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FOREWORD

This critique of the U.S. Department of Energy's Draft Environmental
Assessment for the reference repository location at the Hanford Site
has been conducted on the basis of technical merit and strict
compliance with the USDOE General Siting Guidelines, without bias for
or against the Hanford alternative. The guidelines explicitly call for
assumptions conservative enough to underestimate the potential for a
site to meet qualifying conditions (10 CFR 960.3-1-4-2). Most of our
comments focus on the degree of conservatism underlying USDOE's
conclusions.

The project requires significant advances in the state-of-the-art of
many technical specialties, further complicated by extraordinary
uncertainties at this stage of site evaluation. It is normal to have
differences of opinion among technical experts under these
circumstances. No one knows the answers to these significant problems,
but we believe that USDOE is more likely to achieve consensus in the
technical community by not overstating the ability of the Hanford
reference repository location to meet the qualifying conditions.

Note: ' R = revised from 3/19/85 comments.
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1.0 EXECUTIVE SUMMARY

On December 20, 1984, the U.S. Department of Energy (USDOE) issued the

draft Environmental Assessment (EA) -- Reference Repository Location,

Hanford Site, Washington (DOE/RW-0017) for review and comment by

States, tribes, and the public. The State of Washington's Nuclear

Waste Board intends to submit a response to the draft EA that will be

developed using input from State agencies, legal and policy staff,

independent technical experts, and the citizens of the State. The

Board and the High-Level Waste Management Program Office have requested

the assistance of Envirosphere Company to perform a technical

evaluation of the contents and conclusions of the EA. Envirosphere, in
conjunction with Shannon and Wilson, Inc., and Cooper Consultants,

Inc., has prepared this report to present our findings and comments on

USDOE's assessment of the suitability of the Hanford repository

location for site characterization and repository development and the

comparative evaluation of the site with other sites that have been

considered. Shannon and Wilson contributed primarily to the
geosciences evaluation while Cooper Consultants examined transportation

aspects of the draft EA.

The Nuclear Waste Policy Act of 1982 (the Act) established a process

for the selection of sites for the disposal of spent nuclear fuel and

high-level radioactive waste in geologic repositories. In February

1983, the U.S. Department of Energy (USDOE) carried out the first

requirement of the process by identifying nine sites as being

potentially acceptable for the first repository. The "reference

repository location" at the Hanford Site was named as one of those

sites. Since then, USDOE has promulgated general guidelines for siting

repositories as called for in the Act, and is now proceeding with the

next two steps in the siting process: the nomination of at least five

of the nine potentially acceptable sites as being suitable for detailed

evaluation and the recommendation of at least three sites at which to

conduct the detailed evaluations referred to as "site characterization"

activities.
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In keeping with the Act, the site nomination process is to be

accompanied by environmental assessments which are to serve as the

basis for site nomination decisions. The USDOE has prepared a draft EA

for each of the nine potentially acceptable sites.

The draft EA for the Hanford repository location indicates that USDOE

has found that the site is suitable for site characterization. USDOE

intends to nominate the site at Hanford as one of five sites suitable

for site characterization, and has determined that Hanford is one of

the three sites preferred for site characterization. Upon completion

of final EAs for all sites, the Secretary of Energy will make the

recommendation of three sites for characterization to the President;

this is expected to occur in September 1985.

1.1 APPROACH TO TECHNICAL REVIEW

In performing the technical evaluation of the EA for the Hanford

repository location, Envirosphere has focused on USDOE's assessment of

the suitability of the site in terms of the siting guidelines

promulgated by USDOE in 10 CFR Part 960 and approved by the U.S.

Nuclear Regulatory Commission (NRC).

The initial chapters of the draft EA support its Chapter 6, which is

the section of the EA that presents the USDOE evaluation and findings

on Hanford's suitability. The product of USDOE's evaluation of the

Hanford repository location is a guideline-by-guideline discussion,

with an assessment of the presence or absence of each favorable,

potentially adverse and disqualifying condition associated with each

technical guideline. Additionally, USDOE offers commentary and

conclusions on each guideline's qualifying condition.

Envirosphere's review of Chapter 6 and its supporting chapters resulted

in several positions on the presence or absence of each qualifying,

favorable, potentially adverse, and disqualifying condition. Review

7240A
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comments generally indicate that we: 1) find no reason to disagree with

USDOE's assessment; 2) disagree with USDOE's assessment based on

information in the EA; 3) tentatively disagree with USDOE's assessment,

pending a reevaluation based on comments provided, believing that

reevaluation will change the finding; 4) believe that USDOE's finding

should be better supported; or 5) cannot make an independent assessment

of USDOE's conclusion, given limitations of the data provided in the EA

and supporting documents. These positions are intended to reflect our

appreciation for the fact that the data base is limited at this stage

of the siting process and substantial uncertainty exists for many of

the technical issues.

In Chapter 7 of the EA, USDOE uses the siting guidelines in a

comparative evaluation of the five sites. For each technical siting

guideline, the five sites proposed for nomination have been ranked.

The USDOE has then used several ranking aggregation methods to develop

an overall suitability ranking for the five sites to support the

selection of three sites to be recommended for further investigation.

Envirosphere's technical review of the material in Chapter 7 focused on

a critique of the procedures for developing aggregate rankings of the
sites. Draft EAs and supporting documents for the other four sites

evaluated in Chapter 7 were not examined. Therefore, Envirosphere has

not commented on the conclusions for the other sites and cannot assess

the comparative guideline-by-guideline rankings of the sites at this

time.

The review comments on the EA for the Hanford repository location

generally identify concerns with lack of data to support the USDOE

finding, assumptions used, evaluation methodology, questionable

conclusions, or lack of appropriate conservatism at this stage of the

site selection process. General Siting Guideline 960.3-1-4-2 (10 CFR

960) addresses the use of assumptions in applying the siting guidelines
at the site nomination stage. The guideline indicates that it is

7240A
1-3



acceptable to use assumptions to approximate the conditions considered

to exist at a site. These assumptions are to be ". . . realistic but

conservative enough to underestimate the potential for a site to meet

the qualifying condition of a guideline; that is, the use of such

assumptions should not lead to an exaggeration of the ability of a site

to meet the qualifying condition." (emphasis added).

To the extent possible, Envirosphere's recommendations for improving

the EA have been directed toward modifications in the analysis of

existing data, consideration of additional factors, and introduction of

appropriate conservatism, rather than toward the collection of

additional data. This focus reflects the reality of schedules and

procedures established in the Nuclear Waste Policy Act.

Inherent in these comments is an appreciation of the very difficult

assignment faced by USDOE in having to pause, at this point in the

on-going data collection and analysis program, to make best judgments

on site suitability based on presently available information. In all

cases, comments are aimed at achieving technical community consensus on

the present best estimates of Hanford site suitability, prior to its

being considered as one of three sites for characterization.

In performing this technical review of the Hanford site EA, eight areas
of major comments have been identified. Each of these is discussed in

the sections that follow and key issues are described. These are

discussed in more detail in the body of this report.

1.2 GEOHYDROLOGY

A review of the draft EA discussion of geohydrology leads to the

conclusion that USDOE has a prematurely optimistic view of the ability

of the Hanford site to meet this guideline. The groundwater conditions

at the site are the major potential limitation to the successful

postclosure performance of the repository. The current level of

7240A
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uncertainty in the data base for critical parameters of the groundwater

system precludes a defensible evaluation of groundwater travel time and

flow path direction. In addition, the complexities of the multiflow

basalt system, particularly in the distribution and extent of zones of
high vertical permeability in the basalt, further limit the possibility

of accurately modeling the groundwater system. It is recognized that

resolution of these uncertainties in the groundwater system will be a

task for site characterization. Nevertheless, USDOE should re-evaluate

its present assessment of the geohydrology guideline using assumptions

that do not overestimate the ability of the site to eventually meet

this guideline.

1.3 TECTONIC/SEISMICITY

Realistic assessments of these guidelines do not appear to be possible

until better quality and more comprehensive data can be obtained and

evaluated. However, at this time, the draft EA discussions could be

strengthened by incorporating more of the existing data and improving

the methodology for dealing with existing uncertainties. We believe

that USDOE should be more conservative in the assumptions used to

determine the ability of the Hanford site to meet the tectonics

guidelines. Preliminary evaluations of available seismicity data,

geophysical anomalies at the reference repository, and existing

tectonic models would provide some of the much needed data for a

preliminary assessment of the tectonics and seismicity.

1.4 CONSTRUCTIBILITY AND COST

The Hanford site has several factors that will make repository

construction technically challenging and costly. These include the

known high in situ stress, the relatively high rock temperature, the

complex and poorly understood rock mass properties, the potential for

high water inflow, and the geologic variability and unpredictability of

the basalt itself. While these factors are amenable to conventional
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engineering solutions, they could make construction significantly more
expensive than at sites in the other media. The EA should provide a
fuller discussion of construction costs and the relative range of cost
uncertainty for the five sites. This information should be reflected
in the comparative site rating for each of the associated technical

guidelines.

Shaft sinking and sealing is a particularly important operation, since

the postclosure performance of the repository depends in part on

avoiding the creation of preferential flow paths to the accessible

environment. Since the blind boring technique proposed by USDOE could
be considered developmental in this application, the EA should provide

increased discussion of contingencies that would be employed to

mitigate potential problems, and should compare the licensability risks

of these measures with those of conventional shaft construction.

1.5 GEOCHEMISTRY

Although the Hanford Site appears to have several favorable geochemical

attributes, studies have identified geochemical processes and

conditions in basalt/groundwater systems which are capable of

increasing the mobility and transport of radionuclides. In view of the

limited geochemical data base, these processes need to be more fully

addressed before USDOE can make defensible assumptions on the ability

of the geochemical conditions to retard the mobility of radionuclides

from the repository. Of particular concern are: 1) the impact of

fluoride and sodium on radionuclide solubility; 2) potential for

methane to increase radionuclide mobility by producing organic
complexing agents; 3) the redox potential of the groundwater; and

4) the effect of high temperature on radionuclide adsorption and

solubility.
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1-6



1.6 HUMAN INTERFERENCE (NATURAL RESOURCES)

Additional information on the subbasalt stratigraphy and structure

should be included in the EA to aid in the evaluation of the potential

for natural gas resources beneath the reference repository. The

presence (or suspected presence) of such a resource could result in

human intrusion into the repository by exploratory drilling in the

future. Formations below the basalt may have commercial potential, and

are currently being explored by the oil companies at locations near the

Hanford Reservation.

A related issue, which also bears on the topic of geohydrology, is the

possibility that future groundwater development and increased

irrigation in the Pasco Basin will adversely impact the repository.

Such activities may affect the hydraulic gradient and groundwater flux

through the repository, and could potentially influence groundwater

travel times from the repository to the accessible environment. The

potential for adverse impacts from the future use of groundwater cannot

be meaningfully evaluated until an accurate regional groundwater model

has been developed.

1.7 TRANSPORTATION

Narrow definitions of the terms "local" and "regional" introduced in

the transportation guideline evaluation process prevent a thorough

assessment of transportation beyond the very immediate vicinity of the

Hanford site. A broader and more reasonable definition of impact

evaluation boundaries could result in factors that would not support
the draft EA findings. For example, a broader region would include
areas such as the Columbia Gorge with frequent highway icing, steep

grades in Northeast Oregon, and the high elevations of the

Intermountain West with their periodic blizzard and snowdrift

conditions.
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1.8 DEFENSE WASTES

Only limited discussion regarding nearby nuclear facilities is

presented in the draft EA. This, and the need to accommodate defense

wastes in a commingled repository, appear to lead to overestimates of

the suitability of the proposed repository location. USDOE recognizes

that design basis accidents at nearby facilities could disrupt

repository operations or closure. However, the potential impact of

nearby defense-related nuclear activities on the ability to effectively

monitor the repository performance should also be addressed. Based on

the history of onsite radionuclide releases and potential for future

releases, as well as the complex geohydrology of the site, the question

arises whether it is possible to design an environmental monitoring

program for the repository that can differentiate between releases from

the repository and those from other nearby sources. We recommend that

USDOE reconsider the anticipated efficacy of this monitoring program.

The draft EA appears to understate the amount of defense waste that

will be shipped to a commingled repository and, thus may underestimate

the impacts of waste transportation. The draft Defense Waste

Commingling Study (DOE/DP-0020) indicated that wastes from Savannah

River and Idaho Falls alone would account for a 74% increase in the

number of waste packages and a 12-18% increase in waste shipments over

those required for commercial wastes.

Any increased repository size required to commingle defense wastes with

commercial waste should also be addressed in the EA's assessment of

whether or not a sufficient lateral area of suitable basalt without

geologic anomalies is likely to be available at the proposed repository

location.

1.9 RANKING METHODOLOGIES

When the issues outlined above are addressed by USDOE, it is likely

that the relative rankings of the Hanford repository location will
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change in some of the major technical areas. It is recommended that

USDOE reevaluate the site to resolve the technical issues and then

repeat the ranking process.

The selection of the aggregate ranking procedures is not well justified

given the overall importance of the ranking process. Two of the three

methods have serious weaknesses, while none incorporate adequate

sensitivity testing procedures.

The EA does not present sufficient information on the weight and scores

used in each ranking method. The weights assigned to individual siting
guidelines need to be justified. For example, it is technically

inappropriate to weight all postclosure guidelines equally. A

sensitivity analysis of variations of individual guideline weights

would add credibility to the ranking results. The qualifications of

the people who developed the ranking algorithms, assigned guideline

weights, and did the scoring also need to be described. The lack of

weighting and scoring information makes a thorough review of USDOE's

conclusions by an independent party impossible.
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2.0 INTRODUCTION

2.1 PURPOSE OF THE REPORT

This report has been prepared to assist the High-Level Waste Management

Program Office and the Nuclear Waste Board in reviewing, evaluating,

and commenting on the U.S. Department of Energy's Draft Environmental

Assessment for the Hanford'nuclear waste repository site. This report

is one of several sources from which the Nuclear Waste Board will draw

in considering and formulating State of Washington comments on the

draft Environmental Assessment (EA).

2.2 BACKGROUND

The Nuclear Waste Policy Act of 1982 (the Act) established a process

for the selection of sites for the disposal of spent nuclear fuel and
high-level radioactive waste in geologic repositories. In February

1983, the U.S. Department of Energy (USDOE) carried out the first

requirement of the process by identifying nine sites as being
potentially acceptable for the first repository. The "reference

repository location" at the Hanford Site was named as one of those

sites. Since then, USDOE has promulgated guidelines for siting

repositories as called for in the Act, and is now proceeding with the

next two steps in the siting process: the nomination of at least five

of the nine potentially acceptable sites as being suitable for detailed

evaluation and the recommendation of at least three sites at which to

conduct the detailed evaluations. The detailed evaluations are called

"site characterization" activities.

In keeping with the Act, the site nomination process is to be

accompanied by environmental assessments (EA) which are to serve as the

basis for site nomination decisions. The USDOE has prepared a draft EA

for each of the nine potentially acceptable sites. Each EA is required

to contain the following:
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o A description of the decision process which was used to select

the site being considered for nomination.

o A description of the site and its surroundings.

o An evaluation of the effects of site characterization

activities on public health and safety and on the environment,

along with a discussion of alternate activities that could be
taken to avoid such effects.

o An assessment of the regional and local effects of locating a

repository at the proposed location.

o An evaluation as to whether or not the site is suitable for

site characterization and for development as a repository.

o A comparative evaluation of the site with the other sites that

have been considered.

The draft EA for the Hanford repository location indicates that USDOE

has found that the site is suitable for site characterization. USDOE

intends to nominate the site at Hanford as one of five sites suitable

for site characterization, and has determined that Hanford is one of

the three sites preferred for site characterization. USDOE has stated

that comments concerning the draft EA will be considered in preparing

the final EAs for all sites. Upon completion of final EAs, the

Secretary of Energy will make the recommendation of three sites for

characterization to the President; this is expected to occur in

mid-1985.

After the several years of site characterization activities, it is

USDOE's intent to recommend one of the three characterized sites for
actual development as a repository. That decision is to be supported

by an environmental impact statement (EIS) prepared in accordance with

the National Environmental Policy Act.
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2.3 FORMAT OF THE REPORT

The report sections following this introduction present a critique of

various portions of the draft EA. Section 3.0 presents all comments

that relate to the evaluation of the Hanford repository location

against the USDOE siting guidelines (10 CFR Part 960). The siting

guidelines developed by USDOE and approved by the U.S. Nuclear

Regulatory Commission (NRC) are intended to serve as the vehicle for

evaluating a site as to its suitability for site characterization and

ultimate development as a repository.

Section 4.0 presents a critique of USDOE's comparative evaluation of

the site at Hanford in relation to the other four sites proposed for

nomination. This includes an evaluation of ranking procedures used by

USDOE to select the three preferred sites.

The remaining areas of comment appear in the last two sections of the

report. Section 5.0 contains a critique of that portion of the draft

EA dealing with the assessment of impacts from site characterization

activities. Section 6.0 presents an evaluation of USDOE's preliminary

performance assessment.

The comments in Section 3.0 - 6.0 have been structured so that each

comment has a unique identity for future reference.
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3.0 EVALUATION OF TECHNICAL CONTENT RELATING TO THE HANFORD SITE

This section is an analysis of USDOE's evaluation of the Hanford

repository location, as presented in Chapters 1 through 6 of the draft

EA. As mandated by the Nuclear Waste Policy Act, the USDOE general

siting guidelines are integral to the site evaluation process. The

guidelines are to serve as the framework for several distinct

evaluation steps: 1) determining whether a site should be disqualified

from further consideration; 2) selecting a preferred site in each

geohydrologic setting (not applicable to Hanford); 3) evaluating each

preferred site as to its suitability for site characterization and

eventual development as a repository; 4) performing a comparative

evaluation of each preferred site against the other sites proposed for

nomination; and 5) developing an order of preference among the

nominated sites to provide a basis for recommending sites for

characterization.

Chapter 6 of the draft EA presents USDOE's assessment of the third item

above, the evaluation of suitability of the Hanford repository

location. Chapter 6 builds upon the information presented in the

earlier chapters of the draft EA. The product of USDOE's evaluation of

the Hanford repository location is a guideline-by-guideline discussion,

with an assessment of the presence or absence of each favorable,

potentially adverse and disqualifying condition associated with each

technical guideline. Additionally, USDOE offers commentary and

conclusions on each guideline's qualifying condition. It is this

evaluation of the Hanford repository location suitability, then, that

is critiqued below. While the comments presented here are keyed to

Chapter 6 of the draft EA, their contents address the entire draft EA.

The review of Chapter 6 and its supporting chapters resulted in several

positions on the presence or absence of each qualifying, favorable,

potentially adverse, and disqualifying condition. Review comments

generally indicate one of the judgments presented in Table 3-1.
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TABLE 3-1

NATURE OF ENVIROSPHERE CRITIQUE OF USDOE EVALUATION
OF HANFORD AGAINST THE SITING GUIDELINES

Comment
Assessment of USDOE Conclusion Provided Action Requested of USDOE

No basis for disagreement (no None None.
comment).

Disagree (based on information Yes Reconsider finding based on
provided in draft EA). comments provided.

Tentatively disagree (pending Yes Re-evaluate based on
requested USDOE re-evaluation comments provided, and then
and provision of data and analysis reconsider finding.
not contained in draft EA);
reconsideration expected to lead
to change in the USDOE finding.

Believe further support Yes Re-evaluate based on
and reevaluation required; comments provided, and then
reconsideration expected to con- reconsider finding.
firm the USDOE finding.

Independent assessment not Yes Augment data and/or
possible (given limitation of analysis per comments
available data or information provided and then
provided in EA). reconsider finding.

' R
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The bases for the review comments generally fall into one of five

categories:

o Lack of data to support the USDOE finding

o Questionable assumptions

o Questionable methodology

o Questionable conclusions

o Lack of appropriate conservatism at this stage of the site

selection process

On the question of conservatism, General Siting Guideline 960.3-1-4-2

(10 CFR 960) addresses the use of assumptions in applying the siting

guidelines at the site nomination stage. The guideline indicates that

it is acceptable to use assumptions to approximate the conditions

considered to exist at a site. These assumptions are to be ". . .

realistic but conservative enough to underestimate the potential for a

site to meet the qualifying condition of a guideline; that is, the use

of such assumptions should not lead to an exaggeration of the ability

of a site to meet the qualifying condition" (emphasis added).

The requested action of USDOE in response to each category of comment

is summarized in Table 3-1. In general, it is recommended that each

comment be responded to by appropriate re-analysis, that all associated

findings be reconsidered to reflect the results of the re-analysis, and

that the relative standing of Hanford, in relation to the other sites,

be subsequently reviewed and modified as necessary.

In view of the limited data base and substantial uncertainty associated

with many of the technical issues, we have found it generally

inappropriate to adopt an independent position on the presence or
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absence of the various guideline conditions, especially where site

characterization is called for. Instead, where appropriate, we have

suggested that USDOE reconsider its assessment taking into account the

comments provided.

There are selected cases where we believe USDOE's technical position

can be more strongly supported if the assessment of a given guideline

condition were to be changed to a less favorable finding, i.e., that a

favorable condition is not present or that a potentially adverse

condition is present, based on the current state of limited knowledge.

In these cases, we have often found that there are several opinions or

philosophies regarding a technical issue. Where the preponderance of

evidence is not necessarily supporting the position taken by USDOE, we

suggest that USDOE re-evaluate/reconsider its assessment in light of

the most recent data and in keeping with the concept that the position

taken at this stage of the siting process be conservative.

To the extent possible, we have directed our recommendations for

improving the EA toward modifications in the analysis of existing data,

consideration of additional factors and introduction of appropriate

conservatism, rather than toward the collection of additional data.

This focus reflects the reality of schedules and procedures established

in the Nuclear Waste Policy Act.

Inherent in our comments is the appreciation of the very difficult

assignment faced by USDOE in having to pause, at this point in the

on-going data collection and analysis program, to make best judgments

on site suitability based on presently available information. In all

cases, our comments are aimed at achieving technical community

consensus on the present best estimate of Hanford site suitability,

prior to its being considered as one of three sites for

characterization.
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The remainder of this section is structured around the four system

guidelines and their associated technical guidelines. Each system

guideline is introduced by a statement of its qualifying condition.

This is immediately followed by evaluation of each associated technical

guideline. This evaluation, in each case, addresses: 1) the

evaluation process used by USDOE, as described in the EA; 2) the

favorable condition(s); 3) the potentially adverse condition(s); 4) the

disqualifying condition (if appropriate); and 5) the qualifying

condition. Following the last technical guideline, overall comment is

provided on the USDOE assessment of Hanford site suitability with

respect to the system guideline's qualifying condition.

In keeping with the emphasis on the technical guidelines as indicators

of site suitability at this phase of the site selection process, the

focus of the review has been on USDOE's assessment of Hanford with

respect to the favorable, potentially adverse, and disqualifying

conditions of the technical guidelines.

The review of USDOE's assessment of Hanford site suitability begins in

subsection 3.1 with Preclosure Radiological Safety. It is followed in

subsequent subsections by Environment, Socioeconomics and

Transportation; Preclosure Ease and Cost of Construction, Operation and

Closure; and, finally, by Postclosure Waste Separation from the

Environment.
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3.1 PRECLOSURE SYSTEM GUIDELINE: RADIOLOGICAL SAFETY (Siting

Guideline 960.5-1(a)(1))

The qualifying condition of this system guideline requires that:

Any projected radiological exposures to the general
public and any projected releases of radioactive
materials to restricted and unrestricted areas, during
repository operation or closure shall meet the safety
requirements set forth in 10 CFR 20, 10 CFR 60, and 40
CFR 191.

There are four technical guidelines associated with this system

guideline:

o Population density and distribution (Siting Guideline

960.5-2-1, Section 3.1.1)

o Site ownership and control (Siting Guideline 960.5-2-2,

Section 3.1.2)

o Meteorology (Siting Guideline 960.5-2-3, Section 3.1.3)

o Offsite installations and operations (Siting Guideline

960.5-2-4, Section 3.1.4)

3.1.1 Preclosure - Technical Siting Guideline: Population Density

and Distribution (Siting Guideline 960.5-2-1)

3.1.1.1 Evaluation Process (Section 6.2.1.2.2)

Comment 3.1.1.1(A): This evaluation process does not appear to

adequately consider other highly populated areas of persons with a

population density that equals or exceeds 64 persons per square mile

near the Hanford repository location. Section 3.6.1, p. 3-127 states

that "the nearest largest settlements are 22 miles or more from the
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site," apparently contradicting the information provided in Figure 6-1,

p. 6-11. Other highly populated areas within a 50-mile radius that

should be considered are Wapato, Toppenish, Selah, Yakima, Union Gap,

Quincy, Moses Lake, Othello, Grandview, Prosser, West Richland,

Sunnyside, and Umatilla, Oregon. If these communities have population

densities less than 64 persons per square mile, the EA should so

indicate.

3.1.1.2 Favorable Conditions

Both of the favorable conditions for this guideline are
closely related and are discussed together.

(1) A low population density in the general region of
the site.

(2) Remoteness of the site from highly populated areas.
(Section 6.2.1.2.3)

USDOE Assessment: Both favorable conditions on site remoteness
and low population density are present at
the reference repository location. The
reference repository location is remote from
highly populated areas and has no onsite
population. (p. 6-10)

Comment 3.1.1.2(A): We recommend that USDOE should specify clear

definitions for "low population density" and "remoteness." Definition

of these terms is needed for USDOE to support the findings and provide

consistency in the analysis. In particular, the three cities of

Richland, Kennewick, and Pasco, with a metropolitan population of

nearly 100,000, are only 20 to 30 miles from the site. In Figure 6-1,

several additional communities with populations in excess of 2,500 are

depicted within 16 miles of the site. The data in Figure 6-1, which

are not completely described in the text, do not appear to adequately

support the conclusion regarding the remoteness of the site.
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In defining the concepts of "low population density" and "remoteness,"

due regard should be given to site-specific issues of radiological

safety during repository operations. It is recommended that the USDOE

assessment for this condition be reviewed after the foregoing comment

is addressed.

3.1.1.3 Potentially Adverse Conditions

Both of the potentially adverse conditions are related
and are discussed below.

(1) High residential, seasonal, or daytime population
density within the projected site boundaries.

(2) Proximity of the site to highly populated areas, or
to areas having at least 1,000 individuals in an
area 1 mile by 1 mile as defined by the most recent
decennial count of the U.S. census. (Section
6.2.1.2.4)

USDOE Assessment: Neither of these potentially adverse
conditions are present at the reference
repository location on the Hanford Site.
There is no permanent population within the
boundaries of the reference repository
location. (p. 6-12)

Comment 3.1.1.3(A): No independent assessment of USDOE's findings on

the first condition is possible, due to the lack of criteria for "high"

residential, seasonal, or daytime population density (Section

6.2.1.2.4, p. 6-12). Approximately 12,000 people work at Hanford with

3,500 in the vicinity of the repository location, constituting a

significant daytime population.

Comment 3.1.1.3(B): With regard to the second potentially adverse

condition, we believe that the specification of a clear definition of

the term "proximity" is needed to support USDOE's finding. As

presented, the findings appear to contradict the data provided on the

1980 population densities of Richland, Pasco, and Kennewick,
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which are all greater than 1,000 persons per square mile (Section

6.2.1.2.4, p. 6-12 and Table 3-14, p. 3-132) and the data on highly

populated areas (Figure 6-1).

3.1.1.4 Disqualifying Conditions

A site shall be disqualified if:

(1) Any surface facility of a repository would be
located in a highly populated area; or

(2) Any surface facility of a repository would be
located adjacent to an area 1 mile by 1 mile having
a population of not less than 1,000 individuals as
enumerated by the most recent U.S. census; or

(3) The DOE could not develop an emergency preparedness
program which meets the requirements specified in
DOE Order 5500.3 (Reactor and Nonreactor Facility
Emergency Planning, Preparedness, and Response
Program for Department of Energy Operations) and
related guides or, when issued by the NRC, in 10 CFR
60, Subpart I, "Emergency Planning Criteria."
(Section 6.2.1.2.5)

USDOE Assessment: The evidence supports a finding that the
reference repository location is not
disqualified on the basis of that evidence
and is not likely to be disqualified (Level
2). The site is not located in or adjacent
to a highly populated area and an extensive
Emergency Preparedness Program is already in
place for the Hanford Site. There is little
or no uncertainty in relation to this
disqualifying condition. (p. 6-13)

Comment 3.1.1.4(A): A more detailed definition of the emergency

response plan will eventually be needed. Although the USDOE has a

Radiological Emergency Response Plan and Emergency Procedures for the

Hanford Site, it is unclear how this plan could be expanded to cover a

repository, as stated in the EA (p. 6-13). The relationship between an

approved emergency response plan for the two commercial power reactors

and one required for the repository needs to be clarified (Section

6.2.1.2.5, p. 6-13).
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3.1.1.5 Qualifying Condition

The site shall be located such that, during repository
operation and closure, (1) the expected average radiation
dose to members of the public within any highly populated
area will not be likely to exceed a small fraction of the
limits allowable under the requirements specified in
Section 960.5-l(a)(l), and (2) the expected radiation
dose to any member of the public in an unrestricted area
will not be likely to exceed the limits allowable under
the requirements specified in Section 960.5-l(a)(l).

USDOE Assessment: The available evidence does not support a
finding that the reference repository
location is not likely to meet the
population density and distribution
qualifying condition (Level 3). (Section
6.2.1.2.6, p. 6-14)

Comment 3.1.1.5(A): We recommend that USDOE review this finding

subsequent to addressing the foregoing comments.

3.1.2 Preclosure - Technical Siting Guideline:

Control (Siting Guideline 960.5-2-2)

3.1.2.1 Evaluation Process (Section 6.2.1.1.2)

No comment.

3.1.2.2 Favorable Conditions

Site Ownership and

Present ownership and control of land and all
subsurface mineral rights and water rights by
(Section 6.2.1.3.3)

surface and
the DOE.

USDOE Assessment:
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This favorable condition is present at the
reference repository location, since the
Federal Government owns and the U.S.
Department of Energy controls the land plus
all mineral and water rights. (p. 6-16)
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Comment 3.1.2.2(A): We tentatively disagree with USDOE's conclusion

because there presently appears to be a direct conflict of land use.

Section 3.4.1 of the EA (pp. 3-94 to 3-96) describes reference

repository location boundaries that overlap the State of Washington's

99-year leasehold of 1,000 acres. This leasehold is presently used for

the disposal of low-level radioactive wastes. This land use conflict

is depicted graphically in Figure 3-38 (p. 3-95). We believe USDOE

should re-evaluate the assessment for this condition after it has been
determined how the conflict will be resolved.

3.1.2.3 Potentially Adverse Conditions

Projected land-ownership conflicts that cannot be
successfully resolved through voluntary purchase-sell
agreements, nondisputed agency-to-agency transfer of
title, or Federal condemnation proceedings. (Section
6.2.1.3.4)

USDOE Assessment: This potentially adverse condition is not
present at the reference repository location
since the Federal Government owns and the
U.S. Department of Energy controls the land
under study. (p. 6-16)

Comment 3.1.2.3(A): We recommend that USDOE re-evaluate this condition
after addressing Comment 3.1.2.2(A).

3.1.2.4 Qualifying Condition

The site shall be located on land for which the DOE can
obtain, in accordance with the requirements of 10 CFR
60.121, ownership, surface and subsurface rights, and
control of access that are required in order that surface
and subsurface activities during repository operation and
closure will not be likely to lead to radionuclide
releases to an unrestricted area greater than those
allowable under the requirements specified in Section
960.5-1(n)(l).
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USDOE Assessment: The reference repository location on the
Hanford Site meets the site ownership
qualifying condition and will continue to
meet this qualifying condition (Level 4).
(Section 6.2.1.3.5, p. 6-11)

Comment 3.1.2.5(A): We recommend that USDOE re-evaluate this condition

after considering Comment 3.1.2.2(A).

3.1.3 Preclosure - Technical Siting Guideline: Meteorology (Siting

Guideline 960.5-2-3)

3.1.3.1 Evaluation Process (Section 6.2.1.4.2)

Comment 3.1.3.1(A): Although long-term meteorology for the Hanford

Site has been summarized and presented (Section 3.4.3 - Meteorological

Conditions and Air Quality, EA, pp. 3-109 through 3-116), specific

information on atmospheric stability is required to independently

evaluate the dispersion conditions at the Hanford Site. We believe

this information is presently available from EISs prepared for other

nuclear facilities on the Hanford Site. This information is essential

to the evaluation of potential impacts to population centers. For the
purposes of evaluation, stability wind rose figures or tables (joint

frequency distribution of wind speed category, wind direction sector,
and stability class) should be provided, such as those recommended by
NRC Regulatory Guide 1.23. This information would allow the evaluation
of the frequency of occurrence of poor dispersion conditions by wind

direction and wind speed.

3.1.3.2 Favorable Condition

Prevailing meteorological conditions such that any
radioactive releases to the atmosphere during repository
operation and closure would be effectively dispersed,
thereby reducing significantly the likelihood of
unacceptable exposures to any member of the public in the
vicinity of the repository. (Section 6.2.1.4.3)
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USDOE Assessment: This favorable condition has a high
likelihood of being present. Existing
meteorological conditions combined with low
population density and distance to highly
populated areas indicate that repository
operations would control radiation doses to
the general public within applicable
limits. (p. 6-17)

Comment 3.1.3.2(A): An independent assessment of the presence of this

condition is not possible given the limited information in the EA.

Detailed atmospheric dispersion modeling has not been conducted for

radionuclide releases at the proposed repository surface facilities (p.

6-17). Furthermore, the frequency of favorable dispersion conditions

has not been documented adequately. The draft EA references the

dispersion modeling performed for the final Environmental Impact

Statement: Management of Commercially Generated Radioactive Waste.

The modeling for this EIS did not employ Hanford Site meteorology and

is therefore not directly applicable to the Hanford Site. While

detailed atmospheric modeling may await the site characterization

phase, the presence of this favorable condition could be more

adequately assessed by including the stability information outlined in

Comment 3.1.3.1(A).

3.1.3.3 Potentially Adverse Conditions

(1) Prevailing meteorological conditions such that
radioactive emissions from repository operation or
closure could be preferentially transported toward
localities in the vicinity of the repository with
higher population densities than are the average for
the region. (Section 6.2.1.4.4)

USDOE Assessment:
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(p. 6-18)
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Comment 3.1.3.3(A): We tentatively disagree, because this assessment

is inconsistent with supporting data presented in Chapter 3 (pp. 3-109

through 3-114) of the draft EA, and we recommend that USDOE reevaluate

this condition. Richland, with a population density of approximately

1,000 persons per square mile, is about 22 miles south of the proposed

repository site. The meteorological data summary (see Figures 3-41 and
3-42) states "Prevailing wind directions are from the northwest in all

months" and that "winds from the northwest quadrant . . . occur most
often during the winter" (p. 3-109). Furthermore, "Poor dispersion

conditions at the Hanford Site occur most frequently during the
winter." (p. 3-113). As noted in Comment 3.1.3.1(A), atmospheric

stability conditions have not been characterized adequately for the

Hanford Site.

(2) History of extreme weather phenomena--such as
hurricanes, tornadoes, severe floods, or severe and
frequent weather storms--that could significantly
affect repository operation or closure. (Section
6.2.1.4.5)

USDOE Assessment: This potentially adverse condition is not
present at the reference repository
Location. Such extreme weather conditions
do not occur or rarely occur at the Hanford
Site. (p. 6-18)

No comment.

3.1.3.4 Qualifying Condition

The site shall be located such that expected
meteorological conditions during repository operation and
closure will not be likely to lead to radionuclide
releases to an unrestricted area greater than those
allowable under the requirements specified in Section
960.5-1(a)(1).
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USDOE Assessment: The available meteorological evidence does
not support a finding that the reference
repository location is not likely to meet
the qualifying condition (Level 3).
(Section 6.2.1.4.6, p. 6-19)

Comment 3.1.3.4(A): Independent assessment of this finding is not

possible given the limited information in the draft EA. Atmospheric

stability conditions at the site have not been documented sufficiently,

and detailed dispersion modeling for the proposed facility has not been

performed. The USDOE conclusion on the qualifying condition needs to

be supported by additional data and analyses.

3.1.4 Preclosure - Technical Siting Guideline: Offsite Installations

and Operations (Siting Guideline 960.5-2-4)

3.1.4.1 Evaluation Process (Section 6.2.1.5.1)

No comment.

3.1.4.2 Favorable Conditions

Absence of contributing radioactive releases from other
nuclear installations and operations that must be
considered under the requirements of 40 CFR 191, Subpart
A. (Section 6.2.1.5.3)

USDOE Assessment:

No comment.
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Hanford Site that are subject to the
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1984). (p. 6-23)
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3.1.4.3 Potentially Adverse Condition

(1) The presence of nearby potentially hazardous
installations or operations that could adversely
affect repository operation or closure. (Section
6.2.1.5.4)

USDOE Assessment: This potentially adverse condition is
present at the reference repository
location. Design basis accidents at nearby
facilities could result in temporary
disruption of repository operations or
closure. (p. 6-23)

Comment 3.1.4.3(A): We recommend that the EA should also address

(Section 6.2.1.5, p. 6-23) the potential impact of nearby

defense-related nuclear activities on the ability to effectively

monitor the repository performance. The reference repository location

is below the 200-West Area and adjacent to the 200-East Area and

commercial low-level waste site, all of which contain many potential

sources of radionuclide releases. These sources include spent fuel

reprocessing, plutonium production facilities, trenches in which

low-level radioactive wastes have been disposed, trenches, cribs, and

ponds in which transuranic wastes have been placed, and, more

importantly, many underground tanks containing high-level radioactive

wastes. Especially the high-level waste tanks have historically been a

source of numerous leaks of radioactive material.

Based on the history of onsite releases and potential for future

releases, as well as the complex geohydrology of the site, the concern

arises whether it is possible to design an environmental monitoring

program for the repository that can differentiate between releases from

the repository and those from other nearby sources. Unless the source

of releases can be accurately determined, it will be difficult to take

efficient and effective corrective action. We recommend that USDOE

reconsider the anticipated efficacy of its monitoring program and then

re-assess this condition.
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(2) Presence of other nuclear installations and
operations, subject to the requirements of 40 CFR
Part 190 or 40 CFR 191, Subpart A, with actual or
projected releases near the maximum value
permissible under those standards. (Section
6.2.1.5.5)

USDOE Assessment: This potentially adverse condition is not
present at the reference repository
location. Actual and projected radioactive
releases are substantially less than
federally established exposure standards.
(p. 6-241

No comment.

3.1.4.4 Disqualifying Condition

A site shall be disqualified if atomic energy defense
activities in proximity to the site are expected to
conflict irreconcilably with repository siting,
construction, operation, closure, or decommissioning.
(Section 6.2.1.5.6)

USDOE Assessment: The evidence does not support a finding that
the reference repository location is
disqualified (Level 1). (p. 6-24)

Comment 3.1.4.4(A): We tentatively disagree until USDOE can address

the potential affects of the defense waste already stored in the

proximity of the repository location on the operations and closure of

the repository (see Comment 3.1.4.3(A)).

3.1.4.5 Qualifying Condition

The site shall be located such that present and projected
effects from nearby industrial, transportation, and
military installations and operations, including atomic
energy defense activities, (1) will not significantly
affect repository siting, construction, operation,
closure, or decommissioning or can be accommodated by
engineering measures and (2) when considered together
with emissions from repository operation and closure,
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will not be likely to lead to radionuclide releases to an
unrestricted area greater than those allowable under the
requirements specified in Section 960.5-l(a)(l)).

USDOE Assessment: The available evidence does not support a
finding that the site is not likely to meet
the offsite installations and operations
qualifying condition (Level 3). (Section
6.2.1.5.7, p. 6-25)

Comment 3.1.4.5(A): We tentatively disagree with this assessment based

on Comment 3.1.4.3(A). We recommend that USDOE make another evaluation

of this qualifying condition considering the presence of defense wastes

and other nuclear-related activities in and near the reference
repository location, particularly as they relate to the effectiveness

of necessary monitoring and performance assessment programs.

3.1.5 Summary Evaluation of Preclosure Radiological Safety

USDOE Assessment: A final conclusion on the qualifying
condition for preclosure radiological
exposures cannot be made based on currently
available data. However, the available
evidence regarding preclosure radiological
exposures does not support a finding that
the site is not likely to meet the
qualifying condition (Level 3). (Section
6.2.2.1.3, p. 6-57)

Comment 3.1.5(A): We agree that conclusions about the qualifying

condition for this system guideline cannot be made until more data

become available. Independent assessment of this system guideline must

await resolution of the issues raised in the foregoing comments.

Radionuclide releases from the defense waste in storage at Hanford

raise questions about the ability to effectively monitor the

repository. These releases, combined with the complexities of the

site, will make it difficult to determine the source of any

radioactivity which is detected by monitoring systems.
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3.2 PRECLOSURE SYSTEM GUIDELINE: ENVIRONMENT, SOCIOECONOMICS, AND

TRANSPORTATION (Siting Guideline 960.5-1(a)(2))

The qualifying condition of this system guideline requires that

During repository siting, construction, operation,
closure, and decommissioning, the public and the
environment shall be adequately protected from the
hazards posed by the disposal of radioactive waste.

There are three associated technical guidelines:

o Environmental quality (Siting Guideline 960.5-2-5, Section

3.2.1)

o Socioeconomic impacts (Siting Guideline 960.5-2-6, Section

3.2.2)

o Transportation (Siting Guideline 960.5-2-7, Section 3.2.3)

3.2.1 Preclosure - Technical Siting Guideline: Environmental Quality

(Siting Guideline 960.5-2-5)

3.2.1.1 Evaluation Process (Section 6.2.1.6.2)

No comment.

3.2.1.2 Favorable Conditions

The USDOE siting guidelines specify two favorable conditions. The

first favorable condition is the:

Projected ability to meet, within time constraints, all
Federal, State, and local procedural and substantive
environmental requirements applicable to the site and the
activities proposed to take place thereon. (Section
6.2.1.6.3)

6901A
3-19



USDOE Assessment: This favorable condition is considered
present at the reference repository
location, since the reference repository
location is anticipated or projected to meet
all procedural and substantive environmental
requirements in this favorable condition.
(p. 6-26)

Comment 3.2.1.2(A): Independent assessment is not possible, because

the draft EA has not adequately addressed whether federal and state air

quality regulations will be met during construction and operation of

the repository. There are five specific elements of concern:

1) The draft EA (p. 3-114) states that all pollutant levels

satisfy federal, State of Washington, and local air quality

standards. Yet the only pollutant routinely monitored in the

area is total suspended particulates. The other pollutants of

concern during the site characterization phase, such as

nitrogen dioxide, also need to be considered (p. 4-33).

2) Table 3-11 presents the National Ambient Air Quality

Standards. However, State of Washington air quality

standards, which also apply to the Hanford Site and in some

cases are more restrictive, are not addressed in the analysis.

3) Annual average pollutant concentrations were calculated in

Section 4.2.1.3.2. It appears that an annual average wind

speed was used to calculate a one-hour pollutant

concentration. This one-hour concentration was then adjusted

to reflect an annual concentration. The justification for the

one-hour to annual-average conversion factor was not presented

in the draft EA.

4) Table 4-5 presents increases in pollutant concentrations

resulting from site characterization activities. These

increases should be added to pollutant background levels and
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checked against applicable standards. The table presents

one-hour and average annual values for predicted
concentrations of pollutants. It is difficult to compare

these with standards. For example, there is a 24-hour
standard for particulates, not a one-hour standard.

5) One-hour pollutant concentrations were calculated for a point

1,000 meters downwind from the pollutant source. Air quality

standards are normally applied at the site boundary. Thus,
the significance of the 1,000 meters should be explained in

the EA.

It is recommended that USDOE revise and augment its analysis to reflect

these comments, and then re-evaluate its position on the presence of

this favorable condition.

The second favorable condition specified by USDOE siting guidelines is:

Potential significant adverse environmental impacts to
present and future generations can be mitigated to an
insignificant level through the application of reasonable
measures, taking into account technical, social,
economic, and environmental factors. (Section 6.2.1.6.4)

USDOE Assessment: Based on available data, it is likely that
Potential adverse environmental impacts can
be mitigated to an insignificant level for a
proposed repository at the reference
repository location. (p. 6-26)

Comment 3.2.1.2(B): USDOE's finding on this favorable condition is not
well supported by the analyses for the following reasons:

1) The impacts are not all addressed sufficiently. For example,

vegetation loss from site clearing is discussed and

quantified, but the loss from covering by the waste rock is
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not quantified, nor is the location of the spoils pile made

clear. The impacts from developing incoming utilities are not

well defined and evaluated. The statement in paragraph 2, p.

5-41 that "The severity of the impacts would depend on the
location, duration of construction, and timing of construction

activities" suggests that some of the undefined impacts could
be significant. Therefore, they should be estimated.

2) Since the significance of impacts is not clearly stated and

documented, it is not clear which impacts must be mitigated.
The mitigation measures are not clearly identified, and the EA

contains no evaluation of the effectiveness of those measures

in mitigating the impacts they were designed for. Therefore,

the conclusion (that favorable condition 2 is present) appears

to be premature on the basis of the information presented in

the draft EA.

It is recommended that USDOE address these comments and then review the

finding that this condition is present.

3.2.1.3 Potentially Adverse Conditions

The USDOE siting guidelines identify six potentially adverse
conditions. The first is:

Projected major conflict with applicable Federal, State,
or local environmental requirements. (Section 6.2.1.6.5)

USDOE Assessment: The reference repository location is not
projected to be in major conflict with
Federal, State, or local environmental
regulations; therefore, this potentially
adverse condition is not present. (p. 6-32)

No comment.
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The second potentially adverse condition is:

Projected significant adverse environmental impacts that
cannot be avoided or mitigated. (Section 6.2.1.6.6)

USDOE Assessment: This potentially adverse condition is not
considered present, since the reference
repository location is not projected to
created significant adverse environmental
impacts that cannot be avoided or
mitigated. (p. 6-32)

No comment.

The third potentially adverse condition is:

Proximity to, or projected significant adverse
environmental impacts of the repository or its support
facilities on, a component of the National Park System,
the National Wildlife Refuge System, the National Wild
and Scenic Rivers System, the National Wilderness
Preservation System, or National Forest Land. (Section
6.2.1.6.7)

USDOE Assessment: This potentially adverse condition is not
present at the reference repository
location. No adverse environmental impacts
on nationally protected resources are
projected to result from the repository or
its support facilities. (p. 6-33)

Comment 3.2.1.3(A): The draft EA does not provide an adequate

assessment of future potential conflict with the Wild and Scenic Rivers

Act. This potentially adverse condition is stated not to be present at

the Hanford repository location, yet the issue of whether the Hanford

Reach of the Columbia River could become a part of the Wild and Scenic

Rivers System is not discussed. The Hanford Reach was identified in

1980 in published inventories of potential rivers to be added to the

system. The EA should show that either the Hanford Reach is unlikely

to be designated wild and scenic, or the repository will not affect or

be affected by that designation because of distance and existing

conditions.
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The fourth potentially adverse condition is the:

Proximity to, and projected significant adverse
environmental impacts of the repository or its support
facilities on, a significant State or regional protected
resource area, such as a State park, a wildlife area, or
a historical area. (Section 6.2.1.6.8)

USDOE Assessment: This potentially adverse condition is not
present at the reference repository location
since there are (1) no significant protected
resource areas within or adjacent to the
reference repository location, and (2) no
significant adverse environmental impacts
from repository activities are projected.
(p. 6-33)

No comment.

The fifth potentially adverse condition is:

Proximity to, and projected significant adverse
environmental impacts of the repository and its support
facilities on, a significant Native American resource,
such as a major Indian religious site, or other sites of
unique cultural interest. (Section 6.2.1.6.9)

USDOE Assessment: This potentially adverse condition is not
present at the reference repository location
since there are (1) no known significant
Native American resources within or
immediately adjacent to the reference
repository location, and (2) no significant
adverse impacts are projected for resources
distant from the reference repository
location. (p. 6-34)

No comment.

The sixth potentially adverse condition is:

Presence of critical habitats for threatened or
endangered species that may be compromised by the
repository or its support facilities. (Section
6.2.1.6.10)
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USDOE Assessment: This potentially adverse condition is not
present at the reference repository location
since there are no known threatened or
endangered species inhabiting the site.
(p. 6-34)

Comment 3.2.1.3(B): USDOE should provide additional supporting

evidence for this conclusion. Because the draft EA is inconsistent in

terminology for critical habitat, occurrence of threatened and

endangered species, and "mean occurrence" (p. 6-37), the conclusion on

this potentially adverse condition is not well supported by the

discussions in earlier chapters (Chapters 3, 4, and 5).

3.2.1.4 Disqualifying Conditions

Any of the following conditions shall disqualify a site:

(1) During repository siting, construction, operation,
closure, or decommissioning, the quality of the
environment in the affected area could not be
adequately protected or projected environmental
impacts in the affected area could not be mitigated
to an acceptable degree, taking into account
programmatic technical, social, economic, and
environmental factors.

(2) Any part of the restricted area or repository
support facilities would be located within the
boundaries of a component of the National Park
System, the National Wildlife Refuge System, the
National Wilderness Preservation System, or the
National Wild and Scenic Rivers System.

(3) The presence of the restricted area or the
repository support facilities would conflict
irreconcilably with the previously designated use
resource-preservation of a component of the National
Park System, the National Wildlife Refuge System,
the National Wilderness Preservation System, the
National Wild and Scenic Rivers System, or National
Forest Lands, or any comparably significant State
protected resource that was dedicated to resource
preservation at the time of the enactment of the
Act. (Section 6.2.1.6.11)
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USDOE Assessment: The siting of a repository at the reference
repository location is not projected to have
unacceptable adverse impacts on the quality
of the environment. (p. 6-35)

Comment 3.2.1.4(A): This conclusion should be reassessed after

resolution of Comment 3.2.1.3(A).

3.2.1.5 Qualifying Condition

The site shall be located such that (1) the quality of
the environment in the affected area during this and
future generations will be adequately protected during
repository siting, construction, operation, closure, and
decommissioning, and projected environmental impacts in
the affected area can be mitigated to an acceptable
degree, taking into account programmatic, technical,
social, economic, and environmental factors; and, (2) the
requirements specified in Section 960.5-l(a)(2) can be
met.

USDOE Assessment: The available evidence for the reference
repository location on the Hanford Site does
not support a finding that the site is not
likely to meet the qualifying condition
(Level 3). (Section 6.2.1.6.12, p. 6-38, 39)

Comment 3.2.1.5(A): The supporting discussion for this finding in the

draft EA (Section 6.2.1.6.12) should be reviewed after the preceding

comments are addressed.

3.2.2 Preclosure - Technical Siting Guideline: Socioeconomic Impacts

(Siting Guideline 960.5-2-6)

3.2.2.1 Evaluation Process (Section 6.2.1.7.2)

Comment 3.2.2.1(A): The evaluation process should include two

additional pieces of information: 1) projections of the effects of the

repository during its construction and operation phases on local
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businesses, and 2) the projected number of local hires expected to fill

the direct and indirect jobs during both the construction and operation

phases (Section 6.2.1.7.2 p. 6-40).

3.2.2.2 Favorable Conditions

USDOE identifies four favorable conditions. The first is the:

Ability of an affected area to absorb the project-related
population changes without significant disruptions of
community services and without significant impacts on
housing supply and demand. (Section 6.2.1.7.3)

USDOE Assessment: This favorable condition is present in the
communities where repository support staff
could reside. The local communities
presently have existing services to absorb
project-related population changes.
(p. 6-40)

Comment 3.2.2.2(A): We recommend that data and analyses be presented

in the EA to support the finding. In Section 5.2.3 p. 5-58, a

breakdown of workforce requirements by local and nonlocal labor should

be provided. The projected impacts on housing and public services and

facilities could then be based on an estimate of the impacts of

in-migrating population associated with the repository.

The second favorable condition is:

Availability of an adequate labor force in the affected
area. (Section 6.2.1.7.4)

USDOE Assessment:

No comment.
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The third favorable condition is the:

Projected net increases in employment and business sales,
improved community services, and increased government
revenues in the affected area. (Section 6.2.1.7.5)

USDOE Assessment: This favorable condition is present since
the projected employment, business, and
community opportunities will strengthen the
local community. (p. 6-41)

Comment 3.2.2.2(B): The draft EA does not provide sufficient

information to support the conclusion that the third favorable

condition is present. An independent assessment, therefore, is not

possible until additional information is provided. The statement that

"the repository activities should represent an opportunity for the area

to reach fuller use of its human and physical resources" is vague and

unsupported (Section 6.2.1.7.5, p. 6-41). The draft EA does not

provide any projections on net increases in local employment and

business sales, improved community services, and increased government

revenues.

The fourth favorable condition is:

No projected substantial disruption of primary sectors of
the economy of the affected area. (Section 6.2.1.7.6)

USDOE Assessment: The local economy would not be substantially
disrupted by repository related needs;
therefore, this favorable condition is
present. (p. 6-41)

Comment 3.2.2.2(C): Information should be provided on the number of

direct and indirect jobs expected to be filled by locally available

labor, including construction and operations, in order to substantiate

the claim that the repository would provide economic stability and

relative permanence of employment opportunity (Section 6.2.1.7.6, p.

6-41).
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3.2.2.3 Potentially Adverse Conditions

USDOE identifies four potentially adverse conditions. The
first is:

Potential for significant repository-related impacts on
community services, housing supply and demand, and the
finances of State and local government agencies in the
affected area. (Section 6.2.1.7.7)

USDOE Assessment: This potential adverse condition is not
present since the affected community could
absorb these community and governmental
impacts. (p. 6-42)

No comment.

The second potentially adverse condition is:

Lack of an adequate labor force in the affected area.
(Section 6.2.1.7.8)

USDOE Assessment: This potentially adverse condition is
present in the affected area. An adequate
work force of miners is not presently
available. (p. 6-42)

No comment.

The third potentially adverse condition is:

Need for repository-related purchase or acquisition of
water rights, if such rights could have significant
adverse impacts on the present or future development of
the affected area. (Section 6.2.1.7.9)

USDOE Assessment:

No comment.
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The fourth potentially adverse condition is:

Potential for major disruptions of primary sectors of the
economy of the affected area. (Section 6.2.1.7.10)

USDOE Assessment: This potentially adverse condition is not
present, since the existing economy could
absorb the community, business, and
governmental services related to repository
construction and operation. (p. 6-43)

Comment 3.2.2.3(A): Public awareness of a high-level nuclear

repository at Hanford might significantly reduce the marketability of

agricultural products from the region. For these reasons, this

potentially adverse condition should be reevaluated.

3.2.2.4 Disqualifying Conditions

A site shall be disqualified if repository construction,
operation, or closure would significantly degrade the
quality, or significantly reduce the quantity, of water
from major sources of offsite supplies presently suitable
for human consumption or crop irrigation and such impacts
cannot be compensated for, or mitigated by, reasonable
measures. (Section 6.2.1.7.11)

USDOE Assessment: Based on expected repository construction
methods, operation designs and waste
isolation performance following closure, a
repository built in the reference repository
location is not anticipated to significantly
degrade water quality or reduce water
quantities from major sources off the
repository site. Therefore, the evidence
supports a finding that the site is not
disqualified on the basis of that evidence
and is not likely to be disqualified
(Level 2). (p. 6-43)

Comment 3.2.2.4(A): It has not yet been demonstrated that operation of

a repository at Hanford will not significantly contaminate major

aquifers and the Columbia River. The consequences of such an

occurrence to the economy, particularly to agriculture, municipal water

supplies, fisheries, and recreation could be disastrous. Until site
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characterization is complete, the uncertainty regarding this condition

should be recognized by changing the finding from a level 2 to a level

1, i.e., that the site is not disqualified on the basis of existing

evidence.

3.2.2.5 Qualifying Condition

The site shall be located such that (1) any significant
adverse social and/or economic impacts induced in
communities and surrounding regions by repository siting,
construction, operation, closure, and decommissioning can
be offset by reasonable mitigation or compensation, as
determined by a process of analysis, planning, and
consultation among the DOE, affected State and local
government jurisdictions, and affected Indian tribes;
and, (2) the requirements specified in Section
960.5-l(a)(2) can be met.

USDOE Assessment: The reference repository location on the
Hanford Site meets the socioeconomic impacts
qualifying condition and will continue to
meet this qualifying condition (Level 4).
(Section 6.2.1.7.12)

Comment 3.2.2.5(A): While we believe the site at Hanford will

eventually be shown to satisfy this qualifying condition, we disagree

with USDOE on the higher Level 4 finding, and recommend a Level 3

finding. The draft EA fails to provide information to support the

claim that projected employment, business, and community opportunities

would strengthen the local community (Section 6.2.1.7.12, p. 6-44). In

addition, the draft EA lacks a discussion of the planning and

consultation process among the various affected government

jurisdictions. The draft EA contains no information about the

mechanisms in place for ensuring that state, local, and tribal

governments participate in the planning process (6.2.1.7.1 p. 6-39).

We recommend that these and the preceding comments be addressed and

that the assessment of this qualifying condition be reconsidered with

regard to the level of finding.
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3.2.3 Preclosure - Technical Siting Guideline: Transportation

(Siting Guideline 960.5-2-7)

3.2.3.1 Evaluation Process (Section 6.2.1.8.2)

Comment 3.2.3.1(A): The evaluation process introduces confusion and

inconsistencies over the definition of regionality and does not

distinguish clearly between "regional," "local," and other boundaries.
These inconsistencies affect almost every aspect of this evaluation

process, and often prevent a thorough and complete assessment of

transportation beyond the immediate vicinity of the Hanford Site. The

draft EA establishes its assessments of transportation on a definition
of "regional" stated in Section 5.2.2 (p. 5-46) that places the outer

boundary for regional effects at the nearest interstate highway

intersection or at the connection point with the nearest major rail

line. This definition limits "regional" to a radial distance of no
greater than 20 miles from the repository location. The draft EA does

not differentiate "regional" from "local" but this extremely short

"regional" radius seems to preclude any definition of a "local"

radius. Furthermore, it excludes important areas beyond the defined

"regional" boundary that should be considered in this EA such as 1) the

Spokane corridor, which is highly populated; 2) SR240, which is narrow
and has steep grades and restricted bridge crossings; 3) Columbia River

crossings; 4) the Columbia Gorge, which experiences frequent icing; and

5) I-84 from La Grande to Pendleton, Oregon, which has steep grades and

severe winter conditions.

Comment 3.2.3.1(B): The evaluation process does not include an

assessment of route-specific transportation effects generated by the

selection of Hanford as the high-level waste repository. While the

draft EA (p. 6-49) addresses total project transportation costs and

risks relative to other sites, generic unit risk factors are used in

the calculations. Risk factors that address the specific situations
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along routes throughout the nation that would be used to transport

waste to Hanford should be used in evaluating the impacts of a

repository at Hanford. At the very least, the EA must clarify when

route specific cost and risk analysis will be performed and should

explain how potentially suitable sites can be evaluated in relation to

the guidelines in the absence of route specific analysis.

Comment 3.2.3.1(C): The draft EA fails to establish a basis for

assumptions regarding accident severity frequencies, accident

radionuclide release rates, and latent cancer fatalities from routine

and unanticipated radioactive exposures. The final EA should be

augmented to include a presentation of the range of credible estimates

for these factors and the rationale for the selection of the adopted

assumptions.

Comment 3.2.3.1(D): The draft EA appears to understate the amount of

defense waste that would be shipped to a commingled repository (Section

6.2.1.8.2, p. 6-45; Section 5.2.2.1, p. 5-48) and, thus, may

underestimate the impacts of waste transportation. The draft EA

indicates that "small quantities of . . . defense high-level waste from

the Savannah River Plant . . ." might be shipped to the repository.

This appears inconsistent with the Defense Waste Management Plan (USDOE

1983) which anticipated shipment of 12,600 packages of defense waste

from Savannah River, 7,000 packages from Idaho Falls and 1,200 packages

from Hanford to a geologic repository. Neither of the latter sources

appear to be considered in the draft EA transportation analysis.

Based on data in the draft Commingling Study (USDOE 1984, Table 1-2, p.

1-10), 10,000 MTHM of defense waste, primarily from Savannah River and

Idaho Falls, would require approximately 20,000 canisters, in contrast

to 27,000 canisters to contain 70,000 MTHM of spent fuel. Thus, these

defense wastes would account for about 43 percent of the waste packages

shipped to a commingled repository. Each canister of defense waste is
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also expected to be larger than those for spent fuel. It does not seem

credible that a 74 percent increase in waste packages could be

transported with only a 4 to 6 percent increase in the number of

shipments, as stated in the draft EA. Based on the assumptions in the

commingling study (USDOE 1984), transport of these defense wastes would

require 20,000 truck shipments or 4,000 rail shipments, an increase of

at least 12 to 18 percent over those required for commercial wastes.

The significant increase in waste shipments that will be needed to

transport defense wastes, as well as the different originating

locations and characteristics that are exhibited by these, in contrast

to spent fuel, suggests that a new analysis of impacts on public health

and safety from waste transportation should be performed. That

analysis should recognize that defense wastes will be shipped to the

commercial repository, as assumed in the Nuclear Waste Policy Act of

1982 and recommended to the President by USDOE. The defense wastes

should be integrated into the analysis of site suitability in terms of

transportation impacts.

Comment 3.2.3.1(E): The draft EA does not adequately address the

impacts on transportation to the repository from a Monitored

Retrievable Storage (MRS) facility. USDOE has recently indicated plans

to make MRS an integrated part of the waste management system,

providing packaging, consolidation, and temporary storage before

shipment to a final disposal site. On April 25, 1985, USDOE announced

that its preferred site is in Tennessee. The effects of using MRS for

consolidation and storage and the proposed Tennessee location on

transportation routes, travel frequencies, and radiation exposures need

to be assessed in the EA.

Comment 3.2.3.1(F): We believe there is a major weakness in the

evaluation process used in the draft EA relative to application of the

available data bases. While the Transportation Appendix and related

referenced studies contain appropriate and detailed analyses of waste
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shipment mode distribution, accident rerouting and other factors

affecting shipping modes and routes, the information is not adequately

related back to transportation elements of the draft EA text. ' R

The rigorous application of the available data from the referenced

studies could reduce the need to rely on engineering judgment relative

to some transportation elements such as: 1) the repository design and

associated access routes; 2) future characteristics of the R

transportation system; 3) future shipping cask designs; 4) future usage

of specific transportation routes; and 5) the transportation modal

split.

Comment 3.2.3.1(G): Analysis of population densities along the

proposed rail route must be based on actual data, not on an assumed R

correspondence to densities along the highway route.

The validity of densities along potential highway routes requires
review and confirmation. In view of the assumption that 70 percent of

all high-level wastes will be shipped by rail (EA, p. 5-49), it is not

appropriate to assume that population densities adjacent to prospective

rail routes are "nearly equal to the corresponding distribution for ' R

highway routes" (EA, p. 5-51). In view of their potential

significance, populations adjacent to potential rail routes should be

independently calculated.

Comment 3.2.3.1(H): Analysis of transportation cost and risk in the

draft EA assumes all shipments to Hanford will be arriving from the

east. While the major portion of shipments will be from the east, ' R

shipments from the west and south of Hanford must be considered.

Comment 3.2.3.1(I): The EA should not imply that the State of

Washington has begun analysis of alternate truck routes (p. 3-125). ' R

6901A
3-35



Comment 3.2.3.1(J): The ranking of potentially acceptable sites must

make clear the relative weights of the separate transportation

guidelines. The weight assigned to overall risk and cost appears both

low and arbitrary. Hanford is ranked near the top in transportation

(p. 7-94) despite having the highest life cycle cost and risk in the

transportation of nuclear waste (p. 7-92; 7-95).

3.2.3.2 Favorable Conditions

There are nine favorable conditions. The first is the:

Availability of access routes from local existing
highways and railroads to the site which have any of the
following characteristics:

(i) Such routes are relatively short and economical to
construct as compared to access routes for other
comparable siting options.

(ii) Federal condemnation is not required to acquire
rights-of-way for the access routes.

(iii) Cuts, fills, tunnels, or bridges are not required.

(iv) Such routes are free of sharp curves or steep
grades and are not likely to be affected by
landslides or rock slides.

(v) Such routes bypass local cities and towns.

USDOE Assessment: This favorable condition is present for
proposed access routes to the reference
repository location, since these access
routes meet all of the five favorable
characteristics listed.

No comment.
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The second favorable condition is the:

Proximity to local highways and railroads that provide
access to regional highways and railroads and are
adequate to serve the repository without significant
upgrading or reconstruction.

USDOE Assessment: This favorable condition is present since
nearby highways and railroad lines currently
exist that are considered adequate to serve
the repository without significant upgrading
or reconstruction.

Comment 3.2.3.2(A): We tentatively disagree with this assessment

pending information on the anticipated impact of up to 1,100 workers on ' R

rush hour traffic conditions in congested areas near the Hanford Site.

The third favorable condition is the:

Proximity to regional highways, mainline railroads, or
inland waterways that provide access to the national
transportation system.

USDOE Assessment: This favorable condition is present, since a
nearby highway system currently exists that
provides access to the national
transportation system.

Comment 3.2.3.2(B): We tentatively disagree with the conclusion that

this favorable condition is met. The draft EA does not relate the

proposed mode of shipment with capabilities of the regional highways,

mainline railroads, or inland waterways to provide the desired access

to the national transportation system. The draft EA assumes (Section

5.2.2.3, p 5-49) a modal split of 70 percent rail and 30 percent truck,

but the defined proximity to mainline railroads is not considered to be

present for the favorable condition. The Transportation Appendix also

indicates the rail mode as the safest and most economical yet it is the

highway mode which is used as the basis to consider the favorable

condition as being met. In addition, there is no discussion of any

plans to consider barge transport although USDOE has developed plans to

evaluate the feasibility and safety of a combined barge/rail transport ' R

mode (USDOE 1984c). If such a transport mode is determined to be
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potentially viable, the finding in the draft EA regarding proximity to

inland waterways and rail would become even more significant for site

suitability.

The fourth favorable condition is the:

Availability of a regional railroad system with a minimum
number of interchange points at which train crew and
equipment changes would be required.

I

USDOE Assessment: This favorable condition is considered as
present by virtue of railroad service by two
major railroads (Burlington Northern and
Union Pacific) with switching capability at
two nearby classification yards . . .
(Pasco, Washington and Hinkle, Oregon).

No comment.

The fifth favorable condition is the:

Total project life-cycle cost and risk for transportation
of all wastes designated for the repository site which
are significantly lower than those for comparable siting
options, considering locations of present and potential
sources of waste, interim storage facilities, and other
repositories.

USDOE Assessment: This favorable condition is not present at
the reference repository location as long as
truly comparable siting options exist at
locations closer to projected waste sources
in Central and Eastern States.

Comment 3.2.3.2(C): The cost of transportation should also include the

cost of emergency response planning and preparedness, evacuation, and

clean-up in the case of a release in transit, costs of upgrading roads

and rail lines, and costs associated with inspection and enforcement.

The sixth favorable condition is the:

Availability of regional and local carriers--truck, rail,
and water--which have the capability and are willing to
handle waste shipments to the repository.
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USDOE Assessment: This favorable condition is likely to become
present for transportation to the reference
repository location.

No comment.

The seventh favorable condition is the:

Absence of legal impediment with regard to compliance
with Federal regulations for the transportation of waste
in or through the affected State and adjoining States.

USDOE Assessment: Since no legal impediments with regard to
waste transportation now exist within the
State of Washington or adjoining states,
this favorable condition is present for the
reference repository location.

No comment.

The eighth favorable condition is:

Plans, procedures, and capabilities for response to
radioactive waste transportation accidents in the
affected State that are completed or being developed.

USDOE Assessment: This favorable condition appears to be
present for waste shipments to the reference
repository location.

Comment 3.2.3.2(D): We disagree with the assessment because better

research and more information is needed on the amounts, origins, and

types of wastes and on transportation routes before an adequate

emergency response capability can be developed. Existing State of

Washington radiological emergency response plans and procedures are

predicated on existing nuclear activities and associated risks. With
increased shipments and a wide variety of materials, higher risk will

be present, and increased local and state preparedness and training

will be necessary. This need has been recognized in a recent USDOE

discussion paper (USDOE 1984b).
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Roles and responsibilities of first responders and managers from all

levels of government will require review and clarification, and plans
covering areas such as security, notification, resources, and command

structure will have to be developed. Agreements between affected

organizations will need to be updated or, where lacking, written for

the first time. Before it can be concluded that plans, procedures, and

capabilities are completed, provisions must be developed to test and

maintain such plans. Development of the necessary emergency response
plans, procedures, and capabilities will require an agreement among all

responsible levels of government regarding funding for plan development

and implementation.

The ninth favorable condition is:

A regional meteorological history indicating that
significant transportation disruptions would not be
routine seasonal occurrences.

USDOE Assessment: This favorable condition is present for the
region encompassing the reference repository
location.

Comment 3.2.3.2(E): We disagree with the conclusion because

climatological data (Jenne 1963) indicate a probability of eight days

of icing per year, which could disrupt transportation. Additionally,

the Columbia Gorge is subject to frequent icing on highways, causing

trucks to slide inward on superelevated curves and many "jackknife"

incidents which tie up traffic for long periods of time. Between

Pendleton and LaGrande, Oregon, the steep grades and snow, ice and

blizzard conditions often stop truck movement. Rail is less

susceptible, but rail traffic is periodically delayed in crossing the

Rocky Mountains by blizzard conditions or snowdrifts. As storms move

from west to east, there is the potential for delays at various points,

causing waste shipments to stack up and to ultimately disrupt schedules.

3.2.3.3 Potentially Adverse Conditions

The potentially adverse conditions associated with the
siting guideline for radioactive waste transportation are
stated as follows:
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(1) Access routes to existing local highways and
railroads that are expensive to construct relative
to comparable siting options.

(2) Terrain between the site and existing local highways
and railroads such that steep grades, sharp
switchbacks, rivers, lakes, landslides, rock slides,
or potential sources of hazard to incoming waste
shipments will be encountered along access routes to
the site.

(3) Existing local highways and railroads that could
require significant reconstruction or upgrading to
provide adequate routes to the regional and national
transportation system.

(4) Any local condition that could cause the
transportation-related costs, environmental impacts,
or risk to public health and safety from waste
transportation operations to be significantly
greater than those projected for other comparable
siting options.

USDOE Assessment: None of these potentially adverse conditions
regarding transportation of radioactive
waste to the reference repository location
are present.

Comment 3.2.3.3(A): We recommend that this finding be reevaluated,

looking at a broader definition of "local". Consideration of

conditions in the region of the site (see Comment 3.2.3.1(A)) may

identify: 1) access routes which require expensive construction,

2) adverse terrain which poses potential hazards to incoming waste

shipments, 3) highways and railroads that require significant

upgrading, and 4) conditions which could cause significantly greater

transportation-related costs, environmental impacts, or risk to public

health and safety.

3.2.3.4 Qualifying Condition

The site shall be located such that (1) the access routes
constructed from existing local highways and railroads to
the site (i) will not conflict irreconcilably with the
previously designated use of any resource listed in
960.5-2-5(d)(2) and (3); (ii) can be designed and
constructed using reasonably available technology; (iii)
will not require transportation system components to meet
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performance standards more stringent than those specified
in the applicable DOT and NRC regulations, nor require
the development of new packaging containment technology;
(iv) will allow transportation operations to be conducted
without causing an unacceptable risk to the public or
unacceptable environmental impacts taking into account
programmatic, technical, social, economic, and
environmental factors; and (2) the requirements of
Section 960.5-l(a)(2) can be met.

USDOE Assessment: A final conclusion on the qualifying
condition for transportation cannot be made
based on currently available data. However,
the available evidence does not support a
finding that the reference repository
location is not likely to meet the
qualifying condition (Level 3).

Comment 3.2.3.4(A): We believe that a broader and more reasonable

definition of "regional" could result in factors that would not support

the finding stated in the draft EA.

The draft EA does not consider transportation impacts from the source

to the repository, but instead relies on a narrowly defined local area

which allows all conditions to be met because the land surrounding the
repository site is relatively flat and the existing routes bypass

population centers. As a result of USDOE's choice of a local region,

the transportation analysis does not address potential impacts on the ' R

repository site which may occur from a more widely defined scope from

source to repository regardless of transportation mode.

Moreover, the condition directing consideration of transportation risk

beyond the immediate vicinity of the potential site (condition #5) is
but one of nine favorable conditions and does not affect determination
of the suitability of Hanford. Despite having the highest cost and R
risk, Hanford is determined to meet the qualifying condition (pp. 7-92

and 7-95).
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Comment 3.2.3.4(B): We agree that the available data base is

insufficient for conclusive decisions on the qualifying condition.

However, the reference list on pages A-35 through A-37 suggests that

USDOE is rapidly developing data which are removing the uncertainties

listed in the draft EA (p. 6-55) at an accelerated rate. In fact, many

of the references cited in the Appendix are unpublished working papers

that USDOE and its contractors are producing to bolster the

transportation analysis. }

In addition, it is apparent that the new information developed for the

Transportation Appendix did not result in significant changes between

the Preliminary and Public Drafts of the EA. A more detailed

coordination of statements and conclusions of the draft EA with the

Transportation Appendix is needed.

It is recommended that USDOE augment and modify its transportation

analysis to reflect the foregoing comments and then reconsider 1) the

findings on the qualifying condition, 2) the supporting discussion in

the draft EA (Section 6.2.1.8.13), and 3) the standing of Hanford

relative to the other sites under consideration (EA p. 7-94).
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3.2.4 Summary Evaluation of Preclosure Environmental Quality, Socio-

economics, and Transportation (960.5-1(a)(2))

USDOE Assessment: A final conclusion on the qualifying
condition for environment, socioeconomics,
and transportation cannot be made based on
currently available data. However, the
available evidence does not support a
finding that the site is not likely to meet
the qualifying condition on environment,
socioeconomics, and transportation (Level 3).

Comment 3.2.4(A): While we agree that a final conclusion cannot be

reached using currently available data, a number of important issues

should be resolved in the EA:

o Clarification of the status of designation of the Hanford

reach as part of the Wild and Scenic Rivers System and how

this would affect the qualifying decision,

o Evaluation of the transportation effects of commingling of

defense wastes, and

o Adequate consideration of regional transportation routing.
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3.3 PRECLOSURE SYSTEM GUIDELINE: EASE AND COST OF CONSTRUCTION,

OPERATION, AND CLOSURE (Siting Guideline 960.5-1(a)(3))

The qualifying condition of this system guideline requires that:

Repository siting, construction, operation, and closure
shall be demonstrated to be technologically feasible on
the basis of reasonably available technology, and the
associated costs shall be demonstrated to be reasonable
relative to other available and comparable siting options.

This subsection presents comments on USDOE's assessment of the

suitability of the Hanford repository location with respect to the

preclosure system guideline on the ease and cost of repository siting,

construction, operation, and closure. The four technical guidelines

associated with this system guideline are:

o Surface characteristics (Siting Guideline 960.5-2-8, Section

3.3.1)

o Rock characteristics (Siting Guideline 960.5-2-8, Section

3.3.2)

o Hydrology (Siting Guideline 960.5-2-10, Section 3.3.3)

o Tectonics (Siting Guideline 960.5-2-11, Section 3.3.4)

Following the discussions of these technical guidelines is a summary

evaluation of the preclosure system guideline.

3.3.1 Preclosure - Technical Siting Guideline: Surface

Characteristics (Siting Guideline 960.5-2-8)

3.3.1.1 Evaluation Process (Section 6.3.3.1.2)

No comment.
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3.3.1.2 Favorable Conditions

Two favorable conditions are specified in the siting guideline for

surface characteristics. The first favorable condition is:

Generally flat terrain. (Section 6.3.3.1.3)

USDOE Assessment: This favorable condition is present at the
reference repository location.... (p. 6-150)

No comment.

The second favorable condition specified in the siting guideline is:

Generally well-drained terrain. (Section 6.3.3.1.4)

USDOE Assessment: This favorable condition is present at the
reference repository location.... (p. 6-151)

No comment.

3.3.1.3 Potentially Adverse Condition

Surface characteristics that could lead to the flooding
of surface or underground facilities by the occupancy and
modification of flood plains, the failure of existing or
planned man-made surface-water impoundments, or the
failure of engineered components of the repository.
(Section 6.3.3.1.5)

USDOE Assessment: This potentially adverse condition is not
resent at the reference repository

Location. (p. 6-151)

Comment 3.3.1.3(A): USDOE's assessment of this potentially adverse

condition does not appear to be consistent with the data presented

elsewhere in the draft EA. USDOE should reconsider the occurrence of

the Cold Creek probable maximum flood and floods of greater magnitude

than the 100-year flood in this evaluation. The draft EA (Section
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3.3.1.3.5, p. 3-67; and Section 6.3.3.1.2, p. 6-150) states that a

probable maximum flood on Cold Creek could reach the surface support
facilities. However, potential impacts from this event are apparently
not considered in the determination of this potentially adverse
condition. Consideration should be given in the EA to: 1) the
occurrence of this and lesser floods which may extend to the surface
support facilities; 2) potential for disruption of repository

facilities and operations by flooding; 3) potential for radionuclide
release to the floodwaters; and 4) mitigating measures such as

flood-control measures and structures that can reduce potential impacts.

Comment 3.3.1.3(B): The occurrence of a 50 percent breach of Grand

Coulee Dam was evaluated in the draft EA (Section 3.3.1.3.3, p. 3-65;

Figure 3-30, p. 3-66). However, no justification was provided that a

50 percent breach would be a worst-case condition. The EA should

provide this justification or should evaluate the effects of a more

complete breach of Grand Coulee Dam, associated with failure of

downstream Columbia River dams, if it is shown that a more severe case

could occur. The study cited (Corps of Engineers 1951) was conducted

for different purposes over 30 years ago. USDOE should determine that

the assumptions and analytical models used are still pertinent and

justify their application to the repository assessment, or redo the

investigation specifically for the Hanford project.

3.3.1.4 Qualifying Condition

The site shall be located such that, considering the
surface characteristics and conditions of the site and
surrounding area, including surface-water systems and the
terrain, the requirements specified in Section
960.5-l(a)(3)) can be met during repository siting,
construction, operation, and closure. (Section 6.3.3.1.1)

USDOE Assessment: The available evidence supports a finding
that the reference repository location meets
the qualifying condition and is likely to
continue to meet the qualifying condition.
(Level 4) (Section 6.3.3.1.6, p. 6-152)
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Comment 3.3.1.4(A): We believe the level of confidence (Level 4)

should be reduced to Level 3 until potential consequences and available
mitigating measures related to the Cold Creek probable maximum flood

(Comment 3.3.1.3(A)) are addressed, and the 50 percent breach of Grand

Coulee Dam (Comment 3.3.1.3(B)) is justified as the worst-case scenario.

3.3.2 Preclosure - Technical Siting Guideline: Rock Characteristics

(Siting Guideline 960.5-2-9)

3.3.2.1 Evaluation Process (Section 6.3.3.2.2)

No comment.

3.3.2.2 Favorable Conditions

Two favorable conditions are specified in the siting guidelines on

preclosure rock characteristics. The first condition is:

A host rock that is sufficiently thick and laterally
extensive to allow significant flexibility in selecting
the depth, configuration, and location of the underground
facility. (Section 6.3.3.2.3)

USDOE Assessment: This favorable condition is present in the
reference repository location. (p. 6-153)

Comment 3.3.2.2(A): We tentatively disagree with USDOE's assessment of

this favorable condition, because the impact of adverse geologic
features and the known geologic unpredictability of basalt flows may

not have been given full consideration.

The EA (p. 2-57) states that one of the major geologic differences

between the four candidate horizons was "the character and

predictability of internal structures." However, the small data base

from only seven boreholes (p. 6-156) may not be representative of flow
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thickness and, especially, geologic anomalies. An example of this

problem occurred with the Umtanum flow, the horizon which was

originally preferred for the reference repository location. According

to Long and WCC, 1984, "the principal borehole, RRL-2, encountered an

unexpectedly thick flow top of breccia in the Umtanum that reduced the

thickness of dense basalt available for constructing a repository.'
The dense interior was found to be 83 feet thick rather than about 135

feet as previously estimated from nearby drillholes (p.3-18, Figure

3-11), a variation of 35 percent. This example illustrates the

significant limitations of predictions of geologic conditions from the
existing data base, which should be considered in USDOE's assessment of

this condition.

Additionally, the draft EA should provide a more complete context for

determining whether the present reference repository location has

sufficient lateral extent. The EA notes that if adverse geologic

features are present, the waste panels will be relocated to avoid them

(p. 6-196). The conditions under which USDOE would relocate a waste

panel should be discussed. The types of geologic structures that could

produce such redesign conditions should be identified, and potential

for their presence at the reference repository location should be
addressed to the extent possible. Relocation of panels would increase

the lateral extent of the repository. The draft EA only states that

the reference repository location has sufficient lateral extent to
accommodate geologic anomalies (p. 6-157) but does not provide any

supporting discussion. The resulting increase in the lateral extent of

the repository should be estimated to allow a realistic assessment of

this condition.

Comment 3.3.2.2(B): We tentatively disagree with USDOE's assessment of

this favorable condition, because the estimate of repository size does

not take defense waste into account. Defense wastes should be included

in the design requirements for the repository because the Nuclear Waste

Policy Act of 1982 (Section 8b) assumes commingling of defense and

commercial wastes in the repository and the President has approved it.
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In evaluating the effects of commingling (DOE/DP-0020), USDOE assumed

that the repository design would be augmented to accommodate 10,000

MTHM of defense waste. The State of Washington noted in its comments

on the commingling study (letter from the Nuclear Waste Board to

David B. Leclaire, September 24, 1984) that commingling of defense

wastes would increase the necessary repository space significantly

although the lower heat content of defense wastes would ameliorate this

somewhat. Nevertheless, if adverse geologic conditions are also

present at the reference repository location, the combined effects of

these two factors might require a greater lateral area than is

available within the present boundaries of the proposed repository ' R

location.

The second favorable condition for preclosure rock characteristics is:

A host rock with characteristics that would require
minimal or no artificial support for underground openings
to ensure safe repository construction, operation, and
closure. (Section 6.3.3.2.4)

USDOE Assessment: This favorable condition is not considered
present at the reference repository
location. (p. 6-164)

No comment.

3.3.2.3 Potentially Adverse Conditions

Five potentially adverse conditions are specified for the siting

guideline on preclosure rock characteristics. The first condition is:

A host rock that is suitable for repository construction,
operation, and closure, but is so thin or laterally
restricted that little flexibility is available for
selecting the depth, configuration, or location of an
underground repository. (Section 6.3.3.2.5)
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USDOE Assessment: This potentially adverse condition is not
considered present at the reference
repository location. (p. 6-170)

Comment 3.3.2.3(A): Resolution of Comments 3.3.2.2(A) and (B) could

produce sufficient negative data to warrant changing this evaluation.

Therefore, it is recommended that this finding be reviewed after these

two comments are addressed.

The second potentially adverse condition is:

In-situ characteristics and conditions that could require
engineering measures beyond reasonably available
technology in the construction of the shafts and
underground facility. (Section 6.3.3.2.6)

USDOE Assessment: This potentially adverse condition is not
considered present at the reference
repository location. (p. 6-170)

Comment 3.3.2.3(B): While a repository can probably be constructed at

the reference repository location with some type of available

technology, a broader background discussion should be presented for

some of the conclusions pertaining to USDOE's proposed shaft

construction methodology. Specific Comments 3.3.2.3(C), (D), and (E)

expand on this comment.

Comment 3.3.2.3(C): The shaft drilling procedures proposed in the

draft EA should be considered to be at a developmental stage in this

application. The evidence cited for previously drilled shafts (Table

6.20, p. 6-174) contains only one example (Agnew) of a large diameter

shaft drilled in rock as strong as the Hanford basalts. A more

comprehensive discussion of the problems and effects of the

drill-and-blast method than is presented on pages 4-40 and 6-172 should

be included in the EA, in the event that it may become necessary to use

this method either to recover a jammed blind drill bit or for

production shaft driving. Costs and time schedules for drill and blast

construction should also be addressed.
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Comment 3.3.2.3(D): The draft EA estimates that the maximum-size block

of rock that would fall from the shaft is on the order of four inches

(p. 6-176), which would not bind the drill bit. This analysis is based

primarily on an assumed columnar joint spacing in the colonnades. This

evaluation is over-simplified and nonconservative. USDOE should give

more consideration to the possibility that a large mass of four-inch ' R

blocks could slough from the wall at one time, and should evaluate the

possibility that vibrations from the drill bit could cause loosening in

rock directly behind the face. It does not appear that these scenarios

have been directly addressed in either Morrison-Knudsen 1983 or Webster

1984. In addition, a discussion of borehole sloughing problems in the

flow tops and interflow zones should be included under this guideline.

Comment 3.3.2.3(E): Since USDOE proposes to drill nine deep shafts

with a method that has not been demonstrated under comparable

conditions, the possibility exists that a shaft would have to be

abandoned in a partially completed state because of unforeseen

technical problems. A partially completed shaft could seriously affect

the repository's postclosure behavior, both by disturbing the

geohydrologic system and by creating a preferential flow path. It is

not clear that a deep shaft full of drilling mud could be easily or ' R

adequately sealed from the surface to the extent that it would be no

more permeable than the surrounding rock mass (which could be quite low

for the dense flow interiors). It is possible that cement grout would

not totally displace the mud, but rather that stringers and pockets

would remain and that some mixing of grout and mud would occur.

Because of these factors, sufficiently verifying the adequacy of such a

seal for purposes of licensing could be quite difficult. On this ' R

basis, USDOE should present contingency plans in the EA that would be

followed should technical problems prevent completion of a shaft.
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The third potentially adverse condition specified by the guideline is:

Geomechanical properties that could necessitate extensive
maintenance of the underground openings during repository
operation and closure. (Section 6.3.3.2.7)

USDOE Assessment: It is expected that this potentially adverse
condition is not present at the reference
repository location. (p. 6-191)

No comment.

The fourth potentially adverse condition is:

Potential for such phenomena as thermally induced
fracturing, the hydration and dehydration of mineral
components, or other physical, chemical, or
radiation-related phenomena that could lead to safety
hazards or difficulty in retrieval during repository
operation. (Section 6.3.3.2.8)

USDOE Assessment: It is assumed that this potentially adverse
condition is present at the reference
repository horizon. (p. 6-194)

No comment.

The fifth potentially adverse condition is:

Existing faults, shear zones, pressurized brine pockets,
dissolution effects, or other stratigraphic or structural
features that could compromise the safety of repository
personnel because of water inflow or construction
problems. (Section 6.3.3.2.9)

USDOE Assessment: It is assumed that this potentially adverse
condition is present at the reference
repository location. (p. 6-194)

No comment.
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3.3.2.4 Disqualifying Condition

The site shall be disqualified if the rock
characteristics are such that the activities associated
with repository construction, operation, or closure are
predicted to cause significant risk to the health and
safety of personnel, taking into account mitigating
measures that use reasonably available technology.

USDOE Assessment: The available evidence does not support a
finding that the reference repository
location is disqualified. (p. 6-196)

Comment 3.3.2.4(A): We believe that the approach presented for dealing

with rock bursts may have limitations in its applicability and should

be augmented by additional measures.

The USDOE assessment of rock burst hazard (p. 6-200 and 6-201) appears

to be reasonable in the light of present uncertainties. Although two

of the factors necessary for rock bursts (Blake 1984) are present,

i.e., brittle rock and high in-situ stress, the draft EA analysis

states that major rock bursts are not expected, because of the low

extraction ratio and the jointed nature of the rock mass. The

potential for small rock bursts (spalls, bumps) cannot be ruled out at

this time, because the related phenomenon of core discing has been

observed in core from the reference repository location (p. 6-200). In

addition, small rock bursts have been observed at the working face of a

tunnel (Saito, et al. 1983), where extraction ratio considerations are

not applicable. While sufficient energy would not be released by these

small events to damage the underground workings, the possibility of

hazard from small but rapidly ejected rock fragments for personnel in

the immediate area cannot be ruled out.

We have reservations about the usefulness of a microseismic monitoring

system to predict rock bursts, with followup mitigating measures

applied on an as-needed basis (EA p. 6-187, see Blake 1981). The

practical problems of maintaining a microseismic array capable of

accurate source location may be substantial in the mining environment.
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The correlation between microseismic noise and rock bursts has not been

established in basalt. Further, the background noise from mining and

other repository operations may obscure microseismic emissions related

to stress buildup. Because of these problems, USDOE should reconsider

its proposed approach to dealing with small rock burst hazards. We

suggest that the EA discussion be expanded to include the following

topics:

o Specific measures to protect the workers at the excavation

face from small rock bursts.

o Design changes, if any, that could be implemented to minimize

the risk of small rock bursts and the impact of these changes

on other preclosure and postclosure aspects of the repository.

o Since it may not be feasible to apply mitigating measures on

an as-needed basis, the most reasonable alternative may be to

incorporate increased rock support or other measures into the

construction process, to be implemented on a routine basis in

all excavated openings, as proposed by Barton (1984). The EA

should note and comment on this proposal, with an appropriate

estimate of the impact on costs (see following comment).

3.3.2.5 Qualifying Condition

The site shall be located such that (1) the thickness and
lateral extent and characteristics and composition of the
host rock will be suitable for accommodation of the
underground facility; (2) the repository construction,
operation, and closure will not cause undue hazard to
personnel; and (3) the requirements specified in Section
960.5-l(a)(3) [costs shall be reasonable relative to
other sites] can be met. (Section 6.3.3.2.1)

USDOE Assessment: The available evidence does not support a
finding that the reference repository
location is not likely to meet the
qualifying condition (Level 3). (Section
6.3.3.2.1 ,p. 6-203)
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Comment 3.3.2.5(A): Several questions relating to this condition are

yet to be resolved, as indicated by the preceding comments on rock

characteristics. In addition, the costs associated with various

construction activities are not discussed in the draft EA, so it is not

currently possible to assess the extent to which the Hanford Site

satisfies the requirements of Section 3 of this qualifying condition.

The serious omission of sufficiently detailed cost information also

precludes an evaluation of USDOE's assessment in Chapter 7 (p. 7-118)

that costs are not a factor in discriminating among the sites.

It is acknowledged that in the site selection process, cost would be a

secondary consideration relative to safety; however, all other

considerations being roughly equal, cost could ultimately prove to be

the deciding factor. Cost is a particularly important topic at the

Hanford repository location, because a significant amount of related

mining experience exists for the other two media (salt and tuff).

Thus, the uncertainty associated with repository construction in the

latter two rock types is relatively low. No precedent exists, however,

for construction of a deep facility of this type in basalt. At the

Hanford site, the complex and poorly understood rock mass behavior and

the depth of the proposed repository (associated with potentially high

stresses, temperatures, and high water inflows) further increase the

level of uncertainty, and could potentially make a repository at this

site quite expensive.

To help place this problem in perspective, USDOE should discuss the

basis for its cost estimate and present a comparison of construction

costs between Hanford and the other sites. For example, the EA should

present estimates of unrestricted water inflow into the shafts and

underground facility, discuss in detail the measures that would be used

to decrease inflow to acceptable levels, and assess the impact on

repository cost, including the expense of removing and treating the

water which does enter the repository. In general, such information as

unit excavation costs, cooling and ventilation system costs, rock

support costs, shaft construction costs, and grouting costs should be
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included in order to demonstrate that the qualifying condition is met

at the Hanford repository location. This discussion should also be

augmented, in Chapter 7, by an analysis of relative cost estimate

uncertainty among the five sites.
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3.3.3 Preclosure - Technical Siting Guideline: Hydrology (Siting

Guideline 960.5-2-10)

3.3.3.1 Evaluation Process (Section 6.3.3.3.2)

Comment 3.3.3.1(A): The draft EA does not address the potentially

adverse impacts that may occur during repository construction and

operation from the discharge of deep groundwater to the ground

surface. The deep groundwater is known to contain high levels of

fluoride, sodium, and total dissolved solids. The draft EA states

(Section 4.2.1.2.1, p. 4-20, 21; Section 5.2.1.2.1, p. 5-40) that

groundwater will be pumped both during site characterization and

repository construction and operation and will be disposed of in

surface ponds or in surface spraying for dust control. Estimates of

the quantity of water expected to be pumped during site construction

and operation should be included in the EA. This highly mineralized

water will infiltrate to the unconfined aquifer and move toward the

Columbia River. The impact of this water disposal on the quality of

the unconfined aquifer must be addressed, as must the relevant

Washington State regulations that control such water disposal.

3.3.3.2 Favorable Conditions

Three favorable conditions are specified in the siting guideline for

hydrology. The first is:

Absence of aquifers between the host rock and the land
surface. (Section 6.3.3.3.3)

USDOE Assessment: Aquifers exist between the candidate
horizons and the land surface; therefore,
this favorable condition is not present at
the reference repository location.
(p. 6-204)

No comment.
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The second favorable condition is:

Absence of surface-water systems that could potentially
cause flooding of the repository. (Section 6.3.3.3.4)

USDOE Assessment: Flood waters from a 100-year peak flood do
not reach any area presently considered for
repository facilities. Therefore, this
favorable condition is considered present at
the reference repository location.
(p. 6-205)

Comment 3.3.3.2(A): USDOE should re-evaluate this assessment following

consideration of Comments 3.3.1.3(A) and (B).

The third favorable condition specified in the siting guideline is:

Availability of the water required for repository
construction, operation, and closure. (Section 6.3.3.3.5)

USDOE Assessment: Ample water supplies are available for
repository construction, operation, and
closure; therefore, this favorable condition
is present. (p. 6-206)

No comment.

3.3.3.3 Potentially Adverse Condition

Ground-water conditions that could require complex
engineering measures that are beyond reasonably available
technology for repository construction, operation, and
closure. (Section 6.3.3.3.6)

USDOE Assessment:

No comment.

7183A

The technology to control ground water
during repository construction, operation,
and closure is reasonably available.
Therefore, this potentially adverse
condition is not projected to be present at
the reference repository location.
(p. 6-207)
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3.3.3.4 Disqualifying Condition

A site shall be disqualified if, based on expected
ground-water conditions, it is likely that engineering
measures that are beyond reasonably available technology
will be required for exploratory-shaft construction or
for repository construction, operation, or closure.
(Section 6.3.3.3.7)

USDOE Assessment: . . . the available evidence does not
support a finding that the reference
repository location is disqualified
(Level 1). (p. 6-207)

No comment.

3.3.3.5 Qualifying Condition (Section 6.3.3.3.8)

The site shall be located such that the geohydrologic
setting of the site will (1) be compatible with the
activities required for repository construction,
operation, and closure; (2) not compromise the intended
functions of the shaft liners and seals; and (3) permit
the requirements specified in Section 960.5-l(a)(3) to be
met. (Section 6.3.3.3.1)

USDOE Assessment: A final conclusion on the qualifying
condition for hydrology cannot be made based
on currently available data. However, the
available evidence does not support a
finding that the site is not likely to meet
the qualifying condition (Level 3).
(Section 6.3.3.3.8, p. 6-208)

No comment.

3.3.4 Preclosure - Technical Siting Guideline:

Guideline 960.5-2-11)

3.3.4.1 Evaluation Process (Section 6.3.3.4.2)

Tectonics (Siting

Comment 3.3.4.1(A): The EA, page 6-209, mentions that geophysical

interpretations and seismicity data have been gathered to assess the

tectonic processes that have affected the Columbia Plateau. However,

it fails to discuss the possibility that several geophysical anomalies
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which can be interpreted as faults occur beneath the reference

repository location, or that the seismic events recorded within the

reference repository location are most likely the result of

fault-related slippage. These data are not adequately reflected in the

statement on page 6-210 that "Tectonically active faults do not appear

to be present in the reference repository location based on existing

data and interpretations." Further discussion of the possible

implications of these anomalies and seismic events should be included

in this discussion of the evaluation process, along with a discussion

of the potential impacts of faulting in or near (within about 5 miles)

the repository (see also Comment 3.4.7.1(A)).

3.3.4.2 Favorable Condition

The nature and rates of faulting, if any, within the
geologic setting are such that the magnitude and
intensity of the associated seismicity are significantly
less than those generally allowable for the construction
and operation of nuclear facilities. (Section 6.3.3.4.3)

USDOE Assessment: Since these operating nuclear facilities
(WNP-2 and others) are near the reference
repository location, this favorable
condition appears to be met. (p. 6-210)

Comment 3.3.4.2(A):

that this favorable

We tentatively disagree with USDOE's assessment

condition is present because there is currently not

enough tectonic and seismic data available to make a conservative

determination. The draft EA acknowledges that: 1) there is

insufficient information on subbasalt stratigraphy and structure to

test tectonic models; 2) detailed seismic monitoring of the repository

horizon is only beginning; and 3) detailed studies of structures and

geophysical anomalies in the reference repository location have yet to

be accomplished and structural analyses have not been completed. This

acknowledged lack of data accentuates limitations of the current data

base, and points to the need for substantial work on tectonics and

seismicity during site characterization.
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Comment 3.3.4.2(B): On p. 6-210 of the EA, the location of the WNP-2

nuclear power plant (11 miles away) is given as evidence that the

reference repository location meets the favorable condition. However,

this reasoning does not provide sufficient evidence that the seismicity

is significantly less than that allowable for nuclear facilities as

mandated by the guidelines, nor does the draft EA's comparison to two

California nuclear facilities, which are built to withstand very large

earthquakes, address the spirit of the guideline. Also, the reference

repository location could have a somewhat different set of conditions

than the WNP-2 plant with respect to capable faulting, owing to its

shorter distance from the Rattlesnake-Wallula and Gable Mountain

structures, and the potential for site specific structures which may

yet be identified in or near the site.

3.3.4.3 Potentially Adverse Conditions

Three potentially adverse conditions are specified in the siting

guideline for preclosure tectonics. The first potentially adverse

condition is:

Evidence of active faulting within the geologic setting.
(Section 6.3.3.4.4)

USDOE Assessment: This potentially adverse condition appears
to be present in the geologic setting.
(p. 6-211)

No comment.

The second potentially adverse condition specified by the siting

guideline is:

Historical earthquakes or past man-induced seismicity
that, if either were to recur, could produce ground
motion at the site in excess of reasonable design
limits. (Section 6.3.3.4.5)
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USDOE Assessment: . . . it is assumed that this potentially
adverse condition is not present within the
geologic setting of the reference repository
location. (p. 6-212)

Comment 3.3.4.3(A): Until at least preliminary evaluations have been ' R

accomplished to determine the maximum levels of surface and subsurface
ground accelerations at the site, it appears to be inappropriate and

unconservative to assume, as USDOE apparently does, that ground motions ' R
in excess of reasonable design limits could not occur.

A preliminary evaluation of expected surface vibratory ground motion

could be made from currently available data, and should be included in ' R

the EA. Considering the recent seismic hazard analyses for the WPPSS

WNP-2 and Skagit/Hanford projects, the current understanding of the

historical seismicity, and the NRC's position on the design earthquakes

that should be used for nuclear projects on the Hanford Reservation,

there appears to be enough data readily available to provide a much

better, if only preliminary, assessment of the surface effects of

seismicity than has been provided in the draft EA. The NRC's 1982 ' R
position on the size of the various earthquakes for the Skagit/Hanford

Project is as follows (USNRC 1982):

o A ML = 4.0 swarm type earthquake is assumed to occur at a
distance of 15 km (9.3 miles) from the Skagit/Hanford Site. ' R

o A MS = 6.5 earthquake is assumed to occur along the

Rattlesnake-Wallula Alignment.

o The largest earthquake not associated with a structure within

the Columbia Plateau Tectonic Province (the 1936 Milton

Freewater Ms = 5.75 earthquake) is assumed to occur in the
site vicinity.

o A MS = 5.0 earthquake is assumed to occur on the Gable

Mountain faults.
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A preliminary evaluation of the effects of the recurrence of a large
historical earthquake on subsurface facilities will be considerably

more difficult to accomplish and possibly of less concern than surface
effects. However, because earthquake effects in the subsurface are not

well understood: 1) the EA should fully explain the limits and
implications of the current state of knowledge; and 2) a defensible, if

preliminary, case should be presented that ground motions in the
subsurface will not exceed reasonable design limits. This information

is critical to a reasonable and conservative assessment of this
potentially adverse condition.

While empirical studies indicate that mines and mined drifts generally
are not adversely affected by earthquakes large enough to cause damage
to surface facilities, these empirical studies (Pratt and others 1978,
1979; Owen and Scholl 1981) are based on limited data, none of which
was derived in highly stressed basalt or in a similar seismotectonic
environment to the Columbia Plateau. Also, it should be recognized
that while seismic motion is generally reported to decrease with depth,
records exist of peak amplitudes that are greater at depth than at the
surface (Owen and Scholl 1981). Pratt and others (1979) conclude that
"more analysis is required before a seismic criteria can be formulated
for the siting of an underground facility."

Owen and Scholl (1981) state that the existing data base on the
subsurface effects of earthquakes is not sufficient to determine the
relative importance of geology, earthquake parameters, tunnel supports,
and in-situ stresses for predicting damage or lack of damage. These
authors' conclusions are particularly pertinent for the reference
repository location because of its greater depth than that for most of
the available data, and perhaps more importantly, because the Hanford
Site appears to be located within the near-field environment of the
probable magnitude 6.5 earthquake on the Rattlesnake-Wallula
Alignment. The proximity of such an earthquake could result in
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relatively high accelerations, complicated ground motions, and a

substantially greater possibility for displacement along fractures or

faults within or near the repository. Also, microearthquake swarms

could occur within the repository horizon, leading to the potential for

significantly larger near-source accelerations in the highly stressed

rock than might normally be expected from a microearthquake.

The third potentially adverse condition specified by the siting

guideline on preclosure tectonics is:

Evidence, based on correlations of earthquakes with
tectonic processes and features (e.g., faults) within the
geologic setting, that the magnitude of earthquakes at
the site during repository construction, operation, and
closure may be larger than predicted from historical
seismicity. (Section 6.3.3.4.6)

USDOE Assessment: . . . it appears that this potentially
adverse condition is not present within the
geologic setting of the reference repository
location. (p. 6-213)

Comment 3.3.4.3(B): We disagree with USDOE's assessment of this
potentially adverse condition. The NRC has assumed that a magnitude

6.5 earthquake could occur on the Rattlesnake-Wallula Alignment (USNRC

1982). This earthquake is larger than any historical or instrumentally

recorded earthquake on the Columbia Plateau. While this design

earthquake may be conservative for a nuclear power plant, the period of

construction, operation, and closure for the repository is considerably

longer than the useful life of the nuclear power plants on the Hanford

Reservation, and the potential damages that could result from such an

earthquake are certainly as significant. Therefore, it appears that a

greater level of conservatism should be applied to seismic

considerations for the repository than for a nuclear power plant in the

same setting.
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3.3.4.4 Disqualifying Condition

A site shall be disqualified if, based on the expected
nature and rates of fault movement or other ground
motion, it is likely that engineering measures that are
beyond reasonably available technology will be required
for exploratory-shaft construction or for repository
construction, operation, or closure. (Section 6.3.3.4.7)

USDOE Assessment: . . . the evidence supports a finding that
the reference repository location is not
disqualified on the basis of that evidence
and is not likely to be disqualified
(Level 1). (p. 6-213)

Comment 3.3.4.4(A): We disagree with part of the argument used in

reaching USDOE's assessment of this disqualifying condition. In

particular, the draft EA (Section 6.3.3.4.7, p. 6-21) states that "the

reference repository was sited away from areas of known or suspected

faults." This statement may be incorrect if the nine geophysical

anomalies shown in Myers (1981) and other alignments that trend through

and near the repository are considered "suspected faults."

The omission of maps and discussions of these anomalies in the draft

document results in the appearance that the site is more likely to meet

the guideline than the present evidence indicates. Because of the

implications that these anomalies, if they are faults, might have on

construction and long-term performance of a repository, the geophysical

data, current interpretations, and possible implications of these

features should be discussed fully in the EA.

Comment 3.3.4.4(B): The following points should be discussed under

this section of the final EA, and the disqualifying condition should be

reevaluated accordingly:

o Numerous geophysical anomalies are located in or near the

reference repository location, some of which are probably

faults (see Comment 3.3.4.4(A)).
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o One tectonic model suggests that a low angle fault could exist

below the reference repository location.

o Microearthquake swarms can be expected to occur within the

repository during the next 10,000 years. R

o Faulting anywhere in the Pasco Basin could result in

significant changes in the groundwater flow system.

3.3.4.5 Qualifying Condition

The site shall be located in a geologic setting in which
any projected effects of expected tectonic phenomena or
igneous activity on repository construction, operation,
or closure will be such that the requirements specified
in Section 960.5-l(a)(3) can be met.

USDOE Assessment: A final conclusion on the preclosure
qualifying condition for tectonics cannot be
made based on currently available data. The
available evidence does not support a
finding that the site is not likely to meet
the preclosure qualifying condition for
tectonics (Level 3). (Section 6.3.3.4.8,
p. 6-214)

Comment 3.3.4.5(A): We believe that there is insufficient data

currently available for USDOE to conservatively support this assessment

of the qualifying condition for tectonics. It appears that all the

available evidence concerning seismic risk and active faulting within

and near the reference repository location has not yet been evaluated. ' R

This, combined with the probable absence of favorable conditions and

presence of potentially adverse conditions, indicates that a favorable

preliminary conclusion on the qualifying condition is not warranted at ' R

this time. Once a preliminary quantitative evaluation of the seismic

hazard for the repository has been accomplished, USDOE should

reconsider the evidence and reassess the qualifying condition on

preclosure tectonics.
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3.3.5 Summary Evaluation on Preclosure Ease and Cost of Construction,

Operation, and Closure

USDOE Assessment: A final conclusion on the qualifying
condition for preclosure ease and cost of
construction, operation, and closure cannot
be made based on currently available data.
However, the available evidence does not
support a finding that the site is not
likely to meet the qualifying condition
(Level 3) (Section 6.3.4.1.3, p. 6-216)

Comment 3.3.5(A): USDOE supports this assessment by stating that the

repository would be constructed using available mining and drilling

technology, and that water inflow would be controlled using reasonably
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available technology (p. 6-216). However, we do not share the same

degree of confidence that the proposed construction methods will be

initially successful. Significant uncertainties exist concerning the

rock mass behavior and the seismicity of the geologic setting. These

uncertainties, together with the high in-situ stresses and

temperatures, the depth of the facility, and the lack of construction

experience in basalt under these conditions, indicate that a repository

at Hanford would probably be a technical challenge. On this basis, an

expanded treatment of alternate construction techniques is warranted in

the EA. The discussion of construction costs presented in the draft EA

should be expanded to allow a meaningful independent assessment of this

factor. The relative uncertainties associated with the cost of

repository development at Hanford should be discussed and placed in

perspective by comparisons to cost uncertainties associated with the

alternative sites. This factor should then be reflected in the

comparative site rating for the technical guidelines related to cost of

construction (Reference p. B-10, Table B-3).
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3.4 POSTCLOSURE SYSTEM GUIDELINE: WASTE SEPARATION FROM ENVIRONMENT

Siting Guideline 960.4-1)

The qualifying condition for this system guideline requires that:

The geologic setting at the site shall allow for the
physical separation of radioactive waste from the
accessible environment after closure in accordance with
the requirements of 40 CFR 191, Subpart B, as implemented
by the provisions of 10 CFR Part 60. The geologic
setting at the site will allow for the use of engineered
barriers to ensure compliance with the requirements of
40 CFR Part 191 and 10 CFR Part 60 (see Appendix I of
this Part).

This subsection presents our comments on USDOE's assessments of the

Hanford repository location with respect to the following technical

guidelines associated with this system guideline:

o Geohydrology (Siting Guideline 960.4-2-1, Section 3.4.1)

o Geochemistry (Siting Guideline 960.4-2-2, Section 3.4.2)

o Rock characteristics (Siting Guideline 960.4-2-3, Section

3.4.3)

o Climatic changes (Siting Guideline 960.4-2-4, Section 3.4.4)

o Erosion (Siting Guideline 960.4-2-5, Section 3.4.5)

o Dissolution (Siting Guideline 960.4-2-6, Section 3.4.6)

o Tectonics (Siting Guideline 960.4-2-7, Section 3.4.7)

o Human interference (Siting Guideline 960.4-2-8, Section 3.4.8)
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The human interference guideline is further separated into guidelines

for natural resources (960.4-2-8-1) and site ownership and control

(960.4-2-8-2). Following the comments on the technical guidelines is a

summary evaluation of USDOE's assessment of the qualifying condition

for the postclosure system guideline.

3.4.1 Postclosure - Technical Siting Guideline: Geohydrology (Siting

Guideline 960.4-2-1)

3.4.1.1 Evaluation Process (Section 6.3.1.1.2)

Comment 3.4.1.1(A): A defensible evaluation of the geohydrology

guideline is nearly impossible, at this time, because of the large

degree of uncertainty associated with the groundwater data base. None

of the relevant hydrogeologic parameters are sufficiently known,

precluding defensible determination of groundwater travel time. The

U.S. Geological Survey (Robertson 1983, p. 5) concludes that "we do not

believe that the hydraulic conductivity, head gradient, and effective

porosity data are sufficient or reliable enough to allow velocity

calculations to be made with an accuracy of greater than approximately
2 or 3 orders of magnitude." Large uncertainties currently exist in

the detailed flow patterns of the regional groundwater system, the

degree of vertical hydraulic conductivity and cross-formational

groundwater flow, and in the location of the deep basalt groundwater

discharge areas. It is not known where the groundwater in the

repository horizon ultimately discharges into the Columbia River, or

the distance from the repository location to this discharge point.

The validity of existing numerical model studies of groundwater travel

time at the site has been questioned, primarily because of limitations

with the data base (Burnham 1983; Frederick 1983). These reviewers

point out several major concerns, which remain valid for the current

assessment:
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o The regional groundwater system of an area much larger than

the Pasco Basin must be reliably modeled in order to fully

evaluate the Hanford Site.

o Predevelopment (unaffected by man's activities) and current

groundwater conditions in the regional area must be accurately

simulated.

o The distribution and extent of zones of high hydraulic

conductivity in the basalt must be known, as must the vertical

hydraulic conductivity of the dense interior basalt.

o The impact of future groundwater development must be

considered (see Comment 3.4.1.3(B)).

o The hydrologic boundary

for geologic structures

accurately determined.

o The assumption by USDOE

conditions exist at the

conditions for the regional model and

within the Pasco Basin must be

that steady-state groundwater
Hanford Site must be proven.

An additional concern is that no

apparently been conducted at the

fracture-flow
Hanford Site.

modeling studies have

All modeling studies

discussed in the draft EA are porous media (unconsolidated sediment

such as sand) models which should be shown to be valid for the

fractured rock system at Hanford.

We appreciate that many of the above concerns will be considered during

the site characterization process. However, the concerns are expressed

here because modeling studies are cited in the draft EA as evidence of

favorable site performance.
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While the uncertainty associated with the data base and modeling
efforts is the main concern, the validity of significant parts of the
existing hydrologic data developed by USDOE has also been questioned
(Golder Associates 1983; Frederick 1983). Questionable data should be
identified and used cautiously in the conceptual and numerical modeling
analyses.

Comment 3.4.1.1(B): The USDOE has incorrectly used data from the
following references on hydrogeologic conditions at the Hanford Site in
the draft EA. These citations should be corrected and the conclusions
drawn from them revised; we consider these errors as potentially
serious defects in the EA.

o Strait and Spane (1983) document a fracture zone found in one
borehole near the base of the Untanum flow that is 6 feet
thick with a tested hydraulic conductivity of 5.2 x 10-4
meters per second (1.5 x 102 feet per day). This was cited
in the draft EA (page 3-86) as 3 feet thick with a hydraulic
conductivity of 10-4 meters per second (10 feet per day),
which is up to one order of magnitude lower.

o Sagar and Runchal (1982) present an example calculation
related to fracture permeability which is "...intended as an ' R
illustrative example and not as a definitive statement on the
hydraulic conductivity of the fractured basalt..." (pg. 271).
This calculation was incorrectly cited in the draft EA (pages
3-85, 6-71) to justify a near isotropic condition of the
interior basalt.

o Gelhar (1982) and Leonhart et al. (1982) present results from
two tracer tests conducted in the McCoy Canyon Interflow
zone. They estimate the zone has an effective porosity of
0.02 to 0.04 percent. The draft EA (page 6-75) cites these
papers to support an effective porosity of 1.0 to 0.01
percent, or up to two orders of magnitude greater than the
references support.
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3.4.1.2 Favorable Conditions

Four favorable conditions are specified in the siting guideline for

geohydrology. The first is:

Site conditions such that the pre-waste-emplacement
ground-water travel time along any path of likely
radionuclide travel from the disturbed zone to the
accessible environment would be more than 10,000 years.
(Section 6.3.1.1.3)

USDOE Assessment: This favorable condition appears to be
present because median pre-emplacement
ground-water travel times to the accessible
environment along pathways of likely
radionuclide travel are expected to be
greater than 10,000 years. (p. 6-63)

Comment 3.4.1.2(A): We disagree with USDOE's finding that this

favorable condition appears to be present, due to the degree of

uncertainty associated with the existing data base and the use of

nonconservative assumptions of hydrologic parameters by USDOE in their ' R

groundwater travel time analysis. The draft EA states that

". . . uncertainties exist regarding the large-scale representativeness

of available rock permeability, effective porosity, and hydraulic head

gradient values, which are critical in predicting ground-water travel

times and radionuclide movement" (Section 6.3.1.1.3, p. 6-63).

Concerning the complexity of the system, the draft EA states

". . . currently available geohydrologic data do not conclusively

support a single or narrow range of interpretation of overall

ground-water movement and flow rates beneath the Hanford Site" (p.

6-63). USDOE should assure that all technically credible estimates of

travel time are included in Table 6-3 to allow independent assessment.

Given the degree of uncertainty in the hydrologic parameters,

particularly hydraulic conductivity, values of travel time presented in

Table 6-3 (p. 6-64) could easily be in error by one to two orders of

magnitude (see referenced quote in Comment 3.4.1.1(A)). The hydraulic

conductivity parameter (and related transmissivity parameter) vary in ' R
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nature over a range of more than 12 orders of magnitude. Actual

measurements made throughout the layered basalt sequence at Hanford

range over 10 orders of magnitude. A relatively small change of one

order of magnitude in hydraulic conductivity can result in a

corresponding order of magnitude change in travel time to the ' R

accessible environment (e.g., 10,000 to 1,000 years). The extreme

variability and related uncertainty of hydraulic conductivity data

available for the Hanford basalts result in a very high potential for

error in the travel time analyses. This large degree of uncertainty

requires that conservative assumptions be used so as to underestimate

the site conditions (per siting guideline 960.3-1-4-2). a R

We disagree with the use of the geometric mean transmissivity of 0.15

square meters (1.65 square feet) per day for the groundwater travel

time analyses (page 6-266). This value is an unreasonable estimate of

flow top permeability in the Grande Ronde basalt. Wells drilled

through a 1,000-foot sequence of saturated basalt with this low

transmissivity would only be capable of yielding 10 to 50 gallons per

minute with a total drawdown. However, numerous deep irrigation wells

near the Hanford Site (e.g., Odessa and Umatilla-Hermiston) are capable

of yielding greater than 1,000 gallons per minute, many of them from

the Grande Ronde basalt. Transmissivity values on the order of 100 to ' R

500 square feet per day are more consistent with field experience and

aquifer tests throughout the Columbia Plateau.

In our opinion, USDOE's use of unreasonable values for hydrologic

parameters has resulted in groundwater travel time calculations that

are not realistic. We have conducted a simplified comparative analysis

of groundwater travel time along a 6.2 mile flow path using a two

dimensional computer analysis. Two cases were set up using hydrologic

parameter values representative of the basalt aquifers adjacent to the

Hanford Site and a third case was set up using values similar to those

chosen by USDOE for their modeling analyses. These travel times should

not be taken as a definitive statement on groundwater travel at
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Hanford, but are presented to show that a wide range of travel time

estimates can be derived from the existing data base and conceptual

model. The input parameters and results are as follows:

I

Hydraulic Hydraulic Effective Travel
Transmissivity Conductivity Gradient Porosity Time
feet 2/day (feet/day) (feet/mile) (percent) (years)

Case 1 390 15 26.4 15 170-190

Case 2 390 15 2.64 15 1,400-2,700

Case 3 1.65 0.064 26.4 15 41,000-44,000

The Case 3 results are comparable with results obtained by USDOE

(81,000 years). However, the Case 1 and 2 results, based on realistic

hydraulic conductivity and gradient, show that groundwater travel time

to the accessible environment may be on the order of hundreds of years

rather than tens of thousands of years. Therefore, conservative

assumptions at this time should lead to the preliminary conclusion that

this favorable condition is not present.

The second favorable condition is:

The nature and rates of hydrologic processes operating
within the geologic setting during the Quaternary Period
would, if continued into the future, not affect or would
favorably affect the ability of the geologic repository
to isolate the waste during the next 100,000 years.
(Section 6.3.1.1.4)

USDOE Assessment: This favorable condition appears to be
present because the hydrologic processes
operating during the Quaternary Period are
expected to have had mostly transient,
local, and shallow effects on the hydrologic
systems. (p. 6-66)
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Comment 3.4.1.2(B): We believe that a performance assessment numerical

simulation of the regional groundwater flow system should be conducted

to evaluate the impacts of potential worst-case climatic change

scenarios. In particular, potential effects of glacially induced

changes in the groundwater system should be assessed. This assessment

should evaluate: 1) potential changes in groundwater recharge rates

during a glacial advance and retreat, and 2) potential changes in

hydraulic conductivity of the basalt due to stress-induced faults and

fractures.

The third favorable condition specified in the siting guideline is:

Sites that have stratigraphic, structural, and hydrologic
features such that the geohydrologic system can be
readily characterized and modeled with reasonable
certainty. (Section 6.3.1.1.5)

USDOE Assessment: This favorable condition does not appear to
be present because the reference repository
location and surrounding geohydrologic
system are not expected to be easily
(readily) characterized and modeled. (p.
6-66)

No comment.

The fourth favorable condition is:

For disposal in the saturated zone, at least one of the
following pre-waste-emplacement conditions exists.
(Section 6.3.1.1.6)

(i) A host rock and immediately surrounding
geohydrologic units with low hydraulic
conductivities.

USDOE Assessment: Available information suggests that . .
the first subcondition is not present....
(p. 6-70)

No comment.
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(ii) A downward or predominantly horizontal
hydraulic gradient in the host rock and in
the immediately surrounding geohydrologic
units.

USDOE Assessment: Available information suggests that . . .
the second subcondition is present....
(p. 6-70)

Comment 3.4.1.2(C): We disagree with USDOE's assessment of this

subcondition until the existing potentiometric data base is sufficient

to accurately determine the groundwater flow paths. At least one

investigator (Burnham 1983) has concluded that the site is located in

the regional groundwater system's discharge area. The extent that

vertical hydraulic conductivity allows upward movement of groundwater

through the basalt flow interiors must be addressed. The draft EA

states that geochemical data suggests that groundwater "may be

migrating upward in the vicinity of the reference repository location"

(Section 6.3.1.2.8, p. 6-94). This observation conflicts with the

discussion presented in the draft EA to support this favorable

condition, and shows that the geochemical and hydrologic data are not
in agreement with a unified conceptual flow model of the site. Thus,

at this time, USDOE cannot assume that a downward or predominantly

horizontal flow exists, but should conservatively conclude that this

favorable condition is not present, based on the available data.

(iii) A low hydraulic gradient in and between the
host rock and the immediately surrounding
geohydrologic units.

USDOE Assessment: Available information suggests that .

the third subcondition is present....
(p. 6-70)

No comment.

(iv) High effective porosity together with low
hydraulic conductivity in rock units along
paths of likely radionuclide travel between
the host rock and the accessible environment.
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USDOE Assessment: Available information suggests that . . .
the fourth subcondition is not present....
(p. 6-70)

No comment.

3.4.1.3 Potentially Adverse Conditions

Three potentially adverse conditions are specified in the siting

guideline for geohydrology. The first is:

Expected changes in geohydrologic conditions--such as
changes in the hydraulic gradient, the hydraulic
conductivity, the effective porosity, and the
ground-water flux through the host rock and the
surrounding geohydrologic units--sufficient to
significantly increase the transport of radionuclides to
the accessible environment as compared with
pre-waste-emplacement conditions. (Section 6.3.1.1.8)

USDOE Assessment: This potentially adverse condition does not
appear to be present because ground-water
travel times to the accessible environment
(and thus associated radionuclide transport)
under post-waste-emplacement conditions are
not expected to be significantly different
from pre-waste-emplacement travel times.
(p. 6-76)

Comment 3.4.1.3(A): We tentatively disagree with the USDOE's

assessment of this potentially adverse condition. The draft EA does

not consider the impacts on hydraulic gradient and the groundwater flux

through the site that may occur from future groundwater development and
increased irrigation in the Pasco Basin. Future development will

likely involve greater groundwater withdrawal and the use of deeper

aquifers. As higher-quality water resources become scarce, greater use

will be made of the more-mineralized water from the deep basalts. The
need to treat the water of the deep basalt, which may preclude its use

now, may not inhibit its use if it becomes economically beneficial or

if the water is mixed with higher quality water to dilute the ' R

objectionable chemical constituents. Increased irrigation will also
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provide greater recharge to the groundwater system in some areas.

Defensible predictions must be made of future development and used in

performance assessment analyses. Numerical modeling techniques will

have to show the impact that conceivable development scenarios have on

the groundwater travel time in the repository vicinity.

USDOE's assessment of this condition appears to conflict with their

assessment of the fifth potentially adverse condition specified in the

Natural Resources Siting Guideline. In their discussion of this

condition, USDOE (EA, page 6-144) concludes that potential human R

activity could adversely change the groundwater flow system. This

apparent inconsistency should be resolved.

Comment 3.4.1.3(B): The EA should evaluate the likelihood of thermally

buoyant groundwater rising through overlying basalt layers to a depth

of 2,500 feet or less and encountering the accessible environment at a

distance of one mile from the repository, as shown in Figure 6-21.

Consideration should also be given to potential changes in vertical and

horizontal hydraulic conductivity that may be caused by the thermal ' R

effects on the groundwater density and viscosity, and on mineral

infillings in fractures.

Comment 3.4.1.3(C): The EA should also address the potential for

increased hydraulic conductivity caused by increased rock fracturing

from glacial activity (Comment 3.4.1.2(B)), rock mass yielding (Comment

3.4.3.3(C)), and microearthquake swarms (Comment 3.4.7.5(A)).

The second potentially adverse condition specified in the siting

guideline is:

The presence of ground-water sources, suitable for crop
irrigation or human consumption without treatment, along
ground-water flow paths from the host rock to the
accessible environment. (Section 6.3.1.1.9)

USDOE Assessment: . . . this potentially adverse condition is
not present at the reference repository
location. (p. 6-77)
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Comment 3.4.1.3(D): We tentatively disagree with USDOE's assessment of

this potentially adverse condition. The existing data base is not

sufficient to even broadly estimate the location and direction of the

flow paths from the repository. Past modeling studies have attributed

the groundwater flow path from the repository to be both to the north

and south. Groundwater in the basalt adjacent to the Hanford Site is

suitable for irrigation and consumption without treatment and is being

used. In fact, Burnham (1983, p. 3.6) states "potable and irrigation

water sources do exist along the flow paths from the host rock to the

accessible environment." Until a sufficient determination of flow

paths is made, the potentially adverse condition should be assumed to

be present to be conservative (per siting guideline 960.3-1-4-2).

The third potentially adverse condition is:

The presence in the geologic setting of stratigraphic or
structural features--such as dikes, sills, faults, shear
zones, folds, dissolution effects, or brine pockets--if
their presence could significantly contribute to the
difficulty of characterizing or modeling the
geohydrologic system. (Section 6.3.1.1.10)

USDOE Assessment: . . . this potentially adverse condition is
likely to be present at the reference
repository location. (p. 6-78)

No comment.

3.4.1.4 Disqualifying Condition

A site shall be disqualified if the pre-waste-emplacement
ground-water travel time from the disturbed zone to the
accessible environment is expected to be less than 1,000
years along any pathway of likely and significant
radionuclide travel. (Section 6.3.1.1.11)

USDOE Assessment: The available evidences does not support a
finding that the reference repository
location is disqualified (Level 1).
(p. 6-79)

7183A
3-82



Comment 3.4.1.4(A): We believe that today there are still serious

questions about the ability to develop the required confidence in

groundwater travel times. The complexity of the site's hydrogeology

ultimately may not allow a confidence Level 2 to be established for the

disqualifying condition even after site characterization (see Comments

3.4.1.1(A) and 6.2.3.3(A)). '

3.4.1.5 Qualifying Condition

The present and expected geohydrologic setting of a site
shall be compatible with waste containment and
isolation. The geohydrologic setting, considering the
characteristics of and the processes operating within the
geologic setting, shall permit compliance with (1) the
requirements specified in Section 960.4-1 for
radionuclide releases to the accessible environment and
(2) the requirements specified in 10 CFR 60.113 for
radionuclide releases from the engineered-barrier system
using reasonably available technology.

USDOE Assessment: . . . it is believed that the available
evidence does not support a finding that the
site is not likely to meet the qualifying
condition (Level 3). (Section 6.3.1.1.12,
p. 6-85)

Comment 3.4.1.5(A): We do not believe that a realistic assessment of

the ability of the Hanford repository location to satisfy this

condition can be made at this time. The existing data base is not

sufficient to form defensible conclusions regarding the groundwater

travel time or direction, and, more importantly, may not be sufficient

even after site characterization. This is consistent with USDOE's

assessment on p. 6-66 that the third favorable condition does not

appear to be present. Major problems exist in the determination of an

accepted conceptual model, acquisition of reliable hydrologic data, and

choice of numerical modeling techniques that must be resolved before

the site can be shown to be compatible with waste isolation (see

Comments 3.4.1.1(A) and 3.4.1.2(A)). R
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3.4.2 Postclosure - Technical Siting Guideline: Geochemistry (Siting

Guideline 960.4-2-2)

3.4.2.1 Evaluation Process (Section 6.3.1.2.2)

Comment 3.4.2.1(A): The primary limitation of the evaluation process

is the lack of sufficient geochemical data. A more comprehensive,

three-dimensionally distributed data base must be established before

the siting guideline can be accurately addressed. We recognize that

this will be a purpose of site characterization. As in the case of

groundwater flow, a regional characterization of groundwater chemistry

must be made of an area larger than the Pasco Basin before the

geochemical environment within the Hanford Site can be understood.

Data must be developed on: 1) the specific sorption properties of the

basalt and secondary minerals in fractures; 2) the solubility and

retardation factors of specific radionuclides; and 3) the chemical

character of interbed sediments and the basalt flow top horizons.

Comment 3.4.2.1(B): The validity of some of the laboratory testing

methods used by USDOE has been questioned by the Nuclear Regulatory

Commission (Kelmers, et al. 1984). NRC testing obtained significantly

different results on radionuclide solubility and sorption in basalt,

and the NRC has questioned the "conservative best estimate" values

developed by USDOE. The NRC showed that laboratory test results

obtained with basalt from a specific flow horizon may not be

representative of other basalt flow horizons. In addition, NRC

suggested that the use of hydrazine in USDOE laboratory tests to

simulate reducing conditions in the deep basalt may result in

nonconservative results. These concerns must be addressed for a

credible experimental data base to be established.

3.4.2.2 Favorable Conditions

Five favorable conditions are specified in the siting guideline for

geochemistry. The first favorable condition is:
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The nature and rates of the geochemical processes
operating within the geologic setting during the
Quaternary Period would, if continued in the future, not
affect or would favorably affect the ability of the
geologic repository to isolate the waste during the next
100,000 years. (Section 6.3.1.2.3)

USDOE Assessment: On the basis of available information, this
favorable condition appears to be present at
the reference repository location. (p. 6-89)

No comment.

The second favorable condition is:

Geochemical conditions that promote the precipitation,
diffusion into the rock matrix, or sorption of
radionuclides; inhibit the formation of particulates,
colloids, inorganic complexes, or organic complexes that
increase the mobility of radionuclides; or inhibit the
transport of radionuclides by particulates, colloids, or
complexes. (Section 6.3.1.2.4)

USDOE Assessment: This favorable condition is projected to be
present at the reference repository location
on the basis of available geochemical
information. (p. 6-90)

Comment 3.4.2.2(A): We tentatively disagree with USDOE's favorable

assessment of this condition because studies have identified

geochemical processes and conditions in basalt/groundwater systems

which are capable of increasing the mobility and transport of some

radionuclides. These processes must be better understood to determine

if they are capable of counteracting the sorption capacity of the

basalt and basalt alteration phases (secondary minerals). The
following issues need to be better addressed before a favorable

assessment can be justified:

o Laboratory tests have suggested that high fluoride

concentrations in groundwater may increase plutonium

solubility and result in greater radionuclide mobility
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(Cleveland, et al. 1983). In addition, sodium, potassium, and

calcium have been found to decrease the sorption of cesium,
strontium, and radium (Barney 1984). These relationships must

be investigated further because of the implications for the
high fluoride and sodium groundwater in the proposed

repository area.

o The methane found in high concentration in the deep basalt
groundwater may produce strong organic complexing agents
which, by combining with the radionuclides, could increase
radionuclide mobility. In addition, fulvic acid is present in
the deep basalt groundwater and is capable of forming similar
complexes with radionuclides (Early and others 1984).

o The redox potential data produced by USDOE has been questioned

by some reviewers (Golder Associates 1983; Frederick 1983).
Since the reducing groundwater environment is a potential
major control on radionuclide transport, these concerns must
be further addressed.

o The effect of high temperature from the stored waste on

radionuclide adsorption and solubility in the basalt
environment should be discussed. Studies have shown that
increased temperature results in increased solubility of most
radionuclides (Early and others 1984).

o The transport of radionuclides in a colloid or particulate
form should be adequately addressed.

The third favorable condition for this siting guideline is:

Mineral assemblages that, when subjected to expected
repository conditions, would remain unaltered or would
alter to mineral assemblages with equal or increased
capability to retard radionuclide transport. (Section
6.3.1.2.5)
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USDOE Assessment: Based on presently available data, this
favorable condition appears to be present at
the reference repository location. (p. 6-91)

No comment.

The fourth favorable condition specified in the siting guidelines is:

A combination of expected geochemical conditions and a
volumetric flow rate of water in the host rock that would
allow less than 0.001 percent per year of the total
radionuclide inventory in the repository at 1,000 years
to be dissolved. (Section 6.3.1.1.6)

USDOE Assessment: This favorable condition is projected to be
present at the reference repository location
based upon the present data base. (p. 6-91)

Comment 3.4.2.2(B): We tentatively disagree with USDOE's assessment of

this favorable condition until such time as the groundwater flow system

is better understood and characterized. It must be demonstrated that

the rate of groundwater movement through the repository will not

override the geochemical forces acting to retard the movement of
radionuclides. Studies have shown that a direct correlation exists

between the groundwater flow rate and the leaching (solution) rate of

radionuclides from the radioactive waste form (Pescatore and Machiels

1984).

The fifth favorable condition is:

Any combination of geochemical and physical retardation
processes that would decrease the predicted peak
cumulative releases of radionuclides to the accessible
environment by a factor of 10 as compared to those
predicted on the basis of ground-water travel time
without such retardation. (Section 6.3.1.2.7)

USDOE Assessment: Based on available data, this favorable
condition appears to be present for most
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radionuclides expectec
geologic repository at
repository location.

i to be emplaced in a
; the reference
(p. 6-92)

No comment.

3.4.2.3 Potentially Adverse Conditions

Three potentially adverse conditions are specified in the siting

guideline for geochemistry. The first is:

Ground-water conditions in the host rock that could
affect the solubility or the chemical reactivity of the
engineered-barrier system to the extent that the expected
repository performance could be compromised. (Section
6.3.1.2.8)

USDOE Assessment: . . . this potentially adverse condition is
not expected to be present at the reference
repository location. (p. 6-93)

No comment.

The second potentially adverse condition specified in the siting

guideline is:

Geochemical processes or conditions that could reduce the
sorption of radionuclides or degrade the rock strength.
(Section 6.3.1.2.9)

USDOE Assessment: . . . it appears likely that this
potentially adverse condition is not
presently at the reference repository
location. (p. 6-95)

Comment 3.4.2.3(A): We tentatively disagree with USDOE's assessment of

this potentially adverse condition. Additional work needs to be done

on the geochemical characteristics and processes which, based on some

laboratory tests, may increase the mobility of radionuclides in the
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basalt environment. At issue are the high methane and fluoride

concentrations in the deep basalt groundwater, and the nature of the

reducing conditions of the groundwater (see Comment 3.4.2.2(A)).

The third potentially adverse condition specified in the siting

guideline is:

Pre-waste emplacement ground-water conditions in the host
rock that are chemically oxidizing. (Section 6.3.1.2.10)

USDOE Assessment: . . . this potentially adverse condition
does not appear to be present at the
reference repository location. (p. 6-96)

Comment 3.4.2.3(B): We tentatively disagree with USDOE's assessment of

this potentially adverse condition. The existing geochemical data base

does not support the existence of a strongly reducing environment in

the basalt/groundwater system. Measured redox values range from +0.35

to -0.2 volts (Early et al. 1984, pg. 152) and do not support the -0.3

volt redox condition used by the draft EA in their analysis. Also, the

EA should discuss the extent to which the basalt/groundwater system

reducing conditions may be affected by oxygen present in the repository

during construction and operation, and the expected time frame for

re-establishment of reducing conditions that may be expected to occur

after repository closure.

3.4.2.4 Qualifying Condition

The present and expected geochemical characteristics of a
site shall be compatible with waste containment and
isolation. Considering the likely chemical interactions
among radionuclides, the host rock, and the ground water,
the characteristics of and the processes operating within
the geologic setting shall permit compliance with (1) the
requirements specified in Section 960.4-1 for
radionuclide releases to the accessible environment and
(2) the requirements specified in 10 CFR 60.113 for
radionuclide releases from the engineered-barrier system
using reasonably available technology. (Section 6.3.1.1.1)
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USDOE Assessment: . . . analysis of available geochemical
evidence at the reference repository
location does not support a finding that the
reference repository location is not likely
to meet the qualifying condition (Level 3).
(Section 6.3.1.2.11, p. 6-97)

Comment 3.4.2.4(A): Additional work needs to be done on developing the

geochemical data base (see Comment 3.4.2.1(A)) and in determining the

magnitude of geochemical processes which may act to increase ' R

radionuclide mobility (see Comment 3.4.2.2(A)). This data base must be

shown to be consistent with the groundwater conceptual model that is

finally developed.
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3.4.3 Postclosure - Technical Siting Guideline: Rock Characteristics

(Siting Guideline 960.4-2-3)

3.4.3.1 Evaluation Process (Section 6.3.1.3.2)

Comment 3.4.3.1 (A): USDOE's evaluation process is influenced by its

performance assessment, where the assumption is made that the dense

interior of the Cohassett flow will not provide any isolation (p.

6-233). This assumption allows the guidelines for other rock

characteristics, such as thickness of the host rock (p. 6-99) and

fracturing of the host rock that could lead to reduction of isolation

capability (p. 6-107), to be more easily satisfied, because the adverse ' R

consequences of unfavorable conditions would be minimal. An example of

this occurs on p. 6-109, where USDOE states that "As credit is not

presently taken for the isolation potential of the Cohassett flow dense

interior, thermal-induced fracturing around the emplacement borehole or
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emplacement rooms, therefore, would not adversely affect the projected

ability of the host rock to provide isolation." However, USDOE "is

maintaining the future option of taking partial credit for the

isolation characteristics of the flow interior of the preferred

candidate horizon" (p. 6-263). Because of this, the importance of rock

characteristics may increase in the future, so each condition relating

to postclosure rock characteristics should be evaluated on its own

merits to the extent possible at the present time. All of the

discussions contained in Section 6.3.1.3, including the evaluation of

the qualifying condition, should be reviewed and expanded as necessary.

3.4.3.2 Favorable Conditions

Two favorable conditions are specified in the siting guideline for

postclosure and rock characteristics. The first condition is:

A host rock that is sufficiently thick and laterally
extensive to allow significant flexibility in selecting
the depth, configuration, and location of the underground
facility to ensure isolation." (Section 6.3.1.3.3)

USDOE Assessment: A conservative finding that this favorable
condition is not present has been assumed.
(p. 6-99)

No comment.

The second favorable condition is:

A host rock with a high thermal conductivity, a low
coefficient of thermal expansion, or sufficient ductility
to seal fractures induced by repository construction,
operation, or closure or by interactions among the waste,
host rock, groundwater, and engineered components.
(Section 6.3.1.3.4)

USDOE Assessment: This favorable condition is present at the
reference repository horizon. (p. 6-100)

No comment.
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3.4.3.3 Potentially Adverse Conditions

Three potentially adverse conditions are specified in the siting

guideline for rock characteristics. The first condition is:

Rock conditions that could require engineering measures
beyond reasonably available technology for the
construction, operation, and closure of the repository,
if such measures are necessary to ensure waste
containment or isolation. (Section 6.3.1.3.5)

USDOE Assessment: Preliminary information and studies indicate
that this potentially adverse condition is
not present at the reference repository
location. (p. 6-103)

Comment 3.4.3.3(A): We tentatively disagree with this assessment

because it is not clear that existing construction technology can

prevent a reduction in the isolation characteristics of the host rock. ' R

USDOE believes that the potential for extensive thermally induced

fractures can be controlled by the selection of the waste emplacement

density (p. 6-103). However, yielding of the rock mass along joints is ' R

likely to occur even at ambient temperatures because of the high in

situ stress and potentially low rock mass strength (RKE/PB, 1984). The

resulting disturbed zone is estimated to extend into the rock mass for

a distance of about 1 to 1.5 times the radius of the excavation, and

could increase the permeability of the rock mass by up to two orders of

magnitude (Kelsall, et al. 1982). The subsequent effects of thermal

loading are difficult to assess, and the few relevant case histories

indicate that thermal effects depend to a large extent on specific

conditions at the site (Kelsall, et al. 1982). Therefore, the

possibility that thermal loading could significantly extend the

disturbed zone should not be dismissed.

Several strategies are available to limit the disturbed zone, none of

which appear to be satisfactory. First, controlling disturbance by

decreasing the waste emplacement density may only be feasible if the
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lateral extent of the repository is increased by an unacceptable

amount. The magnitude of yielding necessary to produce a significant

increase in rock permeability is probably rather small, so it is also

doubtful that any type of conventional rock support would be able to

prevent such an increase. Grouting the disturbed zone is not currently

considered practical. The joint openings induced by yielding, while

significant in terms of increasing the rock mass permeability, may have

apertures too small to be penetrated by cement grouts. Furthermore,

the disturbance caused by thermal loading will occur after the

construction period, when grouting is no longer possible.

Comment 3.4.3.3(B): We tentatively disagree with USDOE's assessment of

this potentially adverse condition, because the effectiveness of

grouting procedures and the long-term performance of grout materials

has not been demonstrated. The construction techniques proposed by

USDOE will utilize grouting in several applications to seal the

repository and surrounding rock mass in order to avoid creating

preferential groundwater flow paths for radionuclide release. Grout

curtains will be employed in conjunction with bulkheads for shaft
sealing (p. 6-106). Vertical exploratory boreholes will be routinely

used to measure the distance between the dense interior and the flow

top (p. 6-195), and will need to be sealed. If large groundwater

inflows (i.e., connection to an aquifer) are encountered that would

endanger personnel, pressure grouting methods would be used to seal

these zones (p. 6-184).

Some of this grouting may be performed under difficult conditions such

as high water pressures and high temperatures. While it is probably

feasible to control water inflow under these conditions, achieving the

extremely low permeabilities required for effective isolation may be

more difficult. In addition, all of these seals must function for

thousands of years, and they will not become important until waste

release begins (at least 1,000 years from now, based on the performance

assessment of the waste package, p. 6-276). Both grouting techniques

and the longevity of grout materials over a period of about 10,000

years in the repository environment should be addressed. ' R
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The second potentially adverse condition is:

Potential for such phenomena as thermally-induced
fractures, the hydration or dehydration of mineral
components, brine migration, or other physical, chemical,
or radiation-related phenomena that could be expected to
affect waste containment or isolation. (Section
6.3.1.3.6)

USDOE Assessment: This potentially adverse condition is
conservatively assumed to be present at the
reference repository location. (p. 6-106)

No comment.

The third potentially adverse condition is:

A combination of geologic structure, geochemical and
thermal properties, and hydrologic conditions in the host
rock and surrounding units such that the heat generated
by the waste could significantly decrease the isolation
provided by the host rock as compared with
pre-waste-emplacement conditions. (Section 6.3.1.3.7)

USDOE Assessment: It is considered that this potentially
adverse condition is not present at the
reference repository location, although
further studies during site characterization
are necessary to confirm these conclusions.
(p. 6-109)

Comment 3.4.3.3(C): We tentatively disagree with USDOE's assessment of

this potentially adverse condition. At this time, it is possible that

rock mass yielding in response to the known high in-situ and thermally

induced stresses could significantly decrease the isolation capability

of the basalt within the zone of influence (about 1 to 2 tunnel

diameters). This is explained in detail in Comment 3.4.3.3(A). ' R

3.4.3.4 Qualifying Condition

The present and expected characteristics of the host rock
and surrounding units shall be capable of accommodating
the thermal, chemical, mechanical, and radiation stresses
expected to be induced by repository construction,
operation, and closure and by expected interactions among
the waste, host rock, groundwater, and engineered
components. The characteristics of and the processes
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operating within the geologic setting shall permit
compliance with (1) the requirements specified in Section
960.4-1 for radionuclide releases to the accessible
environment and (2) the requirements set forth in 10 CFR
60.113 for radionuclide releases from the
engineered-barrier system using reasonably available
technology. (Section 6.3.1.3.1)

USDOE Assessment: The available evidence does not support a
finding that the reference repository
location is not likely to meet the
postclosure rock characteristics qualifying
condition. (Section 6.3.1.3.8, p. 6-110)

Comment 3.4.3.4(A): Because of unavoidable thermo-mechanical

disturbance of the rock mass in the repository horizon, it appears at

this time that the host rock may not provide significant hydrologic

isolation. The other components of the repository system (e.g., the

geohydrologic and geochemical barriers and the engineered barriers) may

have to be relied upon to control radionuclide releases (see Comments

3.4.3.3(A) and (B)).

References

Kelsall, P.C., Case, J.B., and Chabannes, 1982, A Preliminary

Evaluation of the Rock Mass Disturbance Resulting from Shaft,

Tunnel, or Borehole Excavation, ONWI-411, Office of Nuclear Waste

Isolation, Battelle Memorial Institute, Columbus, OH.

RKE/PB, 1984, Task V, Engineering Study No. 6, Tunnel Optimization,

RD-BWI-ES-015, REV 0, Rockwell Hanford Operations, Richland, WA.

3.4.4 Postclosure - Technical Guideline: Climatic Changes (Siting

Guideline 960.4-2-4)

3.4.4.1 Evaluation Process (Section 6.3.1.4.2)

No comment.

7183A
3-97



3.4.4.2 Favorable Conditions

Two favorable conditions are specified in the siting guideline for

climatic changes. The first is:

A surface-water system such that expected climatic cycles
over the next 100,000 years would not adversely affect
waste isolation.

USDOE Assessment: The climate in the Hanford Site region has
been arid or semi-arid for at least the last
3 million years. These climatic conditions
are expected to remain essentially unchanged
over the next 100,000 years, except for a
colder, drier climate associated with a
postulated glacial advance. The surface
water systems associated with preglacial and
interglacial periods are not expected to
significantly change. Therefore, the waste
isolation potential of the reference
repository location should not be adversely
affected for the next 100,000 years. This
favorable condition appears to be present at
the reference repository location. (p. 6-115)

No comment.

The second favorable condition
guideline for climatic changes

specified by the siting
is:

A geologic setting in which climatic changes have had
little effect on the hydrologic system throughout the
Quaternary Period. (Section 6.3.1.4.4)

USDOE Assessment:

No comment.

7183A

Although the climate has changed little over
the past 3 million years, glaciers have
impinged on the northern portions of the
Columbia Plateau. The significance of these
changes relative to their effect on the
hydrologic system of the plateau is
unknown. However, it would appear that this
favorable condition may not be present.
(p. 6-117)
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3.4.4.3 Potentially Adverse Conditions

Two potentially adverse conditions are specified. The first is:

Evidence that the water table could rise sufficiently
over the next 10,000 years to saturate the underground
facility in a previously unsaturated host rock. (Section
6.3.1.4.5)

USDOE Assessment: The underground facilities of a repository
in basalt would be in a saturated host
rock. Therefore, this potentially adverse
condition does not apply to the reference
repository location and no further analysis
is required. (p. 6-117)

No comment.

The second potentially adverse condition is:

Evidence that climatic changes over the next 10,000 years
could cause perturbations in the hydraulic gradient, the
hydraulic conductivity, the effective porosity, or the
ground-water flux through the host rock and the
surrounding geohydrologic units, sufficient to
significantly increase the transport of radionuclides to
the accessible environment. (Section 6.3.1.4.6)

USDOE Assessment: The climate of the Hanford Site is not
expected to significantly change over the
next 10,000 years. Thus, the present
ground-water flow system is expected to
remain relatively unaffected. (p. 6-117)

Comment 3.4.4.3(A): We disagree with USDOE that climatic changes could

not occur during the next 10,000 years that might significantly alter

groundwater conditions. A drop in average temperature of a few degrees

could result in an expansion or development of alpine glaciers that

could, in turn, reduce flow volumes in the Columbia and Yakima Rivers.

Such a flow reduction could cause the rivers to change course and

consequently alter regional patterns of groundwater recharge and
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discharge. Therefore, we believe that the EA should evaluate the

likely effects of warming and cooling trends on the groundwater flow,

and then reconsider their evaluation of this potentially adverse ' R

condition.

3.4.4.4 Qualifying Condition

The site shall be located where future climatic
conditions will not be likely to lead to radionuclide
releases greater than those allowable under the
requirements specified in Section 960.4-1. (6.3.1.4.1)

USDOE Assessment: A final conclusion on the qualifying
condition for climatic changes cannot be
made based on currently available data.
However, the available evidence does not
support a finding that the reference
repository location is not likely to meet
the qualifying condition (Level 3).
(Section 6.3.1.4.7, p.6-118)

No comment.

3.4.5 Postclosure - Technical Siting Guideline: Erosion (Siting

Guideline 960.4-2-5)

3.4.5.1 Evaluation Process (Section 6.3.1.5.2)

Comment 3.4.5.1(A): The evaluation process used by USDOE for the

erosion guideline does not appear to include an evaluation of erosional

processes that could cause an alteration of the groundwater system.

Instead, the discussions on p. 6-119, 6-120, and 7-35 of the draft EA

concentrate on an evaluation of erosional processes that could lead to

waste exhumation. There is no discussion of the potential for erosion

to: 1) relocate groundwater discharge to areas nearer to the repository

site; or 2) expose rock units that would allow more infiltration to the

deep aquifers. Either of these erosional changes could modify the
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groundwater system and, thereby, conceivably adversely affect the

potential for radionuclide releases to the accessible environment.

Therefore, this type of erosional change should be considered as part

of the evaluation process.

3.4.5.2 Favorable Conditions

There are three favorable conditions specified by the siting guideline

on erosion. The first is:

Site conditions that permit the emplacement of waste at a
depth of at least 300 meters below the directly overlying
surface. (Section 6.3.1.5.3)

USDOE Assessment: This favorable condition is present at the
reference repository location. (p. 6-120)

No comment.

The second favorable condition is:

A geologic setting where the nature and rates of the
erosional processes that have been operating during the
Quaternary Period are predicted to have less than one
chance in 10,000 over the next 10,000 years of leading to
releases of radionuclides to the accessible environment.
(Section 6.3.1.5.4)

USDOE Assessment: This favorable condition appears to be
present at the reference repository
location.... (p. 6-120)

Comment 3.4.5.2(A): USDOE should re-evaluate its assessment after

considering Comment 3.4.5.1(A).

The third favorable condition specified by the siting guideline on

erosion is:

Site conditions such that waste exhumation would not be
expected to occur during the first one million years
after repository closure. (Section 6.3.1.5.5)
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USDOE Assessment: This favorable condition appears to be
present at the reference repository
ocation.... (p.6-121)

No comment.

3.4.5.3 Potentially Adverse Conditions

Two potentially adverse conditions are specified by the siting

guideline for erosion. The first condition is:

A geologic setting that shows evidence of extreme erosion
during the Quaternary Period. (Section 6.3.1.5.6)

USDOE Assessment: This potentially adverse condition is not
present at the reference repository
location. (p. 6-122)

No comment.

The second potentially adverse condition is:

A geologic setting where the nature and rates of
geomorphic processes that have been operating during the
Quaternary Period could, during the first 10,000 years
after closure, adversely affect the ability of the
geologic repository to isolate the waste. (Section
6.3.1.5.7)

USDOE Assessment: This potentially adverse condition is not
present at the reference repository
location. (p. 6-122)

Comment 3.4.5.3(A): USDOE should re-evaluate its assessment of this

condition after considering Comments 3.4.4.3(A) and 3.4.5.1(A).

3.4.5.4 Disqualifying Condition (Section 6.3.1.5.8)

The site shall be disqualified if site conditions do not
allow all portions of the underground facility to be
situated at least 200 meters below the directly overlying
ground surface.
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USDOE Assessment: . . . the available evidence supports a
finding that the site is not disqualified on
the basis of that evidence and is not likely
to be disqualified (Level 2). Little or no
uncertainty is present in making this
determination.

No comment.

3.4.5.5 Qualifying Condition

The site shall allow the underground facility to be
placed at a depth such that erosional processes acting
upon the surface will not be likely to lead to
radionuclide releases greater than those allowable under
the requirements specified in Section 960.4-1.

In predicting the likelihood of potentially disruptive
erosional processes, the DOE will consider the climatic,
tectonic, and geomorphic evidence of rates and patterns
of erosion in the geologic setting during the Quaternary
Period. (Section 6.3.1.5.1)

USDOE Assessment: The evidence supports a finding that the
repository location meets the qualifying
condition and is likely to continue to meet
the qualifying condition (Level 4).
Erosional processes are not expected to
result in radionuclide releases at the
reference repository location; therefore,
this condition is met. (Section 6.3.1.5.9,
p. 6-123)

Comment 3.4.5.5(A): USDOE should re-evaluate its assessment of this

condition after considering Comment 3.4.5.1(A).

3.4.6 Postclosure - Technical Siting Guideline:

Guideline 960.4-2-6)

3.4.6.1 Evaluation Process (Section 6.3.1.6.2)

No comment.
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3.4.6.2 Favorable Condition

No evidence that the host rock within the site was
sub4ect to significant dissolution during the Quaternary
Period. (Section 6.3.1.6.3)

USDOE Assessment: This favorable condition is present for
basalts at the reference repository
location. (P. 6-124)

No comment.

3.4.6.3 Potentially Adverse Condition

Evidence of significant dissolution within the geologic
setting - such as breccia pipes, dissolution cavities,
significant volumetric reduction of the host rock or
surrounding strata, or any structural collapse - such
that a hydraulic interconnection leading to a loss of
water isolation could occur.

USDOE Assessment: This potentially adverse condition is not
present in the Columbia River Basalt Group
since active dissolution does not occur in a
basaltic medium. (p. 6-124)

No comment.

3.4.6.4 Disqualifying Condition

The site shall be disqualified if it is likely that
during the first 10,000 years after closure, active
dissolution as predicted on the basis of the geologic
record, would result in a loss of waste isolation.
(Section 6.3.1.6.5)

USDOE Assessment:

No comment.

7925A

Active dissolution fronts do not occur in
basalt. Therefore, the evidence supports a
finding that the reference repository
location is not disqualified on the basis of
that evidence and is not likely to be
disqualified (Level 2). (p. 6-124)
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3.4.6.5 Qualifying Condition

The site shall be located such that any subsurface rock
dissolution will not be likely to lead to radionuclide
releases greater than those allowable under the
requirements specified in Section 960.4-1.

USDOE Assessment: The available evidence supports a finding
that the site meets the qualifying condition
and is likely to continue to meet the
qualifying condition (Level 4). (Section
6.3.1.6.6, p. 125)

No comment.

3.4.7 Postclosure - Technical Siting Guideline: Tectonics (Siting

Guideline 960.4-2-7)

3.4.7.1 Evaluation Process (Section 6.3.1.7.2)

Comment 3.4.7.1(A). The evaluation process reportedly used to assess

the tectonics of the reference repository location included

"interpretation of exploration geophysical surveys (airborne and ground

magnetic, gravity, seismic reflection and refraction, and

magnetotelluric surveys)", among other data (Section 6.3.1.7.2, p.

6-126). However, numerous statements in the draft EA, including the

following list, imply that structural interpretations based on

geophysical data presented in Myers (1981) were omitted from the

evaluation process:

o No faults have been identified in the reference
repository location. (Section 6.3.1.7.4, p. 6-129)

o The reference repository location was sited away
from areas of known or suspected faults. (Section
6.3.3.4.7, p. 6-214)

o Deformation appears to be concentrated on the
steeper limbs of anticlinal folds with little or no
deformation occurring in synclinal troughs like the
Cold Creek syncline. (Section 6.3.1.7.4 (p. 6-129)
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o Based on the results of geophysical surveys and
surface and subsurface mapping, the western Cold
Creek syncline area is interpreted to consist of
large intact volumes of basalt whose boundaries are
defined by major or intermediate structures.
Overall, the central and eastern portions of the
Cold Creek syncline, which includes the reference
repository location, appear to be free of
potentially adverse structures. (Section 3.2.3.3.,
p. 3-49 and 3-50)

The geophysical data in question include at least nine known or

inferred structures, shown in Figure 8-8 of Myers (1981), that trend

through or near the reference repository location. One-of these

features is the "hydrologic barrier" to the west of the reference

repository location, which is known to have significant impact on the

regional groundwater system. In addition to these features, additional

linear trends suggestive of faulting can be recognized in the Cold

Creek syncline from aeromagnetic data flown for Weston Geophysical and

WPPSS WNP No. 2, (WPPSS, 1981) and from USDOE data (Holmes and

Mitchell, 1981). Moak (1981) also reports tectonic breccias indicative

of shearing, particularly in the Grande Ronde and Wanapum Basalts, in

all of the boreholes drilled for the repository studies in the Pasco

Basin. Earthquakes within the reference repository location and the

microearthquake swarms at Wooded Island are also indicative of faulting

within the basalt in the eastern Cold Creek syncline.

Bedrock structural discontinuities in the reference repository location

could have potential adverse impact on the existing groundwater flow

system. They also have potential for tectonic modification of

groundwater pathways and travel times to the accessible environment, as

well as potential to damage the engineered system and waste package.

Consequently, these suspected faults should be discussed in EA, and

should be considered with regard to the ranking of the site at

Hanford. Considering the potential for tectonic movement along the

Rattlesnake-Wallula Alignment, the implications of this major active

7925A
3-106



structure to the reference repository location should be discussed in

this evaluation. A discussion of the recent work by Fecht (1984), such

as evidence of the extent of faulting and associated seismic events,

should be included.

The absence of the above-mentioned types of tectonic information in the

draft EA may cause the site to be viewed more favorably with regard to

the postclosure tectonics guidelines than is warranted, given the

available data base. This omission in the evaluation process has
direct bearing on major comments with respect to the first and second

potentially adverse conditions and the qualifying condition for
tectonics, as discussed below.

Comment 3.4.7.1(B). The draft EA states that interpretations of

subbasalt stratigraphy and structure are "too sketchy to permit

adequate testing of tectonic models," and therefore, the

interpretations of the tectonic stability of the reference repository

are preliminary (Section 6.3.1.7.2, p. 6-127). We agree that only

preliminary conclusions can be drawn from the available data base

regarding tectonic stability. However, we believe that USDOE's

preliminary assessment of the tectonic stability should evaluate the

available data using existing tectonic models. Such an evaluation of

alternative tectonic models may: 1) establish the limits of the

potential adverse impacts of tectonics on the postclosure guidelines;

and 2) help focus appropriate site characterization efforts so that the

models can be refined during site characterization.

3.4.7.2 Favorable Condition

The nature and rates of igneous activity and tectonic
processes (such as uplift, subsidence, faulting, or
folding), if any, operating within the geologic setting
during the Quaternary Period would, if continued into the
future, have less than one chance in 10,000 over the
first 10,000 years after closure of leading to releases
of radionuclides to the accessible environment. (Section
6.3.1.7.4)

7925A
3-107



USDOE Assessment: . . . the available evidence does not
support a finding that the reference
repository location is not likely to meet
the favorable condition.

Comment 3.4.7.2(A): We tentatively disagree with USDOE's assessment

because there is currently insufficient data for USDOE to conclude that

this favorable condition is present. Until preliminary tectonic models

have been developed to establish the potential impact of tectonic

processes, we believe that there is little basis for conclusions on

either the rate of deformation or on the location of strain within the

basalts. For example, one tectonic model developed for the WPPSS WNP-2

project (WPPSS, 1981) and reported in NUREG-0892, suggests that

low-angle faulting with up to two kilometers of horizontal displacement

may exist. Such a fault could extend into or below the reference

repository location. This model, combined with the distribution of

swarm earthquakes, suggests continuing strain in Cold Creek syncline,

in contradiction to Price's (1982) mechanical model which supports the

concentration of strain on steep anticlinal limbs (Section 6.3.1.7.4,

p. 6-129). The low-angle faulting model, if correct, would present a

fundamentally different concept of tectonic processes acting on the

site than does the overall concept of deformation presented in the

draft EA. It could also influence the evaluation of the adverse impact

of tectonic processes on radionuclide release to the accessible

environment.

Comment 3.4.7.2(B). In the discussion of this favorable condition

(Section 6.3.1.7..3, p. 6-128), the draft EA states that "shortening of

the lines of a trilateration survey similarly suggest that deformation

is ongoing at low rates of strain that are compatible with geologically

determined rates for the Miocene." However, there is no mention in the

draft EA that this geodetic evidence indicates a significantly

different orientation for strain than does the geologic evidence or

most earthquake focal mechanisms. Furthermore, in that the geodetic

strain rates measured are only slightly greater than the level of

detection in the measuring method, their use is highly questionable.

For these reasons, we suggest that this geodetic evidence not be used

in support of the favorable condition.
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3.4.7.3 Potentially Adverse Conditions

Six potentially adverse conditions are specified by the siting

guideline on postclosure tectonics. The first condition is:

Evidence of active folding, faulting, diapirism, uplift,
subsidence, or other tectonic processes or igneous
activity within the geologic setting during the
Quaternary Period. (Section 6.3.1.7.4)

USDOE Assessment: This potentially adverse condition is
present within the geologic setting of the
reference repository location .... (p. 6-129)

Comment 3.4.7.3(A). We believe that the discussion of the effects of

strain should be expanded. The draft EA states that projection of the

long-term, low average deformation rates for 10,000 years or more into

the future "would appear not to jeopardize isolation of radioactive

waste at the reference repository location." While this conclusion

appears to be reasonable for erosion rates, it should not be made with

respect to the groundwater system until sufficient regional groundwater

modeling has been accomplished to determine the effects of faulting and

of uplift and subsidence in the anticlinal and synclinal areas.

The second potentially adverse condition is:

Historical earthquakes within the geologic setting of
such magnitude and intensity that, if they recurred,
could affect waste containment or isolation. (Section
6.3.1.7.5)

USDOE Assessment: . . . the available evidence does not
support a finding that this potentially
adverse condition is present at the
reference repository location. (p. 6-130)

Comment 3.4.7.3(B): We tentatively disagree with the USDOE assessment

of this potentially adverse condition because the assumptions leading

up to the assessment are not conservative enough to underestimate the

potential for the site to meet the guideline for the reasons discussed

in Comments 3.4.7.3(C), (D), (E), and (F).
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Comment 3.4.7.3(C): Three factors influence the potential for
historical earthquakes to affect waste containment or isolation:
1) the possibility of earthquake-related fault rupture directly
damaging the engineered systems, seals, or waste package; 2) the
potential for earthquake-related fault rupture to disrupt the
groundwater system, thereby altering flow paths and travel times to the
accessible environment; and 3) the potential for earthquake-induced
vibratory ground motions to adversely affect the engineered systems,
seals, or waste package. The draft EA's evaluation of this potentially

adverse condition (Section 6.3.1.7.5, pages 6-130 and 6-131) should
discuss and evaluate the affects of ground motion on surface facilities
and the upper parts of the shafts, as well as on the underground
structures. While Pratt and others (1978 and 1979), and Owen and
Scholl (1981) have generally found earthquake accelerations to have
less impact on underground facilities than on those at the surface, in
some instances vibratory ground motion has been amplified at depth.
Also, the potential for microearthquake swarms to occur in the
repository horizon could present a particularly difficult seismic
design problem in view of the high in situ stress and the potential for
near-source accelerations to greatly exceed far-field accelerations
normally attributed to microearthquakes (McGarr 1984).

The draft EA should also discuss the potential impact on the shaft
integrity of a magnitude 5.75 earthquake occurring in the site vicinity
or a magnitude 6.5 earthquake occurring along the Rattlesnake-Wallula
Alignment. These earthquake magnitudes have been derived from studies

for the WPPSS WNP-2 and Skagit/Hanford projects, and should be
evaluated for their applicability to the repository. Further

eval uation of the Rattlesnake-Wall ul a Alignment or other faul ts in the
region may yield larger credible earthquakes and should not be
discounted at this time.

Comment 3.4.7.3(D): The potential for undetected faults within or near
the repository remains an important unanswered question. The limited
number of drill holes in the vicinity of the reference repository
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location, the vertical orientation of these holes, the geophysical

evidence of possible faults, and the existence of a tectonic model that

allows for major low-angle faults to occur within the site (see Comment

3.4.7.2(A)), all point to the conclusion that, thus far, little is

known about the potential for strain release along faults within the

reference repository location. The historical record of seismicity at

the Hanford Site is limited, and may not be an adequate basis for

assessing fault capability.

Comment 3.4.7.3(E). Microearthquake swarms have occurred in the

basalts within the Cold Creek syncline and elsewhere in the Pasco

Basin. Given the current level of understanding of these swarm events,

it is conservatively appropriate to assume that such events will occur

in the vicinity of the repository during the next 10,000 years.

Therefore, consideration should be given to the impact of these events

on engineered structures and on the hydrogeologic system.

The third potentially adverse condition specified by the siting

guideline on postclosure tectonics is:

Indications, based on correlation of earthquakes with
tectonic processes and features, that either the
frequency of occurrences or the magnitude of earthquakes
within the geologic setting may increase. (Section
6.3.1.7.6)

USDOE Assessment: . . . it does not appear that this
potentially adverse condition is present
within the geologic setting of the reference
repository location. (p. 6-131)

No comment.

The fourth potentially adverse condition is:

More-frequent occurrences of earthquakes or earthquakes
of higher magnitude than are representative of the region
in which the geologic setting is located. (Section
6.3.1.7.7)
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USDOE Assessment: . . . it appears that this potentially
adverse condition is not present within the
geologic setting of the reference repository
location. (p. 6-133)

No comment.

The fifth potentially adverse condition for the siting guideline on

postclosure tectonics is:

Potential for natural phenomena such as landslides,
subsidence, or volcanic activity of such magnitudes that
they could create large-scale surface-water impoundments
that could change the regional ground-water flow system.
(Section 6.3.1.7.8)

USDOE Assessment . . . this potentially adverse condition is
not projected to be present within the
geologic setting of the reference repository
location. (p. 6-134)

No comment.

The sixth potentially adverse condition is:

Potential for tectonic deformations--such as uplift,
subsidence, folding, or faulting--that could adversely
affect the regional ground-water flow system. (Section
6.3.1.7.9)

USDOE Assessment: . . . the available evidence does not
support a finding that this potentially
adverse condition is present in the
reference repository location. (p. 6-135)

Comment 3.4.7.3(F). We tentatively disagree with the USDOE assessment

of this condition. The regional groundwater model has not been

established and, therefore, this condition cannot be evaluated at this

time. However, it is suspected that structures play an important role

in the Pasco Basin geohydrology, and any future deformation along known

or unknown active faults could be expected to adversely affect the

regional groundwater flow system.
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3.4.7.4 Disqualifying Condition

A site shall be disqualified if, based on the geologic
record during the Quaternary Period, the nature and rates
of fault movement or other ground motion are expected to
be such that a loss of waste isolation is likely to
occur. (Section 6.3.1.7.10)

USDOE Assessment: The evidence does not support a finding that
the reference repository location is
disqualified (Level 1). (p. 6-136)

No comment.

3.4.7.5 Qualifying Condition

The site shall be located in a geologic setting where
future tectonic processes or events will not be likely to
lead to radionuclide releases greater than those
allowable under the requirements specified in Section
960.4-1.

In predicting the likelihood of potentially disruptive
tectonic processes or events, the DOE will consider the
structural, stratigraphic, geophysical, and seismic
evidence for the nature and rates of tectonic processes
and events in the geologic setting during the Quaternary
Period. (Section 6.3.1.7.1)

USDOE Assessment: . . .the available evidence does not
support a finding that the reference
repository location is not likely to meet
the post closure qualifying conditions for
tectonics (Level 3) (Section 6.3.1.7.11, p.
6-136)

Comment 3.4.7.5(A): We do not believe that a realistic assessment of

the ability of the Hanford repository location to satisfy this

condition can be made until better quality and more comprehensive data

can be obtained and evaluated. The tectonic setting and seismicity of

the site and Pasco Basin are complex and, at this time, poorly

understood. The potential for faulting within or near the reference
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repository location is not known, nor is the potential impact of such

an event on the regional and local groundwater system. Furthermore,

the impact of ground accelerations or fault rupture from a magnitude

6.5 earthquake on the Rattlesnake Mountain Structure, from a random

magnitude 5.75 earthquake, or from microearthquake swarms in the

vicinity of the repository, have not been evaluated.
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3.4.8 Postclosure - Technical Siting Guideline: Human Interference

(Siting Guideline 960.4-2-8)

The technical guideline for human interference consists of two parts;

natural resources, and site ownership and control. These parts are

discussed separately below.

3.4.8.1 Natural Resources (Siting Guideline 960.4-2-8-1)

3.4.8.1.1 Evaluation Process (Section 6.3.1.8.2):

Comment 3.4.8.1.1(A).' An evaluation of the natural gas resources of

the Hanford Site will require more information than the data listed in

this section of the draft EA. In particular, USDOE should evaluate the
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subbasalt stratigraphy and structure to determine if hydrocarbon

sources and traps are likely to occur beneath the site. This

evaluation is necessary to supplement the data contained in the draft

EA on past production and a projected net value of mineral resources S R
during the next 25 years.

3.4.8.1.2 Favorable Conditions:

There are two favorable conditions specified by the siting guideline on

natural resources. The first is:

No known natural resources that have or are projected to
have in the foreseeable future a value great enough to be
considered a commercially extractable resource. (Section
6.3.1.8.3)

USDOE Assessment: This favorable condition is not p resent at
the reference repository location.
(p. 6-138)

Comment 3.4.8.1.2(A): We do not agree with all of USDOE's reasoning ' R

leading to this conclusion. In particular, USDOE indicates (Section

6.3.1.8.3, p. 6-141) that this favorable condition is not present

because of potable shallow aquifers under the site. We believe that a

significant potential also exists for natural gas resources in the

sedimentary strata underlying the basalt at the reference repository

location, and that this potential should be more fully addressed in the

EA as part of the discussion on the qualifying condition for human R

interference.

The draft EA states that since the reference repository is located in a

syncline, it is not a good prospect for gas exploration. In this

statement, USDOE has apparently assumed: 1) that any potential gas

accumulation has occurred in anticlinal traps; 2) that the subbasalt ' R

structure generally corresponds to the structure of the overlying

basalt; and 3) that the dissolved methane in the Grande Ronde £

groundwater could not have migrated from a subbasalt source. However, ' R
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considering the current limited knowledge of the subbasalt stratigraphy
and structure, it is possible that gas could have accumulated in
stratigraphic or fault-controlled traps, and it is also possible that
the subbasalt structure is substantially different than that expressed
in the overlying basalt. The oil companies may have drilled their

exploratory holes on the anticlines because the basalt is thinnest in
these locations rather than because hydrocarbon traps have been
identified in these locations.

Comment 3.4.8.1.2(B). If commercial natural gas is discovered in the
near future in the western or Central Columbia Plateau, the $62 per
inhabitant value for the 10-county area within 100 kilometers (62
miles) of the site described in the draft EA (p. 6-140) may be
substantially underestimated. Such a commercial discovery cannot be
ruled out considering: 1) the recent interest the major oil companies
have shown in this area; 2) the natural gas shows in at least 2 of 4
recently drilled wells; 3) the 1.3 billion cubic feet of natural gas
that was produced between 1929 and 1941 from the Rattlesnake Hills
field near the Hanford Site; and 4) the presence of dissolved methane
in the Grande Ronde basalt at the reference repository location.

The second favorable condition specified by the siting guideline for
natural resources is:

Ground water with 10,000 parts per million or more of
total dissolved solids along any path of likely
radionuclide travel from the host rock to the accessible
environment. (Section 6.3.1.8.4)

USDOE Assessment: . . . this favorable condition is not
present at the reference repository
location. (p. 6-141).

No comment.
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3.4.8.1.3 Potentially Adverse Conditions:

Five potentially adverse conditions are specified by the siting

guideline on natural resources. The first condition is:

Indications that the site contains naturally occurring
materials, whether or not actually identified in such
form that (i) economic extraction is potentially feasible
during the foreseeable future or (ii) such materials have
a greater gross value, net value, or commercial potential
than the average for other areas of similar size that are
representative of, and located in, the geologic setting.
(Section 6.3.1.8.5)

USDOE Assessment: . . . this potentially adverse condition
does not appear to be present at the
reference repository location. (p. 6-141)

Comment 3.4.8.1.3(A). We tentatively disagree with USDOE's assessment

that this potentially adverse condition does not appear to be present

at the reference repository location. Major oil companies have found

natural gas in the subbasalt sediments on three sides of the Hanford

Site, and have leased land surrounding the Hanford Site for mineral

rights. Methane, found in deep aquifers at the reference repository

location, may also have been generated from the subbasalt sediments

underlying the site.

USDOE has assumed in the draft EA that the site's location in a

syncline underlain by a thick sequence of basalt (10,000 feet) would

cause it to be commercially unattractive, and not a feasible location

for economic extraction in the foreseeable future. However, the site

is close to the buried extension of the Yakima Ridge anticline, other

types of hydrocarbon traps may exist at the site, and the subbasalt

structure is unknown at the reference repository location (see Comment

3.4.8.1.2(A)). Also, a depth of 10,000 feet for natural gas recovery

may not be technically or economically unfeasible considering the depth

of 17,000 feet that has recently been drilled by a major oil company

only 16 miles north of the reference repository location. Economic
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incentives for drilling would exist now if sufficient quantities were

suspected to be present. Since energy will presumably continue to

increase in value as hydrocarbon resources are depleted, it seems

likely that a natural gas resource below or near the site would have

increasing value for the foreseeable future.

The second potentially adverse condition for this siting guideline is:

Evidence of subsurface mining or extraction for resources
within the site if it could affect waste containment or
isolation. (Section 6.3.1.8.6)

USDOE Assessment: . . . this potentially adverse condition is
not present at the reference repository
location. (p. 6-142)

No comment.

The third potentially adverse condition is:

Evidence of drilling within the site for any purpose
other than repository-site evaluation to a depth
sufficient to affect waste containment and isolation.
(Section 6.3.1.8.7)

USDOE Assessment: This potentially adverse condition is not
present at the reference repository
location,.... (p. 6-143)

No comment.

The fourth condition is:

Evidence of a significant concentration of any naturally
occurring material that is not widely available from
other sources. (Section 6.3.1.8.8)

USDOE Assessment: This potentially adverse condition is not
present at the reference repository.
(p. 6-143)

No comment.

7925A
3-119



The fifth potentially adverse condition specified by the siting

guideline is:

Potential for foreseeable human activities--such as
ground-water withdrawal, extensive irrigation, subsurface
injection of fluids, underground pumped storage, military
activities, or the construction of large-scale
surface-water impoundments--that could adversely change
portions of the ground-water flow system important to
waste isolation. (Section 6.3.1.8.9)

USDOE Assessment: . . . it is assumed that this potentially
adverse condition could be present at the
reference repository location. (p. 6-144)

No comment.

3.4.8.1.4 Disqualifying Conditions:

Two disqualifying conditions are specified in the siting guideline for

natural resources. The first condition is:

A site shall be disqualified if previous exploration,
mining, or extraction activities for resources of
commercial importance at the site have created
significant pathways between the projected underground
facility and the accessible environment. (Section
6.3.1.8.10)

USDOE Assessment: . . . the evidence does not support a
finding that the reference repository
location is disqualified (Level 1). Little
or no uncertainty is involved in making this
determination. (p. 6-144)

No comment.

The second disqualifying condition specified by the guideline is:

A site shall be disqualified if ongoing or likely future
activities to recover presently valuable natural mineral
resources outside the controlled area would be expected
to lead to an inadvertent loss of waste isolation.
(Section 6.3.1.8.11)
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USDOE Assessment: . . . the evidence does not support a
finding that the reference repository
location is disqualified (Level 1).
(p. 6-145)

Comment 3.4.8.1.4(A). We believe that the potential for gas resources

in the site vicinity should be more thoroughly evaluated before a final

conclusion is reached on this condition.

3.4.8.1.5 Qualifying Condition:

The site shall be located such that activities by future
generations at or near the site will not be likely to
affect waste containment and isolation. In assessing the
likelihood of such activities, the DOE will consider the
estimated effectiveness of the permanent markers and
records required by 10 CFR Part 60, taking into account
site-specific factors, as stated in Sections 960.4-2-8-01
and 960.4-2-8-2, that could compromise their continued
effectiveness.

Also:

The site shall be located such that--considering
permanent markers and records and reasonable projections
of value, scarcity, and technology--the natural
resources, including ground water suitable for crop
irrigation or human consumption without treatment,
present at or near the site will not be likely to give
rise to interference activities that would lead to
radionuclide releases greater than those allowable under
the requirements specified in Section 960.4-1. (Section
6.3.1.8.1)

USDOE Assessment: . . . the available evidence does not
support a finding that the site is not
likely to meet the qualifying condition
(Level 3). (Section 6.3.1.8.12, p. 6-146)
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Comment 3.4.8.1.5(A). A more thorough evaluation is needed of the

potential for natural gas resources in the site vicinity before a final
conclusion can be reached on this condition. As discussed in Comments

3.4.8.1.1(A), 3.4.8.1.2(A) and (B), and 3.4.8.1.4(B), we believe that
the EA should consider the possibility of structural and stratigraphic

traps below the basalts in the vicinity of the reference repository
location.

3.4.8.2 Site Ownership and Control (Siting Guideline 960.4-2-8-2)

Comment 3.4.8.2(A): Comments discussed in Sections 3.1.2 of this

report also apply to this section, as the same site ownership and

control guideline is used for both preclosure and postclosure

evaluations.

3.4.9 Summary Evaluation of Postclosure Waste Separation from the

Environment

USDOE Assessment: A final conclusion on the qualifying
condition for the postclosure system
guideline cannot be made based on currently
available data. However, the available
evidence does not support a finding that the
site is not likely to meet the qualifying
condition (Level 3). (p. 6-149)

USDOE supports this finding with four main arguments (p. 6-149):

o Groundwater travel time to the accessible environment that is

likely to exceed 1,000 years.

o A geohydrologic setting in which radionuclide releases to the

accessible environment are not likely to exceed EPA limits for

10,000 years.

o A favorable geochemical environment.
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o A system that is unlikely to be altered unfavorably by

repository construction, nuclear waste, or

natural/human-induced processes and events.

Comment 3.4.9(A): We ascribe a lower level of confidence to the

supporting arguments for USDOE's assessment of this condition. As

indicated by the previous discussions in Section 3.4, major concerns

include:

o Groundwater: Travel time estimates are highly uncertain,

because neither the basic hydrologic parameters nor the

conceptual model of the basalt/groundwater system have been

established.

o Geochemistry: The existence of an apparently favorable

geochemical environment cannot be fully assessed until more

basic data is available concerning the solubility and

adsorption of radionuclides in the basalt/groundwater system.

o Rock characteristics: The role of the host rock in isolation

should be defined and evaluated.

o Tectonics: A multiple-working hypothesis approach should be
adopted to allow evaluation of conflicting data
interpretations. The potential for, and the effects of,

faulting and earthquakes at the site are complex and poorly

understood.

o Natural resources: The potential for hydrocarbon existence

and future exploration at the Hanford Site may be

underestimated. The widespread development of deep sources of

groundwater for irrigation is probable over the next century
or two, and this could strongly affect the hydrologic regime

at the repository horizon.
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4.0 COMPARATIVE SITE EVALUATION

4.1 INTRODUCTION

This section of the report addresses Chapter 7 of the EA for the

Hanford repository location. In Chapter 7, USDOE uses the postclosure

and preclosure technical siting guidelines in a comparative evaluation

of the five sites proposed for nomination. For each technical

guideline, the five sites have been ranked and the USDOE has then used

several ranking aggregation methods to develop an overall suitability

ranking for the five sites.

The comparative site evaluation consists of a presentation of the

conclusions from the draft EAs for the five sites proposed for

nomination. Some general statements are also made about the

uncertainty of these conclusions. Understandably, no detailed

background materials are presented in Chapter 7. Since we believe that

some of USDOE's assessments of the Hanford site against the siting

guidelines should be reconsidered in keeping with the comments

presented in Section 3.0 of this report, it is possible that the same

situation exists for the other sites. However, without a detailed

evaluation of each EA and its supporting documents, we cannot comment

on the conclusions for the other sites, and therefore cannot assess the

comparative rankings of the sites at this time.

In keeping with this limitation, then, the critique of Chapter 7

contained in this report is limited to a general comment concerning

review of the comparative evaluation results and a critique of the

aggregate ranking procedures.

Comment 4.1(A): Several comments have been offered in Section 3 as a

result of our review relating to the ability of the Hanford Site to

satisfy the requirements of the preclosure and postclosure guidelines.

When these issues are addressed by USDOE, it is possible that the

relative rankings of the Hanford site in many of the major technical
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areas (e.g., geohydrology, rock characteristics, tectonics,

transportation, etc.) will change. In some cases, the order of sites

will change, which could affect rankings based on the averaging and

pairwise comparison methods. In other cases, the order of sites will
not change, but the position (score) of a site could change, affecting

rankings based on the utility estimation method. In this context, it

is recommended that USDOE reevaluate the Hanford repository location

and other sites, as necesary, to resolve the technical issues and then
repeat (or revise) the ranking procedure process, using the new data

base and new set of findings.

4.2 AGGREGATE RANKINGS (Section 7.4.1)

This subsection addresses the aggregate ranking procedures used by

USDOE to arrive at an overall ranking of the site obtained by three

aggregation methods.

Comment 4.2(A): The selection of ranking methods (Section 7.4.2, pp.

7-120 to 7-124), described in Appendix B (pp. B-1 to B-12), is not well

supported given the overall importance of the ranking process. USDOE

describes the weaknesses of using the averaging method (p. B-3), yet

continues to use this as one of the three methods on the draft EA:

For any particular guideline, the influence of a site on
the overall results is proportional to the points
assigned to it. Thus, within a given guideline group,
being ranked first once and last once is just as
desirable as being ranked third twice. (p. B-3)

A further weakness of the averaging method, and one which is shared by

the pairwise comparison method, is that it considers only the ordinal

ranks of sites and not the degrees (magnitudes) with which the sites

differ.
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The utility estimation method relies on an additive utility function

that can be biased by the interdependence of siting guidelines. The

additive utility function is valid only when the judgment criteria are

independent, which is not the case for many of the guidelines.

An additional multi-objective decision model is needed to strengthen

the ranking results. Three such models could be considered: (1)

conjunctive-ranking using exclusionary principles; (2) indifference

curve analysis using suitability functions; and (3) the French ELECTRE

method that develops matrices of concordance, discordance, and

outranking. These and other ranking methods are described in

NUREG-1687 (Hobbs 1982).

Comment 4.2(B): None of the methods selected for site ranking (Section

7.4.2 and Appendix B) contains a sensitivity analysis as an integral

component. It is not readily possible, therefore, to determine if the

ranked sites were vastly different from each other, or if they differed

only by narrow margins. A technically thorough and systematic ranking

method would incorporate a sensitivity analysis as a step in the

procedure. The ELECTRE method (Hobbs 1982), for example, allows the

user to select from ranges of sensitivity for resolving matrices of

concordance and discordance.

Comment 4.2(C): Weighting techniques and specific assignments of

weights to guidelines are not adequately explained. Weights assigned

to guidelines within a group may have considerable influence on the

ranking outcome. The EA provides no specific rationale for weighting

individual guidelines within the four guideline groups. For example,

all ranking methods weight each of the postclosure guidelines equally,

as well as weighting equally each of the guidelines within each of the

three preclosure groups (p. 7-123). This may be procedurally

expedient, but it is technically inappropriate given the disparity in

importance of these guidelines among the candidate sites. Furthermore,
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the ranking methods should allow for systematic variations of

individual guideline weights to account for any reasonable permutations

that might be expected. A computerized repetitive analysis using a

variety of reasonable permutations could have been performed. Such an

examination, combined with a sensitivity analysis, would have added

needed credibility to the ranking results.

Comment 4.2(D): Neither Section 7.4.2 nor Appendix B identifies the

participants in the ranking process: those who developed and applied

the ranking algorithms, those who assigned weights to guidelines, and

those who did the actual scoring. A key element of a description of

the ranking process would include a list the individuals who

participated in the site ranking process along with their

qualifications.

Comment 4.2(E): In Section 7.4.3.3 (p. 7-132) the draft EA says that

the reference case weighting relationship between postclosure and

preclosure guidelines was 51:49. The EA also mentions that alternate

weighting formulae were used to consider postclosure:preclosure ratios

over a range of from 51:49 to 85:15 without changing the ranking

results. It is not possible to examine the validity of this conclusion

without seeing the actual weights used and scores derived by the three

aggregate methods. The lack of complete weighting and scoring

information makes a thorough review by independent parties impossible.
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5.0 SITE CHARACTERIZATION IMPACT ASSESSMENT

5.1 INTRODUCTION

The USDOE proposes to conduct site characterization activities at each

of the three nominated sites. In order to collect extensive geologic

and hydrologic data, one or more exploratory shafts will be sunk to the

approximate level of the repository. Field studies will be conducted

for lithologic, hydrochemical, and tectonic characterization,

hydrologic parameter testing, and groundwater monitoring. A program to

collect other data will be instituted concurrently with the exploratory

shaft program.

The exploratory shaft program at Hanford would involve the drilling of

two 9.2 foot diameter holes and excavation of underground tunnels.

This facility would provide access to the preferred candidate horizon,

i.e., the Cohasset flow, for in situ geohydrologic and geomechanics

characterization.

This appendix presents a critique of USDOE's assessment of the impacts

of site characterization at the Hanford site. The comments pertain to

Chapter 4.0 of the EA.

5.2 EFFECTS ON THE PHYSICAL ENVIRONMENT

5.2.1 Geology (Section 4.2.1.1)

Comment 5.2.1(A): The draft EA states that site characterization

activities are expected to have no significant adverse effects on the

geology of the site (page 4-19). The EA should more fully address the

disposition and impacts of the large quantity of muck which will

accumulate during drilling of the shafts and mining of the test

facilities. A rough estimate of the volume of this spoil material is

30,000 cubic meters (about 1,000,000 cubic feet). The material would
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consist of

additives.

or trucked

disposal.

altered by

rock fragments coated with clays and other drilling fluid

The draft EA states that that spoil could be left on site

to a gravel quarry 5 kilometers north of the site for

If it is left on the site, the surficial geology will be

the presence of this large pile of material.

5.2.2 Hydrology (Section 4.2.1.2)

Comment 5.2.2(A): Hydrologic parameter testing consisting, in part, of

12 pumping tests is planned (p. 4-20). The total volume of water to be

discharged at the ground surface during these tests is estimated to be

384,000 cubic meters. Groundwater in the Grande Ronde Basalts beneath

the reference repository location is known to contain fluoride

concentrations substantially exceeding the maximum safe values for

drinking water established by the U. S. Environmental Protection

Agency, in addition to very high sodium concentrations (p. 6-77/78).

Assuming average values for total dissolved solids in groundwater from

the Grande Ronde Basalt (p. 3-83), several hundred cubic meters of

dissolved solids would be brought to the surface during this testing.

An additional source of Grande Ronde groundwater is dewatering of

underground excavations, which could add substantially to the volume of

groundwater discharged in the vicinity of the reference repository

location. Since neither the discharge area nor the method of discharge

during testing have been selected, the impacts of this testing cannot

be fully evaluated. Potential impacts such as soil encrustation due to

precipitation of dissolved solids and addition of these materials to

the unconfined aquifer surrounding the discharge area should be more

fully addressed in the EA.

5.2.3 Environmental Setting (Section 4.2.1.3)

Comment 5.2.3(A):

shaft construction

(size and location

7103A
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land. Revegetation of the surface of the rockpile would be difficult

and probably not feasible. Although several of the expected impacts

are at least partially quantified, they are not put into a regional

perspective, and their significance is not determined. Since

significant impacts are not identified, it is not clear for which

impacts mitigation would be required. Mitigation measures are not

identified or evaluated for feasibility or effectiveness.

Site characterization impacts on air quality also need additional
discussion. The draft EA has not completely addressed compliance with

both federal and state air quality regulations during site

characterization. Some specific deficiencies in Chapter 4, which apply

to the draft EA as a whole, have been pointed out in Comment 3.2.1.2(A).

There are no comments on the discussion of impacts associated with the

terrestrial and aquatic ecosystem, noise, aesthetics, the radiological

environment, and the archaeological, cultural, and historic resources.

5.3 SOCIOECONOMICS

5.3.1 Population Density and Distribution (Section 4.2.2.1)

Comment 5.3.1(A): The draft EA states that the addition of 200

exploratory shaft program workers will create 240 new jobs in the

secondary sector of the economy. In order to support that statement,

the EA should explain the types of jobs expected to be created in the

secondary sector of the economy and provide a justification for using

an indirect/direct ratio of 1.2.

5.3.2 Economic Conditions (Section 4.2.2.3)

Comment 5.3.2(A): The draft EA concludes that the site

characterization activities would have very beneficial spin-off effects

on the local economy. The discussion on economic conditions should be
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expanded to support this conclusion. An attempt should be made to

quantify revenues to local business, even if it results in a wide range

rather than a point estimate.

5.3.3 Community Services (Section 4.2.2.3)

No comment.

5.3.4 Social Conditions (Section 4.2.2.4)

No comment.

5.3.5 Fiscal Conditions and Government Structure (Section 4.2.2.5)

Comment 5.3.5(A): The draft EA mentions that the state and local

governments would be the recipients of revenues from sales and use

taxes, business and occupational taxes, and a grant from the Secretary

of Energy. An attempt should be made to quantify the expected revenues

to both the state and local governments.

5.3.6 Land Use, Access, and Surface and Mineral Rights (4.2.2.6)

Comment 5.3.6(A): The draft EA concludes that there would be no land

use conflicts since USDOE has dedicated the site for the site

characterization activities . The draft EA further states that if site
characterization activities are conducted off USDOE controlled lands,

then land use, access, and surface and mineral rights would be
considered in selecting a location for these activities. The EA should

address the likelihood that site characterization activities would be
conducted off USDOE lands, in particular, whether such activities are

likely to occur on the state leasehold which partially overlaps the

reference repository location.
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5.4 OCCUPATIONAL SAFETY AND HEALTH (Section 4.2.3)

Comment 5.4(A): Vertical leakage along an imperfectly sealed shaft and
possible communication of hydrologic zones along channels within the

annulus of grout surrounding the shaft could have severe consequences.

A common cause of an imperfect seal is that suspended particles in

drilling fluid would settle to the bottom of the hole, forming a
semisolid mass, while the shaft liners are being installed. When the

lower portion of the liner is inserted into this semisolid material,

the material is displaced up the hole around the liner. This material

can be very difficult to wash out of the annulus between the hole wall

and liner, and channels can develop during the washing process. These

channels would fill with grout during the sealing process but the

intervening semisolid materials may not be grouted.

If the seal is imperfect, then unequal static and hydrostatic loading

on the liner could produce sufficient differential loading to cause

shaft collapse, if the liner is not designed to withstand this

condition. The EA should describe the liner in more detail,

particularly the thickness and material properties of the steel
proposed for use. It should also discuss design assumptions and

factors of safety.

A second consequence of high hydrostatic pressures caused by imperfect

sealing behind the liner is the increased hazard to those workers who
perform the in-shaft testing, remedial grouting, and breakout. Such

activities are generally considered hazardous despite the use of

mitigating measures. Because the blind boring and lining technique

proposed by USDOE has little precedent to the depths of the reference

repository location, the methods for dealing with potential hazards

should be discussed in more detail by the EA.
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5.5 ALTERNATIVE SITE CHARACTERIZATION ACTIVITIES (Section 4.2.4)

Comment 5.5(A): The draft EA discusses the disadvantages of

construction of the shafts using conventional drill and blast

technology when compared to the blind boring method (p. 4-40). The

main impact of the drill-and-blast technique appears to be the large

amount of energy required to freeze the aquifers in the vicinity of the

shaft. However, a more comprehensive discussion of the two methods

should be included in the EA, so that a realistic comparison may be

made. The blind boring technique may present difficulties in sealing

the shaft behind the liner (see Comment 5.4(A)). This could lead to

problems relating to safety, hydrologic characterization of the site,

and postclosure isolation. On the other hand, the drill-and-blast
method provides the ability to observe and document ground conditions

during construction, to perform grouting where necessary, and to

evaluate the effectiveness of sealing as the shaft progresses. The

choice of shaft construction methods impacts many other aspects of

repository costs, safety, and performance; hence, a more formalized

decision process is warranted and should be presented.
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6.0 PRELIMINARY ASSESSMENT OF PERFORMANCE

6.1 PRECLOSURE

A very preliminary discussion of preclosure performance assessment,

dealing chiefly with radiation safety, appears in the draft EA.

Although a number of safety issues are mentioned in general terms, only

two analyses specific to the reference repository location are
presented. One is the radiation dose to an individual residing off the

Hanford Site, 16 miles from the repository location, as a result of the

release of Kr-85 from the anticipated ruptures of spent fuel rods

during the disassembly of the fuel assemblies. The other is the dose

to an individual on Route 240, two miles from the repository location,

as a result of the accidental dropping of a waste container down a

shaft.

In recognition of the preliminary nature of USDOE's preclosure

performance assessment, our preliminary comments focus on the

assumptions and methods used in the analysis. The doses calculated in

the draft EA fall well within acceptable limits. However, a number of

concerns over the assumptions and methods used in the analysis suggest

the need for a reevaluation of these doses.

6.1.1 Assumptions

Comment 6.1.1(A): Radioactive waste control and disposal systems are

briefly discussed in draft EA Section 5.1.2.1.3 (p. 5-20/21). Solid

wastes would be incinerated while liquid wastes would be processed and,

presumably, released to the environment. However, the preclosure

performance analysis in Section 6.4.1 does not consider the airborne

radioactive emissions which would result from such incineration, nor of

the radioactive liquid effluents released by the liquid waste

processing system.
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Comment 6.1.1(B): The defense wastes that are already in storage at

Hanford complicate the evaluation of BWIP suitability and the EA must

clearly address these. Those wastes contribute to the radionuclide

releases into the Columbia River and their portion of the river's

radionuclide budget must be considered in determining whether the

addition of the releases from the repository would cause regulatory

limits to be exceeded in the long term.

Comment 6.1.1(C): Section 6.4.1.4.1 (p. 6-222) of the draft EA makes

only a brief mention of any assessment of radiation exposures of

repository workers. The report: Conceptual Systems Design

Description, Nuclear Waste Repository in Basalt, Project B-301, by

Raymond Kaiser Engineers, Inc,/Parson Brinkerhoff Quade & Douglas, is

cited as having identified exposure hazards to repository workers. On

page D-3, that report basically says that the occupational exposures

will conform to the criteria in DOE Order 5480.1, the ALARA principle

and 10 CFR 20, and that the uoverall dose rate permits unrestricted

access [to] occupied areas". The discussion of shielding design on p.

G-3 of the same report, however, specifies occupied areas with dose

rates up to 25 millirem/hour, which contradicts the first assumption.

(A conservative limit for a continuously occupied area is 2

millirem/hour).

Although source terms are identified for the purpose of shielding

design, no explicit assessment of external radiation exposure to

repository workers is performed, nor, except for the source term

evaluation, are exposure hazards identified. Doses from internally

absorbed radionuclides are not discussed.

Comment 6.1.1(D): In EA Section 6.4.1.4.2 (pp 6-222/223), it is

assumed that the dose to the maximally exposed individual is received

while that individual is outside the boundary of the Hanford Site.

However, the dose limits of draft 40 CFR 191 are to be applied to "any

member of the public in the general environment." The general

1430T
6-2



environment includes everything beyond the site used for the management

and storage of spent nuclear fuel and high-level and transuranic

wastes. Since the Hanford Site encompasses a much larger area than the

reference repository location, portions of it appear to be part of the

general environment. Similarly, "doses to members of the public" are

defined as doses to any individual that is not involved in the

management or storage of spent fuel, high-level or transuranic waste.

Thus, the 40 Part 191 dose limits appear to apply to anyone on the

Hanford Site not working at a nuclear waste site. Even though such an

individual would not permanently reside on the Hanford Site, it is

likely that he would receive a higher dose as a result of his greater

proximity to the repository during normal working hours than would the

individual considered in the draft EA, who is postulated to live 16

miles from the repository.

Furthermore, individuals at the repository site, such as

administrative, clerical, and other support personnel who are not

normally classified as radiation workers would be subject to the

10 CFR 20 limits on doses to members of the public. An analysis should

be presented to show that these limits would not be exceeded.

Comment 6.1.1(E): In calculating the dose to the maximally exposed

individual as a result of the postulated hoist-drop accident, that

individual was assumed to be on Route 240, two miles from the release

point. Fig. 3-46 (p. 3-126), however, shows Route 240 passing about

one mile from the center of the proposed repository surface

facilities. Because using a distance of one mile rather than two would

substantially increase the calculated dose, this discrepancy should be

resolved and, if appropriate, a new analysis should be performed.

6.1.2 Methods

Comment 6.1.2(A): The term "restricted area" as used in 10 CFR 20

probably should not be applied to the entire Hanford Site. For
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instance, WPPSS Nuclear Project 2, a nuclear power plant on a site

within the reservation, considers its fence line the boundary of the

restricted area, and calculates effluent radionuclide concentrations at

that boundary to verify compliance with 10 CFR 20 maximum permissible

concentrations. The EA (Section 6.4.1.4.2, p. 6-222) should clearly

define the boundaries of the repository site and calculate radionuclide

releases at that boundary.

Comment 6.1.2(B): Section 6.4.1.4.2 (p. 6-223/224) contains no

discussion of the release of radioactive effluents other than Kr-85.

While Kr-85 is the primary nuclide in terms of total effluent activity,

it is not necessarily the chief contributor to doses to individuals.

Calculations for a typical pressurized water reactor (Westinghouse) R

show that about 5.7 x 10-6 curies of I-129 would be released from

10-year-old fuel rods for every curie of Kr-85. From the Final
Environmental Statement for the same plant (USNRC 1984), one can deduce ' R

a thyroid dose commitment factor for a child of approximately 104

rem-m3/Ci-sec, compared to the value of 4.9 x 10-4 used in the

draft EA for whole body dose for Kr-85. Thus, while the I-129/Kr-85

release ratio is roughly 5 x 10 6, the dose ratio per curie released

(thyroid versus whole body) is about 2 x 107, implying that the
thyroid dose due to I-129 could be two orders of magnitude greater than

the whole body dose due to Kr-85. These values are approximate and

site-specific and would change if a detailed analysis were performed.

We believe such an analysis is needed in the EA.

Comment 6.1.2(C): On p. 6-224 of the draft EA, fires and explosions

are mentioned as potential causes of radionuclide releases, yet their

possible consequences are not further discussed. Such a discussion

should be presented in the EA or justification for not addressing these

should be given. Likewise, an analysis of the possible consequences of

natural phenomena should be included.
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Comment 6.1.2(D): The analysis of the hoist drop accident cited in
draft EA Section 6.4.1.4.4 (p. 6-224/226) was performed in the generic
environmental impact statement (USDOE 1980). On the basis of the

discussion in the draft EA, it is not possible to evaluate the adequacy
of the analysis. However, the following points are raised:

o A decontamination factor (DF) of 107 for the air filtration
system appears to be excessive. NRC guidelines for analyses of

nuclear power plant operations allow a DF of 100 for HEPA filters.
A roughing filter increases the HEPA's lifetime, not its
efficiency. Additional credit is not normally given for filters in
series.

o The emergency filtration system (p. 5-18/19), in particular the
reliability of dampers and radiation sensors to ensure that all air
is exhausted via this system, is not discussed in sufficient detail.

o The thyroid and bone doses should be discussed. These could
potentially be more significant than the whole body dose.

References

U.S. Department of Energy, 1980, Final Environmental Impact Statement -
Management of Commercially Generated Radioactive Waste,
DOE/EIS-0046F, Washington, D.C.

U.S. Nuclear Regulatory Commission, 1984, Final Environmental State-
ment - Shearon Harris Nuclear Power Plant, NUREG-0972, Washington,
D.C.

Westinghouse Electric Corporation, Radiation Analysis Manual -
Carolina Power and Light Company, Shearon Harris Nuclear Power
Plant.
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6.1.3 Results

Comment 6.1.3(A): The only numerical results of the preclosure

performance assessments cited in the draft EA (p. 6-224/225) were

offsite dose estimates of 0.001 millirem to the whole body per year of

normal operations and 0.3 millirem to the whole body for the hoist-drop

accident. These doses are quite low and meet all present or proposed

regulatory limits. However, these should be reevaluated after
considering the comments in Section 6.1.1 and 6.1.2 above. For

instance, if one assumes that the entire dose is due to airborne

particles (as was done in preliminary materials for the draft EA),

merely changing the decontamination factor (DF) from 107 to 100 (see

Comment 6.1.2(D)) would increase the dose from 0.3 millirem to 30 rem.

6.2 POSTCLOSURE

Preliminary postclosure performance assessments are presented in the

draft EA for the three major repository subsystems: the waste package,

the repository seals, and the site itself.

The waste package performance assessment evaluates the lifetime of the

3.3-inch-thick low-carbon steel container, using uniform corrosion of

the first three inches as the only failure mode. Using stochastic

modeling, releases from the waste package are calculated at the edge of

the disturbed rock surrounding the emplacement hole.

The repository seals performance assessment assumes that the major

pathway for radionuclide releases from this subsystem is the fractured

rock zone surrounding a vertical shaft, and that the release point is

the intersection of the shaft with the Vantage interbed, 450 feet above

the repository. The source term is the calculated releases from the

waste package. The results of both analyses satisfy 10 CFR 60 limits

on releases from the engineered barrier system.
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The site subsystem performance assessment uses three combinations of

deterministic and stochastic models to calculate the groundwater travel

time in the Cohasset flow top from the edge of the repository to the

accessible environment, 10 km away. These travel times, together with
the waste package release rates, are used to calculate radionuclide
releases to the accessible environment. The results of these analyses

are said to satisfy the proposed EPA criteria.

The preliminary comments presented below recognize that the postclosure

performance assessment is preliminary in nature and a complete analysis

will require substantial data available only after site character-

ization. Thus, our comments focus on the methods and assumptions used

in USDOE's assessment.

Comment 6.2(A): In Section 6.4.2.3.2 (pp 6-235/6-238) a total of nine

radionuclides are selected for consideration. Others were deleted from

consideration on the basis of a four-step screening process. This

procedure, details of which are not given in the draft EA, should be

reviewed to ensure that potentially significant nuclides are not

ignored, taking the following into consideration:

o Initial inventory: The draft EA discussion of this criterion in

the screening process is unclear. It appears that a ratio of the

inventory of a particular nuclide to the 40 CFR 191 10,000-year

cumulative release limit for that nuclide was calculated, and those

nuclides with ratios of less than 0.01 were eliminated. While this

criterion is reasonable for evaluating compliance with the

cumulative release limits, its use for evaluating peak release

rates and for assessing compliance with the drinking water

protection standard should be justified. Deleting nuclides from

the analysis by this criterion could also hamper the comparison of

the 100,000-year isolation potential of the reference repository

location with other candidate sites.
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o Half-life: Deleting nuclides with half-lives of 100 years or less

should be justified, since container lifetimes could be as short as

300 years and pre-emplacement groundwater travel time could be as

short as 1000 years. In addition, leakage through the repository

seals, even though minor in terms of the total flux through the

repository, could significantly reduce the radionuclide travel time

to the accessible environment.

o Solubility: This criterion for the screening process should be

discussed more clearly. The comments made on the initial inventory

also apply to solubility. In addition, the nuclide solubilities

used are questionable. Table 6-27 (p. 6-247) lists elemental

solubilities. Except for noble gases, it is quite unlikely that

these nuclides would exist in elemental form. Most elements form

compounds that are much more soluble than the elements themselves.

Furthermore, solubilities will be strongly influenced by the

physico-chemical properties of the repository environment.

o Adsorption: This criterion appears to be applied in the same

manner as the initial inventory and solubility criteria. The

comments for initial inventory again apply. Like solubility,

adsorption will depend on the chemical form of the nuclides and on

the physico-chemical properties of the environment.

Comment 6.2(B): An example of a significant radionuclide explicitly

excluded from consideration (p. 6-238) is Ra-226. Table 1, Appendix A,

of 40 CFR 191 limits the cumulative release of Ra-226 to 100 Ci per

1,000 MTHM. There is approximately one curie of U-234 per MTHM in the

spent fuel which, over 10,000 years, will produce approximately 4 Ci of

Ra-226. Thus, if Ra-226 were to be continuously and instantaneously

leached from the waste package and immediately released to the

environment, while the U-234 was retained, a total of 4,000 Ci of

Ra-226 per 1,000 MTHM would be released. We recognize that the
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probability of such a release is very low, but this calculation

demonstrates the need to consider Ra-226. For similar reasons,

justification is needed for not considering Am-241.

Comment 6.2(C): Disruptive scenarios for the reference repository

location have just begun to be studied and are not considered in the

repository system performance assessment. It is recognized that the

probabilities and consequences of earthquakes, flooding and human

intrusion must be studied before a thorough performance assessment can

be made. In the meantime, Draft 40 CFR 191, Appendix B discusses

assumptions to be used in evaluating the effects of human intrusion.

It would appear that such an analysis should be part of this

preliminary performance assessment.

Comment 6.2(D): The possibility of criticality is not addressed by the

EA. Criticality could occur during the compaction of wastes or

following their placement in the waste container. This is more

properly a preclosure safety concern and would presumably be considered

in designing the waste package. It should, however, be discussed in

the EA.

Of greater concern is the possibility of postclosure criticality. This

could occur due to preferential leaching of Pu-239 from the waste

package, which would then be reconcentrated by adsorption along

preferential groundwater pathways, such as the fractured rock zone

surrounding the shaft seals. Since this could be a major pathway (see

Comment 6.2.2.1(B), such a reconcentration is a small but real

possibility. The Pu-239 leached from the waste package could be

further augmented by Am-243, which decays to Pu-239. Neither releases

of americium, nor the formation of daughter products is considered by

the EA (see Comments 6.2(A) and 6.2.2.3(A)).
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6.2.1 Waste Package Subsystem

6.2.1.1 Assumptions

Comment 6.2.1.1(A): On p. 6-229, the draft EA states that container

corrosion in an air-steam environment during the first 50 years after
emplacement is "minor." This assumption, based on Anderson (1983),

should be verified and the term "minor" quantified.

Comment 6.2.1.1(B): On p. 6-229, the groundwater flow rate is termed

"low", and therefore neglected in calculating releases from the packing
material. "Low" should be quantified and an upper limit calculated for

radionuclide releases due to groundwater flux.

Comment 6.2.1.1(C): The assumption (on p. 6-233) that the container

would not collapse until the wall thickness was reduced to 0.3 inches

should be justified.

References

Anderson, W.J., 1983, Waste Package, Nuclear Repository, Conceptual

Design, Defense High-Level Waste, Commercial High-Level Waste,

Spent Fuel, Backfill Performance, SD-BWI-CDR-004, Rockwell Hanford

Operations, Richland, Washington.

6.2.1.2 Methods

Comment 6.2.1.2(A): The only container failure mode considered in the

draft EA is uniform corrosion. The NRC Draft Generic Technical

Position on Waste Package Reliability (10/84) would mandate an

extensive analysis of potential failure modes for the entire waste

package, including single-failure consequence analyses. The EA should

consider more than one failure mode as well as consequential failures.
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Comment 6.2.1.2(B): On p. 6-249, the release rate from the waste

package is calculated using the distribution of container failure rates

calculated in a previous step. This step, the stochastic analysis of

container corrosion, indicates a mean container lifetime of 6,100

years, with a standard deviation of 600 years (draft EA pp.

6-241/244). This distribution is then used in all further steps of the
performance assessment and is largely responsible for a low release

rate--i.e., there cannot be much release in any one year because only a

few containers fail in any one year.

The reasons for the broad distribution of container lifetimes are

uncertainties in the model and in the data, not variation in the

corrosion rates from container to container. Thus, this derived

distribution appears to be used inappropriately in release rate

calculations. According to the model, if the parameters were specified

exactly, all containers would fail simultaneously. In reality there

will be some variation from container to container, for reasons stated

in the EA as well as other reasons (e.g., corrosion itself is basically

a stochastic process), but that is not what was modeled. Thus, while

the present model may be useful in predicting a mean lifetime, the

range of the distribution indicates the range of values of such a

lifetime, not the range of lifetimes of actual containers under a

specific set of conditions.

Comment 6.2.1.2(C): Releases from the waste package are calculated at

7.5 meters from the center of the container (p. 6-248). Thus, the

damaged rock zone and the disturbed rock zone appear to be considered

part of the waste package. However, 10 CFR 60.113(a)(ii)(B), refers to

releases from the engineered barrier system. The EA should provide

support for including the unintentionally fractured host rock as part

of the engineered barrier system rather than calculating the releases

at the boundary of the packing material, which is only 44.5 cm from the

center.
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6.2.1.3 Results

Comment 6.2.1.3(A): It is recommended that waste package performance

be reassessed after the foregoing comments are addressed.

6.2.2 Repository Seals Subsystem

6.2.2.1 Assumptions

Comment 6.2.2.1(A): Two assumptions are made in section 6.4.2.3.4 of

the draft EA which strongly influence the performance assessment of the

seals subsystem. These assumptions are:

o The disturbed zone of rock around the seal subsystem will have

higher hydraulic conductivity than the seals/backfills.

o As a result of the first assumption, the probabilistic evaluation

of the seals subsystem assumes a disturbed zone pathway for flow,

and flow through the seals/backfills is assumed to be negligible.

These assumptions appear to be the products of two implicit

assumptions: 1) that rock around the repository shafts and drifts will

be damaged enough to significantly increase hydraulic conductivity, and

2) that seals/backfills with low conductivity and high specific

porosity can be designed and constructed such that the disturbed zone

will be the preferred flow path. We agree, based on industry
experience, that drill-and-blast excavation disturbs rock near an

excavation, and even if boring techniques are used which minimize

fracturing around the excavation, some dilation will occur due to

stress relief. Therefore, some disturbed zone appears to be

inevitable. It would also seem logical to expect that seal/backfill

components could be constructed to produce very low conductivities

through them. However, experience has also shown that backfill control

in restricted space (especially in drifts) and good bonding of seals to

wall rock is often difficult to achieve.
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The key question raised by these assumptions concerns the relative

hydrologic characteristics of the disturbed zone vs the
seals/backfills. If disturbance of the rock is minor and the seal

component is poorly bonded to the wall rock, the seal/rock interface
could be the preferential pathway with flow rates exceeding those in

the disturbed zone. Likewise, the longevity of seal/ backfill material

in the postclosure environment might not be sufficient to prevent

decrepitation and the development of preferential pathways through the

seals. This question cannot be resolved until characterization studies

can investigate rock disturbance and field tests can evaluate seals.

In addition, for some concepts of seal/backfill designs, the backfill

is intentionally made very permeable and contains materials with high

sorptive potential (getters). The objective is to attract flow to the

getters to retard or reduce radionuclide concentrations. If such a

concept is employed at BWIP, the conductivity of the backfill rather

than the disturbed zone might dominate the seal subsystem flow regime.

For the foregoing reasons, the assumption of subsystem flow through the

disturbed zone may be less conservative than expected. Leakage along

seal/wall interfaces and flow through backfills and seals (intended or

not) could mean higher subsystem conductivities and effective

thicknesses and, consequently, greater releases at the subsystem

boundary to the site subsystem.

Comment 6.2.2.1(B): On page 6-257, the analysis of contaminated

groundwater flow from the repository assumes that 10% of the flow will

pass through the seals subsystem, and 90% of the flow will travel

directly through the site subsystem. This assumption appears to be

supported by previous calculations, but those in turn contained

assumptions about hydraulic conductivities, gradients, effective

porosities, and thicknesses which are not described in this section of

the draft EA. If the seal subsystem hydrologic properties

(conductivity, in particular) are one to two orders of magnitude higher
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than assumed, it may no longer be conservative to ascribe 10% of the

flow to the seal subsystem. A much greater percentage of flow could be

released through the seal subsystem to preferential flow paths in the

site subsystem (e.g., Vantage interbed), resulting in higher cumulative
releases to the accessible environment. This uncertainty and its

implications should be addressed.

Comment 6.2.2.1(C): On page 6-257, release of flow and radionuclides

from the seals subsystem to the site subsystem is assumed to occur at

the shaft/Vantage interbed intersection. The basis for this assumption

is not clear in the draft EA. The Vantage interbed is 133 meters above

the repository horizon. Below the Vantage is a vesicular zone at about

1/3 depth in the Cohasset flow (the host rock), and the flow top of the

Cohasset, which is expected to have conductivities about 100 times

those of the flow interior (section 3.3.2). No conductivity value is

given for the Vantage. Therefore, it is not apparent why the Vantage,

rather than the vesicular zone or the flow top of the Cohasset, was

assumed as the release point from the seal subsystem.

The Vantage release point assumption appears to be less conservative
than one which releases flow at a lower horizon. If the flow is upward

through the seals subsystem, the hydrostatic head at the lower horizons

will be greater and the flow paths slightly shorter, producing greater

releases to the site subsystem.

Comment 6.2.2.1(D): On page 6-258, it is assumed that cumulative

releases from the seals subsystem are four times the release from one

repository quadrant. This assumption is conservative if the regional

flow regime is preserved during the preclosure period or is

re-established in the postclosure period. Even with imperfect seals,

thermally induced upward gradients and permeable disturbed zones, the

much larger size of the repository compared to the shafts would

probably exert enough influence to retain the predominantly horizontal

direction of regional flow. The impact of this assumption is to place
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an upper bound on the cumulative release from the repository to the

site subsystem by way of the sealed shafts (seals subsystem).

However, the assumption is not conservative for releases from the

repository to the site subsystem as a whole. The release from the

repository to the site subsystem occurs partly through the seals

subsystem, but also from the repository directly to the site

subsystem. The net release from the repository is the total of the

releases of the four quadrants.

The impact of assuming a cumulative seals subsystem release equal to

four times the release from one quadrant is to place all repository

releases into the flow path emanating from the seals subsystem into the

Vantage interbed, rather than distributing them through the entire flow

regime. Consequently, probabilistic hydrologic analyses of this flow

path will produce very conservative results for site subsystem releases

along the Vantage interbed to the accessible environment.

Comment 6.2.2.1(E): On page 6-258, disturbed zone hydraulic

conductivities are assumed to be 106 to 10-10 m/sec. These values

are referenced to section 3.3.2.1, which describes approximately this

range for flow interiors but not for damaged rock or disturbed zone.

On the contrary, section 3.3.2.1.1 (page 3-86) describes a test value

of 10-4 m/sec for a localized fracture zone, which is probably more

similar to the disturbed zone than the typical flow interior. The

assumed conductivities are probably not high enough to account for the

effects of blasting, stress relief, thermomechanical expansion and

other damage mechanisms. For conservative analysis, the conductivity

values for the disturbed zone should be raised to include those of

natural fracture zones, flow tops and interbeds until field tests can

substantiate lower values. These higher values would be 10 4 to

10-9 m/sec.
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According to Table 6-32 (p. 6-260) of the draft EA, calculated releases

increase rapidly as hydraulic conductivities increase above 10-9 to

10 8 m/sec, about one order of magnitude for a similar increase in

mean conductivity. Consequently, if the conductivity of the disturbed

zone were 10r4 m/sec, the calculated cumulative release at the seals

subsystem boundary would be about 10% of the EPA release limit as

opposed to not more than 0.1% for the assumed conductivity values.

Therefore, the probability of exceeding EPA limits would increase above

the "extremely low" probability as stated on page 6-260. The site

subsystem would, in turn, have a much higher source term in its release

calculations.

6.2.2.2 Methods

Comment 6.2.2.2(A): According to the EA (p. 6-257), the source term

for the repository seals subsystem performance assessment is taken from

the results of the waste package performance assessment. The latter

is subject to the Comments 6.2(A) and (B), 6.2.1.1(A-C), 6.2.1.2(A-C),

but especially 6.2.1.2(B).

6.2.2.3 Results

Comment 6.2.2.3(A): Dominant radionuclides released from the

repository seals subsystem appear to be C-14, Se-79 and 1-129

(p. 6-277). Other nuclides should be considered (see Comment 6.2(A)),

and the model should incorporate an analysis of daughter products

generated during the migration of radionuclides through the subsystem.

Comment 6.2.2.3(B): The statement in the second bulleted item of

section 6.4.2.4.2 (p. 6-278) attributes the low cumulative release from
the seals subsystem in part to "absence of hydraulic driving force

along the flow pathway." This statement implicitly assumes that the

thermally induced gradient will be insignificant, either because of its

short duration or low magnitude. However, the draft EA should provide
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a more complete discussion of thermally induced flow to support this

assumption. Until thermal effects on the subsystem flow are analyzed,

the resulting impact on the site subsystems flow regime cannot be

assessed.

Comment 6.2.2.3(C): The final conclusions on page 6-278 should be

reevaluated in light of Comments 6.2.2.1(A-E). It has not been

established that the repository seals subsystem is unlikely to be a

significant release pathway, nor is it clear that the simple modeling

approach used is adequate to assess the subsystem's isolation

performance.

6.2.3 Site Subsystem

6.2.3.1 Assumptions

Comment 6.2.3.1(A): On page 6-263, the origin of the pathlines used to

calculate groundwater travel time was assumed to be a point in the

candidate horizon flow top immediately overlying the downstream edge of

the repository rather than the disturbed zone around the repository.

This assumes that the radionuclides will be released directly into the

flow top. It does not account for the isolation performance of the

flow interior through travel time or retardation of radionuclides in

the fractured basalt. This assumption is judged to be mandatory.

USDOE has not demonstrated that the entire repository can be

constructed without encountering a flow top or a fracture zone with

high hydraulic conductivity (as was encountered in the Umtanum Flow)

that could directly lead to a flow top. In view of the likelihood of

the repository having a hydraulic connection with the flow top, the

above assumption must be made. It should not be anticipated that the

model analysis may eventually take credit for the flow interior
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isolation or the interior modified by the disturbed zone. Only if it
can be shown that the disturbed zone may modify characteristics of the
flow top itself should this be considered.

Comment 6.2.3.1(B): On page 6-261, the draft EA states that the

groundwater travel time is stochastically modeled in a continuous

basalt flow top that is assumed to overlie the repository horizon.
This is considered to be the principal flow path to the accessible

environment. If the likely radionuclide pathway is the flow top

immediately above the repository (and therefore deeper than 762 meters

(2,500 feet) below the surface), then the most important path length to

the accessible environment would be 10 kilometers (6.2 miles).

These two assumptions are based on the conceptual model of a simple

layered basalt system with no structural discontinuities and are used

to establish the accessible environment at a distance of 10 kilometers

from the repository. USDOE has not addressed the potential for

groundwater and radionuclide pathways to rise due to thermal (waste

heat) gradients or structural features (fault or fracture zones).

Groundwater rising above a depth of 2,500 feet could encounter the

accessible environment (by definition) at a distance of 2 kilometers

from the repository. USDOE has presented evidence in the draft EA that

deep groundwater is rising vertically along the "Cold Creek Barrier"

west of the reference repository location. The potential for a similar

occurrence should be considered in the repository location.

While the two assumptions appear to be reasonable and conservative to

fit the simplified conceptual model for the layered basalt, they may

not be conservative for other, equally likely, conceptual models of the

basalt. Other conceptual models may require that the accessible

environment be defined at the 2 kilometer distance rather than the 10

kilometer distance.

Comment 6.2.3.1(C): According to the draft EA (p. 6-265), the

groundwater flow regime in the modeled flow top is assumed to be steady
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state. This assumes that the groundwater flow is a function of

variables that are not a function of time: transmissivity, effective

thickness, and boundary conditions. While this assumption permits a

simpler computer model analysis of the flow conditions, it does not
permit consideration of changes in the flow regime that may occur with

time during the postclosure period. These changes could include

changes in flow caused by changes in temperature gradient from waste

heat generation or changes in groundwater gradients caused by increased

groundwater withdrawal for irrigation downgradient of the Hanford site.

The assumption of steady-state conditions is made by USDOE within the

deep basalt of the Hanford Site without a quantitative determination of

the predevelopment (steady state) groundwater flow system in the Pasco

Basin. Major changes in groundwater levels in shallower basalts are

occurring over time in areas adjacent to the Hanford Site due to

groundwater development and irrigation recharge. Therefore, this

assumption appears to be premature and less conservative than an

analysis of transient (unsteady) flow conditions.

Comment 6.2.3.1(D): On page 6-266, it is assumed that the probability

distribution governing transmissivities in each candidate horizon flow

top is the same as the distribution governing the ensemble of

transmissivities from all Grande Ronde Basalt flow tops tested to

date. This assumption is made by USDOE because the data base for each

candidate horizon flow top is not sufficient to develop the reliable

statistical parameters for that flow top. Whether this assumption is

conservative cannot be judged until the data base is adequately

developed during site characterization. Of related concern is the

validity of hydraulic conductivity tests conducted in single boreholes

that were used in the determination of transmissivity values.

Comment 6.2.3.1(E): The deterministic regional hydraulic gradient

input to the first model was 10O3 (p. 6-266). This assumption is

stated to be conservative because most hydraulic gradients measured to
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date in the deep basalts of the Cold Creek syncline are about one order

of magnitude less (10 ). The use of a greater hydraulic gradient

will create faster groundwater travel times (other conditions being

equal), hence a more conservative analysis. However, the existing data

base developed by USDOE is not adequate to accurately determine the

hydraulic gradient or the groundwater flow direction. Of particular

concern is the validity of hydraulic head measurements that were taken

during borehole drill-and-test events using packer technology. These

short-term measurements do not provide the accuracy and reliability of

long-term measurements taken from permanent piezometers. The

assumption also does not account for potential changes in gradient that

may be caused by groundwater development and irrigation around the

Hanford Site during the postclosure period. Therefore, the extent to

which this is a conservative assumption cannot be judged until an

accurate data base is established and projections of future impacts are

made.

Comment 6.2.3.1(F): The deterministic effective thickness input to the

first two models was 0.04 meters (0.13 feet) (p. 6-266). This

assumption is based on the product of the flow top effective porosity

(5 x 10-3) and the mean apparent thickness of Grande Ronde flow tops

(8 meters, 26 feet). The basis for these latter values needs to be

explained in the EA. The range of values for effective porosity

obtained from the two documented tracer tests is 0.0002 to 0.0004 (2 x

10 4 to 4 x 10 4), or one order of magnitude lower than that stated

as the basis for the assumption. The apparent thicknesses of the

candidate horizon flow tops cited in the draft EA also appear to be

greater than that cited for the mean Grande Ronde flow tops.

The net effect of the assumption is to use a value of effective

thickness (0.04 meters) that is about one order of magnitude greater

than that supported by the test data (about 0.009 meters). Therefore

the assumption is conservative with respect to the available data
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base. However, the data base (two tracer tests in one flow top) must

be expanded through site characterization to adequately evaluate the

assumption for the candidate horizon.

Comment 6.2.3.1(G): The radionuclide releases from the site subsystem

are modeled assuming the source terms are the releases from the waste

package subsystem, calculated in a prior step. The analysis should be

reevaluated, taking into consideration Comment 6.2(A).

Comment 6.2.3.1(H): The spatial relationship between the repository

and the flow top is poorly represented in Figure 6-23 (EA, pg. 6-271).

While this figure of the conceptual model of groundwater flow paths

used in the site subsystem performance analysis is indicated not to be

to scale, the gross divergence between the figure and anticipated

spatial relationships requires modification of the figure in the final

EA.

6.2.3.2 Methods

Comment 6.2.3.2 (A): The code EPASTAT, used to calculate radionuclide

releases from the site subsystem, does not model the build-up of

radioactive daughter products and thus does not appear to satisfy the

requirements of draft 40 CFR 191. Ra-226 releases are not considered

in the draft EA (p. 6-270) on the basis of the nuclide's strong

adsorption and the low releases of the parent, U-234, but the release

rate of U-234 is not otherwise discussed. The half-life of Ra-226

(1,600 years) is not believed to be relevant, since Ra-226 will always

be in equilibrium with U-234, which has a 250,000 year half-life.

Furthermore, 1,600 years is not relatively short if the groundwater

travel time can be as short as 1,000 years.

6.2.3.3 Results

Comment 6.2.3.3(A): Model 1 for the groundwater travel time from the

repository to the accessible environment predicts a median time of

17,000 years and a standard deviation of log10 travel time of .71

1430T
6-21



(Table 6-33, p. 6-268). Based on these data, there is a 4.2 percent

probability of the time being less than 1,000 years. In model 3, for

which the values are 81,000 years and 0.96, respectively, this

probability is 2.3 percent. Thus, for two of the three models, there

are significant probabilities of the travel time standard not being

met. This conclusion, while implicit in the data, should also be

addressed in the discussion.

It should also be noted that the calculated travel time is from the

edge of the repository, not from the boundary of the disturbed zone, as

required by draft 40 CFR 191. When the extent of the disturbed zone is

defined, the distance and hence the travel time to the accessible

environment may be shorter than presently calculated.
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