bound by codes of ethical behavior
and standards of practice that assure proper weight being given
to environmental factors. Fostering greater environmental
sensitivity in planning and decisionmaking is essential for the
Yucca Mountain Project if DOE headquarters and the Secretary wish
to be taken seriously with respect to its new ecosystem-based
Land and Facility Management Policy.

2. Purpose of the Comments

Environmental documentation within the DOE routinely is
prepared to justify decisions already made, and the Yucca

Mountain Project is no exception to that rule. The following
comments recognize that fact and discuss how this must be avoided
in the course of pursuing legitimate environmental impact
assessment (EIA) for the Yucca Mountain Project EIS that is
consistent with the Secretarial Policy on the National
Environmental Policy Act of June 13, 1994. The intent of the
State of Nevada is that the issues raised here be explicitely
dealt with by the DOE in its EIS implementation plan (EIS IP) for
the project. If the DOE fails to do so its NEPA process for the
project will be seen by the State of Nevada as another token,
insufficient compliance effort that is fundamentally flawed and
lacks credibility, and ignores the stakeholders in the process.

3. NEPA Process and Review

The national policy set forth by NEPA encourages (a) harmony
between man and the environment, (b) minimizing harm to the
environment, (c) fostering man's well being, and (d) enhancing
knowledge about ecosystems. Included among the goals is
protecting the environment for the benefit of future generations.
These are important substantive objectives that an EIS for a
repository at Yucca Mountain must address in the forthcoming EIS
IP (40 CFR 1500.1 and the Secretarial Policy on the National

Environmental Policy Act, June 1994). To assure that is done,

the DOE should upgrade its NEPA process by incorporating valid
independent peer review of the EIS IP and the draft and final
EISs for the Yucca Montain Project. The issue of independent
peer review of EIA and the EIS and how it will be resolved must

appear in the EIS IP.



4. Qualified Interdisciplinary Expertise

Another important aspect of NEPA that must be evident in the
EIS IP is that an EIS must be prepared by an interdisciplinary
team (40 CFR 1502.6), not simply by a group of people with
different disciplinary backgrounds. To date, the DOE has not
established such a team and instead is pursuing a rigidly
compartmentalized approach. The EIS IP must demonstrate how the
necessary methodology, scientific accuracy, and professional
integrity (40 CFR 1502.29) will be achieved for the Yucca

Mountain Project EIS with or without an integrated approach and
what expertise will be involved (40 CFR 1502.17).

This issue 1is especially important with respect to DOE's
excessive reliance on contractors to fulfill its NEPA
responsibilities. In the case of the Yucca Mountain Project, the
DOE has minimal environmental expertise among its staff, a
critical matter in terms of achieving appropriate oversight of
the work performed by environmental contractors. It is
interesting to note that with respect to high priority projects
that "present unusually controversial or sensitive issues," such
as the Yucca Mountain Project, heavy reliance on support
contractors 1is counter to the Secretarial Policy on the National
Environmental Policy Act of June 1994. Section IV. A on pages 5
and 6 of the policy states that DOE "personnel rather than
contractors will be used, to the maximum extent practicable."
The deficiency regarding qualified environmental management for
the Yucca Mountain Project, if not corrected, will result in an
EIS that consists of a perfunctory paper-compliance approach to
the NEPA process and a continuing lack of a proper environmental
ethic on the part of both the DOE and its contractors.

Thus, it is essential that the EIS IP confront how existing
weaknesses in environmental expertise and ethics will be overcome
so that scientifically and objectively sound EIA will result from
the NEPA process. A part of achieving this is the aforementioned
necessity of the DOE having an independent oversight review body
to appraise the EIA process, including the EIS IP and the
environmental documentation aspects of the Yucca Mountain
Project. This is crucial if the DOE is to overcome its
traditional lack of enviromental credibility and its inattention
to stewardship of resources as the Secretary of Energy sought to
establish with the Land and Facility Use Policy of December 21,

1994. How the Yucca Mountain Project will apply ecosystem
management to integrate DOE's mission, economics, ecologic,
social and cultural factors in a comprehensive resource
management plan the Yucca Mountain site must appear in the EIS
IP, contrary to Mr. Barnes' view (W.E. Barnes' letter of November

9, 1995, to the State of Nevada Department of Administration).



5. Council on Environmental Quality

Another means of achieving credibility and public trust is
for the DOE to implement the Council on Environmental Quality
(CEQ) NEPA referral process whereby the CEQ becomes involved when
there is a threat of the NEPA process or its outcome being
fundamentally at odds with NEPA's mandate (cf. "Science and the
National Environmental Policy Act", The Environmental
Professional 15: 1-160, 1993). Such a threat clearly exists due
to the unique timeframe that the Yucca Mountain EIS must address
and NEPA's mandate regarding responsibilities to future
generations. A particularly relevant part of this concern is
DOE's persistent refusal to adopt an ecosystem approach to
understanding the long-term consequences of a heat-disturbed
ecosystem above the repository.

A related reason for the CEQ to become involved in the NEPA
process is the inability of the DOE to responsibily address
cumulative impacts in the timeframe of 10° to 10° years regarding
anticipated releases of radionuclides into the groundwater
environment underlaying Yucca Mountain and release carbon-14 into
the atmosphere. For the DOE as an institution, cumulative impact
assessment (40 CFR 1508.7) has always been a difficult and
neglected aspect of the EIA process. In this respect the CEQ is
committed to working with federal agencies to find ways to look
at the issue, and how DOE will take advantage of the opportunity
should be reflected in the Yucca Mountain EIS IP.

6. Cumulative Impacts, Connected Actions, and Segmentation

In DOE's NEPA process, cumulative impacts (40 CFR 1508.7)

typically are ignored or brushed aside with cursory personal
opinion that such effects will not occur. In the case of
potential long-term radiation health impacts from the Yucca
Mountain Project, the EIS IP must address cumulative effects
supported by scientific data and analysis. Adequate peer review
of the Yucca Mountain NEPA process should focus on assessment of
cumulative impacts.

Additionally, 40 CFR 1508.25 states that an agency should
analyze "connected actions" in one EIS. The CEQ regulations are
directed at avoiding improper segmentation, wherein the
significance of the environmental impacts of an action as a whole
would not be evident if the action were to be broken into
component parts and the impacts of those parts analyzed
separately. The EIS IP for the Yucca Mountain Project must
address this matter with respect to the disconnected EIA between
the NTS and the repository project and the exclusion of Yucca
Mountain from the regional environmental resource management plan
underway for the NTS site-wide EIS. This is especially important
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with respect to (a) groundwater issues and past testing of
nuclear weapons at NTS and (b) the ongoing environmental
restoration program at the site.

7. Truly Significant, Reasonably Foreseeable Long-Term Impacts

. With respect to NEPA's focus on cognitive reform regarding
understanding ecosystems, the Yucca Mountain EIS IP must provide
for the improved utlization of knowledge of ecosystems and their
resources. This is because potential adverse environmental and
human health consequences are associated with the "truly
significant" issue (40 CFR 1500.1) of "reasonably foreseeable"

long-term (10° years) impacts (40 CFR 1502.22) of a repository on

the ecosystem above-the facility and the secondary impacts of an
‘altered ecosystem on repository performance. At sufficiently
high thermal loads of nuclear waste the ecosystem is likely to
experience impacts from the heat of radiocactive decay. Coupled
with anticipated increases in ambient temperature resulting from
global ¢limate change (warming) higher temperatures will induce
ecosystem responses that are not understood for the Yucca
Mountain ecosystem. The EIS IP therefore must contain provisions
for understanding how increased temperatures both above and
beneath the ground surface at Yucca Mountain will affect the
environment (40 CFR 1502.15 and 1508.8) and how the environmental

consequences (40 CFR 1508.16) will influence protection or impsct
mitigation (40 CFR 1508.20) with respect to resources like
groundwater for future generations.

Thus, in keeping with NEPA's mandate for creating knowledge
about ecosystems, the DOE is challenged to understand how the
ecosystem at Yucca Mountain will respond to dual sources of heat
stress and how in turn altered ecosystem conditions might
influence long-term repository performance. The information
needed to meet the challenge of scientific integrity (40 CFR
1502.24) and to assess signifance (40 CFR 1508.27) must be
empirical, quantitative, and should be made available within the
period being allocated by DOE for preparing the EIS. The
challenge cannot be met with DOE''s traditional application of
subjective expert judgement to EIA in cases of unavailable
information (40 CFR 1508.22). Plans for resolving this issue in
a manner that withstands independent expert peer review must be
presented in the EIS IP.

8. Succeeding (Future) Generations

Many EISs prepared by the DOE do little to substantively
protect the environment, particularly in regards to future
generation where, aside from such concerns as transportation
accidents, most of the threat posed by geologic disposal of
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nuclear wastes lies. In the case of the Yucca Mountain Project,
consideration of long-term cumulative impacts to the environment
and therefore to humans poses a serious threat to NEPA compliance
and is a "truly significant" issue that the NEPA process must
address (40 CFR 1500.1 and the Secretarial Policy on the National

Environmental Policy Act, June 13, 1994). The undeniable

knowledge that such consequencies eventually will materialize
poses a fundamental conflict with NEPA's mandate that each
generation be a trustee of the environment for succeeding
generations. This is an issue that the EIS IP must confront and
set forth the means for resolving via EIA and ‘the NEPA process.

9. Supplemental Information

As noted above, the Yucca Mountain environmental program has
been faulted over the years by oversight bodies for not
initiating ecosystem-based studies necessary for understanding
the long-term consequences that a repository might have on future
generations. It probably is too late to gain quantitative
empirical insight to that issue in accordance with DOE's current
NEPA schedule. However, the need for such studies remains
critical. Therefore, the EIS IP should present plans for
obtaining the information and presenting it later in a
supplemental statement (40 CFR 1502.9(c)(1). Ongoing research of
a related nature regarding global warming demonstrates that such
studies are feasible, that significant adverse impact are
reasonable foreseeable, and that the costs of acquiring such
information are not exorbitant (40 CFR 1502.22, The Environmental

Professional 15: 1-160, 1993, and The Environmental Professional
17: 271-284, 1995).

10. Environmental Risk Analysis

Central to NEPA is the ability to make predictions about
environmental outcomes resulting from alternative courses of
action such as thermal loading scenarios for a repository at
Yucca Mountain. The soundness of decisionmaking is dependent on
this predictive capability. In turn, the soundness of the very
long-term predictions, such as the Yucca Mountain Project faces,
depends on the inclusiveness, representativeness, and explanatory
power of simulation models derived from sound empirical
information. Gaps in knowledge should be eliminated whereever
possible. Decisionmaking, on the other hand, like that under
NEPA, should be based on best practicable methodology, i.e.,
environmental risk aanalysis. The extent of uncertainty that can
be tolerated in EIA for the Yucca Mountain Project and that is
unlikely to be resolved by risk assessment must be made clear in
the EIS by a methodology presented in the EIS IP.
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Functional characteristics of ecosystems are important
components of ecosystem health and are closely related to
resource management goals. For this reason, it is important to
assure the long-term protection of ecosystem function as well as
ecosystem structure. The best way to assess the protection of
ecosystem function is to develop models to predict effects of
stress on function, to make decisions among alternatives and take
preventive action based on the model's predictions. The
importance of establishing methods for determining ecosystem
function and resilience transcends scientific interest because
methods are important to environmental risk managers as tcols
needed to predict impacts and protect sustained societal use of
ecosystems and long-term productivity. Increased awareness of
information on ecosystem function and new ways of viewing
ecosystem protection will improve the decisions made under NEPA
(cf. The Environmental Professional 15: 1-160, 1993 and The

Environmental Professional 18: 1-235, 1996).

Ecological risk assessment is a scientific process for
estimating, with a known degree of certainty, human effects on
the integrity of ecosystems, i.e., ecological function and
resilience. At this stage of the Yucca Mountain Project there is
extensive scientific uncertainty with respect to the potential
threat that excessive heat associated with thermal loading would
pose to the ecosystem and in turn to a nuclear waste repository
at Yucca Mountain. Ecological risk analysis should be used by
DOE to reduce that uncertainty and the approach to its use should
be part of a long-term ecosystem studies plan presented in the
EIS IP. Otherwise, the DOE must pursue the worse-case scenario
for a repository at Yucca Mountain that could result from a
combination of global climate change and a high thermal lcad (cf.

The Environmental Professional 17:271-284).

The steps in this risk-approach are for the DOE to (a)
define the end point conditions that must be protected, (b)

characterize the environment that will exist under global
warming, and (c) assess the hazard to the Yucca Mountain
ecosystem that will result from thermal loading and threaten
repository performance and the long-term health of the
groundwater and future generations. The extensive uncertainty
that presently exists in all three step can be reduced only by
empirical scientific studies. Any effort to resolve the
uncertainties by subjective opinion alone will be unsatisfactory.
Thus, it is essential that DOE present study plans in the EIS IP
for an ecosystem-based approach in the context of ecosystem
management. This will provide a capability for resolving EIA
uncertainty with respect to the thermal loading issue through the
use of predictive models of long-term ecosystem outcome.

12



11. Environmental Life Cycle Assessment

In 1993 the U.S. EPA took steps to encouraged waste
management activities to apply environmental life cycle
assessment to environmental protection (cf. Life Cycle Design
Guidance Manual, EPA/600/R-92/226, January 1993, and, Life-Cycle
Assessment: Guidelines and Principles, EPA/600/R-92/245,
February 1993). Life cycle assessment is a holistic approach
that analyzes the entire system around waste disposal. Applied
to the Yucca Mountain Project, it would encompass raw materials
used for manufacturing nuclear waste canisters and transporting
the waste to a repository, as well as reporisory construction,
operation, and closure. All the downstream and upstream effects
of the operation of waste disposal would be factored into EIA to
provide a holistically view of the environmental consequences
associated with the Yucca Mountain Project.

This departure away from DOE's present piecemeal,
compartmentalized approach to the NEPA process would be a
departure from evaluating nuclear waste options that look at
single components of the effort in step-wise manner. Such a
procedure could be initiated by integrating EIA into DOE's
systems engineering program. This would permit the systems
engineering analyses to address alternatives within the project
that would allow the best environmental decisicns to be made to
the benefit of the holistic repository program. To this end, the
EIS IP should present a framework for environmental life-cycle
assessment that would assure environmental decisionmaking in the
full long-term context of the Yucca Mountain Project.

12. Resource Management

As noted earlier, the White House has instructed federal
agencies to adopt ecosystem management as the basis for
protecting public land and resources. " The DOE, while tardy in
adopting the ecosystem approach for its policy of managing land
and facilities, now has joined the other federal agencies in
doing so. The first DOE site to take steps in this respect was
the NTS where a site-wide EIS now in preparation will encompass a
resource management plan founded on ecosystem management. It is
unfortunate the the Yucca Mountain Project has excluded itself
from this activity and vows not to initiate resource management
activities (Memorandum of Agreement Between DOE Nevada Operations

Office and the Yucca Mountain Site Characterization Office, UN-
27, September 1, 1994, and, W.E. Barnes' letter of November 9,
1995, to the State of Nevada Department of Administration). This

is particularly so in view of the fact that all public land
adjacent to and surrounding Yucca Mountain is being managed in
accordance with ecosystem management (Figure 1) (cf. Five-Party
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Cooperative Agreement, May 1994).

The letter from Mr. Barnes, Manager of the Yucca Mountain
Project, asserted that the project already has incorporated the
principles and concepts of ecosystem management into 1ts program.
As evidence of this, Mr. Barnes refers to the Yucca Mountain
Project Environmental Management Plan, YMP/S93-04) and the Yucca
Mountain Project Annual Site Environmental Report procedure as

reflecting the principles of ecosystem management and sufficing
for the project's compliance with such DOE policies as the
Secretarial Policy on the National Environmental Policy Act, June

13, 1994 and the agency's December 21, 1994, Land and Facility
Use Policy. Neither of the documents cited by Barnes has been

revised to reflect an ecosystem approach consistent with either
of the Secretary of Energy's policies regarding such matters.

Because the Yucca Mountain Project has ignored independent
expert advice about adopting an ecosystem approach to its
environmental program (cf. The Environmental Professional 17:271-

284, 1995), the EIS IP for the project should explain its

rationale for "complying" with the Secretary of Energy's
directive in the Land and Facility Use Policy that, "Our (land)

stewardship will be based on the principles of ecosystem
management and sustainable development."

13. Post-closure Project Monitoring

The DOE's Yucca Mountain environmental program has conducted
environmental monitoring meant to detect significant adverse
impacts of site characterization activities. Because monitoring
did not commence sufficiently before the environmental
disturbance activities began, there is not adequate environmental
baseline information reflecting natural temporal variability
against which to compare the results of the site charactization
effects monitoring. Moreover, the limited monitoring that has
occurred is too thinly spread over the diverse transitional
desert ecotone at Yucca Mountain to credibly characterize
environmental conditions. Additionally, with such limited
monitoring it is not possible to separate human perturbations
from natural temporal environmental variability characteristic of
ecosystems. Thus, observed conditions cannot be attributed to
either human intervention or to wide-ranging natural differences
in temporal patterns, in which case, like the Yucca Mountain
Project, the monitoring data are not credible for EIA prediction.

The DOE sought to correct this situation by altering the
monitoring design while at the same time curtailing environmental
monitoring activities, all to no avail. Despite these
shortcomings, the Yucca Mountain Project plans to base EIA for
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the repository EIS on a restriced amount of environmental
information.

It is, therefore, essential that the EIS IP explain the
rationale behind this impact assessment scheme and how the DOE
perceives the information being made statistically credible in
the face of its present limitations. This will provide the DOE
an opportunity to address the assertions by Mr. Barnes that the
field program is consistent with an ecosystem approach.
Describing in the EIS IP how the environmental monitoring and the
EIA activities currently underway, and defended by the DOE as
being adequate, will provide the opportunity to address issues of
long-term thermal impacts on the ecosystem at Yucca Mountain and
the potential threat to repository performance. The EIS IP alsc
should explain how the environmental program will compensates for
the lack of process-based ecosystem simulation modeling necessary
for predicting long-term impacts to the Yucca Mountain ecosystem.

14. Policy and Guidance for the NEPA Process

The EIS IP must list and discuss the policies and guidance
(e.g., from the DOE Office of NEPA Oversight) to be followed
regarding NEPA compliance for the Yucca Mountain EIS. Because of
the intent of the Nuclear Regulatory Commission (NRC) to adopt
DOE's EIS, the NRC's NEPA policy and guidance to be satified must
be included. :

Ongoing site characterization activities heavily rely on
numerous requirements documents that guide the Yucca Mountain
Project. The role that these and similar requirements will play
in describing all phases of the proposed action (construction,
operation, closure, post-closure monitoring) and carrying out EIA
for NEPA compliance also must be identified and discussed in the
EIS IP. The EIS IP should be clear about the role and use of
this information in guiding EIA for repository project.

With respect to compliance with routine media-based
environmental regulatory requirements, a statement in the EIS IP
and ultimately in the EIS itself that the proposed action would
be in compliance with applicable regulations, DOE Orders, and NRC
licensing will not substitute for a presentation of impacts. The
adage that "the whole is greater than the sum of the parts" is
true with respect to ecosystem-based EIA. Thus, credible and
responsible NEPA compliance requires a holistic, ecosystem
approach to EIA whereas media-based environmental regulations
address only restricted components of the integrated environment.
The EIS IP that is to follow from comments such as these must
demonstrate DOE's recognition that NEPA is the only environmental
law requiring holistic, integrated environmental impact
assessment. The DOE's Land and Facility Use Policy and the

Secretarial Policy on the National Environmental Policy Act
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commit the Yucca Mountain Project to: "Full compliance with the
letter and spirit of the National Environmental Policy Act

(NEPA) , our national charter for protection of the environment,
is an essential priority for the Department of Energy, consistent
with our core values." (Secretary of Energy National

Environmental Policy Act Policy Statement, June 13, 1994.
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ATTACHMENT H






VIEWS ON
THE FEDERAL INITIATIVE ON ECOSYSTEM MANAGEMENT
AND THE U.S. DEPARTMENT OF ENERGY |

Introduction

In recent years, fundamental changes have been occurring in
the concepts of managing environmental resources. Traditionally,
resource management was undertaken to maximize yield of or to
protect one or more resource components. Concepts of a holistic,
intergrated environment and of a harmony between man and his
environment played small roles in conventional resource management.
However, this 1is now changing with the evolving concept of
ecosystem management that strives to manage the environment
consistent with principles of ecological, economic, and social
sustainability and of mutual harmonious benefit among those sectors

of human - society. Thus, ecosystem management involves
environmental management that (1) recognizes social and economic
viability within functioning ecosystems, (2) 1is at a scale
compatible with natural processes, (3) is cognizant of nature's

time frames, and (4) is realized through effective partnerships
among private, local, state, and federal interests.

The goal of ecosystem management is to preserve, restore, or
simulate ecosystem integrity (as defined by ecosystem structure and
function) consistent with maintaining socioeconomic sustainability
(Grumbine 1994a, Keystone Center 1995, Slocombe 1993a and 1993b) .
Thus, the concept of ecosystem management recognizes human needs
and the importance of developing a vision that integrates
ecological and cultural factors and therefore involves a
recognition of the interrelationship of a healthy economy and a
healthy environment. It focuses on policies that foster both a
sustainable economy and sustainable ecosystems that support
biodiversity. :

Ecosystem management policies and activities within the
federal land management agencies, including the U.S. Department of
Energy (DOE), have been described (CRS 1994). Basically, the DOE
approach is said by Breed (1994) and by Pearman (1994) to be
founded on maintaining the natural sustainability and biological
diversity of ecosystems while support sustainable economis
development and communities. This would involve a regiédnal
planning strategy that integrates stakeholder and community
concerns and goals and draws on DOE's foundation of knowledge
regarding ecological interactions and environmental compatibility
of technology development and human use.



The Federal Initiative

A number of things are responsible for the ongoing fundamental
changes in how environmental resources are being managed in the
federal sector. In short, the two most important factors are the
recent emergence of ecosystem science and the concurrent widespread
realization that traditional resources management was not working.
These two occurrances are well documented by Grumbine (1993b),
Knight and Bates (1995), and Savory (1988).

Among the initial signs of the federal ecosystem management
initiative was an extensive national workshop in 1992 sponsored by
the USDA Forest Service that reflected the ecosystem approach to
resources management (FS 1992). This was followed in 1994 by a
notable report that documented the need for the Forest Service to
alter its management procedures to formally embrace ecosystem

management (FS 1994). Several other federal land management
agencies followed suit in 1994 and 1995 (e.g., BLM 1994, FWS 1394
and 1995). These actions and their recent status and potential are

documented in U.S. Senate (1994a), CRS (1994 and 1995), and GAO
(1994) .

A crucial step toward a federal ecosystem management
initiative was taken by the Clinton Administration under the
National Performance Review. In an accompanying report to the
review, Vice President Al Gore proposed that federal stewardship of
public environmental resources be founded on the concept and
principles of ecosystem planning and management (Gore 1993). The
Gore report called for a Presidential Executive Order by September
1994 directing federal land management agencies to implement
ecosystem management. Next, the report called for a high-level
_Interagency Ecosystem Management Task Force to develop a number of
cross-agency ecosystem management demonstration projects. The
Executive Order was drafted to be issued in late 1994. However, an
outcome of the 1994 congressional elections was that the
anticipated Executive Order on Ecosystem Management was deferred.

In the meantime, the Interagency Ecosystem Management Task
Force was established with the Director of the White House Office
of Environmental Policy as the head and Assistant Secretaries from

12 departments and agencies. Representatives from the Office of
Management and Budget and White House Office of Science and
Technology Policy also serve on the task force. The task force

formed the Interagency Ecosystem Management Working Group to assist
in its work, to conduct case studies, and to develop a report on
implementing an ecosystem-based approach to managing environmental
resources. In turn, the working group created teams to address
scientific, legal, institutional, public participation and
budgetary issues relative to the federal ecosystem management
initiative. At the same time, case studies of ecosystem management
in practice were initiated in Southern Appalachia, Coastal



Louisiana, the Anacostia River Watershed, Prince William Sound, the
Great Lakes, South Florida, and the Pacific Northwest Forests.

The report of the Interagency Ecosystem Management Working
Group is to be issued in mid-1995. It will be a landmark in the
federal ecosystem management initiative that will influence land
and facility management in federal agencies like the DOE.

It also should be noted that in 1994 during the 103rd Congress
a bill (S. 2189) was introduced by Sen. Mark Hatfield (R - Oregon)
to establish the Ecosystem Management Act of 1994 (U.S. Senate
1994Db) . The bill would have amended the Federal Land Policy
Management Act of 1976 to provide for ecosystem management. The
objectives of the bill basically were consistent with the work of
the Interagency Ecosystem Management Task Force and Working Group
and the hoped for Executive Order on Ecosystem Management. Like
the proposed Executive Order, however, the fate of the bill in the
104th Congress is uncertain. What remains certain for the present,
at least, is the federal ecosystem management initiative is alive
and well within the relevant federal departments and agencies.

Ecosystem Management in the DOE

The Rule

According to Breed (1994) the DOE comprehends and is adopting
ecosystem management throughout its programs and facilities. Breed
supports this position by noting two DOE Orders that promote and
assure a proactive ecosystem management approach to maintaining a
sustainable environment and a sustainable economy. DOE Oxrder
5400.1(1.5a), on Environment, Safety, and Health, ensures
incorporation within the agency of national environmental
protection goals to advance restoring and enhancing environmental
quality on DOE lands. DOE Order 4320.1B, on Land and Facility Use
Management, is the basis for a broad planning perspective for
addressing the regicnal and local conditions surrounding DOE sites
and for identifying present land uses and future opportunities for
performing planning analyses. Under this framework, the DOE is
seeking to achieve Total Quality Environmental Management for
sustaining ecosystems and for supporting economic development and
communities for future generations.

In August 1994, consistent with the position expressed by
Breed (1994), the DOE took steps toward revising its policy under
DOE Order 4320.1B (Pearman 1994). This action involved issuance of
a draft Land and Facility Use Management Policy that, when adopted
and implemented, would have replaced the current site development
planning policy. The stated impetus for the action was to conform
DOE internal policy with the then pending Executive Order on
Ecosystem Management. The policy's objectives were laudable, i.e.,
for DOE to manage all land and facilities as valuable national



resources in accordance with the principles of ecosystem management
and sustainable development. The draft policy sought to integrate

mission, ecological, economic, and social factors in a
comprehensive plan for each DOE site that would guide land and
facility use decisions. Comprehensive plans developed for each

site were to consider the site's larger regional context and be
developed with stakeholder participation.

Since the draft policy emerged in August 1994 nothing more has

been seen of it outside of the DOE. Inquiries have been made to
DOE headquarters about the status of the policy and of the
ecosystem management initiative it hearlded. None of these

overtures has been responded to by the DOE. Similarly, a regquest
was made to no avail for other information such as resource
. documents on "Role of Future Use in Ecosystem Management" and
"Department of Energy - Stewards of a National Resource" (Walker
1995) . With one exception to be discussed later, all traces of the
ecosystem management initiative within the DOE seem to have
disappeared with the White House decision subsequent to November
1994 not to issue 1its Executive Order on Ecosystem Management.

The seeming reticence of the DOE to be forthcoming with
information relative to ecosystem management policy is contrary to
other federal land management agencies. For example, the DOE is
not participating along with other agencies in a National Policy
Dialogue on Ecosystem Management being sponsored by the Keystone
Center (1995). Additionally, the DOE alone has not consented to
contribute a policy position paper to a special professional
publication that will address such matters and activities with
respect to federal ecosystem management initiative (Malone 1995).
Thus, while other federal land management agencies and the White
House continue to pursue ecosystem management and are forthcoming
about their policies and programs, the DOE remains silent.

The Exception

The exception to this rule has been the action taken in the
field by the DOE with respect to preparing an Environmental Impact
Statement (EIS) for the Nevada Test Site (NTS). In its Notice of
Intent for the EIS, the DOE Nevada Operations Office proposed to
prepare a Resource Management Plan (RMP) for the NTS that would
address ecosystems and facilities at the site in a framework of
mutual sustainability (DOE 1994). Upon receiving comments from
stakeholders associated with the NTS, it became apparent to the DOE
that what the stakeholders envisioned as an acceptable RMP, one
based on the concepts of ecosystem management, exceeded the DOE's
capabilities at the time. Rather than reneging on its offer to
prepare an RMP, the DOE committed to including a framework for a
management plan in the EIS and to pursuing the the RMP subsequent
to the EIS (DOE 1995).

What is particularly reassuring to the stakeholders in the NTS
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EIS process is that the DOE has agreed to base the RMP on the
principles of ecosystem management and to participate with
stakeholders in the framing of the RMP as well as in its execution.
Thus, other federal agencies, state and local governments,
concerned citizens, and public interests will become involved in an
ecosystem management approach to planning for the future management
of natural resources and facilities at the NTS. This contrasts
markedly with the reticence of DOE headquarters regarding agency-
wide policy on ecosystem management.

The ongoing EIS process for the NTS is the first ever at a DOE
site that will adopt and lead to implementing the concepts and .
principles of resource management planning based on ecosystem
management. Perhaps this initiative will lead the way to the DOE
actually realizing the otherwise seemingly hollow commitmerts to
Total Quality Environmental Management described by Breed (1994)
for a broad planning perspective that addresses regional and local
conditions surrounding DOE sites. To achieve this, DOE
headquarters must take steps to achieve a unified planning agenda
by coordinating and integrating disparate elements of ecosystem
management within the agency. While it is too late in the federal
initiative on ecosystem management for the DOE to be a leader, as
anticipated by Breed (1994), the agency must take steps at all of
its sites for identifying present land uses and future options.
This will of necessity involve efforts to achieve consensus
decisionmaking with stakeholders regarding a sustainable
environment that addresses ecological as well as sociceconomic

components.
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Integrated
- Weapons-Site
- Cleanup

The Deparrment of Energy is using ecosyszem management to
help clean up our nation’s nuclear weapons sies.

BY CHARLES R. MALONE

n 1951, the Atomic Energy
Commission, forsrunner
to the present-day U.S.
Department of Energy, was
looking for a place to test
its newly developing arsenal of
nuclear weapons. It selected a re-
mote tract of the Mojave Desert in
southern Nevada, 50 miles (80 ki-
lometers) northwest of Las Vegas.
- For the next four decades, the Ne-
vada Test Site would serve as the
nation’s nuclear testing ground.
The Nevada Test Site covers
1,350 square miles (3,500 square
kilometers), which is roughly the
size of the state of Rhode Island.
Until 1962, when aboveground test-
ing was banned, the Atomic Energy
Commission conducted abour 100
aboveground nuclear tests on the
site. During the next three decades,

until nuclear testing was banned al-
together in 1994, more chan 800
underground tasts were conducted
on the site. Today, the site is largely
used for disposing of low-level

- DOE wastes. The Yucca Mountain

site, which is being studied as 2 pos-
sible respository for high-level
nuclear wastes from nuclear weap-
ons and nuclear reactors through-
out the United Stares, straddles the
test site’s western perimeter.

The Nevada Test Site is one of
140 sites in DOE’s nuclear weap-
ons complex—which includes such
familiar names as Savannah River,
Ozk Ridge, Hanford, and Idaho
Falls—rthat are remnants of the Cold
War legacy. Now thar the Cold War
is over, DOE has begun cleaning up
the Nevada Test Sire.

The Nevada Test Site conrains

more contaminated surfaca rock,
soil, and groundwarter than any
other site in the DOE weapons
complex. The amount of radjoac.
tivity in the environment from
weapons testing is estimared ar 300
million curies, spread over zboyr
300 square miles (800 square kilo-
meters). DOE’s goal is to remove
enough of the contamination from
the soil and groundwater to make.
the environment safe for future yse.
Cleanup began in 1997 and will
extend to 2007, at a cost of §1.5
billion.!

Furure uses being considered in-
clude developing the site for pro-
ducing clean-burning fuels, decon-
taminating low-level nuclear wastas,
or training emergency workers who
deal with highly destrucrive weap-
ons.

Ecosystem Management

As part of the restoration of the
Nevada Test Site, DOE developed
a resource management plan to en-
sure the long-term sustainabilicy of
the site.? The main goals of the plan
are to

®m Manage and sustain narural re-
sources.

m Mainrain native ecosystems, biota,
and habirats.

m Protect undisturbed areas.

m Develop baseline environmental
information needed for cleanup,
land use planning, and ecosystem
management.

m Site new facilities only on envi-
ronmentally suicable, previously
disturbed lands.

m Foster sustainable economic de-
velopment.

Traditional resource manage-
ment focuses on managing a single
resource such as water, livestock, or
timber. Wildlife management and
operating reservoirs for navigation
and flood control are rtraditional
resource management approaches.



Ecosystem management, which is at
the heart of DOE’s resource man-
agement plan, focuses instead on
managing the ecosystem as a whole,
including ics fauna, flora, soils,
groundwacer, and air. Ecosysten
management recognizes chat hu-
mans are a fundamencal component
of ecosystems; it appreciaces the im-
portance of the diversicy and com-
plexicy of ecosystems; and it strives
to maincain the processes that tie the
physical, chemical, and biological
components of the ecosystem co-
gether.’

As a resource tool, ecosysiem
management has been applied suc-
cessfully in a varietry of other set-
tings.* In the Pacific Norchwest, for
example, where logging has abused
forests and streams for decades, eco-
system management is being used
to identify sensitive areas that
should be restored, areas where log-
ging should be banned, and areas
where logging can occur, provided
it balances environmental and eco-
nomic objectives.

Similarly, ecosystem manage-
menc has besn successfully applied
to livestock grazing in arid lands to
help restore abused sensitive habi-
tats and to avoic further damage.

An analogy may help to further
clarify the difference berween tra-
ditional resource management and
ecosystem managemenc. Think of
traditional resource management as
like trying to fix an automobile car-
buretor without even turning on the
engine. Ecosystem management, on
the other hand, is like making fine-
tuning corrections while the engine
is running. A good mechanic will
listen to the engine, adjust the car-
buretor, and make any other
changes necessary—such as replac-
ing spark plugs—to make the en-
gine run smoothly and quietly.

An ecosystem manager, like our
good mechanic, has a holistic per-

spective. Rather than just looking
after the tress or the wildlife or wa-
ter qualiry, the ecosystem manager
considers each of these, slong with
other components, as part of a
greater whole; and he or she man-
ages the whole to ensure ic is oper-
acing smoothly and e:fficiendy.

Implementing the Model
DOE has begun inveatoryis

cies. Nactural springs and se2os. tor

“ instance, play an especiaily impor-

tant role in desert ecosvstems and
are thersfore being restored to as
near natural conditions as practical.

DOE is also removing soil from
contaminated land and is reclaim-
ing these disturbed sites for even-
tual reuss. By restoring contami-
nated lands and using them for fur-
ther development, DOE can avoid
development on ecologically valu-
able, undisturbed lands, which have
not been contaminared.

The involvement of stakehold-
ers—such as the state of Nevads,
nearby communities, other federal
land managers, and area landown-
ers—has long been a missing ele-
menc in planning for the Nevada
Test Site. Applying the ecosystem
management model helps correct
this problem. Today, regional stake-
holders are contributing to deci-
sions about economic development
and culrural, social, and long-term
environmental trends chat will
shape the Nevada Test Sice’s future.
While DOE is currently using eco-
system management only for the
Nevada Test Site, the approach is
also an appropriate tool for clean-
ing up other contaminated DOE
lands. Ecosystem management can
be used to assess environmental
risks, set cleanup priorities, help
determine the appropriate level of

cleanup nezded for various land
uses, and evaluate alternative soly-
tions for remediating contaminated
land.

Some DOE managers will doube-
less view ecosystem managsmenct as
overly problematic, especially given
the degres of intradepartmenczal,
interagency, and stakeholder coop-
eracion recuired to make ¢COS}'Stc:'n
management succesd. Further com-
plicating the application of ecosys-
tem management is DOE’s notor-
ously fragmented bureaucracy; co-
ordination among its programs is
contrary to prevailing, long-estab-
lished DOE custom. Moreover, the
attitude of openness to public and
private stakeholders, which is inte-
gral for effective ecosystem manage-
ment, is contrary to DOE'’s hiszory
of isolating itself from outsiders.

Even ac the Nevada Test Site,
these issues are not fully resolved.
For example, the Timber Mounzain
Caldera National Natural Land-
mark on the Nevada Test Site re-
mains off-limits to visitors even
though a number of people have
expressed interest in being allowed
access to the area’s unique geologi-
cal features. Likewise, some moun-
tainous areas on the site that sup-
pors herds of desert bighorn sheep
large enough for hunting are closed
to the public despite efforts of the
Nevada Division of Wildlife to have
the areas opened for public use.

Nonetheless, progress toward in-
corporating outside recommenda-
tions into DOE decision making is
occurring at the Nevada Test Site,
and there are decided grounds for

hope.

Reversing Old Customs

Change often comes slowly and
scubbornly wichin traditionally con-
servative organizations like DOE,
and progress in using ecosystem
management o reverse ourdated
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customs cannot be taken for
granted. Thanks to DOE's commit-
ment and encouragement from
other agencies, however, ecosystem
management at the Nevada Test Site
is becoming a reality, and the pros-
pects for implementing it at other
DOE sites are encouraging.
DOE’s success joins a growing
number of initiatives throughout
the federal government that are
employing an ecosystem approach
for managing our nation’s re-
sources.’ Collectively, these efforts
can help sustain public lands for the
benefit and enjoyment of genera-

tions to come.m

Charles R. Malone is an environ-
mental scientist at the state of
Nevada’s Nuclear Waste Project Of-
fice, in Carson City, Nevada.

NOTES

1. DOE, Accelersting Cleanup: Focus on
2005, DOE/EM-0327 (Washington, OC: DOE,
1997); DOE. Environmentzl Restoration and
Weaste Management Site-Specific Flan: Fis-
czl Years 1994-1998 (Las Vegas: DOE Nevada
Field Cffica, 1857).

2. DOE, “Framework for the Resource
Management Plan,” in 1995 Final Environ-
mencal Impact Statament for the Nevada Test
site and Off-Site Lacations in the State of

Nevada, NV DOE/EIS 0243 (Las Vegas: DOE
Nevada Field Office, 1886).

3. D.S. Slecombe. “Environmental Plan-
ning, Ecosystem Science, and Ecosystem
Approaches for Integrating Environment and
Cevelopment.” Environmentsl Management
17(1823), po. 288-303; R.E. Grumbine, “What
Is Ecosystem Management?” Conservation
Biology 8 (1934), pp. 27-38.

4. S.L. Yaree et al.. Ecosystam Manage-
ment in the United States (Washington, DC:
Island Fress, 1528).

5. Interagency Ecosystem Management
Task Force, The Ecosysiem Approach: Healthy
Ecosystems and  Sustainable Economies
(Washington, DC: White House Office of

Environmental Policy, 1995-1226).



FORUM

FOR APPLIED RESEARCH AND PUBLIC POLICY

The 2-digit Dilemma
' Apocalypse When?

Unconventional Warfare
- W/yen ‘Diplomacy Fails

Protecting the Commons
Who's in Charge?

Nuclear Impasse
Of Weapons and Wastes



BECONTENTS

THE 2-DIGIT DILEMMA

chhnoiog;f Bires Back » By Arnaud de Borchgrave and Stephanie AR s sssans s o R Sl 6
The Global Challenge of Y2K aBy Senator Robert F. Benett .veveuereessiosieansnnanninnsicnens 13
Risky BUsTRESS o/By Edwand Yardentouss ouxcsassssssossosssssisisdsassssss sinsss sossssssssss uoss assssiosssnsass 16
Russian Rouleste s By vlichae]l Rl KFQIE 1 emvrorarmessssnsmmsnrerensassnerasssnsnsis S0 5iaaansssabbshnsnsnnsnnssasse 25

UNCONVENTIONAL WARFARE

R T N A D 0 o B T OB AR B B WHEIRR s oS i A e RO S S R34 32
Nonlethal Weapons By Nick Lewer .c..cooveeveeeeireeenieeeeeaceacns R R R N A 39

Leisivereing the Ars RACe aBy MV, Ramafilcsummssivossntisiiataisasssers snssnssrivereivnsesass 46
The Silent, Deadly Remedy s By Richard Garfield......coveeeeeeeersernecssaesossscssssnnessossassssssssnees 52
Peace through Santtions? wBe Llrich Gottstein . uosrirmnissiimsunisvasssassstbnssanivs sssaisossasssnss 59

PROTECTING THE COMMONS

Public Lands: A System in Crisis e By Robert H. Nelson cocvvueeeerernueeeceeeeeiarennsnsneeeaseeanonsnns
New Direcrions for Public Lands e By Randal 0" To0le .ocoueueeeeruniueeiaraeeiueesssessnassasseaneass 73
In Wilderness Is Dissenision s By Martin A INi€ voeeeeeiiieiiiiisiiereeeeesneessseesssesssssessnsnseesssnns 77

Lessons from the Pasz e By Sally Fairfax, Lvnn Hunwinger, and Carme! Adelburg coovninninniinnn.n.

|
—

sserving the Public Triust s By Louis Biumberg .ovvviveeieiiiiiciieicins e

NUCLEAR IMPASSE

Nuclear Gritdlock s Bv:Stan Lo Albrecht viciiicinsisisiimisiiwisiisisismiisiisasiaiisisiiidsiineii
Nuclear Soluticas » By James M. il liams oooeiiniiieie e ies e e e n e aeeaan e as 1 03
The Case against Reprocessing o By William €. Sailor cuiiiiimamimisiommaiisinmiisis 108
The Challenge Ahead a By Katherine N. Probst and Michael H. McGOVErn .oveueeereeesereeennn. 113

Integrated Weapons-Site Cieanup « By Charles R. Malone ...cvoveerucucucncaisucsinsensnsssaesencas

Economic Falloutr a By Karen Lowrie, Michael Greenberg, and Michael Frisch ...............
Nuclear Power for the 21s: CC:‘ltu:‘_‘.' s By Valmore Loiselle and W.G. Kritsky ............... 1 26
DD Rl O@Ue isvisuns s ssaninat S0 s A sua o obn s nmsneamona s ensmmassapessnamen bnabasResAsas EoRR S SR a TR RS SRERSS 129

134

Yo o (o LU d (ol o S R,

Summer 19992 3






ATTACHMENT J






UE LM peAjoAu| SBj2uBDe 8y sjuaseld uojtias ey} uj juswebeuew wejsAsosy
"(aB66 | BUOJBYY) ]S BY) 1B SUO|SS|W OSUBJEP [BUC|EU BUjZ|S-UMOP 8]jUM SBINJUBA * _
ejead.o) g | N ey jo sesn esnin) Bujsselppe s| 300SN eyl ‘ejdwexe o4 ‘sebep
se Jo Ko ey yim pejejposse ymolB pides jo |nsal B sB BpBAGN UIBYINOS U|
spug| jeiepey e uo peoed Bujeq eie spuswep seainosaes [einjeu Bujseelou|
‘suojjealasal eely) ey} o} snonbjuoo spuej ayqnd esn
-e|dpjnw Bujujewes ey) sebeuew ‘WIasN ey ‘Aouabe [giepe) yuno) v "SMASN
oyi Aq peBeuew eBuey ej)pm [euojieN Heseq ey pue {(4ysn) ed104 1)y 's'n
ey} Aq pebeusw eBuey 8010 1y s|jjleN eyl {(30asn) ABieu3 jo uswpedsq SN
ey} Aq peBeuew (S1N) els 1se | epeaep ay) :sesn esodind-e|Bujs o) pejeojpep
suojjeatusel [e1epej eBie| esiy) jo uojpod solew B 1o |je e1e pepnjou) (| ‘einbid)
uo|Bes ojydeiBoipAy epeaeN wieynos ey jo S6JBpPUNOQ |BINJBU 8L} UjY)|M IN230
pus sejoueBe |e1epa) Aq pefieuew a1 peajoau) spue| eyl ||y “uojdesuod s} wol)
ueweBeuew wejsAsode [B1epe) jo Apnis eseo B aujwexe o} Ayunyoddo ue siejjo
BpEBABN Uieyinos uj joefoid yuswebeuew peseq-weishsooe Bujbiews uy
‘sweifioid pue se|ojjod jeiepaj woiy Ajjoelp
peinsel pakeains sjoefoid Go| BY) JO %2G ‘|lBIBAQ ‘1equinu [Blo) 8y} Jo %88'Y|
PBAj0AU| B18Mm ‘peujwexe 5198(o1d Byj ||B Jo %S Bupeyju) ejjym 'sepusbe jaiepe
‘KaueBy uo|joe)014 [BuswuoIAug "g N By} Aq BUjU puB '(W1asn) weweBeuepy
pueqjoneeing 's'n eyiAq xis ‘(SM4SN) eajaes ejjiplim puB ysid ‘s n eyl Aq gy
‘00|18 158104 "S (N 8Y) Aq pele)s|ujwipe e18m g | ‘pBA0AU] s1o8[o1d (B1epe) 8y} jO
‘suojjezjuebio Juewuienobuou Aq % pz pue ‘sejousbe |8o0) Aq %49 'sejoushe ejels
£q %0y ‘sejpuebe |eiepe) Aq pejej|u) e1em peujwexe sjoefoid ey) Jo jueosed ea))
-Auo *(9661 ‘1210 @8jjBA) SN BY) $S0198 PoYjlIuep]| 619 JO 810} 8 0 N0 Sjosfoid
paseq-we)sAso0de 0| Jo uojjeujwexe Juade) B Aq pejesjpu| s| jusweBeuew we)
-sAs0oe u| sejousbe JueweBeuBw pue) 'g'N ey} Jo JUBWBAIOAU] JO JUBIXE eyl
‘suBwny
jo suopieseuaB eininj o) seainoses jeinjeu jo eseq B BujujeuBL PUB §B[LLIOLOJE
uewiny Bujujeisns ejjym Aibsuj weisksooe Bujateseld jo Aajjod ey peysyqeise
(5661 d30) sejousbe juswebeuew pue| |Biepe) |8 Aq peubjs pue esnop
elIuM ey Aq peinoexe Bujpuejsiapun jo wnpuelowe v (96615664 41W31)
80104 )se | Juewebeueyy weisksoo3 Aouslieleju) esnopy ey eyl woij esole
wewsfBuBw WejsAsoge uo Aojjod 'g'n 1UBLINY 'SOGE|-PIW BY) eou|s paedojerep
sey sy) Aojod je1epej ey) pequiosep sey (ege61) euojep pus 'sge6 | Ajiea ey} o)
SOEG6 | 8y} woujuewebeuew we)sfsooe jo uojeoydde pue es) ey) pejueiunaop
sey (p661 ‘2661) eujquniy ‘juewebeuew weisfsose jo eaporid Bujbiewe
pue 1dasuod ey uj pessaidxe s 5 ey u| juewdojeAep ejqeulRISNS JOj peaU By |

—_— =

— —

auojepy 'Y se|iByn

SRS PIjNu) ) ul
JudWIZRURYA] WA)SASOIF] [RIIPI,] JO ISe)) YV
:IANBNIUT BPBAIN] WININOG O[],

8661 T 'ON '9T "|OA SIUAUILOIIAN:]




-8)u) Juswabeuew we)sAsoos [iepe) ey Yim polejoosse sdnoib sepjoyexels
ejeaid pue 9)iqnd pue sepusbe jusweBuusw pue| jgiepe) jedjoulid ey} peajoau)
Apnisey] ‘(9661 O¥1)181u8D suoishey| 8y jo 18Y)SBM 'S°N By} uf JusweBruBw
welsAsooe oju| 1ybisul [eieusB pepiaoid jey) Apnis Aiejueweiddns Jeyjouy
. ‘fuoey) pue eouejos eziseydwe Jou pjp Aeans
ey} ‘Apms 4 1 W3 8yl exi11nq ‘31 W31 oY1 Aq pays|iqeise jusweBeusw we|sAsoae
jo sydesuos |edjoupd eyy o] puodseliod §10198) pe|juOp| 18I0 pUB BSeY||
"woddns jeoyjjod pus '‘Bujpunj ‘'seainosal uewny jo AjqejieAB 8y) e1em juepodu)
os|y ‘'siojoes Juewuiarob pue 'ejeaud ‘oygnd ey) uj siepjoyexyels |18 Buowe
voddns Bujpjinq 10) uojieioqejjoo sem esey) Buowse jsoweloy ‘JueweBeusul
we)sAsoo8 Jo §5699N8 Y] 0] PBINQUIUOD BABY BL| S10)08] pejou puB sjaefold
eyj pezuejoeieyd sioyine eyl 'S’ eyl uj syefoid wewsebBeuew weisAsose
10 (9661) ‘18 10 esje) Aq Aemns B 5| Apnis 41W3) ey Bupuewejddng
‘loAs|
|esepej ay) 18 juswebeuew we)sAsose jo Bujpusisiepun [Bluswepunj e pepjaoid
Apris ey} 'esimisyi0 “41wW31 0y Aq pedojenep [lom jou sem 'Kioey) jeajBojoos jo
smejs ey} bujpieba Aejnojued Juswebeurw we)sAsooe uj eous|as jo 8jo1 By |
"SU0|}|PU0D 2|WOU0280|208 puUe Wa)sAsodae Jusnnd Bujzeoeieyd pus 'suo)puod
pesjsep jo uojsja B Buidojenep 'siepjoyexels Aey Buows sdiysieupsd pus
uojieajuNwwod Bujysjqeise ‘uopeuPIc0d AoueBeieju) elem pesseippe sodo)
oyl Buowe jedjpupy ueweBeusw we)sAsose uo Aajjod jaieps) jo sois|161981RYD
ey Bujpueysiepun Joj Jujod Bujueis pooB e sy Apnis (9681-5661) 4131 8UL
‘suepjoyeyels Aey Aq padojerep
AleanBi0qeyj09 51808 Aq ueaup s| (¢) pue ‘s10)28) |BUOHNYIISU] PUB DJILIOU
-0200/20s ‘j@2ibojode sejeibeiuy (2) 'sepepunoq jBsBojode Aq peuiyep
y10mewey) oydeiBoel B UM S8NYBA DUR SUOJIDUN| N8Y) PUB SWe|SAS
einjeu Bupsosas so Bupyeysns so) poyiew 8 sy (1) Juewebeusw we)sAsod3
- ‘58
41W31 eyl woi) peseiyde.ied sj uonpnep ey *Asjlod 'S 10 1x8jUOD ey} Uj Juow
-eBeuew woisAsooe |BIepo) |0 658D B seupuexe 1eded s|y) sy ‘e|q)eduios eiB
(£661) 1818 1BoA pue ‘(€66 1) 8qUI020IS ‘(P66 1) CUIQWNID (9661 YST) BONIBWY
jo Aleppog B91B0j023 ey} jo seuo sendod ey Buipniou) ‘suopuyep [Bieuab
I1sow |nq ‘pejdesoe uoeqou sey jusweBeusw wejsAsode jo vol U ep prepuB)S

BLID)LID) DAIEN[BAS] PUB AU [BIIPI,] ML

Juswebeuew we)sksooe
ybnosy) yuewdojarep ejqeujeisns Bujpoddns 10) eAje) U] BPBABN LIBYINOS
ey) Joj pesodoid s| yomewesj [eaphjeur uy peusyBuells 8q ued BAJB|Y|
eyl moy isebbns o) pue eajeiu) epeAB ulBaYyINoS ey) jo sjusuodwoa enbjjuo
0] pesn 818 s)|Nsel BY | ‘PBSN S| BA|IR|IIU| [BI6P8) 8] 8P|SIN0 BINBIB)|| '85UB|IS
0} 108dsel yym ejdwexa 10j ‘Jus|d|jNSU| BJB SB2INO0S BSAL eleyp ‘(9661) B
10 88)j8 A puB ‘(9661 D) 1) Je1ue) euoishey| ey '(eg66 1) euoel '(9661-S661)
41W31 ey) Aq Ajjedipund pejosjjes se sepoey) pue sidesuod Aq pejusseides se
eAle)|u|juswebeuew we|sAsoos |B16pe) 'S M By Jo UOISSNISIP B S| Bumoyjo

‘Joedses Jey) uj yuewuianoh jo sjaas| yjoq ebeinooue o) usxeuspun sem Apnjs
Jueseid ey “juewuiarob eje|s s epeasy i0jenis|ewes ey ‘eAeuiBuBiewe
ey ejowoid o) Isese|u| s,Juswiuiesoch |BiBpe) eyl u) §| || 'snyy ‘1Pedsel sy u|
pejoe|feu Buoj eese us u| diyspiemals 8sinosel pue| ejesisuowep o} Ajunpoddo

£ AUDEIN WU D

dseM avapNu PAd-Y )Y *S N Jo [usodsp 9j30j0ad
10J IPISV J3S UII( SV VL] BIY HOSNIXT] UBIUNOLY BIINY A1) a0) ydaaxa
dAnupu U TUT A WA)sLS0d5] BpBAIN UIAINOS A Aq passaappe dupq
S| UOLdaL ALY, “PIPNPIUY SUOLIIPSHINS A eSjUIUIPE [e13paj a1) pus uoidaa
spdeadoaph vpeaay usaiinos ayy) jo A1epunoqar Jupmoys depy sy aandyy

Aepunog |euoiBay onydeiBosphyy epeasy uiayinog

P SpueT 2liqng juawabeueyy
b S pue7 Jo neaing

B3Jy UO|SN|IXT U|EJUNORY BOINA

A.,
/ abuey aJipliM [BUOlIEN L8SaQ § JVS Paieys
ﬂ / ebuey oJlIpIIM jeuOjleN BasaQ
Ajnon ./,
e N

-

Nosnzzn

8IS 153 epeasp | SIN

eBuey @2104 11y s8N

Aunony
o)

wplEIaWEY

[ TR I T



SDAPBLI (UAIPA] QT[] ) AGIISIP Jury)
Judaduuuiu w)s£5093 Jo $3135019 10101 pun (sjdadaad) vpaayany gy,

" panuiuo)

*SUOIINYISUY 18P|0L|BYEIS 18L{]0 pue
sajouabe Juewuleaoh woij poddns pue sesinosal ejenbape syees ()

Juaw
-sBeuBw pue| o) sayoeoidde abueya o) Bujuueid umop doj syuewa)du) o

jJuewebeuew pue Bujuue|d eaosdw o) sassesoid
pue suofinjyisu| jo uopuyepal pue uojezjuebioe ejqissod saloldxy g
'SUO)|0BIDIU| pUB ‘suo||ujjep
'sainpasosd 1181y pue suopnysul pue sejpuabe jeuo|Bal sejlojueau) y
:suo|Iniisuj 4o} sjuawabusly pue sajoy Jadoid saysjjqeis3 ‘¢

'SUIBJU0J S,13410 OB pue|s
-1apun sa|ouebie pue ‘sapunwwos 'siaumo puej ejeaid jet|) seinssy |
‘uoneiadood pue ‘uojel
-0qe||02 ‘uojjeajunuiwod 'uofjedpjued 1aployexe|s peaidsapim spiing ||
'siopjoyjaye|s
Buowre suojpuos wajsAsooa passap jo uoisiA paleys e sdojeraq
‘puadap Aey) yoym uo saainoses [einjeu
ay) pue sajwouoda uewny Bujureisns o) suoisia paieys sdojpaaq 3
‘suo|sioep JusweBeuew sainoses v juelaajoauy ayqnd
pue ‘uojjeuioju| o} ssesoe o|qnd ‘uojjeojunwwod oyqnd seaoiduiy -
‘Area siapjoyeyels Juawiutaaoh pue'sieaid ‘oygnd saajoau) -
‘uoljeulpiood |ejuawuiaaobiajul pue Asuabeiajuy seoueyuy
‘si@
-umopue| ajeayid pue ‘suoneziuehio yuawuwaachuou ‘oyqnd oy "Juous
-wiaaob Buipniouy 'siapjoyesels Aoy yum sdisiouped soysyqesy v

‘s1opjoyayels
uaamiag uofjeiadoo)y pus sdjysiaujiegd Lejunjop siaysoq ‘g

o000

‘sadeaspue| jo sped

palejos| s|oauuodal pue pue| ay o) sppedwy siedal pue sezpuuy 9
wiay) j@eaw o)

swalsAsooa jo Ajordea atf) ui)im salisep pue spaau uewny saeboueyy) ‘4

spaau uewny yim uoljelolsel pue uopoajold |eojfiojooa sejeiboju| '
'$801N0sal |eInjeu jo asn e|qisuodsal

safizinooua pue swajsAsosa jo syuauoduwios se suewny sapnou) ‘(]
’ 'sjeob

Aunwwos pue 'sanuouosaoioos 'Allsiaapolq ‘suia)shsoda sueisng ‘9
Huawdojaaap pue Juawuoliaua sajeibayug

reyy Aubauy weyshsooe Bupoajoid o) yoeoidde aysioy e sydopy g
JuUsWILOIAUS BL|) pUB Sal|

-|UNWIWOD UBLINY Udam]aq uoloauuod |ejuawepun) ey sazjubooay) v

1SO(4)13 |BJUAWUOIAUT pUB PUBT SMBUDdY |

teoidde wiajshsoda ey uo paseq Juawabeuew $82IN0S3I 10] HIOMBLIE)
€ peanponul osie 300SN 2L (SIN) g 1sa | epeaaN ayl 1] 30asn eyl 4q
paiedaid Juawoiels jpedw [RIUSWUONAUS 966 | B SEM 1SH 81| "BA||BI|U| BEPBABN
1101IN0s oY) jo sjusuoduiod pue subio o) osuduiod suoloe |eiape) JNo4
‘uoifial BY) UM BBIB [B]0) BL)) JO %0 10)
ajqisuodsal Buiag 1one| ey yusm 'WIASN eyl pue 'sp4sn ey Aq pabeuew sipue|
8]} JO JOPIIEWA1 01| "BANBJIU| [eu0iBal 8L[) U PBAIOAU| PUE) BL] |0 %G asidLIoD
suoyeadsar om) asotl sayiaboy  gygn oy Aq pabeuew ofueyy 8210 Ny
SIION 841 puB 305N 8ul 4q pabeuew 815 1S9 | BpEABN 81} 'sapoe) Alinoes
jeuoneu ahire) om) aie uoifios By unjlIAy "OIRIS BY) JO %42 | SBINJISUOD B BalL
ue ‘unf 0g'ee astdwod pue (§ 0inbiy) uoibas opydesboipAy epeaap wianos
8L]1 JO S8lILPUNON [RINIEU OLL UM BIE POAjOAU| spue| 8y Juawdojaaap
pue ymoib sp o) snopidsuod a1u)s oy jo uoibial B ) spue| aqnd sepniou| pue
2661 9661 w pafiiowa aajenuy uowesbeuepy woisAsoa epeaap walInog oty |

DANUNIU BPRAIN] WLIINOS N,

xii Areundiosipiog ayy uj 9suaias ealbojosa
10 ssouomsealod Ol 199y pue _..__w_:cmc:c:__ __:n__mhwcub jo s)oadse Leuint)
uo 1INO] 0S| SaWN0S 0SAY L (£661) 1212 \Bop Aq pue (9661 VS3) eopUIy
jo Ajamog jeafiojna’ oyl Aq passnasip usaq eAet] ‘Ajuepaaun pug ‘someuAp
puv ‘AjuBoju uonaung woisAsodo ‘Apeuoifiaiong pue Ausioap jeaifiojoiq se (ans
sanss Bupnpu “1doduod eyl o sjo01 ayuggds ayy o) uonuape ssads (K66 |
00)JBA ‘CHG1 SN0 ‘GH61 U 10 uosiopung * 6 8) jJuawoheuew wajsAsooa
10 s120dse jeaibioono uou o) o) uaaifl inoq sy s1s160j033 Aq uoguane Buiseanu)
owoBeuuu 1015450 j0 10011219 111208 1)) Bundoeyor Lo oy) o1 8sal||
(0661 1o vagua pue (0661 DML ) 1w ouoisAoyj oy (9661-G661) J1WII
Aq popiaosd 0 | o | enaed oAl 1S 011 10 suojeuedxa ejuowepun |
(0661 VS ) sonssy jeaonnpsuy pue ‘1eoos Juduabieunm ‘sausias jo i
puEIsopun e yim sjeuoissajoid opnpunsnu juawiafieucun wolsAsoao 10) 8jqis
-vodsor swieaop Aiemdiosiprop 'snip ) padojaaap o1 saagun su uoeIoPISUnd
j0 Wwenoio) oyl e dooy 0q 1SNl 82UDIS 1yl WD) S| ) ‘oadadsiod proig
oywoiy yoeosdde Aieuydpsipiojuy ue Buysn pue *suolipuoo wie|sAsodo pansop
uo Bueaibe pun Juawalivuew oy Buwnop ‘soppe puey suhiapun asuoios
asneoaq sy suy owos o] Juaiedde aq Aew uey) wieisAs [B190S oy (s ooueeq
U} 910Ul 0]0J B DARL| 021125 puE wdIsAs [pinjeu oyl "way Buowy "} 8qe] w
pojuasond 010 9SEI LPLAIN LHBLINOS O] 10) PAJID|DS BHDIID BANBNZAD BL||
(2661) 1210 1bop Aq uawabfeueur wio)sAsosa uo yooq aasuataiduind
pue papmop e pue (9661 VS 1) eauouny jo Alo1og jeaibiojonzy ey Aq juawiafivuew
wojshsosa uo podar e Busn Aq euop sem siyp  uowebeuew wiayshsoso
S10N1SU0D [BD121001] PUL D1UA1DS oLuy | BisuL10) aAlEIu) BID ) BL]) BPISINO
1 o) Aiessanau sem |1 10110 oalenjeao dojpaap 0 JeL) up 8181 9NSS| U S|
sl (v661 OVOSN) 80110 Buunosoay eioua) "5 n oy Ag pounopiad aanenn
prapo) buibiewo oyl jo moiaal 1oipea ue jo sBuipul oyl (M UB1SISU0D S| a0
chogshoyy oy Aq uswoheueiu wa)sAs0na Uy 82U3128 JO UONUDLL JUBDS B1]]
"SOU0 DNUD|IS Y| uey) satjier Juawahuuein
wialsAsooo jo spadse [emos oy paziseydiwa Apaor 10juan suoishoy oy
‘sonbeojon pu s g Ag pojanpuos Aoains oy pue Apnis - |1 84l o1 oAl




(9661 vosqID pue [BpuNyy) Judweobeurw |njoIvd B1NbOI 1) S02IN0SEI [BINjBU
a|ifel) pue 'se|ddns 1ejem ‘uo|ieaI08) 10} 5821N0S01 POl S,u0|Bal By) jo mejA
uj yoeoidde ejepdoidde ue s| juewebeurw weisAsooy ‘sasn pue| Bujadwos
yim senss| esey) Bupuejeq pue ‘sweysAsose Buiaiesuod ‘suojssju Alinoas
[euoyjeu Bujuiejujew 818 pesseIppe eq o} pasu Jey) sanss|ey] -8e)s ey jo ped
usayinos BumosB Apides ey uj enss) ejqisia Aybiy e s spuej aygnd jo Juawebe
-UBW "Ju8wuojAUS BY) u| S|sBiBju| S, 21|Qnd BY) pUB SUO|SS|W [BI10PB) SUBjUjBWL
Ieyj JeuuBw B u) seainosel pue| a)iqnd efeuew o) eq pjnom uoibes ojdeiBoipiy
EpEABN ulByinos oy} u| eAjeu] juowebeuew waelsdsooe ue 1oj |eob ey
‘(5661) euojepy Aq pessnosip
uesq eaey uo|s|o8p ey) jo suolesjduil dus|IsS pue |BOLIG BY] ‘SN ey) o)
wesBo.d JueweBeuew we)sAsooa s)| Wol) 81IS UBUNO BION A BY] PBPN|OXB SBY

300 ey) ‘uojjeujwe|uod jejuswiuoijaue Joj [ejjuejod ey) ejidseq ‘ejsem sesjonu

18a8|-yByy jo Bujsodsip 10} Aioysodas ojfojoeb e Joj pasepisuod Bujeq s| || esneoaq
weojubyis Ajejuswuonaua s| eys |jews AjpAneiedwon ay] ‘1a8foid uBjUNOW
BIONA JOASN 8yl 10j 8)s ,wy 08z oyi s| uojBel eyl uppm osly  “4ysn eyl
Uiim peseys s| jey) ebnjeyy ejpia [euolen Paseq s,SMASN 8Y) Jo uojuod efise)
v s| eBuey syjeN eyl yim pepnioul ‘sesodind Aj1indes |BuojBU 10} SPUB| [BIBPB)
ujgjel o] peau ey} s| Aojjod jusweBeueus we|sAsooo jeiepe) syl BuipieBal yysn
eyi pua 30asn eyl Bupeajoyy "uadoje) 018 Juewebruew welsksaso Bujaeiyow
10| sueew 81 ‘JeAemo}| ‘epeABN weyinos u| juowafeuew woisksose onopoe
0} s|uajuy oy jey) Jusweaibe oaneiodood oy jo ebenbue) oy uiol) seap sy
‘uoifior
aydesBboipAy epeasn uiayinos oy Aq pawioj wun einjeu ay) jo e ssediwodud
0l spue| W1gSn Wadelpe o) puolxa Jou seop || ‘abnjar ejupim SM4SN OYI
pue ‘eBuey s|ieN oyl ‘s LN 8y sepnjou) jueweaiBe oy ybnoyny (22661 4vsn)
peyoeas sem Juawabeuew saoinosal poseq-we|sAsose Bujos)jel Juowesiby
ealleiedoo] Aped-aaj4 e ‘2661 8ie| u| 'ABujpiosoy uswabuelss Juswebeuew
AoueBele)u) jewioj 8 Joj paau ay) pazjubooal 4y eyl pue 300SN eyl 'ebuey
sjlleN eyl pue S | N ay) je jJuawabeuew seainoses jo uofieliu) yip ‘ebuey s|jeN
eyjuo juewebeurw seaIN0sal YIM 4\S M BYI1S|SSB SM-SN Yl PuB 'W1asn eul
'304sn eyl 'siuswasibe Aousbeiaiu) ybnoiy] -ebuey 82104 1)y SijjoN O] uo
paajoau|sajouebie jJuewebeuew pue|jeiepe) ey) Buowe uojeuipiood Aousbeieu)
jo Ayisseoau ey) pezjubooal ueid s|y) 1eaemoly ‘jou pip uejd JuswebBeuew 4ysn
eyl ‘|lem se Juswebeuew jeuojbas peseiqwe pue Juswabeuew we)sksode
paidope enbojelp sejuag auojshay ey pue ueid seainosal 30ASN eyl yiog
.ﬂ:GEG@mCGE §$821N0SDI
jeianjeu o} yoeoidde eajsuedxa aiow B uj pajnsel pue Juewsebeusw welsis
-023 ybnosyy Aljsiealp |eojbojojq Bujnesuos peziseyduie (gegl D L) enbojeip
ey} eiym yoeordde wejsAsoss-uou ‘feuonipel) B %00l (2661 4VSN) dWHNI
eyl ‘uopeziuebio |euawuwencbuou e ‘1eyuen euoishey eyl .Aq pejonpuod
yuswabeuew woa)sAsoosa uo enbojep siapjoyexels v Aq pemolo) (JWHNI)
ueld juewebBeuew sesinose: [einjeu pejeibaju) ue e1em asey| ‘(| einBiy) SIN
ey) jo sep|s @eiy) uo pajeso| eBuey 8210 1y s||l@N ey 10) 4¥SN eyl Aq uexe|
suojjoe Juswaebeuew seoinosal om) e1em A|IAlI08 SN 8yl Yim Juepjoujon
‘866 8je| uj pajejdwoo ue|d ey) jo uojjeiB|U| |S1|) B BABY O}
sjoedxe 30QSN ey pue 1eje| ieek e pajenu) sem wesboid ey (9661 30aSN)

O Y D

AP (RIIPAY MY A1) AqLAIsap juip) juatadeniu
w2)s£5003 Jo sopseapwangy puu (spdanaad) vy (panupun)) | ajquy,

'sassaooid

pue swened waisAsode ul sejess [ejeds pue jpioduwie) sezubooeyy '3
‘luswafieuew pue| eininj o) Ajanisues edeospue|

saujuue|ep pue syiom edeaspue| 81} MOL| pue|siBpun o} s}8as ()
‘painsesul aq uea efueyo yoiym ysujebe Ajpqeurelsns

pue Bujuopoun) weysAsoaa 1o} suolipuod aulaseq sayslqeisy ‘o
‘Qjuiepaoun pue 'sojweudp 'sessens

pue sjwy| ‘sseupajosuucd pue Auxejduios weishsooe saziuBoosey ‘g
'sjueuodwod we)sAsoda §B SUBLUNL| §18P|SU0D pue

._._o_hammc_.m:_ 821N0s8lJ U] eausids Ew—whwooa JO 8|01 BY) w:mzﬁmcm:w '

:fujpueysiapun pue sjapoy |esjbojoaz punog sdojaaaq "9

‘pune|yos Bujaq ere

sealoe(qo pue sjeobh || oujue|en 0] SUOIIIE SBIBN|BAS PUB SIO|UOY "
seonoerd yuewafieuew Bupdepe 10) efipemouy

anosdu o) yoreasas sunopod pue ojqepeAR 82UB19S 1580 B1Y] .momD ‘9
‘pajoo)joo ejep jo sdiysuoyejesioiu)

Bunesjunuiios pue ‘Bujziserjjuds 'Buiziuebio o) spoljiew salopdx3 'q
‘Uojounj pua ‘10jAeY8q ‘suollipuod wae)sAsode

Juaseid jo Hupoypuow pue uojpalod eiep Aeuydpsippinu sepnjou) '
un

jwewsebeuew ey jo Bupueisiopun pajeiBe)u| pua opsyjoy e sdojeaeq ‘g
‘swie)sAs uonewioju) onjdesfoeh su yons

sa|lqedes juowabeuew Ecv pue Bupeyeb uopeuwnoju seaueyuy y

:yoeoiddy (jeuoy)

-nj1su] ‘ajwouosaojaog ‘|eajBojoag) Aseujdjosipiejul uy sydopy g

‘uojINjoses 19juod pue ‘uoljeulplood ‘uopeladoos ‘Bu)
-uwesls |euolnpisul Joj Appqejunoooe pue diysiepea) seys|qeisy 4
‘luawebfeusw seainos
-81 U] Juawssasse 1oeduw| [RjuswuOIAUS jO Bjo) By} sazubooay) '3
's1epjoLaye)s Lim snsuasuod sdojoaep pue sjeob ojs|eel sjes
‘ojeos eiodwo) ey “'o’| ‘'sadeaspue| jBinjeu L)
SPUDI) BY) pUB SUOIIPU0D pue| 2(101sit o Bouepodwy By) sezjuBoasy "9
Iun 81y} 8UOP O} POPBOU UO|IRUNOJUL JO SPUY SBUILIBIA() ‘(]
suojoipspn| ueds
e sepiepunoq eaifiojoso ysiquiso oy ojeas jeneds jeuoifia v sidopy v
18|BOY) pUB '83653201¢ ‘Jjun uawabeuep oy sauyaq 'y

* penunuos

(YO s s a




'SOJYI@ [BjuBLLLOIAUG pUB puE) Jo |[emBual B Bujajoau) esoy)
UM Ajrenojued ‘sidasaid ey) jo 1sow yym PBIBI00SSE 818 SUO||BIOP|SUOD D))
-uejos pue Areuydiosipieju jo suojjeaydw) yuawebeuew we)sAsooa .:oca:o:__
83us|os jo sseueaisenad ey Bujprebes Aisnojnerd passnasip jujod ay) sajeaipul
OS[e g 8jqe | "s)iew oajlebau jeme] Jej u| pejnsal eAey pnom uoljenjeas mc.. ‘e
e|qe u| sidedaid ay) Aq paydw| s| se yons einpesosd Bujuued pezjuebio ue woy)
Palljsuaq pey g ejqe) ujpejenjes suopjoe Juauoduiod ey j| ‘|xejuod 1Buojfalo|q
o|)10ads e uj pajdde eq ues 'y ejqey | 8sol|) se yons "Juewebeuew we)sksooe
10 dfispejaeIRYD BB JO 188 pROIq B MOY Bupeisuowep Aq eaneu| bujbiewea
oul jo uopenieae |epju| eyy uaybuens o) wie sidaserd Ateujuyaid eyl
‘2 8|qe | u| pejenjeAe eAlB|) U
ue 10} sjueuodwioa Bupsixe inoj ey) pue uo|bes o_:n_m_mmo._muh%mrmhmz Em.F__.HA_Um_
841 Jo einjeu ey wolj padojansp eiem 8seYy| ‘BpEASN LIBLNOS u| eAfBu|
Peseq-wejsAsoos ue 10j g 8jqe | uj ueab s| | e|qe| Bunusweidwoos sideseid jo
1es Aieujwijesd 8 ‘pujw u) sjy) Y ‘el Juewabieuew we)sAsoos |euo|Bes
e Bujwey) Joj siseq ey jo yonw woey) eli0jaq eael| Jusweeiby eaneiadoon
Aued-aniy ey uj Bupgedpoped sejpuebe 1eyjo pus 4ygn ey .E.mEmEm{
eAlei1adoog Aped-eal4 ey) Bujsn 1oy eajjusouy Ajuo ey sepjaoid S1N eyj Joj
ssao01d Juswabeuew seainosel 30Qsn ey ‘866 1-pjwl U pue)s s1BjEW Sy
"luawaaibe anyeiadoos ey woyj siinsa1 Ajewy) pue punos BupreBes wsiuydo 10}
S|Seq jueds s| elay) 'ued jJuswebeuew seainose! S|lIeN 8y) woy) ?__mn:m ueak
1511} 8y} see| 18 Joj uawebueiie ey) J[Byo 1M BpEABN Ul 4¥S( 81 JuswesiBe
ejje18dooo ey) 10) Aouabe Bujepiu) sy sy ‘Juewebeuew weisAsooe U eous|os
J0 801 a1 Jo uoijubooal pue ‘diysiepes| 'ssesoid Juswebeuew v 10) Y10MBUWBI)
OU 519J|0 pUB POAOAU] SUO|lBAIBSBI [BIBPB) BY) JO S81IBPUNOQ all UM spue)
Ajuo sepnjouj uswaeibe aA|le1adood ay| ‘ssesoid Juewsbeurul e pus "justu
-abruew wejsfsooa | AyeuoiBelolq 1oj peau ey jo uopubooar 'sapie pue| uo
s|seydwia juajoy)jns sem jas|no ey} je Bupjoe "eajeniuyuewebeuew weisksose
ue Bupuaweydwy 10) Jusweasby anjiesedoo Ape -8l o1} uo sjjej usping y
(8661 OY11) parajdwios useq oAeY sAeAINs $82IN0SAI [BINJBU LD|YM JO)
ebnjo1 8)11pjm [euojieU BY) pue S1Naylolisenuoduispuelssiyy (2661 -4vsn)
sjuejd pasebuepue pue pausjeaiy) 10} pekeains uoaq sey ebueyy syjeN Zuy
008} | 841 0 %0p Ajuo Jey) s sassauyeem esel|) jo sasuenbasuo ey jo ejdwexe
w:q Juswabeuew seainosas jeinjeu o) saonosai Aiejebpnq pue ‘esjuedxa
[3uuosiad Juspiynsu| uj pajoa|jel s| SIUI 'SHIBN 1V "110}J8 UE jONS 10 JUSLIJWILWOD
pue sassaooid Juswabeueul ‘jsalajul jo yoer| @ se lloam se epeABN Ul 4ySN YY) Aq
luewabeuew waishsooa jo Buipue)siepun joxoe| e Buipnjouy ‘Bupwoajioys ey o)
PaINqiuoa siojoe) jB1enes “Juawabeuew welsAsooas jo sejdpuid pue jdasuos
8y} o} 10adsal Y m [eIpawas 8q o) (g661 OM1) enfBojeip 1ejuan c:o_mmmx GITN
Aq punoj sem Ayanoe Buuueyd ey) weiBosd Judwabeuew paseq-liajshsoso
S1N 8yl puyaq sieak om) 1noqe s| pue uopde 30qsn oY) ja)je ||om pasus
-woa (e2661 4vysn) wesboid yuswasbieuew sooinosal mm:.w.m SillaN oYL
‘uoiBbai ojydesBoiphy epesspy wiaynos ey 1noybnoayy pamojo) E“_ 0} o|duwexo
!B S8 PeJopisuod aq pinoo pue (Gge6 | euojew) pedojanap sy | se pojuewadiuy
Bujeq sy uejd yuswabeuew S1N ey) ‘esuenbesuod e sy uonejuawadul Ljim
Anoaup ybnoiyy mojjoj o paubisap sem i jey) sy Ajanoe Juswabeuew s82ino0so)
300asn 8yl jo yibuais e ‘eanenu) jeuoibal B jo xojuoo 8ljl U] ‘pauleijsal usaq

MG D

(VD)
Jjuaunndy aspuaadoo)) Lpaug-aapp ap puv Y(HYLL) andojuyq 193
03Ky 3 1, (JINUNTD Hup g yuduadunupy $221n082y] joanjup] pajuadayug
() veg puidvuny s22an0s3y) e sjuanodwod apy, Cp dquy,
U} BLID)AD DAL un|uAd 1) 01 )dadsas yppa aapupiup pudwadeuepy wayssoasy

gpeAdN wdneg A Jo spuaunduiod anoy Ay jo dupjuwy iz dqu

.o_sm_ S|U} U] BUBYID 8] L{)IM JUBIS|SUO0D S| |BY] | 8|qe ] wolj jlaquinu
\daosesd ey} sejousp uousjud yoea Bumwoyo) sesayjuesed u| siaqunu ey |

juajaop — Neam - |eujfiew + Aiojoejspes ++ :Bupjuey

- = - _ + (9) eouajog
+ + + —_ + () Aeuydpsipiayu)
+ « + — + () ssasoid pue

Hun wewabeuepy

b ' + 4 ¢ (g) suonnusuy
v ; t+ + - (2) vonesadoon
" : Vi . * (1) sona

TIVUH3IAO0  VId'S aoylL dWHINI dWy 8181112

ety pued s, 510050 oyl uo siapjoyayels [epuaunnasob-uou Huowe voneiadoos
pue uoleioqe|0d ‘1aaamol | sjeofi pue sanss| soainosal Buiprefiai siseq sapou
pue oal129j8s © uo ‘Juaunnoach jo spun Ajedipund 'siapjoyayels ewos o} |no
patoear Aouofiv i) jewBitul 019M JUBWIBAIOALY 18D|OLDYR]S PUY SIIL|O |0 SUOY
-10p|SU02 G | N ot o) weiboid JusuweBbeueul s8aiNosal s, 305N BY) 10 SV
Juoulpbeueil woysAsosa o) sarpreoidde Aeuydasipieiu) put a3u19s
1o aandodsiad moneu B U paynsal enfiojep Byl Uy siapjoyayels ey Buowe
s|suBIRS-UoU o Jaquinuy obie) B Jo JUDWBAIOAL| BL]] '18ABMO}| 'PBA|OAU| §1D
-ployoyels jo Avue o) jo esneoaq ofuey syap o)) 10 Juswebeueul wajsAsoao
uo smeja jo eanpedsiad peoiq e pue uoneiadoos palajjo enfoep ey ‘Aje
-uonippy 19adsal ey u Buyooy punos e uo sjuedioiied sy paosejd pue sajye ey
-UBLILOIAUD pue pue| o) uoalb tonudlie ei|) u pajjaaxa (g661 DX 1) 8buey) sijBaN
o1} Joj onbojep s1opjoyoye)s 10juon ouoyshoyl oty ‘syuauodwod ey Buowy
soiiofio)
aaneiug o) nd uea e epow eaAjeue ve poddns o) 9sualds uo aansadsiod
[endantoD Ui NS € jo yae st ojqe | eij) i snonajdsuod jsop g oiqu ] i uaaih
018 SUONENEAD 0L Jo S)Nso1 811 saneiu ubiowe oy jo oinjeu aiy Buiprehia)
opLul sem uonenead onsoduwiod u ey Bupmogo § C| 8jqu ul Bpoju XS aij) o)
Buipioaose pozAjeue eram oaneiiig BuiBiiowo o) jo suopae Jusuodiuod Inoj oy |

QAN MNP JO O EN[EAY]

(RTINS H



‘uoibes ayy) jnoybinouy) suopipuod oy Bujaepoe Joj pejdope eq
pInoa senbjuyoe) jJueweBeuew pue payuep; eq piNod uat|) SUOKIPUOd edesspue|
paJjse(q ‘Juewabruew we)sAsoda jeuojBai jo jxajuod oyj) oju| pereibejuj eqpnos
sajouabe [eiepejjusia))p oy) Aq pebeuew spue| 61| JouuewWw SIY) Uj ‘pays|iqe|se
eq o} edeospue| [euojBes oy} ssoioe sabBexuy [2UO|IOUN| MOJ(E PINOM SUOIIPUOD
puUEB S2}|S|18]2BIBLD POLSIS|EM |NOQE UO||BULIOjU| UO paseq sjapol ‘(966 1) ‘|8 18
AswoBiuop jo sromewes) [eaphleus ey Bupmoljo4 ‘seoueqinisip pue sebueyd
[ejuswuoljaue o) sessesold edeospue| jo Apansuas ay) inoqe ebiewe pjnom
Bujpuejsiepun ue ‘umouy se)jaq a1e suojjounj [eajBojoos pue wiojpue| eduQ

‘(9661 uosqin) pue |apuny) poojsiepun Apood
818 sa0UjA0Id OM) BY} UBBM|B] BUOJ0JB 8Y) PUB 'LBesa(] BABLOJ BY) 'ujSeg jeait)
ey} Buowe seouelej)p jeuojiouny ey} ‘puB)s siejjew sy ‘efiiewse pjnom uojbel
ey ujyim sussned ojjo0|q Juassjip Buowe uojjoun) wejsAsooe jo se|pnis 10j pesu
ey "Jeuuew s|yj uj spuejajqnd jueselpe pue ‘ebinjes ejipjim |euo)eU 8Y) 'eBury
sjiileN ey} uo 'sjdwexe Joj ‘peje|iju| 8q pjnod seipnis euljeseq Aejuswejddns
‘pepeeu )| ‘uojfer ojydeiboipAy epeaeN uleyinos ey jo eAjejuesaidel s|
1eY) sis|xe eseq uojjewioju) A10]oe|S||ES B J| Bujwislep p|nod peajoau| sieBeuew
821nosel oY) ‘eAje|u| peseq-welsAsose Buibiewse ey) u) Ajiee euop eq oy
S|yl e1epy “pejdwe)ie uesq jou sey ejep ey jo siseijuls e Bujdojeaep 1nq ‘uoy
-aIpsyn| sjj ujym suopiipuoo BujpreBai uojBuLIOjU| UMO S)| SBY paAjoAu| Aousba
yoe3 ‘(9661 I0ASN) @lis UBIUNOW BOONA BY| PUB SIN 8y} J0j PejoNpuod
ueeq eAry 81njonis peysiojem pue swe|sAsode jo se|pn|s |njesn ewog ‘uojboi
ojydeiBoipAy epenep uleyinos ey) buipiebes sjqejieAR uo||BLWIOJU| |BJUBLIUOIAUS
Bupsixa ezjseyjuis o) pue spoyjew e|qieduiod esn o} Ajjujo| epeAsp uIBYINOS Uj
sejoualbie |e1apaj ey 10) eq pinom yoeoidde edeospue) B piemo) deys Apee uy
yueweBeuew weysAsose yBnoiy)
Juswdojeasp ejqeujgisns Bunsind u| seajoefqo esinoses |BinjBu Bupueleq
Joj suojjeiep|suod ojwouoasoloos jo |ndu) smoje yoeoidde ue yons ‘(Se6})
‘18 18 Aawobijuopw Aq pue (2661) yuems pue yoequiop Aq paujejdxe sy ‘se|b
-ojopoyjaw ejepdosdde ay) Aq pansind sesn pue| pue juewabeuew eajjeuss)je
Aq pessaippe aq uea ylomawwel| [B2IA|RUR BY) Ul peljUBp| SBNSS| 8L | ‘el oju|
Ainbuy jo edoos e} pue senss| |eof 10 jo Bups|| uwN|oo om) 5,81q8 | B} U) Pe1d8|jel
S| SUOJ}IPUOd pue sojjspsjoeIey |eojBojose Jnoqe papesu uojjBuloju| jo sadA]
"Suoj)|puod pue| einjnj |ejusjod pue jueund pue ‘AIojsily 8OUBQINIS|P ‘UOJ)OUN)
wajsAsooe ‘einjonis jeoishydosb jo siejew syoajjel ((se61) e 18 AiswobBjuop
woy) pejdepe ‘pajusseidesyiomewies) ey| ‘¢ 8|qe | U|UMOL|S S| BPBABN UIBLINOS
Joj uewebBeuew wejsAsooe o) yovosdde edeospuej ey jo uojejuesesdel
‘'s@oinosel [einjeu pue swejsAsooe Bujueisns
pue 'uojjeaioss pue juswdoj@aep ojwouose ‘Ajnsas |puopeu Joj spuey ojqnd
Bujsn usamiaq sesue|jeq 8] JOP|SUOD |BY| BPBLL B( UBD SNY] SUO|S|28p JuBLl
-ebeuew pue ‘jusuodwod 2110]q BY} UO UOBLIOJU| YlIM JuBWUOIAUG [edsAyd
ey} jo ebpejmouy| Bujuiquios Aq seniqedeo adeoaspue) o) saanoalqo juswebeuew
se|dnoo yoroidde ey] ‘eAoqe pessnosip 8aUBIDS WasAS008 JO SI|iS|IBjoRIBYD
puUe BUB)1D BY) YIIM SB ||am SB (2661) YUBMS PUB Y23qUIOL| |O SMBJA BY] YIImM
Jue)s|suoo s| ABajeiis et} 'IsamypoN 9)j|98d ‘S’ eyl u| sesusjiedxe Juases wolj
Bujajong *(s661) ‘1B 18 fewobBjuopw Aq ypoj ind useeq sey sjsAjeue edeospue) pue
peysiejem uo peseq juswebeurw wejsAsose Bujuewajdwy 10) yiomewes) y
. ‘Juswebeuew waeisAsooe u|
JUBLLIBA|OAU| JBP[OLBYEB|S 10} pasu ayf) yim jueis|suoo sj ABejells Juewebeuew B

MO D

jo einjeaj sjy| sdnoifi soiejul ejeapd pue ojgnd pue ‘suonnysu) juswuieaob
‘Aunuiwod oypuojos oyl Buipnjouy esusipne apim e 0} 8|qejiBAB BpRW B1B LOI)
-eunojul pue ebpamouy jey) s| sishjeue we)sksooa peysiejem ybnoiy) paujeiqo
safiejueape oy) buowy ‘juswabeuew wae)sAsooe ojisijoy Ylim Juelsjsuos sesn
pue| Bupuswiwoosl Jo) s|seq B Se s|skjeue paysisjem eled0Ape (Z661) Juems
pueoaquiog| ‘eAnefu eyl jo Bujuueld penuyuoo soj pejdope esem ABojopoyjew
Buons e )| peusyiBuesns eq pinoa eajeniul ey uj sesseuyeem Buysixg juew
-eBeuew weishsose Bunuaweldiuy soj spomewes) e dojeaep o} spasu eaje)u)
wawabeueyy weisAsoo] epeasn weiinog Bujbiewse el seyun) sseiboid o)

YIomdueL [ aynuang pasodor g v

"GV SIU) U] IUO DN AL JUI)SISUOD SEjutfy | 3pqu ], wieaysaqunu jdasaad a
$210UAp JAWAMS e Jupmoqjo) sasapuaied ug s1aquinu ayy, dAnupN|
nudvuupy wa)s£s0a5] spuAaN widnog ) 1oy spdasaad pasodoag sgajquy,

(9's
‘1) ‘soinjesj [einjeu soijio pue ‘eficuieip ‘edojs '||0s 8qeINS )M SBAIE
uj pue spue| paqinisip Alsnojaeld Jeau 10 UO 8q O] SOY)||9R) MBU BlIS

(9 'g) 'seuiono
-ino Bunenjeas pue Bupoyuour Joj sylewoueq jo siseq eyl uo oy

-Buioju| mau uo paseq jdepe pue 'sjoeduwy ejenjaae 'ssaiboid ojuop

(9 'y) ‘odeaspue jeuoiBas uowwos ey
sejans ‘ojuos eneds ejeudosdde oy) e saoinosal efeueul pue Ajuap|

(9'5 'y 'g)
"§]S813)u) [e110])BU J8p|su0d pue ofipajmouyae ey pue sanuond dojaaop
0] PUE S]OI1jUDD B}jOU0IBI O] SIBPJOYaXels [euoiBal Ay YIm 8leIoqeR|j0D)

(9 'g '2) -edeoaspue| jpuoyfies et)) jnoybnoiy) sepepunoq
jeuonapsun| ssoloe elep o1uajas aiells pue ‘ejeiadood ‘ejeulpioon)

(9'G ")) 'seasmjam uj swisjshsooo eanvu Buyosjoid
e|ym sosn uewnt| eininj pue Buysjxo 10} saoinosal Jejem ebeuepy

(9'1) ‘sienqey ney) pue
ejo1q juepadup uo siseydwa ym "swiasAsoda aajeu |euolfial ujeisng

(9's
‘1) "eys ® jo sasn eininj ojepouioase o Hujuued juewwebeuew sasinos
-1 pejeifiaju) eaporosd yBnony sejyoe) jeiepa) Bujsxo ueuep

(9'g '1) "8|qejeAR S82INO0SBI
leinjeu ey asn Ajuejoye puu Ajeajoojje o) pofieueur ese suoissjw

o)) huunsse Aq suojssiw esuajap [ziape) Bujisixe ueisns pue poddng

(Z) 07 siatmmniang =



|el1apa) ‘asimay "swaelsAsoda jeinjeu Aq papjaosd sajaIes SNoEA 8Ly} 10} Ing
S8])jpouIwos ojwouooe 10) Aj@1aw jou spuej ayqnd senjea _a_m:_mmw._u:_ Alapog
"saA|en|u| Juswabeuew
wiishsooa ||e jo ss820ns 8y o} [eyA sdiysuseped wio) pus jsniy o)qnd 81ea8Io
m..: papaau s| 9|qnd a1)) pue sejpuslie |B1ape) usam|eq UO|BIUNWILIOD BA||08))8
es|may|] ‘juawaaiBy eaneiadoon Aped-eal- eiy) Aq papuejul se uojesadood
Aouabeieju)jelepa) fujre|oe sB ONS '|S|X3 SLIBIUOD |BUOIIPPY .nw_:m_m._o__ccv_:_
84 JouUEBD |BY] 1SNJ) |BUOHNISU| PUB SOJLY|8 [EJUBLLIUOCIIAUS |0 JB}JEW B S| juduwl
-aBeuew wayshsosa ybnouy Aoeioouyoe) pue £2a108s jo swoisna pejepino Bu|
-s19A8Y ‘Juswabeuew walsAsode ybnoiy) juawidojanap sjqeujelsns Bujae|yoe
jo sideouco ey uj pajpoquwe sseuuado eyl u| peaeasad ae sjeaiy) ‘Ajeuon
-Ippy 'ojlewejqoid pue pejea)dwoo Apeao Bujeq se ssesoid _ummmn.EEm}mouw
81} SMOJA YoIym 19801 UBjUNO BIONA 8,300 8Y) INoqe sulews) uiesuon
“SUDJINJIISU| PUB 'SD|LWIOU0IB0[00S ‘jusw
-aBuuew ‘souelos sejeibaju| jey) yoroidde peseq-welshsooes us Bujuswe)du)
10) y1omewe) jeojif|eue juciBel B Ls||qBIS8 O] — 82UBN|JU| PUB UOIBIOQE||0D
1epjoyexels yym — juawosifis ey u) sjuedpjped ey o) je) m .._ ‘sajped
Wweunnaaoh paajoauj buowe popeau uopeiadoos ey m:_:m__am__m.m 10] |Bl|UBSSB
s| 1oedwos ey} 10j uojepunoc] pjjos y "dojeaep 0} BNUJUOD PINOYS BAJBIU|
Juswabeue we)s£soa] epeABN UIBYINOS BL{} L oM AQ SUBBLL alj} s|jueweaibe
peysyqeise Aimeu 8y "1n2o0 Jsnw sajpusbe yuewuiaroh Jueasjas ey Buowe
uojieiedood yojym ybnoy) \uautaaiby eane1adoog Aued-eai. ey o) 10adses ym
u180u0d |o s Ajjejoadse siy| ‘e|eds |eucifal B UO JuBWYWILIND puE .n_;mavm.m_
“mm_:maxm eie piebal sy u) Juasedde 1sopy  Buissiu o uon_o_?mcc: alp
Jenemol| ‘'sjuswa|a ewog ‘Aylqeuieisns Buinsind 1oj syuauieje jejuswepun) ety
jo Auew aJe uoibas ojydeiBoipAy epeasn uiBINOS 8y) uj ey JuswshruRl
wajshAsoda ainjew e piemo} bujow 1o0) sueuodwoo Buysixe ey Buouny
"Juawuianob [e1epaj ey} Aq paumo s| epEABN JO 9,50 18Y) |91)
oy Aq paynsni eq pjnom Aojjod e yong ‘eapeiunjuawabeueul welsAsooa jeiopo)
oy Buisiopua Aojjod e |dope o) o1em Juawuiaaob eleys o) j| pajpowal eq pinoa
S| "eoug|s|sse pua| o] Juawabeuew we)sAsoaa uo Aayod e 1ou surew jRuoy
-NjIsul 8Y) Jay)|eu sey oie|s au| ‘1ensmol{ "aallelliu| juawebeuepy washsoo]
epeAsN weyinog Buibiawe ey jo s5600NS 81| U] 8|S B sey| Juawuiaaob eje)s
s,epeaep ‘Apepwig ‘epeasp weinos uj buibiowa sy eyl eanenu) uewabuuew
wayshsosa ay) ueyifiuans pue ejowoid o] sisale|u] 1epeolq Suawuiaaoh
|e1apa) ayy u| s| )| ‘ebuey syjeN ay) 1 uoiss|w s|| ujeisns o) juswebeuew
wajsAsooa Bupepisuoo st 4ysn ay) 'os)y "seinjuaa ojuwiouoas eleapd 10) S | N 8L
Jo sasn pue| eajewa)je ansind o) 1peoidde waysAsoos ey Buikidde sy Ajuaiino
Joasn a8yl . ‘esie sefiap seq eyl uy sjsalajur jeuoneainal pue Juawdojaaop
woij asn puej oyqnd seao uoyuojuod Bujseaiou| jo asnesaq Ajpwi 8q pinom
preBai ey u eanenu jeuoifial y “joadsal sy up pejoelbau fuo :s_mo_ eudiys
-piemals aoinosal pug| ajelsuowap o) Ajunpioddo ue ypm Juawiuiaaoh _r__c_,E_
ay) sjuasaid epeaon ulayinos uj Juawabeueiu waisAsosa jo asuabiowa oy |

suoisnpoun)

2 Juawabeue
wigIsAsoda 0] juawjiwod pue diysiapea) jo S8nss| aiy] Jo uoNjOsSal Soop

su 'sajouabe [e1opa) ay) yim sisal sjapoul [eoibiojosa Bujdojaaep so) sopnqedes
oy Juowaaiby onjeiadooy AUB(J-0AI4 BL] 18pPUN INDD0 PINOD |UBLWIDAJOALI

H AUOEN AL )

-uopidaa onpdusdoapy
UPMADN A N0s ) o) gpads dau ety pajsyp 3au sapduwunxa yaogq
[EIHOZLI01 (PR uandg] “Juaiaeun wa)s{s00d jruoidax a0y Lunbuy jo
ad02s D[ PUL SINSST [UINEID JO HI0AE] [uaf) L Luupunpr ] “p QUL

uopedoed
angnd pue majaoi Jaad . LIBLLBA|OAUL JOP|OLBYE]S
ueld vopejuawaidul « uoijsiadooo Aouabelaiu) «
sjeol » Ajpqeiunosae pue juawabeueus
uejd uowabeusiu 82IN0SOI « asipadxa |euojsse)oid .
suo|jpuod uewnti pus adaas §9|111011002 PUB §32INOSAI
-pue| paijsap Hujaapyou jginjeu Bujujeisns 10) spasu
10} sajfajens ubjsaq  uowabeusw sa2IN0Sal UBLIAISY
sBunds pue sabnjai Aisiaapolq «
SWa|sAS009 |0 UOIBINISSI « uolesioal .
uua) Buoj pue ‘-piul ‘HoYS - JuawdojaAsp [BI2IBLILIOD
s|shjsue Alinoas |euoleu e
pue uojjeiduab ojiguaag §0SN PUB| BA|BUIYE aUjUIdBQ

shanins uia|sAsooa

SPaIe SSO|PLRol .

2101 puE sjejaey e

sajaubop jsud jo jnsal

g su adeaspue| juanuno Apnig

UONBUIUIE|LIOD PUB SDOURINSID «
sofipo pue s8U0)000 «

-SEDI8 |OM .

suo|)puoa Bups|xa ys|qeis3

saods jenods

SPAdU [LUOIIPPLE .
5021008 Bunsixa .
Ki1oyspy ysud

aajaviad o) wjup 139(j0D

SIUEUILIRIUOD PUE SDOURQINISID o
sofipa pue sauoj0d0
s11015A5000 OAlEU

sash puu

SUO[]|PUOD [UDI0]S|H| 1IDIS|(

sodeaspuey « sopoedueds HuhAnes .

SPOLSIOIEM o 5|I0S

SW0ISAS0D0 ABojoiphioab pue Aiojoiphy «

sanbyu o) sisAjpuu wiogsAsoao uojjauny pug
puu Ayaiuijoy juajhojosod asn ainjanns odeaspuej puesiapun

AUINDNI 40 34008 S3INSSI TVIILILD

sopjotoqels ybnon g sasnoed wawabeuew Buneufisap pue suolipuod pansap
Bukppuop) s wiea odeospuey ponsop Buaonae 0y porns sanbuiyoa) o
-aBuueul 12010 djo1) pinoMm (L1l sjopou poseq wa)sAsooa jeuoibos Bunisyaeiss
podidns pinom snpp uoifiar onpdeiBoipAy epeadN LIBHINOS 0yl U siaficuew
pue) 1o Ag padopu og pnod GIN 8L 10} uepd awabeuew oy o) 10 p
O] U ] O] SRS SYI0MOLLIL | ueyd JOASN 8yl SoIENEAD i) g Bjqe]
U vl L p ojge g Butednod Aq uods eq ued st (0661 BUOjRW ‘0661
3005N0) SIN ol 10) ugd juawabeueul $321N0s01 81} Aq payduy si sjshjeue
odeospuey PUE p DGR (IIM [UISISUOD Y10MBLLIEI B JEY] PBI0U 8q pINoYS I

() g st g |



EUR )Y
map Bepop-sabupdg : AN MI0A MeN Justuabeueyy pus aouajog Bujppuejeg
‘swejsfsoaz 166} 16oA rq pue ‘oBiepp g ‘uopion) ‘g “yy "16op
'sseid puejs| :0Q 'uojbujyseps 'Soje|g pejiun ey uj juswebeueyy wejsAsoagy
9661 ‘edioyy g pur ‘pejew ‘s ApieH 'y ‘zjuei 1'sdlinyd v “'s ‘eejpap
00 'volbujysep
‘ovosn yoeosddy buisiwosqe)sa ) Aajenb 9pV 01 papaaN suoljoy [puolppy
Juswabeuepy wa)sAsoog ‘ygg| ‘(80)))0 Bupunonoy [B18u8D 's°'N) OVOSN
00 ‘uoiBujysep ‘'sp-isn ‘yoeoud
6L pug uojBAIBSUOD B)IPIM pUB
‘(e3ja10g ojpjim pue Usi4°S'n) SM4Sn
‘AN 'seBap se1'30a sn ‘ep2o 513
/300 'ueld juawabeueyy asinosay oy) o] f1o0M8WwBLy 'z Blnjop ‘EpRABN
10 8IBIg 8y u| suonesoT eng-yo pue 8IiS Ise epeaap ey} o) Juswe)g)g
loeduy ejuswuoyaug IeuI{ 966} (ABieugm jo \uswypedeq 's'n) 304asn
'0Q ‘uojBuysepp 'W1asN uewjwwoy o) 1daouog woiy g ay)
Uy Juatusbeueyy wejsAsooy 'v661 “(lueweBeueyy puBq jonBBINgG 'S'N) W1asN
"AN 'sefiep se ‘eseg
02104 1|y S|8N ‘4vSn Juaweasby 0ABI8d00 ApB-0n14 ‘0661
‘AN 'eseg 82104 11y syjjon ‘abuey 02104 41y slilen/eseg 82104
AV SIION - uBly Juswebeusyy seoinosay [einjeN pejeiboju) ‘q;66)
‘00 voibupysem ‘4ysn ‘y90z-ze
14V .Emz..mam:ms._mmusommm 1eineN pajeibajul ‘vy66)| ‘(82104 1)y ‘'S'N) 4vsn
ejue) suoishey eyy 0o ‘auo)|sfeyy ‘djspieme)s abueyy
83104 1ty syjan uo enbojeig euojsAey) ay) jo poday |eul4 ‘8661
18jus) suojshay ey ‘00 'euoishoyy
1ourayduy Juatuabeuepy wo)sAsoozg
9 9661 “(1e1ue) auoishey oyy) oy
‘229219 :(6)cy eoueing0Ig
JIuswabeuepy paseg-waisAsoo3 bujuawedw), ‘€661 'S'Q 'equooog
‘c62-802
(v)1s voneatesuon Jajepq pue jiog jo jewnop «uewebBeusy sesinosey
[BINBN 0lu] ,we)shsooy, Buping, ‘9661 jdouy 74 pue ‘8’4 'vosduieg
'ssaid Aisioaun ebppiquies
‘puejbuz ‘ebppquen ‘BpeABN ‘AajeA yooy ‘woysAsody pasag enefopy v
Ul §85582014 pue sajunwuion [eaibojoo3 ‘9661 'UosqIn ‘d pue "p'd 'lepuny
'0Q 'uolBujysep ‘esnopy elUM "yoroiddy wajshsooq ey 18]504
o) uc_ncm—w.mvcj |0 wnpuelowayy ‘966 (Aojjoy [Bluawuonaug jo 821)j0) 430
'98€-69¢€ () 1€ Wyang
$82inosay J8jepp ,\uawabeueyy weysAsoo3 Bujuewedw) ioj Hiomeuwiel4 e
s® siskjeuy paysiajep, 'S661 "UBANING "y pue JueID ‘gD "y "fewobuopy
€9-16 :(1)6 ewnop [BluauuosAuz senyoe [e1epey e)s |se 1
EpeABN By 1B Juawabeurpy $80IN0say jo suolea)duwy, ‘98661 W'D 'suojepy
‘L12-€02 's1eys|iqngd ajwepeay 1emnjy ‘spuepiayjon
ay| .a:uwuﬂ:on_ ‘spe .m:mo?.. 1 pue .ECN_DODG ‘H .w_.._DEmJ T ‘sany)3 pue
82U8J2g J0 s)28ds014 BY) UO SBIPN)S esey Aynqeue)sng [BlUBWIUOLALT U]
«S'Neyiuteapepnuuswabeuepy walshsoo3 jeiepa ey, ‘egaE| ‘W'D 'euojepy

-dv wejsAsooz ue sabnjay jo ejoy
sl 01 yoeoiddy wejsdsosz uy ‘peg|

‘seyorosddy paseg-Ajunuioy b
uo enbojeiq Aayoy [euonepn euojsA

sl

WU D

'vBe-122 :(e)L) Jeuoss
~$8J0id] |BJuauiionaug ayy Apnig esen e se 1alfoid ‘epeaey ‘uejunopy
BOONA o1 oonoeiy |BUOISSD]0I pue 'sopy g .hmo_cuw.. ‘§661 "H'D 'euojepy

“ssold Aisiaan Blquinjoy (AN 104 MaN
‘SpueT Wd pue 'sabinjey epipim ‘syiey 's)sai0 [euOIBN 0] suoljeayddy _
pue sejdipuld Juatvobeuepy spueq anqngy pajesbaju)  g66) ‘ar 'sjwoon
Ssald pueys| :0q ‘uoibuysep Juawebeuepy
saoinosay einjep 10j Ainjuay map v ‘G661 'spe 'sajeq ‘'S pue “T'Y '|ybiuy
: ‘0a
‘uoiBujyseps *Aoyj0 g [BIIBWL0IAUT Jo 821))0 BSNOL| BIIAN BYL “|II ‘|1 ‘| 'SjoA
9661-G661 L1 sallou0ag e|qeUIRISNG PUB S1L10)sA soo3 Ayneay yoeoiddy
wa)sAsoo3 ey (00104 ysey luewebeuep weisdsoog Aouebeseiul) 4 w3y
‘Lve-gee :e)g 'suoy
-eanddy jeaibojooy “sisalo} wie)sea Jo uawabeuew esn-ejdynui Jo) s|seq
B se sishjeue we)shsooa paysieiep ‘261 HUBMS " M PUR M 1 'Yoaquioyy
‘ssald Alsieaun
BlQUINIODD TAN "IOA MBN ‘Ssuojnjisu| pue swajsAs0a3 jo |emeusyy ey o)
sabpug pue sio1ueg “G66| ‘spo "4 "g'g pue ‘Buiiol ‘s 0 "1 ‘uosiepuny)
‘8e-22:(1)8
"Abojoig uoneasasuon WLuawebeuepy wa|sAso03 s| 1BYM, V6B °

'§Sal puejs| 00 'uoy

-Bupysepp 'sispD Aisiaaporg ay) Bupiojdx 3 -5108g] )S0YD) "2B6 I 'I'Y 'Buiquinig
169699 :(€)9 'suoneoyddy jeaibojoay

W+ ewalinuey weysAsooy Joj sisug 21IuB12G Bl uo 8)UILOY BIPIBUIY |O

Alajoog |eayfiojoag eyijopodeyyeyy, ‘9664 (eonewy jo Aiejoog [eojBojoaz) ysg

S N

‘luounueaof [erapa
oul Aq ofieuriu pue paumo aie UPBABN Ul Spue| o) Jo %Gg eyl s|seq o) o
papnsnloq pinom eanenuy juswiebeueu woysAsose 1210pa) 8y Buypoddns Aayod
BIBIS Y “1:peADN WIBYINOS Ul s1apjotjoye)s e Fuolue uojjeioqe)|0a 10) pepiosaid
Anunyiodiilo oy) ejeiyoe) pjnom'eieys ey Aq uojjoe eagnsaxa sepung '0661-G661
ujasno| | apym el Aq poysyiqerse JuoweBeureul wiojsAsose uo Aoyjod jesapaj oy
1o eniiia Aq sisixo ejeis eyj soj ejoi joyuojod v Poadsos S|\ U| O} tN) pjnoa sie
“PIoULIS 1By Juetuniisuy ue 8q pnoys Jueuieaob ejeys oy 'sjsoele)u| ejeand
pue anand Aq pamojio) 8q o} 8sin0a eaeuIo)e LR sujewas sessesosd |ealjjod
0] 8sIN0%3Y  "BpeAGN WeyINos u) Juauwebeueul we)sAsosa 10} e|qisuodses
suonninsuy Juauiulenob e Aq peaonon oq o surewss yonw 1aAemo)| Juetu
-e0i6e oaeiadooa Jueoas oy Aq paasaid Ayunpioddo awabeuew seanosos
8y} Aq pabuinosue a1o epeasyy UIBLINos u| s1apjoljaxels ejeaud pue aqny

‘uojfies e1)) uy s1efeueu
puel pue sajed paajoaul v Aq opeiu eq jsnu oAliefiul ety o) sjuaw)iwuios
uney-Buoj 'pasoons o] ‘g’ ey) ) sassanans j0 Joquinu Bumoib e ujo| ues

oaleu) Juawabeuepy wie)sAsoay CPUABN LIDYINOS 1)) ‘@wI0218A0 018 JUouIaRe
-uew wuisAsosa ybnoy) juswidojoasp ejqeuje|sns Bujaejor o) §8]0B]S0 81))
)l "se21n0sal jpinjeu ayjqnd jo juswebieuew pue esn i) soa0 sejeqep Buimoib o)
eaisuodsor eq pinoys sajouaBe jeiepa) Aq pajuowe|dul Bujaq saioljod ay) ‘puy
‘Wowobtuew we)sAsosa yfinoiy) uswidoeaap 8|QBUIBISNS 8AB|1|OB 0] SHOjje
aaleiadood jo siojejpor) se oyqnd ey Aqpameja ese soppushe uawebeueur pue)

(Z) 9z smoaun




ATTACHMENT K






Implications of Resources

Management at the

Nevada Test Site

Charles R. Malone

The U.S. Department of Energy’s Nevada Test Site (NTS) is taking steps to
tmplement the department’s policy on long-term stewardship of land and -
facilities. They are following an approach consisting of comprehensive resources
management based on the federal ecosystem management initiative. Results of
the program will be applied to planning new facilities and future land uses at the
NTS. One important aspect will be the NTS Environmental Restoration
Program, a critical factor in future uses of the site. Information acquired through
resources management planning can be used at the NTS for evaluating environ-
mental risks, deciding cleanup priorities and alternative remedial strategies,
and for future land use planning. The NTS land and facilities resources
management program might serve as a model for other DOE sites.

The U.S. Department of Energy (DOE) has embarked on a creative
program of environmental stewardship at the Nevada Test Site (NTS).
Sustaining both DOE missions and natural resources through compre-
hensive, integrated resources management is both the framework and
the goal of the program.' This objective responds to DOE Policy 430.1
concerning land and fadility use planning. Adopted in 1996, the policy
aims at achieving sustainable development through ecosystem manage-
ment. Activities at the NTS that will benefit from this initiative are the
Environment Registration (ER) Program and the National Environmen-
tal Policy Act (NEPA) process. With both the ER Program and NEPA, the
resources management program will significantly enhance human and
ecological health risk assessments. These are crucial elements of setting
cleanup priorities, evaluating alternative cleanup solutions, siting new
fadlities, and planning for long-term uses of the NTS.

The ecosystem-based approach to resources managementat the NTS
1s consistent with what would be needed for a DOE-wide effort toward
a comprehensive method for environmental protection and resources

Charles R. Malone is an applied ecologist with the State of Nevada Nuclear Waste Project Office
in Carson City. His work includes reviewing the environmental and natural resources management
programs of the LS. Departinent of Energy.
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A novel aspect of the
policy includes
developing goals and
objectives jointly
between the DOE and
its stakeholders.

management at DOE nuclear weapons complex sites. The essential
administrative components for such an approach to environmental
management, including DOE Policy 430.1, already exist within the
DOE’s national resources stewardship program.’ The stewardship pro-
gram, announced in late 1994, addresses DOE land and fadlities. By mid-
1997, the stewardship policy and a corresponding implementing order
(DOE Order 430.1) were in place. Both directives concern achieving
sustainable development through ecosystem management. Forexample,
DOE Policy 430.1 states:

It is the Department of Energy’s policy to manage its land and
facilities as valuable national resources. Our stewardship will be
based on the prindples of ecosystem management and sustainable
development. We will integrate mission, economic, ecological,
social, and cultural factors in a comprehensive plan for each site
that will guide land and fadility decisions. Each comprehensive
plan will consider the site’s larger regional context and be
developed with stakeholder participation. This policy will result
in land and fadility uses that support the Department’s critical
missions, stimulate the economy, and protect the environment.

The DOE framed its creative environmental stewardship policy in
the context of managing site life-cycles as a way to sustain site develop-
ment, future uses, and assodiated natural resources.’ A novel aspect of
the policy includes developing goals and objectives jointly between the
DOE and its stakeholders. Equally novel is that the comprehensive land
and fadility use plans to be developed for each DOE site will consider the
site’s larger regional context. These enlightened princples for managing
DOE's resources, natural and man-made, stem from the ecosystem
management concept that arose from the White House’s 1993 National
Performance Review.' In the DOE, implementing the reformative re-
source prindples in the context of life-cycle asset management will occur
through DOE Order 430.1, which calls for the comprehensive land-use
planning process mentioned in DOE Policy 430.1.

The idea that the DOE's innovative land and fadility stewardship
process would affect the DOE ER Program was presented in a booklet
that accompanied the Secretary of Energy’s announcement of the re-
sources stewardship policy in 1994 (see note 2). Entitled Department of
Energy—Stewards of a National Resource, the publication included a
section that addressed the DOE ER and Waste Management Programs in
the context of determining human health risks and setting remediation
goals for long-term land use dedisions. The cleanup program is vital to
comprehensive land use planning for future uses of all DOE sites.

Future reuse of lands and facilities managed by the DOE will involve
stakeholder participation, a defining principle of ecosystem manage-
ment. This aspect of the applied ecological approach is new to the DOE,
but the DOE recognizes its importance. Ecosystem management should
not be dismissed as an esoteric idea before considering the concept’s
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defining principles (Exhibit 1). The concept is more about people than it
is about traditional ecology.’ True, ecosystem management is grounded
in recent developments of applied ecology, but it grew from lessons
learned the hard way concerning improper management of natural
resource commodities and collapsing human economies. An often in-
timidating feature of the concept for federal land management agendies
isitskeystone principles of openness and of involving diversestakehold-
ers in cooperative and coordinated environmental dedsionmaking.
Those principles alone explain why ecosystem management rapidly -
evolved into the foundation for pursuing sustainable development.

Exhibit 1. Defining Principles of Ecosystem Management
as a Means for Achieving Sustainable Development

* Includes humans as part of ecosystems and assumes that humans must
depend on and be responsible for sustaining natural resources and
human economies. '

* Requires partnerships and cooperation between federal, state, and
local governments with respect to managing public lands in a sustain-
able manner.

* Involves open, joint decisionmaking that includes affected stakehold-
ers and interests. e

* Uses an interdisdplinary approach that integrates the socioeconomic
and ecological goals of regional stakeholders.

* Bases management on ecological regions as opposed to jurisdictional
boundanes.

* Recognizes the limits of current ecological knowledge and involves
adaptive management policies and practices as information becomes
available.

ECOSYSTEM MANAGEMENT AND THE NEVADA TEST SITE
Anintegrated approach to cleaning up ER sites at the NTS is a timely
idea in view of the enlightened federal policy regarding “a proactive
approach to ensuring a sustainable economy and a sustainable environ-
ment through ecosystem management.” The preceding quote defines
the postmodern approach to comprehensive environmental protection
and resources management and is from a report by Vice President Al
Gore thataccompanied the White House National Performance Review.¢
From this followed creation of the Interagency Ecosystem Management
Task Force (IEMTF) and its June 1995 overview report on using the
ecosystem approach to achieve healthy ecosystems and sustainable
economies.” Subsequently, the White House produced a memorandum
of understanding (MOU) to foster ecosystem management, which was
signed by all federal land management departments and agencies.

Federal Facilities Environmental Journal/Spring 1998 53



Charles R. Malone

— ||

When DOE mission
requirements at the NTS
and the goals for
resources conflict, NEPA
will evaluate proposed
resolutions.

Following the MOU, the federal departments and agendies that had not
already done so took steps to initiate the new approach to environmental
management. The DOE antidpated the White House policy by announding
its revised land and fadlity resource policy in late 1994. The DOE Nevada
Operations Office saw the useful application of the new management
strategy to the NTS ER Program and took steps to relate cleanup activities
to the forthcoming directives on land and facilities management during a
site-wide Environmental Impact Statement (EIS) process initiated in 1994.
To accommodate the DOE land and fadilities use policy at the NTS, the
Nevada Operations Office developed a comprehensive Resources Manage-
ment Plan (RMP) for the site (see note 1). In this context, “resources”
includes both land and DOE faalities.

During the NTS EIS process, the DOE and interested stakeholders
interacted regarding managing land and fadlities. This led to a frame-
work for the resources management process based on ecosystem man-
agement. The final EIS included the framework as Volume Two. Stake-
holders considered the framework document to be sound with respect to
the Secretary of Energy’s December 1994 policy statement on steward-
ship of DOE’s land and fadility resources. The “comprehensive plan for
each site” mentioned in the Secretary’s statement is the plan mandated
by DOE Order 430.1 on Life Cycle Asset Management that is required of
each DOE site, which was the goal for the NTS RMP. The goal was stated
in the RMP framework document as follows:

The goal of the Resource Management Plan is to establish a
process for managing resources to ensure long-term diversity
and productivity of affected ecosystems and sustainable use of
land and facilities on the NTS. The process will be based on the
prindples of ecosystem management and be developed with the
participation of surrounding land managers and other interested
parties. The DOE/NV will use this process to assess the impact
of existing fadilities and activities, and evaluate the selection,
design, location, and impact of proposed facilities and activities.
The plan will identify the criteria for evaluating the compatibility
of these activities with human health and safety, ongoing missions,
existing infrastructure, cultural and natural resources, public
values, and other resource issues and constraints.

Exhibit 2 illustrates the qualitative goals for managing resources at
the NTS as identified in the RMP framework document. As the process
develops, the goals will take on more definitive, quantitative character-
istics that can be used to identify limits on resource uses and conflicts
between alternative uses of the NTS resources. The goals are meant to be
used to evaluate DOE activities’ effects on resource issues and toidentify
management actions needed for wise resource use and sound ecosystem
management.

When DOE mission requirements at the NTS and the goals for
resources conflict, NEPA will evaluate proposed resolutions. In such
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Exhibit 2. Goals for Resource Management at the Nevada Test Site
That Are To Be Pursued Through the Resource Management Plan,
DOE Policy 430.1, and DOE Order 430.1

* Ensure the sustainability of DOE missions, land resources, and
existing facilities by managing them ina way that most effectively
uses and protects them.

e Accommodate expanded uses of the NTS through proactive
planning based on sustainable development.

* Maintain adequate water supplies on the NTS while ensu.nng
long-term sustainability of DOE missions and surrounding
ecosystems.

* Site new fadlities to minimize human health risks, to take
advantage of existing facilities, and to enhance future uses of the
site.

 Site new fadlities to comply with legal controls on land use, to
protect undisturbed ecological areas, and to be in areas with
suitable natural features such as soils, slope, and drainage.

e Sustain ecosystems and assets, including existing capital, native
biota, uncontaminated water, and cultural resources.

* Achieve these goals in a manner that considers and stimulates
local and regional socioeconomic values.

cases, solutions may include canceling a proposed mission, modifying a
proposed mussion to reduce impacts on a resource, modifying existing
missions, or not achieving a goal. Stakeholders would have a voicein the
resolution procedures through the informal RMP process, as well as
through the mandated NEPA process. Decisionmakers thus would have
stakeholder comments and project costs and benefits to consider in
resolving a conflict.

A careful analysis of DOE’s land and fadlity use policy and the
purpose of the NTS RMP reveals that changes can be expected regarding
how the DOE Nevada Operations Office manages the environment and
the environmental impact assessment process. This is espedally true
with respect to public and stakeholder particdpation in DOE programs at
the NTS. The changes will evolve as the NTS RMP process develops. That
this will occur is evident from the NTS RMP Project Execution Plan (U.S.
DOE 1997b) (see note 1). Presented in the plan is the project work
schedule through FY99 with a total budget of $1.8 million. The plan also
includes significant details on the work breakdown structure and the
schedule (Exhibit 3) for accomplishing the RMP.

In accomplishing its goal, the NTS RMP will include baseline condi-
tions for ecosystems as well as for the DOE facilities at the NTS. The
ecosystems are not well understood at the NTS because attention has
focused principally on regulated components of ecosystems, such as
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Exhibit 3. Schedule for the Resource Management Plan Process
for the Nevada Test Site as of Fall 1997

SUMMER 1997— Briefings to key stakeholders toacquaint them
with the NTS RMP process.

FALL 1997— Resource workshops with stakeholders to
identify resource issues and goals.

EARLY 1998— Identification of resource limitations to
achieving sustainable development.

- EARLY 1998— Identification of available resource
information and the tools needed to acquire
needed information.

MID-LATE 1998—  Monitoring resource use and determining the
changing status of resources.

MID-1998— Assessment of cumulative impacts associated
with ecosystem-based resource management.

LATE 1998— Updating and publishing the first iteration of
the RMP.

OUTLYING Reiterations of the RMP based on additional

YEARS— knowledge of ecosystems and on updated
information on NTS facilities.

threatened and endangered species. Compensating for the deficit of
information on baseline ecosystem conditions cannot be accomplished
in just a few years. Thus, the first iteration of the NTS RMP will utilize
what information is available, identify additional information needs,
and contain plans for establishing comprehensive baseline conditions.
Much of this task will be accomplished through a long-term ecosystem
monitoring program that is part of the ecosystem management process.

Because of insufficient information on baseline ecosystem conditions at
the time the NTS site-wide EIS was prepared, the DOE was unable to apply
ecosystem management for that process. The DOE Nevada Operations
Office made an informal agreement with stakeholders, including the State
of Nevada, to proceed with the traditional DOE approach to the EIS process
for the NTS in exchange for a commitment to prepare an RMP once the EIS
was completed. This working arrangement between the two sides of the
issue is proceeding to the advantage of both. For example, the DOE has a
final EIS which can be amended for new facilities at the NTS while the RMP
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is being developed. Stakeholders are assured that the DOE in Nevada will
pursue ecosystem management for the NTS, as well as for the region. The
regional context will be achieved through cooperative agreements with
other government agendies, including those of the State of Nevada. The
dedsionmaking process also will be open to other stakeholders as provided
for by the principles of ecosystem management.

REGIONAL IMPLICATIONS AND OTHER OPPORTUNITIES

Atthis pointitis a good idea to consider some of the implications and
opportunities associated with ecosystem-based resources management
planning at the NTS. Recall that one of the novel aspects of the DOE land
and facility use policy was that resources management at DOE sites is to
address not only the site itself but also to consider the site’s importance
on a regional basis. Exhibit 4 shows the region in southern Nevada
shared by the DOE with the U.S. Department of Defense (the Air Force)
and the U.S. Department of the Interior’s Bureau of Land Management
(BLM) and Fish and Wildlife Service (FWS). The Air Force, the BLM, and
the FWS have policies and directives regarding ecosystem management.
Espedially noteworthy in this regard is the Nellis Air Force Range, which
is located on three sides of the NTS.

In managing the Nellis range, the Air Force must adhere to inte-
grated natural resources management directives that involve ecosystem
management. These mandates are similar to those of the DOE’s re-
sources stewardship program. Thus, the Air Force’s required Integrated
Natural Resources Management Plan (INRMP) is similar to the NTS
RMP regarding use of the ecological approach to sustain military mis-
sions (i.e., sustainable development). In general, however, the Air Force
has less institutional experience and technical expertise in such matters
than the DOE has and, for now, must look to others for assistance with
respect to ecosystem management. Thus, for preparing the first INRMP
document for the Nellis range,* guidance is being provided under a
partnership agreement with The Keystone Center and The Nature
Conservancy. Espedally noteworthy is the two private organizations’
natural resources stewardship dialogue. The dialogue is similar to
earlier generic policy dialogues carried out by The Keystone Center and
The Nature Conservancy (see note 5). In this instance, however, the
activity is site spedific, in that it addresses the Nellis Air Force Range and
the common ecological region the range shares with the DOE NTS and
other federal lands and agencies. The Air Force’s action presents an
opportunity to apply the ecosystem approach acrossjurisdictional bound-
aries, as does the NTS RMP.

The Nellis range dialogue process involves not only the DOE but the
U.S. Department of the Interior, the State of Nevada,’ and local govern-
ments. Key stakeholders also are involved in an effort to achieve a
coordinated and cooperative approach to achieving sustainable devel-
opment in the NTS-Nellis region. Both The Keystone Center and The
Nature Conservancy are at the forefront of implementing ecosystem
management on public lands. For this reason, chances are reasonably
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Exhibit 4. Map of Southern Nevada Showing the Ecological Region,
Enclosed by the Dashed Line, That Includes the Nevada Test Site

and Other Federal Lands
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good that the regional effort in southern Nevada can succeed.

The Nellis range dialogue is anticipated to result in an interagency

cooperative agreement that will include the agencies of the Department
of the Interior participating in the regional ecosystem management
effort. Both the BLM and FWS have policies in place for committing to the
ecosystem management processes of the NTS and the Nellis range. This
is important because, as Exhibit 4 shows, the western half of the FWS
wildlife refuge is shared with the Nellis Air Force Range. The shared
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portion of the refuge will be addressed by the Air Force INRMP now
underway. Fundamental natural resources management is a process
familiar to the Interior agendes, and the add-on princdiples of postmodern
ecosystem management can be accommodated readily.

As for the opportunities the NTS RMP presents to the DOE, two
obvious ones concern the baseline environmental data that will be kept
current. First, the information will expedite the NEPA process for
proposed new fadlities by having up-to-date information on the natural
resources and existing facilities at the NTS. This means that alternative
fadlity siting decisions and their environmental impact assessments
need await only the proposed design specifications. The second oppor-
tunity will be the ready availability of much of the environmental
information needed for the ER Program. Useful baseline information
will include much of the data on environmental conditions necessary for
performing human and ecological health risk assessments and for decid-
ing the degree of cleanliness needed for future uses of the NTS.

The DOE could similarly use the NTS RMP regarding its Yucca Moun-
tain site. Located partly on the NTS and partly on lands managed by the Air
Force and the BLM (Exhibit 4), Yucca Mountain is the site DOE selected for
the world'’s first geologic repository for permanent storage of the nation’s
defense and commerdial high-level nuclear waste. The DOE has excluded
the Yucca Mountain Project from coverage by the NTS RMP process
prindpally to avoid potential delays that the process may incur. For this
reason, the site stands as the sole area within the surrounding ecological
region thatis not included in the regional ecosystem management initiative
stemming from the NTS RMP and the INRMP for the Nellis range. This is
unfortunate because the health and integrity of the regional ecosystem that
includes the Yucca Mountain siteisimportant to the long-term performance
of a nuclear repository at the site.”

With respect to the DOE’s NEPA process, the comprehensive and
integrated resources management approach followed by the NTS RMP
should improve the interdisciplinary character of related assessments,
evaluations, and dedisions. Advocates of NEPA have long sought a
comprehensive approach to ecosystem management as the Act and its
regulations imply. However, there has not been a functional holistic
concept for achieving the degree of comprehensiveness and integration
NEPA envisions. Only in recent years has the state-of-the-art of ecosys-
tem science reached a state of development to fadlitate the applied
ecosystem approach.

Essentially the same can be said of the DOE ER Program. Integrated
environmental risk assessment and the science of ecosystem restoration
are new discplines that ecosystem management serves well. It is un-
likely that achieving an integrated approach for the cleanup program
with revised laws and regulatory schemes will come any time soon. The
ecosystem management strategy being taken for the NTS RMP can be
tested at the NTS. If found promising, the approach can be considered for
the DOE nuclear weapons complex cleanup program under the recently
launched 10-year Integrated Strategic Planning Program." A useful
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The NTS RMP approach
could serve as a model
for other DOE nuclear
weapons complex sites.

characteristic of the NTS RMP approach is that it cuts across DOE’s
various programs (i.e., defense, environmental health and safety, envi-
ronmental management, environmental restoration, and waste manage-
ment) at DOE’s nuclear weapons complex sites.

CONCLUSIONS

The DOE'’s ongoing national resources stewardship initiative stands
to benefit the Department in view of enlightened postmodern ideas
regarding managing public lands and resources. Planning for integrated
resources management such as is underway at the NTS appears to be a
credible and effective means for conforming with the DOE'’s directives
regarding resources stewardship. Thus, the NTS RMP approach accom-
modates the Department’s Land and Fadility Use Planning Policy (DOE
Policy 430.1) and its Life Cycle Asset Management Order (DOE Order
430.1), both of which require ecosystem management as a basis for
administering DOE’s land and fadility resources. This approach to land
and facility stewardship would complement the DOE’s expanding atti-
tudes concerning openness and collaboration with stakeholders. Exist-
ing administrative directives within the DOE are sufficient for undertak-
ing resources management based on ecosystem management.

The NTS RMP approach could serve as a model for other DOE
nuclear weapons complexsites. Such a department-wide program would
facilitate the DOE’s broad initiative regarding future uses of former
nuclear weapons complex sites. A paramount issue faced by all DOE
sites engaged in the ER Pogram is “How clean is clean enough for what
uses?” This is a vital socioeconomic concern regarding DOE’s public
stakeholders and their perception of the Department’s intentions. Such
matters are at the heart of the national policy initiative regarding
sustainable development and ecosystem management that arose from
the White House’s 1993 National Performance Review.

The resources stewardship activity coincides with an effort to foster
government interagency cooperation in managing regional natural re-
sources. Along with two other federal departments, the DOE is involved
with key public land stakeholders in addressing resources management
issues within a common ecological region in southern Nevada. To date,
a significant benefit of the regional initiative is that predominantly
adverse public opinion is improving in the state. This is yet another
benefit that can follow from a sincere commitment to human-oriented
ecosystem management principles. The same would be true for the
Yucca Mountain Project if the DOE would include the prospective
repository site in the NTS RMP.

Innovative, progressive resources management planning at the NTS
appears to be the first such attempt within the DOE. Another first at the
NTS is the DOE’s involvement with regional ecosystem management at
a former nuclear weapons site. These creative and enterprising initia-
tives capture the spirit of national resources stewardship set forth by the
Secretary of Energy in 1994. They are not to be dismissed lightly as the
DOE progresses into the post-Cold War era. Much of what the Depart-
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ment still needs to accomplish depends on initiatives similar to those
being taken for the NTS. Serious consideration should be given to the
appropriateness and advantages that such actions have to offer regard-
ing other nuclear weapons complex sites. <

NOTES
1. A “Framework for the Resources Management Plan” was developed as Volume Two

of U.S. DOE, Final Environmental Impact Statement for the Nevada Test Site and Off-Site
Locations in the State of Nevada, US DOE/NVO, Las Vegas, 1996, NV DOE/EIS 0243. A
commitment to prepare a resource management plan for the NTS was included in the
Record of Decision for the 1996 NTS final environmental impact statement, Federal
Register 61 (16 December 1996), no. 241: 65551-65363. A Resources Management Plan
Project Execution Plan, dated June 2, 1997, was made public by the DOE on July 8, 1997.

2. The DOE’s national resources stewardship initiative was announced in H. O"Leary,
Land and Fadility Use Policy, Memorandum to Secretarial Officers and Cperations Office
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Asset Management Order, U.S. DOE, Washington, DC, 24 August 1997, DOE O 430.1.

3. US. DOE, Charting the Course. US. DOE, Washington, DC, April 1996, US. DOE,
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Energy Sites, U.S. DOE, Washingtor, DC, May 1996, DOE/EM-0285.

4. Federal policy for the ecological approach to managing natural resources on federal
lands was set forth in Vice President Al Gore, Reinventing Environmental Management:
Accompanying Report of the National Performance Review, Creating a Government
That Works Better & Costs Less, White House National Performance Review, Washington,
DC, September 1993; Interagency Ecosystem Management Task Force 1995-1996, The
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Conservancy, Conserving Biodiversity on Military Lands: A Handbook for Natural
Resources Managers. The Nature Conservancy, Arlington, VA, 1996; Ecological Socety
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6. See note 4
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8. Air Force and U S. Department of Defense polices and directives for INRMP documents
are explained in US. Aur Force, Draft Integrated Natural Resources Management Plan—
Nellis Air Force Base /Nellis Air Force Range, Environmental Management Directorate,
99th Aur Base Wing, Nellis Aur Force Base, Nevada (March 1997).

9. The State of Nevada has encouraged the federal agendies involved to cooperatively
address land resource planning and management including the ecological region shared
by the Nellis range and the NTS. This occurred in a meeting at the BLM's Las Vegas
Dustrict office on November 6, 1996. The meeting was hosted by the Bureau of Land
Management Resources Advisory Coundl for southern Nevada.
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PROFESSIONAL REPORTS

THE POTENTIAL FOR ECOLOGICAL RESTORATION AT

YUCCA MOUNTAIN, NEVADA

Charles R. Malone
Nuclear Waste Project Office

Abstract. Federal poiicy for siting and developing a geologic
taking “reasonable and necessary” steps to restore the site to its

of disturbed arid lands and the nature of the Yucca Mountain ecosy

repository for high-level nuclear waste at Yucca Mountain, Nevada, includes
predisturbed ecological condition. However, the state of the art for restoration
stem are not encouraging with respect 1o the feasibility of achieving

ecological restoration at the site without taking heroic steps. There is a need for establishing practical goals and economical restoration
techniques for the site, a task that will be complicated by the presence of an endangered species. the desert tortoise (Gopherus agassizii). The

Yuceca Mountain Project should be viewed as an opportunity to influ

toward restoning disturbed lands.

INTRODUCTION

The U.S. has embarked on a unique project that could have
important consequences for nanonal policy with respect to
ecological restoration involving majer federal acuons that
have adverse environmental impacts. At the Yucca Moun-
tain site in southern Nevada, the U.S. Department of Energy
(DOE) is conducting studies to determine the suitability of
the location for a geologic repository for disposing of high-
level nuclear waste. In accordance with the Nuclear Waste
Policy Act NWPA) of 1982, as amended in 1987, the DOE
must take “reasonable and necessary” steps to reclaim the
site. The DOE's proposed environmental program plan for
carrying out this and other environmental requirements (U.S.
DOE. 1988a) equates “reclamation” with the accepted defi-
rution of “ecological restoration™ (Bonnicksen. 1988: Jordan
eral., 1988: Allen, 1989). Thus, the DOE's goal of reclaim-
ing the site upon completion of the Yucca Mountain Project
is to return the ecosystem to a condivon similar to the
predisturbed state. The DOE Yucea Mountain Project thus
constitutes one of the few instances where federal policy
clearly has adopted the goal of ecological restoranon.

The Yucca Mountain site is located adjacent to. and partly on,
the DOE Nevada Test Site. The site is remote, has not been
used heavily, and is considered by the DOE to be in a stable
ecological condition (U.S. DOE, 1986). Because of the arid

Charles R. Malone is a Centified Environmental Professional and a
full-ume consultant to the state of Nevada Nucicar Waste Project
Office. Carson Ciry, NV 89710. He has a PhD in ecology from
Rutgers Uruversity and has worked on programs involving nuclear
facilities since 1980. The work described here is funded by a federal
grant in ; scordance with Section 116 of the Nuclear Waste Policy
Act. as amended. that provides for review of the U.S. Department of
Energy Yucca Mountain Project by the state of Nevada.

THE ENVIRONMENTAL PROFESSIONAL Volume 13 pp. 216-224 1991.
Primed m the USA. All nghts reserved.

ence both the direction of restoration ecology and furure federal policies

environment, no socially acceptable land use at Yucca Moun-
tain can be envisioned as a goal for reclamation, other than
returning the site to its predisturbed condition. The concept
of taking reasonable and necessary steps to achieve restora-
tion occurs in both the Nuclear Waste Policy Act, asamended,
and the DOE's proposed environmental and reclamaton
plans (U.S. DOE, 1988a and 1989). This concept is signifi-
cant to the science and practice of restoration ecology,
because it constitutes an opportunity for demonstrating the
practicability of restoring an ecosystem. -

This article addresses the potential for successful ecological
restoration at the Yucca Mountain site and draws upon the
following:

» Regional and site-specific information on ecological
and related environmental conditions at Yucca Mountain

(U.S. DOE, 1986);

«  The DOE's proposed environmental program for the site
(U.S. DOE, 1988a and 1989; Parker er al., 1990) and
critiques of the plan (Malone, 1990a; Winsor and Malone,
1990);

« Information on practices for restoring arid ecosystems;
and

«  Studies conducted by the state of Nevada for the Yucca
Mountain Project

The last of these categories of information results from
independent review of the DOE nuclear waste repository
program by the state of Nevada, a function authorized and
funded by the Nuclear Waste Policy Act, as amended. Activi-
ties are carried out with the assistance of contractors like
Environmental Science Associates, Inc., Resource Concepts,

0191-5338/91 $3.00 + .00
Copynght © National Association of E mal Professionals




ECOLOGICAL RESTORATION AT YUCCA MOUNTAIN

Inc., and A.E. Karl. Much of this article is summarized from
reports prepared by the contractors, which describe study
methods, present analytical resuits, and in some cases, con-
tain original field data. Copies of the reports, including maps,
figures, and complete results of the studies, are available from
the Nevada Nuclear Waste Project Office. They address the

following topics:

- Remote sensing to determine the extent of existing
disturbance of the Yucca Mountain site as a result of the
DOE preliminary siting actvites (ESA. 1989).

«  Preliminary soil and biological surveys (RCI. 1989a:
Karl, 1989; ESA, 1990); and

+ A review of alternatives and costs for reclaiming and
restoring the site (ESA, 1989: RCI. 1989b).

SITE AND PROJECT DESCRIPTIONS

Emphasis in the state of Nevada environmental program is on
a 20 square kilometer study area at Yucca Mountain, where
the potenual for disturbance from repository siting and the
need for ecological restoration are the greatest. Detailed
environmental information on existing conditions at the site
is not available, although an extensive information base
exists for portions of the adjacent Nevada Test Site (U.S.
DOE, 1986: US/IBP, 1978; Wallace eral., 1980). The extent
to which this information applies to Yucca Mountain must be
evaluated. because the Yucca Mountain site runs north-to-
south across the Great Basin-Mojave Desert ecotone, a type
of ecosystem not studied on the Nevada Test Site. Yucca
Mountain differs from the test site, also, because the closed
basins, alluvial flats, playas, and predominately calcareous
soils typifying the test site are absent at Yucca Mountain.

Three dominant landforms occur in the Yucca Mountain
study area (Table 1). Mountainous volcanic uplands occupy
the western 20 per cent of the site, and piedmont slopes
comprised of alluvial fill occupy the 45 per cent of the site to
the east. Between the uplands and piedmont slopes are mesas
and sideslopes comprised of remnants of steep ridges and
alluvial fans (ESA, 1989; RCI, 1989%a and 1989b). Elevation
ranges from 1,062 meters in the valley to the east to 1,458
meters on the ridge of Yucca Mountain. Annual precipitation
varies according to elevation and averages about 16 to 19
centimeters (Karl, 1989; RCI, 1989aand 1989b; ESA, 1990).
Regionally, 60-65 per cent of the precipitation falls between
mid-September and late March; 10-15 per cent from late
March to early June; and 25 per cent from early June to early
September. The area has hot summers (daily high average
temperature in July is 35 °C) and mild winters (daily low
average temperature in December is -2 "C). Extremes vary
from between -10 and -28 °C in January to between 42 and
49 *C in July.

Evaluation and planning for ecological restoration must rely
on comprehensive, site-specific environmental information.

217

Table 1. Dominant Landforms of the Yucca
Mountain Study Area: Extent of Occurrence
and Amount of Existing Disturbed Area.
Landform Area Area
Category Covered Disturbed
(square kilometers) (hectares)
Mountainous 4 10
Volcanic Uplands
Mesas and 7 74
Side Slopes
Piedmont Slope 9 171
TOTALS 20 255

Because the DOE has not undertaken such studies, the state
of Nevada initiated soil and plant surveys in 1989 (RCI,
1989a; ESA, 1990). Results of the first year's investigations
are summarized in Table 2. Major soil units, described and
mapped in 1989, were found to consist of soft to loose loamy
sands with a 100 per cent gravel surface on the alluvial fans,
dense gravels and cobbles on the slopes, and bedrock and
boulders on the ridges. All the soils have poor water holding
capacity, due to coarse textures and low silt, clay, and organic
matter content. Artempts to characterize the vegetation were
frustrated by drought conditions that prevented seeds of
herbaceous species from germinating. However, the survey
was able to cover the study area in sufficient detail to indicate
that vegetation at the site is complex and reflects a diverse
environment. Detailed maps made with the aid of color stereo
aerial photos taken in June, 1988, assisted identification of
soil units, vegetation associations, and landforms.

With respect to the fauna of Yucca Mountain, the state of
Nevada environmental program has concentrated only on the
desert tortoise (Gopherus agassizii). As an endangered spe-
cies (U.S. DOI, 1989), the desert tortoise and its habitat must
be important considerations for ecological restoration at the
Yucca Mountain site. In the fall of 1989, a survey was
conducted throughout the study area to estimate abundance
and distribution of desert tortoise. A strip transect method
was used for estimating distribution, habitat associations, and
relative abundance of the species (Karl, 1989). Data on
tortoises and their signs (carcasses, scat, burrows, and evidence
of nests) were used to estimate tortoise abundance. The
survey found that more signs of tortoises occurred on alluvial
fans dominated by creosote bush than in other types of
habitats (Table 3). It is reasonable to conclude that the best
habitat for the tortoise is located in the eastern portion of the
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Table 3. Occurrence of Desert Tortoise In the Yucca Mountain Stug_!__&rea.
Climax Vegetation Habitat Number and Mean
Series Conditions Kind of Sign Density
(# of transects) (no/sq. km)
Creosote Bush fair 12 burrows 8
€))] 3 scat
1 remains
Great Basin Mixed poor 6 burrows _ 7
Scrub (7) ' 6 scat
1 remains
Transition Mixed ) poor to 3  burrows ' 7
Serub (3) fair 2  scat
Blackbrush/Creosote fair 15 burrow 1
. ()] 2  scar
1 eggshell
Blackbrush poor to 1 burrow 1
(n fair
Sagebrush poor to 2 scat 2
@) . very poor
Joshua Tree fair to 1  burrow 2
2) poor 1 scat
High Wash not sampled

study area, dominated by large alluvial fans, inset fans, and
gentle ridge remnants. This corresponds to the area covered
by the DOE for complying with the Endangered Species Act
(U.S. DOE. 1989b). However, the state of Nevada survey
also found tortoise signs in the uplands and along ridge

remnants not surveyed by the DOE. These results confirm -

that the limited surveys conducted by the DOE corresponded
to the tortoise's preferred habitat, but that some of the less
favorable habitats at the Yucca Mountain site cannot be
ignored, because animals do occur there.

The DOE repository siting program involves activities that
include vegetation and topsoil removal, surface compaction,
and alteration of the terrain (Table 4). Preliminary siting
activities consisting largely of geologic and hydrologic field
studies like drilling, trenching, and seismic surveys have
been performed by the DOE at Yucca Mountain for over a
decade. Additional proposed repository siting activities are
similar to those already conducted, but additionally will
include extensive underground mining and construction of
surface support facilities such as buildings, utilities, muck
piles, and effluent ponds (U.S. DOE, 1988b). Anticipated
disturbances from such activities are generalized in Table 4
under “Bladed Use Areas.”

The DOE has no accurate inventory of the extent and location
of areas already disturbed, and no reclamation has occurred.
To provide the state of Nevada with an understanding of the
present condition of the site, a study was performed using
remote sensing techniques to locate existing disturbed areas
(ESA. 1989). Disturbance features were categorized according
to climax vegetation, and ground truth data were used 1o
identify the kind of activity that had caused disturbances.
Results of the study are reflected in Tables 1, 2, and 4,
showing that 255 hectares of disturbed area already exists at
Yucca Mountain, and at least another 176 hectares is antici-
pated during site characterization.

POTENTIAL FOR ECOLOGICAL RESTORATION

Ecological restoration of arid lands is highly problematic
(Wallace et al., 1980; Jordan et al., 1988; Allen, 1988), and
for this reason successful restoration of the Yucca Mountain
ecosystem is not assured. The presence of the desert tortoise
will complicate matters, depending on the extent to which
efforts are made to restore the species’ habitat. Studies by
both the state of Nevada and the DOE at Yucca Mountain
have focused only on occurrence of animals and not on
distribution, cover, and forage. Thus, what follows here with
respect to restoration potential does notinclude consideration
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Table 4. Existing and Proposed Disturbances
trom Repository Siting Activities at
Yucca Mountain
Activity Existing Proposed
Type (# - ha) {(# - ha)
Dniling and conng 62 - 36 365-50
Trenching. test pits. 39-3 116 -6
and plots
Seismic surveys 16-6 unknown - 218
Monitonng stauens 6-1 unknown
Bladed use areas 41-40 unknown - 42
Access roads. trails. 313- 166 unknown - 50
and comdors
Erosion control 5-1 unknown
TOTAL AREA 255 176
Kind of acuvity. numbers (#). and amount of disturbed area in
hectares (ha).

of the desent tortoise, an issue that requires considerable
research into the animal’s ecology.

In many respects. managed ecological restoration 1s compa-
rable to early secondary succession. Therefore. 1t 1s 1mpor-
tant to understand the processes and species involved in
narural revegetation of disturbed areas. In deserts. natural
revegetauon is slow, and may require decades or centunes,
pnmanly because precipitation is severely limited (Romney
et al.. 1980: Wallace er al., 1980: Lathrop. 1983, Vaseck er
al.. 1975). Recovery speed also depends on factors like the
degree of soil compaction. and in cases of severe disturbance.
recovery may take as long as 1,000 to 2.000 years (Webb and
Wilshire. 1980: Webb er al., 1983). Information exists with
respect 10 some Species common (o the Great Basin and the
Mojave Desert that reestablish themselves naturally and are
potentially suited to restoration at Yucca Mountain. The
most promising of these are listed in Table 5, while another
43 require significant additional study (RCI. 1989D).

Revegetation Practices

Management practices for reestablishing vegetation on arid
lands involve providing plants or seeds, water, and some-
times nutrients at the proper time. At Yucca Mountain, the
most limiting and critical factor is availability of soil water

MALONE

for plant development. Revegetation efforts without supple-
mental irrigation in regions with less than 25 to 30 centime-
ters of precipitation annually nisk failure (DeRemer and
Bach, 1978; Thomburg and Fuchs. 1978). In the Mojave
Desert south of Yucca Mountain. irrigation typically is con-
sidered essential for seeding or transplanting vegetation (Kay
and Graves. 1983). On the Nevada Test Site near Yucca
Mountain. it was found that irrigation of transplants is needed
during the first vear. uniess winter precipitation wets the soil
to a depth of about 100 centimeters (Romney er al.. 1981).
Instead of irrigation at Yucca Mountain, the DOE proposes
using water harvesting and spreading by recontounng and
reshaping the surface to collect and direct water to newly-
established plants (U.S. DOE. 1988a). Itremaiasto be seen
whether this technique will be effective in place of irmgation.

In addition to measures for supplementing moisture, man-
agement options also include fertilizing, mulching. and fenc-
ing. Plant species currently recommended for deserts are
adapted to conditions of low fertility. and the addition of
nutrients may encourage only undesirable species that com-
pete for water with preferred vegetation (Kay and Graves,
1983). The potential advantages of fertilizing should be
determined on a site-specific basis. but such information for
the Yucca Mountain site has yet to be developed. Mulching
also is a useful practice, but has not been evaluated on sites
like Yucca Mountain. Fencing. on the other hand, has been
found essential for preventing grazers, such as lagomorphs
and rodents. from otherwise destroying new plants. Grazing
has been shown to be an especially acute problem near Yucca
Mountain (Hunter er al., 1980a and 1980b). Both mulching
and fencing are among the practices to be evaluated during
the DOE reclamation program for the Yucca Mountain site
(U.S. DOE, 1988a and 1989).

Decisions on the use of containerized vegetation for trans-
planting will be influenced by the availability of plant mate-
rial. Species like those listed in Table S are necessary for
ecological restoration at the Yucca Mout.:ain site, but in
many cases are unavailable commercially in containers.
Because seeds are not always available. it is advisable that in
good years seeds be collected as close as possible to the site
of interest and stored until needed (Kay and Young, 1988).
This is especially important for the Yucca Mountain site,
because it is likely that the plant species occurring there are
adapted to an atypical environment for which it may be
difficult to find suitable analogs. Commercial availability of
containerized plants also may be complicated by the site’s
atypical environmental setting.

Studies involving the western Mojave desert concluded that
managed. artificial revegetation neither hastened consis-
tently nor improved ecological recovery of disturbed sites
(Kay and Graves, 1983; Kay, 1988). Similar results were
obtained from an unpublished study for the U.S. Soail Con-"
servation Service near Caliente, Nevada, east of Yucca
Mountain (RCI, 1989b). Of plantings made in 1987, the
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results of only a few were considered to be fair or good one
year later, and after two years, aimost none of the vegetation
survived. Transplanting vegetation grown in containers and
irrigating during the first growing season is the most viable
option for revegetating arid sites like Yucca Mountain (Rom-
ney eral., 1981). The DOE's preference for water harvesting
and spreading over irrigation at Yucca Mountain may limit
the chances of successful ecological restoration.

Table 5. Plant Species Considered to be Suited for Ecological Restoration at
Yucca Mountain (From RCI, 1989b).
Scientific and Known to Has Been Recommended
Common Names Naturally Seeded or But Not
Reestablish Transplanted Tested
Acampotopapus Schockleyi X X
(Shockley goldenhead)
Ambrosia dumosa . X X X
. (bursage)
Am‘plc;t canescens ' X X X
(fourwing saltbush) :
Atriplex confertifolia X X
(shadscale)
Bromus rubens X X
(red brome)
Ceraroides lanata X X X
(winterfat)
Chnso;hanmus_mmeosus X X X
(rubber rabbitbrush)
Ephedra nevadensis X X X
(Nevada ephedra)
Hymenoclea salsola X X X
(cheesebush)
Larrea tridentata X X X
(creosote bush)
Ledidum fremontii X X
(desert alyssum)
* Lycium andersonii X X
(Anderson desert thorn)
Oryzopsis hymenoides X X X
(Indian ricegrass)
Stipa speciosa X X
(desert needlegrass)
Estimated Costs

Restoration costs are influenced greatly by the features of a
site. For the state of Nevada's estimate of costs for the Yucca
Mountain site, the types of landforms, vegetation, soils, and
disturbed areas were used to establish categories, reflecting
the level of effort anticipated to be involved with site resto-
ration. The resulting classifications were matched with pre-
scribed reclamation and restoration practices (e.g., soil scari-
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Table 6. Amount of Existing Disturbed Area at the Yucca Mountain Site and Estimated
Costs (1988 Dollars) of Ecological Restoration Classified by Cause of
Disturbance and Landscape Category.
Disturbance Type and Hectares Cost/Hectare Total Cost
Landscape Category s ; (&3]
Graded disturbances
Restrictive 30 101.300 3,039.000
Nonrestrictive 150 78,300 11,745,000
Nongraded disturbances
Restrictive 8 76.900 615,000
Nonrestrictive 42 74,000 3,108,000
Improved roads 25 115.800 2,895,000
TOTALS 255 - 21,402,000

fication, contouring, seeding, fertilizing, mulching. and 1mi-
gating) used in the Mojave Desert and the Great Basin (Kay
and Graves, 1983; Kay, 1988; RCI, 1989b). This information
served as the basis for cost estimates for the Yucca Mountain
site (ESA. 1989; RCI, 1989b). The categories adopted for the
disturbed areas were “graded” and “nongraded.” to indicate
where topsoil had been removed, thus making revegetation
more difficult and costly. For landscape features, the catego-
ries used were “restrictive” and “nonresmicuve,” (o represent
two levels of difficulty based on terrain features, with the
former reflecting the greater degree of effort needed for
restoration. Involved in restoring the Yucca Mountain site
would be: (1)reshaping disturbed land to approximate ongi-
nal contour, (2)providing a substrate suitable for plant growth,
(3)revegetating with previously-existing species in an effort
to approximate the onginal plant communites, and (4)pro-
viding supplemental nutnents and moisture to enhance plant

establishment

Results of the cost estimates for restoring existing disturbed
land at Yucca Mountain are summarized in Table 6. The
estimated costs ranged from $74,00010$115,800 per hectare.,
and the total estimated cost was about $21,400,000. Com-
parative information on the costs for restoration of and
ecosystems is sparse, but field experiments on restoration in
Wyoming reported a cost of $8500 per hectare (Jordan er al.,
'1988). The approximate order of magnitude difference for
the Yucca Mountain site is due to the rugged terrain, harsh
climate, remoteness of the site, complexity of plant compo-
sition, lack of readily available containerized nursery stock
and seeds for species adapted to the site, and the need for
irmgation for at least one year following attempts to reestab-

lish vegetation (RCI, 1989b). Per unitarea costs for restoring
future disturbed areas at Yucca Mountain should be compa-
rable to those given in Table 6. However, because of the large
uncertainty with respectto the amount of additional land to be
disturbed at Yucca Mountain, no attempt was made to esti-
mate total reclamation costs that ultimately could result from
DOE site characterization.

DISCUSSION AND CONCLUSIONS

Although the DOE Yucca Mountain Project can be viewed as
an opportunity to demonstrate the efficacy of restoration
ecology and to further the application and acceptance of
restoration in federal environmental policy, such a perspec-
tive holds uncertain promise, because restoring desert eco-
systems is problematic. Discussions like those presented in
Allen (1988) emphasize that the convergence of theory and '
practice has not been achieved yet with respect to restoration
of disturbed arid lands. Concepts and theories remain to be
proven, and effective methods and techniques have to be
developed (Wallaceeral., 1980 Jordaneral., 1988). At Yucca
Mountain, costs also may prove to be a concern, because of
the rugged terrain. '

While it would be encouraging to believe that the mandate to
restore the Yucca Mountain site is evidence of a restoration

ethic in Congress, that interpretation is questionable. Often

a restoration ethic is associated with the belief that preexist-
ing climax vegetation at a site can be returned successfully
following ecosystem disturbance, and that unless this can be
achieved. a site should not be altered (Bradshaw and Chad-
wick, 1980). It is questionable whether the policymakers
involved in the NWPA and the DOE nuclear waste program
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really comprehended the implications of requiring ecological
restoration at Yucca Mountain. Little is known about resto-
ration of transition desert ecosystems, and practice has been
limited largely to stabilization for purposes of erosion control
and aesthetics. Even these efforts typically fail. Thus, if
successful ecological restoration were a criterion for siting a
nuclear waste repository, it seems unlikely that the Yucca
Mountain site would have been singled out from the range of
alternative sites available when the Nuclear Waste Policy Act

was amended in 1987. Because of limitations to restoration .

imposed by ecologic and economic factors, there can be no
argument that Yucca Mountain is among the least likely of
sites to hold any reasonable degree of potential for successful
restoration.

Despite the present discouraging prognosis for successful
ecological restoration at Yucca Mountain, the work of Wal-
lace er al. (1980) can be viewed as a starting point for
establishing management practices applicable to the site.
They concluded that a berter understanding is needed of the
following: (1)water harvesting and irrigation. (2)ferulization
and addition of organic soil amendments, (3)preserving fertile
islands as sources of propagules for species critical for
revegetation, and (4)using pioneer species and vigorous
shrubs species adapted to the site.

Allen (1988) has emphasized ecological landscape approaches
that enhance successional processes as a feasible approach
for restoration of disturbed arid lands. Clearly, forthe Yucca
Mountain site, a creative approach to restoration planning
will be needed. As the DOE continues to plan its environ-
mental program, it should identify critical information needs
and implement a pilot ecosystem restoration study aimed at
developing methods and guidelines that are effective and

practical. Among the critical issues that remain to be ad-

dressed and resolved is the extent to which the desert tortoise
and its habitat will be considered in restoration planning.
Important matters such as inclusion or exclusion of exotic
spacies like red brome (Bromus rubens) also have to be
considered for the Yucca Mountain restoration program.

An undecided fundamental issue for the Yucca Mountain site
is whether ecological restoration will be modeled on struc-
tural/functional characteristics. The goals by which the
success of restoration at the site can be judged remain to be
established. as there are no criteria, guidelines, or endpoints
for the program. There is, for example, indecision and
controversy over such matters as selecting baseline envi-
ronmental conditions. The DOE proposes using the disturbed.
post-site characterization condition for its ecological baseline.
and plans to characterize fully the Yucca Mountain ecosys-
tem only after the impacts of siting studies have occurred
(U.S. DOE, 1988a; Parker er al., 1990). The state of Nevada,
on the other hand, holds that the undisturbed, pre-site char-
acterization environment should constitute the baseline
(Malone, 1990a; Winsor and Malone, 1990).
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The DOE ecological restoration program also should include
a monitoring plan with schedules for obtaining information
about the success of restoration efforts and contingency plans
for implementing, if monitoring shows restoration efforts to
be unsuccessful. A study for the state of Nevada (RCI,
1989b) recommended that one group conduct all monitoring
activities and that a commintee meet with the group to
establish standards and methodologies for determining results
of the alternative restoration practices investigated. The
study also recommended that a clearinghouse be designated
to maintain information about restoration practices. These
ideas are not included in the DOE’s draft environmental
program plans for the Yucca Mountain Project (U.S. DOE.
1988a and 1989; Parker er al., 1990).

Not addressed here are the DOE plans for repository con-
struction, operation. closure, and abandonment, which are in
the conceptual stage only. Itis believed thatdunng develop-
ment of the repository, an additional 400 to 500 hectares of
land will be disturbed (U.S. DOE, 1986). Especially note-
worthy is that entombed nuclear waste at Yucca Mountain is
expected to cause an increase of as muchas 3 *Catthe surface
of the repository (U.S. DOE, 1988b; Blejwas. 1990). The
clevated temperature is expected to lastup to 1,000 years, and
could effect ecosystem recovery drastically. The heat also
could induce uplifting and fracturing of the repository
overburden that, along with inhibited revegetation of the
disturbed area, would contribute to accelerated erosion.
Impacts of this nature not only would affect future ecosystems
at Yucca Mountain, but also could alter the site’s long-term
physical integrity and ability to contain nuclear waste safely.
These concerns are among many that remain to be addressed
by the DOE and are indicative of the complexity and uncer-
tainty that characterize the effort to dispose of high-level
nuclear waste in a geological repository at Yucca Mountain
safely (Lemons er al., 1989; Lemons and Brown, 1990;
Malone, 1990a, 1990b, and 1990c).

Despite many unresolved issues, the DOE Yucca Mountain
Project provides an unusual opportunity for extensive, well-

“ funded, long-term research and study. If adequately con-

ceived and executed, the ecosysiem restoration program
could test the premise put forth in Allen (1988) that an
ecological basis exists for developing means for restoring
disturbed arid lands. The project provides an opportunity for
the discipline of restoration ecology to benefit from efforts to
determine what is reasonable and necessary for returning 2
desert ecosystem to a predisturbed condition. An unusual
opportunity also is at hand for demonstrating the efficacy of
ecological restoration as an integral component of federal
environmental policy. Although the Yucca Mountain site
may not be an ideal ecological laboratory for these purposes.
it is an opportunity that should not be missed. The DOE
ecosystem restoration program deserves the attention of
restoration researchers and practitioners alike.
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Roundtable

High-level nuclear waste disposal and long-
term ecological studies at Yucca Mountain

ucca Mountain, in southern

Nevada, is a volcanic ridge

(elevation 1494 meters) that
sits astride a little-known transition
area at the juncture of the Mojave
and Great Basin deserts (Figure 1).
Ecologically dominant plants are des-
ert shrubs, grasses, and forbs that are
adapted o arid conditions. A unique
program is under way -at Yucca
Mountain that has significant ecolog-
ical and environmental implications.

The 175-square-kilometer site (Fig-
ure 2), managed by the US Depart-
ment of Energy (DOE), is being con-
sidered for permanent disposal of the
nation’s commercially generated and
defense related high-level nuclear
waste. Studies to determine the suit-
ability of the location for a deep geo-
logic repository for permanent em-
placement of the waste are to begin
this year and will require 7 to 12 years
to complete. If the locanon proves
acceptable, repository development
(1.., construcuon, operation, closure,
and site restoraton) is expected to
proceed for another 30 to 40 years.
Concurrent with repository develop-
ment, and for an indefinite period
afterward, ecological and environ-
mental monitonng is to be conducted
to provide for successful restorauon
of the site’s ecosystem and to confirm
that the entombed nuclear waste re-
mains 1solated.

The proposed site-characterization
studies and monitoring acuvities are
intended to provide assurances that
high-level nuclear waste and assoc-
ated hazardous chemicals can be iso-
lated from the biosphere for at least
10,000 years. A technological and
physical performance-assessment
methodology is being developed, in
conjunction with environmental and
safery assessments, to demonstrate

by John Lemons and
Charles Malone

November 1991

that a combined engineered and nat-
ural geologic disposal system at
Yucca Mountain will provide long-
term protection to the environment
and human health from radioactive
and other hazardous materials. Spe-
cifically, performance assessment is
to include projections of future geo-
logic events that could affect reposi-
tory performance; of evolving cli-
matic factors and the availability of
surface- and groundwater; of hydro-
logic factors that control availability
of water, transport of radionuclides
to the environment, and ecosystem
development; of ecological factors
that influence the environment; and
of pathways by which radionuclides
might reach humans. Such an ambi-
tious cffort has never before been
attempred.

The complex issues of intergenera-

tional’ environmental consequences
make the success of the Yucca Moun-
tain program especially important.
However, we question whether as-
pects of the scientific underpinning of
the program are sound and whether it
will afford adequate assurances of
protecting the environment and hu-
man health. In this article, we discuss
environmental objectives for the
Yucca Mountain project and the pol-
icy that has resulted in the current
environmental program. We conclude
with a critique of the program’s
shortcomings and provide a rauonale
for redirecung it to accommodate
baseline and long-term ecological
studies that would enhance assess-
ment of repository performance and
minimize potential adverse effects.
Further, we argue that a restructured
and comprehensive environmental
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Figure 2. Yucca Mountain.

program would increase opportuni-
ties tor basic long-term ecological re-
search on desert ecosystem structure
and funcuon. A considerabie need
exists for such research.

Our current involvement in the
Yucca Mountain project comple-
ments our previous work in interdis-
crphinary environmental research at
Yucca Mountain (e.g., Brown and
Lemons 1991, Lemons and Brown
1990, Lemons and Malone 1989,
Lemorns et al. 1989, 1990, Malone
1990a.b, Winsor and Malone 1990;.
Our work has been performed in our
respective capacities as an indepen-
dent university professor and as an
environmental scienust for the Ne-
vacda Agency for Nuclear Projects, the
state agency authorized by the Nu-
clear Waste Policy Act (NWPA), as
amended. to review DOE's nuclear
waste repository environmental pro-
gram at Yucca Mountain.

The policy of
geologic disposal

With passage of NWPA in early
1983, it became national policy to
permanently dispose of high-level nu-
clear waste in deep geologic reposito-
ries (Carter 1987). The concept ot
geologic disposal relies on the charac-
teristics of a natural environmental
system to isolate radioactive materials
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and hazardous chemicals from the
biosphere tor a sufficient length of
tme to protect the environment and
human heaith. NWPA establishes this
ume-lengzh as 10,000 years, based on
the anucipated durability of engi-
neeced canisters to retain waste mate-
rais ror 300-1000 vears betore cor-
cosion results in release of waste into
the repository cavern. Safe sequester-
ing of the waste for the balance of the
isolation neriod depends on the integ-
v of the narural geologic setung 1n
which a repository 1s constructed.

A procedure for selecung suitable
sites for WO repositories was set
forth by NWPA. The act also desig-
nated DOE as the agency responsible
for the geologic repository program
‘Parker et al. 1990). After DOE
failed to idenufy sites for character-
1zation studies under provisions of
NWPA, the act was amended by the
Nuclear Waste Policy Amendments
Act (NWPAA) 1n late 1987 to sim-
plify the task of repository site selec-
non ‘Cooper 1989, Lemons et al.
1989). NWPAA mandated that only
one repository be constructed, sO
only one site needed to be investi-
gated for suirability. A year earlier,
DOE (1986) had judged the Yucca
\ountain site as the most likely of
three sites under active consideration
to be acceptable for a repository.
Accordingly, NWPAA terminated

the search for alternative repository
sites and focused the efforts of DOE
solely on the Yucca Mountain site,
where preliminary siting activities
had been carried out since the 1970s.

Repository siung investigations in-
volve typical construction and mining
acuvities such as exploratory drilling,
geologic trenching, seismic studies,
tunneling, and building the associated
access and support structures (Ma-
lone 1990a, Parker et al. 1990). Pre-
liminary work at the Yucca Mountain
site has resulted in disturbance to
vegetation and soils on approxi-
mately 260 hectares of land. An ad-
ditional 210 hectares is expected to be
disturbed as a result of further sinng
activities scheduled to begin this year.
Although the full extent of distur-
bance that would result from reposi-
tory development over the course of
several decades has not been firmly
established, there may be an addi-
tional 500-1000 hectares of land dis-
rurbed, principally as 2 result of rail
and highway access and surface facil-
ities needed for repository construc-
tion and waste processing and pack-
aging.

The repository program does not
include adequate planning for base-
line or long-term ecological studies,
which are now considered necessary
for environmental assessment (DOE
1989, National Research Council
1990, Winsor and Malone 1990).
The program should be restructured
to assess cumulatve effects and to
include long-term ecological studies
to determine the projected effects of
repository performance.on the envi-
ronment and projected eftects of en-
vironmental perturbations on reposi-
tory performance.

There are several reasons for gath-
ering baseline information and con-
ducting long-term ecological studies
at Yucca Mountain. First, the deser:
ecology of Yucca Mountain 1s fragile
and has not been studied adequately
(Beatley 1980, Collins et al. 1981
Winsor and Malone 1990). Second
there is no accepted method for eval
uating repository performance (Bux
ton 1989, Lieberman and Lee 1986}
An acceprable method would likel:
require adequate consideration ©
ecological baseline conditions at th
repository site and long-term ecolog
ical studies to assess T€pository per
formance {Malone 1990b). The cur
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rent DOE plans do not inciude
gathering of site-specific baseline data
before undertaking additional charac-
terization activites or plans for long-
term ecological studies (Parker et al.
1990). Third, a number of countries
are considering disposal of high-level
nuclear waste, but none are as ad-
vanced in implementing a program as
is the United States. Information on
baseline conditions and long-term
ecological studies are of potenual in-
terest to others involved in nuclear-
waste siting issues (Garcia 1989, Mc-
Combie et al. 1989, van Dorp et al.
1989). Fourth, because the Yucca
Mountain repository site will be pro-
tected from human intrusions (other
than those due to the repository), it
can serve as an ecological study area
for long-term research. Knowledge
trom ecosystem studies conducted at
the site could make a significant con-
tnbution to understanding of desert
ecology.

Requirements for short-term
environmental information

The Yucca Mountain project is differ-
ent from traditonal technological
programs with respect to environ-
mental reguladon and atendant in-
formation needs. For example, the
repository siang program Is exempt
from some major requirements of the
Nanonal Environmental Policy Act
(NEPA) for environmental documen-
tation and review. Instead of requir-
ing preparaton of an environmental
impact statement (EIS) for repository
siung, NWPA required only a prelim-
inary environmental assessment (EA).
To speed the process, NWPA prohib-
ited acquisition of any new dara for
the EA, thus requinng DOE to rely on
incomplete information, much of
which was of a regional genenic na-
ture as opposed to being site-speafic.

The exempuion from tradinonal
NEPA review was meant to be com-
_pensated for by a subsequent detailed,
site-specific investigation program.
Thus the preliminary EA (DOE 1986)
for the Yucca Mountain site did not
contain complete information on
biota at the site, contained no infor-
mation on soils or effects on soils,
contained no informanon on air qual-
ity and meteorological conditions at
the site, and did not address water
resources, including potential effects
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on ground water quality (Winsor and
Malone 1990). Without adequate
site-specific information, the EA con-
cluded there would be no significant
environmental impacts from reposi-
tory siting actvities (DOE 1986). It
was on the basis of this document
that the decision was made to select
Yucca Mountain, as opposed to an-
other site, as the sole location to be
considered for a repository.

Consequently, DOE accepted the
preliminary EA as evidence that re-
pository siting acuvites would not
result in significant environmental im-
pacts (DOE 1988, Parker et al. 1990).
DOZ sought to comply with further
requirements of NWPA, as amended,
regarding the need to minimize effects
expected from the siting program,
mitigate any effects that did occur,
and rerurn the site to its previous
condition if it proved unsuitable for a
repository. It was reasoned by DOE
decision-makers that because the pre-
liminary EA found that no significant
eftects were expected from repository
siting, 1t was unnecessary to conduct
many detailed ecological studies and
environmental analyses of pre-site
charactenizanon condinons at Yucca
Mountain. However, to comply with
the supulanons about impact mitga-
uon and site restoranon, It was nec-
essary for DOE at least to plan for a
limited program that would address
the speafic locanons to be directly
disturbed by proposed siung acuwi-
tes.

The DOE environmental program
plan for the Yucca Mountain project
follows directly trom the require-
ments of NWPA, as amended, rather
than consutuung an approach based
on the pnnaples of integrated envi-
ronmental management (DOE 1988,
Winsor and Malone 1990;. The plan
consists pninapallv of ecological sur-
vevs of areas to be disturbed, fol-
low-up survevs after an acuvity 1s
completed, and reclamanon protocols
for restoning the area to its prior
ecological condinon. A minor aspect
of the program plan focuses on field
acuviues that might be necessary for
complying with imited environmen-
tal statutes and regulanons that might
apply outside of NWPA and NEPA.

The plan 1s not comprehensive ei-
ther with respect to all important
components of the environment or
the enurety of the 175-square-kilome-

ter Yucca Mountain site. As a conse-
quence, the program does lirtle to
compensate for the absence of a com-
prehensive description of baseline en-
vironmental conditions. Furthermore,
site-characterizanon activites could
alter the fundamental narure of the
ecosystem without those characteris-
tics ever having been described in
terms of ecological integrity, biolog:--
cal diversity, or ecosystem structure
and function (Malone 1990b).

Need for long-term
ecological research

Additional regulatory requirements
relevant to an assessment of needs
and prospects for long-term ecologi-
cal research stem from NWPA, as
amended, and other regulatory stan-
dards (Brown and Lemons 1991).
The US Environmental Prortection
Agency has promulgated containment
standards (40 CFR 191) for protect-
ing human health and the environ-
ment from excessive releases of radi-
onuclides from a high-level nuciear
waste repository. These include stan-
dards that limit projected releases of
radioacnvity from the repository to
the interface of the geosphere with the
biosphere for 10,000 years after dis-
posal. There are no standards that
require consideranon of the move-
ment and consequences of radionu-
clides that enter the biosphere. How-
ever, NWPA, as amended, calls for
preparanon of an EIS pursuant to
NEPA that addresses the conse-
quences of developing a repository at
Yucca Mountain.

Although planning for the EIS will
not begin undl at least 1997, it can be
presumed that long-term effects that
might be caused to the environment
and to human health due to releases
of radionuchides and persistent haz-
ardous chemicals will be addressed in
the context of protecting future gen-
erations, as required by NEPA. To
accommodate such analyses, 1t is im-
perative that a long-term ecological
perspective be taken. This work
should be done on the basis of a
sound description of existing environ-
mental conditions at Yucca Moun-
tain. However, by postponing the
planning of such studies for an addi-
tional 5-10 years, the baseline condi-
tions for ecological analyses will be
those of the environment after site
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characterization rather tham of the
original environment. This is a signif-
icant consequence of exempting the
siting program from preparing a tra-
ditional EIS in accordance with
NEPA, and it is unfortunate given the
fragile nature of the Yucca Mountain
site and what lirtle we know about it.

Most ecological studies in the vicin-
ity have been conducted at the Ne-
vada Test Site (Collins et al. 1981).
Conclusions from these studies focus
on the importance of air and soil
temperatures in the distribution of
flora, soil fungi in micronutrient cy-
cling, shrubs in soil-forming pro-
cesses, and activity of Hymenoptera,
which is associated with soil temper-
arures and moisture, and the role of
that group in the decomposition pro-
cess. However, according to the stud-
ies, no definitive soil surveys have
been conducted, knowledge of physi-
ological characteristics of flora has
been derived mostly from greenhouse
and laboratory studies, most soil-
mineral plant relationships are un-
known, and most types of insects and
their functional roles are poorly
known. Few site-specific studies have
focused on important ecological pa-
rameters, including those necessary
for long-term studies (Franklin et al.
1990, Magnuson 1990, Swanson and
Sparks 1990). Further, DOE has no
plans to conduct research on many of
these parameters.

Recently, the Nuclear Waste Tech-
nical Review Board (NWTRB 1990)
concluded that site characterization
acuvites are not as negligible as
stated 1n the Yucca Mountain EA.
Consequently, it recommended that
DOE should provide data to support
is findings of negligible effects or
should expand the scale of its ecosys-
tem studies so that site characteriza-
tion effects can be evaluated more
fully.

DOE has decided not to study the
implications and potential conse-
quences of radionuclide releases into
the biosphere or the effects of envi-
ronmental perturbations on the re-
pository’s geohydrological setting
(DOE 1988, Malone 1990a). This
decision is predicated, in part, on 40
CFR 191, which establishes regula-
tory standards for the movement of
radioactive waste through the geo-
sphere to but not including into the
biosphere. Although DOE may havea
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regulatory basis for its decision to
exclude studies of radionuclhdes in the
biosphere, it should be acknowledged
that the decision was made even
though researchers believe long-lived
radionuclides ulumately will escape
and be dispersed in the biosphere,
either from repository failure or from
environmental perturbations that
may alter the repository’s geohydro-
logical barrers (Egan et al. 1989,
National Research Counal 1990,
Ross 1989).

For example, the nuclear waste
stored in the repository is projected to
generate sufficient heat to increase
soil surface temperature by 2-6° C
(Blejwas 1990, NWTRB 1990). The
temperature increase 1s expected to
occur while the repository is being
filled and to last for a penod of ap-
proximately 1000 vears. This warm-
ing may result in 200-300 cm of
induced uplifung above the reposi-
tory. A projected result of uplifung is
the fractuning of the repository’s geo-
logic overburden, which can create
new routes for groundwater to infil-
trate and for stored wastes to exit the
repository. The rate of soil erosion
would also likely accelerate and fur-
ther damage the environment or in-
duce changes in the site’s landscape
and geohydrological characterisucs.
Such changes in the repository setting
might increase gaseous fluxes of *C,
tnoum, and other radionuclides into
the biosphere at Yucca Mountain
(NWTRB 1990).

Another environmental pertuba-
tion that can be expected to affect
long-term repository performance is
regional climate change due to
buildup of greenhouse gases in
Earth’s atmosphere. Climate change
could alter characreristics of the re-
pository’s geohydrologic setung and
ecosystem successional states, thereby
affecting radionuclide cycling in the
biosphere.

Assessing the risks to humans from
releases of radionuclide and hazard-
ous chemicals is also complicated by
Kirchner's (1990) critique of models
used to calculate hazards after failure
of a geologic repository. He shows
that calculations of hazards to hu-
mans must include simultaneous con-
sideration of 1sotopic composition of
the waste, transport of radionuclides
to humans, and cycling in the bio-
sphere. They must also consider time-

dependent changes of the potenual
for risk due to radioactuive buildup
and decay processes after disrupnion
of the repository and the entry of
waste into the biosphere. Models that
include ecosystem processes increase
required isolation umes by several
orders of magnitude compared with
models that are based only on radio-
nuclide composinion and radiotoxic-
ity to humans.

The parameters identified by Kirch-
ner cannot be included in pertor-
mance assessments of the Yucca
Mountain repository unless DOE de-
cides to conduct long-term srudies of
radionuclides released into the-envi-
ronment. In contrast to the US plans,
which exclude srudy of long-term et-
fects of radionuclides that enter the
biosphere and of how physical cond:-
tions at the site may be aitered by
repository performance, European re-
pository plans rely on environmental
modeling in an endeavor to under-
stand and quanafy the fates and con-
sequences of radionuclides in the bio-
sphere over periods of tens of
thousands to millions of vears (Garaia
1989, van Dorp et al. 1989).

DOE will have to assess the fate
and effects of radionuclides in the
biosphere and risks to future genera-
tions beyond the 10,000-year period
when it conducts the EIS required by
NEPA, as modified by NWPA, for
repository construction. However,
the assessment is likely to be flawed
by current DOE decisions to forego
analysis of cumulanve effects from
site characterization acuvities, by not
having a reliable and definitive base-
line, and by not performing compre-
hensive and integrated ecological
studies.

Conclusions

Provisions of NWPA/NWPAA and
DOE policies have defined the envi-
ronmental program for the planned
high-level nuclear waste repository at
Yucca Mountain. The provisions and
policies have resulted in plans to col-
lect limited environmental data for
purposes of monitoring and mitigat-
ing effects of proposed charactenza-
tion activities and repository develop-
ment. Consequently, the program
consists of overviews of the environ-
mental program, reports of plans for

" environmental monitoring and mit-

BioScience Vol. 41 No. 10



gation, regulatory requirements, and
field activines for acquisition of envi-
ronmental information to support
monitoring, mitigation, regulatory
compliarce, and site veclamation. Ac-
cordingly, DOE’s environmental
plans, with the exception of those
pertaining to field acnvities, are pro-
cedural and do not provide for the
gathering of baseline data before site
characterization activiues.

The absence of baseline data before
site characterization activities reduces
the chances of developing a compre-
hensive and integrated environmental
program. Unmonitored effects wouid
not be detected, and remediation of
disturbed areas critical to the perfor-
mance of the repository would not
occur or would be compromised. The
absence of appropriate baseline stud-
ies coupled with the lack of long-term
ecological studies will limit under-
standing of interactons between the
geohydrologic setting of the reposi-
tory and the biosphere. In other
words, it may not be possible to as-
sess how the repository potentially
afects the environment (e.g., soil tem-
perarture increases from stored radio-
nuclides or the effects of the changing
composition of radionuclides over
ume) or how environmental pertur-
bations affect repository performance
(e.g., uplifing or fracturing of the
repository overburden due to heat
release from stored radionuclides or
regional climate change). Conse-
quently, significant uncertainry will
exist about the effects of repository
performance on the biosphere and to
future generations. :

NWTREB (1990) has stated its belief
that there 1s no scientific or techmcal
reason why a sausfactory geologic
repositorv cannot be built. However,
it notes that success for the repository
program depends on meeting public
concerns about long-term safety of
repository performance. The environ-
mental program at Yucca Mountain
should be restructured to permit as-
sessment of characterizaton acuvities
on the site’s ecosystem and to provide
a basis for understanding fates and
pathwavs for radionuclides that
mught escape the repository’s geohy-
drologic surrounding. Specifically,
such a program might entail develop-
ment ot comprehensive and integrared
ecological studies to obtain baseline
information before site characteriza-
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tion actvities, assess the effects of
repository performance on the site's
ecosystem and integrity of the repos-
itory’s geohydrologic surroundings,
assess the effects of environmental
perturbations on repository perfor-
mance, assess the distribution and
transport of radionuclides in the bio-
sphere, assess implications to the
biosphere of the changing composi-
tion of radionuclides over time, and
estimate risks from radionuclides to
future generations both within and
bevond a 10,000-year time frame.

There are two additonal reasons
for restructuring the environmental
program at Yucca Mountain, a site
that will be protected from most hu-
man intrusions other than those re-
lated to the repository. First, data
from a comprehensive scientific re-
search program would complement
radioecological studies gathered from
other nuclear facilites, such as Qak
Ridge, Savannah River, the Idaho Na-
tional Engineering Laboratory, Han-
ford, and Los Alamos. Second, the
site could serve as a site for basic
long-term ecological research pertain-
ing to desert ecosystem structure and
function. Recently, the importance of
obtaiming data from long-term eco-
system studies and expanding the net-
work of scientists and research sites
to provide comparauve analyses has
been documented (Franklin et al.
1990, Magnuson 1990, Swanson et
al. 1990). Long-term studies are un-
common despite the obvious need
and the evidence that short-term re-
search results are misleading.

We believe we have demonstrated
both a need and a potennal for long-
term ccolog:zal studies at Yucca
Mountain, due to the anucipated
30-50 vear longevity of the DOE
repository program and requirements
for continued environmental and eco-
logical monitoring. Such studies de-
pend on the willingness of DOE to
develop an environmental program
consistent with that need and poten-
nal.
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AFBS announces the '
4 )

1992-1993 Congressional Science
Fellowship in the biological sciences

In a continuing commitment to encourage responsible, informed, and scientit-
ically sound consideration of public policy issues, the American Foundation for
Biological Sciences is planning to co-sponsor a Congressional Science Fellow-
ship award in the biological sciences. Today, the biological sciences have
become focal points for many government, industry, and academic affairs, both
nationally and internationally, dramatizing the imponance of public involvement
by professional biologists. Such involvement is critical, not only for the
continuation of biological research, bu: also for the well-being of the worlc we
inhabit.

The Congressional Science Fellowship program brings well-qualified working
biologists into direct contact with Washington's decision-making process. The
program fosters understanding among biologists of how public policy is
formulated and how it can be made responsive to the essential insights of the
biological disciplines.

Biologists wha share these concems and who meet the criteria outlined below .

are invited to apply for this fellowship. The award recipient would spend one
year as the AFBS Congressional Science Fellow, working as a special
legislative assistant on the staff of a congressional committee or directly with an
appropriate member of Cangress. In fail 1992, the fellow would receive an
orientation on congressional and executive agency operations. He or she would
then participate in a year-long seminar senes organized by AAAS to address
science and public policy issues.

Fellows have unique opportunities to gain firsthand experience about public
policy making and to demonstrate to elected officials the importance of formal
interaction between government and the scientific community. After the fellow-
ship year, a fellow can continue his or her chosen career better able to serve the
profession and society at large.

Criteria

The fellowship program is open to all biologists holding an eamed doctorate
in the life sciences who can demonstrate exceptional competence in a
relevant biological discipline; who have established leadership in areas of
community service and concern; and who have a strong commitment to and
experience in applying biological knowledge to the improvement of public
policy in the United States. Further details are given in the application
matenals.

Award

For the 1992-1993 fellowship year (1 September 1992 — 31 August 1993),
one-half sabbatical support or a comparable postdoctoral stipend (up to
$30.000) is planned for one fellow. If awarded, the fellowship will be
administered by AFBS directly. Deadline for receipt of complete application
materials, including letters of reference, at AFBS is 1 February 1992.

Applications forms and additional information may be obtained from:

Johniece L. Brooks, Fellowship Co-ordinator
American Foundation for Biological Sciences
730 11th Street, NW ® Washington, DC 20001-4521
Tel: 202/628-150C e Fax: 202/628-1509
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Environmental assessment

Performance assessment and long-term

environmental problems

Charles R Maione

This paper discusses quantified scenario methods of
performance assessment and the problems of what
time horizon to take. These questions are raised in
connection with the Yucca Mountain Project for
disposal of nuclear waste. Currently the method
being developed will model the behaviour of the
engineered and natural components of the system
over a 10,000-year period but will exclude the bio-
sphere and environmental consequences. Now is an
appropriate time for consideration to be given to
repository performance assessment with a view o

facilitating the development of a methodology that

has potential for application to broader environ-
mental issues.
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assessment; ume horzons
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being used in the USA to predict whether or

not a geologic repository will safely isolate and
contain high-level nuclear waste for at least 10.000
years. The method being developed will model the
behavior of the engineered and natural components -
of the system as well as the below-ground movement
of radionuclides, but it excludes the biosphere and
environmental consequences. If the conceptual
changes recommended in this review of the US pro-
gram are made, performance assessment could pro-
vide a model for how society can evaluate future
long-term technological threats to the environment.

The disposal of high-level nuclear waste is an ex-
ample of a technology that has the potential for af-
fecung the environment and health of future
generations. It has been suggested that how such
decisions are made may contribute to methodologies
for evaluating the consequences of new technologies
for thousands of years (National Board for Spent
Nuclear Fuel, 1988).

Several countries are considering disposal of high-
Jevel radioactive waste but none are as far advanced
in implementing a program as the USA where Yucca
Mountain, Nevada, has been selected as a prospective
site for constructing a deep geologic repository for
permanent disposal of the waste. The US Depart-
ment of Energy (US DOE) is responsible for the
program and the Yucca Mountain site is being
characterized, design of a repository is underway, and
a methodology for assessing repository performance
over a 10,000-year period is being developed (Hunter
and Bingham, 1989).

This article reviews the performance assessment
program for the Yucca Mountain Project with the

THE CONCEPT OF performance assessment is
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purpose of introducing the concepts, methods, and
implications for technology assessment to others. Itis
this aspect of the US high-level nuclear waste pro-
gram that is most likely to contribute to how society
can appraise future technologies that pose long-term
environmental threats. ,

Readers interested in the history of high-level
radioactive waste management in the USA are
referred to Carter (1987; 1989) who has documented
events leading to passage of the Nuclear Waste Policy
Act of 1982 (NWPA) and its revision in 1987. Others
discuss nuclear waste programs in Europe (Garcia,
1989: van Dorp er al, 1989; McCombie er al, 1989)
although a comparative critique of the various ap-
proaches to performance assessment and other
aspects remains to be done and is needed.

Performance assessment

In the traditional engineering sense performance as-
sessment invoives understanding and evaluating how
a svstem will function or behave. Assessing the per-
formance of engineered systems such as aspace shut-
tle or a nuclear power plant, for example, is essential
for managing the risks involved with compiex
technologies.

Performance assessment for a geologic disposal
svstem for nuclear wastes is complicated by the
coupling of engineered and natural components of
the system. The engineered component consists of a
canister required to contain the waste for 300 to 1000
years. The natural component of the svstem, the
geoiogic and hydrologic setting of the repository, is
meant to retain most of the radicactive waste for
10.000 years or longer.

Total system performance depends principally on
the geologic, hydrologic, and geochemical charac-
teristics of the environment functioning as the
primary barrier to migration of the radioactive wastes
from the repository to portions of the environment
accessible to man. An accepted method for evaluating
the long-term behavior of a geologic disposal system
does not exist in the USA or elsewhere (Lieberman
and Lee, 1986; Stepp and Williams, 1989; McCombie
et al, 1989; van Dorp et al, 1989; Davis et al, 1990).

In the USA the Environmental Protection Agency
(US EPA) issued a 10,000-year containment standard
for protecting the environment from excessive
releases of radionuclides from a geologic repository
(US EPA. 1985; Egan et al, 1989). Probabilistic stan-
dards were set that limit certain radioactive releases
to a chance of one in ten of occurring within 10,000
years and limit other kinds of releases to between one
chance in ten and one chance in 1,000 of happening.
For estimating the release rates of radionuclides from
a repository, the standards require that certain
credible future phenomena be considered with
respect to how a geologic repository might respond
over the long term.

The environmental standards are included in the
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Performance assessmens and the envirorunent

Table 1. Purposes of performance assessment in the us
Geologic Repository Program for disposing of high-
level nuclear waste

lcentifies processes and phenomena that can influence the
benawior of a repository system.
Screens e likelihood cf occurrence of scenancs tor the tuture.
Cuantifies current and expected tuture benawvicr of the repository
system.
Estimates extent of uncertainties in predicuons of long term
behavior.
Predicts releases of pollutants that could impact the environ-
ment and man.
Quantifies systern behavior over ime to assist with evaluating
regulatory compiiance and cemonstranng safery.

. Provices information feedback for project design and
development.

US Nuclear Regulatory Commission (US NRC,
1983) regulations for licensing a geoiogic repository
and consequently probabilistic performance assess-
ment provides the framework for the Yucca Moun-
tain Project (US DOE. 1988). The purpose and goais
of the US performance assessment program are
shown in Table 1.

Yucca Mountain project

To be successful, a performance assessment method:
must be able to analyze how a natural environmental
setting like that at Yucca Mountain will behave over
thousands of years. Climatic, geologic, and human
factors can influence the ability of a geologic
repository to safely contain radioactive waste (Chap-
man and McKinley, 1987; Roxburgh, 1987; Berlin and
Stanton. 1989).

Climate is important because changes over a
10.000-year period in precipitation. erosion. and in-
filtration of water would affect performance of the
natural barrier and influence the movement of
radionuclides to the environment Epeirogeny
(deformation of the earth’s crust), tectonics (folding
and faulting), and volcanism also could drastically
alter the geohydrologic regime, and catastrophic
events like faulting and volcanism could even com-
promise the integrity of the engineered barrier.

Human factors that could influence repository per-
formance during the 10.000- year containment period
include drilling of wells and exploring for mineral
resources. Societal and human-related processes and
phenomena have not received much attention in the
US repository program and generally are considered
irrelevant except for intentional and unintentional

To be successful a performance
assessment method must be able to
analyze how a natural environmental
setting like that at Yucca Mountain will
behave over thousands of years
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intrusion associated with resource exploration.

Omitted from performance assessment for the
Yucca Mountain Project are considerations of the
biosphere and environmental conseguences of
radionuciides that escape a repositorv and the sur-
rounding geosphnere. Instead of directly confronting
the uncertainties imposed by considering environ-
mental factors, the program conceptually excludes
them by limiting concerns to the movement of
radioactive waste through the gecspners to but not
across the boundary with the bicspnere (US DOE.
1988: Hunter and Bingham. 1989). What happens to
the waste after it reaches the biosphere is avoided
because foodchains. ways of life. and population dis-
trioution are considered tco diificult to address (US
EPA. 1985; Ross, 1986: Dawvis et al, 1990).

During the long time period being addressed for
the Yucca Mountain Project the environment is ex-
pected to change. and how this is likely to affect a
repository at the site must be well understood. This
aspect of repository performance assessment com-
prises the major difference between traditional as-
sessment of the performance of engineered systems
and that which includes the natural environment.

Scenarios represeating future site conditions are
being based largely on event tres methods coupled
with probabilistic risk assessment of geologic
phenomena (Hunter, 1988: Ross, 1989). Judgmental
methods increasingly are being used where uncertain-
tv is excessively great as typicaily is the case when
dealing with events that mayv occur in the distant
future (Bonarc ez al, 1989; Ross. 1989)

The goal of scenario analysis is to depict future
events that might allow radionuclides to escape the
repository and reach the biosphere. As noted. this
aprroach does not address the fate and etfect of
radicnuclides in the biosphere because the
phesomena inciuded are restricted largeiy to paysical
cres. Omitted are such factors as anthropogenic

ciimate change, ecosvstem development dcmog»
rapny, and land use.

Once plausible scenarios are constructed they are
analvzed bv computational modeling to predict
radionuclide movement The modeiing process
(Table 2) has to assume that the range of possible
scenarios are completely and correctly specified. that
probabilities of occurrence of alternatives are ac-
curately estimated, and that radionuclide transport
pathways through the geosphere are reliably under-
stood. The last step, evaluation, must address and
resolve the question of whetheror not the uncertainty

Table 22 Steps in modeling 1o develop a repository
pertormance assessment method F

- Rewiew and evaluate data and informanon suitability.

. Develop conceptual modeis anc alternative scenanos.

- Decide on performance critena o be predicted.

- Develop computer codes and perform model calculatens.

- Predict probabilines and consequences associatad with
scenanos for future states of the geologic disposal system.

- Evaluate results to deterrmine if uncertainty is sufficientdy smalil.
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associated with the results is sufficiently small to mest
regulatory reguirements.

The state-of-the-art of predictive medeling is in-
sufficient to accomplish this objective with the dcgre-
of assurance usuaﬂy associated with regulatory com-
piiance and there is much debate about how toresolve
the uncertainties (Brandstetter and Buxton, 1989;
Hunter and Mann. 1989: Ress, 1989; Bonano and
Cranweil, 1988: Chapman and Come, 1989). Some
believe that many of the natural phenomena involved
in sc=nario ana{jms and per formancs assessment are
so poorly understood that data are statistically mean-
ingless and theoretical models unprovabie (Bartlett,
1988: Ross. 1989: Bonano and Cranwell, 1988).

The proolematic nature of these issues gave rise to
the restructuring of the US DOE high- -level nuciear
waste program in late 1989 tode-emphasize the guan-
titative. probabilistic based approach to regulatory
compliance in favor of using qualitative judgement
(DOE. 1989: Dufify, 1989). A problem with this ap-
proach is that probabilities based on judgment have
no statistical validity (Chapman and Come. 1989) and
their use in regulatory compliance is questionable.

Uncertainty also exists with respect to the ap-
propriate timespan that should be addressed con-
cerning nuclear waste. Recently Kirchner (1990) has
shown that assumptions about the hazards posed
often do not consider the changing nature of the
waste over sufficiently long time periods. Based on
environmental simulation modeling that included
isotc pic composition of nuclear waste, cycling in the
biosphere. probability of transport of nuclides to man.
radiotoxicity to man, and changing risk potential
Kirchner showed that nuclear waste involves risks
over a period about two orders of magnitude greater
than that on which the US. program is based.

These factors were not addressed in developing the
US environmental protection standards and the
selected 10,000-year period was chosen, rather than
a million years as recommended by Kirchner, because
it was believed that the state-of-the-art for predicting
events by performance assessment was insufficient

beyond 10,000 years (US EPA, 1985; Davis er al,
1990).

Comments

Environmental variables pose difficulties for

repository performance assessment due to the lack of
sound theories and data for predicting the behavior
of natural systems. In the US program for the Yucca
Mountain site the problems are compounded by the
exclusion of non-physical phenomena from the en-
vironmental factors considered. This limitation could
be overcome with a comprehensive and integrated
environmental approach to repository performance
assessment, if the US DOE were to promptly initiate
the environmental assessment required for the
repository by the NWPA, the National Environmen-
tal Protection Act (NEPA), and the US NRC
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The assessment of the Yucca Mountain
‘site will be deficient if it does not
attempt to resolve the issues regarding
the biosphere and long-term
‘environmental risks posed by nuclear
waste

repository licensing requirements.

The assessment. which must evaluate the environ-
mental consequences of a repository at Yucca Moun-
tain and consider near-term impacts as weil as those
to future generations, will be deficient if it does not
attempt to resolve the issues raised by Kirchner
(1990) regzarding the bicsphere and long-term en-
vironmental risks posed bv nuclear waste. The US
DOE has chosen to delayinitiating the environmental
assessment until late 1997 (US DOE. 1983 and 1989),
well after site characterization and performance as-
sessment are underway.

Althougn there is no insight as to how eavironmen-
tal assessment will be accomplished, no conceptual
alternative exists for assessing long-term impacts to
the environment other than sound. comprehensive
environmental performance assessment. Pursuing
such a course now instead of deternng it would
eliminate the artificial distinction between the geo-
sphere and the remainder of the environment that
characterizes the Yucca Mountain Project. and con-
tribute significantly to technology assessment
methodology.

Clearly much remains to be done before perfor-
mance assessment provides a means for evaluating
technologies capable of affecting future generations.
There is no accepted method for nuclear waste
repositories and the US effort illustratss the relatrvely
early development and state-of-the-art of the
methodology. The decision to exclude the biosphere
from performance assessment will result in even
greater uncertainties than already characterize the
existing methodology. This and the related shortcom-
ings summarized in Table 3 reflect a perspective
dominated more by compartmentalized concspts of

Table 3. Shortcomings of the US performance assessment
program for a geological repository at Yucca Mountain,
Nevada

-  Omits the bicsphere as a component of the wnoie smarcament.

- Does not use environmental smulanon.

- Ignores impacts to the emaronment and how they could teed-
back to affect repesitory performance.

- Avoids radiclogical consequence analys:s for ecosystems and
man,

- Time span assessed is too short.

- Attempts to rely on performance assessment as a means of
evaluating quantitative regulatory standarcs while at the same
time increasing emphasis on judgmental approaches as
components of the methodoiogy.
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enginesring than by holistic environmental science.
Conceptual limitations inherent in the approach to
performancs assessment taken for the Yucca Moun-
tain Project may discourage some from viewing the
concept as a means of addressing long-term environ-
mental impacts of persistent pollutants like nuclear
waste and other genotoxic matenals that can cause
human cancer. cellular injury. and fetal injurv. Th
principle challenges that must be met with respect to
application of performance assessment to eavircn-
mental problems can be summarized as follows:

‘@ Metheds are ne=ded for quantifying uncertainties

associated with parameters characternizing natural
svsiems. :

® A rigorous objective approach is needed for
developing complete scenarios.

e Means are nesded for estimating probabiiities o
occurrence for phenomena and sc2narios and ter
measuring associated uncertainty.

e Systematic approaches for judgmental methods
must be deveioped that lend themseives to peer
review and replication.

e Validated computational models are nesced for
quantitative and predictive analyses of complex
natural processes and their interac:ions.

e Uncertainties need to be better understood and
reduced with respect to the behavior of natural
svstems over long time periods.

e An accepted means is nesded for demonsirating
and evaluating a total performance assessment
methodology, especially before periormance as-
sessment is used as a regulatory concept or tool.

Now is an appropriate time for consideration to be
given to repository performance assessment with a
view to facilitating the deveiopment of a methodology
that has potential for application to broacer eaviron-
meantal issues. Additionaily, it may be that other forms
of project appraisal such as environmental and tech-
nology assessments can contribute to the develop-
ment of repository performance assessment. Judging
from the limitations discussed herein to achieving an
accepted method for the US Yucca Mountain Project
such interaction has not occurred thus far.
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ENVIRONMENTAL PERFORMANCE
ASSESSMENT: A CASE STUDY OF
AN EMERGING METHODOLOGY
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ABSTRACT

The emerging methodology of environmental performance assessment offersa
potential means by which the future consequences of new technologies can be
evaluated. A piiot effort to create a nuclear waste repository at Yucza Mounrain,
Nevada, however, has ye: 1o adequately address biological and sodetal components
of the environment that will evolve at the site following closure and abandonment
of a repository. The nonphysical components of environmental svstems cannot be
gnored in performance assessment studies and are likelv to be no more recalcitrant
to analysis than physical components such as the geologic and hydrologic
characteristics of a site. 1f environmental performance assessment is to contribute to
understanding the risks and uncertainues associated with technologies like nuclear
wasie disposal, the methodology must address all components of environmental
systems in a comprehensive and integrated manner. A methodology that recognizes
only physical factors stands little chance of predicting the future outcome of
2ctions that will affect the environment for thousands of years.

The rapid development and complexity of modem technology assure that
decisions made by society will increasingly risk affecting environmental systems
far into the future. This raises questions about how to deal with the long-term
consequences of actions that may threaten generations to come. Nuclear waste
disposal is the first of these dangers to come under wide scrutiny. It has been
suggested that the manner in which this problem is approached could serve asa
mode! for dealing wath other long-term consequences of technological change
[1,2]. High-level nuclear waste poses a threat to the environment for thousands
of vears; steps are being taken by the United States Department of Energy (DOE)
to dispose of the waste in deep geologic repositories meant to be reasonably safe
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for at least 10,000 vears. The corcept of zevlogic disposal of nuclear wuste
pursued by the DOE is based on a dual-garner approach to waste isolation that
involves an engineered barrier and a natural environmental barrier. Long-term
contunment and isolation of racionuckides orimarily is to be accomplished by
the environmental barrier, sudsecuent to a 300- to 1000-year period during
which the engineered barner in the form of a cladding and canister combination
may have corroded and released the waste into the repository environment
[3.4]. Ultimate containment and isoiation of radionuclides {rom the biosphere
is primarily to be attained by virtue of the natural setting of the repository.
Thus. geologic isolation in ths Ln:ited Siates will rely ultimately on a site’s
natural environmental characternistics and features to confine radioactive waste
to the vicinity of the repository anc therdy protect future environmental
svsiems and generations.

The environmental unceria:nues posed by disposing of nuclear waste in
geologic repositories are recoznmized 1t probabilistic, risk-based regulatory
requirements. compliance with which is to be demonstrated through the use of
performance assessment [4.7]. “Performance assessment’ means an analysis that
icentities the processes and events that cotid a'fect a repository setting, models
the associated uncertainties. anc evziuatzs potential consequences to the
environment. As the major avatiabie too] fer making informed decisions
rezarding repository siting and licensing [8], performance assessment is an
aspect of the nuclear waste disposal issue most likely to serve as a model for how
.long-term aspects of technological deveiopment may affect future environmental
systems. The emerging methodology of environmental performance assessment,
as applied to geologic disposal of nuclear waste. is reviewed here.

GEOLOGIC DISPOSAL AND PERFORMANCE
ASSESSMENT IN THE UNITED STATES

The U.S. program for geologic disposal of high-level nuclear waste is set forth
by the Nuclear Waste Polity Act of 1982 (NWPA) and the 1987 amendments to
the act. As amended, the act requires that Yucca Mountain, located adjacent to
the Nevada Test Site in southwestern Nevada, be evaluated as a suitable natural
setting for a repository. Before authorization can be granted by the Nuclear
Regulatory Commission (NRC) for constructing the repository and licensing it
for operation, an environmental performance assessment must be carried out to
demonstrate that the environment is likelv to be protected from migrating
radionuclides for at least 10.000 years [4]. A performance assessment
methodologv does not exist. The assessment program being developed by the
NRC and the DOE is at an early stage and requires considerable evolution before
it can be applied in other than simple bounding calculations of radionuclide
releases to the accessible environment [8] . Because the regulations do not spell
out how performance assessment is to be carried out, there is a need for
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agreement witiun the United States nuclzar waste program on the methodology
to be applied. especially regarging 2stadlishment of probabilities for risk -
assessment [9].

Much of the work relative to performance assessment for the Yucca Mountain
Project has conozntrated on constructing scenarios for future environmental
svstems [10-12]. The principal focus of scenario development for the Yucza
Mountain environment nas been on a3pecis of the phvsical environment such as
geohydrology, gzochemuistry. and rock characteristics that are to comprise the
primary barrier to radioactive waste 1 igration. Once the components of the
are understocd. clausible events will be posiuiated that could

ghysical sysiem
svstem and lead ultimately to breaching of

nfluence specific components of the
the repository and release of wastes to the biosphere [10] . Tabie 1 lists the
physical components of the naturai environment system believed to be
important to the Yucca Mountain site.

The DOE and NRC performance assessment program for a geologic repository
is based on the assumption that the most likely route for radionuclides released
{rom 2 repository to take to the accessible environment is via ground water (3,
7,13, 14]. Consegquently, emphasis has been placed on environmental processes
anc scenarios that could lead to breaching the repository and releasing nuclear
wastes to ground water. Other modes of repository breaching and mechanisms of
transport of waste to the biosphere such as extrusive magmatic activity and
denudation of the natural overaurden also are considered but generally to a

Table 1. Physical Processas anc Zvents Being Consicered in Assessing the

Environmental Performance of the Yucca Mountain Site for 10,000 Years

Geohycrology and ground4water hydraulics (3, 10, 11, 12)
Geocnemustry [3,12]
Teconics and faulting (3,10, 11,12]
Volaanism [3,10,11)
Rock properties (e.g., thermecynamics and strength) (10, 11]
Site geometry and geology (stratigraphy) 3]
Occurrence of mineral and energy resources [3, 10,11, 12]
Dissoiution of rocks [12]

' Formation of inorganic colloids [12]
Erosion and denudation of overburden [3, 10, 11]
Climatic change [12]

Surtace nycrology anc flooding [12)
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lesscr extent than cemponents ol the environmental system that atiect ground-
water trunsport. This is evident from Table | which largely considers physical
processes and events such as geohvdrology . geochemistry, tectonics, rock
cissolution, climatic change, and flooding that affect ground-water transport

e

SCenarios.
Table 2 lists the non-physical components of environmental systems that are

being addressed for the Yucca Mountain site. The paucity of biological processes
and events considered reflects the early stage of development of the
environmental performance assessmen: concept. The only biological process
considered has been microbial erowth which has only recently been brought to
the arrention of researchers [12]. The iy pothesis is that microbes naturally
oresent in the host rock formation could render radionuclides more mobile and
readily accessible to the environment. Some emphasis has been placed on human
activities that might influsnce repository site performance, in particular on
irrigation, intentional ground.-watz: and climatic manipulation,and intrusion
from resource expleration and mining [i2]. War, sabotage, chemical waste
disposal. and archeological exhumation have been discounted as potential
influences on the future environmentai performance of the Yucca Mouatain site.
For those socieral factors considere<. the emphasis has been on the likzlihood of
natural conditions and resources at the site being such that in the future an
activity could occur. Thus, the likzlihood of future society itself being such that
an event might occur kas not been addressed. For exampie, the possibility of
human intrusion inte a repository is based on the probability of extractible
nazural resources occurring at the site and not on the likelihood of the nature of
a future society being such that resource exploration might or might not occur.
Scenarios under study for repository performance assessment are shown in
Table 3. Hunter er al describe the procedure as one of constructing event trees
that depict the alternative courses that various processes could take [10].The
result is 2 hypothetical sequence of future events that might allow radionuclides
to breach the natural barrier and escape from a repository. For both the
engineered barrier and the natural barrier, the events, in combination with the
rock types (e.g., welded tuff, alluvium, argillite) composing-the natural barrier

Table 2. Non-Physical Processes and Events Being Considered in Assessing
the Environmental Performance of the Yuceca Mountain Site

Natural microbial activity (12]

Human intrusion in search of natural resources [3, 10, 11, 12]
Future irrigation [12]

Ground-water recharge or withdrawal [12]

Climate control [12]
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Tabie 3. Scenarios Seing Considered for Environmental Performance
Assessment of the Yucca Mountain Site

Hydrological alterations, increased underground water flow, and
water-table rise [10, 11, 12]

Eormation of new ground-water discharge points [(12]

Tectonic disturbance, faulting, and reck fracturing [3,10,11]
Alteration of rock properties and geochemical changes [10,11,12)
Acvance of a cissolution front [3, 12]

Extrusive magmatic activity (3, 10,11, 12]

Erosion and overburden denudation [3, 10, 11]

Climatic control or change [3]

Migration of inorganic colloids [12]

Accelerated natural microbial activity [12]

Human intrusion by exploratory drilling (3, 10, 11, 12]

at the Nevada Tes: Site 22d Yucca Mou::tain led initially to 21,000 scenarios
[10]. These nex: were narrowed to 4 000 scenarios, only 400 of which were
considered sufficiently probable to pursue in the performance assessment
program for the Yucca Mountain site [11]. Currently, eighty-four different
scenario sequences (grouped in seventeen categories) are being analyzed by the
DOE Yucea Mountain Project. The environmentally-based categories, listed in
Table 3, are used as a basis for further analysis of disruptive event and process
scenarios for Yucza Mountain [12], and include both physical and non-physical
environmental factors influencing site performance. Table 3 also displays
scenarios analvzed for the NRC in a demonstration of 2 hypothetical
performance assessment methodology for a nuclear waste repository [14]. In
the demonstration the objective was to show fora simple, idealized case that, in
conformity with regulations and siandards [4-6] , performance assessment can be
used to predict transport of radionuclides from a repository to the accessible
environment. The constzaints that winmately will be posed by data limitations
and uncerainties were recogruzed 10 the numerous assumpuons made [14].
Nonetheless it was concluded that w hen perfected performance assessment
methodology could serve to evaluate and demonstrate environmental
_performance of a repostory site.

The scenarios shown 1t Table 3 assume that ground water poses the most
likelv route by whuch the environment and humans could be exposed to
radicactive wastes 1 the future. For example, the environmental standards [+-6]
assume that the prinaipal nisk to future individuals would be very small except
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for the possibility that individuals one day nught use gwound water from the
vicinity of a repusitury. This risk 2is0 was recognized by the Nauonal Academy
of Sciences [i3]. wiuch concluced that for a site like Yucca Mountain water
resources probadiy would be limited in the future as they are now and
conseguently any water avatlable at the site would most lixz!y be used by future
ganerations. Despite these concerns, no attention in the eavironmental
Seriaraunee assessment program for the DOE Yucca Mountain Project is being
gven (o the lkzlhood of future societal faczors at Yucca Mountain being such
tha: zround water there weuld be used. Instead. the focusis on that gound water
utseit 2nd the hinelthood of radionuclides reaching the biosphere via that route
the next NJ 200 vears. Scenarios of this sort depend more on information
mem .-.-;:.r:-.:r: 12 events and precesses like those shown in Table | than those in
Tihie 2. Thists because it is accepted that food chains, ways of life, and populauon
Lsimoutions ever 10.000 vears. unlike geologic and hydrologc factors, cannot
he usetully predicted over such long periods of ume (5, 12] . Asa consequence no
sericusattizmptis being made in the United States repository program to
undersiand biologic and societal factors with respect to future environmental
wsizmsa d the intergenerational conseguences of nuclear waste disposal.

Once events. processes, and plausitle future scenarios are welldefined,
prarabilistic 2nd determunistic models must be developed to perform the
¢ompiex computations that will be necessary for analyzing possible interactions
among climates, geohydrologic regimes, tectonic disturbances, volcanism,
geochemical alterations, and resource exploration. The analytical models for the
Yucca Mountain site (15, 16] are in a rudimentary stage of development and are
limited by existing knowledge of the geologic and hydrologic environment [8].
The work will try to incorporate alternative conceptual models and mathematical
structures into the environmental performance assessment. Significant progress
in developing definitive models to predict the behavior of thé physical
environment at Yucca Mountain will require much new information on how the
geologic and hydrologic systems function and interact. This level of
understanding will come only aft2r five to seven years of planned field studies at
the site are completed by DOE [17]. In the interim, the performance assessment
program will continue developing plausible scenarios for the Yucca Mountain

environmental system.

SOME METHODOLOGICAL LIMITATIONS
AND UNCERTAINTY

Many difficulties stand in the way of understanding the complex
environmental processes at Yucca Mountain. As noted, the focus to date has
been on understanding the nature of the physical system. The DOE has
developed detailed plans to characterize the geologic and hydrologic environment
at the site [17]. The efficacy of the performance assessment program dependson’
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the ability of science to “intzrrogate’” the site’s environment suczessiully enough

to warrant probadilistic and or deterministic predictions of events and processes
in at least the next 10,060 vears. Several reviews have been underiaken of the

nbﬂi:y of existing study methods ané rechniques to crovide the daia and
information nesced for constructing mocels of the Yucea Mouniun geology and
hyérology. For example. Jones, er gl found that seismic reflection profil 1,';0 and
elecrromagnetic metiods are of little use in determining the ceep intarnal
geologic structure due to the comglexity of the site [18]. It also was concluded
that seismic refraction technicues reguire further development 10 overcome
sting Limtitations with respect o Yucca \lou:'mm s geology. Other efiorts

exi
hniques and theory for

have found an absence of commoriy agreed upon tec
characterizing and modeling ground-water movement in unsaturated fractured
rock media lixe that at Yucca Mountain [19-21]. These findings for both the
g=oingic and geohydrologic environment at the Yucca Mountain site were
endcrsed by an oversight review of the DOE Project [22].

Difficulties also exist with respect to understanding subsurface geochemistry
1nd the combsined radionuclide-fluid-rock interactions. Only now are preliminary
¢fforts being macs to mode! geochemical phenomena with respect to
radionuclice transgort and repository performance assessment. Many difficulties

lul.u
have arisen [23]. For example. it has recently come 10 light that colloids in the
gration of radionuclides

subsurface environment play an mconant role in the migr
[253.24]. Failure to account for collot idal movement can lead to significant
underestimates of the distances that radionuclides will migrate in ground-water
svstems. McCarthy and Zachara discuss instances where waste plutonium and
americium have. over short periods of time, unexpectedly traveled in excess of
thirty miles below ground due to colloidal mechanisms, when laboratory
a:‘alvz‘s indicated that movement of only a few millimeters would be expected
24]. The occurrence and properties of below-ground colloids are poorly
undc:s ood, so the ::*mhls ncc-ssarv for predictive modeling of this mode of
transport are not well ceveioped. Relevant to the Yucca Mountain site are
concerns that colloids may be important to mobilizing radionuclides in both the
vadose and the saturated ground-water zones. It is further suspected that in
com=inaucn with naturally occurning mucrobes, biocolloids could be formed
[24]. wiuch would further complzate understanding ground-water transport of
sv to the accessible environment. This
te performancs assessment for Yucca
h respect to biological

radionuchides from a geologic reposiies
possibility would sigruficantiy compicat
Moun:ain and emphasizes the uncertanties that exist wit
components of the environmental system.

The complexuty of Yucca Mountun’s physical setting and the absence of
reliadle data, teshniques. and models for predicting future tectonics, ssismicity,
voleanism. 3né geohvdraulics that will gevern transport of radionuciides from a
geologic reposiiory to the biosphere Lmuts existing scientific and technological
capabilities and resuits it cons:derable uncertamty with respect to performance
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assessment for the Yucea Mountain Project [19,25] . Because of the long hall-
lives of radionuclides invoived and the need to accurately predict their fates in
the environment for at least 10.000 vears. best or conservative estimates will not
suftice. In the race of larze uncertainties in characterizing the geology and
gsohydrology of a site like Yucca Mountain and the uncertainties inherent in
long-term prediction it is imperative to quantify the uncertainties in predicting
repository perivrmance in order to establish levels of confidence in assessing the
performance of a site [19]. This lumitation was recognized conceptually in the
NWPA and the apphcable environmental radiation standards [4-6], and must be
Jealt with in the course of eavironmental performance assessment for the Yucaa
Miountain site. Consequently. considerable attention is now being devoted 1o the
task of characterizing and analyzing procabilities and eavironmental
uncertaindes [19.28].

Table 4 lists the broad classes of uncertainty that apply to 2 geologic
resository site like Yucca Mountain. At this stage most attention is being
devoted to the uncertainty related o the geosciences where the need for
validated prooabilistic and conceptual models is clearly recognized as being
critical [19]. Some atiention has been turned to the future state of the non-
zeologic environment n t2zms of predictions, probabilities, and uncertainties
assoctated with fusure climate. Thus is critical not only to future hydrologic
reaxme at a repository site but also to the biological and societal components of
the environmental svstem that may develop there, possibly enhancing
radionuclide accessibility to the eavironment. Unfortunately no definitive
methods exist for predictinz climates over thousands of years and no study has
addressed all the environmental processes and events necessary to predict future
conditions ar the resolution neeced for evaluating repository sites and
conducting performance assessments [26] .

Limitsd effort has been devoted to date to predictions and unceriainties
associated with non-physical components of environmental systems (asin Table
2). In the United S:ates repositery program, human intrusion is considered one
of the most lixely of the occurrences that might compromise repository
integrity [26] . Consequently, thus possibility has been addressed somewhat,

Table 4. Types and Sources of Uncertainty that Apply to Environmental
Periormance Assessment for a Geologic Repository Site (Based on Buxton (191

Variation in the natural envircnmenta! setuing and choice of parameters
Conceptual and probabilistic modeling (definitions and calculations)
Future evolution of the environmental system (physical, biological, and societal)

Measurement errors (systematic, random, bias, arbitrary)
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especially in the resource exzloration scenario, which is particularly applicable
to Yucsa Mountain because the site is located in a region characterizeC by
extraciible mineral resources. Hunter and Mann concluced that objestive
estimates of the future mineral resourse potential of an ar2a cannot be made
with known techrucues [26].

Another human wntrusion issue ceniers around the possibility of unintenticnal
intrusion. Gillis reported on the findings of the DOE Human Interference Task
Force [27] . which #valuated modas of unintentional human intrusion inte a
nuclear waste repository. The study conciuded that the propability of human
intrusion could satisiactorially be reduced Dy using comprehensive
communication svstems at the repository site in the form of permanent markers.
This conclusion was r2ached without the use of scenario, probability, or
uncesrtainty anaivses. Nonetheless. the resuits of the siudy have been used in the
Yucca Mountain Project to largely dismiss the issue of human intrusion. Thus,
this and other uncertainties associated with societal components of future
environmental svstems at Yucca Mountain are not being aggressively pursued.

Uncartainty aiso is introduced in environmental performance assessment of 2
repository site Dy errors associated with measuring environmental parameters.
These can result from inaccurate instruments, inferences made from erroneous
data, and from bias and arbitrariness introduced into assumptions made in data
analysis and interpretation [19]. Crowe has recognized intentional bias built
into the Yucca Mountain Project as a result of mounting pressure to “‘prove” the
site in the face of increased funding and political realities [28] . This concern
appears increasingly valid in light of the fact that Yucca Mountain represents the
sole site being considered for a high-level nuclear waste repository in the United
States. With no alternative to Yucca Mountain, the success of the DOE
repository siting program rests on the correct assumption having been made that
Yucca Mountain is an acceptable, licensable site.

As has been argued, at this stage in the environmental performance
assessment program for the Yucca Mountain site, there seems to be little effort
d=voted to non-phyvsical components of the environmenta! system in
construcung future scenarios. Inst2ad, there isa tacit assumption that biologic
and soctetal factors cannot be usefully predicted [5, 12] . Rather than (say)
trying to assess the likelihood of a future society taking some action at Yuce
Mountain that will interfeze with the performance of the natural environment as
a barrier to radionuclide movement to the biosphere, the approach is to focus-on
the physical component of the environmental system that would be altered
either by direct manipulation or as the indirect consequences of manipulaton.
Exploitation of the ground-water system as 2 water supply source is an example.
As a result thers 15 no attempt to construct and assess scenarios that embody
plausible aiternative courses of society and ecosystems that might develop at and
affezt the performance of the Yucca Mountain site in terms of nuclear waste
isolation. Nowhere does there appear to have been a serious effort made to
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identify the sources of such uncertamnty and consider how these uncertainties
may be addressed or resolved by insights into future development of biclogical
arnd societal components of environmental systems.

DISCUSSION AND CONCLUSIONS

The extent of information and analysis needed to carry out a 10,000-vear
environmental performance assessment is immense, on a scale never before
attempted. and challenges the ability of science to comprehend the complexities
and uncertainties involved. This is particularly true when the comprehensive
pinvsical. biologiczl. and societal nature of environmental systems is considered.
The importance of societal components of environmental systems to the
intzgrity of a repository system was consicered in part by the Swedish National
Board for Spent Nuclear Fuel [1], which recognized that the nuclear waste issue
may become a model for dealing with long-term consequences of other
technologies. Their study found it esseatial to the success of the Swedish
geologic repository program that means be sought for addressing risks and
uncertainties from societal components of the environmental system. Similarly,
the Canadian Nuclear Fuel Waste Managemen: Program considers biosphere
modeling essential for estimating the range and probabilities of environmental
effects of geologic disposal of nuclear wastes [29].

In the performance assessment program for the Yucca Mountain site it is
understandable that initial attention would be given to aspects of the physical
environment such as those in Table 1. Not only are events and processes
involving geologic and hydrologic factors easier to portray than those
involving biological and societal ones, but the non-physical factors appear more
likely to pose limits to the site’s ability to perform as required and isolate
nuclear wastes for at least 10,000 vears. Soon, however, the more difficult task
of identifying and understanding non-physical events, processes, and scenarios
that could characterize future environmental systems at Yucca Mountain must
be undertaken. The importance of this is underscored by postulated scenarios
[S, 13], suggesting that the distant future use of ground water from the vicinity
of a repository in an arid region like southwestern Nevada could result in )
substantial health risks to individuals. These preliminary analyses were based on
limited information on ground-water travel time, radionuclide migration, the
assumption that water will continue to be limited in the distant future, and the
further assumption that, as is the case now in the Yucca Mountain region,
ground water will be used by humans for potable water and irrigation. Thus, the
generally arid nature of the Yucca Mountain site suggests that potentially
contaminated ground water is likely to be used and that individual radioactive
dose rate criteria may not be met [13].

Another example of the need to address future societal scenarios concerns
inadvertent human intrusion. Efforts to date have focused only on means of
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marking a r2pusitor: so that future g2nerations would detect and avoid or
manage its hazards [27]. In the same Light it bears noting that lack of a means of
assessing the potential of 2 future society to explore a given site for natural
resources led oniv tv the simpilstic recommendation that a repository not be
sited where any natural material occurs in greater abundance that the average for
the Earth [26]. '

While uncerianties with respect to the physical environment may be dealt
with separately in the initial stage of an environmen:al periormance assessment
for a regository. the large uncertainues posed by biological and societal factors -
cannot be set aside without further consiceration. Within the various scenarios
analyzed for Yucea Mourntain must De what reaily will occur at the site during
the next 10.000 vears. Otherwise, the entire performance assessment exercise
will be for naught, despite the sophistication of the analytical methodologies
used. [ncorrect scenario specification may resultin a nuclear waste re pository
not performing as intended. It has been pointed out that incorrect specification
of repository performance scenarios is likely to be the most significant source of
error in trying to assess how the environmental system will behave [19].

There is some reason to believe that currently perceived limitations to dealing
with the unceriainties posed >y non-physical factors can be overcome. Recent
applications of rsk and uncertainty analyses to environmental assessment holds
the promise of quantifying biological and societal factors [30,31]. Adeguate
knowledzs o7 the non-physica csmporenis of the environment seems to exist.
The constraints that remarn 1o successtul application of risk and unceriainty
analyses to them 2ppear to be:

1. Adapting 2xisting models to express output in terms of probabilities; and
2. Expressing data in terms that allow uncertainties to be quantified.

A category cof recently developed computer programs referred to as “expert
svstemns™” also may heip overcome some of the limitations of traditional
assessments based on subjective judgement. For example, Lein has argued that

expert systems encoded with the knowledge of biological and societal factors

affecung the course of a future technology can provide solutions to specialized

problzms previousiy thought not to be amenable to more traditional risk and
uncertainty analysis [32]. Prototype expert systems appear to suggest that
artificial intelligence can be used to screen comprehensive alternative scenarioes
rzflecung both physical and non-physical events and processes. If so, it is
possible that tools may soon exist 7or evaluating and assessing the importancs of
cultural, socetal, and other non-physical factors in environmental systems.
Certain parameters tha® can be documented. characterized, compared over time,
and used to predict trends have been identified {33, 34) . Conczptual means of
formulating these issues are ava:iadle [33],asare the rudiments of an
information base [36]. New ways of adcressing heretofore unmanagable issues

1L

within performance assessment mocels thus may be within reach. This suggests
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that uncertaintes posed by biclogical 2nd societal factors may be no greater and
no more recaleitrant to resolution that those associated with the physical aspects
of environmental systems. They simply are receiving less attentior than geologic,
hvdrologic, and related factors in the United States repository program.
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Abstract

Sampling the same ecosystem over time to evaluate the
impacts of human disturbance or changes resulting from prescribed
management practices commits pseudoreplication. Frequentist
analysis of studies lacking true replication is improper, gives
rise to uncertainty, and raises questions regarding the
precautionary principle. A review of the literature on
unreplicated studies and an assessment of postmodern statistical
approaches sheds some light on the dilemmas encountered without
true replicates and controls. As a solution to such problems,
attention is called to the Bayesian statistical approach '
increasingly being applied to investigations concerning single,
large ecosystems. The postmodern development of Bayesian
inference compliments the ongoing transition to ecosystem-based
approaches to environmental impact assessment and management..
Thus, ecosystem management and Bayesian statistics appear to
compliment each other with respect to monitoring, understanding,
and managing environmental impacts in single, large ecosystems.
These issues are illustrated by the Yucca Mountain Project in
Nevada where ecological effects studies are underway for
developing a nuclear waste repository.

Introduction

In studies concerning either human induced ecological
impacts or investigations to understand how natural resources
respond to management, investigators traditionally prefer having
suitable numbers of replicate treated and control sites. This is
a regquirement for long-used "optimal impact study design" (Green
1975, Hurlbert 1984, Stewart-Oaten et al. 1986). Without
adequate replication, the result is a "suboptimal impact study
design" in which natural variation (the stochastic factor) can be
confused with human distrubances (Green 1979, Hurlbert 1984,
Stewart-Oaten et al. 1992 Underwood 1994). Although the use of
frequentist statistics is known to be uncertain and misleading
for unreplicated ecological effects studies, alternatives have
not been available (Hurlbert 1984, Smith et al. 1993, Stewart-
Oaten et al. 1992, Underwood 1994). In this situation,

. controversies can arise because of questions about uncertainty,
Type I and Type II errors, and the precautionary principle
(Eberhardt and Thomas 1991, Hilborn and Ludwig 1993, Jassby and
Powell 1990, Lemons et al. 1997).



To resolve problems resulting from the lack of replication,
ecosystem and watershed levels of assessment and management
increasingly are being encouraged and implemented (e.g., Malone
1998, Mongomery et al. 1995, Underwood 1994). This evolution i
part of the change in postmodern ecological science and
statistical paradigms that researchers such as Maurer (1998) and
Underwood (1995) believe are needed for ecosystem management and
environmental management.

S

The need for changes in statistical approaches to suboptimal
unreplicated impact studies can be illustrated by examining an
ongoing controversial study. At the Yucca Mountain site in
southern Nevada, the U.S. Department of Energy (DOE) plans to
dispose of the nation's high-