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INTRODUCTION

The Nuclear Waste Policy Act of 1982,as amended in 1987, mandated the U.S.
Department of Energy (DOE) to conduct a series of investigations at Yucca Mountain to
evaluate it as a possible site of a geologic repository for high level radioactive waste.
These investigations, referred to as Site Characterization Activities, are to be conducted
in a manner that minimizes adverse environmental impacts. After review of proposed
Site Characterization Activities, DOE concluded in the Environmental Monitoring and
Mitigation Plan (1) that Site Characterization Activities would be monitored to detect
impacts and mitigate any impacts that may occur to the environment. A program has
been established to assess impacts on the terrestrial ecosystem and mitigate adverse
impacts. The plan for this program, Environmental Field ActMty Plan for Terrestrial
Ecosystems, was issued by DOE in 1989 (2) and updated in 1992 (3). This plan identifies
regulatory requirements that guide the studies, provides justification for the studies,
provides field study designs, identifies field methods, and describes how data will be
analyzed. The Environmental Field Activity Plan for Terrestrial Ecosystems consists of
three major components, Activity Surveys, Desert Tortoise Studies and Site
Characterization Effects Studies, that address monitoring and mitigation of Site
Characterization Activities on the environment.

Companions to this document, the Reclamation Program Plan (4), Reclamation
Implementation Plan (5), and Reclamation Feasibility Plan (6), were also developed by
DOE and describe DOE's efforts to mitigate impacts that may results from Site
Characterization Activities. These reclamation plans have been developed to identify
program objectives, needs, goals and specific tasks to accomplish the objectives. The
Reclamation Program Plan is the overall guiding document. It defines program policy
and provides an overview of the program with respect to programmatic requirements.
The Reclamation Implementation plan describes specific steps and tasks to be taken to
implement the policy. The Reclamation Implementation Plan provides guidelines and
descriptions of the most current and appropriate techniques that should be considered in
developing site specific plans. The Reclamation Feasibility Plan is the foundation for the
research phase of the reclamation program. This plan combines a thorough literature
review with reclamation studies and trials to provide information necessary to provide an
cost-effective reclamation program.

The focus of these series of plans is to monitor and mitigate any impacts of Site
Characterization Activities on the environment. This paper will update the various tasks
and studies being conducted to monitor possible impacts with the primary emphasis on
the techniques currently being implemented to mitigate impacts and concurrent research
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being conducted to improve those mitigation techniques. These programs have been
described in detail in the High Level Radioactive Waste Conference proceedings in 1991 (7,8,9).

MONITORING IMPACTS

Two types of impacts, direct and indirect, are likely to occur as a result of Site
Characterization Activities at Yucca Mountain. Direct impacts are those that result in
disturbance of the surface soil and/or removal of vegetation. Direct impacts will result
from construction of roads, drill pads, surface facilities, above-ground disposal of mined
material. These activities may directly affect animal populations by burial, land clearing
destroying habitat or vehicles hitting animals. These activities may also indirectly affect
animal populations through fragmentation of home ranges, loss of foraging sites or
burrows, increased exposure to human activities and noise which may cause them to
move to less suitable habitat or may cause a decline in physiological health. It may also
cause changes in population, community or ecosystem processes that may alter other
biotic interactions. The direct effects, loss of habitat and animals, can be measured or
estimated relatively easily. The indirect effects are much more difficult to assess and less
is known on the aerial extent of those impacts. The area of indirect impact may extend
well beyond the area of direct impacts. Consequently studies looking at area-wide
impacts or the collective effects of numerous disturbances have been implemented.

The variables selected as biomonitors represent several trophic levels and include both
structural and functional properties of the plant and animal communities at Yucca
Mountain. Selection of these variables considered the time-space scale in relation to
both the potential impact and sample unit. A wide ranging species would be a poor
choice for detecting localized impacts and inappropriate for small sample units. The
response time of the selected variable must also be sufficiently rapid to detect changes
related to impacts. Similarly, measures of variability that change very rapidly also are not
appropriate to detect impacts.

Because it is not feasible to study the impacts of Site Characterization Activities on all
species at Yucca mountain, key or indicator species or groups of species which exhibited
the characteristics discussed above were selected for study. Monitoring only key species
greatly reduces the cost of the efforts with little or no loss in quality or power of the
assessment. A wide variety of population and community variables were selected as
biomonitors including abiotic factors that may affect these variables (Table I.) Given
the extreme natural variability that exists in desert systems, abiotic variables were
monitored to differentiate natural variations from impacts.

The experimental approach is a split plot design of control and treatment plots. Two
treatment levels, intensive and area-wide, are recognized. As with most monitoring
programs, this design utilizes repeated measures of the same areas/units. It is not
essential that the variables in the control and treatment plots be of equal magnitude
prior to Site Characterization Activities, rather it is assumed that the variables track each
other or maintain constant proportionality. Thus it is the area-by-time interaction that is
the measure for assessing impacts which can be evaluated using analysis of variance
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techniques.

MITIGATION OF IMPACTS

Mitigation as defined by the National Environmental Protection Act (10) includes:
avoiding the impact by not taking action or parts of an action, minimizing the magnitude
of the action, rectifying, rehabilitating, or restoring affected environment, and reducing or
eliminating effects over time by preserving or maintaining affected resources during the
life of the action. The Yucca Mountain Project is committed to mitigating impacts of
Site Characterization Activities on the environment. Three specific components of the
Terrestrial Ecosystem program, Activity Surveys, Desert Tortoise Studies and
Reclamation, address mitigation of possible impacts. Activity Surveys are conducted on
all sites where construction activities are proposed. Trained scientists survey areas for
important species or biological resources prior to any disturbance. Information from
these surveys are then used to make recommendations to either avoid areas where
important species are located by redesigning the activity or relocating it, or if neither of
these is possible, the biological resource, such as a desert tortoise, may be relocated.
The Activity survey also includes a reclamation inventor),. Information from these surveys
are used in developing interim reclamation stipulations such as identifying salvageable
topsoil, topsoil handling and stockpiling, vegetation salvaging and erosion control
measures. All of this information is used to assess if an activity should proceed and if so,
what environmental stipulations are required to mitigate impacts of that activity.

Other impacts may occur to species that are not directly related to construction.
Increases in traffic at the site or increases in predators associated with human
development such as coyotes or ravens, may impact important species. The desert
tortoise component of the terrestrial Ecosystem Program at Yucca Mountain addresses
these potential impacts and evaluates possible mitigation measures that can be used to
reduce these impacts. Part of this mitigation has included training on environmental
awareness at Yucca Mountain particularly related to desert tortoise issues. Specific
techniques are presented to workers that will reduce the human impact on desert
tortoises and potential predators of the desert tortoise.

A final and very important component of mitigation activities is to restore or reclaim
disturbances. DOE has committed to restoring land disturbed by site characterization
activities and previous site investigation work (4). The objective of the reclamation
program at Yucca Mountain is "to return the land disturbed by site-characterization
activities to a stable ecological state with a form and productivity similar to the pre-
disturbance state. Such reclaimed land would exhibit little soil erosion and would be
capable of supporting the types of plant and animal species that were present before
disturbance"(4). This program realizes the importance of interim reclamation measures
to protect biologically important resources such as topsoil. Steps have been implemented
to insure that interim and final reclamation is successful and that environmental quality is



restored.

RESEARCH

The DOE has recognized that in addition to the operational steps currently being taken
to mitigate impacts, that important information was lacking and site specific data needed
to be collected to effectively mitigate impacts of these activities. Gathering of this
information involves experimentation and research. This research is specifically directed
toward problems at Yucca Mountain and developing techniques that will insure that the
most successful mitigation techniques are utilized. Research activities are conducted in
two specific areas, desert tortoise biology and reclamation.

An initial literature review identified that little information was available on the
movements, behavior, and survival of desert tortoises particularly small tortoises. Since
Yucca Mounta;,n is at the extreme northern limits of the range of this species, tortoise
behavior and movements may be very different from southern populations.
Understanding these differences may be very important in mitigation activities. Research
efforts were needed on the effects of nontypical construction type activities such as
ground motion/seismic activities on desert tortoises and tortoise burrows. This research
has direct application to the mitigation techniques that are currently being used or that
are planned at Yucca Mountain.

Reclamation feasibility trials have been initiated to insure that the most successful
reclamation techniques are being utilized. Southwestern desert ecosystems are extremely
fragile and soil disturbances are not easily repaired (11,12). Natural revegetation is
extremely slow and establishment of a stable ecological conditions in arid environments
may require decades or longer to achieve (13,14). Studies have shown that various
reclamation techniques can accelerate the reclamation process. However, there have
been few reclamation efforts in the Mojave desert and far fewer that have been
successful. Site specific information must be obtained to provide for cost effective
techniques that will meet the objectives of the reclamation program and effectively
mitigate the impacts of Site Characterization Activities.

These research efforts are integrated with the current.monitoring and mitigation studies
and activities. Information is applied directly to the various techniques to constantly
improve the way DOE mitigates its activities on the environment.

STATUS OF PROGRAM

Monitoring

Monitoring was initiated for vegetation, desert tortoises and small mammal variables in
1989. Abiotic and reptile monitoring were initiated in 1991. Site Characterization
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Activities did not begin in earnest until the fall of 1992. Vegetation cover data gathered
from Yucca Mountain show that no significant changes have occurred between control
and treatment sites (Figures 1-2). Similarly, small mammal abundance data show no
significant interactions during the monitoring period between control and treatment sites
(Fig. 3-4). During this monitoring period there have been tremendous extremes in the
abiotic parameters measured. For example, precipitation in 1989 was only 36mm which
was approximately 28% of the normal precipitation; whereas precipitation in 1993 was
247mm (200% above normal). This difference was reflected in the vegetation and small
mammal data taken during this period. Being able to separate this natural variability
from that which may be caused by Site Characterization Activities is challenging but
extremely important.

Monitoring of tortoises has taken place at Yucca Mountain since 1989. Currently their
are over 100 tortoises that have radio transmitters attached to their carapaces. These
individuals are being monitored weekly and information on behavior, movements,
reproduction, health and diet are being investigated. Current analyses of behavior
(length of hibernation and time active) have shown no differences between the control
and treatment areas (p=.60 and p=.47 respectively) (15). Valuable information has
been obtained from these efforts which have allowed DOE to make better decisions on

effective mitigation techniques such as relocating tortoises that are within a construction
area to a more distant part of their home range rather than outside their home range.
this greatly reduces the risk of loss by predators. Monitoring of roads has also provided
important information to mitigate potential impacts to desert tortoises. Since 1989, 155
sightings of tortoises on roads have been reported (15). Four tortoises have been killed
along roads during this period. As initial mitigation to prevent these losses, warning signs
have been placed in areas of highest tortoise activity. This technique will be evaluated to
assess its effectiveness and additional measures may be employed if necessary.

Mitigation

Activity Surveys have been conducted at Yucca Mountain since the initiation of site
investigation work in the late 1970's. Since 1989, there have been 179 surveys conducted.
Over 60% (109 surveys) of these occurred in 1992 and 1993. Only 32 of the 109 surveys
did not require some type of mitigation to protect biological resources. Table II shows
the mitigation measures that were recommended for these activities as a result of the
Activity Surveys.

An important function of the Activity Survey is to identify important resources and
mitigate impacts which may include moving of the resources if they can not be avoided.
The first tortoise that was relocated (April, 1992) was released approximately 10
kilometers from its home range in an area of suitable habitat. This tortoise was
radiomarked and its movements followed. The first year this tortoises moved over 30
kilometers returning to near the original place of release at the end of the summer where
it has established a new home range. Because of the potential risk from predation and
exposure of this tortoise following relocation, the technique of relocation outside a
tortoises home range was reevaluated and modified. In 1993, fifteen desert tortoises



were relocated or displaced to avoid construction activities and potential harm or death.
Thirteen of these were moved within their home range and two were moved just outside
their home range. None of these tortoises have exhibited the behavior of that tortoise
relocated in 1992 and thus the risk of loss following relocation has been greatly reduced.

Another important component of mitigation is to restore or reclaim sites following
disturbance. Restoration of eight sites has already occurred at Yucca Mountain on areas
that are no longer needed for site characterization. Restoration in arid areas is greatly
enhanced by use of topsoil from the site. Topsoil removal and storage is a key part of
the reclamation program at Yucca Mountain. Topsoil has been removed from over 30
sites and is currently being stockpiled for reuse during final site reclamation.

Research

Research on desert tortoise movements, behavior and survival has been ongoing at Yucca
Mountain since 1990. This information has been very valuable at not only understanding
desert tortoise biology but at reducing costs of mitigation activities at Yucca Mountain.
For example, research at Yucca Mountain has shown that desert tortoises hibernate from
mid-November to mid-March unlike populations further south which may remain active
throughout the winter. Using this information, it was possible to reduce our monitoring
efforts of tortoises during construction activities during this winter period. During 1992
and 1993, DOE conducted studies of desert tortoise hatchlings. These studies have
provided important information that is used by project scientists in monitoring and
mitigating impacts. For example, in other areas within the range of desert tortoises,
ravens have been identified as being a major cause of hatchling tortoise deaths.
Numerous techniques have been implemented to reduce the number of ravens in areas
containing desert tortoises at considerable cost. Studies of hatchlings at Yucca Mountain
have not shown that ravens are not major source of mortality on young tortoises at
Yucca Mountain. Thus costly mitigation measures to control ravens have not been
implemented.

Currently DOE has established five reclamation trial sites on Yucca Mountain where
studies of suitable techniques of reclaiming disturbances are being investigated. These
trials have focused on ways to: 1) conserve moisture and make it available for plant
growth, 2) identify topsoil requirements and soil amendments to enhance revegetation,
and 3) preserve topsoil viability during stockpiling. Initial trial results have been
implemented in some of the final reclamation that has occurred at Yucca Mountain. For
example the use of polyacrylamide gels which absorb gravimetric moisture in the soil and
retain it for use by plants latter during the year were utilized successfully during final
reclamation. The gel treatments significantly improved both germination and survival
after one year (p<.01). It was effective in combination with both mulch treatments that
were utilized on the site (Figure 5).



CONCLUSIONS

DOE has implemented a program to monitor and mitigate impacts associated with site
Characterization Activities at Yucca Mountain on the environment. This program has a
sound experimental and statistical base. Monitoringdata has been collected for parts of
the program since 1989. There have been numerous changes in the Terrestrial
Ecosystems Program since 1989 that reflect changes in the design and locations of Site
Characterization Activities. There have also been changes made in the mitigation
techniques implemented to protect importantenvironmental resources based on results
from the research efforts at Yucca Mountain. These changes have strengthened DOE
efforts to ensure protection of the environmental duringSite Characterization. DOE has
developed and i.nplemented an integratedenvironmental program that protects the biotic
environment aad will restore environmental qualityat Yucca Mountain.
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TABLE I. Abiotie and biotic variables monitored to assess the impacts of Site
Characterization Activities on the environment at Yucca Mountain, Nevada.

ATI_RIBLrTE RESPONSE VARIABLE

Weather Air and Soil Temperature
Precipitation
Soil Moisture

Vegetation Cover
Density
Production

Species Diversity
Small Mammals Population Density

Reproduction
Survivorship

Reptiles Population Density
Abundance

Desert Tortoises Reproduction
Survivorship
Home Range Size
Behavior
Health
Diet
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TABLE II. ACTIVITY SURVEY RESULTS AND RECOMMENDED MITIGATION
MEASURES FOR 109 SURVEYS CONDUCTED IN FY92-FY93.

RESULTS/RECOMMENDATIONS* NUMBER OF ACTIVITIES

No additional modifications/mitigation 32
Adjacent resources flagged to avoid 49
Relocate/Redesign activity 8
Resurvey for tortoises prior to construction 68
Monitt_r tortoises during construction 33
Relocate tortoises 5

Follow reclamation stipulations 54

* Activities may have multiple recommendations

Work supported by the US Department of Energy, Nevada Operations Office, under
contract number DE-AC08-93NV11265.
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