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ABSTRACT

The three-volume final environmental impact statement (FEIS) is
prepared to guide and support publication of a final regulation,
10 CFR Part 61, for the land disposal of low-level radioactive
waste. The FEIS is prepared in response to public comments received
on the draft environmental impact statement (DEIS) on the proposed
Part 61 regulation. The DEIS was published in September 1981 as NUREG-
0782. Public comments received on the proposed Part 61 regulation
separate from the DEIS are also considered in the FEIS. The FEIS is
not a rewritten version of the DEIS, which contains an exhaustive and
detailed analysis of alternatives, but rather references the DEIS and
presents the final decision bases and conclusions (costs and impacts)
which are reflected in the Part 61 requirements. Four cases are
specifically considered in the FEIS representing the following: past
disposal practice, existing disposal practice, Part 61 requirements,
and an upper bound example.

The Suimary and Main Report are contained In Volume 1. Volume 2
consists of Appendices A - Staff Analysis of Public Comments on the
DEIS for 10 CFR Part 61, and Appendices B - Staff Analysis of Public
Comments on Proposed 10 CFR Part 61 Rulemaking. Volume 3 contains
Appendices C-F, entitled as follows: Appendix C - Revisions to
Impact Analysis Methodology, Appendix D - Computer Codes Used for
FEIS Calculations, Appendix E - Errata for the DEIS for 10 CFR Part 61
and last, Appendix F - Final Rule and Supplementary Information.



FOREWARD

In September 1981, NRC published the Draft Environmental Impact,
Statement on 10 CFR Part 61: "Li'ensing' Requirements for Land Dis-
posal of Radioactive Waste" (NUREG-0782). This draft environmental
impact statement (EIS) contains an exhaustive and detailed analysis-
of a wide range of alternatives. Baaed'upon NRC an'alysis 'of pub ic
comments on both the draft EIS and upon the proposed Part 61 regula-
tion itself (Federal Register Notice 46 FR 38081, July 24, 1981), no
new alternatives or principles were identified which required analy-
sis. No major changes were required 'for -several requirements of the'
Part 61 regulation, Including the overall performance objectives
which should be achieved in the land disposal of low-level radioactive.
wastes administrative and procedural requirements forl'icensing aland'
disposal facility, and the requirements for financial assurance. Many.
clarifying -and explanatory changes'were, however, 'required with
respect to specific rule provisions.

Given this contu'ision and public 'comments' suggesting 'that.the number
of alternatives corisidL.rd. in the EIS be reduced to a smaller, more
understandable number, NRC has' 'chosen not to republish the,''extensive'
analysis of alternatives as presented 'in the draft EIS. ' Rather, NRC
has refined the EIS '..,pact analysis methodology- based upon public
comments and Arc Guuped the alternatives analyzed onto four_ major
alternative, which present the basis for decisions made regarding the
Part 61 requirements.

This final EIS is therefore' not a revision of the draft EIS but a
stand-alone statement which us-es the draft EIS -as a resource and
reference document. Refinements made to the draft EIS 'assumptions and
impact analysis methodology are noted and used .!:-. the final EIS. NRC
hopes that in this way, the final EIS will be of a iwore managable size
and the alternatives analyzed and conclusions reached presented in
more of a concise, urderstandable'manner. '
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SUMMARY

1.0 PURPOSE, SCOPE, AND NEED OF THE FINAL EIS

The action being-considered in this,'final environmental impact statement is
the issuance of a new regulation, Part 61, to the U.S.' Nuclear Regulatory
Commission:(HRC) rules in"Title 1o, Code of Federal Regulations' (10 CFR).
Part 61 provides licensing-procedures,'performance objectives, and technical
requirements for the issuance of licenses for the land disposal of "low-level"
radioactive waste (LLW). Spicifically, the regulations establish performance
objectives for land disposal of waste; technical requirements~for the siting,
design, operations, and closure activities for a near-surface'disposal facility;
technical requirements on waste form that waste generators must meet for near-
surface disposal of waste; classification of waste; institutional'requirements;
financial requirements;-administrative and procedural requirements for .licensing
a LLW disposal facility; 'and a manifest system.

1.1 Purpose

NRC has a two-fold purpose in preparing this final EIS. First, it is to fulfill
NRC's responsibility tinder the National Environmental Policy Act of 1969 (HEPA).
-Second, NRC has prepared this final EIS to document the decision processes applied
in the development of Part 61. NRC has analyzed alternative courses of action
and-requirements were selected with consideration of costs, environmental'impacts
and health and safetyieffects to current and future generations.

1.2 Scope

This final EIS analyzes requirements for the land disposal of radioactive waste
-and specifically, near-surface disposal. Near-surface'disposal involves disposal
in the approximate uppermost 30 meters'of the earth's surface. Burial deeper
than 30 meters may also be involved with near-surface disposal technologies.
This final'EIS does not analyze other methods of disposal such *s ocean disposal.
It is also not a generic EIS in that it does not analyze all of the issues
involved in the disposal of LLW. Rather, this final EIS provides the decision
analysis for requirements in Part 61.':

1.3 Need for the Proposed Action:

Current NRC regulations for licensing radioactive materials do not contain suffi-
cient technical standards or-criteria for-the disposal of licensed materials
as waste: Comprehensive standards, technical criteria,- and licensing procedures
are needed to ensure-the public health and safety and long-term environmental
protection in the''licensing of new'disposal sites; They are also needed with
respect to operation of the existing site's and with r'espect to final closure
and stabilization of all sites. The development of these regulations has been
in response to needs'and requests expressed by the public, Congress, industry,
the States, the Commission and other federal agencies'for codification of ...-

- -- regulations for the disposal of LLW.

.S-1
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1.4 EIS Scoping Process

HRC has conducted scoping activities for the Part 61 rule and this final EIS
since 1978. Public participation in the development of Part 61 and analyses
of the majpr scoping activities and public comtents are discussed in detail in
Appendix C of the draft EIS which has been published as NUREG-0782.

In addition, proposed 10 CFR Part 61 was published in the Federal Register on
July 24, 1981 for 90 days public comment which was extended to January 14, 1982
to coincide with the 90 day comment period for the draft EIS. The availability
of the draft EIS was announced on October 22, 1981.

2.0 COMMENTS 0N DRAFT EIS AND RULE

Public comments received on both the proposed rule and draft EIS have been used
in preparing this final EIS. A total of 107 different persons submitted
coments on the proposed rule and 42 on the draft EIS. The concerns expressed
by all commenters are discussed in detail in staff analyses of comments which
are contained in Appendices A (draft EIS) and B (rule) of this final EIS. The
major concerns are summarized in the supplementary information section of the
proposed final Part 61 rule contained in Appendix F of this final EIS. The
staff's consideration of these comments and actions taken in response to them.
are set out In the various chapters and appendices of this final EIS.

2.1 Comments on the Draft EIS

Of the 42 comment letters received on the draft EIS, 21 came from States or
State agencies, 8 from federal agencies or national laboratories, 5 from
utilities, 3 from industry, 2 from individuals, 2 from disposal firms, and 1
from an individual radiation safety worker.

The tone of the letters was overwhelmingly supportive of the goals and the
results of the 10 CFR 61 rulemaking effort. Criticism of the draft EIS was
generally constructive in nature. Of the 42 letters received, 29 contained
items which required a response by the staff. The remaining 13 letters in one
form or another acknowledged receipt of the draft EIS but contained no items
requiring a response.

2.2 Comments on Proposed Part 61 Rule

The rule commenters represented a variety of interests. The topics addressed
a wide range of issues and all parts of the rule. The general response was
quite favorable. Almost half (47) expressed explicit support of the rule or
its overall approach. Many expressed the view that the rule provides a needed
and adequate framework for establishing additional low-level waste disposal
capacity. Support was expressed by almost every sector. Only 15 commenters
expressed outright opposition to the rule or some significant part of the rule.
Most (9) were individuals. No State group or current disposal site operator
expressed opposition. Mst, of the remaining commenters (47) either offered
constructive comments without taking a general position on the rule or offered
support with reservations about one .or.more.aspects of the rule.
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3.0 APPROACH AND METHOD OF ANALYSIS USED FOR PREPARATION OF THE FINAL EIS

3.1 ApproachUsed for Preparation of the Final EIS'~

The approach NRC has followed in preparation of this final EIS is to present,
in-a conciseimanner, the final decision bases an-d conclusions (costs and impacts)
which' are reflected in the requirements of Part 61. 'NRC has chosen not to
republish the exhaustivea'nd detailed'analysis of alternatives presented in
the draft'EIS. ' Rather, in response to public comments, NRC has reduced the
number of alternatives analyzed to a more manageable and understandable 'number
and has used the draft EIS as a resource and reference document in preparing
this final EIS.

.The changes made to the proposed Part 61 rule'and draft'EIS 'in response to
public comments did'not involve identification of major new.alternatives'or
pr.inciples''which required analysis. 'However, in the final EIS, lan improved'
method'of 'cost analysis, a more refined'analysis of the impacts 'of'wast6'
classification, and analysis of a new pathway (trench overfiow and'leaclate
treatment) were added.

Ihus, NRC has concentrated in this final EIS on preparing a final analysis of
the costs and impacts of a continuation of existing near-surface disposal
practices (the no action alternative) and the changes in costs and impacts that
would result from application'of improvements to existing-practices'established
by Part 61. An analysis of the unmitigated costs and impacts of implementation
of the final requirements selected for Part 61 is also presented.

The final EIS is being published in three separate volumes. Volume one consists
of this summary and the main text. The main text consists of six chapters
described in greater detail below. Volume 2 contains Appendices A-B which set
out details of the analysis'of public comments on the draft EIS and proposed"
Part 61 Rule. Volume 3.contains App'endices'C-F which set out other supporting
technical information to' that contained in the main text.

Chapter one of the main text is an introduction which describes the proposed
action and presents the purpose, scope, need and structure of the EIS. Chap-
ter two presents background information about LLW .and describes the affected
environment. Chapter three'presents iand analyzes major-comments filed on. the
draft EIS. Chapter four describes thiemethod of -analy'sis,"impact measures used,
alternatives analyzed-and the'results'o6f'the analysis of alternatives. Chapter
five presents final conclusions and a discussion of the final requirements -
selected. Finally, Chapter six presents the typical and unmitigated impacts
or the applicatoibn of the finial requirements--selected-for the Part 61 rule.

3.2 Performance Versus Prescri tive Requirements

In Chapter two of the draft EIS i( 2.-2). NRC analyzed-the basic type of' require-
ments which should beledv0oped and'set out in PartE61 (i.e, performance objec-
tive or prescriptive reqUirements). Based on this analysis, the preferred
approach selrcted tind to] lowedi by NRC in the preparation of Part 61 was to
develop both perftwmanco, objective anid pres'iptive'requirementS. Overall

-performatc1c.-v oh-'ct 1i4Cewan e oe'.rt1--t( -de U ne the level of-- safety-that-should.--
tip aChitwPLI in the !.7lU: :- %I.t--I -. I. 11W. Minimum technical performance require-
rents -*tre a!0- :' ' -' *'1: .' to., maJor components of a LLW disposal
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system that should be considered in all cases in the disposal of LLW to help
ensure that the overall performance objectives for land disposal would be met.
Finally, prescriptive requirements were established where they were deemed
necessary and where sufficient technical information and rationale were avail-
able to support them.

Based on pub'lic comments on the Part 61 rule and draft EIS and NRC's analysis
of these comments (the comments were supportive of this combined approach),
NRC has made no change to this approach and it has been followed in the
development of the final Part 61 rule.

3.3 Performance Objectives for Land Disposal

In chapter three of the draft EIS (§ 3.2), NRC reviewed the need for performance
objectives to ensure safety and environmental protection in the disposal of
LLW. In evaluating the level of safety and environmental protection which should
be achieved, NRC identified four components for which performance objectives
should be established. These were:

(1) Long-term protection of the public health and safety (and the environment);

(2) Protection of an inadvertent intruder;

(3) Protection of workers and the public during operation of a LLW disposal
facility; and

(4) Long-term stability of the disposal site after closure to eliminate the
need to actively maintain and care for a disposal facility over the long
term.

Based on public comments filed on the rule and draft EIS, no new areas were
identified which should be addressed in the Part 61 rule as overall performance
objectives for land disposal of L1W. Commenters supported development of per-
formance objectives in the above fc-ir arr -

3.4 Technical, Financial and Other Reru ents

In § 3.2 of chapter three of the draft EIS, NRC also identified four principal
components which collectively make up a LLW disposal system. Each of these
was specifically addressed in the development of the technical requirements
and includes:

(1) Site Characteristics - The geohydrological, geomorphological, climatological
and other natural characteristics of the site where the disposal facility
is located;

(2) Design and Operation - The methods by which the site is utilized, the
disposal facility designed, the methods of waste emplacement and closure
of the site;

(3)_.Waste.Earipand4_Pakaging - The.characteristics of the waste and its . -*
packaging; and
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(4) Institutional Controls - The actions which involve a government agency
maintaining surveillance, monitoring.and control over access and'utiliza-
tion of the site after closure.

Specific technical requirements for each of. these components were developed in
chapters -four, five, six and seven of the draft EIS. In addition,,NRC analyzed
the need for changes to existing administrative and pro'cedural -requirements'
that-are applied' by.NRC in the licensing of LLW disposalcfacilities (Chapter,
eight of the draft -EIS) and the need for financial assurance requirements
(Chapter 9 of the draft EIS). '

Based on public comments filed on the rule and draft EIS, no new major areas
were identified in addition'to the above that should be addressed.in the
development of "the technical requirements. New topics identified by commentors
which should-be addressed in the Part 61 rule and EIS fell into one of.the'
above areas. .

3.5 Method of Analysis

The overall method of analysis followed in this final EIS'for determination of
the technical requirements is as follows:

(1) First, the costs and impacts from'the'generation, transport, and disposal
of waste at a reference near-surface disposal facility are calculated
(Alternative 1).. This analysis is reflective of past disposal practices
and is termedthe' "base case" analysis.

(2) Second, a range of three alternatives to the base case are evaluated with
respect to their incremental change'lin-'mitigating"potential impacts and
cost over the base case. One represents today's practices and is the no
action alternative (Alternative 2). The second represents the Part 61
requirements and is the preferred alternative (Alternative 3). The third
represents application of extensive improvements over today's practices
(Alternative 4).

(3) Third, a comparative evaluation of the alternatives is conducted based on
the impacts (radiological and other impacts) and costs, of each alterna-
tive. Based on the evaluation and public comments, conclusions are reached
on the final requirements to be codified through the Part 61 rulemaking
action.

(4) Finally, application of the requirements selected and incorporated into
the final Part 61 rule is evaluated to assess typical unmitigated impacts
of LIW disposal following the.preferredrequirements. The disposal of
waste according to Part 61 is analyzed on a regional basis at four
regionally operated sites and thetypical impacts and costs are determined.
The analysis also helps assess the applicability of the Part 61 require-
ments to the wide range-fin'site and waste characteristics expected in the
regional disposal of LLW.-

Based on public comments no.change has been riade to the overall method of
analysis. The number"Of a'lternatives In lyied has been reduced to a more
.manaqeable numbeir and NRC has-presented -the results in a clearer, more--conci5e -
manner.
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3.6 Description of Impact Measures Used and Exposure Pathways Analyzed

NRC has used the same impact measures and with one exception, analyzed the same
exposure pathways in this final EIS as in the draft EIS. In response to public
comments, a inew pathway, trench overflow and leachate treatment, has been added
and a more refined analysis of the impacts of waste classification was
performed. AAlso, in response to public comments, the cost analysis has been
calculated in a more realistic manner. These changes have not affected the
overall conclusions reached based on the analyses in the draft EIS.

3.6.1 Impact Measures

Table S.1 lists the specific impact measures used in this final EIS. The
impact measures used include short-term radiological exposures, long-term
radiological exposures, costs, energy use and land use. They were categorized
as they apply to waste processing activities at a waste generator facility,
during transportation to the disposal location and during and after disposal
at the disposal facility. As in the draft EIS, NRC has concentrated on long-
term radiological exposures and costs.

Table S.1 Impact Measures Used in Analyses

Waste Management Phase Impact Measure

Waste processing Costs
Energy use
Occupational exposures due to

waste processing
Population exposures due to waste

incineration

Waste transportation Costs
Energy use
Occupational exposures
Population exposures

Waste disposal Costs
Energy use
Land use
Occupational exposures
Exposures to individuals and

populations due to:
o operational accidents
o ground-water migration
o inadvertent human intrusion
o overland flow
o leacha.e treatment
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) 3.6.2 Risk From LLW Disposal Facility Operation

Several commenters suggested that NRC quantify the risks associated with opera-
tion of a LLWidisposal facility. In the draft EIS, NRC expressed radiological
Impacts associated with operation of a near-surface disposal facility in terms
of exposures "to individuals and populations. NRC did not convert or express
these exposures in terms of risks because of the difficulty of accurately '-
assessing risks to future populations from exposures incurred at future times
and the small number of individuals involved who could receive a potential
exposure. Based on a reexamination of this issue, NRC'does not plan'to express
doses in terms of risk in the final EIS. This would involve new work and time
-to prepare which is not warranted given'the urgent need for Part 61 and the '
limited additional information which would be provided. In the draft EIS, NRC
compared calculated doses on a common basis to existing standards which are.

'expressed in terms of dose quivalent.' 'The same approach has been followed in
the final'ElS. NRC has, however, 'attempted to express 'the overall impacts of
Part 61in the final EIS in a clearer mann2r so'that'comparison of alternatives
and unmitigated impacts are easier to discern and understand.

To place in-perspective the potential risk associated with the'various doses
calculated in this final EIS, NRC has summarized below dose response relation-
ships a's'set forth in ICRP publication 26. The reader can use these to estitnate
-the level of risk'associated with-doses calculated for the various alternatives.

In the draft EIS, doses were presented for the whole body and six organs (bone,
-7 i itliver, thyroid, kidney, lung and gastro-int estinal tract). In 'the final EIS,

doses are generally presented only for the whole body, thyroid and bone. This
has been done in response to public comments to simplify reporting of impacts
'and since the whole'body, thyroid and boneaire generally of most significance
with respect to the radionuclides involved.

. V - ; -.

ICRP-26 state's that "the risk- factors for different tissues are based'on the
estimated likelihood of inducing fatal'malignment disease, non-stochastic changes,
or substantial genetic defects expressed in liveborn descendants." The'risk
factors summarized below, as ;taken from ICRP-26, are expressed as overall
mortality risk factors, except as noted." -

For uniform whole body irradiation, the ICRP concludes that for individuals,
the mortality risk factor for radiation-induced cancers is about 1 X 10-4 chance
'of developing a fatal cancer per one 'rem dose. .This is stated as an average
for both sexes and all ages. A-500-'irem'dose would then equate to a risk of
Spotentially developing'a fatal)cancer 6f'about 5 x 1l-s. For bone, the risk
factor is lower,-5 Ix10- 6 potential.cancers per rem dose. ' Likewise for thyroid,
the overall mortality risk factor islo'2er,;5 x lon potential cancers per one
rem dose.

3.6.3 Exposure Pathways

As in-the draft EIS, NRC-has'concentrated on long term radiological exposures.
-- -..These could involve activities 'such as-man'potentially contacting' the wastt' -

after 'disposali i.e., inadyertent liman intrusi in. into the ._isposa1_facility),
potential leaching-and transport of the'waste through the groundwater;-'-intrusion
and dispersion by plants and animals; long-term erosion of the site with eventual
uncovering of the waste and surface water and air transport; and release of



'. gaseous decomposition products from the waste containing radioactive species
(e.g., tritiated methane gas). These are.discussed in § 4.2.3 of Chapter 4 of
*the final EIS.

3.6.4 Costs.

Costs are calculated and separated in this EIS into three component>:

(1) Processing costs - those costs associated with processing and packaging
wastes prior to disposal;

(2) Transportation costs - those costs associated with transferring the waste
to the disposal facility; and

(3) Disposal facility costs - those costs associated with design and operation
of a disposal facility over a 20-year period as well as postoperational
(closure and institutional control) costs. Closure and institutional
control costs are calculated as the total funds that would have to be
collected over the operating life of the site and invested in a sinking
fund in order to pay for the projected level of postoperational activities.

Additional information is contained in § 4.2.3 of Chapter 4. Appendix C also
describes the present value analysis used to calculate disposal facility costs.

4.0 DESCRIPTION OF ALTERNATIVES

In the draft EIS, a broad range of waste form properties, facility design,
operating procedures and -institutional control alternatives, directed at helping
to ensure that the performance objectives would be met were analyzed. A large
number of specific cases or combinations of alternatives were analyzed in the
draft EIS. The extent and detail of these analyses and difficulty in their
summarization and thus understanding were pointed out in the public comments.
Rather than repeat each of the alternative cases here, NRC has selected four
representative alternatives to present the costs and impacts of the Part 61
requirements which are described below.

Based on analysis of the public comments, NRC has also not repeated the analyses
which led to derivation of the performance objectives. The costs and impacts
of meeting the performance objectives are reflected in each alternative analyzed.
In addition, based on public comments, NRC has not repeated the extensive
analyses that led to the key technical principles which should be addressed in
the near-surface disposal of waste (i.e., long-term stability, contact of water
with waste and intruder controls). Rather, NRC has concentrated on showing
the incremental changes in costs and impacts resulting from application of the
Part 61 requirements over those practices in effect today.

In the analysis, URC assumed a reference disposal facility site located in a
humid environment and having moderately permeable soils. The site is assumed
to be operated for 20 years andchave-a-capacity of up to one million m3 of waste.
As par-t- of-the-analyysi-h variations are considered in which the site soils are
assumed tG be either very permeable (sandy) or very impermeable (clayey).



4.1 Alternative 1 - The Base Case Alternative Reflecting Past Practices

This alternative represents the level of control and costs which has been
historically applied in'the disposal of'LLW. This historical-level of costs
and impacts serves as a basis-against which-improvements and changes can be
evaluated and compared on a common" basis. The analysis of the base case
alternative "also shows what the costs and impacts would be if the current
controls at existing sites were relaxed.

The base case alternative reflects.past practices~with respect to poor~waste
form characteristics and properties and an absence of facility design or
operational practices directed at long term stability. In the past, it was
believed that only a "good site"-was needed for waste disposal. No credit was
given to waste form or cnntainers.. The site is thus assumed to have been
selected in accordance with currently accepted site requirements. .Since a site
would not hive been licensed in the past without adequate~health physics
procedures, accepted health physics practices and procedures are assumed to be
carried out through the operators radiation safety program. Other assumptions
wade 'for this case are set out in j 4.3.1 of Chapter 4 of the final EIS.

4.2 Altenrative 2 - The No Action Alternative Reflecting Today's Practices

This alternative characterizes and reflects today's practices in the near-surface
disposal of LW. As the Industry gained experience and as regulatory agencies
acted-with respect to identified problems-in past operations, changes-and
modifications were made in past disposal practices. these included limits-on
-the contents, type and form of waste acceptable for disposal and improvements
-in design-and operational practices.-- Several waste streams including evaporator
bottoms, resins, and filter sludge waste containing greater than 1 uCi/cm3 of
radionuclides with-a half life-exceeding 5 years are required to be-stabilized
prior to disposal. These are mainly assumted to be stabilized by means of
containers providing stability. Concentrated liquids: from power plants are
solidified. A limit of 10 nCi/gm is placed upon the transisranic content of
received waste. -In addition, several design and operational improvements are
carried out tosreduce contact of waste by water and to improve site stability.
These include compaction of backfill material and trench caps, use of a permeable
backfill, use of a thick (2m) clay cap and improved surface drainage to reduce
infiltration. Care is taken during operations Lu maintain occupational exposures
to accepted levels and higher activity wastes presenting greater external
occupational hazard are placed an the:bott 'f disnos.l trenches and shielded
with lower activity waste.

Other assumptions made for this case are set out in § 4.3.2 of Chapter 4 of
the final EIS..

4.3 Alternative 3 - The Preferred Alternative Reflecting Part 61

Alternative 3 reflects the final Part 61 requirements as established by the
draft EIS analysis and as modified based on public cbn3ents.

In the-draft-EIS, NRC analyzed (in -addit-ioneio-the improvements already in
- - - effect-at theaexihling sites) a:broad range of other alternatives which could

-be applied to.reduce radiological imacts. T lativiiin U1lhabgei-
impacts and costs for each alternative was calculated and compared in arriving
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at the requirements selected for Part 61. This extensive analysis of alterna-
tives is principally set out in Chapters 4, 5 and 6 of the draft EIS. Also
based an the analyses in the draft ETS, three key principles were identified
which are of primary significance in ensuring the performance objectives will
be met over the long term. No new aspects were identified in the public
comments. 'These principles are:

(1) Long-term stability of the disposal facility and disposed waste. Stabil-
ity helps reduce trench cover collapse, subsidence, water infiltration
and the need to care for the facility over the long term;

(2) The presence of liquids in waste and the contact of water with waste both
during operations and after the site is closed. Water is the primary
vehicle for waste transport and its presence in and contact with waste
can contribute to accelerated waste decomposition and increased potential
for making the waste available for transport off site; and

(3) Institutional, engineering and natural controls that can be readily applied
to reduce the likelihood and impacts of inadvertent intrusion.

The following chart summarizes the relative importance of each in helping to
achieve the performance objectives.

PRINCIPLE PERFORMANCE OBJECTIVES

Migration Maintenance Intruder Operations

Long term Reduces water Reduces need Reduces Reduces
stability infiltration for long-tern likelihood occupational

and potential maintenance and impacts hazards and
for migration of inadvertent offsite

intrusion releases in
accident

Reduce Reduces Reduces need Reduces waste Reduces
contact of potential for active degradation- occupational
water with for tnigration maintenance thus intruder hazards
waste impacts and offsite

releases

Institutional Custodial care Assures proper Reduces Reduces
and other reduces maintenance likelihood occupational
intruder potential for and impact of hazards
controls water inadvertent

infiltration intrusion

I Based on the ETS analyses and public conmeitts. several tefhnical requirements -
- -have-beetc-identifa edT codiFiction into Part 61. Concentration limits are

established for importart. radionuclides as well as transuranic radionuclides

S- hIe



which determine the disposal requirements for the waste. Waste is divided into
three waste classes: Class A, Class B and Class C. 11 higher activity wastes
(Class B and Class C) are required to be stabilized. Stability can be provided
by the waste form as generated, processing of -the waste to a-stable form or by
placement in a container or structure that provides stabM~ity. Lower activity
compressible wastes (Class A) are required to be disposed of in separate disposal
units from stable Class A, B and C wastes. Class C wastes, which present greater
long-term potential hazard to an inadvertent intruder, are-required to be
disposed of on the bottom of disposal units. Disposal facility design and
operation directed at reducing water contact with waste and achieving long-term
stability is the sane as the previous no action alternative. The only major.
operational -difference is the segregation of compressible Class A wastes from
stable Class A, B and C wastes.

Specific assumptions made for this case are set out in § 4.3.3 of Chapter 4 of
the FEIS. O0ne importantassumption is that (except for Cs-137) all Class C
concentration limits, as set out in the proposed rule, are raised by a factor
of 10 to correspond to limits in the final Part 61 rule.'' Class B and C wastes
are stabilized by a combination of solidification and use of containers providing
stability.

4.4 Alternative 4 - Upper Bound Requirements (All Stable Alternative)

In the draft EIS, NRC analyzed many alternatives providing greater controls in
disposal at much higher costs.' -These-were rejected by NRC'based on cost/impact
considerations. Alternative 4 analyzes a number of these alternatives which
could be required and applied in the disposal of LLW. Because of the-overall
importance of long-term stability in reducing impacts and long term costs, the
alternatives selectedoare directed at ways to achieve long term stability.
The principal alternative analyzed is to place all Class A unstable waste into
a stable form, principally through waste packaging. The other alternatives
considered involve use of several facility design and operation options to
achieve stability including grouted disposal, disposal into grouted concrete-
walled trenches or extreme compaction. Other assumptions for these cases are
set out n.f§§ 4.3.4 and 4.4.5 of Chapter 4 of the final EIS.

5.0 REGULATORY ANALYSIS - CONCLUSIONS AND COMPARATIVE EVALWATION

This section presents the final conclusions drawn from a comparative evaluation
of the alternatives. The final conclusions are presented as the basic prin-
ciples and concepts that should be set out as the minimum technical requirements
in the Part 61 rule.

This section has been divided into 2 major subsections. The first subsection
presents the results of Alternative 1 (the Base Case). ; The.second subsection
presents and compares Alternative 2 (ihc NoAction Alternative), Alternative 3
(The Preferred Alternative) and Alternative 4 (Upper Bound Requirements).

5.1 Results of Alternative 1 (The Base Case Reflecting Past Practices) .

, Tab1t;s2 iiimV the differences in costs and impacts for each alteriative.
--Principa]l--conclusions-for--Al teParative'1 include: :
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Table 5.2 Results of the Alternatives Analysis

I 1 2 3 4
v Base Ho Preferred Upper

Case Action (Part 61) Bound

I. Long-Term
Exposuires

Individual
(mremlyr):

Intruder-construction
o 100 yrs - Body

Bone
Thyroid

o 500 yrs - Body
Bone
Thyroid

Intruder-agriculture
o*100 yrs -

o 500 yrs -

Body
Bone
Thyroid
Body
Bone
Thyroid

2.30E+3*
4. 49E+3
2. 16E+3
1. 14E+2
1. 55E+3
2. 70E+1

2.68E+3
3.64E+3
2. 60E+3
6. 66E+1
6. 41E+2
3.93E+1

1. 58E+2
5. 61E+0
1. 50E+3

3. 16E-2
4.92E-2
2.16E+1

1. 79E+3
1.80E+3
1. 78E+3
2. 61E-'0
1. 16E+1
2. 29E+O

2. 21E+3
2. 32E+3
2. 17E+3
2.77E+0
7.19E+0
9. 08E+O

4.39E-1
4.49E-2
1. 11E+1

2.90E-4
4.29E-4
1. 50E-1

1. 84E+2
1.87E+2
1. 84E+2
3.02E+0
1. 63E+1
2.42E+0

2.02E+2
2. 08E+2
2. 01E+2
3.04E+0
9. 17E+0
9.02E+0

1. 11E-1
3.70E-2
4.16E+0

1. 44E-4
3.37E-4
5.99E-2

1. 75E+1
1. 77E+1
1. 74E+1
3.07E+O
1. 67E+1
2.45Ei0

0.
0.
0.
3. 09E+0
9. 38E+O
9.23E+0

1. 09E-1
1.47E-2
3.31EtO

8.80E-5
1. 36E-4
4.77E-2

Boundary Well
o Body
o Bone
o Thyroid

Surface water
o Body
o Bone
o Thyroid

II. Short-Term Whole Body
Exposures (total man-mrem
over 20 yrs):

Occupa~tional
o Waste processing
o Waste transport
o Waste disposal

To population
O waste processing
o Waste transport

**

7. 58E+6
3. 33E+6

+3.75E+5
4.99E+6
2. 15E+6

+5.75E+5
4.97E+6
2. 14E+6

*6.15E+5
4.97E+6
2. 15E+6

*C +0. +1.26E+2
7.49E+5 4.78E+5 4.76E+5

+B8.93E+1
4. 84E+5

III. Costs (total $ over
20 yrs):

Waste generation and
transport

o Waste processing
o Waste transport 2.64E+8

+9. 53E+7
1. 73E+8

+1.18E+8
1. 72E+8

+2.86E+8
1. 70E+8
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Table S.2 (Continued)

1 2 3 " 4
Base Ho Preferred Upper
Case 'Action (Part 61) Bound

A A. 3.5+ 3. .50E_+BJ -.
waste alseosaI -

o Design & op.
o Past operational#
o.-Total disp. fac.

. -cost
o Unit disp. fac.

: . cost ($/ml)

IV. -Total waste generation,

3. 25E+8'
4. 55E+7

3.71E+8

3.71E+2

3.41E+8
4.55E+7

3.87E+8

5. 97E+2

3. 50E+8
3.57E47

3.86E+8

5.95E+2

+2.03E+7 +4.10E+7
transport and dhsposal cost
incremental to base case (total

3.42E+8
1. 38E+7

3. 56E+8

5. 64E+2

*1.77E+B

.6.31E+5
0.
6. 27E+5
3. 83E+3,

2.20E+4

$ over 20 yrs): -

V. Waste Volume (i 3 ):

Volume acceptable
-- o - Unstable

I i o Stable - Regular
o Stable - Layered

1. OOE+6 - 6.47E+5 6.48E+5
7.47E+5## 4.42E+5#0 4.23E+5
2.52E4&## 2.05E+5## 2.21E+5
0. :. 0. 3.47E+3

Volume not acceptable O. 2.56E+4 2.20E+4

*The notation 2.30E+3 means 2.30 x 103.
**In this EIS, population exposures due to waste processing by waste

generators,. occupational exposures due to waste processing by waste
generators, and costs due to waste processingby waste enerators are
presented as impacts and costs in addition to those associated with the
base case. -

#Postoperational costs are presented as an upper bound level of costs for a
.site having moderatelykpermeable.soils. In the analysis, ranges.of costs-are

calculated depending upon site-specific conditions and uncertainties regard-
ing the ability of the disposal facility to function as planned. As discussed
in the text, the uncertainties in the calculated postoperational costs
decrease for each successive case.. -;

##Although much of the waste is or has been stabilized,- the fact that for
these two cases all the stable waste is disposed comingled with unstable
waste tends to negate the potential gain of waste stabilization. The
result is about the same as if all waste was in an unstable form.

---a---- x ** . -



(1) The disposal facility is calculated to accept one million m3 of waste over
Its 20-year lifetime. No waste shipped for disposal is determined to be
unacceptable for near-surface disposal.

(2) Long-tern environmental impacts for the base case are calculated to be
high. Potential impacts to an inadvertent intruder are projected to be
2.3 red (whole body) and 4:5 rem (bone) at 100 years following the end of
the two-year facility closure period. At 500 years, potential inadvertent
intruder exposures are reduced, but are still on the order of 0.6 to
1.6 reas to the bone. Tnese exposures at 500 years are due to the
relatively longer lived radionuclides.

Groundwater impacts, which are considered over a time period of 10,000
years following disposal facility closure, are also high. As shown,
thyroid exposures are on the order of 1.5 rem at the boundary well and 22
mrem at the surface water location. These exposures are principally due
to migration of I-129. Whole body exposures are also relatively high at
the boundary well--160 mrem--and are principally due to the migration of
tritium.

It isi not likely that doses to actual individuals would ever be this high,
notwithstanding the conservatism of the analysis. For one thing, potholes
and depressions created by the unstable site conditions would be filled
in by the site owner, thus reducing the percolation. In-addition,
groundwater movement of radionuclides would almost certainly be detected
through monitoring wells long before appreciable exposures could be received
by the public. A more important point is that a considerable amount of
effort and cost to the site owner may be required to prevent such potential
exposures from occurring. This is discussed in more detail below.

(3) Short-term environmental impacts include exposures to radiation workers
during waste processing, transport and disposal, as well as population
exposures due to waste processing and transport. All impacts are given
in units of man-millirem and are summed over the 20 years of site opera-
tion. Occupational exposures due to waste processing by waste generators,
population exposures due to waste processing by waste generators and costs
due to waste processing by waste generators are not calculated for the
base case. They are calculated for the other cases and are presented as
incremental impacts from the base case. The base case represents conditions
in which little or no waste processing is performed other than that required
to meet safety requirements for transportation and disposal facility waste
handling operations.

(4) A base case transportation cost of $264 million is estimated for transporta-
tion of about 50,000 1n3 of waste per year over 20 years ($264 per m3 of
waste).

(5) Disposal design and operational costs are calculated to be on the order
of $325/m3 (9.20/ft3).

(6) Postoperational costs are projected to be quite high--i.e., on the order
of S46.million for the-reference-disposal facility site. At a site having
very impermeable so;) and assuming that a bathtub condition exists
requiring extensive leachate pumping and treatment, postoperational cost.
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could climb toS$58 million. These costs are the total costs that would
have to be collected from disposal facility customers over the operating
life of the disposil ficilityin:orderto pay for the projected postopera-'
tional activities. Better'than 90% of the post-operational funds collected
would be fbr the!100-year institutional control period. 'These costs -
translate-to a charge to a disposal-facility customer ranging from $1.29
to $1.64/ft3.. i

The sheer magnitude of the funds that would be needed to be collected. over
,20 yearg',to'ensure long-term care deserves special consideration. -High',
potential ground-water doses are estimated, -and to prevent 'such potential
exposures from occurring, a considerable amount of active site -maintenance
would-be 'expectedon the part of the site owner. It is difficult.to pre-
dict how long this' extensive site maintenance would be required or how.
much it would'actuallylcost,.although it is seen that many millions of..
dollars could be potentially involved. Itis therefore judged to be-.,.
Inappropriate to assume that sufficient postoperational funds would in
fact be collected. The disposal facility may close prematurely and prior
to collection of. sufficient funds. There is also no assurance that the.
extensiveuekinds of maintenance activities that would be required would
actually be carriecdout in a timely manner, leading to.a self-perpetuating
situation . 'Finally, extensive site maintenance activities-can -lead to

'offsite releases of. quantities of radionuclides.

In conclusion, the'environmental and long-term cost impacts of.this:case are
clearly excessive'and reversion to disposal fascility.practicestypif~ied.by-.-..
this alterrative is an unacceptable alternative. Leavinga-;disposal facility
in a condition.so that.extensive active-ma'intenance'activities are-required to
ensure public ,health and safety could result in a considerable financial burden
to the 'site owner and to future generations. Such active maintenance activities.
can continue'for long.time p'eriods, and in fact tend to-become self-perpetuating.
Active maintenance activities such as leachate pumping and treatment represent. -

a large',source of expense without a tangible corresponding economic gain.

5.2 Comparison of Alternatives 2 (No.Action), 3 (Preferred) and 4 (Upper Bound)-

5.2.1 Long-Term Individual Exposures

In comparing the nfo'action and preferred (Pairt 61) alternatives, it is seen
that both intruder and groundwater exposures for the no .action alternative are.-
reduced over.the'base case. This -is principally due to the low concentration,
(10 nCifgm limit) of transuranic 'radionuclides.disposedand the improved
stability of the disposal facility. The added operational-practices, however,,
for the preferred (Part' 61) alternative of segregating stable waste streams
from unstable waste~streams and placing certain high activity;waste streams at
the bottom of the~dis-posal cells further reduces potential intruder exposures
at 100 years for the Part- 61'case by 'an order of. magnitude. Although a new
requirement, waste segregation is anIoperational practice-that has been and is
currently being carried out for'particular waste streams at-existing sites.-
Thus, implementing'this -alternative 'on a more extensive basis is well within-

y- current, waste- disposal tecnfriology3 -Sim'flar ly, the' new requirement of layering
- ,(or-..other-spec-ial-handl-ing)-of--certain-waste streams has long-been a standard - -

practice at disposal facilities and so this practice is also judged to be well
within current waste disposal technology. Further reduction in impacts are
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observed for the upper bound all stable alternative in which all waste streams
are stabilized prior to disposal. Other design and operation options analyzed
for this upper bound alternative are discussed later in this section.

At 500 years, comparable intruder impacts (ranging. from 2 to 17 mrem/yr are
observed for all three cases. In fact, due to the raise in the near-surface
transuranic disposal limits for the Part 61 and all stable alternatives from
10 to 100 nCi/gm, intruder impacts for these two alternatives are slightly
higher than those for the no action case. As discussed in § 4.4 of Chapter 4,
however, even this small difference in impacts is probably exaggerated. Waste
streams containing transuranic nuclides in concentrations between 10 and
100 nCi/gm are required in the last two cases to be layered. Waste streams
disposed with a minimum of 5 meters of cover (earth and/or low activity waste
streams) would still be difficult to contact after 500 years. In addition,
the analysis conservatively takes no credit for the reduction in exposures that
would result from stabilized waste forms which would tend to reduce potential
airborne dispersion and plant root uptake.

With respect to groundwater impacts, as shown, the impacts for the Part 61
case are about a factor of three lower than the no action case for exposures
to the thyroid and a factor of about four lower for exposures to the whole body.
For the all stable case potential exposures are somewhat lower than the Part 61
case. Most of the radioactivity contributing to the calculated impacts is
contained in the stabilized waste streams. One of the main purposes of
stabilizing such high activity waste is to provide structural support for

r- disposal cell covers, thus reducing trench cover subsidence and minimizing
contact of waste by percolating water. If, however, the stabilized waste
streams are disposed comingled with other unstable waste streams (as is the
situation for the no action case), then much of the benefit to be achieved by
waste stabilization can be lost. This is illustrated in § 4.4 of Chapter 4 by
the variations in the no action and Part 61 case analysis in which reduced
effectiveness was assumed for improved covers over disposal cells containing
unstable waste streams. In the no action case, the increased percolation from
comingled disposal raised the calculated thyroid impacts to 41 mrem/yr at the
site boundary well. A similar assumption for the Part 61 case raised the
calculated thyroid impacts at the boundary well to only 7.8 mrem/yr.

The results of the analysis also suggest that waste stabilization reduces the
dependence upon the site to minimize radiological impacts. This is an important
consideration, since there will always be some uncertainty associated with
measurements and predictions of site geohydrological properties. A stabilized
disposal site reduces the concern regarding the impact of these uncertainties
an the potential radiological exposures arising from waste disposal.

The staff also notes that for both the no action and Part 61 case, there is
still a possibility (although small) of a water accumulation problem at a
disposal site having very Impermeable soils. The relative radiological impacts
and costs of this phenomenon, however, are much reduced for the Part 61 case
as compared to the no action case. The potential for such impacts is believed
to be reduced-to-minimum levels for the all stable.case.. This is presented in-
Chapter 4.
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5.2.2 Short-Term Whole Body Exposures

Occupational exposures due to waste processing for the no action alternative
are calculated to increase over the base case. This -is due to the increased
waste processing performed for this case. Occupational exposures due to waste
transportation and waste'disposal are reduced-over the base case. 'This is
principally due to the reduced volume of waste delivered to the disposal"".'
facility. resulting from increased use of volume reduction techniques. - Popula-
tion exposures due to waste incineration are calculated to be zero for the 'no
action alternative. Releases are. only assumed to occur from waste incineration
and no volume reduction through Incineration is assumed for the no- actioh
alternative. Population.whole bqdy exposures due -to waste transportation are
reduced over that of the base case,-which is again a result of the increased
use of volume reduction for this case.

Occupational exposures for the preferred Part 61 alternative are higher than.
the no action case' due to processing additional volumes of waste into a stable
form or package. Such potential'exposures, however, are difficult'to determine
since they are facility-specific and are based on the type of processing
performed,. facility design and layoutj -and on other factors. Population
exposures for the-,Part 61'alternative follow a similar pattern. - Population
exposures due-to waste incineration are small. Population exposures due to'
waste transport are slightly, increased due to the slightly increased'volume of
waste transported to the disposal facility. Occupational exposures'due'to'-
waste transport and waste disposal are about the-same as those of the previous
case.

Occupational exposures for the all-stable alternative are judged to be' greater
than the Part 61 case. The difference in occupational exposures for waste
processing.for this case aid.the previous case are entirely due to the additional
waste stabilization requirements. 'As shown, this difference is not significant.

5.2.3 Costs

Waste processing'costs are estimated to be increased by $95 million-for the no
action-alternative over the base case. These costs are presented as total
costs over 20 years, the assumed lifetime of the disposal facility. These
additional costs are due to the requirementsto stabilize higher activity'
wastes prior to disposal and-the volume reduction activities assumed. Waste-
processing costs are also increas'ed for the preferred Part 61 alternative.by
an additional $23 million. This increaseisdue.tostabilizing-additional
volumes of waste into a stable fo'rm or package and the additional volume.
reduction activities.assumed. Costs for. stabilization would be incurred only
by disposal facility customers generatingi the high activityiwaste and not by..
small waste generators who mainly generate waste with onlylow levels of
activity. Waste processing costs .are''significantly increased.for the.upper
biound'all stable alternative due to theplacement of all -wastes into a stable
form or package. , This cost increase ,would.be borne by, all waste generators
and is the principal reason this.,alternative was not selected.

Transportiati6n osts are reduced for the no action,-preferred and upper bound
--al ternativesuover --the-b-ase-case Mu o-th-srailer 'Vro IlUae7bf -astt 3h1 tipedWtV'

do not vary much from one case to the other.
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Relative to the base case, disposal facility design and operating costs for
the no action alternative have increased from $325 million to $341 million.
This corresponds to an increase in unit costs from $325/M3 ($9.20) to about
$527/M3 ($14.93/ft3). This increase is due to the many improvements in site
operation for ithe no action case relative to the base case (and also to the
reduced volume of waste delivered to the disposal facility for the no action
case). TheseIsame improvements, however, result in lower long term post-
operational costs which are projected to be on the order of $23 million for
the reference site, assuming that the disposal facility functions as planned.
Given'the uncertainties associated with long-term disposal site stability for
this case, a series of upper bound analyses was also calculated for this case
assuming reduced effectiveness of disposal site covers-and different disposal
site conditions. Postoperational costs in these variations were calculated
to range from $40 million (permeable site soils) to $46 million (moderately
permeable site soils) to $58 million (impermeable site soils).

With regard to the no action case, the preferred Part 61 case results in
increased design and operational costs due to segregation of stable wastes and
layering of certain higher activity wastes. Improved stability results in
lower institutional control and post-operational costs. A low level of main-
tenance is projected to be required for stable waste streams, since these .
waste streams are segregated from unstable'waste streams. A higher level of
maintenance is projected for unstable waste streams. Total post-operational
costs for the preferred case are projected to be about $21 million for the
reference site, assuming that the site functions as planned. This translates
to a unit post-operational charge to be paid by disposal facility customers of
$31.94/m3 ($0.90/ft 3 ). These costs include costs for a five-year observation
and maintenance period following disposal facility closure. In a series of
upper bound variations similar to (but more conservative than) those performed
for the no action case, upper bound post-operational costs for the Part 61 case
ranged from $33 million (for a site with very permeable soils) to $36 million
(for a site with moderately permeable soils) to $44 million (for a site with
very impermeable soils).

Post operational costs for the all stable alternative are the lowest of the
four cases considered. The uncertainty regarding the actual levels of costs
is also the lowest of the four cases.

In conclusion, relative to the no action case, costs incurred for the Part 61
case are projected to include increased waste processing costs, somewhat
increased disposal facility design and operation costs, and decreased post-
operational costs. (These costs do not include the cost savings to disposal
facility customers for raising the near-surface transuranic disposal limit from
10 to 100 nCi/gm. This cost savings could be as much as $19 million aver
20 years.) Most of these additional costs are attributed to additional waste
processing costs associated with stabilizing some additional high activity
waste streams. Thus, these costs would only be incurred by disposal facility
customers. generating the high activity waste and not by small waste generators
such as hospitals who mainly generate waste with, only low levels of activity.
The additional disposal facility design and operation costs are associated with
-the additional disposal--faci.lity operating-practice>-for'the-PArt 61 case of
segregating unstable waste streams from stable waste streams, and-of layering
certaihigh (Class C) waste streams. Of these additional disposal
facility costs, segregation costs are projected to be incurred by all disposal
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facility customers. These costs are estimated to run at about an additional
-L $12.30/ru3 ($0.35/ftO) in design and operations costs. .Costs for layering

certain high activity waste streams are projected to be only incurred by
disposal facility customers generating the high activity streams.

Due to the intreased disposal facility stability, for the Part 61 case, the level
of long-term isite maintenance is reduced for the Part 61 case in comparison to-
the no action'case. Corresponding long-term institutional control costs to be
borne by the site owner are also reduced, as are the uncertainties associated
with projecting such costs. This means that the funds collected from the
disposal facility cutoQers to provide for post-operational "activities could be
reduced. Thus, lower post-operational costs.to the disposal facility customers
are projected for the Part 61 case.

The annual cost differential between the all stable case and ,both the no action
case and the Part 61-case is projected to be greater.; -These additional costs
are principally due to the increased costs- to stabilize all waste streams. Such
costs would be passed on to all disposal facility customers. Conversely, dis-
posal facility design and operating costs for the all stable case would be
reduced relative to the Part 61 case (there would be no waste segregation charge).
Post-operational costs would be less than either of the other two cases.

The fact that the large additional casts that are projected to occur for the
all stable case would be expected to be passed on to all disposal facility
customers is believed to be significant. Many disposal facility customers are
small entities such as hospitals or small research facilities. The wastee generated by such facilities is generally of very low activityi and requiring

4 stabilization of all waste could add up to $45Q/m9 ($12.74/f t) in total disposal
costs to be borne by such small entitles. Rather than stabilizing all wastes,
another option Might be to provide-stability through variations in disposal
facility design and operation--e.g.', through such possible techniques as grouted
disposal, disposal into concrete-walled trenches, or extreme'compaction.- The
additional disposal facility design and operating costs for these alternatives
are projected to run at about $80, $369, and $28 respectively per m3 of unstable
waste disposed. Pust-operational costs, however, would be reduced. Such possible
techniques would-also have to be developed and tested for specific disposal
facilities, since past experience regarding these techniques at low-level waste
disposal facilities has ranged from occasional to none. In addition, there are
some occupational safety concerns regarding some of the above alternatives.

NRC staff thus judges-that the preferred alternative is the one representing
the final Part 61 requirements. Although the Part 61 case involves, somewhat
higher costs than the no action case,' the potential in the Part 61 case for
minimizing long-term environmental releases and costs to the site owieir is
enhanced. Greater protection is provided to site owners against excessive
long-term costs and also provided to disposal site customers against premature
closure of the disposal facility. Minimum envircrnmental impacts and costs to
the site owner are associated with the all stable case-. NRC staff, however,
believe that there are sufficient uncertainties associated with the costiimpacts
to disposal facility customers that it cannot be implemented generically at
this time. This decision may chanqe in thie future, depending upon cost
considerations and the applicatio6 of newer waste' management techologies.

-Duringlticensinq-of-specific-disposal--f-ac;lities,---however, special'etTirt fib --

will be given .o the possibility otvleachate.accumulation within disposal-cells.

S- 19



At specific sites where such a possibility can occur, additional measures
intended to eliminate this possibility will be considered.

6. WASTE CLASSIFICATION
4

The waste classification system developed for the Part 61 regulation follows
directly from the performance objectives and technical criteria. It is intended
to ensure as far as cossible on a non-site-specific basis that the Part 61
requirements are met.

Three classes of waste are established:

1. Wastes for whirh there are no stability requirements but which must be
disposed of in a segregated manner from other wastes. These wastes,
termed Class A "segregated" wastes, are defined In terms of maximum
allowable concentrations of certain isotopes and certain minimum require-
ments on waste form and packaging that are necessary for safe handling.

2. Wastes which need to be placed in a stable form and disposed in a segre-
gated manner from unstable waste torms. These isastes, termed Class B
"stable" wastes are also defined in terms of allowable concentration of
isotopes and requirements for a stable waste form as well as minimum
handling requirements.

3. Wastes which need to be placed into a stable form, disposed in a segre-
gated manner from nonstable waste forms, and disposed of so that a barrier
is provided against potential inadvertent intrusion after institutional
controls have lapsed. These wastes are termed Class C "intruder pro-
tected'" wastes and are also defined in terms of allowable concentrations
of isotopes and requirements for disposal by deeper burial or some other
barrier.

Finally, a "fourth" class of waste is established which is that waste which
exceeds the classification limits and is generally considered unacceptable for
near-surface disposal. Disposal of this waste at near-surface disposal facil-
ities would require case-by-case determinations.

A significant number of comments and issues were raised with respect to the
waste classification system. Major issues raised related to:

o Calculated waste classification limits;
o Isotopes considered;
o Volume reduction;
o Compliance;
o De Minimis levels for waste;
o Classification by total hazard; and
o Manifest tracking system

6.1 Calculated Waste Classification Limits

The.numericaL.basis for-the limits calculated for the three waste classes is_
presented in Chapter 7, Volume 2, of the draft EIS. The principal basis used
for setting the classification limits was limiting exposures to a potential
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.- inadvertent intruder, although a number of other considerations.went into-set-
) ting the values--principally long-term environmental concerns, disposal.facil-

ity stability, institutional controlcas'ts', 'and financial impacts'to small
entities. Waste classification represents a combination of waste form, radio-

' isotope characteristics, radioisotope concentrations, the method of emplacement,.
and to some extent the site characteristics.

A number of comments were received on the calculated limits for Class C waste.
HRC staff'has evaluated these comments and'has'concluded that a rise in the
Class C limits by a factor of 10 is warrant.ed for all radionuclides.. This is
due' to consideration of (i the .reducedI ikelihood of significant intruder
exposures with incorpot ' passive warning devices, at the disposal facil- -

ity, (2) the difficult' -.tacting waste disposed of at greater depths,
and (3) average concent, .,n s in waste which would be expected to be con-
siderably less than peak concentrations. The effect of the change in the
Class C concentration is analyzed in Chapter 5 and summarized below.

Two cases are analyzed. In the first case, Class C limits are assumed which
correspond tc those established for'the final Part blirule. For example, the
limit for disposal of alpha-emitting (except Cm-242) transuranic radionuclides
by near-surface disposal is set at 100 nCi/gm. The results of this case'are.
obtained from the "preferred case" (Alternative 3) analysis presented earlier. '
The second case corresponds to Class C limits which were proposed for the draft
Part 61 rule.

Only slight differences are observed between the two cases. Mostof-the
differences in the calculated impact measures appear to.be derived from the
slightly reduced volume of waste delivered'to the disposal 'facility for the
case corresponding to the limits established in-the proposed',Part 61rule. A'
reduced amount-of waste processing' is also'projected'for~the proposed.rule case
relative to' the final rule case. Unit disposal "costs are slightly raised for
the proposed rule' case, however, which is'due to the r'educed volume of waste
delivered to the disposal facility.

6.2 Isotopes Considered for Waste Classification Purposes'

In the draft -EIS;-a total of 23 different radionuclides were considered in the
numerical analysis. 'These nuclides.were nearly all moderately or long-lived
radionuclides. -Based upon ,thesef'23'radionuclides; concentration limits were_.-
proposed in the draft EIS for 11individual'radionuclides plus alpha-emitting
transuranics, enriched uranium 'and deplete'd .aranium. <''In response to public
comments, limits for '35 Cs, 'enriched uranium, and .pleted uranium have been.
eliminated, as have beenlimits for 59Ni and 94Nb exCn t' as contained in
activated metal. A'separate limit .is-pr vided for 242.m* a transuranic .
nuclide with 'a 162.9 day.half-life.,

These changes are Principally in response to comments on proposed Part 61
regarding the costs and impacts of compliance with the.waste classification
requirements. 'In particular',' many commenters were concerned that they would
have to directly measure every isotope-in every waste package. This would be
difficult. since measurement-of many'ot the listed isotopes--which would usually -

(_ _) .e eprsenft..-oiy-in-trace.quanti.ties--.couid not be performed except by-complex- ..
radiocliemical sepa-.ition t.ech'iiques by laboratories. Commenters were concerned
that costs and personnel radiation exposures would be significantly increased.
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Thus to ease the burden of compliance, the number of isotopes treated generi-
cally in the waste classification table was reduced to those judged to be needed
on a generic basis for waste classification purposes: Other isotopes may be
added later either generically or in specific waste streams.

6.3 Volume Rdduction

Some commenters were concerned that the waste classification requirement would
discourage volume reduction. This concern is believed to be all-eiated by the
increase in the Class C waste disposal limits. As an illustrati_.., the volumes
of waste determined to be unacceptable for near-surface disposal under extreme
volume reduction conditions (waste spectrum 4) may be compared against the
proposed and final Part 61 liff.ts.

These comparative volumes are as follows:

Percent of Total.
Unacceptable Volumes (m3) Generated

Proposed Part 61 Limits 9.42 E+3 4
Final Part 61 Limits 1.93 E+3 1

6.4 Compliance with Waste Classification

Many commenters on the draft Part 61 rule were concerned regarding acceptable
procedures for determining compliance with the waste classification require-
ments. It was recognized in the draft EIS that developing a reasonable
approach to compliance would be an important consideration. A balance is
needed between the need for knowledge of waste contents and practical limita-
tions in measurement. Based upon discussions with licensees and other
interested parties, and comments on the draft EIS, a draft technical position
paper has been prepared.

The staff's position is that all licensees must carry out a compliance program
to assure proper classification of waste. Licensee programs to determine
radionuclide concentrations and waste classes may, depending upon the parti-
cular operations at the licensee's facility, range from simple programs to
very complex ones. In general, more sophisticated programs would be required
for licensees generating Class 8 or Class C waste, for licensees generating
waste for which minor process variations may cause a change in classification,
or for licensees generating waste for which there is a reasonable possibility
of the waste containing concentrations of radionuclides which exceed limiting
concentration limits for near-surface disposal. Some licensees, such as
nuclear power facilities, are expected to employ a combination of methods.

There are four basic programs, however, which may be potentially used either
individually or in combination by licensees:

! -- Materials accountability;
C-lassification-by source;-
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- Grass radioactivity measurements;:or) - Direct and "inferential" measurement'of individual radionuclides.

6.5 "De minimis" Levels of Radioactive Waste

Over one-fourtl of all commenters on the draft EIS endorsed the concept of
setting levelsifor wastes below which there is'no regulatory concern, the
so-called- "de minimis" level. The fundamental concern of practically all
commenters appeared to be not whether a generic or a case-by-case approach
should be taken,-but rather'that action to develop deminimis standards should
be taken as soon as possible.

NRC staff-believes .that-the current'policy-of examining waste-streams on a
case'-by-case basis to'establish "de minimis" levels will-result in-the quickest'
and'best results. It is recognized that'setting generic limits is a desirable
goal, and NRC plans to work toward this goal over the next few years. -
Meanwhile, NRC staff believes that the process of examining a few specific
waste streams will facilitate the'development of generic.requirements and is
accelerating its'efforts on setting standards for disposal of wastes by less
restrictive means.' In this regard, NRC staff is willing to accept petitions
for rulemakbhg-from licensees for declaring certain waste streams to be of no
regulatory concern.

6.6 Classification by Total Hazard ' -

- Several commenters were concerned with materials which may be present in low-
level radioactive waste which may be chemically toxic or hazardous. Some
suggested that the Commission's waste classification system incorporate-'a'
"total hazard" approach that would consider both the radiological and chemical
hazard of wastes. .One commenter considered the EIS deficient in that it did
not consider the health impact of hazardous chemicals in LLW. At least one-
comment did -not favor the total hazard approach because of. the very complex-
classification system that the commente'r perceived would result.

The Commission has stated publicly' on several occasions that if it were
technically feasible to classify waste by total hazard, then it would make _ _

eminently good sense to do so."' NRC does n6t now know of any 'scheme for such.
classification. The Commission will be studying the chemical toxicity of -low-
level waste, with special emphasis on identifying any licensees who generate
hazardous wastes subject to requirements of the Environmental'Protection Agency.
We will look then at what could be done, perhaps through processing, to minimize
the hazard.

Furthermore, the Commission believes:thkt the technical 'provisions of Part 61
generally meet or exceed those expected inthe Environmental 'Protection Agency's
rules for the disposal of hazardous wastes.' Although-it'.is not the Commission's
intent-to allow disposal of 'hazardous wastes in a radioactive'waste disposal
facility, as is noted in the regulation, ̀ the Commission recognizes 'that such
wastes may be present in low-level radioactive wa*stes. It is the Commission's
view that disposal of these combined wastes in'accordance with the requirements
of. Rart-61-Lwtladequately protect th ' public health .afid safety.' Slchi azaedo's -
wastes are expect tobe sucha1.smal-1percentage of'-the-total volume--that--
dilution by other-wastes would greatly minimize any risks. The Commission
intends to work closely with the Environmental Protection Agency to assure

S-23



continued compatibility. Further, EPA in its response to a resolution of the
i) Conference of Radiation Control Program Directors indicated their willingness

to work with other Federal agencies to address this problem.

6.7. Manifes t Tracking System

Based on analyses in the draft EIS a new proposed section was added to 10 CFR
Part 20 (§ 20.311) which established a manifest tracking system for LLW. The
system addressed the need for providing information on the classification and
characteristics of waste shipped for disposal, for improved accountability of
wastes and for helping establish a better data base about LLW.

The manifest required by § 20.311 is consistent with DOT shippirng paper require-
ments and the same document may be used by licensees to meet requirements of
both agencies. Section 20.311 requires more comprehensive information about
the waste being shipped, e.g., specific nuclides in the waste and their
quantities, waste chemical content, and waste form. No significant changes
were made to the manifest requirements based on public comments. Copies of
proposed Part 61 were distributed to all NRC licensees and copies were also
made available to all Agreement States for their licensees. Only 29 letters
commented-on the manifest system. Based on these comments, several clarifying
changes were made to the proposed requirements. Because of the minor nature
of the comments received, NRC did not redo the analyses present2d in draft
EIS. No new alternatives were identified in the comments which would require
changes to that analysis or final conclusions derived.

7.0 FINANCIAL ASSURANCE REQUIREMENTS

No significant changes have been made to the financial assurance requirements
as proposed in 10 CFR Part 61 based on public comments. These requirements
are intended to ensure that: (1) a licensee has sufficient financial resources
to construct and operate the facility and to provide for final closure and post
closure care; and (2) a licensee provides financial assurance for the active
institutional control period after the site is closed and stabilized.

One of the major points raised by a variety of commenters was that the proposed
regulation failed to address financial responsibility for unanticipated con-
tingencies at a LLW disposal site. These comments cover two different time
periods--the post-closure period, when the original licensee is still respon-
sible at the site, and the institutional control period, when the license has
been transferred to the landowner of the site for a period of up to one hundred
years. In the case of the post-closure care period, the licensee would be
responsible for all activities at the site found necessary by the Commission
to protect the public health and safety. Financial responsibility for activ-
ities during the institutional control Period are a matter to be worked out
between the site owner (i.e., the state 2 federal government) and the licensee
in its lease or other legally binding aridagement.

Several commenters considered that the rule should resolve the issue of finan-
cial responsibility for contingencies by requiring -l;iability insurance Or
specific language that licensees would be required to indemnify property.-owner.s
iny case - AlThough r.ot proposed in the original rule,
the staff evaluation of these public comments indicates there is a need for
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licensees to provide financial responsibility for liability coverage for off-
site bodily injury and property damage. The four existing LLW disposal
facilities currently carry this typeiof liability coverage. The Commission
-has not established a third party liability requirement in:Part 61, however,
since the Commission's only statutory framework for establishing such a
requirementis Section 170 of the Atomic Energy Act, also known as the "Price-
Anderson" Aet which is-.designed to cover.l'catastrophic events." The Commission
believes this coverage would be: in excess of the risk at a low-level wasttt
facility. Tne Commission will strongly.encourage licensees-to continue to
carry third party liability insurance coverage through the conventional
insurance market.

8.0 ADMINISTRATIVE AND PROCEDURAL REQUIREMENTS

No significant changes were made in-the administrative and procedural-require-
.merts for-licensing a LLW disposal-facility. Because of9this, no additional
analysis of these requirements beyond that contained in the draft EIS was
included in the final EIS. One change was made to the provisions for State
and tribal participation in the NRC licensing process to provide for-a more -
parallel evaluation of proposals by states and Indian tribes for participation
in, the NRC licensing process. The time required for submittal of such pr~jopals
from the state:in which the site is located was reduced from 120 days to 15 days
after teniderng of the appl]ication.:;For Indian tribes and other States not
covered above, the time was changed to 120 days after tendering.

- As set out in the draft HAS, the life cycle of a disposal facility can be
divided into five phases. These are shown and briefly described in Figure 5.1.

9.0 UNMITIGATED IMPACTS OF FINAL PART 61 RULE

Both direct and indirect environmental-impacts will occur as a result of the
final Part 61 rule.- The direct effects of the action fall upon those segments
of the human environment whose conduct of affairs will be affected by the change
in regulatory requirements including: generators and processors; transporters;
disposal fac'lity-operators; federal agencies-and the states; and the public. --

The indirect impacts of the final Part 61 rule involving its effect on air and
,water.quality, blota and social impacts are determined based on application of
the performance objectives and minimuwmtechnical requirements of the rule to
four reference disposal facility sites located on a regional basis. By apply-
ing these requirements to a reference facility design and analyzing the bene-
fits and'residual impacts, an estimate of the "real world" effects of the rule
is provided

9.1 Environmental Consequences Occurring Directly as a Result of the Final
:Part 61. Resi

9.1.1 Beneficial Impacts

_lIlerequiremepnts of the PartL6 Lregulation are expected to result-in bene-f-icial--
impicts to theppublic in three major areas. First, the implementation and
eniorcement of the rule will improve the performance of future LLW disposal
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facilities and thereby reduce the potential hazards of LLW disposal. Although
) J the benefits of the rule's requirements may not be.immediately apparent, the

staff believes that in the long term these requirements will improve stability
and will lessen the potential for radionuclide migration and the need for
active long'term maintenance of facilities.

Second, the requirements of the Part 61 rule should assure that near-surface
disposal remains a safe viable option for the disposal of L1W. Therefore, the
public can be assured of the continued availability of goods and services whose
provision results in generation of LLW. Among these goods and services' are
electricity from nuclear power plants, medical diagnostic, aids based on nuclear
technology, research Into causes and cures of debilitating diseases such as
cancer, and research into new applications of nuclear technology.

Finally, the Part 61 rule provides public benefits in the form of more explicit
provisions for participation in the licensing process for future LLW disposal
facilities. Licensing requirements and procedures have heretofore been frag-
mented and somewhat difficult for interested citizens to fathom. These proce-
dures are consolidated in the rule, and expanded provisions for participation
by state and tribal governmen'- are set out under Subpart F of the rule.

Figure S.1 Life Cycle and Financial Assurances for a Disposal Facility
Following the Final 10 CFR Part 61

Time in
years Activity Form of financial assurance

1-2 yrs Site Selection and Licensee responsible for costs incurred
Characterization

1-2 yrs Licensing Activities Licensee responsible for costs incurred
including license fee

Site closure plan including cost estimates
for closure is submitted as part of license
application

Lease arrangement with long-term care
arrangements for financial responsibility
between licensee and state submitted for
review to NRC for adequacy

Licensee obtains adequate short-term sureties
to provide for closure

20-40 yrs License Issued; Site Short-term sureties in place for closure:
is-in Active Opera-' NRC periodically reviews and requires
tion; Waste Received updating to account for changes in inflation,

site conditions, etc.

.NRC periodically reviews revisions to lease
arrangements to ensure that arrangements for

.-. fiIfiAiYAl responsibilities for long-term care
are adequate
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Time in -
years Act~ivity Form of financial assurance

1-2 yrs Site Clos'ure and' Costs-covered from short-term-sureties,
Stabilization if necessary; otherwise, licensee performs

'-activities - -

O'o ad ,Lease.arrangement.between site owner and
., '.oeaofo ong-~term care'is still n-

, .. ~~~~- effect ,'' -.. '- .>

5-15 yrs Observation and Licensee still responsible for all further
Maintenance costs during this period,:.with short-term'

assurances still in place

100 yrs ' "'License Transferred to Term's and conditions of lease are met,'-and-
Site Owner;' "Active .either state.or' licensee'provdes funds .to
Institutional Control pay for all required.and necessary activities

''Period" .' of this period .. -

9.1.2 Adverse Impacts

The staff. does not.expect that implementation-of the' rule'will be without-'
adverse public impacts. Three primary impacts are expected to occur.

The:first of these impacts will be residual environmental and'human health -
hazards resulting from LLW disposal., Despite the provisions of the Part 61-
rule, -the variables and processes involved in LLW disposal are sufficiently
complex that unmitigated impacts cannot be avoided. These may include occupa-
tional exposure, migration of radionuclides, and subsequent'offsite exposures.
-(Section 9.2'discusses these unmitigated impacts.),. It should be noted, how-
ever, that-.these-impacts are not impacts caused by the rule, bet.trather.impacts
;which are considered beyond-the capability of the rule to eliminate entirely.

Achievin5reductions .Lnmpacts.frm 1LW disposal willnot be without costs in
an economic sense. Implementing the:requirements of the Part' 61 rule'will I
involve casts to the disposal facility operators,.waste transporters, and waste
generators. These costs, of course, will be passed on to the public in the
form of increased prices for goods.and services whose provision involves the
generation of LLW. It is not expected that the passing on of these costs will
create a significant incremental change to the consumer, but'rather will appear
along with-nmanywother-costs-.of doing~business in aggregate price increases.
-These anticipated increased costs-canwalso be balanced against the likely costs,
which, would be significantly higher, thato.could~result without the promulgation
of a uniform series of criteria for waste disposal.-.,The current lack of such
criteria is believed by many to significantly contribute to the current shortage
of disposal capacity.

Finally, implementation and enforcement of the provisions of the Part 61 rule'
--wiIl -reqtii-re-the-allocat-ion-of-feder-al-and--state-resources--during-the-opera--- --

tional and postoperational periods of-a LIW disposal facility. To the extent
that these public resources are~allocated to regulation of LLW disposal, they.



are unavailable for other purposes. Conversely, to the extent that the public
incurs this cost, it reduces (within limits) the costs of LLW disposal in terms
of human health hazards and environmental impacts.

9.2 Environdental Consequences Occurring Indirectly as a Result of the Final
Part 61' Rule

To estimate these impacts, the performance objectives and minimal technical
criteria established in the final rule are applied to four reference disposal
facilities assumed to be constructed on four hypothetical regional sites.
Through this analysis, the residual or unmitigated impacts that could occur
even with the application of the Part 61 requirements are addressed.

9.2.1 Hypothetical Regional Sites

For the purposes of this final EIS, the conterminous U.S. has been divided
into four regions having boundaries based upon the existing five NRC regions
(NRC Regions IV and V are treated as one region for purposes of analysis). A
disposal facility is assumed to be located at a hypothetical site within
each region. Each site has been developed from a number of sources and is
meant to be consistent with the basic disposal facility siting considerations
set forth in the final Part 61 rule and the generic environmental characteristics
within that region. The regional sites are intended to be representative of
reasonable realistic sites--i.e., sites that could be licensed under the Part 61
rule--but are not intended to represent the "best" sites that could be located
within the regions.

The disposal facilities and waste forms situated at the four regional sites
are intended to provide an example of potential impacts associated with dis-
posal of waste according to the minimum requirements of the final Part 61
regulation. These should not be interpreted as representing the best or the
only designs or waste forms which could be implemented in compliance with the
rule. There are a number of ways in which the Part 61 requirements may be met
for a specific disposal facility, and compliance with the Part 61 rule, as
well as measures which may be implemented to reduce potential impacts to levels
as low as reasonably achievable, would be evaluated on a case-by-case basis.
The examples, rather, are intended to illustrate an-upper bound range of impacts
from implementation of the rule, with the expectation that actual impacts from
implementation of the rule at existing or future disposal facilities would be
less.

9.2.2 Results of the Regional Analysis

The section is divided into 4 subsections as follows: 9.2.2.1, Long-Term Radio-
logical Impacts; 9.2.2.2, Short-Term Radiological Imipacts; 9.2.2.3, Costs; and
9.2.2.4, Other Impacts (including non-quantifiable impacts such as impacts to
biota and cultural resources). Quantifiable impact measures are summarized on
Table S.3.

9.2.2.1 Long-Term Radiological Impacts

Long-term radiological-impacts-for-the regional case study as summarized-on
Table S.3 include potential individual and population intruder impacts,
erosional impacts, and groundwater impacts. Individual inadvertent intruder
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Table S.3
':I

I .

Summary of Quantifial Silmpact Measures for Regional Analysis

I -
NE.Site : SE Site -.

low perc. high perc.

'. Mr Si

l ow .perc.

ite .:

high perc. .

SW Site :

low perc. high perc.

I. Ldnq'rerm Individual
Exposures (mremr

I ntruder-construction

!O 100 yrs - Body
Bone
Thyroid

° 500 yrs - Body
Bone
Thyroid

Itntruder-agricul ture

100 yrs - Body.
-Bone.-

0 500 .. Thyroid
° SOO yrs : -,Body. ~.

Bone,
I . , . Thyroid

high perc.

.. A1. _

1. 82E+2*
1. 83E+2
1.82E+2
2.39E+0
7. 92E+0
2. 15E+0

1.95E+2
2. 01E+2
1. 94E+2
2. 87E+O
8.19E+0
8. 58E+0

1. 97E+2
2. 01E+2
1. 97E+2
3. 36E+0
1.85E+1
2.66E+0

2.24E+2
2.28E+2
2. 24E+2
3. 68E+0
2. 16E+1
2.91E+0

1. 27E+2
1. 67E+2
1. 24E+2
1. 45E+1
1. 71E+2
6. 76E+O

ra
(I,p.,

2.18E+2
2.23E+2
2.17E+2
3. 32E+0
1.O1E+1
9.87E+0

2.49E+2
2.56E+2
2.47E+2
3. 53E+0
1.04E+1
1.09E+1

1. 38E+2
1.46E+2
1. 37E+2
6.03E+0
2.07E+1
9.96E+0

Boundary well
Dody 6.78E-3 - 8.57E-3 2.61E-2 - 5.59E-2 7.90E-3 - 1.04E-2 3.84E-3

° Bone:, 6.44E-3 -. 1.25E-2 3.13E-2 - .1.04E-1 9.65E-3 - 1.75E-2 1.42E-2
° Thyroid 4.29E+0 - 4.97E+0 5.02E+0 - 9.38E+O 4.66E+0 - 5.33E+O 7.82E-1

Surface water;
° Body 1.50E-4 - 3.76E-4 **

aBne 2.90E-4 - 1.02E-3 **

a Thyroid ** 7.23E-2 - 1.35E-1J

_ ... _E.

I::. . .

r !
I.

i



Table 5.3 Sumiary of Quantifiable Imk ; Measures for Regional Analysis (Continued)

NE Site SE Site MI Site SW Site

low perc. high perc. low perc. high perc, low perc. high perc.

II. 'Short-Term Whole Body
Exposures (total man-mrem

Occupational

o Process by waste
generator# +1.70E+5 +2.40E+5 +1.70E+5 +1.SOE+5

o Process by regional
process center 1.81E+5 7.25E+4 1.08E+5 9.13E+4

° Waste transport 4.70E+6 5.91E+6 4.26E+6 4.48E+6
° Waste disposal 2.06E+6 2.58E+6 1.73E+6 1.66E+6
To population

a Process by waste
* generator# +1.26E+2 +1.51E+2 +1.23E+2 +5.83E+1
° Process by regional

process center 0. 0. °
? Waste transport 3.79E+5 5.86E+5 6.07E+5 1.07E+6

III. Costs.(total $ over 20 yrs):
Waste generation and transport

o Process by waste
.generator# +2.20E+7 +2.90E+7 +2.10E+7 +1.60E+7

°Process by regional
process center 5.29E+7 2.10E+7 3.14E+7 2.66E+7

° Waste transport 1.22E+8 2.04E+8 2.01E+8 3.05E+8
Waste disposal

o Oesign &.op. 3.51E+8 3.54E+8 3.42E+8 3.29E+8
Postoperational
Closure 3.87E+6 3.87E+6 3.87E+6 3.87E+6
Obs. & maint. 1.13E+6 - 1.42E+6 1.14E+6 - 1.43E+6 1.11E+6 - 1.39E+6 5.86E+5
"Inst. Control 1.57E+7 - 3.86E+7 1.57E+7 - 3.06E+7 L 54E+7 - 2.96E+7 9.32E+6
Total post op. 2.07E+7 - 4.38E+7 2.07E+7 - 3.59E+7 2.04E+7 - 3.49E+7 1.38E+7

° Total disp. cost 3.72E+8 - 3.95E+8 3.75Et8 - 3.90E+8 3.62E+8 - 3.77E+8 3.43E+8
° Unit cost ($/m3) 5.70E-2 - 6.06E+2 5.03E+2 - 5.24E+2 7.06E+2 - 7.34E+2 6.79E+2
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a) e ,... unary o, ,uan; j.... ti *. U *: I . * * , ...

.. t. I

NE Site' SE Site 'W.Site ' SW Site
low perc. high perc. low perc. high perc. low perc., high perc.

IV. Waste Volume (m3 ):

6olume acceptable 6.52E+5 7.17E+5. 4.95E+5 4.88E+5
0 Class A unstable -4.25E+5 4.72E+5 3.12E 5 en 3.25E+5
&Class A stable -1.56E5 1.73E+5 1.27E+5 1.28E+5Cls tbl 56+ 17E5 .33E+5 3.28E+4Class B 6.76E*4 - 6.70E44 5.33E+4 3.25E+4
Class C 3.26E+3 4.34E+3 2.97E+3 2.18E+3

.olume not acceptable 1.69E+4. 2.80E+4 1.82E+4 1.67E+4

*The notation 1.82E+2 means 1.82x102.
**Less than 1.x1O 6 millirem/year.
R**Impacts at the surface water body 'are not given for the southwest site due to the- intermittent nature of the

nearest stream to the site and the extreme depth to groundwater at the site.;
KIn!this EIS, population exposures due to'waste processing by-wastetgenerators, occupational exposures 'due to
wate processing by waste, generators, and costs due to waste processing by waste generators are presented as
impacts"and costs in addition to those associated with'a no action case (i.e., continuance of current disposal
practices). -' .



, ~) impacts are calculated for two scenarios for two time periods (100 and 500 years)
following transfer of the disposal facility to the site owner for the whole
body, bone, and thyroid.

As shown, the limiting individual inadvertent intruder impacts are to the bone
although ii) all cases the Part 61 performance objective for inadvertent intrusion
is met.

Potential impacts from groundwater migration are listed for three different
organs (whole body, bone, and thyroid) for two different biota access locations:

1. A well (boundary well) located at the site boundary which is assumed to
be used by a few individuals;

2. A small stream (surface water access) located down-gradient of the dis-
posal facility and assumed to be used by a small population of about 300
persons.

As shown in Table S.3, the highest exposures due to ground-water migration are
to the thyroid, although in all cases the Part 61 performance objective for
environmental releases is met. The estimated impacts reflect the.differing
volumes of waste streams and corresponding radionuclide inventories within
each regional facility, as well as the differing environmental characteristics
of each regional site.

For the high percolation northeast case, it is possible that the disposal cells
containing unstable waste could accumulate water and fill up like a hathtub.
This could lead to overflow of the disposal cells.

Leachate accumulation impacts are, therefore, calculated for the northeast
site to demonstrate representative impacts that could potentially occur from
such a situation. Waterborne impacts are calculated assuming that 425,0,0
gallons of leachate annually overflow the unstable waste disposal cells. This
overflow is assumed to be carried to a nearby stream where contaminated water
is consumed by an individual. The impacts to the surrounding population from
processing the leachate through an evaporator are also calculated. The results
of this calculation are as follows:

Body Bone Thyroid

Individual dose from
disposal cell overflow
(mrem/yr) 6.64Etl i.14E+2 4.37E+1

Population dose from
leachate treatment
(man-millirem/yr) 1.98E+2 7.40E-1 1.98E+2
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' ) It would appear that additional efforts to achieve site stability and.reduce
I percolation would be called for at sites in which there -is a potential for

water accumulation problems.

9.2.2.2 ShortLTerm Radiological Impacts

Short-term radiological impacts are also summarized in Table S.3. Included
are (1) potential impacts to populations (in man-mrem) from transporting waste
to the regional facilities, (2) potential occupational impacts (in man-Mrem)
associated with processing, transporting, and disposing of waste within the
region, and (3) potential impacts from'incinerating small 'volumes of waste at
the waste generator's facilities'.

As shown, transportation impacts over 20 years range from about 380 to 1;070
man-rems, or about 19 to 54 man-rems per year,

Occupational impacts are.listed as total impacts over 20 years for waste proc-
essing, transportation to the disposal facility, and waste disposal. Waite
processing occupational exposures are presented as additional exposures to
those associated with a "no action" situation. That is, these exposures are -
presented as incremental exposures to those that would be received if existing
disposal practices and facility license conditions were continued.

Also included areithe occupational exposures that are estimated to be associated
with operation of regional processing centers. This waste processingis assumede:5 to consist of compaction of compressible waste streams by~large compactor/
shredders.

9.2.2.3 Costs

Costs, including waste processing, transport, and disposal costs are listed in
Table S.3. Similarly to occupational exposures, costs due to processing the
waste by the waste generator are presented as additional costs to those asso-
ciated with a continuation of.existing disposal facility practices and license
conditions. -These costs include costs for waste volume reduction-as well as
for waste stabilization. ,.

Waste disposal costs are set out into design and operational costs and post-
operational costs, where postoperational costs include costs to waste customers
(over 2S years of operation). for providing for: (1) facility closure, (2) a
5-year observation and maintenance period, and (3) 100 years of institutional
control. Also shown are total disposal costs as well as unit ($/n3) costs.

As shown, the largest total design and operational costs are for the northeast
and southeast sites, due to the larger- volumes of waste deliverea to these-two
sites.. The southwest site is projected to experience a-low level of postopera-
tional costs, due to the semiarid nature' of the site. . -

Postoperational costs for the northeast, southeast, and midwest sites are pre-
sented in Table 6.5 as a range from a reasonable to. a worst case, corresponding

I-t6 thevifiatdot n i percolation into the disposed unstable waste streams:A;
- _ I oweYaL fpostOperat-onal-costsis-projected..for. the stable.waste-streams. -

A moderate (reasonable case) to high (worst case) level of postoperational
costs, however, is assumed for the unstable waste streams.

ItlW I '1, ,,
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The presentation of the worst case here is believed to be very conservative,
since it discounts improvements in disposal facility operations which could be
implemented to help to reduce water contact with the unstable waste streams.
It also discounts the increased use of compaction for the compressible waste
streams. Such compaction would tend to retard the rate of subsidence and
slumping associated with the unstable waste disposal cells.

Unit costs are seen to vary widely depending upon the assumed design and
operating practices carried out at the particular disposal facility as well as
the volumes of waste delivered to the facility. For example, the design and
operation of the southeast site is essentially the same as the midwest facility.
However, the volume of waste delivered to the midwest facility Is much less
than the southeast facility, while the design and operational costs are only
slightly less. This is because capital costs to construct the disposal facility
are much less dependent upon the volumes of waste delivered to the facility
than the operating costs. Many of the same expenses to design, build, and
operate the facility would be incurred whether a high or a low volume of waste
was received.

9.2.2.4 Other Impacts

Air Quality

Nonradiological impacts to air quality due to LLW management and disposal
would principally arise from two sources: combustion of fossil fuels during
processing, transporting, and disposing of waste and (2) particulate matter
(dust) released into the air due to earth moving activities at the disposal
facility. It is believed that implementation of the Part 61 regulation would
have little if any effect upon overall air quality.

Biota

The operation of a disposal facility would involve acquiring and fencing in up
to a few hundred acres of land. During this process, impacts' to biota could
result from destruction of habitat. Such impacts would again not be caused by
the fact that the facility is used for waste disposal, but arise from the
decision to change the land from one use to another. Similar types of impacts
would result from other land uses involving construction such as a small
industrial concern, a school, a farm, and so forth. Implementation of the
Part 61 rule is expected to have little effect on the potential for impacts to
biota.

Land Use

Possible future use of a LLW disposal facility after it has closed is greatly
influenced and somewhat circumscribed by the presence of the disposed waste.
This does-not mean that land used for LLW disposal ispermanently excluded
from productive use. Rather, as long as care was taken to restrict activities
to those which would not involve excavating into the disposed waste or bringing
contamination to the surface, there may be a number of useful purposes,..the

* - 'facility surface may be put to. The`efcould ios yinclude use of the'
-faci-l-ity for golf--courses, recreational areas, or light industry.

S-34



It is difficult to assess the influence of 'the Part 61 regulation on this land
use. A range of land uses may be estimated, using the regional analysis as a
guide. Land use for each of the regions is shown below.

Land Use (m2 x 105)

Northeast Southeast Midwest -Southwest

2.26 2.49 1.72 1.69

Energy Use

One way in which the effects of a proposed action can be quantified is to
estimate the total energy requirements associated with that action. In terms
of LLW management and disposal; this would be a difficult project given the
large number of waste generators, the many different types and forms of LLW,
and the many possible processing techniques that could be used.

The estimated increase in energy use due to'the Part 61 regulation is listed
below in gallons of equivalent fuel for each region for the range of post
operational activities projected.

Energy Use (gal x 105)

Northeast Southeast Midwest Southwest

+0.83..- 4.9 41.11 -. +1.31 +0.90 - +1.00 +0.66

Social Impacts

In general, social impacts due to promulgation of the final Part 61 regula-
tion are difficult to address. These impacts are v'ery'site-specific and would
include such'aspects as the' effect'of bringing a labor'force into an area on
local utilities, schools, and other services.- These types of impacts are
typically cf most concern during the siting, construction, and operation of
large facilities such as a large nuclear power plant. A low-level waste'dis-
posal facility is by comparison a very small operation, and the final Part 61
regulation is not-expected to result.in any's'ignificant incremental-'changes5-
in_6iffl oi-pa~ctsassoiated with operation of 1W disposal-facilities.

-~~~ . . - -
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Chapter 1

INTRODUCTION

1.1 PURPOSE, SCOPE, AND NEED OF THE FINAL EIS

1.1.1 Description of the Proposed Action

The action being considered In this final environmental impact statement (final
EIS) is the issuance of a new regulation, Part 61, to the U.S. Nuclear Regula-
tory Commissidn (NRC) rules in Title 10, Code of Federal Regulations (10 CFR).
The new Part 61 provides licensing procedures, performance objectives and
technical requirements for licensing the land disposal of "low-level" radio-
active waste (LLW).

There are four principal purposes to the regulation:

o Establish performance objectives for the land disposal of radio-
active waste;

o Establish the technical requirements for disposal of radioactive
waste by near-surface disposal including limits on the form and
content of waste acceptable for near-surface disposal;

o Establish the administrative and procedural requirements which NRC
will follow in licensing the land disposal of radioactive waste; and

o Establish a manifest system.

1.1.2 Purpose

NRC has a two-fold purpose in preparing this EIS. First, it is to fulfill NRC's
responsibilities urler the National Environmental Policy Act of 1969 (NEPA)
(Ref. 1). NRC has also prepared this EIS to demonstrate the decision process
and bases applied in the establishment of technical requirements and licensing
procedures included in the Part 61 regulation. It is the intent of NEPA to
have federal agencies incorporate environmental values into the decision-making
process to assure a thorough consideration of such values. . NRC has considered
and analyzed alternative courses of action and requirements were selected with
full consideration of public views and the environmental, health, and safety
effects to current and future generations.

1.1.3 Scope

This EIS analyzes requirements for the land disposal of radioactive waste and
specifically near-surface dispoal. Near-surface disposal involves disposal in
the uppermost crust of the earth, generally within 30 meters of the earth's
surface. Nzar-surface disposal technology may also involve burial at depths
greater than 30 meters. This EIS does not address other methods of disposal
such as ocean-disposal. .
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.- ! This EIS is not a generic EIS. It does not attempt to analyze all of the
j ) issues that are involved in the disposal of LLW. Rather, it is specific to

providing a decision analysis leading to the establishment of the technical
requirements and procedures for licensing the disposal of LLW. Only issues
that are germane to this decision process are analyzed and considered.

1.1.4 Need Four The Proposed Action

Current NRC regulations for licensing radioactive materials do not contain
sufficient technical standards or criteria for the disposal of licensed
materials as waste. Comprehensive standards, technical criteria and licensing
procedures are needed to ensure the public health and safety and long-term
environmental protection in the licensing of new disposal sites. They-are -
also needed with respect to operationof..the existing sites and with:respect
to final closure and stabilization of all sites. The development of these
regulations has been in response to needs and requests expressed by the public,
Congress, industry, the States, the Commission and other federal agencies for
codification of regulations for the disposal of LLW. Respondents -to the
advance notice of proposed rulemaking published on October 25, 1978 strongly
supported the Commission's development of specific standards and requirements
for the disposal of LLW.

1.1.5 Scoping For The Final EIS

NRC has conducted scoping activities for the Part 61 rule and this EIS since-
1978. Included have been:

(1) Public comments in response to an Advance Notice of Proposed Rulemaking
on the LLW Disposal Regulation (10 CFR Part 61)-published in the Federal
Register on October 25,.1978 (Ref. 2);

(2) Public comments on a preliminary draft of 10 CFR Part 61 dated November.5,
1979 (Ref.- 3). On February 28, 1980, the Commission also published a . .a
Notice of Availability:of the November 5, 1979 preliminary draft regula-
tion, announcing its availability for public review and comment (Ref.4).
Copies of the draft regulation were distributed to all of the states;

(3) During the summer and fall of 1980, four regional workshops were held on
Part 61 sponsored by the Southern States Energy Board,-the Western Inter-
state Energy Board, the Hidwest Regional Office of the Council of State
Governments and the New England Regional Commission (Refs.. 5, 6, 7,and
8).- The workshops provided an opportunity for open dialogue among repre-
sentatives-of the states, public interest groupsthe industry, and
others on the issues to be addressed through the Part 61 rulemaking.'-.
These workshops were particularly useful in formulating our positions on
the.morejudgmental aspects of-the rule and underlying assumptions (such
as the length:of time we should assume that active governmental controls-
could reasonably be relied on);

(4) Input from the State Planning Council. the National Governors Asscciation,
the National Council-of State.rLegislators, and.the National Conference of
State Radiation Control Program Direct-e.,
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(5) A Natural Resources Defense Council Petition for Rulemaking (Ref. 9);

(6) Discussions with industry, public interest groups, state and federal
agencies, and others;

(7) Licensing, experience and current LLW management techniques at existing
disposal 'sites;

(8) Programs of the Environmental Protection Agency to develop standards for
LLW disposal and regulations for disposal of nonradioactive solid and
chemically hazardous wastes; and

(9) The results of federal, state, and other organization's studies and
technical data an LLW management and disposal.

Public participation in the development of Part 61 and analyses of the major
scoping activities and public comments are discussed in detail in Appendix C
of the draft EIS (Ref. 10).

In addition, proposed 10 CFR Part 61 was published on July 24, 1981 for public
comments (Ref. 11). The 90-day comment period was extended to January 14, 1982
to coincide with the 90-day comment period for the draft EIS. The availability
of the draft EIS was announced on October 22, 1981. Public comments received on
both the rule and draft EIS have been used in preparing this final EIS. The
analysis of comments is contained in Appendices A and B.

>- 1.2 STRUCTURE AND APPROACH FOR PREPARATION OF THE FINAL EIS

1.2.1 Structure of the Final EIS

this final EIS has been prepared in accordance with requirements of the National
Environmental Policy Act (NEPA), following Council cn Environmental Quality
(CEQ) regulations (Ref. 12) for preparation of environmental impact statements
and following NRC implementing regulations set out in Title 10, rode of Fe.deral
Regulations, Part 51, "Licensing and Regulatory Policy and Procedures for
Environmental Protection."

The EIS is divided into three volumes. Volume 1 contains the summary and six
chapters which are listed and summarily described below:

Chapter 1 - "Introduction" describes the proposed action and presents the
purpose, scope, need and structure of the EIS. It also describes how NRC has
utilized data prepared and presented in the draft EIS and comments filed on the
draft in preparing this final statement.

Chapter 2 - "Description of the Affected Environment" presents background
information about LLW, describes the affected environment, and reviews the
historical basis for the Part 61 rule.

Chapter 3 - "Analysis of Comments on the Dratt EIS" summarizes the major
comments received, changes made and actions taken .by -the -staff- in response ' ^
to the comments.
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Chapter 4 - "Analysis of Alternatives"- describes the pathways of- exposure
; )analyzed, impact measure used, specific alternatives analyzed and presentation

of results.

Chapter- - "ConFlusions and Discussion of Requirements" presents final conclu-
sionsi-ad requirements derived fromthe':-analysis of alternatives.

Chapter 6 - "Unmitigated Impacts of Final'Part 61 Rule" presents the typical
and unml-t1gated impacts of the Part 61 ruleibased on analysis of disposal of
waste on a regional basis following the final-requirements in Part 61.

Volumes 2 and 3 contain a series of supporting appendices.

Volume 2

-AppendixA - Staff Analysis of Public Comments on the Draft EIS for'.O CFR
Part 61 '---''

Appendix 8 -:Staff Analysis of Public Comments on Proposed 10 CFR Part 61
Rulemaking

Volubie 3 -

Appendix C Revisions to Impact Analysis Methodology
Appendix D<- Computer Codes-Used for Final EIS. Calculations
Appendix E - Errata for the Draft EIS for 10 CFR Part 61
Appendix F - Proposed Final Rule and Supplementary Information

1.2.2 Method of Preparation

The approach NRC has followed in preparation of this final EIS is'to present,
in a concise manner, the final decision bases, conclusions (costs and impacts)
of NRC's analysis of L1W disposal as reflected in the requirements of Part 61.
NRC has chosen not to republish the exhaustive and detailed analysis of alter-
natives presented in the draft EIS.

Based on public comments received and HRC's analysis of those comments (see
Chapter 3 and Appendices A and B of this final EIS) no new alternatives or
principles were identified which required analysis. No major changes are
required for several specific requirements of Part 61 including the overall
performance objectives which should be achieved in the land disposal of LLW,
administrative and procedural requirement for licensing a LLW disposal facility
and the requirements for financial assurance. Many clarifying and explanatory
changes are, however, required with respect to specific rule provisions.
Several changes are also made with respect to the EIS relating to the method
of cost analysis used, certain analyses of the impacts of waste classification,
and a new pathway (trench overflow and leachate treatment) is analyzed.

Given this conclusion and the public .omments that the number of alternatives
should be reduced to a smaller understandable number, NRC has chosen not to
republish the extensive analysis of alternatives as presented in the draft EIS.
Rather, NRC has grouped the alternatives analyzed into 4 major alternatives _ .Go

which prudnt effi'b-a%'is foir-decisions made regarding requirements included in
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__ _ _ ILIE._

NRC has concentrated its efforts in this final statement on analysis of those
areas where changes have been made based on public comments and to present a
clearer analysis of the costs and impacts of alternative technical requirements
for the near-surface disposal of LLW which can be applied to ensure the overall
performance objectives are met. Thus, the final EIS concentrates on analysis
of the costs and environmental impacts from continuation of existing practices
in near-surface disposal of waste (the no action alternative) and from appli-
cation of improvements to existing practices that would be implemented due to
requirements established by Part 61. Finally, this EIS collectively considers
all the final Part 61 requirements and presents the typical and unmitigated
impacts of the final Part 61 rule. This is accomplished through analysis of
the disposal of LLW at a grouping of regional sites that are operated in
compliance with the Part 61 requirements.

The draft EIS, thus, serves as a resource and reference document to the final
EIS. Changes made to the draft EIS and assumptions used in the analyses based
on public comment are noted and used in the final EIS. Other changes to the
draft which are not critical to the analyses are presented in errata to the
draft EIS in Appendix E. In this way, the analyses and conclusion of the final
EIS reflect the work presented in the draft EIS and any changes and modifications
made based on public comment. NRC staff hope that by presenting a more concise
statement of the alternatives analyzed, changes made based on public comments
and final conclusions, the final EIS will be of more manageable size, easier
to understand and the costs for publication and distribution will be reduced.
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Chapter 2

DESCRIPTION OF THE AFFECTED ENVIRONMENT

This chapter has been prepared to desc'ibe the affected envlronmentand to pro-
vidA the reader with'background'information.about LLW and.about the historical
basis for the requirements in the Part'61'regulation.' In preparing this EIS,
the staff has assumed a basic level of knowledge about the.structure of matter,
radioactivity and radioactive decay. The reader is referred to references 1'and
2 as well as any high.school or college.physics or physical..science textbook for
background information on these topics. The'reader Is-also referred to NCRP
Report No.' 39 '(Ref. 3) for background information'about basic radiation protec-
tion criteria.

2.1 DESCRIPTION'OF THE AFFECTED ENVIRONMENT

The Environment affected or potentially affected by the generation, transport,
and disposal of LLW encompasses' the whole of the nuclear industry and much of.
society.' 'IX. consists'of allithe'industries, hospitals, private'individuals,
and governmental agencies and laboratories that generate LW through the use
of radioactive materials as a normal part of their day-to-dayactivities and
functions. It consists of those involved in supplying waste processing and
packaging services at waste generatorfacilities, and transporting waste from.
waste generators to disposal, facilities." It consists of those involved In the
ownership,"'operation, and long-term'control of the disposal facilities.' It
involves the various regulatory agencies such as NRC, the Department, of'Trans-
portation (DOT) and the state radiation control programs that'license,.regulate,
and inspection all waste management phases to assure an adequate level.of safety.
It'consists of society: the individuals, small population groups, and the
-general population that can'be potentially affected by the various activities
involved in the generation and disposal of waste. .Finally,.it consists of the
natural environment including the ground and surfacewaterthe atmosphere,
and various plant and 'animal species that would be'affected by site-specific'-
activities. Additio'nal details regarding specific parts, of.the affected
environment are contained in the following sections.'

2.2 LOW-LEVEL WASTE

The term"'low-level waste" serves as a general term for a very wide.range of'
radioactive wastes.' All iniduistries;'`fospitals; medical, educational, .or.
research institutions; private or-government laboratories; or fac'ilitiesie '
forming'part of the nuclear fuel cycle (e'.g.', nuclear power plants, fuel .fab-
rication plants) utilizing radioactive'Jmaterials as a part of their'normal
operational activities generate so-called low-level radioactive waste just as'
they generate-other types of hazardous and nonhazardous wastes.. LLW consists
of the radioactive materials' themselves and other materials which have been in
contact'with radioactive material' and 'are contaminated' or suspected of 'being''
contaminated. aBecause of the wide range 'in the types of activities'and! in
specific purposes of application, LLW'Is generated in many waste types,-forms,
and amounts." -It ranges from trash that-is only 'suspected of being _ntaminated
to highly radioactive material such as activated structural components from
nuclear power reactors. The' form of the generated waste can be solid, liquid,
or gaseous. It can consist of a wide range of chemical forms and can be shipped
in a number of different types of packages.
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2.3 VOLUME OF LLW GENERATED

Currently, about 85,000 m3 (3 million Wt3) of LLW i's generated and disposed of
at the commercial LLW disposal sites annually. Based on projections of LLW
volume prepared by NRC for the waste streams considered in this EIS, about 3.62
million m3 (128 million ft 3) will be generated during the period 1980-2000.
Of this, about 65% of the waste is projected to be generated by fuel cycle
sources and 35% by nonfuel cycle sources.

2.4 LLW GENERATORS

LLW is generated by more than 20,000 companies, institutions, laboratories, and
government facilities licensed by the NRC or Agreement States to use radioactive
materials as a normal part of their day-to-day activities. This includes fuel
cycle facilities such as nuclear power plants, uranium hexafluoride conversion
plants and fuel fabrication facilities; institutional waste generators, such
as colleges and universities, medical schools, private physicians and hospitals;
and industrial generators such as research and development labs, manufacturing
companies, pharmaceutical suppliers and quality control labs. Most of the
activity disposed of at the commercial sites is generated by less than
100 licensees.

2.4.1 Fuel Cycle Facilities

The LLW produced by commercial nuclear power plants can be divided into six
basic categories: ion exchange resins, concentrated liquids, filter sludges,
compactible trash, noncompactible trash and nonfuel irradiated reactor compo-
nents. Ion exchange resins are used in reactors to remove dissolved radio-
activity from liquid streams. When spent, they are exchanged and the spent
resins are placed into a shipping container (usually referred to as a liner)
where excess water is removed (dewatering) prior to transfer to a disposal site.
In some cases the spent resins may be solidified with binders such as cement
or synthetic polymers. Resin waste in shipping containers is usually trans-
ported in a cask or overpack that is shielded for radiation protection purposes.
Concentrated liquid waste is produced by the evaporation of a wide variety of
reactor liquid streams. These concentrated liquids are solidified in various
materials such as cement, placed in a shipping container, and shipped to a dis-
posal site. Filter sludge is waste produced by precoat filters and consists
of powdered filter material. It is used to remove suspended and dissolved mate-
rial from liquid streams. Filter sludge waste is generally dewatered and placed
into a container for disposal. Compactible and noncompactible trash consists
of everything from paper towels, plastic, and glassware to metallic components
such as pipes and contaminated tools. Nonfuel irradiated components consist
of fuel channels, control rods, and in-core instrumentation that has been
exposed to in-core neutron flux.

Other fuel cycle waste streams.include process waste and trash from uranium
hexafluoride and fuel fabrication plants. This can include calcium fluoride
generated in hydrogen fluoride gas scrubbers, filter sludges and paper, plastic,
equipment and other trash. These are generally packaged i 55 gallon drums or
larger containers and-shipped for disposal.
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2.4.2 Honfuel Cycle Facilities

Institutional waste generators use radioactive materials in many diverse appli-
cattons...including analytical instruments, diagnosis and therapy, research and
instruction. The type of waste generated generally falls into six groups:
liquid scintillation vials, liquids, biological .wastes, trash, accelerator
targets andisealed sources. Liquid scintillation vials are made of glass or
plastic-and-contain organic solvents and small amounts of radioactivity. They
are ususally packaged in 55-gallon drums with absorbent material for disposal.
Absorbed liquids consist of organic and aqueous liquids generated by various
preparatory and analytical procedures involving radioactive material. .,They
are absorbed on media such as diatomaceous earth and packaged in 55-gallon or
smaller drums. Biological wastes consist of animal carcasses, tissues and cul-
ture media used in research programs. It is usually treated with lime and
packaged in 55-gallon drums for disposal. Institutional trash consists mostly
of paper, rubber, plastic, broken labware and disposable syringes. Sealed
sources consist of radioactive material that has been encapsulated to contain
and prevent leakage of the material. Sealed sources are packaged in a.shielded
container for transport and are sometimes disposed of in toner tubes or caissons
backfilled with concrete.

The use of radioactive materials and resulting wastes produced by industrial.
waste generators are diverse and can consist of: sealed sources, compactible
trash) radioisotope production wastes, 'and a range of biological, scintilla-
tion and absorbed liquids similar to-those generated by medical and educational
institutions.

2.5 DISPOSAL OF LLW

Waste is disposed-of by a method generally known as shallow land or near surface
disposal (NSO). This method of waste disposal consists of placing packaged
waste into excavated trenches. The filled trenches are backfilled with soil,
capped, and.mounded to facilitate rainwater runoff.

The operators of the disposal facilities offer the essential services of pro-
viding a licensed and controlled site for disposal of radioactive waste.
Presently, there are 6 commercial sites:. .3 operating and'3.closed. One of.
the operating sites, located at Barnwell, South Carolina, is operated by Chem-
Nuclear Systems, Inc. -The other two operating sites, located at Beatty, Nevada
and.Richland, Washington are operated byCU.S. Ecology, Inc. The commercial
sites'are summarized in Table'2.1 below. 'The'Department of Energy,(DOE) also
operates 14 sites throughout the.country for the disposal of wastes generated
from certain defense and all DOE research and development activities. ,.These
14 sites are not subject to NRC or Agreement State regulatory jurisdiction-

2.6 FEDERAL AND STATE RESPONSIBILITIES IN COMMERCIAL LLW DISPOSAL

There are five key federal-'agencies-'th-at -administer programs regarding'the
management'and'disposal 6f LLW. These include'ttheNuclear Regulatory Commis-
sion (NRC), the Environmental Protection Agency' (EPA),. the:U.S. 'Geological
So vey (USGS) in the Department of Interior,.the Dep rtweptofjEnerg (DOE)"
and the Department of'T-ransportation'.(DOT). " (DO:'
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) Table 2.1 Commercial Waste Disposal Sites

Originally
Licensed Currently Operational

Location A, Operator By (Year) Licensed By Status

Beatty, U.S. Ecology, Inc. AEC (1962) State Open
Nevada

Maxey Flats U.S. Ecology, Inc.* Kentucky (1962) State Closed
Kentucky

West Valley, Nuclear Fuel New York (1963) State Closed
New York Services, Inc.

Richland, U.S. Ecology, Inc. AEC (1965) State and Open
Washington NRC**

Sheffield) U.S. Ecology, Inc. AEC (1967) NRC Closed
Illinois

Barnwell, Chem-Nuclear South State and Open
S. Carolina Systems, Inc. Carolina, (1971) NRC**

"U.S. Ecology was the operator while the site was open. Currently, Hittman,
Inc. maintains the site as a caretaker for the State of Kentucky.

**NRC licenses only special nuclear material.
)

NRC has regulatory responsibility for use of source, byproduct, and special
nuclear material including control of LLW disposal at licensed facilities.
NRC tarries out its responsibilities in compliance with overall federal radi-
ation protection guidance and environmental standards established by the
Environmental Protection Agency. EPA was charged with this responsibility in
the Reorganization Plan Number Three of 1970. The U.S. Geological Survey is
responsible for basic research in the geological sciences and assists in the
development of basic data for application in the development of criteria. The
U.S. Department of Transportation has the primary responsibility for regulating
waste containers and other aspects of the interstate transport of radioactive
waste. The Department of Energy carries out federal responsibilities for the
research, development, and transfer of LLW disposal technology to commercial
industry.

In discharging its responsibilities, NRC is permitted by the Atomic Energy Act
to relinquish part of its regulatory authority over source, byproduct, and
special nuclear material to the states. States which have assumed regulatory
authority are termed Agreement States and currently, there are 26 such Agree-
ment States. Licensing of commercial LLW disposal facilities is part of the
RC.-'sauthority which may be assumed by an Agreement State:' Of the i-cd'

mercial disposal facilities which have operated in the United States, five of
these facilities are located in Agreement States and are principally regulated
by the Agreement States (See Table I 1).
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2.7 REGULATORY PROGRAM FOR LLW DISPOSAL

Existing NRC-regulations for commercial LLW disposal inlicensed disposal
fecilities are principally contained inma-few paragraphs-in 10 CFR Part 20
(§20.302). The requirements mainly describe -in general, terms.the type of
information t6 be included in an application for a disposal facility and
require: that.LLW disposal 'facilities must be sited on land owned by the state
or federal government. In practice, this requirement has-been met through I
lease conditions between the disposalifacility operator-and state landlords
which provide that the States assume responsibility for long-term control.and
surveillance of the facility site after closure. Licensing of the six com-,.
mercial sites.has, therefore, been performed by NRC or the Agreement States on
a case-byzcase basis following.these general requirements in Part 20 or coa-
patible provisions.in Agreement State regulations.

Other NRC regulations, Part 30 ("Rules of General Applicability to Domestic
Licensing of Byproduct Material"), Part 40 ("Domestics Licensing of.Source
Material ), and Part 70 ("Domestic-Licensing of.Special-Nuclear-Material")--
apply to possession of licensed material by a disposal facility licensee.
Part 2 ("Rules-of Practice for Domestic Licensing Proceedings")'contains gene-
ral requirements for NRC licensing proceedings. Part 51 ("Licehsing and Regu-
latory Policy and Procedures for Environmental Protection") contains require-
ments for compliance with the National Environmental Policy-Act of 1969 (NEPA).

To the extent that a new regulation such as Part 61 represents a change in NRC's
radiation protection program for source, byproduct, and special nuclear material,

) it is necessaryrthat the Agreement-States cooperate in the formulation of ca .
patible.regulations and revise their existing regulations 'as necessary.' Current
NRC regulations regarding NRC's relationship with the Agreement States are con-
tained in 10 CFR Part 150.

2.8 BRIEF HISTORY OF LLW DISPOSAL

The disposal of commercial LLW by-near-surface disposal generally followed from
the practices and procedures utilized-bythe Atomic Energy Comm'ission (AEC) at:
national- laboratories involved in atomic energy research and development and
defense programs. Activities in the-programs involving use of radioactive sate-
rials generated quantities of radioactive waste and means had to be developed
for their disposal. - . -

Two principal methods of disposal were'utilized: near surface disposal (NSO)
and ocean disposal. The practice of NSD was quickly adopted as the preferred
disposal practice. This technique could be utilized near the point where the
waste was being generated, avoiding unnecessary transportation which might
jeopardize the security of the project in the event of a transportation acci-
dent. In addition, NSD proved to be a fairly cost-effective technique as it
employed practices commonly used in'sanitary-landfill operations and.did not
require unusual equipment or construction techniques.

With the-growth of commercial -applications, the- "LC announced in 19601that
regional-land burialsites for -ommeri.ial LtM..should be established on.fedqr-. a..!

3 6 r-sTa'&6*nied-land and that the sites should be operated by private contrac-
tors subject to government licensing authority. -With this announcement, the
AEC indicated that its disposal sites would only be available for commercial
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use until adequate disposal capacity was established in the private sector.
As an interim measure, pending designation of regional commercial waste sites,
the AEC also announced that disposal sites at Idaho Falls, Idaho and Oak Ridge,
Tennessee would continue to accept commercial wastes for disposal.

At the same time, the AEC also initiated a phase-out of sea disposal operations
by placing a moratorium on the issuance of new sea disposal licenses. Existing
licenses remained in effect and were phased out. The last disposal of com-
mercial wastes at sea took place in June 1970.

In September 1962, the AEC licensed the first commercial land burial site at
Beatty, Nevada and, during the period 1962-1971, five additional commercsal
sites were licensed-by the AEC or Agreement States resulting in a regional
distribution of commercial disposal sites as shown in Table 1.1. In HMy 1962,
the AEC withdrew its program of interim acceptance of commercial waste at Idaho
Falls and Oak Ridge.

1.9 HISTORICAL BASIS FOR LLW DISPOSAL REGULATIONS

Over the past 35 years, considerable experience has been gained at both govern-
ment and commercial disposal facilities. This section reviews the historical
record of past disposal. practice to see which practices have worked well, areas
where improvements are needed and the level of performance of existing sites.
This material has been taken from NUREG/CR-1759, "Review of Low-Level Radio-
active Waste Disposal History" (Ref. 4).

In general, the overall performance of the existing LLW disposal facilities
has been marginal to very good. Problems have been encountered at several
sites although these problems have not resulted in any threat to the public
health and safety. Of most significance have been problems with site
instability which have led to maintenance problems at the three closed sites.
The problems have thus, involved economic and social resource comitments not
originally anticipated to care for and maintain the sites. The instability
experienced at these sites also makes prediction of long term performance
difficult.as well as the need to commit funds and personnel to correct areas
of instability to ensure that problems of public health and safety significance
do not develop. The experiences at these-sites point- out that a combination
of unstable waste forms, specific site characteristics and certain design and
operational practices led to problems of instability. They also point out
problems with respect to financial assurance and institutional control of the
sites. Each is discussed in further detail below.

2.9.1 Closed Sites

Maxey Flats

The difficulties experienced at the Maxey Flats site were caused by a number
Of interrelated factors, including site characteristics, waste form, site
design and operation, aid institutions' considerations. Although the difficul-
ties hdve not caused significant off-site exposures, they have resulted in con-
siderable expenditures. of money by -the Cao'monweal-thol.o-,-Kentucky--to. maintain
the site in a safe condition. These expenditures were neither planned for nor
funded for while the disposal facility was operating. They have also resulted
in uncertainties in predicting the levels of tuture impacts and required
maintenance.
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Siting factors contributing to the difficulties included a humid environment
coupled with a complex site geology. The low permeability of'most of the site
soils, along with the humid environment and site operational practices, has
resulted in a water accumulation problem'(the "bathtub" effect) "in manyof the
disposal trenches.

.,.In addition,,inumerous fractured formations exist in the subsurface 'media. In
general, the locations and extent'of fractured formations-cannot be ascertained,
'and they raise the possibility of subsurfacemigration of radionuclides. Conse-
:quently- they significantly increased the difficulty of predicting the long
term performance of the site.

The waste form has probably been one of the most significant factors leading
to the current difficulties. The waste farms sent to Maxey Flats reflected'
the general practices of the times. : Licensees were encouraged to send all sus-
pect wastes for disposal. Waste minimization or volume 'reduction'were n'ot'
required on a technical or economic base. Host of the waste that was'disposed
into the site i5 believed to have been either composed of very easily degradable
material or packaged so-that large void spaces existed within' the waste or'
between the waste and the packaging. .Frequently, these easily' degradable waste
streams contained little or-no radioactivity. Some of the waste'packages (such
.as cardboard and fiberboard boxes) were often easily degradable.- The wastes
often contained themical -agents that helped to further increase waste 'degrada-
tionand leaching of radionuclides..

As the waste material degrades and compresses, a process which is accelerated
by contact by water, additional voids are produced. This leads to settlement
of the disposal trench contents, followed by subsidence or slumping'.of.the'dis-
posal trench covers. This increases the percolation of water into the disposal
trenches, accelerating the cycle. This slumping and subsidence 'is frequently
quite-sudden.

Initially, much of this slumping would be expected-to be caused by compression
of-the- wastes packaged in weak or easily degradable containers; 'Over the short
'term,'longer lasting but still degradable rigid containers such as wooden 'boxes,
55-gallon druins,,and.steel liners would be expected to help reduce subsidence.
The--rigid containers initially provi de some structural support to the trench
covers, and act to "bridge" voids within the disposal trench and waste packages.
Eventually, however, this structuralosupport-is lost as the rigid containers
rust or rot out, leading.to disposal trench'settling at rates which are diffi-
cult to predict.,

-Site design and operating practices also contributed to the rapid waste degrada-
tion, subsequent slumping of the,-trench covers,.and'influx of precipitation'.
The site design and operating practices-also reflected the general practices
of the times. The waste..was emplaced within the disposal trenches with~littie

. or-no attempt to segregate wdstes according to characteristics such as chemical
content or the relative stability of the waste packages. In general, little
compaction was given to the disposed waste, backfill, and trench covers other
than-that provided by driving over the disposal trenches with heavy trucks.

-...-Given.n.a.the-se...factors, considerableg,.vid spaces._ar*.;breJieved to have-ex Bted
*I within the trenches which promoted 'rapid settling. Anothir factor was-that

water was frequently~allowed to stand in the open disposal trenches while they
were being actively filled.. lnis again helped-to promote rapid waste degrada-
tion and settling.
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Another operational problem involved handling practices which led to several
) incidences of contamination of site grounds and equipment. This contamination

was caused by small leaks and spills from packaged wastes delivered to the site.
Although some contamination is probably unavoidable, the surface contamination
problems aS Maxey Flats have also been caused by past onsite solidification of
bulk shipments of low activity liquids shipped to the site for disposal and by
depositiorr'from an evaporator installed to treat trench leachates pumped from
trenches. Of principal importance, this site surface contamination has compli-
cated assessment of the relative contribution of each of the possible routes
of radioactivity release from the site, and consequently may have reduced the
effectiveness of the environmental monitoring program at the site.

Institutional considerations have principally involved insufficient planning
for site closure, funding for closure and for long-term care, and appreciation
of the levels of activities and expenditures that could be needed to address
major subsidence and disposal trench instability problems and leachate
management.

Given this experience, it is clear that unless adequate steps are taken to
achieve long term site stability (i.e., reduce subsidence of the disposal
trenches through mechanical or other means of stabilization and installation
of trench covers that will prevent infiltration) the process of leachate pro-
duction and need for treatment will continue to occur. At the same time,
instability makes it difficult to predict long term site performance and
uncertain high costs are involved to care for the site over an uncertain long
time frame.

West Valley

The difficulties experienced at West Valley were also caused by a number of
interrelated factors, including waste form and site design and operations.
Here again, the major problem has been site instability caused by disposal of
compressible wastes, void spaces between waste and packaging, no segregation
of wastes during emplacement, voids created through backfilling operations,
and no real compaction of backfill or trench caps. These factors coupled with
a humid environment and low permeability soils led to trench cap subsidence
and collapse, infiltration of precipitation and accumulation of leachate within
disposal trenches. Remedial actions to place and compact thicker trench caps
were required and have retarded infiltration. Liquids pumped from trenches
were treated. Such active maintenance activities caused by site instability
are probably more expensive than if the site had been designed and operated so
that only minor maintenance (e.g., filling of small depressions, cutting the
grass) were required. Again, in this case, although there has been no hazard
to the public health and safety, large unanticipated expenditures of funds have
been required to place the site into a staole condition. The ability of remedial
actions to provide long term stability is uncertain and additional funds may
be required over the long term. -

Sheffield

The performance of- tfhe.Sheffil d -ite-has shown some of the same types of-- -

instability problems as Maxey Flats and West Valley. Although little or no
leachate pumping activities are required at the site, trench subsidence and
slumping problems have been observed which are generally similar to those
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experienced at the Maxey Flats and West Valley sites. Much of the waste was
easily degradable or was packaged with large void.spares within the waste con-
tainers': 'Void spaces also existed between disposed-waste packages, 'andthere
was limited compaction of backfill and disposal trench covers. The subsidence
and trench covpr slumping has led to'increased infiltration of rain and-surface
water, -leading to increased maintenance requirements. The need for maintenance
resulting from this instability would appear to be significantly less than that.
at West Valley or Maxey Flats. This is mostly due to the nature of the site
soils, which are more permeable than those at the other two sites, and conse-
quently there is less potential.for.a water accumulation problem. The site
operator has taken steps to address and mitigate the above-concerns.

Still, -it is apparent that significant expenses will be required over several
years for site stabilization and care. 'As in the case of Maxey. Flats..and West
Valley,;these expenses were not-planned for-at the time that the facility was
opened and the site was opened and operated without specific criteria for the
condition the site would be in upon transfer to the State (the degree of site
stability after closure, the level of maintenance required over the long'term,
etc.) During operations, the site operator prepared a site utilization plan,
which included provisions for site.surface.water management and erosion control,
but waste'dtsposal was terminated prior to complete implementation of'the plan.
Such .a plan was not, however, made a condition of license operation at the time
the facility was originally licensed., Although funds were collected for."per-
petual care" as a surcharge on received waste, the amount of funds collected
willbe'insufficient'to close and stabilize the siteby' today's standards.
Therelwas no provision to formally corrolate and update the amount of'funds
that-would have to be collected with'the amount of site maintenance expected.,

2.9.2 Operating"Sites

Barnwell

There have been no problems, identified with performance of the disposal facility.
As isithe case of the'Beatty and Richland sites, the problems experienced are
unrelated'to the operation of the sitelor its-ability to'isolate radioactive,
wastes. They have related to the receipt of.irnproperly''packaged waste, improp-
erly'.solidifled waste-and waste containing'Xces& fre-liquid. An inspection
program-has been instituted to address this problem. Also, as is the case at
the Beatty and Richland'sites, since operations started,' a number of-changes
and improvements'to' site operations have been implemented in respnnse-to opera-
tional experiences. ' ' '

Many of these improvements have involved operational procedures, including
methods of disposal trench construction,.health physics, and environmental
monitoring. .An example of an-imp'rovement in disposal trei.ch construction
implemented 'since.operations began'is the current practice of replacing -the
top few feet .o fsandy surface. soi.l :wi-th. compacted' clay. Many of the waste 'form'
and packaging requirements implemented at the'site have'been imposed within
the last few years and are intended to-,help 'improve transportation safety,
occupational safety during handling at''the disposal site and to improve overall
s *StAb iit Iftea i tedy A f v#,4 **>,.^th|* s~s It6 .r.5..A

An improvement in institutional requirerments has been the adoption into both
the State and NRC license of more specific requirements on site closure. These
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) requirements include development by the site operator of a preliminary closure
and stabilization plan. A requirement that adequate funding arrangements for
closure and long-term care be made is also part of the closure license
conditions. I

Richland

There have been no problems identified with the performance of the disposal
facility. Due to natural site characteristics, there have been no problems
with groundwater migration from the site and no problems are expected in the
future. Potential long-term problems with wind erosion of site soils have
been greatly mitigated and possibly eliminated through engineering means --
i.e., by the depth of cover placed over the disposed waste and the license
requirement for trench stabilization against wind erosion.

The problems that have been experienced at the site are unrelated to the opera-
tion of the site or to the ability of the site to isolate radioactive waste,
but are a result of violations of transportation regulations by waste shippers
and transporters. Wastes have been received at the site improperly packaged
and in damaged packages.

The current license for the site is very detailed, containing specific require-
ments on waste form, operational health physics, and trench design and construc-
tion, which can be inspected against. Perhaps most importantly, the site license
contains specific requirements on preparation for site closure. The site opera-
tor is required to prepare a preliminary site closure and stabilization plan
addressing site closure, the conditions of the site upon transfer to the site
owner, and arrangements for funding for closure and long-term care.

Beatty

There have been no problems identified with performance of the disposal facility.
The difficulties that have been experienced are unrelated to the ability of
the site to isolate radioactive waste. Problems were encountered with respect
to diversion of waste from the disposal site by site employees which resulted
from earlier inadequate management control over site personnel that existed at
the site at the time the problems were occurring. (Subsequent to the diversion
problem, site management changed hands, and there have been no such diversion
problems since.) Recent problems with waste shipments similar to those experi-
enced at Barnwell and Richland can be attributed to a large degree to waste
genc-ator and shipper practices.

As the site has been operated, a number of license conditions and improvements
have been added in response to the above problems and experiences. For example,
although liquids in bulk quantities Rere once received at the site for subse-
queht solidii ication and disposal , this practice has been discontinued. Wifh-'
few exceptions, receipt of liquids at the site is prohibited. Some of the
requirements instituted after the diversion problems included increased security
(additional fencing and dccess control), additional trench construction require-

-'- innt'I .(incdin gi requirement to survey treinch boundaresand refehenceth -
surveys to a benchmark), and improved recordkeeping requirements that waste
normally be emplaced within three working days of receipt. Other, more recent
requirements are inter'-d to nelp address the problems with leaky waste pack-
ages being delivered to the site.



Unlike the Barnwell and Richland facilities, there are no requirements in the
site disposal license for preparing and implementing a specific site closure
and stabilization plan.. The-State believes,Uhowever, that this is compensated
by a strong lease with the site operator. This lease was renegotiated in 1979
and the sitetoperator agreed to post a bond against closure costs. In addition,
a sinkingfugd exists for long-term~careeof the site.: Thisfund is fed through
sources such as fines on transportation violators as well as a surcharge on
received waste. -

.. _CV- . . 4, - _. ,.

-- - .- S..' -.

-.. _ - i -
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Chapter 3

ANALYSIS OF COMMENTS.ON THE DRAFT ENVIRONMENTAL IMPACT STATHENT

3.1- INTRODUCTION

The draft EIS for 10 CFR 61 was issued in September 1982 as NUREG-0782. The.
public comment-period for the document ended on January 14, 1982, and during
this period 50 commenters provided written comments to wRC. Of the 50comments
received by. the Commission, 8 contained no reference to the draft EIS but were

-'limited Instead to comment on the proposed10 CFR 61. These eight comments
were considered and analyzed as part of .the staff analysis of comments on the
rule. Therefore, the discussion in this-chapter is limited to the comments of
the remaining 42 commenters. All of the written comments (including.the 8'
mentioned above) are available for review at the NRC Public Document Room, 1717
H Street NW., Washington, 0. C. and are filed under PR-61 (46 FR 51776).

Of'the 42 comments received on.the draft EIS, 21 came from states or state
agencies. Although many of the these commenters had no comment on the draft
EIS, several submitted extensive connents. Federal agencies and/or national
laboratories submitted 6 o 'the 42 comments, and these included~some of the-
most extensive6omments received by the staff.

Other commenters responding to the draft EIS are categorized below:

) o Utilities - 5 commenters

o Industry - 3 commenters

o Individuals - 2 commenters

o Brokers/Disposal firms - 2 commenters

o Radiation Safety Personnel - 1 commenter

As comment letters were received they were docketed by the staff and then
reviewed to determine the specific comment items requiring responses. Each
such item was numbered marginally, and a response to that item.was prepared by
an individal reviewer. Individual reviewers also identified additional work
or analysis for the draft EIS which was prompted by the preparation of comment
responses. The comments received and the responses prepared for them are pre-
sented in Appendix A.

3.2 ANALYSIS OF COMMENTS

As noted above,. 42 comment letters-were recieved by-NRC-6n Lhe draft EIS. The
tone of the letters was overwhelringly supportive'ofjthe goals and.the results
of the 10 CFR 61 iulemaking effort. >Criticisnm of the proposed ruleand the
draft EIS was generally constructive in nature. Of the 42 letters .received,,-
29 contained items which required:a-respanse by-the-'staff., The remaining 13
comments in one form or another acknowledge receipt of the draft EIS but con-
tained no items requiring a response.
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Public comments were received on the rule as well. A total of 107 different
persons submitted comments on proposed 10 CFR Part 61. The commenters repre-
sented a variety of interests. The topics addressed a wide range of issues
and all parts of the rule. The general response was quite favorable. Almost
half (47) expressed explicit support of the rule or its overall approach.
Many expressed the view that the rule provides a needed and adequate framework
for establishing additional low-level waste disposal capacity. Support was
expressed by almost every sector. Only 15 commenters expressed outright
opposition to the rule or some significant part of the rule. Most (9) were
individuals. No State group or current disposal site operator expressed
opposition. Most of the remaining commenters (47) either offered constructive
comments without taking a general position on the rule or offered support with
reservations about one or more aspects of the rule. The staff analysis of
rule comments is contained in Appendix 8 and specific comments and staff
action taken in response to specific comments are set out in the various
chapters and appendices of the final EIS.

In 29 comment letters on the draft EIS, the staff identified 235 items which
required responses. For purposes of summary presentation in this chapter,
these items were assigned to categories based on the major divisions of the
rule. Two other categories not based on the rule--scope of the draft EIS and
Editorial and Other Comments--were added to assure completeness. The follow-
ing listing gives a breakdown of comment items by category:

Category Number of Comment Items

1. Scope of the draft EIS 42
2. Performance Objectives 3
3. Technical Requirements: 7

Site Suitability
4. Technical Requirements: 16

Design, Operations & Closure
5. Technical Requirements: 46

Waste Classification
6. Technical Requirements: 14

Waste Characteristics
7. Technical Requirements 12

Institutional Requirements
8. Financial Assurances 9
9. Records, Reports, Tests & Inspections 0
10. Amendments to 10 CFR 1
11. Editorial and Other 85

Total 235

In the following sections, the significant comments under each category will
be discussed. Along with'this 'discussion the staff's 'analysis and conclusions
as to changes or additional work in the final EIS are presented. As noted
earlier, each comment item has been specifically addressed and is contained in
Appendix A. In addition, toe staff's.actions taken in response to specific
comment items are set out in the various chaptors and appendices of the final
ElS.
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;) 3.2.1 Editorial and Other Comments

This category was the largest in terms of the number of comment responses
required, 85 ip all. However, most of -the comments dealt with' typographical
errors,-organization-or format and had-no significant effect on the' analyses
in the draft or final EIS. The majority, of the comment items are' listed in
Appendix E of this volume, "Errata for the draft EIS for 10 CFR Part 61."

3.2.2 :Waste Classification

The staff received 46 comments on the treatment in the draft EIS of the rule's
technical requirement on waste classification. Most of the commenters were .
concerned with the limits on waste concentrations set forth .in the rule 'and on
the assumptions and bases supporting these limits. 'For example, several of
the commenters-noted that for various reasons--arong them,'unrealistically
conservative assumptions, decay of short half--life radionuclides and'.the low
probability of Inadvertent intrusion--the'values derived in the. draft EIS for.
Table 1 were unnecessarily restrictive. These commenters also noted that the
data base upon which these values were developed contained uncertainties and..
that the draft EIS did not explicitly evaluate the effect of.these.uncertain-
ties.' It was suggested that upon' review of-these aand other factors that the.
conrentratI.on limits should be relaxed by at' least'one order'of magnitude...:"

The staff acknowledges that there are uncertainties in the radioactive waste
data base. Despite these uncertainties, however, the staff believes that the

) data base is the moat complete yet prepared for low-level waste. The staff.
also believes that the uncertainties do not preclude making.an intelligent -.
decision on the-requirements to be included in' Part 61. The data baseahnd.
assumptions are conservative, although an effort has been generally made'to.
avoid over-conservatism.

With respect to the comments on the restrictiveness of the concentration limits
in Table 1,''the staff has reevaluated the calculations that establish the waste.'''
classification concentration limits to eliminate unnecessarily conservative
assumptions. Based on this reevaluation the concentration limits for Class C
waste in Table.1 have been raised.

Five parties commented on the'proposed Part 61 limits'on near-surface disposal
of transuranic (TRU) radionuclides.-' In the draft rule"Ithese'limits were set
at 10 nanocuries per gram (nCi/gm) of waste. "In''general, these'commenters
supported a relaxation of this limit, although one commenter only suggested
that options. for disposal of transuranic nuclides above 10 nCi/gm should be
addressed. Several arguments were advanced in support of this position,- one
being that TRU content in wastes from nuclear power plants is typically well
below 10 nCi/gm and only occasionally in the 10-100 nCi/gm.range. Another
noted that the current lmi.t,(10'nCi/gm) -is. essentially unenforceable in'that
current'measurement techniques make it very difficult'if not'-impossible to
certify that waste contains less than 10 nCi/grm. However,'-;it'would be riuch
less difficult Ito'certify that wa'ste contains less than 100 nCi/gm.. In

-: *.* .. .respopr to -the staff reevaluated .the.analyses for -..
, disposal of wa'ste contaihin'g t'ansuranic iuclidesand, asa result, the
disposal limits for Class C waste have been raised to 100 nCi/gm for long-
lived alpha emitting transuranic nuclides. For Class A wastes the-limit
remains at 10 nCi/gm.
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Several commenters expressed support for setting concentration levels for
wastes below which there is no regulatory concern, the so-called "de minimis"
level. The staff considered this action during the development of the draft
Part 61 and the draft EIS, but decided that setting de minimis levels on a
waste stream speiific basis was preferable to establishing a generic limit.
The staff is of.'the same opinion at this time and therefore, has not included
de minimis levels in the final Part 61 and final EIS. However, NRC intends to
accelerate its schedule for development of de minimis levels. In the develop-
ment of these levels, the staff is willing to accept petitions for rulemaking
from licensees for declaring certain waste streams to be of no regulatory
concern.

The issue of total hazard in determining a waste classification system was
also addressed by several commenters. (In this regard, a waste classification
system based on "total hazard" is meant to consider in addition to radiolog-
ical hazard, the chemical, biological, or other nonradiological hazards in
waste material.) The problem which the staff has found in dealing with non-
radiological hazard is that to the staff's knowledge there is no accepted
consistent way to numerically compare radiological and nonradiological
hazards. There are hundreds of thousands of different chemicals in existence,
and the level of knowledge of the effects of these chemicals on the human body
is much less understood than the effects of radioactive material. Nonetheless,
there are key provisions of the rule which were developed to minimize potential
nonradiological hazards associated with low-level waste. In addition, NRC
plans to coordinate with EPA on this matter.

Finally, several commenters raised questions about compliance with the waste
classification system proposed in the rule and draft EIS. These commenters
questioned the ability of regulators to accurately inspect against the gener-
ator's certifications, and the use of scaling factors, among other aspects.
The staff believes that licensees can economically and effectively carry out
proper waste classification programs. At present the staff has identified
four basic programs which may be used either individually or in combination by
licensees to determine radionuclide concentrations in waste: materials account-
ability; classification by source; gross radioactivity measurements; and direct
measurement of individual radionuclides including scaling some radionuclides
based upon measurement of others. (These methods are discussed in the final
EIS.) Routine detailed measurements on all waste packages are not considered
necessary or desirable by the staff. To assist licensees, the staff is pre-
paring written guidance on the methods by which compliance with the waste
classification system can be shown.

3.2.3 Scope of EIS

Forty-two of the comments received fell under this category. Most of these
comments simply asked why a certain subject was not included in the draft ElS,
whiy it was treated the way it was or other similar questions. As these types
of comments were very specific and did not affect the overall EIS to a sub-
stantive degree, they are not discussed in this summary. Rather, the staff
has excerpted thescomments on scope which are most substantive or which have.
affected the final EfS' "othe greatest degree. -

The major comment raised on the scope of the draft ElS described the document
as "... inadequate as an environmental full-disclosure statement..." and
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criticized the document for reading !'...as though a serious public health and
radiological protection problem were being addressed whereas, ,in truth,- the
shallow land burial ofvlow-level nuclear waste is essentially a non-problem in
these respects." In preparing the draft.EIS.the staff sought'.to explore a broad
range of alterhatives in order to systematically develop the proposed Part 61
rule and to-dpmonstrate the decision process behind that development. The staff
also sought to assure that the Commission's mandate under-the Atomic Energy.
Act' and the-National Environmental Policy Act were.met. In both cases the staff
feels that the document meets the objectives-and.notes that this conmenter was-
alone amorig 50 others in suggesting that.the draft EIS was inadequate. -

The staff also believes that low-level-radioactive waste, if not managed and'
disposed of. properly, may indeed jeopardize public health and safety and the
environment in'addition to~posing long-term economic burdens. Similarly,'the
staff does-not believe that LLW can be dismissed as a-"non-problem" and any
attempt to do so is, at the very least, inappropriate.

Another.commenter, the Environmental Protection Agency-(EPA) found the draft
EIS to be deficient in the absence of discussion in the draft EIS of the
".~.potential -environmental impact 1and health risk from the non-radioactive
chemical, hazardous' -and toxic materials in the .LLW." ,In preparing the draft
EIS, the staff concentrated on the public ,health and safety aspects and -

environmental impacts -of the. radiological hazard of LLW, although it -was
recognized that chemical and .other hazards may. accompany this waste. The -staff
believes-that'efforts to consider these other hazards are not readily attainable
and would in fact delay the Part 61 rulemaking effort needlessly. The staff-

i believes that the technical provisions of Part 61 generally meet or exceed those
expected in.EPA's' rules for the disposal -of hazardous wastes. Although- it is'
not NRC's intent to allow disposal of hazardous wastes in a radioactive waste
disposal facility, as is noted in the regulation, the Commission recognizes'
that small amounts of such wastes may be present in low-level radioactive wastes.
It is NRC's view that disposal of these combined wastes in accordance with the
requirements of Part 61 will adequately protect public health and.safety. and
environmental quality. -In-addition, NRC plans to study the chemical toxicity
of various types of low-level waste in the interim and to examine what steps
could be taken to minimize the non-radiological hazard of LLW.

A thirdlcomment on the scope of:the.draft EIS noted that the document-failed
to specify "...in'a clear, concise and meaningful way, the costs and benefits
associated with the various alternative actions considered." Several commenters
raised this issue in different ways and the staff, upon review of the draft
EIS, recognize the difficulty in following the large number of alternatives
analyzed. Therefore, the final EIS contains summary alternatives which combine
various-waste form and processing options; facility design options, and opera-
tional procedures.. These summary alternatives -(four in number) are evaluated -
against one anothe'r to arrive at, the preferred alternatives for inclusion in
thefinal'version of Part 61. The Istaff feels-that this treatment is responi '
sive toconcerns such as the one mentioned 'earlier in this paragraph and also
affords the interested reader an opportunity to more, critically examine the
decision process which led to the final provisions of Part 61. .

. , . ~ -~ ,*.
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Two commenters felt that the draft EIS should include a discussion of the
hazard or risk associated with operation of a low-level waste disposal
facility in order to place the impact analysis in its proper perspective.
Upon review ?f this comment the staff decided to hold with its original
decision not to attempt to quantify risk of LLW disposal facility operation.
This decision wa5 based on consideration of the substantial new work and delay
in preparation of Part 61 which a risk assessment would require. In addition,
the staff felt that this significant expenditure of work and the consequent
delay in rulemaking was not warranted given the limited additional infomation
which would be provided by expressing exposure in terms of risk. The draft
EIS contained a comparison of calculated doses (impacts) to existing standards,
and in the final EIS the staff has attempted to express these impacts in a
clearer manner. In addition, a section has been included in the summary which
provides dose response relationships as set forth in ICRP Publication No. 26.
The reader can use these to estimate the level of risk associated with doses
calculated for the various alternatives.

Another conmenter felt that the draft EIS throughout placed undue emphasis on
practices in use in the late 1960's to early 1970's as reference points for
evaluating proposed Part 61 requirements. The staff recognizes that signifi-
cant improvements have been made by the regulatory agencies and site operators
in the requirements imposed on disposal facility operations and believes that
the draft EIS contained adequate recognition of this fact. In the final EIS,
as mentioned earlier, four summary alternatives have been identified by the
staff for comparative evaluation. These alternatives include an alternative
which specifies past disposal practices and one which specifies current prac-
tices. Each of these alternatives are then evaluated against the projected
costs and impacts of implementation of Part 61. No further changes are
planned in the final EIS as a result of this comment.

Finally, one commenter noted that the draft EIS and Part 61 '...fail to
accurately address realistic concerns and place realistic conditions on the
operation of a radioactive waste disposal site at an arid location." The
staff in preparing the draft EIS and Part 61 did not attempt to regionalize
the analysis. Rather, the effort was intended to arrive at a regulation which
would be applicable in any climatic region. The staff believes that the
Part 61 requirements for achieving long-term stability will be effective at
both humid and arid sites. Specific measures to be used at specific sites
will be reviewed on a site-specific basis. No further changes are planned in
the final EIS as a result of this comment.

3.2.4 Facility Design, Operation and Closure

The staff received 16 comments which were placed in this category. The com-
ments were specific in nature and had little, if any, effect on the final EIS.
In general, the comments dealt with the layout of disposal facilities, design
of disposal unit covers, and occupational exposures.

One of the commenters inquired as to the availability of decontainerized dis-
posal as an option for low-activitywaste. The staff considered this option
and has not precluded it from use under Part 61.

Several commenters raised question; regarding cost assumptions in the draft
EIS: salaries, environmental monitoring costs and closure and decommissioning
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costs. In general, these commenters -felt that the cost assumptions were too
low. Two commenters also suggested that more realistic cost projections could
be made by incorporating the concept of time value of money. The staffmade
ipqutries of these commenters and incorporated revised cost figures into the
final EIS. Although these revised figures did to some extent alter the analysis
of the finil 1IS, the conclusions of the analysis were not changed.

3.2.5 Waste Characteristics

The-staff received 14 comments by various parties on the technical requirements
related to waste characteristics. Several of the major comments are discussed
below.

One.commenter felt that container limits on gaseous radioactive wastes are
excessively conservative and should be justified in the draft EIS. The staff
based its 100 Ci limit on license conditions for disposal of gaseous wastes
now in effect at the Hanford and Barnwell disposal.sites. The 100. C limit
appears generally consistent with an accident evaluation assuming a dropped
package producing occupational exposures to site workers. The DOT limits,
however, are established based upon-accident doses to the public. For gaseous
waste forms the-occupational exposure case is the limiting condition. rohe
Commission has studies underway to determine whether higher limits-would be
appropriate. Such limits would be proposed in a future rulemaking.-

Another commenter requested that criteria be given by NRC to reasonably assure
that wastes will meet the 150 year.stability requirement. Since the draft ETS
was published, the staff has reconsidered this requirement and removed it to
be in keeping with the desire to avoid prescriptive requirements where possible.
Staff technical positions prepared to -provide guidance on this subject,'however,
state that to the extent that it is practicable, waste forms or containers
.should be designed to maintain gross-physical properties and identity for over
300: years.

3.2.6 Institutional Requirements

Twelve comments were received by the staff on this part of the draft EIS.
Several'of these major comments are.discussed below. It should be noted,-
however, that none of these comments-resulted in substantive changes to the
methodology, findings or conclusions of the draft EIS. -

One commenter noted that the differences between the responsibilities of
Agreement and non-Agreement States were not clearly identified and questioned
whether a non-Agreement State-could provide'surveillance during operational,
closure and institutionalqcontroperiodsif that state in fact owned the
disposal facilMty. The staff noted.that the responsibilities of Agreement and
non-Agreement States are in fact different.with respect to licensing of a LLW
disposal-facility. Agreement-States would have.responsbili.ty for licensing
and regulatory control of sites, while in the case of non-Agreement States,
this responsibility would rest with-the NRC for byproduct, source and special
nuclear materials. With respect to surveillance, monitoring, institutional
and -ather land.ownership.responsbilities, however, both Agreement and non-
Agreement States would have the same responsibilities as landowners and NRC
believes both can administer acceptable programs.
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Another comment noted that Part 61 should permit transfer of land to federal
ownership during site operation or after closure. The staff noted that the
proposed Part 61 does not preclude transfer of land ownership from a state to
the federal government. Present laws, however, contain no specific provisions
for such transfers and each case would have to be worked out on an individual
basis.

A third comment questioned the assumption in the draft EIS that records may
not be available in 100 years noting that our society has commonly preserved
records for over 300 years. In preparing the analysis of institutional con-
trols, NRC did not intend to imply that records would only last for 100 years.
Rather, the staff assumed that active institutional controls can only be
relied on for 100 years, although they may last much longer. The staff also
assumed that passive institutional controls such as records would last for
much longer than 100 years.

3.2.7 Financial Assurances

The staff received 9 comments on this portion of the draft EIS. The comments
received were specific in nature and, although they had some effect on the
final EIS, there was no substantive effect on the conclusions of the analysis.

3.2.8 Site Suitability

Seven comments were received by the staff on the technical requirements for
site suitability. The comments considered most significant by the staff are
discussed below.

One commenter felt that the draft EIS "...fails to emphasize the need to prevent
significant movement of pollutants from the disposal site to underlying ground
water." The commenter also suggested that ideally the disposal site should be
in an area having a substantial thickness of clay or that trenches should have
impervious bottoms and sides.

The staff believes that the draft EIS contains adequate emphasis on the movement
of radionuclides from the disposal site to underlying groundwater. (Indeed,
several commenters felt that the draft EIS placed too much emphasis on this
pathway,) With respect to the second comment on siting in areas having a
substantial thickness of clay, the staff has attempted throughout the draft
EIS to avoid prescriptive requirements. The siting criteria in the rule
strive to eliminate undesirable characteristics yet allow siting in almost any
part of the country, so long as an applicant can demonstrate that the site
will meet the performance objectives and technical requirements of che rule.
Requiring an applicant to locate only in an area having a substantial thick-
ness oa clay would limit the siting options open to the applicant and would
give little credit to other aspects of the disposal "system," i.e., waste
form, site design. operational procedures, etc. With respect to the use of
trenches havin;. *;gineered impervious bottoms and sides, this suggestion would
in the staff': vpinion only lead to other problems, i.e., the "bathtub effect,"
which would in turn lead to% trench overflow and the need for trench leachate
pumping and treatment. Thiv.comment has .not resulted in any change to the
final EIS.
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Another comment on site suitabilitynoted that the draft EIS and the proposed
i) Part 61 rule assume that "...in the-event of early release of radionuclides

from disposal containers, or from decontainerized disposal that site design...
should be capable of preventing radionuclide migration out of the disposal
trenches... (but) the proposed regulations provide no fail-safe assurance that
this will be the case."' The draft EIS and 10 CFR 61 do not provide fail-safe
assurances.-that waste released from a container will not raigrate from the
trenches into the surrounding groundwater and environment. Rather, both the
rule and the draft EIS are based on the interaction of waste form, site char-
acteristics, site design and site operation and closure as a system which will
provide a reasonable assurance that the performance objectives of Subpart C
will be realized.

One commenter felt that NRC would be basing its decision on site suitability
on the ability of sites to fit NRC computer models and that the realities of
site complexity make it unlikely that present models will be adequate to the
task. The staff's findings on suitability of a proposed site will not be
based solely on computer modeling although such modeling will be a basic tool
in site evaluation. Existing models are believed to be adequate for non-
complex sites and new or improved models are being developed.

3.2.9 Performance Objectives -

The staff received 3 comments on this aspect of the draft EIS. Two of the
three comments received are discussed below.

One commenter noted that ALARA considerations are mentioned through the draft
EIS, but do not receive any treatment in the performance objectives of the
rule. The staff considered this comment as well as similar ones made on the
rule itself and determined that it is NRC's intent that ALARA apply to the
performance objectives addressing releases of radioactivity to the environment
and safety during operation. Accordingly, the rule has been amended to include
specific reference to ALARA in the performance objectives for protection of
populations (§61.41) and safety during operations (§61.43).

A second commenter took issue with NRC's approach in the draft EIS and proposed
Part 61 of specifying performance objectives and'technical requirements rather
than only performance objectives. The staff believes the approach taken was
appropriate for several reasons. One is that a rule based only on performance
objectives would take longer to prepare and would require significantly greater
time in licensing due to the large number of factors needed to be considered
in determining compliance. Moreover, while this approach might be workable,
it would not allow for establishment of more detailed prescriptive requirements
in those areas where specific guidance is known to be needed. Finally, the
comments received on Part 61 and the draft EIS have overwhelmingly supported
the combined approach of performance objectives and minimum technical require-
ments set forth in the rule.

3.2.10 Amendments to Other Parts of 10 CFR

.. Jhe staff received only one commenton this subject area--and inasmuch as-it
did not have an)y effect'on the final EIS, it is not discussed here.

3-9



3.2.11 Records, Reports, Tests and Inspections

No comnents were received on this part of the draft EHI.

)I
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Chapter 4

ANALYSIS OF ALTERNATIVES

4.1 BACKGROUAD'AND INTRODUCTION
. 4,

-The draft EIS contained a detailed analysis of a broad range of alternative
waste form.properties and alternative disposal facility design and operating
practices. In fact, more than 70 specific cases were analyzed numerically in
.Chapters 4, 5, and 6.of the draft EIS, while several other alternatives which
could not bereadily analyzed numerically were'analyzed on a subjective basis.
This analysis served two objectives. First, based upon the.results of this
analysis, several performance objectives and technical criteria were developed
for codification into the proposed Part 61 regulation. Second, the analysis
served to review, and provide an estimate of 'the relativ'e''effectiveness' of,
many of the improvements in low level waste disposal technology that had been
developed over the past years.

The four basic performance objectives 'developed for near-surface of low level
waste include:

1. Protect the public health and safety (and the environment) over the
long term;

2. Protect the potential inadvertent intruder;

3. Ensure operational and public health and safety during the short-term
' operational phase; and

4. Ensure long-term stability to eliminate the need for long-term
maintenance after operations cease.

Technical criteria were then developed to help ensure that the performance
objectives will be met. Key principles were identified which are of primary
significance in ensuring that the performance objectives will be met. These
are:.'.

1.! Long-term 'stability of th'e disposal facility and disposed waste.
Stability tielps'to reduce dis'posal unit cover. collapse, subsidence,
water infiltration, and the need to care for the facility over the
long-term.

2. The presence of liquids i -waste and the contact of.water with waste
both during operations and afterthe site is closed. Water is the
primary-vehicle for wiaste transport and its presence in and contact
with.waste can contribute to accelerdted waste decomposition and
increased potential for making the waste available for transport
offsite.

almitutional,'engi neeri ng., and natural controls that'can .be readily, .. .... -,
. dapplied to'reduce the likelihood and impacts of inadvertent-intrusion.
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A review of the comments received on the draft EIS indicated few, if any, major
objections to the overall performance objectives and most of the technical cri-
teria. There were, in fact, several laudatory comments on the draft EIS. There
were, however, a number of comments on specific technical details of the analysis,
such as the assumed costs for environmental monitoring. (Revisions to the tech-
nical details of the analysis methodology are discussed in Appendix C of this
final E1S.) In addition, there was some concern that the large number of cases
considered and the extreme level of detail was confusing and difficult to follow.

In response, the analysis for the final EIS is considerably simplified-over
that for the draft EIS. Four cases (and minor variations on them) are presented
for numerical analysis which are representative of the following:

1. Past disposal practice (base case alternative)

2. Current disposal practice (no action alternative)

3. Part 61 requirements (preferred alternative)

4. Upper bound requirements (all stable alternative)

A detailed description of each alternative and variation thereof follows, which
is then followed by a presentation and comparative evaluation of the results
of the analysis. First, however, a brief review of the assumptions, data base,
and impact measures calculated is presented.

4.2 CALCULATIONAL METHODOLOGY

This discussion of the calculational methodology used for the final EIS is
presented in three sections: (1) information base for analysis, (2) use of
reference waste volume and disposal facility, and (3) impact measures. Further
background information may be obtained from consulting the draft EIS and
Appendix C of this final EIS.

4.2.1 Information Base for Analysis

To perform the alternative analyses, an information base was developed which
involved three main components: alternative disposal facility environments,
alternative waste characteristics, and alternative disposal facility designs
and operating practices. Based upon this information base, an analysis
methodology was developed to calculate impacts and compare alternatives.

First, the continental United States was assumed to be divided into four regions
as shown in Figure 4.1. The four regions considered correspond to the five
U.S. Nuclear Regulatory Commission regions and are termed the northeast region
(NRC Region I), the southeast region (NRC Region [I), the Midwest region (NRC
Region 1II), and the western region (NRC Regions IV and V). In each region, a
hypothetical regional disposal facilityjsite is characterized. (The site in
the western region is generally termed the southwest site.) These sites, while
not representing any particular location within a region or any existing or
possibly planned site, reflect typical environmental conditions..within the
regions. This allows consideratioif in the calculational methodology of a wide
range of environmental conditions such as the amount of rainfall or the average
distance from the waste generator to the disposal facility. A list of some of
the various regional site's environmental properties is presented below.
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Regional Sites

Environmental Property NE SE MW SW

Mean average temperature 80C 170C 110C 140C
0C (OF) (460F) (630F) (510F) (570F)

Average wind speed 16.6 13 17 25
km/hr

Average annual precipitation 1,034 1,168 777 485
mm (in) (41) (46) (30.5) (19)

Average annual natural percolation 74 180 50 1
(PERC) into groundwater system (2.9) (7.1) (2.0) (.04)

mm (in)

Precipitation-evaporation (PE) index 136 91 93 21
of site vicinity

Average silt context of site 65 50 85 65
soils (X)

Average cation exchange 15 10 12 5
capacity (meq/lOOg)

The next component of the information base involved considering and characterizing
a wide range of waste types, waste forms, and processing options. In previous
studies on LLW management and disposal, the disposed waste was usually assumed
to be a mostly uncharacterized mass with little attempt to distinguish, in a
quantitative manner, the different waste types and forms. In this EIS, however,
LLW is separated into 37 waste streams and each waste stream is characterized
in terms of its volumes and physical, chemical, and radiological properties as
projected to be routinely generated during the years 1980 through 2000. The
37 waste streams so considered in this EIS are listed in Table 4.1. Each waste
stream represents a type of waste generated by a particular type of waste gen-
erator and having physical, chemical, radiological, and other characteristics
unique to that individual stream. The most important radionuclides present in
each waste stream are identified and the geometric mean of the range of activity
concentrations for each radionuclide is determined from available data. For
some waste streams, sufficient data is available to represent radionuclide -

concentrations as a distribution. The radionuclides considered are shown in
Table 4.2. The volumes of each waste stream are considered on a regional basis.
That is, the volume of the waste stream is projected for each of the above
regions over a 20 year period. --

Furthermore, *iix generic alternative waste form, processing, and packaging
options are considered. These generic processing options, called "waste spectra,"
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Table 4.1. Waste Streams Considered in Analyses

Waste Stream Symbol...

Grodp 1: LWR* Process Wastes

PWR'** Ion Exchange Resins.
PWR Concentrated Liquids
PWR Filter Sludges
PWR Filter Cartridges
BWR"*A Ion Exchange Resins
BWR Concentrated Liquids
BWR Filter Sludges

Group II: Trash

PWR Compactible Trash
PWR Noncompactible Trash
BWR Compactible Trash
BWR Noncompactible Trash
Fuel Fabrication Compactible Trash
Fuel Fabrication Noncompactible Trash
Institutional Trash (large facilities)
Institutional Trash. (small facilities)
Industrial SS#-Trash (large facilities)
Industrial SS Trash (small facilities)
Industrial Low Act. Trash (large facilities)
Industrial Low Act. Trash (small facilities)
Group III: Low Specific Activity Wastes

Fuel Fabrication Process Wastes
UF6.Process Wastes
Institutional LSV## Waste..(large facilities)
.Institutional LSV Waste (small facilities)
Institutional Liquid Waste (large facilities)
Institutional Liquid Waste (small facilities)
Institutional Biowaste (large facilities)
Institutional Biowaste (small facilities)
Industrial SS Waste
Industrial Low Activity Waste

Group IV: Special Wastes

LWR Nonfuel Reactor Core Components
LWR Decontamination Resins
Waste from Isoto6pe Production Facilities
Tritium Production Waste
Accelerator Targets .

Sealed Sources'
Industrial High Activity Waste
MOXM Facility Decontamination Waste

P-IXRESIN
P-CONCLIQ
P-FSLUDGE
P-FCARTRG
B-IXRESIN
B-CONCLIQ
B-FSLUDGE

P-COTRASH
P-NCTRASH
B-COTRASH
B-NCTRASH
F-COTRASH
F-NCTRASH
I-COTRASH
'14COTRASH
N-SSTRASH
N+SSTRASH
N-LOTRASH

. N+LOTRASH

F-PROCESS
U-PROCESS
I-LIqSCVL
I*LIQSCVL
I-ABSLIQD
I+ABSLIQD
I-BIOWAST
I4BIOWAST
H-SSWASTE
N-10WASTE

L-NFRCOMP
L-DECONRS
N-ISOPROD
N-TRITIUM
H-TARGETS
N-SOURCES
N-MIGHACT
F-PUDECON

I*

-- " LWR:
**~PWR:

*'*BMWR:-

#SS:
##LSV:
fMOX:

Light Water Reactor,
Pressurized Water Reactor
Boiling Water Reactor
Source and Special Nuclear Material
Liquia Scintillation Vial
Mixed Oxide (PuO24UO2)
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.I
I Table 4.2 Radionuclides Considered in. Analyses

Half Life Radiation
Isotope .(years) Emitted Principal Means of Production

I

H-3 12.3

C-14 5730

Fe-55 2.60

Co-60 5.26

Ni-59 80,000

Ni-63 92

Sr-90 28.1

Nb-94 20,000

Tc-99 . 2.12 x 105

1-129 1.17 x 107

Cs-135 3.0 x 106

Cs-137 30.0

U-235 7.1 x 108

U-238 4.51 x 109

Np-237 2.14 x 106

Pu-238 86.4

Pu-239 24,400

Pu-240 6,580

Pu-241 13.2

Pu-242 2.79 x 105

Am-241 458

Am-243 7950

Cm-243 32

Cm-244 17.6

X

Yx

P, Y
K

ai, y

P , Y

P

a, y
0 . fi
a, Y

a, y

9

v

Fission; Li-6 (n, cc)

N-14 (n, p)

Fe-54 (n, y)

Co-59 (n, y)

Ni-58 (n, y)

Ni-62 (n, y)

Fission

Nb-93 (n, y)

Fission, Mo-98 (n, y), Mo-99 ( )
Fission

Fission; daughter Xe-135

Fission

y Natural

Natural

y U-238 (n, 2n), U-237 ( )

Np-237 (n, y), Np-238 t );
daughter Cm-242

U-238 (n, y), U-239 (fi), Np-239

(W )
Multiple n-capture

y Multiple n-capture

Multiple n-capture; daughter
Am-242

Daughter Pu-241

y Multiple n-capture

Multiple n-capture

Multiple n-capture

a, y

a, y

a, P,

a.

ai, y

a, y

a, y

4-6



represent relative levels of waste processing activities applied to the 37 waste
streams characterized. The waste spectra have been developed to limit the number
of waste form and packaging alternatives that would have to beanalyzed, since
an infinite number of possible combinations of various waste streams and process-
ing options are available. The first four waste spectra are described in detail
in-Appendix D of the draft EIS. -.Minor revisions to-the spectra for the final EIS,
as well as a description-of waste spectra. 5.and 6-.are contained in Appendix:.C
of this final f-IS. LA condensed description of the 6 waste spectra is-included
in this-chaptdr~as Figure 4.2.
Briefly, waste spectrum 1 characterizes past and, in some cases, existing waste
management practices. Waste spectrum 2 characterizes -improvements in'.the.form
of the waste through processing'and'reduction in waste volume with'relatively'
modest expenditures of time and money. Of the 6 waste spectra, waste spectrum 2
most closely'resembles existing waste management practices, which are currently
in a marked state of.change due to state initiatives, ablack 'of disposal'capa-
city, and'economic considerations.' Waste spectrum 3 characterizes further waste
form-improvements and volume reduction at further increased costs, including
incineration of most combustible waste streams. Waste' spectrum 4 characterizes
the maximum volume reduction and improved waste forms that can currently.be
practically achieved. Waste spectrum 5 characterizes (for most waste streams)
use of containers providing structural support to achieve waste'form stability
rather than-processing to a'solid form.. For purposes solely of analysis in
this-U1, costs and other properties`associated with such containers are'ass'umed
to be thoseOassociated'with a high integrity-container (HIC),-'a recently devel-
oped`and'marketed waste packaging option. 'Waste spectrum 6 is a combination
of waste-spectra'l and 2,and characterizes a condition in which compressible
waste streams, are subjected to improved compaction, but high activity waste
streams are"disposed for the most part in an unstable waste form. Waste spec-
trum 6 Is believed to represent current and future waste management practices
assuming there are no requirements on achieving stable waste forms.
The waste spectra can be-used singly or in combinations to represent a particular
alternative requirement.
The third component'of the information base involved characterizing a number.
of alternative disposal' facility designs and operating practices with respect
to their' costs, operational exposures, and other'factors. These alternatives
are developed in Appendix F to thedraft'-EIS as'-updated by Appendix C of this
final EIS. Included are alternatives whic'h'will'reduce potential'impacts to
inadvertent intruders, reduce ground-water migration and long-term social impacts,
improve operational safety, or combinations thereof. The alternatives character-
ized include the following:

Deeper trenches Improved monitoring

Thicker trench covers Moisture barriers
Increased backfill thickness Sand backfill-
Layered waste disposal Improved surface water
Slit trenches drainage''

Caisson disposal Weather shielding

Concrete walled trenches Stacked waste emplacement

Grouting Waste segregation

Engineered intruder barriers Decontainerized disposal

Improved compaction Dynamic compaction
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Figure 4.2 Summary Description of Waste Spectra

Waste Spectrum 1 This spectrum assumes a continuation of past and in some
cases existing waste management practices. Some of the light water reactor
(LWR) wastes are solidified; however, no processing is done on organics, com-
bustible wastes, or streams containing chelating agents. LWR resins and
filter sludges are assumed to be shipped to disposal sites in a dewatered
form. LWR concentrated liquids are assumed to be concentrated in accordance
with current practices, and are solidified with various media designated as
solid'ication scenario A.* No special effort is made to compact trash.
Institutional waste streams are shipped to disposal sites after they are
packaged in currently utilized absorbent materials. Resins from LWR decon-
tamination operations are solidified in a medium with highly improved charac-
teristics (solidification scenario C).*

Waste Spectrum 2 This spectrum assumes that LWR process wastes are solidified
using improved solidification techniques (solidification scenario B).* Prior
to solidification, LWR concentrated liquids are additionally reduced in volume
to 50 weight percent solids through use of an evaporator/crystallizer. In the
case of cartridge filters, the solidification agent fills the voids in the
packaged waste but does not increase the volume. Liquid scintillation vials
are crushed at large facilities and packed in absorbent material. All compac-
tible trash streams are compacted, most at the source of generation and some
at the disposal facility. Liquids from medical isotope production facilities
are solidified using solidification scenario C procedures.

Waste Spectrum 3 In this spectrum, LWR process wastes are solidified assuming
that further improved solidification agents are used (solidification scenario C).
LWR concentrated liquids are first evaporated to 50 weight percent solids.
All possible incineration of combustible material (except LWR process wastes)
is performed; some incineration is done at the source of generation and some
*at.the. disposal site. All incineration ash is solidified using solidification
scenario C procedures.

Waste Spectrum 4 This spectrum assumes extreme volume reduction. All waste
streams amenable to evaporation or incineration with fluidized bed technology
are calcined and solidified using solidification scenario C procedures; LWR
process wastes, except cartridge filters, are calcined in addition to the
streams incinerated in Spectrum 3. All noncombustible wastes are reduced in
volume at the disposal site or at a central processing facility using a large
hydraulic press. This spectrum represents the maximum volume reduction that
can be currently achieved.
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-.,Figure 4.2 (continued) -

Waste Spectrum 5 This spectrum incorporates for most waste streams high
integrity containers (HICs) to achieve a stable waste form.. Relativeto waste
spectrum 1, all waste streams other thin activated metals which had previously
been in an unstable form are stabilized using HICs. Activated metals are
stabilized by filling interstitial voids in a.w'a'ste container with a noncom-
pressible material. LWR concentrated liquids are solidified assuming solidif-
ication scenario B procedures, while waste -from medical isotope production
facilities is assumed to be solidified using solidification scenario C.
Wastes from tritum manufacturing facilities are also placed into HICs. All
compressible waste. streams are compacted into HICs', most at the 'source of- -
generation and some at a regional processing center assumed to be colwcated
with the disposal facility.

Waste Spectrum 6. This waste .spectrum represents overall waste'characteristics
projected to result without requirements for waste stability and considering
the increasing costs for waste disposal..' Similarly to waste.spectrum 1, most
higher activity waste streams are disposed in an unstable manner.' LWR resins"
and filter sludges'are shipped in a dewatered form. Pressurized water reactor
(PWR) cartridge filters, LWR nonfuel reactor core.components,-and LWR noncom-
pressible trash are also packaged in a nonstable manner. LWR concentrated
liquids are reduced in volume to 50 weight percent solids and solidified. -
Similarly to waste spectrum 2, all compressible waste streams are compacted.''
Most are compacted at the source of generation and some at a 'regional proc-
essing center assumed to be colocated with the disposal facility.

Solidification scenario A:- half of a waste stream is solidified in
urea-formaldehyde, -the other, half in cement.
Solidification scenario B; half ofa waste stream is solidified in cement,-
the other half in vinyl ester styrene.-
Solidification scenario C: 100% of a waste stream is solidified in vinyl
ester styrene. - -

P .- - , *
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Other disposal alternatives were also briefly examined. These included poten-
tial land based methods (e.g., intermediate depth disposal, mined cavities) as
well as other potential disposal methods (e.g., ocean disposal). Many of the
alternatives were selected for further detailed analysis in the draft EIS.

4.2.2 Use of Reference Waste Volume and Disposal Facility

From the above, it can be seen that when considering the effects of alternative
regional, waste form, and facility design and operation characteristics on the
magnitude of the impact measures calculated, an extremely large number (thousands)
of possible permutations can be considered. To enable development of performance
objectives and technical requirements for LLW disposal, the number of these
permutations needed to be controlled and analyzed on a systematic basis. NRC,
therefore, adopted use of: (1) a reference waste volume distribution, and (2) a
reference disposal facility site and design.

As discussed In Appendix 0 of the draft EIS, the reference waste volume distri-
bution is obtained through averaging all the waste volumes assumed to be gene-
rated in each of the waste streams for each of the four regions, and normalizing
these volumes to one million m3 of waste for waste spectrum one. This allows
the effects of alternative waste spectra and alternative disposal facility
designs and operating practices to be compared on a. common basis.

To help provide conservative bounds to the potential costs and impacts of waste
disposal, the reference disposal facility is assumed to be sited in a humid
eastern environment. NRC staff anticipates that over the next 20 years, over
three-quarters of the waste generated in the United States will be generated
in humid environments--i.e., in the eastern and humid Midwestern sections of
the country. Regional disposal of waste (e.g., from state compacts) therefore
implies that most of the waste generated in humid environments would also be
disposed in humid environments. For this EIS, the reference disposal facility
is assumed to have environmental characteristics corresponding to the southeast
regional site, although either the northeast regional site or the midwest
regional site could have been used for this purpose.

The reference facility is sized to accept a relatively large quantity of waste--
i.e. , up to about 50,000 m3 of waste per year over a 20-year operating life,
or up to a total volume of one million m3. This corresponds to approximately
one-quarter of the total volume of LLW projected in the United States to the
year 2000.

The reference facility site minimally meets all of the site suitability require-
ments set out In the draft Part 61 rule. The facility is also assumed to be
operated in compliance with minimum radiation safety practices required by pro-
visions of 10 CFR Part 20, as well as most of the criteria in the NRC Branch
Technical Position on Site Closure and Stabil.zation. (See Appendix I of the
draft EIS.) The facility is described in detail in Appendix E of the draft
EIS. A brief description follows.

The disposal facility is assumed to be operated for profit by a small corpora-
tion which is engaged in other nuclear-related business activities in addition
to operating the disposal facility.- The disposal area at the reference facilit -
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includes 58 disposal trenches with dimensions of 180 m (591 ft) long, 30 m
(100 ft) wide, and 8 m (26 ft) deepO'. The rather large trench sizes assuied
are representative of recent trends at existing disposal sites. A 100-foot
buffer zone.encircles the disposal area and lies between the disposal area and
the disposal site boundary. Support facilities and structures at the site
include (1).an administration building,.(2) a health physics/security building,
(3) a warehouse, (4) a garage, (5)a waste activities building, and (6) a storage
shed. All structures at the site are-one-story metallic structures on concrete
pad foundations. ns e

Shipments of radioactive waste arrive by truck and are processed onto the site
on a first-come, first-served basis. Accompanying thq shipments are manifest
documents--termed'radioactive shipment records (RSRs)--which describe the con-
tents of the shipment. Arriving shipments are inspected for compliance with
applicable federal regulations and waste acceptance criteria established as
conditions in the disposal facility license.

Waste is raidomly emplaced in the trench, sometimes using cranes and forklifts,
and for the base case (see Section 4.4) backfilled with dirt removed during
trench excavation. Random waste emplacement results in a trench volume use
efficiency of about 50 percent. Waste is emplaced to within one meter of the
top of the trench. Earthen fill is then backfilled into the trench until the
trench cover approximately corresponds to the original grade of the site sur-
face. A one-meter thick' earthen cap. is then placed upon the backfill and is
mounded. The earth'en cap is then covered with natural overburden material.
The overburden''is then reseeded to promote growth of a short-rooted grass

*) cover.

After a 20-year operating period, closure of 'the facility is assumed to
require approximately'two years and involves dismantling and decontamination
of site buildings, disposal of wastes.produced during dismantlement and
decontamination operations, and final site seeding and contouring. The
licensee also makes a final survey of the disposal area to make sure that
direct radiation levels are at essentially background levels. Following
closure, the disposal license with the site operator is terminated and the
license for the site Is transferred to the site owner. For this EIS, the site
owner is assumed to be a state agency.

4.2.3 Impact Heasures

The impact measures considered in this EIS include short-term radiological
exposures, long-term radiological exposures, costs, energy use, and land use.
These impact measures are listed in Table 4.3.

Of these, the principal impact measures considered involved long-term radio-
logical exposures and costs. Long-term radiological exposures could involve
activities such as man potentially contacting the waste after disposal (i.e.,
inadvertent human intrusion into the disposal facility); potential leaching
and transport of the waste through the ground water; intrusion and dispersion
by plants and animals; long-term erosion of the site with eventual uncovering
of the waste leading to surface water and air transport; and release of gas-
eous decomposition products from the waste containing radioactive species (e.g.,
tritiated methane gas). Further discussion is provided below.

4-11



i
Table 4.3 Impact Measures Used in Analyses

1 Waste Management Phase Impact Measure
. .

s Waste processing

Waste transportation

Waste disposal

Costs
Energy use
Occupational exposures due

to waste processing
Population exposures due

to waste incineration

Costs
Energy use
Occupational exposures
Population exposures

Costs
Energy use
Land use
Occupational exposures
Exposures to individuals

and populations due to:
o operational accidents
o ground-water migration
o inadvertent human

intrusion
o overland flow
o leachate treatment

.- . ...
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"-' Human Intrusion Exposure Pathways. Intrusion into disposed waste may be'either
deIiberate or nadvertent. )A de]iberate intrusion event-imp'lies that the
intruder knows of the. potential hazard of the'disposed waste but for s'ome reason
deliberately chooses to ignore the hazard.s' (For example, the' intruder could' .
be seeking somdthing of possible value in the disposed waste'.) NRC believes.
that deliberate intrusion into the disposal facility'cannot reasonably'be pro-'
tected against', and.it is not considered further. After the facility closes1,
however,- and assuming a removal or breakdown of active''institutional 'conitrol -:.
and surveillance-over. the facility, one.or a few'individuals could inadvertently
disturb waste at the disposal facility-through such activities as constructing
a house. In this case the intruder is unaware of the presence of the waste or
the possibility of a health hazard.

Intrusion into a closed waste disposal facility, assuming a breakdown in.or
removal of institutional controls, has been examined in detail 'in'studies by'a'
number of'industry, national laboratory, and federal agency contractor'investi-
gators. These studies analyzed a range of intrusion exposure pathways ranging
from potentially trivial events to events which could cause'relatively signifi-
cant exposures.- -

Based on a review of the pathways considered by these investigators, NRC
selected a limited number for' analysis in the EIS. (Refer to Chapter 4 of the
draft EIS.) The events are conservatively assumed to occur based upon consid-
eration of.typical human activities.; NRC recognizes'the hypothetical nature
of such events.and that they may never occur. -Given their hypothetical nature,
NRC has assumed reasonably conservative (but not overly conservative) actions

) on the part of the Intruder. In addition, some judgment-was also made as to
.-the -likelihood and extent of the events occurring depending upon specific waste

forms and disposal practices.

The -intrusion events considered are.discussed in detail 'in Chapter'4 'and Appen-
dix G of the draft EIS. Briefly, the events'involve consumption of water from'
a well drilledat the site,'plus two scenarios in which-the intruder contacts'
waste directly. The-former is discussed as part of the forthcoming discussion'
on groundwater migration. .

The-two scenarios involving direct contact'of waste-by an intruder are termed
the intruder-construction scenario and the intruder-agriculture'scenario. The"
intruder-construction scenario-involves exposures toworkmen 'involved in con-'
structing a house directly on the disposal facility, thus'contacting and dis-
persing.the disposed waste. Exposures-can result from'airborne dispersal! of 'a
soil/waste mixture (leading to exposures due-to immersion in a contaminated
cloud as well as from inhalation) and from direct gamma :radiation. The intruder-
agriculture scenario involves an individuAl-or several individuals living in.''
the house thus constructed and consuming food grown in'a small on-site garden.
Exposures can result from airborne dispersion of a soil/waste mixture, direct
gamma radiation, and ingestion bf contaminated foodstuffs." - -

The extent to which the above two scenarios occur is dependent upon the condi-
tion of the waste at the time the waste is contacted.,.This is. further a func-
tion ot time, the original waste form,"ahd-disposal site operating praUti'e ''.
(or. eCdxmple. the extent that the above two scenarios would occur would be
silnitiflntly reduced-if: (1) the wastewas.inza form recognizable as some-
thing other than dirt, or (2) the waste was disposed -at a sufficient depth so
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that contact from normal surface activities such as housing construction is
unlikely. In the first case, since it is believed that the most likely cause
of human intrusion is a bureaucratic mistake, it is believed that activities
such as housing construction would not proceed if workers dug up hunks of waste
material. Rather, workers would stop while land records are investigated and
the mistake discovered. This abbreviated version of the intruder-construction
scenario is'called the intruder-discovery scenario, and potential exposures
would be much less than those of the full intruder-construction scenario. In
this event, the intruder-agriculture scenario would not occur. In the second
case, it is believed that if the waste is disposed at sufficient depth below
the earth's surface, then it would be much less likely that the waste is con-
tacted in any case, whether the intruder-construction and intruder-agriculture
scenarios occur, or just the intruder-discovery scenario occurs.

In this EIS, therefore (see the draft EIS for additional background), the
following is taken to occur at the end of the institutional control period:

o If stable waste streams are segregated from unstable waste streams,
then the intruder-agriculture and intruder-construction scenarios
are applied to the unstable waste streams and the intruder-discovery
scenario is applied to the stable waste streams.

o If unstable waste streams are not segregated from stable waste streams,
then the intruder-agriculture and intruder-construction scenarios
are applied to all waste streams.

o If waste streams are stable and layered (placed at the bottom of a
disposal cell), then only a fraction of the intruder-discovery scenario
is applied to the stable and layered streams.

The effectiveness of waste stability and waste layering as a means of reducing
intruder exposures, however, is only assumed to last for a period of 500 years.
After 500 years, no credit is given to waste form for reducing intruder expo-
sures. Waste is assumed to have an appearance similar to ordinary dirt and
the intruder-construction and intruder-agriculture scenarios proceed normally.

A somewhat similar situation exists for layered waste. The full effectiveness
of layering is only assumed to last for 500 years. After 500 years, the layered
waste is assumed to be contacted in a similar manner as unlayered unstable waste
at 100 years. However, waste disposed so that at least 5 meters of earth or
low activity waste covered it would still be undoubtably difficult to contact
even at 500 years. As much as a factor of 10 credit for layered waste is believed
possible at 500 years, although no such credit is taken in the analysis method-
ology. The effect on the calculated impacts of taking such credit is explored
in the ensuing analysis, however.

Ground-Water Migration. Potential impacts due to long-term releases to ground
water are given major consideration in this EIS. To analyze potential ground
water migration impacts from near-surface radioactive waste disposal, NRC staff
has adopted use of a model reference waste disposal facility located in.a humid__
-environment. Moibmeint-ofiradionucltdes from the disposed waste and through
ground water has been modeled based upon calculationai procedures derived from
Darcy's Law. As depicted in Figure 4.3, a disposal cell (or group of disposal
cells) is assumed to be located within an unsaturated zone of thickness Zo.
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Both the unsaturated zone and the underlying saturated zone (aquifer) are assumed
to be stationary, homogeneous, and isotropic, and the fluid moving through these
zones is assumed to be incompressible and of constant viscosity. The disposal
cell is filled with a heterogeneous mixture of waste streams ranging from streams
having very low activity to streams having relatively high activity. Each taste
stream contains a particular suite of radioisotopes and, if contacted by water,
leaches at a particular rate. Precipitating water striking a covered disposal
cell may percolate into and flow through the cell and leach out a portion of
the radionuclides contained in the waste.

The source term of each radioisotope in the disposed waste leaving the bottom
of the disposal cell is given by (Jo) in Curies/year. The radioactive source
moves down through the unstaturated zone with hydraulic velocity (w), and mixes
with the water in the saturated zone. The water in the saturated zone, carrying
the radiocontaminants with it, is then assumed to flow horizontally with hydrau-
lic velocity tv). As illustrated in Figure 4.3, the contaminated ground water
can be visualized as crossing a discharge surface at some arbitrary distance (x)
downstream of the di -:, cell(s), having a radionuclide activity e-qual to J
(in Ci/yr).

The source term (J..), and the factors that go into its determination, are dis-
cussed more extensively in Appendix G of the draft EIS. It is a somewhat com-
plicated function of site environmental conditions, disposal facility design
and operating practices, waste characteristics (including waste leaching charac-
teristics, radionuclide concentrations, chemical content, and structural
stability), and the potential for intrusion by humans, plants, or animals. To
provide a reasonable yet conservative analyses, the reference site is assumed
to experience a relatively high precipitation rate (1.17 m/yr) and a high natural
percolation rate (PERC = 180 mm/yr). The percolation of water into disposal
cells at the reference facility is a variable depending upon facility design
and operating practices and waste form. For example, unstable waste forms would
result in higher percolation of rainwater into disposal cells due to subsidence
of disposal celi covers), while improved thicker disposal cell covers and compac-
tion techniques would reduce percolation. If the unstable waste streams were
disposed mixed with the stable waste streams, then all of the waste streams
would experience high percolation rates. However, if the unstable waste streams
were disposed segregated from the unstable waste-streams, then only the unstable
waste streams would experience the higher percolation.

Percolation rates into disposal cells may also be increased through intrusion
by inadvertent humans, deep-rooted plants, and burrowing animals. During the
active institutional control period, the site owner would be expected to survey
and maintain the disposal facility, to prevent inadvertent intrusion by humans,
and to control and limit potential intrusion by deep-rooted plants and burrowing
animals. However, following the active institutional control period, breakdowns
in such surveillance and control activities are postulated to occur. Therefore,
for disposal facility designs which depend upon improved covers to reduce per-
colation (e.g., a walled trench, a compacted clay cap), a reduction in the
effectiveness of these disposal covers is assumed at a time 100 years following
license termination. The extent of this reduction in effectiveness is discussed
in Appendix C of the draft EIS. Briefly, however, 9O0 of the disposal area
experiences percolation equal to twice the previously assumed value for that

ft, I~ .. -r
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case. The remaining 10% experiences even higher percolation, the specific
value of which depends upon the case considered.

As another example, the leaching of radionuclides from the disposed waste depends
upon the radionuclide content, whether the waste is solidified, and the chemical
content of the waste. Unsolidified waste streams are assumed to leach at a
fraction corresponding to leach fractions measured under totally saturated con-
ditions at the Maxey Flats, Kentucky and West Valley,-New York disposal facili-
ties. Solidified waste forms are assumed to leach at lower rates based upon
an approximation derived from experimental data. However, increased leaching
of solidified waste forms is assumed if chelating agents or organic chemicals
are present. -If wastes containing chelating agents or organic chemicals are
disposed in a segregated manner from other waste streams, then the higher
leaching fractions are only applied to the segregated streams; otherwise, the
higher leaching fraction is applied to all solidified streams.

Radionuclide leaching is also varied in this EIS by considering disposal. designs
which reduce the amount of leaching. The amount of leaching is assumed to be
proportional to the amount of water contacting the waste and to the contact
tire of the-water with the waste. Disposal designs that increase the speed
that percolating water flows past the waste reduce the quantity of radlonuclides
leached for two reasons: (1) by reducing the amount of water having sufficient
time to dissolve the wastes into the water retained between successive infil- -
tration events, and (2) by reducing the amount of water retained between succes-
sive infiltration events. This may be'acc'mplished by using high porosity,
low specific retention backfill materials such as a very coarse backfill (such
as sand and gravel) rather than a very fine-grained backfill (such as clay).

After the radionuclides have left the disposal cell, the movement of radionuclides
through ground water may be estimated by a number of calculatlonal techniquas--
many of which may be extremely complicated and require a great deal of site-
specific information. Given the generic nature of this-analysis, however, a
simple approximation in this EIS is -used which allows rapid consideration and
comparison of a number of alternatives. _This approximation solves the Darcy's,
Law differential equations in terms of error functions. Basically, however,
the disposed waste is modeled as 10 distributed sources or sectors as shown in'
Figure 4.4. Movement of radionuclides out of the sectors and to a biota access
location is calculated principally as a function of the ground-water travel
time from the sector to the access location, the Peclet number'(basically the
distance to the access location divided by the longitudinal dispersivity of
the medium), and the retardation coefficients of the medium.

Actual values for retardation coefficients'at a specific'site would be a strong
function of site soil and environmental conditions. Since a generic rather

V than a site-specific analysis is being performed 'in.this EIS, retardation
coefficients must be assumed rather than measured.- In this EIS, 5 sets of

; retardation coefficients are assumed which correspond. to", those which would be
expected from a range of soil conditions. These 5 sets are shown in Table 4.4;
The first set corresponds to retardation coeff iients for very permeable sandy.
soils, the fifth set corresponds to very impermeable clayey soils, and the-Ihi4d. i

set corresponds to moderately permeable soils having a moderate clay content.

It can be seen that the retardation coefficients for some radionuclides--i.e.,
:H, 14C, 99Tc, and '29 1--a:e relatively low and do not appreciably vary under
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Table 4.4 Sets of Retardation Coefficients
Used in Impacts Analysis

Assumed Retardation Coefficients

Nuclide Set 1 Set 2 Set 3 Set 4 Set 5

H-3 1 1 1 1 1

C-14 10 10 10 10 10

Fe-55 630 1290 2640 5400 11050

Ni-59t 420 860 1750 3600 7350

Co-60 420 860 1750 3600 7350

Sr-90 9 18 36 73 146

Nb-94 1000 2150 4640 10000 21500

Tc-99 2 3 4 s 6

1-129 2 3 4 5 6

Cs-137t 85 173 350 720 1460

U-235t 840 Ji', 3520 7200 14730

Np-237. 300 60 1200 2500 5000

Pu-238t 840 1720 3520 7200 14730

Cm-243t 300 600 1200 2500 5000

Am-241t 300 600 1200 2500 5000

tCoefficients for other isotopes of these

)

elements are assumed to be the same.

A, . s . .

i
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different soil conditions. For-other radionuclides, the retardation coeffi-
cients are sufficiently large that the travel time of the radionuclide to a
bioth access point ray be on the order of thousands of years. Within that
time, considerable-radioactive decay can occur; The result of this is that
the ground-water migration exposures calculated .Ai this EIS are mainly domin-
atedby theiAbove four isotopes. Tritium is relatively short-lived but is
present in the disposed wastein relatively large quantities and-is very mobile
in the environment. The latter three isotopes are present in much smaller
quantities,.but are long-lived and are also assumed to be environmentally mobile.

At an actual site, retardation coefficients and other environmental properties,
may be measured. There will be $ome uncertainties with these environmental
properties, however., In addition,- no site soils will be completely-homogeneous,
although it is recognized that it is desirable during siting-activities to
select a site having as simple a substrata as is practical. Finally, although
site selection would be geared to avoiding discontinuities, it is always
possible that there will exist features such as continuous sand lenses or
fractured formations.

For the above reasons, it makes sense in this generic analysis to concentrate
on the above four nuclides which are expected to be very mobile in the environ-
ment.: Ahese" nuIi desmove equal to or. at about the speed of groundwater. The
significance of this is that actions' taken on a.generic basis to control dis- .,
posal 'of mobile isotopes 'will also control disposal of the'less mobile isotopes.
That is, if movenent of-the mobile'isotopes''can be minimized (and the mobility
of these isotopes,are.1less'deppndent'on specific site environmental conditions),
then movement of the less mobile isotopes such as Cs-137, whose mobility would.
be normally expected to be less but would be-a stronger function of site envi-
ronmental conditions, would also be minimized.

The retardation coefficients assumed for, the reference disposal site correspond
-to set 3 on Table 4.4. (soils with moderate permeability). However,'lower retard-
ation-coefficients (set 2) are assumed for radionuclides contained in waste
streams 'assumed to contain or be contacted by chelating agents, or organic chemi-
cals. That is, if waste streams-containing chelating agents or organic chemicals
are segregated from other waste streams, then'the-second'set of retardation
c6efficients is applied'to the'streams containing the chemical agents- and the
third set is applied to the other waste'streams. If no'segregation is performed,
then the second set is applied to all waste-streams.

fRadionuclide concentrations are then determined as a function of time at four
principal downstream'biota access locations:

1. a well located on the disposal facility and potentially used by an
inadvertent intruder following the end of the active institutional
control period;

2. a well located at the site boundary which is assumed to be used by a
few individuals;

;3. d 'we'l~assumnd tuobe located approximately 500 meters down gradient
from the disposal facility and used by a small population of about
100 persons; and
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* 4. a small stream located about one kilometer down gradient from the
disposal facility and assumed to be used by a small population of
about 300 persons.

Once the concentrations at the biota access locations are determined, potential
exposures from consumption and use of the water may be determined for seven
organs. Thesd include whole body, bone, liver, thyroid, kidney, lung, and the
gastrointestinal (GI) tract.

As discussed earlier, the calculational procedure first estimates the source
term Jo, in curies/year, leaving the disposal cell.. However, the concentra-
tions of radionuclides'at the biota access locations are also determined by
the volume of water with which'the released and migrating radionuclides are
diluted. All other considerations being equal, the larger the volume of water
with which the radionuclides ire diluted, the lower the concentration of the
radionuclides in the-water.' The dilution volume is a site-specific variable,
and is dependent-upon the attributes of the aquifer (thickness, flow rate, dis-
persivity, etc.), the distance from the release point (the further away.'from
the release point, the greater the mixing that would likely occur), and man-made
perturbations such as pumping water from a well.

Given the generic nature of the analysis in-this EIS, reasonable yet conserva-
tive assumptions are made regarding the dilution volumes. For the first two
biota access locations. (intruder well and boundary well),, released radionuclides
are assumed to be diluted bya volume of water equal to that provided by natural
percolation of rainwater upon the disposal area (about 87 acres). (At the
reference facility, this' volume of water Is equal to 63,400 m3.) 'Of this volume,
the individual using the contaminated water is assumed to withdraw 7700 m3/year
(3.84 gpm), which represents the basic' annual needs of a single person living
in a rural area.

For the population well, the dilution volume is assumed to correspond to the
annual volume of water withdrawn from-a water well pumping at a rate of 100 gpm
(200,00@ m3/yr). Small' farming comnmunities that utilize grn--r r ' for their
needs usually have wells that range fromA100 gpm to 1,000 gl:. I. the
population. For the surface water access location, i strea: aving
a flow rate of about 5 ft 3/sec (4.5 x 106 m3/yr).,- A stream ".'i- , rate
of much below this value is unlikely to be used for human cc

For flexibility in the analysis, some of the environmental - sociated
with the reference disposal facility are assumed to be variable. Thi.. provides
an insight in the generic anailysis' of the sensitivity of 'the results to site
parameters. In the EIS, the reference site'parameters are assumed to range
from very permeable soil conditions to very impermeable soil conditions, with
the reference case being moderately permeable soil conditions. The differing
environmental characteristics assumed include:

1*.. ~ or-
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* Site with Site with Mod. Site with
Perm. Soil Perm. Soil Impermeable

e - .Sie Soi

-Retardation-coefficient set 2 3 4

Speed of percolating water (mihr)* 1120 112 11.2
Ground water travel time from << 1 10 60
-bottom of waste to aquifer (yrs)

Ground water travel time (yrs)** to:

intruder well 32 42 92
boundary-well 56 66 116
:population well 390 400 450
surface water access -- 790 800 850

Assuming that site soils are used as backfill
**

From the first sector closest to the access locations

Other Long-Term Release.Pathways. There may be other potential pathways for
long-term release of radionuclides-to the environment from disposed waste.
These pathways include:

o Gaseous releases from decomposing waste;
o Plant and an.imal intrusion; and
o Wind and surface water-,erosion and transport.

NRC staff believes, however, that the most significant pathway is ground water
migration. Gaseous releases do not have a large impact and can be reduced by
assuring stable site conditions Impacts from plant and animal intrusion are
site-specific and car be reduced through engineering designs applied to reduce
ground water migration and potential intruder exposures. -Erosion issa slow,
long-term process which can be`controlled through proper siting and good opera-
tional techniques. These pathwaysare discussed in more detail in the draft
EIS, particularly Appendix M.

Costs. Costs are calculated over 20 years operation of the disposal facility
adiWare separated'in this"EIS into three components:

o processing costs
o transportation costs
o disposal facility costs.

Waste processing costs include costs associated with processing-(e.g:,- compac-
tion, solidification) and packaging wastes prior to disposal. Processing costs
are separated into those associated with processing.by waste.genn'iators and.
those which could result from transfer of the waste to a centralized r egional
processing center prior to disposal. Transportation.costs are costs associated
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with transferring the waste to the disposal facility. For the reference
facility, transportation costs are calculated based upon an average transport
distance of 400 miles.

Disposal facility costs are separated into (1)'design and operation costs and
(2) postoperational costs. Design and operation costs are those costs associ-
ated with siting, designing, constructing, and operating the facility over 20
years. These costs are a function of the alternative disposal facility designs
considered in the EIS. Design and operating costs are calculated using-a present
value analysis described in Appendix C of this final EIS.. ..In the analysis, a
discount rate of 15% is used. (Appendix C illustrates the sensitivity of the
design and operating costs to other values of the discount rate.)

Postoperational costs are divided, into closure costs, observation and mainte-
nance costs, and institutional control (long-term care).costs. Closure costs
are calculated assuming that adequate funds for closure are:provided for by
the'licensee through use of an investment fund (represented-as a surcharge on
received waste). The availability, of funds for closure is assumed to be ensured
by some manner of surety mechanism which is assumed to annually cost 1.5% of
the principal. Observation and maintenance costs cover costs that would be
borne by-the disposal'facility operator during the time period following site
closure and prior to transfer of the license to the site owner (which marks
the beginning of the institutional control period). For convenience, these
costs are calculated as -if 'a certain sum of money were set-aside each year by
the site operator for this purpose. These costs are'of course assumed to be
passed on to the disposal facility customer. Institutional control costs are
calculated based on the assumption that a state-operated sinking fund is estab-
lished and that a surcharge is levied upon the waste'received at the disposal
facility on a cost-per-waste-volume arrangement. Costs are calculated assuming
a 10% interest rate and a 9% average inflation rate. All post-operational costs
are calculated as costs to a disposal facility customer.

Short-Term Radiological Impacts. Short-term radiological impacts include occu-
pational exposures during waste processing, waste transportation, and.waste
disposal. These are calculated as whole'body exposures. Whole body exposures
to populations due to-waste .processiiggactivities involving waste incineration
are also calculated. Finally, radiological impacts- due to' possible water
accumulation problems at a disposal facility are calculated. These could involve
disposal cell overflow into a nearby stream where the water is consumed'and
us'ed by an individual, or airborne releases due to evaporation of accumulated
leachate. In this EIS, impacts from overflow are calculated as exposures to
an individual (in millirem) while impacts due to leachate evaporation'are cal-
culated as exposures to the population surrounding the disposal facility (in
man-millirem). A description of the methodology used to calculate impacts due
to water accumulation is provided in Appendix C.

Other Impact Measures. Other impact measures estimated include land use (in
ma) and energy use (in equivalent gallons of fuel oil).

4.3 DESCRIPTION OF 'ALTERNAPIVE-CASES .- ' ",.''

This section presents a description of the four principal cases considered in
this final EIS.
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4.3.1 Past Practices (Base Case Alternative)

This first case is meant to provide a representation of past disposal.practices.
This-case provides a baseline of costs and other impact data against which today's
practices and improvements'to today's practices may be evaluated. -If through
this historical perspective'former poor practices can be identified,'then much
of the job of developing Part-61 requirements becomes-one of identifying common-
sense methods of avoiding such poor practices.

Basically; the.disposal facility is assumed to be sited according to the siting
requirements contained in the proposed Part 61 regulation and operated with
adequate operational safety. However, the combination of poor waste form and
inadequate disposal facility operating practices results in high long-term
potential environmental releases as well -as high costs and maintenance activ-
ities during the institutional control period. This approach follows since in
the past it was believed that only a "good site" was needed for waste disposal-
No credit was given to waste form.or.containers to reduce impacts. Safety
during operations was generally given greater emphasis than long-term costs
and radiological impacts'. The fact that extensive maintenance activities would
be involved was tolerated since it'was believed that as long as.,the disposal
facility was operating, there was little need to.considerthe.economic impacts
of these maintenance activities after the disposal facility closed.

The assumptions made for this case include the following:

1. The waste disposed into the facility is composed of mostlystructurally
unstable waste forms. This is represented in the analysis by waste
-spectrum 1.- In this case, 'for example, light water reactor.ion-exchange
* resins and filter sludge -are shipped to the',disposal facility In a
dewatered form. Several other high activity waste streams are also
shipped to disposal facilities-in an unstable form,. and no special
effort is made to compact compressible waste streams.

2. .,The design and operation of the facility are not directed toward
minimizing contact of waste bywater through achieving l.ong-term
site stability. Waste is-randomly emplaced into' the. disposal cell
and then backfilled with earth originally excavated from the dis-

-. posal cell.- A;relatively-thiri-(l m thick) cover (cap) is then
emplaced over-the backfill.' This cap is also composed of the
.-originally excavated soil and isialso subjected to indifferent
compaction techniques. ;T-ere is no segregation of waste containing
compressible material nor segregation of. waste containing chelating
or other chemical-agents. -

3. There are no radionuclide disposal limits, so anything (other than
high level waste) that can be transported to the site is disposed of
at the site. Thus, the site contains relatively high concentrations
of toxic radionuclides having long half lives.,

4. There are some operational rule~s oF thumb a ',bje. site to.,reduce
- -operational expos~ures-which"lnv lve'preferential emplacement of waste

packages exhibiting high surface radiation levels. Such preferential
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) disposal might involve disposal at the bottom of the disposal cells
or disposal at trench corners., However, this practice is not gene-
ralizedto Include waste packages containing high concentrations of
radcopuclides which may not exhibit high surface radiation levels.
These could include, for example, waste packages containing large
quantvties of tritium or transuranic radionuclides.

5. The reference disposal facility is assumed to be operated for 20 years,
after which the site is closed and the site license is transferred
to the site owner, which for purposes of analysis is assumed to be a
state. The site closure period Is assumed to last two years, and
there is also assumed to be no intervening period between'the end of
the closure period'and transfer of the license-to the site owner (no
observation and maintenance period).

4.3.2 Current Disposal Practices (No Action Alternative)

This case provides a representation ofcurrent disposal practices'.:> It represents
the improvements in disposal facility design and;operatingepractices, as well
as improvements in waste form and packaging requirements, that have been impie-
mented at disposal facilities over the last several years.

The assumptions made for this case include the following:

1. A limit of 10 nCi/gm is placed upon. the transuranic content of
received waste. License conditions at currently operating disposal
facilities generally allow transuranic nuclides:ln waste up to the
10 nCi/gm limit is' long as the transuranics exist as trace contami-
nants homogeneously.distributed through the waste. Surface-
contaminated materials are generally given a more strict interpre-
tation. In practice, homogeneously, contaminated waste streams such
as ion exchange resins are occasionally found to exceed the 10 nCi/gm
limit, almost always due to the shorter lived transuranic isotopes.
In such cases, waste. generators will either dilute such waste with
lower activity waste (still remaining a homogeneous mixture), thus
lowerlng-thertiansuranic'content to less than,1OnCi/gw, or allow
the short lived radionuclides to decay prior to shipment. These
subtleties of license interpretation and waste manageuent-practices
are accounted for in the analysis by (for purposes of waste classifi-
cation only) decayingPu-241 concentrations within light water reactor
process waste streams' and isotope production waste to its alpha-
emitting daughter equivalents. No such decay-is performed for trash
or other waste streams which cannot be assumed to be homogeneously
contaminated.

2. Several waste streams having radionuclide concentrations exceeding
one pCi/cm3 of any.radionuclide having a half life exceeding 5 years
are required to be stabilized prior to disposal. These waste streams
include light water reactor ion exchange resins, filter sludge, and

...-.cartridgeters-as well as-waste from medical isotope production
facilities. Waste stabilization way be carried out by any of a number
of methods. Such methods could include processing the waste into a
stable form (e.g., solidification with a media such as cement, asphalt
ir vinyl ester styrene). placing the waste into a container-prcviding
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structural support (e.g., use of a high integrity container), or special
disposal facility design. For this EIS, waste solidification is esti-
mated to cost in the range of $1280 to $1450 per M3 of input waste.
Use of a high integrity container to achieve stabilization is estimated
toicost in the neighborhood of $450 per H-of waste. For purposes
solely of analysis in this case~study, compliance with the waste stabil-
ization requirement for-thistcase is assumed to be principally achieved
by solidification-of some waste streams (e.g.,-LWR concentrated liquids,
isotope production facility waste, some LWR ion exchange resins and
filter sludge) and by emplacement of other waste streams (e.g., most
LWR ion exchange resins and filter sludge) into HICs prior to disposal.
All things equal, most waste generators would be expected to adopt
the least-expensive approach to meeting 'a particular requirement.
All compressible waste streams are compacted, either at the waste
generator's facility or at a centralized processing center.

3. Several improvements are made in the ability of the disposal facility
to minimlie contact of waste by water and to improve long-term site
stability. Waste emplaced into the disposal cells isbackfilled with
a very permeable material such as sand or gravel. An improved cover
.is placed over the disposal cells. This-improved cover may take a
number of forms. For purposes of cost/impact-analysis, the improved
cover in this EIS -is assumed to consist of a 2 meter thick earthern
cover having a high clay content. The backfill and disposal cell
cover are compacted by improved compaction'techniques such as use of
vibratory compactors or sheepsfoot rollers. (The -compaction technique
which would be used for an actual site would be dependent upon site
specific soilland environmental conditions.)

4. There is no segregation of unstable waste streams. However, there
is segregation of waste streams containing chelating or chemical
agents.'

5. As in Case 1, there is assumed to be operating practices involving
preferential emplacement of waste packages having high surface
radiation levels. However, there is-assumed to be no such similar
operating practices for layering of other high activity wastes.

.6.-- As-in the preceding case, the site is:operated for 20-years, followed-
by a two-year closure period prior to transfer of the site license
to the site owner. Again, no observation and maintenance period is
assumed.

4.3.3 Part 61 Requirements (Preferred Alternative)

This case provides a representation of disposal practices which would minimally
meet the requirements of the final Part 61 regulation. In this case, waste
streams determined to be acceptable for near-surface disposal are classified
into three waste classes: Class A, Class B. and Class C. A summary of the
classification limits assumed in the analysis for this case is presented as
Table 4.5. This case is summarized below:

.a. All higher activity (Class B and Class C) waste streams are required
to be stabilized prior-to dis o-al.,As tjekpreviouscase, possible

- Dosfste stagilization methods:could include processing the waste into
a stable waste form (solidification), placing the waste into a con-
tainer providing structural support (e.g., an HI(), or by special
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Table 4.5 Waste Classification Limits Assumed for
the Part 61 Case

Class Liml ts- Cic 3
'Isotope Class A Class B Class C

H-3 4.0E+.1 **
C-14# 8.OE-1 8.OE-1 8.OE+O
Fe-55 7. OE+2
Ni-590 2.2E+O 2.2E+O 2.2E+l
Co-60 7.OE+2
Ni-630 3.5E+0 7.OE+1 7.OE+2
Nb-94 2.OE-3 2.OE-3 7.OE+2
Sr-9O 4.E-2 1.5E+2 7.OE+3
Tc-99 3.OE-1 3.OE-1 3.OE+O
1-129 8.OE-3 8.OE-3 8.OE-2
Cs-135 8.4E+l 8.4E+1 8.4E+2
Cs-137 1.OE+l 4.4E+1 4.6E+3
U-235. 4.OE-2 4.OE-2 4.OE-1
U-238 5.OE-2 5.OE-2 5.OE-1
TRU 1.OE+1## 1.OE+1## 1.OE+2#
Pu-241. 3.5E+2## 3.5E+2## 3.5E+3#Mf

"The notation 4.OE+1 means 4.0 x 101.
**No limit is set for these-Isotopes and-classes.
#For activated metals, the limits for these
isotopes are raised by a factor of 10.

##The limits for these isotopes are given in units
of nCi/gm rather than pCi/cm3

disposal facility design. !As before, it is assumed that some waste
streams are solidified and other are emplaced into high integrity
containers. This is assumed solely for this ,case.-analysis-in-order

. to achieve a common basis for cdoiiparison with the previous case (i.e.,
if different stabilization techniques were assumed for this case thanfor the previous case, then the results of the two cases could not
be conveniently compared and the cost/impact attributes of the Part 61rule easily assessed).

2. Concentration limits for disposal are placed upon a number of radio-
nuclides. For example, a limit of 100 nCi/gm is placed upon alpha-
emitting transuranic elements (except for Cm-242). Concentrations
less than 10 nCi/gm are treated as Class A waste, while concentra--tions between 10 and 100 nCi/gm are treated as Class C waste.

3. Disposal facility design is the same-as the previous case, with the
exception of segregation of compressible waste. That is, compressible., -(unstable) Class A waste streams are disposed in separate disposal
units segregated from stable Class A, Class B, and Class C waste
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*4.

streams. Waste streams containing chemical or chelating agents are
segregated from other waste streams.

High activity (Class C) waste streams, which may include waste streams
with or without high surface radiation readings, are preferentially
plated upon the bottom of the disposal-units.

5. As in the, previous case, the site is assumed tobe-operaLed for
.20 years,' followed'by.,a two-year closure period. However,-.a 5-year

-- observation and maintenance period is assumed between the end of the -
--csure'period and transfer of the site license to the site owner.

4.3.4 Upper Bound Requirements (All Stable Alternative).

This case explores some possible variations on waste disposal in which all:
wastes are -stabilized. In this case, stability is assumed to be princi-paly
achieved through waste form and packaging, the principal means of doing this
being emplacement of waste into high integrity containers. Costs.and other
Fimpacts associated with other, possible ways to stabilize the unstable waste
streams' are 'also explored. mOther assumptions are as follows:'

.1.. -Limiting concentration limilts. for..waste-classification and disposal
are placed upon radionuclides in the same manner as the previous
case. However, since all waste streams are to be stabilized, the
Class A limits listed in Table 4.5 are all assumedfor this case to:
be set equal to zero.

2. The-disposal facility design is the same as the previous case. How--
ever, since all waste streams are stabilized, there is no segregation
of compressible waste. Segregation is carried out,.however, for waste
-streams containing chemical or chelating agents.

3. -High activity
h~,4%%+ntt Af 4-s-

(Class C) wast _' are preferentially layered'upon the -
X4 ;1 r_ r .n e ' _ 1 ; t I n

- UWUVII Ul U 11 U1ZPPVZU*1" LI"

4. As in the'previous case, thetsite'is operated for O years, followed
by a two-year-closure period. A five-year observation and mainte-
nance period exists between the end of the closure period and transfer
of the license to the site owner.

4.°. RESULTS OF THE CASE ANALYSIS

The results of the four cases analyzed in 'this chapter are presented in
Table 4.6.

4.4.1- Past Disposal Practices (Base Case Alternative) . -

rn-this case, the disposal facility is calculated to accept one million in3 of
waste over its 20-year lifetime. All waste is assumed to be mixed together.
during disposal and no waste is determined to be unacceptable forznear-surface
disposal. -f this waste4 almost 75% of the waste is in an.untable waste form.
-- The rest of the waste, including -uch'waste streams as solidified concentrated
liquids, is considered to be inherently stable. The practice of codisposal o6f
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unstable and stable waste forms', however, plus the inadequate.site operations,
) tends to negate the potential gain brought about by the stable waste streams.

The results are about the same as if all waste was In an unstable form.

Long-term envionmental impacts for the base case-are projected to be high.
As shown in Table 4.6, potential impacts to an inadvertent intruder are pro-
jected to be oh the order of 2.2 to 4.5 rem at a time period equal to 100 years
following the end of the two-year facility closure period. At this time, much
of the potential exposures are due to the'presence of gammia-emitting Isotopes
having-short to moderate half -lives (e.g., Cs-137). At 500 years, potential
inadvertent intruder 'exposures have been reduced, but are'still on the order
of 0.6 to I.6 rems to the bone. These exposures are due to the relatively longer
lived radionuclides such as Pu-239. This level of inadvertent-intruder exposure
can persist for long time periods. At 1000 years following site closure, for
example, potential inadvertent intruder exposures are in the range of 0.5 to
1.1 rem to the bone.

Offsite impacts that could'occur from the above intrusion events are -also listed
in Table 4.6. For'this case, recall that impacts due to potential inadvertent
intrusion would naturally be expected to be largest for the persons directly
contacting the disposed waste. However, a portion of the contaminated soil/waste
mixture may be transportid-dffsite. Waterborne impacts. involve impacts that
could result if rainwater washed the contamination down to a nearby stream and
the water in the stream is copsumed and used by an individual. As shown, these
calculated impacts'run at'about 0.7 millirem/yr to be bone. Airborne impacts
are to the surrounding population. Both airborne and waterborne impacts are

) calculated at 100 years following closure and transfer of the license to the
site owner.

Groundwater impacts are cons~idered over a 10,000 year time period following
disposal facility closure and are also high. As shown', thyroid exposures are
on the order of 1.5 rem at the intruder and boundary wells, 470 mrem at the
population well and 22 mrem at the surface water location. These exposures
are principally due to migration of 1-129. Whole body exposures are also
relatively high at the boundary well--160 mrem--and are principally due to the
migration of tritium.

These high levels of impacts are caused by a number of interrelated factors.
Much of the waste is in an easily compressible, readily 'degradable waste form
with relatively high leaching characteristics. All waste streams are randomly.'
disposed together into the disposal facility, and rather indifferent backfilling
techniques are performed, resulting in much void volume in the. interstistial
spaces between disposed waste packages. The disposal cell covers are composed
of originally excavated soil and are relatively thin (1 m thick). Little or no
compaction is performed on the backfill and disposal cell covers other than
that provided by the weight of waste delivery vehicles. As a result of the
above, severe subsidence problems are assumed to occur.' The facility is assumed
to be characterized by potholes and subsidence depressions, leading to concen-.
trated sources of rainwater infiltration. Percolation into the waste cells is
assumed to be twice as high (360 mm/yr) as the surrounding undisturbed soils..

It-is not likely that doses to actual individuals could ever be this high,
however, notwithstanding the conservatism of the analysis. For one thing,
potholes and depressions would be filled in by the site owner, thus reducing
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Table 4.6 Results of the Case Analysis

.1 ~I~pper-.
No action Part 61 bound

Base case case case case

I. Lona-Term Individual
Exosures -mr

Intruder-construction
o 100 yrs - Body

Bone
Thyroid

o 500 yrs - Body
Bone
Thyroid

2. 30E+3*
4.49E+3
2. 16E+3
1. 14E+2 -
L. 5SE+3
2. 70E+1

1. 79E+3
1. 80E+3
1. 78E+3 .
2.61E+O
1. 16E+1

- 2.29E+O

1.84E+2
1. 87E+2
1. 84E+2
3.02E+0
1. 63E+1
2.42E+0

1. 75E+1
1.77E+1
1.74E41
3. 07E+O
1.674+1
2.45E40

Intruder-agriculture
o 100 yrs -

o 500 yrs-

Body
Bone
Thyroid
Body
Bone
Thyroid

2. 68E+3
3.64E+3
2. 60E+3
6. 66E+1
6. 41E+2
3.93E+1

2.21E+3-
2.32E+3
2.17E+3
2.77E+O
7. 19E40
9.08DOR

2.02E+2
2.08E+2
2. O1E+2
3.04E+O
9. 17E+O
9.02E+0

:0.,
0. .
0.

!3.09E40
9.38E+0
9.23E-+D

Intruder -well

o Body
. -o Bone

-; o Thyroid

3.06E+1
5.61E4O
1. 50E+3 -

B. 50E-2
4.53E-2
1. 11E+1

2.15E-2
3.72E-2
4.16E+O

2. 11E-2
1.58E"2
3.31E+0

Boundary well
o Body
o Bone
o Thryoid

- -1. 58E+2
5. 61E+0
1. 50E43

4. 39E-1
4.49E-2
1. 11E+1

1. 11E-1
3.70E-2
4.16E40

I. 09E-1
1. 47E-2
3. 31E+0

Population well
o Body
o Bone
o Thyroid

7.90E-1
1.13E+0
4. 74E+2

6.57E-3
1. 04E-2-
3.51E+O

3.33E-3
- 8.24E-3

1..32E+D

22.02E-3
3.41E-3
I. 05E+D

Surface water

o Body 3.16E-2
o 'Bone . 4.92E-2
o Thyroid 2.16E+1

2. 90E-4
- 4.29E-4 ;

1.50E-1

1.44E-4
3.37E-4
5.99E-2

8;80E-5
1. 36E-4
4.77E-2

. .. . . ... .. ~ r. - .k--4,-- c* --
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Table 4.6 (continued)

Upper
No action Part 61 bound

I Base case case case case

II. Other LongTern
EURasures:

Offsite releases from
Intrusion

o Waterborne (mrem/yr)
Body 1.21E-1
Bone 6.80E-1
Thyroid 2.84E-3

o Airborne (man-imrem/yr)
Body 5.87E+1 -
Bone 9.66E+2
Thyroid 5.93E-1

9. 67E-2
2.34E-1
2. 32E-3

1. 82E+O
1. 19E+1
5. 09E-1

1. 16E-2
2. 42E-2
4. 78E-4

2.39E-1
2. 25E+O
8.62E-2

4.46E-4
1. 14E-3
1. 07E-5

9. 05E-3
6.16E-2
2.34E-3

III. Short-Term Whole Body
Expasures (total man-mrem
over Z0 yrs):

Occupational

o Process by waste
generator

o Process by
regional
process center

o Waste transport
o Waste disposal

To population

o Process by waste
generator

o Process by
regiorial
process center

o Waste transport

AR +2.50E+5 +4.50E+5 +4 9ijE+5

0. 1. 25E+5 1.25E+5 1.25E+5

7. 58Es6
3. 33Et6

4.99E+6
2.15E+6

4. 97E+6
2. 14E46

4. 97E+6
2. 15E+E

+0. +1. 26E+2

0.

+8.93E41

0.0. 0.

7.49E+5 4.78E+5 4.76E+5 4.84E+5

IV. Costs (total S over

Waste genE-ration and
transport

o Process by waste
generator

. o Process by
regie.nal
process center

o Waste transport

+5.9OE+7 +8.20Et7 +2.14E+8

* )

0. -

2.64E.8

3. 63E+7

1. 73E+8

3.63E+7 7.17E+7

1.72E+8 1.76E+8

3
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Table 4.6 (continued)

Upper
Nd action Part 61 bound.

-- Base case case case case

Z wV. -U LD t L
,over yrs): (cont'd) -

Waste disposal

o Design & op. 3.25E+8
o Post operational

Closure 3.87E+6'
Obs. & maint.' O.
Inst.' control 4.16E+7
Total post op. 4.55E+7

o Total disp. cost 3.71E48
.o Unit cost ($/m3) 3:71E+2

V.. Enera Use teuluvalent
gallo-ns of fuel oill. t

3. 41E+8

3.87E+6
0.
1. 90E+7. -

2. 29E+7
3. 64E+B .
5. 61E+2

3.50E+8! 3.42E+8

3. 87E+6
1. 13E+6

r 1. 57E+7
2. 07E+7
3. 71E+8
.5.73E+2

3. 87E+6
5. 86E+5

.9.32E+6 -
1. 38E+?
3. 56E+8
5. 64E+2

-2.40E+6 -142E+6 +4.30E*6

2.25E+5 2.25E+5 2.19E+5VI. Land Use- (e2): 3.47E+5

VII. Waste.Volumele(i3):

Volume acceptable

.0
0
0 .

I O '

Unstable
Stable - Regular
Stable - Layered
Total volume

acceptable

7.47E.+5#
2. 52E+5#

I. .0 ..
1. OOE+6

4.42E1+5
2.05E+5#.
0.
6.47E+5

- 4.23E+5
- 2. 21E+5

3.47E+3
6.48E+5

c.
6. 27E+5
3.83E+3
-6.31E45

-.-Volume not acceptable 0. - -- 2.56E+4 -2.20E+4 2.20E+4

*the notation 2.30E+3 means 2.30.x.103..
**In this EIS. population exposures due to -waste processing by waste

generators, occupational exposuresidue to.waste processing by waste
generators, costs due-to-waste.processing by waste generators, and energy
use are presented as, ivpicts and costs inaaddition to tliose'associated
with the base case, -

#Although much of, the waste is or has-been stabilized,' the fact that for
these two cases all the .stable waste.isdisposed cominigled with unstable
waste tends' to negate the potential :gain of waste stabilization. The
result is about' the s'ame as if' all waste was in an unstable form.

* , -. . . *~, - . . . . - C J.

I
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the percolation. In addition, ground-water movement of radionuclides would
) almost certainly be detected through monitoring wells. long before appreciable

exposures could be received by the public. A more important point is that a
considerable amount of effort and cost to the site owner may be required to
prevent such exposures from occurring. This is discussed in more detail later.

4
The above impacts are calculated for the reference disposal facility site
assuming soils with moderate permeability and moderate-ion exchange capacity.
It is also useful to consider variations on the environmental properties of
the reference disposal facility site. These variations were discussed in
Section 4.2.3 and are referred to as a variation assuming very impermeable site
soil conditions and a variation assuming very permeable site soil conditions.
Relative to the reference site, the impermeable site variation assumes greater
contact time between-waste and percolating water, longer groundwater travel
times to biota access locations, and higher isotopic retardation coefficients.
The permeable site variation assumes, relative to the reference site, shorter
contact time between waste and percolating water, shorter groundwater travel
times to biota access locations, and lower isotopic retardation coefficients.

The results of this analysis is shown in Table 4.7. Listed are groundwater
impacts froni the boundary well, population well, and surface water access
location. Also listed are impacts due to potential leachate accumulation as
well as waste disposal costs.

Impacts listed in Table 4.7 for trenchoverflow/leachate treatment require some
interpretation' As discussed, groundwater migration impacts may be calculated
for a variety of disposal site environmental conditions.- The, reference disposal
site assumes moderately permeable soil conditions. For sites having very imper-
meable soils, however, and assuming unstable disposal cell conditions leading
to severe cell cover subsidence and slumping problems, it is more likely that
the rate of percolation into a disposal'cell will exceed the rate of percolation
through the bottom of the disposal cell and into the groundwater., If this
happens, the trench may fill up with water like a bathtub. This phenomenon
has been in fact observed at both the Maxey Flats, Kentucky and West Valley,
New York disposal facilities. It is possible that the disposal cell may even
fill up to the point that the disposal cell overflows, leading to environmental
releases and human exposures. - ' ta

In Table 4.7, impacts are approximated assuming that one million gallons of
contaminated leachate per year overflows the disposal cells and is carried
down to a nearby stream. The water in this stream is then assumed-to be con-
sumed and used by an individual. The impacts are calculated in a very conserv-
ative manner (for example,-no credit is taken for radioactive decay during.
facility operations) and as shown are rather high--on the order of 6 rem/yr.
Similarly to the groundwater case, however, it is unlikely that the site owner
or the appropriate health department (state or federal) would ever allow such
impacts to occur. Rather, aS remedial action program would bie implemented in
which .achate would be removed from the disposal cells and processed. Annual
impacts from processing one million gallons of leachate by evaporation are also
shown. Impacts are calculated as annual exposures (in man-millirem/yr) to the
'surrounding population. Such remedial, actiFo programs, involving leachate treat-"'*
ment and solidification as well as restabilization of the disposal site to reduce
infiltration are anticipated to last several years. Such actions are also
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Table 4.7' Variations on the Base Case Analysis

I,. * Ref.' Site
: I I

Imperm. site Perm. site

Groundtater Impacts (mrem/yr):

Boundary well.

* Boody
,. -Bone
o Thyroid

Population well
o Body
o Bone
o Thyroid

Surface.water

o Body
o Bone
o Thyroid

: 1.58E+2
5.61E+O

I 1.5.OE+3

7.90E-1
-1.13E40
4.74E+2

3. 16E-2
.4.92E-2
2. 16E+1

3.O9E+O
1. 34E+1
1..44E+3

1.88E40
9.24E+O
1. 11E4-3

8.65E-2
3. 58E-1
6. 21E+1

--1.45E+2
. 2.98E+O' -

4.74E+2

9. 94E-2
1. 94E-1
4.74E+1

5.38E-3
1.31E-2
2.16E+O

:, 'Leachate Accumulation Impacts:

Disposal cell
overflow (mrem/yr)

o: Body
,._. . o Bone

-I. o .Thyroid

Leachate treatment
(man-mremfyr)
,,oI 80Bdy,-
o Bone
o Thyroid

I- 0.
0.
0.

I . O..
. . . . O.

O.

6.38E+3
2.28E+3
5. 97E+3

6. 26E+4
7.53E+1
6.26E+4

0.
0.

O.,

0.
0.
0.

Waste Disposal Costs (total $ ,
over 20 yrs):

Design and op. 3.25E+8

Post operational.-'

o -Closure -
.o Obs. and maint.
. o Inst. control '
o Total post op

3.87E+6
, II. , 0.

: .4.16E+7
I 4.55E+7

3.25E+8

3.87E+6
0 .
5.42E+7
5. 80E+7

I 3.87E+6
0. . . .
3. 68E+7
4.07E+7

3.25E+8

Total disposal-costs... ., 3.'71E+S
4, .. .

3.83E+8 3.66E+8

Unit cost (S/n3 ) 3.71E+2 3. 83E+2 3.66E+2
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anticipated to be quite expensive for the site owner. (A further discussion
on costs is provided below.)

Short-tern environmental impacts include exposures to radiation workers during
waste proces ing, transport, and disposal, as well as population exposures due
to waste processing and transport. All impacts-are given in units of man-
millirem and are summed over the 20 years of site operation.

Population exposures from processing wastes at waste generating facilities are
not calculated for the base case as the base case is meant to represent tondf-
tions in which little or'no waste processing is performed other than that
required to meet safety requirements for transportation and disposal facility
waste handling operations. In addition, such impacts are already considered
as part of licensing such facilities. (This EIS is interested in the incre-
mental exposures above the base case exposures.) Potential impacts from proc-
essing wastes at a regional processing center are also zero for the base case.
(Ho regional waste processing is assumed to occur for the base case.)

Total transportation population exposures are an estimated 749,000 man-millirem
for 20 years delivery of waste to the disposal facility.: This.exposure was
calculated assuming an average waste transport distance of 1400 miles (one way)
and. an assumed population dose of 0.018 man-millirem per shipment per mile.
In addition, each shipment-is assumed to make one stop during the 400-mile
trip, resulting in a population dose of 2.0 man-mrem per shipment stopover.
The total population exposed is assumed to be 1.5 x "I- persons during transit
and 500 persons per stopover.

Short-term occupational exposures are calculated ib the tote exposures over
20 years of (1) waste processing activities, (2) 4aste trans! .rtation, and
(3) waste disposal. Occupational exposures from ncrnal was' handling and
packaging to meet Department of Transportation (DOT) tranrpc tation require-
ments and to meet safety requirements at disposal faciliti- (e.g., specific
packaging criteria for biological wastes, solidification liquids) are not
estimated for the base case. These would be expected t- vary widely among the
many thousands of NRC and Agreement State licensees. However, additional
potential exposures due to the additional waste treatment processes considered
in the subsequent cases are estimated as pdrt of the impacts of'these cases.
Occupational exposures due to waste transportation are estimated as about
7.58 man-millirem per m3 of waste transported. Again, as no waste processing
activities are assumed to take place at a regional processing center for the
base case, no occupational doses due to waste processing at the regional
center are calculated.

Disposal facility occupational exposures are calculated as approximately
167,000 man-millirem/year, or about 3.33 man-millirem per m3-of waste disposed.
Assuming a total exposed working crew of about 50 persons, this calculates as
an average estimated 3.33 rem per year per individual worker, which is an
approximate upper bound of the general range of occupational exposures currently
experienced at operating disposal facilities.

Costs are divided into processing costs; transportation..costs, and disposal
costs, and are presented as total costs over 20 years of disposal facility
operation. For the base case, minimal waste processing is assumed to occur.
The actual costs experienced by a waste generator are a function of many
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variables, Including the characteristics of the waste processed, the volume of
the waste processed, and the design of the waste processing equipment, if any.
Processing costs are presented in this EIS as additional costs to those' associated
with'the base case.

Transportation costs may vary widely for differeht'waste generators';depending
upon the distance from the waste generator to the disposal facility and the
characteristics of the waste disposed. Information regarding the assumptions
Used to determine these costs are-provided in Appendix C of the draft EIS.
For-'this final E15, a base case transportation cost of $264'million is edti-
mated for transportation of about 50,000 m3 of. waste per year over 20 years
($264 per 3 of waste).

As shown-in Tables' 4.6 and 4.7, disposal costs are divided into (1) disposal
costs charged'for facility design and operation, and (2) post-operational costs.
Disposal'design and operation costs are calculated to be on the order of $325/m3.
(9.2D/It3). Postoperational costs are calculated as the total amount of money
that-would have to be collected over the operating life of the site to have '
sufficient funds to close the site and to carry:out a particular level of site -
care. In the basecase, post-operational costs required to -be collected from
disposal facility customers are projected to be quite high--i.e., on the order
of $45.5 million-for the reference disposal facilit sifte. For a site having.
very impermeable soils so that a large-scale leachate accumulation problem could
exist (and as currently exists at some formerly operated disposal facilities),
postoperational costs would he even higher--i.e., on the order of $58 millon.-
Better than fox of the postoperational funds thus collected would be for the
100-year' institutional control period. These costs translate to a charge to a
disposal facility customer of from $L.29/ft3 to $1.64/ft3. These changes assute
a total waste volume of one million n3; if only 500,f000 3 of waste was delivered,
the post-operational change. would range from approximately $2.58/ft3 to $3.28/ft3.

The shear magnitude of the funds that.would need to be collected over 20 years
to ensuteelong-term care for the base-case deserves special consideration. As
discussed earlier, significant potential ground water impacts are estifiated.
These large calculated impacts result from the assumed practice of indiscrimi-
nately disposing of easily compressible; degradable waste streams (which fre-

--quently have.only very -low levels of contamination) with higher activity waste
streams. These easily degradable waste streams (e.g., trash) frequently con-
tain chemicals which may increase leaching and reduce retardation of radio-"
nuclides during migration through ground water. As discussed earlier, these
calculated levels of exposures are not-likely to be actually realized.. However,
to irevent such potential exposures from -occurring, a consideral le amount of
active site miaintenance could be expectedon the part of the site owner.-.It
is difficult to predict'how long this extensive site maintenance would be required
or how much It would cost, although it-is seen that many millions of dollars
could be potentially involved. . . - -

It could be argued-that it would be a-simple matter to merely charge sufficient
postoperational fees to provide-for the.-required care. However, this concept
has a number.of drawbacks, including:- -

o There is no assurance that sufficient funds will be-available for
long-term care, or that funds collected will not be spent for other
purposes. For example, the disposal facility may close prematurely
and prior to collection of sufficient funds.
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- There is no assurance that the extensive kinds of maintenance activities,
i ) that would be required would actually be carried out in a timely manner.

For example, at a site with very impermeable soils, subsidence could
lead to disposal trenches filling up with water (the bathtub scenario)
whichcould potentially be ignored until large expenditures were
required to rectify the problem.

o Extensive site maintenance activities can lead to releases of'quantities
of radionuclides offsite. For example, if extensive water management
activities such as removal and evaporation of large quantities of
trench leachate are required, then offsite exposures will result.

Leaving a disposal facility In a condition so that extensive active maintenance
activitiesare required to-ensure public health and safety could result in a
considerable financial burden to the site owner and to future'generations.
Such active maintenance activities can continue for long time periods, and in
fact tend to become self-petpetuating. Active maintenance activities such.as
leachate pumping and treatment represent a large source of expense 'without a
tangible corresponding economic gain. Under such conditions, human nature
dictates a tendency to try and maintain the site spending as little money as
possible, and without addressing more expensive measures to eliminate the-need
for such active maintenance. This Is believed to be especially true if insuf
ficient funds were collected during the operating life of the site. In such a
case, funds for maintaining .thg site would need to be provided by funds appro-
priated through the legislative process. Experience-has'shown'that it would
probably prove to be much easier to yearly appropriate the minimal amount of
funds necessary to maintain the status quo than to appropriate sufficient funds
to stabilize the site. This'Is true even if the yearly maintenance costs
following stabilization would be expected to be reduced.-

Also shown in Table 4.6 is the estimated land area (347,000 mu, or about 86 acres)
required to dispose of approximately one million m3 of waste. En this EIS,
energy use is presented in incremental gallons of equivalent fuel from that
associated with the base case..

4.4.2 Current Disposal Practices (No Action Alternative)-.

This case represents the level of costs and impacts resulting from a continua-
tion of current waste management practices.

In. this case, a total of 670,000 m3 of waste is generated. This 'reducedVollUme
of waste relative to the previous case is due to the greatly increased use of
volume reduction techniques projected to be utilized now'and in the future.
These volume reduction techniques are utilized on compressible trash streams
as well as on light water reactor process liquids. Of this volume, 25,600 m3
of waste is classified as being unacceptable. This waste includes the L-DECONRS
and H-SOURCES waste streams, which are projected for the purposes of this EIS
to contain high concent-ations of transuranic nuclides. (For further information
on the assumed radionuLlide content of these streams consult Chapter 4 and
Appendix D of the draft EIS.) Small portions of LWR'process waste streams
(ion-exchange resins, filter sludge, and concentrated liquids)'are als6odedtVi-fnid!"t'
to be unacceptable, as is most of the F-PUDECON waste stream. These waste streams
are determined to be unacceptable for near-surface disposal mainly based upon
their transuranic content.
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Of the waste accepted (647,000 m3),.about 32% is or has been stabilized prior
to disposal. Again, however, stable and unstable waste streams are disposed
comingledi which negates much of the benefit provided by the stable waste. Of
the waste streams stabilized-according~to the 1 pCi/cm3 criteria, most are -
assumed to be'.stabilized using high-integrity containers.. Some are stabilized
through solidification.

As shown in Table 4.6, individual intruder exposures are reduced over the
previous base case-alternative. This reduction in Intruder exposures is
principally due.to the 1OnCi/gm limit on transuranic radionuclides. As shown,
the potential waste volume-weighted inadvertent intruder exposures are still
somewhat high at 100 years--on the order of 1.8 to 2.3 rem--but drop to only a
few millirem by 500-years. As before, much of the calculated exposure at
100 years is .due -to short to moderately lived gamma-emitting isotopes. These
decay away rather quickly, however.

As would be expected, impacts to surrounding populations due' to intrusion are
als6 reduced bver the previous base case.

Relative to the;.previous case, groundwater impacts are also greatly reduced.
These impacts run.at'approximately 11 mremfyr to the -thyroid at the intruder
and-boundary wells, 3.5 mrem/yr at the population well; and 1.6- mrem/ryr at the
surface water access location. Whole body exposures have also been greatly
reduced from the previous case--i.e., 0.4 mrem/yrat the boundary well as
opposed to'the previous.158'mrem/yr.

It is possible that these impacts are nonconservative. As commenters on the
proposed Part 61 rule and ElS have noted, it is difficult to judge the effec-
tiveness of improved disposal cell covers when disposal cells are filled with
compressible waste. Although a number of improvements in waste form and packag-
ing are'implemented, resulting in stabilization of many of the.higher activity-
waste streams, all wastestreams are still disposed intermingled together.
Given the possibility of 'slumping and subsidence associated with the presence.
of the unstable'waste stream's, it is possible that too mulh credit has been
given to the improved disposal cell covers to reduce percolation into the
disposal cells. Assuming that only reduced credit could be taken, calculated-
groundwater impacts would be increased.,

For the impacts listed in Table 4.6 for the reference site io' 'action case,
percolation through the'improved'disposal cell'covers was assumed to be 60 mm
over the first 100.years following closure of-the disposal facility and transfer
of the facility-license toithe site. owner..- This percolation is assumed to
increase at the end of this time period, due to the possibility of a breakdown
or removal of.,institutional controls and ;to the possibility of intrusion by
burrowing animals and deep-rooted plants. Ten percent of the disposal cells
are assumed to experience percolation equal to 180 mm while.the remaining 90%
are assumed'to experience a' percolation equal to 120.mm. 'This is equal to an
average percolation.rate into the.disposal*.cells after 100 years of 126 mm.

* . , -
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The effects of assuming increased percolation into the disposal cells is modeled) by assuming a percolation rate equivalent to that associated with the. base.case
disposal cell covers: assuming improved compaction. As discussed above, these
ba'se case; covers are' relatively thin (I'm thick) and have only a small to moder-.
ate clay content. In this. high percolation case, percolation into the disposal
cells is taken to be 270 nm both during and after the 100-year institutional
control period.

The effect of increased percolation into the disposed waste compared to the.
reference site no action case is shown in Table 4.8, as are two variations' on
the higher percolation case assuming impermeable and permeable site soilicondi-
tions, respectively. As shown, boundary well whole: body-impacts for the refer-
ence site-are raised from les's than'one mrem/yr to nearly 9 mrem/yr.. Thyroid
impacts at the boundary well are raised from' about 11 mrem/yr.to about 41 mren/yr.
Thyroid exposures at the population well and surface water access location are
similarly raised. Higher exposures are calculated for the two variations on
the reference site environmental conditions.

The impacts listed in Table 4.8 for trench overflow/leachate treatment again.
require some interpretation. 'Given the soil conditions at the'reference dis-
posal site it is not likely that such a water accumulation problem would occur.
The listed impacts would only be for the case if the disposal facility'was -
sited in very impermeable soils. In this case, the impacts from trench over-
flow and leachate treatment are somewhat reduced' over the 'previous'case. Some
of-this reduction in calculated impact is due to'the'fact'thatsoime volumes of
waste have been determined to be unacceptable for near-surface disposal. In
addition, some of the waste streams in this case have been stabilized by
solidification or by using high integrity containers.

Much of the impacts thus calculated are due to tritium, and it is useful to
examine the potential reduction in such impacts' if waste streams containing.
large quantities oftritium (the N-TRITIUM and N-TARGET streams) are placed
into high integrity'containers prior to disposal. If this is'the case the
leachate accumulation impacts are reduced to the following;

Body Bone Thyroid

Disposal cell overflow (mrem/yr) 3.55E+2 5.85E+2 2.68E+2

Leachate treatment (man-mrem/yr) 2.90E+2 1.22E+0 2.90E+2
I I

As can be seen, the potential difference in impacts.is about an order of magnitude.

Short-term whole body occupational and populational' exposures exhibit a number
changes relative to'the base case; For example, occupational exposures due

to waste processing are-calculated to increase over the base case. This is ' I
naturally due to the increased waste processing performed for this case. Some
of these additional impacts are due to the requirement to stabilize LWR proc- ,
es-tng wastes containing-radionuclides having halflI rstgeater than 5 years
and in concentrations greater than one microcurie per cubic centimeter. However,
a very significant portion of these additional occupational exposures are due
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Table 4.8 Variations on the Ho Action Case Analysis I

Ref. site Ref. site Imperm. site Perm. site
low perc. high perc. high perc. high perc.

. , A

Groundwater Impacts (mrem/yr): . ..

Boundary well.

o Body
o- Bne
o Thyroid

Population well
o Body
o Bone -
o .Thy'old

Surtace water
o Body

- -oBone
.o Thyroid

4.39E-1 ,
4. 49E-2
1. IIE+I

8. 83E+O
-1.65E-1
4.08E+1

1. 48E+O.
4.75E-1
1. 29E+2

8.13E+1:
8.88E-1}
*1. 29E+2

6.57E-3
1.04E-2
3.51E40

2. 90E-4
4. 29E-4
1. 60E-1

.2.41E-2
3.82E-2
1. 29E+1

1. 09E-3
1. 68E-3
'S.87E-1

2.35E-1
3.52E-.1
1. 29E+2

1. 03E-2
1. 39E-2.
5. 87E+D

2.80E-2
5.76E-2
1. 29E+1

1.. 53E-3.
I -I3.92E-3 -

5.BSE-1
Leachate Accumulation Impacts:-

Disposal cell overflow
(mrem/yr)

.0o Body
.0 Bone

a . Thyroid
Leachate treatment
(man-mremlyr)

o fBody
'o Bone
O Thyroid

Waste Disposal Costs (total $
over 20 years):

I.

.0

0. .: -,
O. I-.

0.*
0.

0. ,

*;5.56E+3
5. 85E+2

--: . 5.47E+3

6.21E+4
. 7.32E+1

* 6.21E+4

0.
I 0..
0.

* 0. ' 0.
0. . 0.
0. . , . .0.

: .- ; .:
. .' ..

. O. .
0..

--Design and op.

Post operational
o Closure
o Obs. and maint.;
O 1Ist. control
0 Total post-op.

o - .
Total disposal costs,

3.41Ef8 - 3.41E+8

.,3.87E+6 3.87E*6
0.: . . 0.
1. 90E+7. 4.l6Et7
2.29E+7 4.55E+7

3.64E+8 .;; 3.87E+8

3. 41E+8

3. 87E+6
0. . .
5.42E+7
5. 80E+7

; 3. 99E+8

3.41E48

3. 87E+6
O.
3. 68E+7

.4.07E+7

3. 82E+8

5. 89E+2.Unit cost ($/m3) . 5.- 1E5 2 '5.97Ei-2 6- 15E+
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to compaction ot compressible waste streams. Such compaction techniques are
used as a cost-saving-device by licensees and are unrelated to'the waste stabili-
zation requirement. In this case,.a portion of the exposures due to waste
compaction are assumed to be due to operation of a regionalized center for
compacting compressible wastes generated by small entities.

Occupational exposures due to waste transportation and waste disposal are
significantly reduced over the base case. This is principally due to the reduced
volume of waste delivered to the disposal facility resulting from increased
use of volume reduction techniques.

Population exposures.due to waste incineration are calculated to be zero.
Population whole body exposures due to waste transportation are reduced over
that of the base case, which is again a result of the increased use of volume
reduction for this case.

Waste generation and transportation costs show both increases and decreases
relative to the base case. As expected, waste processing costs have increased,
both.due to the requirement for stabilization of some wastes as well as compac-
tion of compressible waste streams. Costs due to processing at the regional
processing center are entirely due to volume reduction considerations. None
of these costs are due to the-waste stabiliiatior, requirement. Transportation
&osts, due to the lower volume of waste delivered to the disposal facility,
are reduced over the base case.

Relative to the base case, total disposal facility design and operation costs
* over 20 years have increased from $325 million to $341 million. This increase

is' due to the many improvements in site operation assumed for the existing case
relative to the base case. These improvements include segregation of-waste
containing chemical agents (no segregation of unstable waste, however), use of
a sand/gravel backfill, improved disposal cell covers, and improved compacticn

- of backfill and disposal cell covers. The $341 million in design and operation
costs, when divided by the total volume of waste delivered to the disposal
facility, corresponds to about $527/M3 ($14.93/ft 3). Much of this high unit
cost relative to the base case.is chiefly the result of the lowered volume of
waste delivered to the disposal facility. If these same costs were divided by

* one million m3, which is the volume of waste assumed for the base case, unit
costs would only be about $341/m3 ($9.66/ft3), or about $16/M3 ($0.45/ft3).
greater than the base case.

Postoperational costs for this case are rather difficult to determjne. Although
a number of improvements in facility design and operating practices are incor-
porated, the fact that stable waste streams are still disposed mixed with-.
unstable waste streams may still result in subsidence and slumping problems
during the institutional control period. Therefore, postoperational costs
are shown in Tables 4.5 and 4.7 as a range of costs. In this case, total post-
operational costs for the reference facility. (total funds that would have to
be collected from waste generators over 20 years in order to provide for-site
closure and for the assumed amount of long-term care) are again projected to
range from $22.9 million to $45.5 million. Due to the reduced volume-of waste
delivered to the disposal facility, urlit.costs toLthe disposal f~acility customer
ihwould bein the o $3 3 to $70.32/m3 ($ .LO0/ft3 -$i.99/ft 3 ). For
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sites having a potential for leachate accumulation, postoperational costs -are
projected to range up to $58 million, 'or $89.64/r,3 ($2.54/ft3). The uncertainty
regarding these costs is a direct resultof the uncdertainty over the'lang-term
stability of the site.

Both land uge and energy use are calculated to be decreased over the base case.
Land use for this case drops from 347,000 M2 to 225,000 m2. This is due to
the reduced volume of waste delivered to the disposal facility. Relative to
the base case,,many of the compressible waste streams have been compacted. In
addition, some 25,600 m3 of waste have been determined to be unacceptable for
disposal forlthis case. --This is due to-10 nCi/gm limit on transuranic waste
disposal assumed for this case.

Energy use is very difficult to estimate. Relative to the base case, however,
energy use associated with waste processing would be increased while energy
use associated-with waste transport and disposal facility operations would be
decreased.' To the extent that post-operational costs -are -reduced for this case
relative to the base case, energy use associated with post-operational. activi-
ties (closure, institutional control) would also be reduced.

4.4.3 Part 61 Requirements "(Preferred'Alternative)

-:This case represents the level of-costs'and impacts resulting from implementa-
-tion of the requirements in the final Part 61 regulation.,

In this case, a total of 670,000 m3 of waste is generated. Of this volume,
22,000 m3 (3%) of. waste is classified 'as being unacceptable for.'near-surface
disposal. .This waste again-includes 1.hi L-DECONRS and N-SOURCES streams plus
small portions of LWR process waste steamis (e.g., ion-exchange'resins, filter
media, etc.). Of the remaining 650,000 m3 of waste accepted at the disposal
facility,- 423,000 m3 (63%) is classified as Class A unstable waste, 221,'000 m3
(33%) is classified as stable ClassA Aand Class B wasteland 3,500_ 3 :(1%) is
classified as Class-C (layered) waste'. Similar toethe-no'action case, the
Class-B and Class-C waste streams are assumed to be stabilized through emplace-
ment -into-high integrity containers and through solidification.''

As shown in Table 4.6,.intruder impacts at-100 years are-considerably. reduced
over the previous''case. This results from the practice of stabilizing higher
activity waste-and segregating 'them-from'unstable Class A waste, and from layer-
ing Class C waste.' Impacts-at 500 years'are comparable to but slightly higher
than' those of the no action case. This slight increase in-intruder impacts at
500'years is due to the raise in the limit for transuranic waste disposal from
10 nCi/gm to 100 nCi/gm for alpha-emitting transuranics and 3500 nCi/gm for
Pu-241. Recall that in the no action case, the'transuranic disposal limit was
assumed to be 10 nCi/gm for all transuranic nuclides~.'1 Forlthe Part 61 case,
the limit for Class A disposal of transuranic waste is assumed to be 10 nCi/gm
for -alpha-emitting radionuclides-and 350"nCi/gmn for Pu-241 (a beta emitter).
Above these limits waste'must be itabilized and disposed at greater depths
(layered). An overall limit for near-surface disposal 'is setiat 100 nCi/gm
for alpha-emitting transuranic radionuclides and 3500 nCi/gm for Pu-241.

s.a--
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This increase in impacts, however small, is probably overconservative. As
discussed previously in this chapter. after 500 years, no credit is taken for
the-reduction in'intruder impacts provided by'layering waste streams. This is
probably overconservative,' since at least some of the effectiveness should be
still retained. Assuming a factor of 10 credit for layered waste results in
the following impacts for this case at 500 years.

A

Body Bone Thryold

Intruder-construction
scenario (mrem/yr) 2.3?EgO 1.09E+1 2.04E+0

Intruder-agriculture
scenario (mren/yr) 2.52E+0 6.70E+O 7.75E+0

Ground water impacts are' also reduced over the no action case. In this case,
thyroid impacts run at about 4.4 mrem/yr at the intruder.and.boundary wells,
1.3 mrem/yr at the population well and less than 0.1 mrem/yr at the surface-
water access location. 'Most of these impacts~are from migration of the segre-
gated stable waste streams. This means that efforts to reduce such impacts
can proceed with a reasonable potential for success.

The beneficial effects of segregating stable high activity waste streams from
unstable lowactvlty wastestreams are also shown in Table 4.9. In Table 4.6
and in the reference site low'percolation case shown in Table.4.9, the improved
disposal cell covers placedover both the stable and unstable disposal cells
are assumed to be-reasonably effective.. In the high percolation cases in Table 4.9
however, this effectiveness is only.assumed to be effective for the covers over
the disposal cells containing stable wastes. Little or no such improvement is
assumed for the disposal cells containing unstable wastes. To summarize, the
average percolation rates assumed in the analysis are given by the following:

Average percolation into disposal'cells (mu)
high perc. case low perc. case

Time period Unstable Stable Unstable Stable

During institutional
control period 270 30 60 30

After institutional
control period 270 72 126 72

As shown in Table 4.9, impacts for the reference site high percolation case
are not significantly raised over the reference site low percolation case, and

.".- are less than those calculated fors the no action case. -- - .
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Table 4.9 Variations on the Part -61 Case Analysis

Ref. site Ref. site, Imperm. site Perm. site
*low perc. high perc:" high perc. . high perc.

Groundwater Impacts (mnrex/yr):
Boundary well

o Body
o Bone
0o Thyroid

Population well
o Body
o Bone
o Thyroid

Surface water
o Body
.o Bone
o* Thyroid

-1. lIE-1
3. 70E-2
4. 16E+O

3. 33E-3
;:8.24E-3..

1.. 32E+0

1. 44E-4
3. 37E-4

.. ;5;99E-2

1. 48E-1
1, 27E-1
7.77E+G

8. 70E-3
2.79E-2
,2. 45E+O

3. 89E-4
1. 23E-3
1.J12E-1

0.
0.
0.

1. 03E-1 -
3. 58E-1
2. 46E+1

8. 18E-2
2.52E-1
2. 45E+1

3. 39E-3
9. BOE-3
1. 12E+D

I . I

6. 65E+1
1. 14E+2
4. 48E+1

I 1. 36E+O
7. llE-1
2.46Ee1

1. 20E-2
4.44E-2
2. 46E+o

. 7. 69E-4
3. 13E-3
l. 12E-1

.0.
0.

Leachate Accumulation Impacts:
Dismosal cell overflow

. (mrem/yr)
Ij o Body

o Bone
o Thyroid

Leachate treatment
, (man-mrem/yr)

0.
0.
0.-

o. Body
o Bone
o Thyroid

. Waste Disposal Costs (total $
over 20 years):

Desisn and op.

Post operational

o Closure
o Obs. and maint.
o Inst. control
o Total pobt op.

0.
0.
0.

K .13E46~

1.57E+7
2.'07E+7

3. 71E+8

0.
0.
0.

. 1.78E+2
6.71E-1
1. 78E+2

3. SOE+8

3.87E+6
1. 42E+6
3. 04E+7
3. 57E+7

3. 86E+8

3. 50E18

3. 87E+6
1. 42E+6
3.86E+7
4. 39E+7

3. 94E+8

U ,.

.0.

3. 50E+B

3.87El6
1. 4ZE+6
2.,73E+7
3. 26E+7

3.83E+8

5. 91E+2

Total 'disposal'costs
U ni, cos ($/

Unit -cost ($/m3)'-.

. . . .

5.73E+2 . 5.96E+2 . 6. 08E+2; r. --* .. . _ **-C-.. ..

-
. . .
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Again, the level of impacts listed for trench overflow/leachate treatment are
unlikely to be achieved,.but are included to illustrate the level of impacts
that could result at.a site having very-Impermeable soils. This also ignores

*the reduction in percolation that would result from improved disposal cell covers.
Credit is taken for waste stabilization, however. --In this case, the water accumu-
lation problem only exists for disposal cells containing unstable waste streams.
A proportionately lower volume of leachate is generated under such conditions.

Short-term whole body occupational exposures for this case are generally similar
to those of the no action case. Since-higher volumes of waste are processed
by waste renerators, occupational exposures due to waste processing are higher
than the no action case. Some of the additional occupational exposures from
waste processing are due to the somewhat increased use of volume reduction
technologies relative to the no action-case, and are unrelated'to exposures
achieved from waste stabilization. This increased use of volume reduction
technologies for the Part Gi.case is attributable to the assumed raise in the
transuranic disposal limit relative to the no action case. Occupational expo-
sures due to waste transport and waste disposal are about the same as those of
the previous case.

Population exposures follow a similar pattern.. Population exposures due to
waste Incineration are very- small but are increased over the previous case.
This is in keeping with the expectation that at least some waste generators
over the next twenty years will install and use incinerators to process com-
pressible waste streams. All such incineration is projected to be carried out
by the waste generators at the waste generator's facilities. Population expo-
sures due to waste transport are slightly increased due to the slightly
increased volume of waste transported to the disposal facility,

Waste generation and transport costs show a similar pattern to the calculated
occupational exposures. Relative to the previous case, total waste processing
costs are estimated to be raised by about $23 million. Host of these additional
costs are due to stabilizing higher activity waste streams prior to disposal.
Some of the additional waste processing costs for this case are due to the some-
what increased use of volume reduction technologies by waste generators. In
addition, the waste processing costs include costs for stabilizing small volumes
of waste streams which-for the no action case were-deteruined to be unacceptable
for near-surface disposal. The potential savings to waste generators that would
result from disposal by near-surface disposal rather than some alternative means
(such as geologic repository) have not been included in the calculations. Costs
due to volume reduction at the regional processing facility are essentially
the same as the no action case. Essentially the same costs are calculated for
waste transportation as were calculated for the no action case.

Waste disposal costs are divided into design and operation costs and post-
operational costs. Relative to the no action case design and operation costs
are somewhat increased while the institutional control component of post-
operational costs are reduced. Mhe increased design and operation costs are
due to the additional operational practice of segregating Class A unstable
waste and layering Class C waste. ,. .

Post-operational costs are divided into closure, observation and maintenance,
and institutional control. Closure costs are the same as the previous case.
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Observation and maintenance costs are costs passed on to the disposal facility
customer which would be required to fund a 5-year observation and maintenance
program carried out by the site. operator. ..This five-year period follows the
closure' period and Js used to ensure the disposal facility is in a stable con-
dition prior to transfer of the disposal facility to the site owner. These
costs are presented in [able 4.9 as a range of costs.

Institutional control costs, similarly to observation and maintenance costs,
are presented as a -range to reflect-uncertainties in long-term maintenance
requirements. A low level of maintenance is projected to be required for stable
waste streams, sinLe these waste streams are segregated from unstable waste
streams. A higher level of maintenance.is projected.for.unstable waste streams.
Since the degree and timing of the slumping and subsidence expected to be associ-
ated with disposal cells containing unstable waste streams is uncertain, the -.
level of maintenance required for the unstable waste disposal cells is projected
to range from-a moderate to a-high level of maintenance. This is believed to
be conservative. .lt does illustrate a basic quandary regarding low-level waste
disposal. The waste streams having the least radioactivity contribute the most.
to long-term maintenance and institutional control costs., The fact that these
unstable waste streams are segregated from the stable waste:streams, however, -
greatly, reducesthe environmental consequences of such disposal cell instability.,

As shown in Table 4.9, total postoperat.onal costs for the Part 61 case are
projected to range from $20.1 million to $35.7 million for the reference disposal
site. This translates to a unit postoperational charge to be paid by disposal
facility customers of from $31.94/m3 (S0.90/ft3). to $55.09/r3. ($1.56/ft3).
Higher postoperational costs would be associated with,a site-having very Imperme-
able soils. For- the preceeding no action case, total postoperationral costs
were projected to range from $22.9 million to $45.5 million.. ,.These costs did-.
not Include costs for an observation and maintenance period following disposal
facility 'closure, and reduced to unit postoperational costs-.of from $35.39/m3
($1.00/f t3 ) to $70.32/M3 ($1.99/ft3 ).

The differences between postoperational costs for the Part 61 versus~the no
action case are probably even larger than those calculated. This is because
the environmental consequences of- the uncertainty over the effectiveness of.
improved disposal cell covers is much more significant in the-no action case
than in the Part 61 case. In the no action case, potential increased percola-
tion due to disposal cell subsidence over.,time is projected to effect all waste
streams. In the Part 61 case, suchpotential increased percolation-due to
disposal -cell subside'nce is projected to only: effect low activity unstable waste.
streams. Thus, postoperational costs are lower for the Part.61 case.'.

Land use is the same as- the previous.case. Somehwat. more extensiveyvolume-
reduction activities are carried out for the Part 61 case as were carried out
for the no action case. -Conversely,.an additional-3600 m3 of waste-is accepted.
at the disposal facilitylrelative to the no action case. .The result is similar
waste volumes being disp6sed for the two cases, resulting in similar land use
requirements. Energy use is Still reduced relative to the base case but increased
relative to the no action case. Relative to the no action case, somewhat less
energy use woult he exbecatd for post-operational ai-t-ivities.- These reductions
are-counterbalanced bv the -expected increase in energy use associated with dis-
pas31 oaerations (i.e., fir waste segregatio n.and for.layering) and for waste
processing activities.
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4.4.4 Upper Bound Requirements (All Stable Alternative)

This case.illustrates the costs and imoactsiassociated with a case representing
an extreme level of dispo3al facility stabilization. This may be accomplished
in a number of Different ways but for this case, waste streams which for the
Part 61 case were disposed in an unstable manner are assumed to be emplaced'
into high integrity containers. The result is that all waste is disposed in a
stable manner.

In this case, 653,000 m3 of waste are generated, of which 22,000 m3 (3%) of.
waste is determined to be unacceptable for near-surface disposal. Of the
remaining 631,000 i3, none of the waste is disposed in an unstable manner;
(That is, the volume of Class A unstable waste is zero.) 'About 627,000 m3 of
waste is disposed as stable Class A and Class B waste and 3,800 m: (3%) is
classed as Class C (layered) waste. -

As shown, the intruder and groundwater exposures are the lowest of the four
cases considered. Since all waste Is stable, potential intruder exposures at
100 years are limited to those received during accidental discovery of the
waste (the intruder-discovery scenario). Exposures due to the intruder-
agriculture scenario are therefore not received. Intruder exposures at 500
years, however, are very similar to those observed for the previous case.
Again, these exposures are possibly overconservative since no credit is tacen
after 500 years for the effectiveness of intruder barriers to reduce exposures
to-Class C layered waste.

Groundwater impacts are estimated to be in the range of 3.3 mreT/yr to the thyroid
at the intruder and'boundary'wells,'1 mrem/yr at' the populatlon~well, and-about.
0.05 mrem/yr at the surface water access location. 'These impacts are believed to
be conservative, however. Since all waste streams are stable, there is believed
to be support against significant subsidence of- disposal cell' covers. Given'
this, it Is believed that further'improvements in reducing percolation can be
implemented with some confidence of their success. These could include, for
example, barriers against deep-rooted plants and burrowing animals. It is
believed that without a' stable disposal site, such improved' disposal covers
would likely be ineffective. The conclusion 'is that if one wishes to lower
potential long-term radiological impacts to levels-as low as reasonably
-achievble';-then disposal site stability is a place to start.

Otheripotential long-term impacts are also reduced. For example, oftsite
intruder-impact at 100-years- is reduced by one to two orders of magnitude over
the' previous case. Impacts! at a site having very impermeable soils from trench
overflow and leachate treatment are estimated to be zero for this case. Since
all waste streams are disposed in a stable manner, the possibility of Icachate
accumulation problems at a site are' judged to be remote.

Occupational exposures for this case are.judged to be somewhat greater than
the previous case. The difference in occupational exposures for waste process-
ing for this case and the previous case are entirely due to the additional waste
stabilization requirements. As shown, tnis difference is not significant.

Waste processing ~os'Cs are siAgnificantly increased over the previous case.
the•e' ifcrdasdic'-stt- are principa1liv, due to emplacement of Class A unstable
waste streams into high integrity containers at an assumed average .ost of
$450 per cubic meter of waste (S12.74/ft3).
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Waste disposal costs are
) wastes are stable, there

unstable waste streams.
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reduced relative to the previous case. Since
is no disposal change for segregated disposal
PPost-operational costs are the lowest of the

all -
of
four

As shown, land use for'this all stable'- case is somewhat reduced--i.e,, to
219,000 62-Iover the previous tw46:cases' ' This is because the increased use of
waste stabilization techniques for this case 'has resulted in somewhat decreased
volumes of 'waste being delivered to the'disposal 'facility.' Energy use, on the
other hand, is increased significantly over the previous three cases. This is
again due to the increased use of waste'stabilization techniques for-this case.

4.4.5 ,Variations-to the All Stable Alternative

In the previous case an option was considered in which all unstable waste streams
are emplaced within containers providing structural support. The cost for such
a'container was estimated in this:EIS'to be on the order of $450/m3 'based.on-
cost estimates for a high integrity container currently being marketed. -Another
option'could be to incinerate-compressible waste streams and solidify the
resulting ashes prior to disposal.' This option is also projected at this time'
to Lie rather expensive--i.e., on the order of $927 per m3 of solidified waste-
although with 'the current interest in-volume reduction technology these'costs
could be reduced'in the future. ' : '

Another option mightbe to provide stability through variations in disposal
facility design and operation--e.g., through such possible techniques as
grouted disposal, disposal into grouted concrete-walled trenches,,or extreme-
compaction, Such possible techniques would have to be developed and tested
for a specific disposal facility, since past experience regarding these tech-
niques-at low-level waste.disposal facilities has ranged from occasional to
none. Nonetheless, the projected costs (and some other impact measures)
associated with-these alternatives may be briefly considered.

For tthese alternatives, stable waste is assumed to segregated into stable and
unstable waste streams, and stable waste streams are assumed to be disposed in
the same method as the all stable and Part 61 cases. Unstable waste streams,
however, ate-assumed to be subjected-to more extensive alternativeadisposal.-..--
practices. These alternatives include (also see Appendix F of the draft EIS):

1. Disposal into concrete-walled trenches. In this case, waste packages
are stacked into concrete-walled disposal trenches. The interstitial
spaces between the waste packages are grouted, and finally a concrete
cap is poured over the grouted waste 'mass. This is followed by a':'
compacted thick clay cap which ismounded and seeded to promote growth
of a short-rooted grass cover.

2. Use of cement grout. In this case, waste packages are stacked into
standard excavated disposal cells and cement grout is poured into
the interstitial-spaces between the 'waste-packages. This is followed
by a compacted thick clay cap which'is mounded and seeded to promote
growth'of a short-rooted grass cover. -.
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) 3. Use of extreme compaction techniques. This caseds represented by a,
technique termed dynamic consolidation (or dynamic' compaction).- In
this case, the unstable waste' is assumed to be randomly emplaced. in
the 4isposal cells, backfilled, and a thin (e.g., one meter) earthen
coveliemplaced over the disposed waste. A large (5-40 ton) weight
is then dropped from a significant hieight (e.g, 20-100 ft) several
times over.,a.limited area. At the'-site, an optimum weight-and drop
height would first' be determi'ned., Then, a crane would drop the weight
a number of times 'at several locations in ai pattern across the disposal
cell coversu"rface. Depressions left, by.the weight are filled in
and additional passes over the disposal cell surface may be made as
desired and depending upon site-specific conditions. A clay cap
would then be placed over the compacted earth/waste mass, mounded,
and seeded.

The.disposal costs estimated for the above, three alternatives are compared below,
compared with those associatedwith.the Part,61.case. The disposal costs are
divided into (1) design and operation costs, and (2) post-operational 'costs.
Costs are also divided into costs'for disposal of -unstable waste streams, as
welt as for all waste streams (total costs). Unit costs are based upon an
unstable.waste volume of 423,000. M3 and a total, disposed.waste.volume of
648,000 m&.' Post-operational costs for the Part 61 case are based on those
projectc.d in Table 4.6 for the reference disposal site assuming a moderate
level of post-operational activities and costs. These respective costs are:

Design and Op. Post-Operational
Cost Cost Total Cost

Unstable All Unstable All Unstable All
Case Waste Waste Waste Waste Waste Waste

Part 61 228* 350 15.9 20.7 244 371
(539)** (540) (37.6) (31.9) (577) (573)

Walled Trench 384 507 9 13.8 393 521-V
(908) (782) (21.3) (21.3) (929) (804)

Grout 262 384 9 13.8 271 398
(619) (593) (21.3) (21.3) (641) (614)

Extreme compaction 240 363 9 13.8 249 377
(567) (560) (21.3) (21.3) (589) (582)

*Units are $ x 10f (total over 20 years operation)
**Units-are $ per m3 of-disp6sed waste.

X . .

;1 . As shown for the above three alternatives, stabilizing unstable waste streamS -
I by implementing special disposal practices is projected to raise facility design

and operation costs. Conversely, post-operational costs would be reduced.
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Total disposal costs for the three alternatives considered are still, however,
larger than'the total disposal costs for the reference site Part 61 case.

The above costs for the 'reference site Part 61 case are for a situation in which
a'moderate level of post-operational "activities and cists are projected. This.
is believed tp be a reasonable projection; however, it .is also useful to-inspect
a worst case (i.e., unlikely) condition in which a high-level of post-operational
costs and activities are estimated in the Part'61 case for unstable waste disposal.

These estimated'worst case costs are given for three site environmental
conditions:;'the reference site assuming moderately permeable-soils, a variation
on the reference site assuming very permeable soils, and a variation on the'
reference site assuming very impermeable soils. Thes'e costs are given below;

Design and Op. Post-Operational
Cost Cost Total Cost

Unstable All Unstable All Unstable Al
Case , , -.. Waste Waste Waste Waste Waste Waste

Mod. perm. site 228* .350 30.9 35.7 259 386
soils (Ref. site) (539) (540) (73.1) (55.1) (612) (596)

I Perm.. site soils 228 350 27.8 32.6 256 ' 383
(539) (540) (65.7) (50.'3) (605) (591),'

Imperm. site soils 228 350 39.1 43.9 267 394
(539) (540) (92.4) (67.8) (631) (608)

*Units are $ x 108 (total over 20 years operation)
*Units are $ per-m3.of disposed waste.

Assuming a worst case situation,-the'-total disposal costs for the site assuming
very impermeable conditions are comparable to the costs for the grout alternative.
Even more interesting, the total disposal costs for each of the variations on
disposal facility'site soil -conditions are greater than'the total disposal costs
for the'extreme compaction alternative.

The above'appears to imply that techniques such as 'grouting waste packages or
extreme compaction may be cost-'effective methods to reduce post-operational
costs associated with segregated unstable waste streams. However, it must be
also observed that experience with the above three alternatives at low-level
waste-disposal facilities has ranged from little-to none. There has been some --
experience both in the United States and abroad with use of concrete walled
disposal cells. However, to NRC staff's knowledge, there has been no prior
experience with either grouting or extreme compaction at low-level waste disposal

-.,Jacilities; although there-is5experience with-'ex-treme compaction at-nonradioactive"
Isol id 'waste Ilandf iI Is.
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There are other drawbacks as well. Use of the concrete-walled trench or
grouted disposal of waste are projected to raise occupational exposures at the
disposal facility:(compared to the Part 6f case) by about 65 man-rem per year.
Conversely, there is expected to be few additional occupational exposures due
to waste handl ng for the extreme compaction alternative.- The principal draw-
back to this cbmpaction technique is the potential for, expulsion of contamin-
ated soil andhiaste. Depending upon the' characteristics of the soil, the
weight employed, and the drop height, depressions having depths of up to several
-feet may'be-produced. Care would have to be taken so that the dropped mass
did not penetrate the cover material to the point that. the waste is contacted
and/or expelledinto the'air. This would cause a contamination prcblem-for
personnel and equipment, not to mention an airborne hazard both onsite and
offsite. One way to reduce the potential for airborne spread of contamination
would be to restrict the mass of the weight' and the dropping height. However,
this would also diminish the effectiveness of the compaction technique in that
the depth of compaction would be reduced.

4.5 SUMMARY AND CONCLUSIONS

The preceding section of this chapter analyzed four LLW disposal case alter-
natives: a.base case, a-no action (existing disposal practices) case, a
.pre!ered (Part. l) case, and an upperbound case- i n which all -waste is dis-.-
posed in a stable manner. The results of the analysis of the cases have been
presented in Table 4.6. Of these four cases, the base case is representative
of disposal practices carried-out several years ago. The environmental and
long-term cost impacts of this case are clearly excessive and reversion to
disposal facility practices typified by this case is an unacceptable alterna-
tive.; The impacts listed in Table 4.6 for-the remaining three cases are con-
densed, renormalized, and presented as Table 4.10. This allows a reference
point to summarize some salient points raised by the previous analysis.

The impact measures are listed in Table 4.10 in three sections: (1) long-term
individual exposures (in millirem/yr), (2) short-term whole-body exposures in
addition to those associated with the no action case (in man-millirem/yr), and
(3) total costs (in dollars over 20 years ofTdisposal facility operations) in
addition to those costs associated with the no action case.

Long-Term Individual Exposures

Impacts to a potential inadvertent intruder are given as waste volume-weighted
impacts to the bone for the two intruder scenarios considered (intruder- -
construction and intruder-agriculture) for time periods equal to 100 and 500
years following closure of the site and transfer of the site license to the
site owner. As shown for the no action case, intruder impacts run at about 2
rems after 100 years.

-. _v- . .s.r *. *!% *.
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.Table 4.10 Condensed Renormalized Comparison of the No Action,
Part 61, and All Stable Cases . -

I .. .

A

I ea I

;Impact Keasurc
- Ho action

es case ^
Part 61
case

Upper
I bound
case*I(

1. LogTr
ExposuRes

.,- i. - .

Individual
(mrem/yr):

-- Intruder-construction .

o .100 yrs - Bone
.o -500 yrs - Bone

Intruder-agriculture

o 100 yrs - Bone-
o 500 yrs - Bone

Boundary well

o Body
o Bone
o Thyroid

II. Short-Terrm Whole Body Exposures
(man-mi li] rem/yr) :

TotaljOccupational Exposures

.Total Population Exposures

III. Total Annual Costs ($/yr)

1.80E+3*. 1.87E+2 1.77E+1 -
1.16E+1 1.63E+1 1.67E41

2.32E+3 2.08E+2 -. ;:
7.19E+0 9.17E+0 9,-38E40

4.39E-1
4.39E-2
1.11E+1

1. llE-I
3;70E-2
4.16E+O"

1.09E-1
1.47E-2 :
3. 30E+O

+8.50E+3 +1.1OE+4

-9. 50E+1 ;+3.05E+2 --

+1.45E46 +8.95E+6 -

**

The notation 1.8OE+3 means 1.80 x 103.

Total occupational exposures, total population exposures, andltotal
annual costs are given as increments.to those exposures and costs
associated with the no action case.

-
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Given the added operational practices of segregating stable waste streams frog
unstable waste streams and placing certain high activity waste streams at the
bottom of the disposal cells, potential intruder exposures at 100 years for
the Part 61 case are reduced by an order of magnitude. Waste segregation is
an operational practice that has been and is currently being carried out for
particular waste streams, so implementing this alternative is well within current
waste disposal technology. Similarly, layering (or other special handling) of
certain waste streams has long been a standard practice at disposal facilities,
and so this alternative is also judged to be well within current waste disposal
technology. Further reductions in impacts are observed for the all stable case
in which all waste streams are stabilized prior to disposal.

At 500 years, however, comparable intruder impacts (ranging from 10 to 17 mres/yr)
are observed for the three cases. In fact, due to the raise in the transuranic
disposal limits for the last two cases from 10 to 100 nCi/gm, intruder impacts
for the Part 61 and all stable cases are slightly higher than those for the no
action case.- As discussed in Section 4.4, however, even this small difference
in impacts is probably exaggerated. Waste streams containing transuranic
nuclides in concentrations between 10 and 100 nCi/gm are required in the last
two cases to be layered. As discussed earlier, waste streams disposed with a
minimum of 5 meters cover of earth and/or low activity waste streams would still
be difficult to contact after 500 years. In addition,'the.,analysis conservatively
takes no credit for the reduction in exposures that would result in stabilized
waste forms which would tend to reduce potential airborne dispersion and plant
root uptake.

Groundwater impacts for the three cases are shown for three organs at a well
assumed to be located down gradient of the disposed waste at the boundary of
the disposal facility. In the analysis, an individual Is assumed to pump
contaminated water from the well and use it for consu tion and other purposes
such as irrigating crops. The impacts are listed as the maximiua calculated
potential impacts over 10,000 years following disposal facility closure. As
shown, the impacts for the Part 61 case are about a factor of three lower than
the no action case for exposures to the thyroid and a factor of about four lower
for exposures to the whole body. For the all stable case potential exposures
are somewhat lower than the Part 61 case, but the reduction is not as much as
previously.

There is more to the above calculated impacts, however, then is apparent at
first glane. As observed in Section 4.4 for the no action and Part 61 cases,
most of the radioactivity contributing to the calculated impacts is contained
in the stabilIzed waste streams. One of the main purposes of stabilizing such
high activity waste is to provide structural support for disposal cell covers,
thus reducing trench cover subsidence and minimizing contact of waste by percolating
water. If, however, the waste streams thus stabilized are disposed comingled
with other unstable waste streams (as is the situation for the no action case),
then much of the benefit to be achieved by waste stabilization can be lost.
This was illustrated in Section 4.4 by the variations in the no action and
Part 61 case analysis in which reduced effectiveness was assumed for improved
covers over disposal cells containing unstable waste streams. For the no action
case, in which all waste is disposed comingled, the increased percolation raised
the-calculated'thyroid impacts at the rbference site to 41 mrem/yr. For thee
Part 61 case, the increased percolation into the unstable waste disposal cells
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raised the calculated thyroid impacts at the reference site to only 7.8 mrem/yr,
1I or better than 5 times less than'the no action case.

It is recognized that the above is only a generic analysis and that actual'
percolation rates into disposal cells at'an actual facility (and'associated
impacts) would need to be.determined on a site-specific basis. The point.
however,.d that at the present time -there is interest in developing improved
methods of.reducing the-contact oft.waste by water,'including improved disposal
facility designs'and disposal cell covers,' with the aim of further reducing
potential waste disposal Impacts to levels as'loiw as reasonably achievable.
One example is the work conductedby the Department of Energy'to develop -

biological barriers against intrusion by burrowing animals and deep-rooted
plants. The effectiveness of current or possible future improved methodsto '
reduce percolation into disposed waste, however, is believed to be linked to
the degree of-structural support"provided by the disposed waste and backfill.'
Putting it another'way, alstable'disposal situation gives methods designed'to
reduce p'ercolation'a'chance of working. Otherwise their lon'-term effectivenes
-is in doubt. of w t t 'on-- efcine

The analysis also suggests that waste stabilizatin''reduces the dependence upon
specific-site characteristics to minimize radiological impacts. This was .
illustrated by the variations in the analysis performed for the no action and
Part 61 cases. This is an important consideration, since there will always be
some uncertainty associated with measurements and'predictlons of site .
geohydrological properties. A stabilized disposal site reduces the concern
regardiing-the impact of these'uncertainties on the 'potential radiological
exposures-arising from waste disposal.

It may also be noted-that for both 'the -no action and Part 61 case, there is
still a possibility (however small) of a water accumulation problem at a .
disposal;-site having'very impermeable soils. The relative radiological impacts
and costs'of this phenomenon, however, are much reduced for the Part 61 case
relative to the no-action case. -The potential for such impacts is believed to
be reduced to minimum levels for the all stable case.

Short-Term Whole Body Exposures

Short-term whole.body exposures are presented as yearly exposures (in
man-millirem/ yr) in addition to those associated with the no action case.
These-exposures~persist'only during the 20-year period of operation of the
disposal facility. Two' such potential exposures are listed: total occupational
exposures-and total exposures to population. '

Total occupational exposures' are the sum of occupational exposures received-
from processing waste by wasle generators-and at-an (ass'umed) regional processing
center, transportation of waste to'the'disposal-facility, and finally waste
disposal. 'Additionaloccupational exposures for the. Part 61 caseare estimated
to run at' about 8.5 man-rem per year,~ mostly from processing:small additional
volumes of waste (relative to the no action case) into a stable for'm r package.
However, some of the additional calculated exposures are due to the somewhat
-increased use of volume reduction Technologiesf.Qrthe Part.6 case r(!gelativ a. -
to' the ff0attion case) as well aslthe reduced volumeof waste judgedn the
Part 61 case to be unacceptable for near-surface disposal.- It must also be
recognized that such potential exposures are difficult to determine and are a
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function of the layout of"the waste. generating facility, the type, of waste
processing performed and design of'the waste processing eq'uipment, and on
several other factors. The most important consideration at a specific facility
is often the level of management attention to reducing exposures.

Somewhat larger total occupational exposures are projected to occur for the
all stable case. This relatively small.'di.fference between the Part 61 case
and the all stable case is due to the assumption that high integrity containers
(or some other container providing structural support) are used to-stabilize
unstable waste streams. As long as one.is merely substituting once container
for another, there would be expected to be little difference in occupational
exposures received.

Total population exposures include potential exposures to populations from
incineration of combustible waste at waste generating facilities, possible
compaction of combustible waste at a regional processing faicility, and transport
of waste to the disposal facility. These are calculated as additional exposures
in man-millirem/year and as shown, very little difference is projected from
those exposures expected for the no action case.

Total Annual Costs ' _
Total'annual costs are presented as total annual.costs that would be incurred
by waste generators in addition to those associated with.the no action case.
Summed are total annual costs for waste processing, 'waste transport, and waste
disposal. Costs for'waste disposal include a basic disposal charge (design
and operation costs) as well as a charge to disposal facilityt customers for
post-operational activities (closure, observation, and institutional control).

Relative to the-no action case, costs incurred for the Part 61 cas2 are projected
to include increased waste processing costs, somewhat increased disposal: facility
design and operation costs, and decreased post-operational.costs. (These costs
do not include the cost'savings to disposal'facility customers for raising the
near-surface transuranic disposal limit from 10 to 100 nCi/gm.) Most of these
additional costs are attributed to additional waste processing costs associated
with stabilizing some additional high activity waste-streams. Thus, these
additional costs Would-nly be incurred by disposal. facility customers generating
the high activity waste'and not~by small waste generators such as hospitals
who mainly generate waste with only lot: levels of activity. The~additlonal
disposal facility'design and operation costs, are-associated with the additional
disposal facility operating practices for the Part 61 case of segregating.
unstable waste streams from stable waste streams, and of layering certain high
activity (Class C) waste streams. Of these additional disposal.-facility costs,
segregation costs are projected to be incurred by all disposal facility customers.
These costs are estimatedjto run at about an additional $12.30/m3 ($0.35/ft3)
in design and operationsfcosts..Costs tor.layering certain high activity waste
streams are projected'to be only incurred by disposal facility customers
generating the high activity streams.

Due to the ~ s.tability for the Part 61 case,.the.-
tevel 6flong-term site maintenance is reduced for the Part 61 case relative
to the no action case. Corresponding long-term institutional 'c'ntrol costs to
be borne by the site owner are also reduced. This means that the funds collected
from the disposal facility customers to provide for post-operational activities
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could be reduced. Thus, lower post-operational costs to the disposal facility
customer are projected for the Part 61 case.

The annual cqst differential between the all stable case and both the no action
case and the Part 61 case is projected to be more significant. These additional
costs are principally due to the increased costs to stabilize all waste streams.
Such costs would be passed on to all disposal facility customers. Conversely,
disposal facility design and operating costs for the all stable case would be
reduced relative to the Part 61 case (there would be no waste segregation charge).
Post-operational costs would be less than either of the other two cases.

The fact that the large additional costs that are projected to occur for the
all stable case would be expected to be passed on to all disposal facility
customers is believed to be significant. hany disposal facility customers are
small entities such as hospitals or small research facilities. The waste
.generated by such facilities is generally of very low activity.

One has to be concerned about the impact of such additional costs on small
entities, although it is also possible that the magnitude of the estimated
costs is exaggerated. In the all stable case, all Class A unstable waste
streams were assumed to-be stabilized by emplacement into containers providing
structural support. Such containers are estimated in this EIS to cost on the
order of $450 per m3 of waste, which is based upon estimated costs for high
integrity containers. At the time these unit cost estimates were developed,
however, there was only one company marketing high integrity containers.
Since that time, additional companies are marketing high integrity containers.
It may very well be that given business competition and future manufacturing
savings, future costs for high integrity containers (or some equivalent
container providing structural support) may be significantly reduced.

Another option might be to provide stability through variations in disposal
facility design and operation--e.g., through such possible techniques as grouted
disposal, disposal into concrete-walled trenches, or extreme compaction. The
additional disposal facility design and operating costs for these alternatives
are projected to run at about $80, $369, and $28 respectively per m3 of unstable
waste disposed. Post-operational costs, however, would be reduced. Such
possible techniques would also have to be developed and tested for sppcific
disposal facilities, since past experience regarding these techniques at low-
level waste disposal facilities has ranged from occasional to none. In addition,
there are some occupational safety concerns regarding some of the above
alternatives.

Conclusion

In conclusion, NRC staff judge that the generically preferred cage is the one
representing the Part 61 requirements. Although the Part 61 case involves
somewhat higher costs than the no action case, the potential in the Part 61
case for minimizing long-term environmental releases and costs to tile site owner
is enhanced. Minimum environmental impacts and costs to the site owner are
associated with the al.l stable case. k However;- NIR.C staff bel.ive that there -are
sufficient uncertainties associated with the cost impacts to disposal facility
customers that it cannot be implemented generally at this time. This decision
may change in the future, depending upon cost considerations and the maturation
of newer waste management technologies. During licensing of specific disposal
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facilities, however, special, attention will be given tp the possibility' of
leachate accumulation within disposal cells. At specific sites where such a
possibility can occur, additional measures intended to eliminate this possibility
will be considered.

4..
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Chapter.5

, CONCLUSIONS AND DISCUSSION OF REQUIREMENTS

This Chapter 'presents the final conclusions'reached as part of the Part 61
rulemaking action. The final conclusions'are presented as the basic principles
and concepts that should be set out as the minimum requirements in the final
Part 61 rule. 'The performance objectives derived as a result of the analyses.
are first addressed, followed by the principal technical re-uirements which
follow from the performance objectives. Theseare followed by.a discussion of
waste classification requirements, which are then-followui.i by a discussion and
analysis of the final administrative, procedural, and financial-requirements.

In preparing this chapter, use is made of the comparative analysis performed
in the previous chapter, the analyses'performed in the draft EIS, comments,,.
received on the draft -EIS and comments received on the proposed Part 61 rule.
Thus, also .highlighted in this chapter are any significant modifications
incorporated into the final-Part 61 rule due to comments received on the pro- C
posed Part 61 rule. Although technically,- this final EIS need only consider
public comments received on the draft EIS, it is believed in keeping-with-the
spirit of this -EIS as a decision and information document to indicate the.-impact
of comments on the proposed Part 61 rule on the final Part 61 EIS and rule.

In developing these conclusions, NRC considered and applied several criteria.
The principal criteria used include whether the requirement would: (1) reduce
short-. and long-term health, safety and environmental impacts without major
new short-term Increases in the costs for disposal; (2) reduce uncertainty and
long-term costs for disposal; (3) contribute significantly to helping ensure
that the-performance objectives would be M'et; (4) establish minimum'.technical
requirements leaving maximum flexibility in how specific designs and operating
practices could be applied by an applicant or'licensee; and (5) establish.
specific controls where needed based on past experience and present knowledge.

5.1 PERFORMANCE OBJECTIVES VERSUS PRESCRIPTIVE REQUIREMENTS

In developing specific regulations for LLW disposal, two basic:types of
requirements can be established: performance objectives and prescriptive
requirements.

A performance objective regulation would establish the overall objectives that
should be achieved in'the disposal of LLW.and leave flexibility in how the
objectives would be achieved. The performance objectives would establish
general technical -requirements on the design and operation-of an LLW disposal
facility and would include a standard or standards to specify the level of
radiological hazard which should not-be exceeded at an LLW disposal facility.

A prescriptive regulat1TW would -st out specific detailed requirements for the
)designhd-ojeiration of an LLW disposal facility. Prescriptive standards would
specify the particular practices, designs, br methods which are to be employed--
for example, the thickness of the cove- material over a shallow land burial
disposal trench, or the maximum slope of the trench walls.
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Based on the analysis in Chapter 2 of the draft EIS (5 2.2), the preferred
approach selected and followed by NRC in the preparation of the proposed
Part 61 was to develop both performance objectives hnd prescriptive require-
ments. Overall performance objectives were developed to define the level of
safety that should be achieved in the land disposal of LLW. Minimum technical
performance 'requirements were also developed for each of the major components
of an LLW disposal system that should be considered in all cases in the dis-
posal of LLW to help ensure that the overall performance objectives for land
disposal would be met. Finally, prescriptive requirements were established
where they were deemed necessary and where sufficient technical information
and rationale were available to support them.

Basedion public cowments:on the-Part 61 rule, draft EUS, and NRC's analysis of
these comments, NRC has made no change to this approach. It has been followed
in the development of the final Part 63.'rule.

5.2 DEVELOPHENt aF PERFORMANCE OBJECTIVES

As part of the analysis performed in the draft EIS, NRC analyzed a range of
alternative performance objectives for low-level radioactive waste disposal.
This analysis in.volved an extensive series of case studies plus an extensive
examination of the case.study results. From the analysis NRC staff identified
four such overall performance objectives:

1. Protect public health and safety (and the environment) over the long
term;

2. Protect the inadvertent intruder;

3. Protect workers and the public during the short-term operational phase;
and

4. Long-term stability to eliminate the need for active long-term maintenance
after operations cease;

There were few comments from the public on the overall numerical analysis per-
formed in the draft EIS to arrive at the preferred performance objectives.
There were, however, some comments on the specific details of the analysis such
as assumptions on environmental monitoring costs. Based upon the comments,
NRC made a number of revisions to the numerical inputs to the impact analysis
methodology including an improved method of cost analysis. a more extensive.
analysis of the impacts of waste classification and analysis of a new pathway
(trench overflow and leachate treatment). The effect of the revisions to the
analysis methodology had no effect on the overall conclusions, but, rather,.con-
firmed NRC's original conclusions. To provide greater clarity, an effort was
made to reduce the number of cases considered and this resulted in the analysis
performed in Chapter 4-of this final EIS. .Based on public comments on the cro-
posed rule, no new areas were identified whiich should be addressed in the
Part 61 rule as overall performance objectives for land disposal of LLW.
Commenters generally supported development of performance objectives in the
above four areas...., .A.r-..
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-. One rule comenter challenged the performance objectives in Part 61 as being) premature in' advance of. relevant EPA standards and beyond the agency's authority
to the extent that they are not alreadyembodied in 10 CFR'Part 20 and that
they are unduly stringent and unsupported. With respect to this comment, EPA,
underits ambient environmental standards setting:authority assigned by
Reorganization Plan No. 3 of.1970.has the.authority to prepare a standard that'
will set 'limits'-for, releases of radioactivity to the general environment from
disposal facilities. Presently-there is~no-such EPA standard.. In the absence
of such.a standard, the Commission.examined-.arange oflimits whichbound that
expected'for the EPA standard and selected a-proposed.performance objective-"
that establishes-a release limit for.the site boundaryia regulatory action.
withi Lnthe Iimits of NRC authority. ,,ln a rulemaking actiort, the -Co-miss on is
not solely limited to existing.standards in Part 20.and the Commission does
not intend to withdraw any portion of the rule that may be related to the
performance objectives.

With'regard to"the'specific performance objective for releases to the
environment, 'the, Environmental ProtectionAgency commented that the!establish-
ment'cf an indiv'idual'exposure limit at the site boundary for releases as
proposedfin §61'.41 is appropriate. They stated that the 25'mrem/yr limit is
In the correct range of values (1 to 25 mrem/yr..ya Analyzed by. the -Commission)
wh ich should encompass-ianyifuture EPA standard for low-lev&, waste disposal
facilities Based on the analysis, NRC does not anticipate any need to change
the technical requirements of.-Part 61 -to meet a future EPA standard. . In their
comments, 'EPA stated -their opinion that it was inappropriate. to-apply the EPA-

A drinking water standard as proposed in 561.41. Accordingly, this part of the
performance'objective has been deleted. However, this does not diminish thy
Commission's concern over protecting sources of drinking water. The Cotmission
will assess;the potential impact on drinking water supplies as part of its
licensing review.

Reaction to the proposed performance objective to protect potential inadvertent
intruders was mixed. There were some who felt the proposed 500 wrem whole
bod- dose to the intruder was too high; some felt that it was.the right value
for a standard, and others felt that higher values were in order._. Those that-.-.
felt that the standard should be higher suggested values of.5 rem or 25 'rem to
correspond to'limits for occupational exposure or one-ime exposures to workers.
from potential accidents. A number of commenters, in their coments about
considering the probability that :intrusion.will toccur, expressed concern about

'weighting too heavily the protection:against inadvertent intrusion in deter-
Mining disposal requirements for waste. Based on these comments, the Commission
believes thaL the primary concern of those who feel that the intruder-protection
objective is too-restrictive is-the effect that this has on theiconcentrations
of certain nuclides that are acceptable for disposal in a near-surface facility,
and the need to.meet.waste form requirements-such as -stability for some wastes.
With this An mind, and-in'response to other comments, the Commission has,

- -- . eevaluaed the calculations -that-establisbthe waste ctassification concentra-
tion limits to eliminate unnecessarily conservative assumptions with the
result that theanalysis is more realistic and the limits for several important-
isotopes have been raised. With this action, the Commission-believes that
moft.-dT the concerns of-those whr-encdura4 ediiigher expo&sire I imits rb less f
-Iemphasis on -protect-ion of -intruders will ,have-been met.
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9 ') With respect to those who suggested that lower limits would be appropriate,
there were no compelling arguments-or technical demonstrations presented that
persuaded the Commission to lower the dose limit for intruders.

The EPA commeted that it was not appropriate to state the 500 mrem (whole body)
dose limit at a regulatory limit in the Part 61 4ule, since the licensee would
not be able to monitor or demonstrate compliance with a specific dose limit
that applies to an event-that might occur hundreds of-years from now. They
did recognize use of'the 500 mrem whole body dose limit 'as the basis for
determining the concentration limits in Table 1 of Part 61. 'Noting that,
given ALARA, actual exposures to an inadvertent intruder would'be lower than*
500 mrem per year, the 500mrem dose limit has been deleted from the performance
objective but has been retained as the basis of the waste classification
concentration limits.

EPA asked for a clarification of the intent of the performance objective in
§61.43 as it pertains to effluents from the site. This performance objective
states that operations at. the land disposal facility must be conducted in 'om-
pliance with the standards for radiation protection set out in Part 20.
Part 20 contains standards for concentrations of radioisotopes in air and water
released from ail1censed facility. Section 61.41 sets forth limits on.concenr.r
"rations of radioisotopes released from a land disposal facility which are lower
than those in Part 20. It is the Comuissions' intent that the provisions of'
Part 20 will apply to all aspects. of radiation protection during operation except
for releases of radioactivity from the site which will be governed by the more

i ) stringent requirements of §61.41. The rule' has been modified to clarify this
point.

Commenters pointed out a need to be clearer in the rule on how the principle
of maintaining radiation exposures to a level that is as low as reasonably
achievable (ALARA) will be handled. The Commission intends that the ALARA
principle apply' to the performance objectives for long-term environmental
release-and protection of individuals during site operations.- It cannot apply'
to the intruder performance objective, since Part 61 sets out requirements for
intrusion protection which are beyond the disposal facility licensee's control.
Appropriate changes have been made in §§66.41 and 61.43 to reflect the ALARA
principles

Based upon the EIS' analysis, and comments provided on the proposed Part 61 rule,
the following performance objectives were derived for the final Part 61 rule:

5.2.1 Protection of the General Population From Releases of Radioactivity

Concentrations of radioactive material which may be released to the general
environment in ground water, surface water, air, soil, plants,,or animals must
not result in an annual dose exceeding an equivalent of 25 millirems to the
whole body. 75 milliremsi to the thyroid, a~nd 25 millirems to any other organ
of any member of the public. Reasonable effort -should be made to maintain
releases of radioactivity in effluents to the general environment to levels as
low as is reasonibly.achievable.

5.2.2 Protection of Individud 'rom Inadvertent-lntrusion

Design. operation, and closure of the land disposal facility must ensure pro-
tection of any individual inadvertently intruding into the disposal site
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and occupying the site or contacting the waste at any time after active
) institutional controls over the disposal site are removed.

5.2.3 Protection of Individuals During Operations

Operations at tde-land disposal facility must be conducted -in compliance-with
the standards for radiation protection set outAnPart 20 of this chapter,
except for releases-of radioactivity in effluents from the land disposal
facility, which shall be governed by §61.41 of this part. Every reasonable
effort shall be made to maintain radiation exposures as low as As reasonably
achievable.

5.2.4- Stability-of the Disposal Site After Closure

The disposal facility must be sited, designed, used, operated, and closed to
achieve long-term s.tability.of the disposal site and to eliminate to the extent
practicable the need for ongoing active-maintenance of the-disposal:site
following closure so that only surveillance, monitoring, or minor custodial
care are.required. .

5.3 TECHNICAL REgUIREMENTS

Based iupon the analyses for the performance objectives, a number of technicalrequirements were developed to help ensure that the performance objectives

would be met. These technical requirements are set forth in Subpart D of the
Part 61 rule. They specifically addressed the four principal components which

-) collectively make up an LLW-disposal system. These are.

-(1)- Site Characteristics - The~geohydrological, geomorphological, climatological
:and other natural characteristics of the site where the disposal facility
is located.

(2) Design and Operation - The methods by which the site is utilized, the dis-
posal facility-design, the methods of waste emplacement and closure of

- : the site.

*(3) Waste Form and Packaging - The characteristics of the waste and its
packaging.

(4) Institutional Controls - The actions, -including assurance of adequate
financial resources, which involve a government agency maintaining
surveillance, monitoring, and control over access and utilization of the
site after closure.

Based on public comments filed on-the riule-and EIS, no new major areas were
identified in addition to the above that sh1ould be addressed in'the'development
of the technical requirements. New topics identified b'y commenters'which
should be addressed'in tF6eE1S fell into one of the above areas.

The technical requirements set forth in the proposed rule were generally derived
either directly from the analysis to determine-the performance objectives or
we)r'e develqp'ekdfased o ' p-aetexperience and existing good -practices. A
give tNchriic requlr e ment frequently help s to ensure thati miore tbhain one
performance objective will be met.
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Most of the technical requirements can be related to three key principles that
are of most significance in assuring the performance objectives are met.
These three principles are:

1. Long-erm stability of the disposal facility and disposed waste.
he]psfreduce trench cap collapse, subsidence, water infiltration,
need to actively care for the facility over the long term.

Stability
and the

2. The presence of liquids in waste and the contact of water with waste both
during operations and after the site is closed. Water is the primary
vehicle for waste transport and its presence in and contact with waste
can contribute to accelerated waste'decomposition.and increased'potential
for making the waste available for transport offsite.

3. Institutional, engineering and natural controls that can be readily
applied to reduce the likelihood and impacts of inadvertent intrusion.

The following chart summarizes the relative importance of each in helping to
assure achievement of each of the performance objectives.

Performance Objectives

Migration Maintenance Intruder Operations
ft_ I

tong-term
stability of
waste and
facility

Keduces water WnU,-
filtration and thus
the potential for
migration.

Keduces uncer-
tainty and need
for long-term
maintenance.
Reduces long-
term care costs.

Reduces need for
active mainte-
nance during and
after operations.

Keduces liKel noo
for inadvertent
intrusion.
Reduces impacts
to inadvertent
intruder.

Reduces waste
degradation and
thus impact to
intruder.

ci Reuuces
potential
occupational
Reduces off-
site release!
in the event
of an accidei

-_ Reduces
potential
hazards.
Reduces
potential
for offsite
releases.

* -Contact of
water with
waste

Reduces potential for
migration and off-
site transport of
waste.

Institutional
and other
intruder
controls

. Custodial care during Assures proper
institutional control maintenance.
reduces potential for
water infiltration.

Reduces likeli-
hood for
inadvertent intru
sion. Reduces
impacts to
inadvertent
intruder.

.4 R ...,.

Reduces-
potential
occupational
hazards.

a ~ a, i , 1S*i.L .4* * , . . * 44.

- As discussed below, safety during disposal facility operations and proper
disposal facility siting are also important considerations.
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5.3.1 :Stability

In translating these principles into technical requirements, NRC found~that in..
general many were already being'addressed in one way or.'another at one or more -

of the existing'operating sites. -'For example, methods to improve site stability
which are either already being carried.out or may be readily implemented include.
improved, more'stable waste forms'"and packaging for'higher activity wastes,.
reducin'g'void spaces between packaging placed in trenches, 'compaction of back-'
fill material and'trench covers,':and use of institutional controls to' continue
to maintain and control' site access after active operations cease.

The preferred alternative selected as a technical requirement will result in
the least disruption of -existing practices and will leave maximum flexibility .
in how stability can be achieved. The preferred alternative is torequire that
higher activity wastes must be placed into a stable form.and disposed in a.
segregated manner-from unstable waste. 'Lower activity wastes which are also
stable may be e6placed with the higher activity stable waste. 'This is a
desirable practice since it helps to reduce long-term environmental releases
as well as operational exposures at. the disposal facility.

Waste segregation is estimated to cost an approximate'112.30/rn ($0.35/ft3 )Ain -

additional.disposal costs. Offsetting these additional costs will be' the reduced
need to change customers cost's for long-term care. These:reduced costs charged
to the disposal facility customer can rangejfrom $3.4f/m3 ($0.10/ft3) to'-'.
$21.80/m3'($0.62/ft3). Stability of the waste form can be achieved.by several'.'. '
means: -

1. The waste form as generated may already'be stable '(results in no'increase
in costs'over those today); ' '

2. Processing the waste to-a stable form through techniques such as ioproved.
stable-packaging, use of high integrity containers, or,'Waste solidification.
(The'costs for this can range from negligible additional Costs for. stable,
packagingto an approximate additional $450/r3' for high integrity containers
up to about'an additional $2000/Mn3 in solidification costs. The costs
are.b.gl.ieved.to'-be-conservatiiely high.' In addition, the industry.is .

generally already mov'ng toward this alternative-in response'to license
conditions in effect at Existing operating sites and it is, therefore,
not a significant change"from existing practices);

3. Use of engineering design at the disposal facility; Hany. engineering design
alternatives-which can provide stability are possible including caissons
filled'with'concrete and conciete-walled trenches. '(The' cost for a'
concrete-walled trench including usebof concrete grout as a backfill'at6-
rial was estimated to cost an approximate additional $232/.3 ($6.60/ft3)'
in total disposal costs.)

Given the need for waste stability and -the requirement that Class B and Class C
waste be stabilized, -an obvious question is how does one comply with the.
technical details of the,. requirement. 'For'example, for how long must waste.
rlemain stable- and what constitute-a 'stable wastefom-n? Based upon'the raft
ETS -Anlyis-atd 6ther 6obfsida-tiWs; NRC'pibpbcs'd a-number of specific,
requirements in the proposed Part 61 rule-regarding waste' stability. These
included a statement. that the requirements were intended to provide stability
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for at least 150 years, that a stable waste form maintain its physical dimen-
sions within 5 percent, and that the stability of the waste be maintained
under. a compressive load of 50 psi. There was also a statement that void_
spaces within waste containers be reduced to thu,:extent practicable. Several
comments wereireceived on these draft requirements.

NRC staff hash reviewed the 150-year stability-requirement with respect to the
scenarios used to calculate the waste 'classification values. .The property of
stability contributes. to meeting successfully the performance objectives set
forth in Part 61. A waste that is'stable for a long period helps assure 'the
long-term stability of the site, eliminating the need for aptive maintenance
after the site is closed.-This stability helps to assure against water infil-
tration due'to failure of the'disposal unit covers and, with the improved
leaching properties implicit in a stable waste form, minimizes-the.potential
for radionuclide migration.in groundwater. Stability also plays an important
role in protecting an inadvertent intruder, since'the stable waste form Is
recognizable for a long period of time and minimizes any effects from
dispersion of the waste upon intrusion.

The 150-year period was initially chosen to approximate the active life of a
near-surfade disposal facility, along with the periods of post.closure obser-
vation and institutional control. At the end of: this period, the intrusion
scenario is based'on'the intruder readily recognizing any uncovered waste as
something out of the ordinary with the.'result that no further attempts at
construction or agriculture 'would be attempted. When other aspects of the
performance objectives are considered, however, a longer design life is called
for. The waste should continue to maintain its gross physical properties and
maintain a measure of its identity.for several. hundred years,more to provide
site stability and to keep the Class B waste recognizable and unsuited to the
construction and agriculture scenarios postulated. Consistent with the
objective of avoiding prescriptive requirements where possible, the 150-year
specification has been removed from the~requirement. It is the NRC staff's
belief, that to the extent that it is practicable, waste forms or containers
should be designed to maintain gross physical properties and identity over-
300 years, approximately the time required for Class B waste to decay to
innocuous levels. This is reflected in.the draft Low-Level Waste Licensing
Branch Technical Position on Was'te Form (Ref. 1).

A number of commenters on the proposed-rule indicated that the.proposed
requirement that a stable waste form maintain its physical dimensions within
five percent was overly restrictive and impossible to achieve due to.:the
impracticality of filling containers to 95 percent capacity. Commenters also
noted that asphalt and polymeric solidification agents would be incapable of
meeting this requirement because of their visoelastic creep properties.
Commenters also observed that the limit could entail added expenses.

Upon review of the proposed requirement, NRC staff has concluded that there is
not sufficient basis at this time to support a strict numerical limit in the
Part 61 rule on'deformatio'n of stable waste. The five percent value has been:
removed from this requirement, NRC staff will instead address the issue
through technical positions on wasle foim. L-intentiwfll be to work through
exist-ing waste-solidification-caoabilities with the aim of steadily improving
such capabilities over time. In the meantime, reliance will be placed on the
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)requirements that void spaces within packages 'must be minimized and the require-..
ments that wastes must be emplaced in a manner that permits void spaces between
containers to be filled.

Several 'commente'rs objected to the specific requirement. that the stability of
the waste be maintained under a compressive load of 50 pounds per square inch
(psi). Host felt that the specific requirement should.be deleted and replaced
by a more general requirement to reflect'actual disposal site conditions and
operation-s.

In response to these comments, the 50 psi'specification has been removed from
the rule. The specification was based on conservatively assuming maximum
burial depths up to 45 feet and a waste or overburden density of 150 lb/ft3.
Testing performed on acceptable solidified waste specimens indicate that a
50 psi compressive strength should be easily obtained. NRC staff believes
that while this is "achievable, some-latitude should be allowed for the design
of waste forms and containers to reflect site conditions where burial depthbs.
may be.less.''-

There was-some question regarding the rule statement that void spaces within
waste containers shbuld'be. reduced to tV-extent practicable. Several requested
specific .criteria on how this would belmet and if filler materials were needed.
Two felt that economics would drive waste generators to package the maximum
volume 'of waste into a container and that this requirement in the rule is
unnecessary . i

Due to the highly variable nature of wastes, NRC staff believes that it is not.
possible or desirable to include specific criteria for minimizing voids. To
the extent that void spaces can contribute to eventual instability of the
waste, they 'should be eliminated or reduced as much as possible. This might
be done in some cases -by filling void spaces with other wastes 'or.inert
materials -'No-change was made to the requirement.

Since the rule permits the stability of wiste to be achieved by placing the
waste in a suitable container for disposal, a number of -comments addressed the
properties such a container should exhibit and the uses to which it, should-be
put. It was suggested that the itomission reexatmine design criteria for a
high integrity container for highly dispersible' forms, and one suggested that,
such a container should be used for-both'high 'and low concentration wastes. A
major supplier of waste solidification technology questioned whether the use
of a container reflected the 'concepts of -reducing 'potential exposures to
levels as low as reasonably achievable (ALARA).-

NRC staff has prepared a technical position on waste form criteria, including
design criteria for such a container. Draft copies have been made available
to interested parties for their review and comment (Ref 1).. In short, the
technical position' states' that the container ~must' provide 'equivalent assurance.
of stability asa astable waste form or 'product. It should be designed, to the
extent that it is practicable, to maintain gross Ohysical'properties and
.identity-,oyer 300 years, under the conditions of disposal. The staff believes--.

I that the 'us-containers to achie've stability is conisistent-with the concept
of ALARA' id'the't u thebest'av-a-ilibetechno-logy. Occupational exposures
in using such containers are expected to be similar to or less than waste
solidification, either with mobile or installed systems.
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.' NRC also evaluated in the draft EIS a number of facility design and operational
1improvements that are inmany cases currently being appJied~at the existing
operating sites to improve long-term site stability. These include waste
placement, backfill, and compaction of backfill and trench covers. The use of
specific design and operational techniques would be evaluated for a specific
facility on a case-by-case basis as part of licensing that facility.

In general, however, the overall objective is that waste placement and backfill
procedures should improve'rather than reduce site stability. Comments on the
draft rule and EIS indicated that NRC staff was not sufficiently clear regard-

.ing this point. The draft requirement in paragraph (4) of section:61.52(a)
was that wastes must be emplaced in an orderly manner. Several conmenters
objected to this requirement because of perceived increased operational
exposures.

The requirement-that was proposed was intended.to assure that the placement of
packages'into a disposal unit did'not destroy the integrity of the package (in
order to minimize the possibility of releases of contamination) and also to
minimi.e the void spaces between packages so that this would not be a contri-
butor t.o site instability. It has been a common.practice at waste disposal
facilities to'dump some wastes over the edge of a disposal'trench;with the
.packages falling and tumbling teothe trench bottom where they ended up In a:
random arrangement :This practice jeopardizes.'package integrity and does not
permit access to voids between packages so that they could be backfilled, The
assumption by the-commenters that orderly emplacement 'necessitates increased
Handling by site operators which results in higher radiation exposures is not
necessarily the case.. Lifting and stacking devices are~currently in use for
low-level waste disposal that permit remote liftingand emplacement in'the
disposal trench withoutincreased occupational exposure The resulting
emplacement meets the intent of protection.of packaging integrity and access
to void spaces. In any case, one of the penalties of not achieving site,'
stability is increased exposures to site maintenance personnel over the institu-
tional control pericd. Since the term "or'derly" was subject to misinterpretation,
the requirement has been rewritten to remove the term and to specify the
objectives of waste emplacement.

-Several dommeniters on the proposed Part 61 regulation pointed out the stability
problems (slumping, subsidence, etc.) that'could still be associated with .
disposal units containing the segregated and unstable Class Akwaste. It is-
true that relative to the'disposal cells containing stable.waste, greater site
instability and increased maintenance (and cost) during the institutional
control period would be expected. However.as addressed in Chapter 4, the
level of activity in the unstable waste disposal units would be much less than
in the stable waste disposal units. Waste segregation reduces the long-term
impacts associated with the total site.

NRC's preferred 'solution in terms of minimizirNg groundwater migration and.
reducing institutional control maintenance activities would be to extend waste
stability requirements to all waste. However, much of the waste generated by
licensees is of very low activity and furthermore generated by small entities.
Based-upon the' waste-foa z:andispos~al facility design alternatives consideredd-',n
in the EIS, NRC staff concluded that extending waste stability-requirements-to
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. )nclude all waste would have too great of an economic impact to require generically
at this time, particularly to small entities. NRC staff; therefore, intends
that the site operator give particular attention to means of achieving greater
stability to the 4esign of that portiorn-of the facility used for'disposal of
Class A waste. Innovative designs 'should'be considered in order to provide
long-ttrm stability of the site, consideringthe'inherent instability of the:
Class A waste and the potential for water accumulation problems where there is
potential for such problems to occur. Inpreased emphasis on -identifying waste
stheams: that-may be disposed by less restrictive meahs ("de minimis waste").
will also have a beneficial effect. . . -

5.3.2 Contact with Water

A number. M specif ic requirements relating to site characteristics, disposal
facility designs and operating practices, and waste forms and packages are-
established in the Part 61 rule which are directed at reducing the contact of
waste by water,.both during operations and over the long term after closure,
(see Sections 61.50,- 61.51, 61.52, 61.56, and.61.59). Theseiinclude require-
ments that the site be free of areas of flooding or frequent ponding, and pro-
vide Sufficient depth to-the Water table so that ground-water intrusion into
the waste will not- occur." They also include design features such as trench-,
covers being designed to'ininmize water'infiltration, to direct rainwater away
from trenches and to'prevent"waste from sitting in rainwater in open 'trenches.
Waste form requirements address the disposal of liquid waste.

)A discussion of requirements related to (1) site characteristics,- (2) disposal
facility design and.operating practices, and (3) waste form and packages'Is
provided below. , .

Site Characteristics. Kinimun requirements for disposal sitesuitability (set
forth in section 61.50 of the Part '61 rule)'are primarily directed at.site
characteristics to be avoided rather than 'setting forth'areas which'would.be
desired. JTh siting requirements were developed based onhpast history and.''
recommendations from groups such as the U.S. Geological Survey (USGS), and'are'.
believed-torepresent, for the most part,>simple'common'sense. -(See Appendix E
of the-draft EASED:-The requirements can be paraphrased as follows.

1. The disposal site shall 'be capabi'eof beingcharacterized, modeled,
analyzed, and monitored.

2. Projpcted-population growth and future developments'should not affect'the
ability of the site to meet the performance objectives.

3. Avoid areas having economically significant natural resources.

4. The disposal site must beenerally wel) drained and free of areas of .,
floodingqor frequent' pondinhq. Avoid waste disposal in a lao-year flood-.
laint coastal hiqh-hazard area, or6 wetland.

5. Minimize upstream drainage ares a -

f'. !fliient-dep~thto the wate' table'musL be provided so that ground-water
intrtvdioii. per)ennial nr ,itletsise, into the waste weilt Aot occur bEcep-
tiois. will be considtered if diffusion is the predominant means of radio-
nuc I ide movement.



~ 7. Any ground water discharge to the surface within the disposal site must
) Jnot originate within the hydrogeologic unit used for disposal.

8. Avoid areas of tectonic processes such as faulting,,seismic activity, or
vulcanisolwhich occur with suchfrequency and extent that either the per-
formance objectives are compromised or defensible modeling and prediction
of long-torm impacts are precluded.

9. Avoid areas of surface geologic processes such as mass wasting, erosion,
slumping, land sliding, or weathering which could either cause the pei-
formance objectives to be compromised or preclude defensible modeling and
prediction of long-term impacts.

10. Avoid areas where nearby facilities or activities could cause the perform-
ance objectives to be compromised or significantly mask the environmental
monitoring program.

A discussion of NRC's intent regarding these site suitabiTlity requirements, as
well as applicant procedures for site selection and characterization, which are
acceptable to NRC staff, is presented In NUREG-0902 (Ref. 2).. This discussion
on site suitability requirements is presented below along with public comments
received on these requirements. (Approximitely two dozen commenters offered
comments on various aspects of the proposed disposal site suitability
requirements.)

The first requirement implies that the proposed site should be geologically
and hydrologically simple. Eight comments were receivedon th5s.requi-ement
prfmirily directed at the perceived vagueness of the' requirenent--i.e., what,
does it mean to be capable of being characterized, modeled, analyzed, and
monitored? Since site characterization inve.tigations can sample only a small
fraction of the surface~' area or subsurface volume of the disposal site, HRC -
intends that the site characteristics must be such that these limited
investigations can adequately define the site characteristics spatially across
the disposal., site. Since most modeling tends to homogenize the hydrogeologic
units and average the hydrologic properties' for such units, the site chairacter-
istics should vary within a sufficiently narrow range so that the input to the

*- -m6deltng is representative of the hydrogeologicunits andwth essumpt1in
underlying the modeling are valid. For example, the hydrogeologic unit used
for disposal should not have continuous permeable or impermeable anomalies
such as faults or fracture zones, sand lenses, weathered horizons, or karstiz
features that provide preferential pathways for or barriers to ground-water
flow.

The first requirement also implies that natural processes affecting the
disposal site should he occurring at a consistent and definable rate such that
the modeling of the site will represent both present and anticipatable site

-. conditions-after closure. Finally, since monitoring-programs can sample onry
a small fraction of the surface area or subsurface volume of the disposal
site, site characteristics must be such that a reasonable number of monitoring
points can adequately monitor site performance..

)The6second requirement, related to population growth, is tied to the potential
for eventual use of the site. Disposal sites should be located in an area
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which has Iow population density and limited population growth potential.
Consideration should be given to the potential for future land use activities,
such as residential, industrial, agricultural, and recreational development,
that could adversely affect the disposal site.

The third requirement, related to known natural resources, includes such
resources as mineral, coal or hydrocarbon- deposits, geothermal 'energy sources,
timber and water resources. The requirement applies to resource recovery~that'
may occur at the ground surface, in the'-hydrogeologic units used for disposal
and isolation; and at greater depths which require excavation or -drilling,,. .
through theldisposal units. Potential indirect effects caused by nearby
resource development, such as increased'infiltration rates or steepened hydrau-
lic gradients, should be evaluated.. The primary concerns with respect to the-
presence-of exploitable natural resources a-re the likelihood of inadvertent
intrusion through-resource development as'well as the effects'of such develop-I.
ment on the performance of the site after the period of-active -institutional
control.

The fourth requirement consists of two components. The first component,.related
to drainage crossing the disposal site'-primarily applies to the disposal site '
after-construction of the near-surface disposal facility. However, natural
areas of poor drainage or frequent pondingxcan be indicative of seasonally high-'
ground-watei' levels-and'should be so noted -by the'applicant. -In.addition, areas'-
of flash flooding, such as arroyos or dry'washes, should be'avoided. 'The second'
component, related tobavoidance of the -100-year floodplain; coastal 'high-haziard
area or. wetland, implements' Executive Order 11988, floodplain Hanagement Guide-.
lines (Ref. 3). This requirement can be applied "Lo the disposal site at the
site selection phase.

Commenters raised questions on'the siting' requirements related-to surface water
drainage. -These can be'summarized as (1) definition of certain terms such as
upstream drainage areas,'coastal high-hazard area and wetland,-and (2)'the -
adequacy of the exclusion-of waste disposal based on the'100-year floodplain.

The 100-year floodplain is defined in the Executive Order (Ref. 3) as the low-
land and -relatively-flat areas adjoining inland and coastal waters, including
floodprone areas of offshore islands,Aincluding at ainimum,.that-area subject
to a one percent or-greater'chance of flooding in any given year. A coastal.
high-hazard area is-defined as the area'subject to high velocity waters includ-
ing,but not limited to, hurricane-wave wash or tsunamis. Wetlands are defined
as those areas that are inundated or'saturated by sur'face water or ground 'water
at a frequency and a duration sufficient to support and under normal circum-
stances :do, or would, support'a prevalence of 'vegetation or aquatic life that
requires.saturated or seasonallysaturated soil conditions for growth and i :
reproduction..-;etlands generally include swamps, tidal flats, marshes, bogs,
and similar areas' . - - --

The 1O0-year floodplain is that land which'would be inundated by a'-flood having
a 1 in 100 chance of occurring in any:particular year. - The Commission feels
the major hazard due to flooding'is associated with the period of site opera-

.tions.when disposal units are-open.. Btcause of other prtovisionQf 'the, rule,.
Ui''tES-dlsposal units will be open a comparatively'short time. Once closed, the
covers and site drainage system will provide protection against the effects-of
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') flooding. The Commission considers 300 or 500-year floodplains to be unneces-
sarily restrictive; and questions whether an adequate data base or standard
methods of determining such floodplains exist.

The fifth requirement, related to upstream drainage areas.contributing flow
across the disposal site, can be applied to the site at the site selection phase.
The staff will consider engineering modifications or diversion of natural drain-
age to lesser potential impacts to the upstream drainage area If these changes
are long-term (equivalent to the duration of the radiological-hazard) and.wi'11
not require ongoing active maintenance. The staff anticipates that diversions
of perennial streams~would not, in most cases, be acceptable... The considera-
tion of upstream drainage areas should include the impact of potential modifi-
cations by others toithe upstream'drainage area, such as land clearing and '
cultivation or development of roads, which may occur after the near-surface
disposal facility is, in operation.

The sixth requirement, related to the depth of the water table, indicates that
with few exceptions, near-surface disposal of low-level radioactive wastes will
be in unsaturated soil deposits.. Exceptions could include dry disposal in
engineered facilities.'or structures either completely below, partially below,
or completely a~oye natural..site..grade..;Alternatively, as indicated in the
wording of the-requirement, waste disposal may belbelow the water table at some
sites if it can be conclusively shown that, site characteristics will result in
molecular diffusion being the predominant means- of radionuclide movement and
the rate of movement wil result in the performance-objective being met. In no-

() case, however, should waste disposal occur within the zone marked by fluctua-
tions of the water table.

At sites where disposal will be above the water table, seasonal fluctuations
of the water table and capillary fringe both priorand subsequent to waste.
disposal must be considered. The bottoms of the disposal units must be', at
all times, above the saturated tone in order to limit the water contacting the
wastes to that small portion which infiltrates through covers in disposal
areas. Reducing the contact.time of the water with' the waste by using,
freely-draining granular backfill should be considered. In addition, the
accumulation of water in the disposal unit (the.-bathtub effect) must be'.
avoided. This ca6'n6inoally be accomplished if the bottom of-the disposal unit
can drain at least as' readily as water can infiltrate into the disposal- unit
through the cove'r or sides and if there is no capillary rise of water into the
disposal units from the underlying soil deposits.

For sites where disposal will be below the water table, the hydrogeologic unit-
used for disposal should have hydraulic properties (e.g., hydraulic conductivity
and effective porosity) which essentially preclude ground-water flow. The
hydraulic conductivity, as tested in-situ, should typically be less than
10-¢ cm/sec. The effective porosity would be.epectedjto.be-on the order-of
0.01. Hydrogeologic units which meet these conditions generally cannot be
tested by normal techniques requiring addition or withdrawal of water in wells'.
Methods of determining that molecular diffusion-is the prevalent mechanism of
solute transport include age-dating ofgsound waterrby.J.isotopic ratios and
radioisotopic methods to show that there has-been no active circulation of
ground dter-within the iuhitduiingitfig'l1'ngth'of time d'etermifeidby' they
age-dating.
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The seventh requirement, related to ground-water discharge, stipulates that
the hydrogeologic unit used for disposal will not discharge ground water to
the ground surface within the disposal site. Surface-water features sustained
by ground-water-discharge, such as perennial and ephemeral 'streams, springs,
seeps, swamps marshes, and bogs, should not be present at the proposed disposal
site. This requirement will result in atravel time for most dissolved radio-
nuclides at feast equal to the 'travel time of the ground water from the disposOl
area to the site boundary. In addition, this requirement should'provide suffici-
ent space within the buffer zone to implement remedial measures,,if needed, to
control releases of radionuclides before-discharge to the.ground surface br
migration frowathe disposal site. The staff prefers long flow-paths from the
disposal site to the point of ground-water discharge iniorder.to increase the
amount of decay of the Radionuclides, increase the hydrodynamic dispersion
within the aquifer, and increase the likelihood of retardation of reactive
radionuclides in the aquifer.'

The eighth and ninth requirements, related to tectonic~and geomorphic processes,
respectively; can be applied to the disposal site at the'site selection phase.
These requirements relate primarily to the stability of the'disposal site.
The natural processes affecting the disposal site should be occurring at a con-
sistent and definable rate. In addition, these processes should not occur.at
a frequency, rate,'-or'extent which can significantlyI change the stability of
the 'site or the ability of the disposal site to isolate low-level'radioactive
wastes during the duration of the radiological hazard (approximately'500 years).
-Changes which occur due to these processes should not invalidate the results
of any modeling and prediction of long-term impacts.

The tenth requirement, related to 'effects of nearby facilities or activities,
is included so that the evaluation of any proposed disposal site will include
not only the impacts of that disposal site on its surroundings but also the
impacts of the surroundings on the disposal site. For example, damming'of
downstream rivers, blasting associated with quarrying activities, subsidence
and/or earth-fissuring caused by ground-water withdrawals, and ground-water
rises associated with heavy irrigation may'adversely affect the ability of the
*site to meet the performance objectives. - -

S~evral commenters suggested-that-radioactive waste disposaflfacilities could
be co-located'with hazardous waste"'disposial facilities. The Commission does
not object to this as longas 'the'facilities'are separated from one another
and the wastes are not comingled. The provisions of this requirement pertain-
ing to nearby facilities not adversely impacting the ability of the site to
meet the performance objectives or significantly masking the environmental
monitoring program would have to be-met..

Disposal facility design and operating practices. The requirements established
in the Part 61-rule regarding disposal facility design and operating practices
are--primarily intended to minimize-the contact-of-waste by Watdr. As such,
they complement requirements intended to improve overall site stability. That
is, requirements which are intended to'inimize-contact'of waste by water gene-
rally also help improve site stability,'`and vice versa.

*- -~-*<.r~ eltn tos -cntc o s.................. ezv~ bye~water.
-Requirements for' disposal site design-relating to contact of waste by.twater
include:
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o Site design features must be aimed at avoiding the need for continu-
ing active maintenance.

o Site design (and operation) must be compatible with the site closure
p~l an.

o gite design must complement and improve the site's natural charac-
teristics.

o The design of disposal cell covers must minimize to the extent
practicable waterinfiltration, must direct percolating or surface
water away from the disposed waste, and must resist degradation by
surface geologic processes and biotic activity.

o Surface features must be designed to minimize water erosion.

o The disposal site must be designed to eliminate the contact of waste
by water during storage, the contact of waste by standing water during
disposal, and the contact of waste by percolating or standing water
after disposal.

The-above requirementsare design objectives. That is, NRC staff realize'tfet
difficulties, in proving that a given design will absolutely prevent or eliminate
an occurrence. However, the design should work toward achieving such prevention
or elimination, coming as 'close as practicable. Unfortunately, NRC was apparently
not quite clear on'this point, and many commenters interpreted NRC's intention
as requiring absolute prevention, which was correctly pointed out by commenters
as being impossible to demonstrate. This point will be clarified in the final
Part 61 rule.

Requirements for disposal facility operation and closure relating to contact
of waste by water include:

o Unstable Class A waste must be disposed in a segregated manner from
other wastes so that there is no interaction between segregated dis-
posal units.

o Void spaces between waste packages must be filled with earth or other
material to reduce future subsidence within the fill.

o The boundaries of each disposal unit must be locatable.

o A buffer zone of land must be maintained between any disposed waste
and the disposal site boundary.

o Adequate closure and stabilization measures must be carried out as
each disposal unit is filled and covered.

o Active waste disposal operations must not have an adverse effect on
completed closure and stabilization'measures.

-. . *.. .- .- *. -, . c- .

Many.. of these. requirements are. straightforward and received little-or.no-comment-
except possibly for suggested clarifications or improved wording. Other require-
ments are directly related to disposal site stability and are discussed above.
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-- There were some more significant comments, however, on:facility operation and
) these included the need for segregation during transportajion, the meaning and

intent of the term "interaction," and ;the need for segregation in arid sites.

The intent of she~rule is not:to prohibit wastefrom more thranrone class from'
being'shipped on the same transport vehicle.-. Consistent'with appropriate
transportatiorr regulations, NRC staff has no objection to comingling different
classes of waste-in transport.

In identifying'-the need to clarify the term "interaction," commenters:noted
that it was.vague and unenforceable, could include migration, and could be
physical or chemical interaction.

The intent of the-rule is to protect Class B and C wastes. Class A wastes
could interact with other wastesdirectly through the release of absorbed
liquids,'.solvents, or other mobile components that-might be present'in'Class A
waste. Indirect interaction could result from degradation of Class Awaste
and its lack of-'stability. Consolidation of Class A wastes would provide a.
less stable,'support which could-contribute to failure-of the disposal'unit
cover leading to increased precipitation infiltration and surface water'
intrusion.' The degree to which these interactionsfcould occur depends to a
large-extent on site-specific characteristics and NRC staff does not'believe
that'it is appropriate to set a prescriptive requirement in this area in'the
rule. The wording of this requirement has been changed to define the purpose
for the segregation and minimization of interaction between the segregated
wastes. -

The.State of Washington regulates-.the disposal. site-located in an arid region
near Richland,'Washington. -The Statesuggested that'without-the likelihood of
ground wateror surface water being.factors at arid sites, segregation6 of
Class A'wastes, seems.to be unnecessary.. They also suggested that'comingling
Class A6and B wastes would dilute.the Class -B wastes:and have potential benefit.

The State's observations may have some merit-for arid sites but-'are difficult
to 'adopt in a rule that must,address sites located in all.parts of the'country.
NRC staff anticipated the need to consider alternative disposal.irequirements
8~d irciluded proposed §61.54, "Alternative requirements for design and -..
operations" to provide for consideration of such alternatives;: In any case,'
waste segregation will- have a beneficial effect on reducing potential slumping
and wind erosion-at an arid site, two points with which the State reported that
they were concerned. ;: - .

Waste form and packaging. -The requirements in the Part-.61 rule regarding
waste form and packaging are:primar.ily-focused in two areas:,'safety during
disposal site operations,,and site stability. The forme.r is discussed below
under "Safety During Operations.'"',Thelatter requirements related to waste

-fon.rstabili-ty-have been..discussed-previously and also-serve the beneficial.'-
effect of reducing contact of wasteby.water..-,An additional'waste form
requii'ement'related.to contact of waste by water-is the rule's limitation on
freestanding lliquid. ,. -. -

*., w4* X - . .. *- e : *-:y , - . .fl^ <-* -

9'Se~veral ..commenters.addressed. the.proposed.3im;itation of free standing liquid.
which would require that such liquids be-reduced to as low a level as is.
reasonably achievable, but in no case toexceed,1%. Further, the-proposed
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rule stated that the liquid should be non-corrosive. There were no requests
to increase the value. .However, one waste-solidification service supplier
recommended a limit of zero, while'the State it South Carolina recommended
iiplimenting the limits in the license for thl Barnwell disposal facility,
i.e., 0.5% for solidified waste and 1% for waste in high integrity containers.
Several commewnters asked for a definition of the-term "non-corrosive."

NRC staff has reexamined the proposed limit on free standing liquid and has
concluded that existing waste solidification technology can produce a waste
form that essentially contains no free standing liquid. In order to compensate
for potential condensation of water vapor-sealed in containers, NRC staff'
believes that a limit of 0.5% by volume is appropriate for solidified wastes.
For dewatered products, such as ion exchange resins that are in a container
designed to ensure stability, it is very difficult-to ensure that suchT products
would meet a 0.5%.requirement, following transport to a burial site. Therefore,
for dewatered products, a limit of 1% by volume should be allowed to account
for settling during thetransport period. The non-corrosive properties of the
liquids will be defined-and discussed-in a staff technical position, rather
than in the regulation. To provide a degree of consistency-between Class A
wastes and the Class B and C wastes, the limitations on liquids in Class A
wastes have been modified. Liquid Class A waste must be packaged at a minimu
with sufficient absorbent material to absorb twice theiVoluMe of the liquid.
Solid Class A wastes with incidental liquids-must meet the 1% free standing
liquid requirement. -

5.3.3 Institutional Controls

Since the use of institutional controls to control site access and to monitor
and care for the site over the long term is current practice, NRC included-the
costs for 100 years of active institutional control in the costs for the base
case (reference) disposal facility. As such, this requirement reflects current
practice and does not represent-an increased cost over that today. The poten-
tial costs for maintenance of the site during this period can, however, vary
depending upon the degree of'site stability. As discussed above, the require-
ments in Part 61 directed at site stability should reduce the need and costs
to actively maintain a site during this- period.

Institutional controls (physical activities of man such as site surveillance
or inspection) should only be relied upon for 100 years following site closure
to keep people from inadvertently intruding into the site and to carry out an
environmental monitoring program and minor custodial care.

It may be noted that no commenters to the draft EIS questioned NRC's numerical
analysis in determining the 100-year limit, other than remarking'that since
there was no compelling analytical reason for one number over another, the limit
should be the last criterion chosen. There were, however, a number of conmments
on -the institutional control period in connection with the Part 61-rule. All`e
commenters expressed support in one way or another for defining a time frame
for institutional control related either to the hazard duration of the waste
or assurance of continued government stabiliLy or concern. It was generally
agreed that waste that was--potentially hazardous-after the end-of the assuredly~
institutional controls should be disposed .of by methods providing greater. con-
trols and assurances against potential exposure. These comments are judged to
support the provisions of Part :11 that combine institutional controls with waste
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.. f- orm, site characteristics, and site design and operations to-provide assurances
that. potential exposures-will be within acceptable limits. Class A waste that
is potentially accessible and unrecognizable i-s no longer-hazardous after 100
years. Special provisions for waste being in a stable form and in some cases
buried deep assuie against potentially unacceptable exposures or releases for,
up to 500 years..4

There were a number of suggestions that the period of institutional control
should be raised from 100 to 300,years. There appear to be two basic reasons
for these suggestions. One reason is -that institutions such as a state or the
Federal government cbn reasonably be expected to survive for much longer than
.100 years. A second reason is that the 100 year restriction on institutional
control affects thewaste concentrations acceptable for disposal .as Class A
waste with resultant higher coststo the waste generator. With respect to the
first reason, NRC stiff believes that it is not a question of how long the
government can survive, but how long should they be expected to-provide cus-
todial care. In addition, initiation of the intrusion -scenario Is not linked
to the survivability'of the government structure but is rather linked to the
possibility of bureaucratic error. Based on work done by EPA, public comments
on a preliminary draft of Part 61 and an advanced notice of proposed rulemaking,
and four regidnal workshops, a clear consensus was developed which supported
the 10 ye'ar limit. 'In addition,.a stable waste form is needed for other reasons
than intruder protection--particularly'in regard to minimizing migration and
enhancing site stability. Use of the 100-year institutional control period
results in limits on waste stability similar to those already in effect at

)existing disposal facilities.. NRC staff has'not'seen any compelling reasons
to cl age its view on the 100-year limit.

Some commenters expressed the view that:the government. landowner should have
flexibility in controlling site access during the institutional control period.-
and that productive uses of the land which would not affect' site integrity :
should be permitted.- NRC staff agrees; this point was addressed in the draft
ElS.

5.3.4 -Safety During Operations

An applicant's or licensee's operational procedures'and programs for'compliance
with the operational safety performance objective would be evaluated on a case- -
by-case basis. NRC staff believes that'this approach'would be preferable to
setting out a number-of prescriptiver til-ements for sate facility operation.>
Measures which could be used to minimize *otential'operational..releases and
exposures will be influenced'by site-seci Ic conditions atitheparticulardis-.
posal facility considered. etaikei rescriptive requirements.would also
inhibit incorporation of potential ii -rovements: in site safety. Some of the
procedures and programs which would I,, analyzed as part of a specific applica-
tion would include the following: -. . -

o The applicant's radiation safety program for control and monitoring
radioactive effluents, occupational and public radiatiounexposure to

- . demonstrate. com pliance with the Part 20 and 61requirements 'and to
.-- -control co~f ai'S'o Vl facili L lersonnel ,etiicles-
-equipment; buiildings; and grounds. Both routine' operations and-
accidents woutld he addressed, and the program description would
include procedures, instrumentation. facilities, and equipment.
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o The applicant's quality assurance program for siting, design, con-
structionjand operation of the disposal facility, and the receipt,
handling, and emplacement of waste. Audits and managerial controls
would be included as part of this program.

o The applicant's procedures and plans for construction and operation
of the disposal facility. These would include methods of construc-
tion; waste emplacement; procedures for and areas of waste segrega-
tion; types of intruder barriers; onsite traffic and drainage
systems; methods and areas of waste storage; and' methods to control
surface water and ground-water access to the wastes.

o The applicant's environmental monitoring program to provide data to.,
evaluate potential health and environmental, impacts, as well 'as plans
for taking corrective measures if migration of radionuclides is
indicated.

o The applicant's administration procedures to control activities.

o The applicant's physical security measures.

o . If the application includes the proposed receipt, possession, and
disposal of special nuclear material, the procedures and provisions
for criticality control.

Despite this, however, NRC analyzed some potential impacts associated with
facility operation and concluded that many of the same requirements that would.
reduce long-term environmental impacts and Impacts to a potential intruder
would also help reduce operational impacts., For example, segregated disposal
of low activity compressible wastes from'stabilized high activity waste--which
reduces exposures to an inadvertent intruder, reduces ground-water migration,
and reduces long-term maintenance of the disposal. facility--would' also tend to
reduce the impacts of a potential accidental fire In a disposal cell. Stabiliz-*
ing high activity waste streams reduces the impacts of a waste container poten-
tially dropped accidentally from a height and releasing part of the container's
contents.

Filially, NRC identified somejspecific 'general- waste form and packaging require-
ments that have been6 developed and applied in the past at disposal facilities.
These requirements provide protection of the health and safety, of site workers,
facilitate handling of waste, and minimize the potential for releases to offsite2
areas. These requirements have been condensed from consideration of current
practices at existing disposal facilities and are presented in the final rule
as minimum waste form and packaging requirements.

These requirements are also summarized below:

l. Wastes must not be packaged for disposal in cardboard or fiberboard boxes.

2. Waste containing liquids must be packaged in sufficient absorbent material
to.absorb twice. the volume .of the 1Jquid. Solid-wastes containing' liquid
shall contain as little free standing 6r non-corrosive liquid as is reason-.
ably achievable but in no case shall the liquid exceed 1% of the volume.

5-20



'-~'3. Waste must not be readily.capable of detonation or of explosive decom-
) position or reaction at normal pressures and temperatures, or of -explosive

reaction with water.

4. Waste must hot contain, or be capable.of generating, quantities of toxic
gases, vapors,, or fumes harmful to persons, transporting; handling, or dis-c

-posing of the 'waste. .-This would not apply to radioactive gaseous waste
covered by number 6 below.

S. Wastes must not be pyrophoric. Pyrophoric.materials contained in wastes
shall be treated, prepared, and packaged-.to be nonflammable.

6., Wastes in agaseous form must be:packaged at a pressure that'does not
exceed 1.5atmospheres 'at 200C. Total activity must not exceed 100 curies
per container.' .

7. Wastes containing hazardous, biological, pathogenicior infectious material
must be treated ,to -reduce to the maximum extent practicable the potential
hazard from the nonradiological materials.

A large number. of comments were received addressing the.minimumsrequirements
.foor waste formI.characteristics. .The following summarizes the.comments on the
* minimum requirements.

Several commenters stated that the requirement (proposed in Table 1, §61.55)7
to obtain specific approval to dispose of wastes containing greater than

)0.1 percent chelating agents was toorestrictive, and stated that utilities
might decide, against performing decontamination operationswhich could reduce
occupational exposures. Several' commenters requested the basis for the -
0.1% limit. :-One commenter recommended thatno.chelating agents be permitted.

Since chelating agents have been-shown to. increase the migration of.certain
radionuclides at certain sites,' NRC staff desired to evaluate the disposal -of,
large quantities of. wastes containing high concentrations,.of chelating agents
on a case-by-case basis. This approach was used'when the Commission:staff .-
reviewed the disposal of wastes that would be generated in the decontamination.
operations at the Dresden Unit .1 Station. _'Because the disposal of wastes I
containing chelating agents is dependent on the characteristics of the disposal
facility and on the properties of thewaste-form, the Commission staff has
modified the chelating agent disposal requirements to reflect this. The
Commission staff has placed on the disposal site -license applicant the
responsibility for describing the conditions for disposal of waste containing
chelating agents. If. approved by the' Commission, site-specific requirements
will be placed on the disposal facility licensee. At this time the waste
generator will be required~only to identify 'such wastes in the information
contained on the shipping manifest. ' . ..

At the request of comments, definitions have been added to the Part 61 rule
for the terms, "hazardous," 'pyrophoric," -.andd "explosive."

jIf five-t6rSenf ,'r c'eived on'the prohibitioni'zgainst packaging waste in,
cardboard or- fiberboard boxes, four -felt -the'prohlbitio- -i3 f un-necessary; The
Department of Energy, for example, statedthat-,they had successfully used
cardboard containers for disposal .of waste generated at their facilities for. a
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*-- number of years. One commenter supported the provision. After reviewing the
comments, including the reasons presented, NRC staff still believes that such
a prohibition is needed. The experience cited by the Department of Energy of
successfully using cardboard containers for waste packages attheir sites does
not include Extensive handling and transportation that commercially generated
wastes would encounter. The existing prohibition against cardboard and fiber-
board containers at existing disposal facilities came. about as a result of
unfavorable experience in receiving, handling, and disposing of wastes in such
containers. No change has been made in this requirement.

Ten commenters addressed the requirements relating to waste packaged in a
gaseous form. Several noted an inconsistency between the provisions in pro-
posed Section 61.56(a)(5) that prohibits wastes capable of generating toxic
gases, and 61.56(a)(7) that permits up to 100 curies of activity 'in waste in a
gaseous form. Several requested the basis for the 100 curie limit. A recom-
mendation was made that gases should be processed into liquid or solid forms,
and another felt that gases should be limited to several microcuries. The
Department-of Energy recommended that krypton-85 immobilized by zeolite-encap-
sulation or ion implantation into metal be permitted' with concentrations up to
five million curies per cubic meter.

The intent-of proposed §61.56(a)(5) was to prohibit the disposal of wastes that.._i
are chemically reactive under-ambient conditions and'produce toxic gaseous reac-
tion products. This section is not intended to prohibit the disposal of properly
packaged gases such as H-3-or Kr-85 which occasionally require disposal. This
section has been reworded to clarify the intent. The 100 curie limit derives''
from the existing limits at-commercial disposal facilities. The Commission-
has studies underway-to determine whether-higher limits would be appropriate.
Such limits, if justified, would be proposed in a future rulemaking. In lieu
of a requirement that gases be converted to a liquid or a solid, the Commission
staff is evaluating the significant generators of tritium wastes and invest--.
gating improved package designs for tritium wastes which would be capable of
retaining the contents until they had decayed to innocuous-levels. The -

requirements of Part 61 do not contemplate the disposal of millions of curies
of Kr-85 as suggested by the Department of Energy. The Commission is not pre-
pared to set disposal requirements for this waste at this time, and since this
waste is not liable to be generated by Commission licensees in the near future,
the Commission staff believes there is ample time to assess the still emerging
technology for krypton fixation and establish suitable disposal requirements
through future technical guidance or rulemaking action.

Some commenters felt that the requirement in proposed §61.56(a)(1) that waste
packages presented for disposal must comply with NRC and DOT transportation
regulations implied that the packaging must also be disposed. This was not
the Commission's intent. Since proper packaging for transportation purposes
is specified in regulations elsewhere, the Commission feels that it is not
necessary to restate them in Part 61, particularly In view of the confusion
created. This requirement has been deleted.'

As discussed earlier, the Commission is concerned with the possible hazards -

.,r esqntq by non-radiological.componen~t5 of the radioactive waste. This y-
recognized in the requirement proposed that wastes containing biological.
pathogenic, or infectious materiai mustbeited t0Yeduce theotentiar -

hazard to the maximum extent practicable. The Commission believes it is pru--
dent to add hazardous properties to this requirement and has done so.
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5.3.5 Waste Classification

Of the- 107 commenters responding to the'proposed Part 61 regulation, over half
of-the commenters offered comments.on one aspect or-another of.the waste
classificationtprovisions. Many of these comments-had-to with.clarification
of statements 6r other'procedural .items':.which did not involve reconsideration
of the technical bases for the':requirements. Given.this~interest, it was
deemed useful to reconsider in the final EIS a number of major issues raised
in the comments on the regulation.

These are discussed below'. First, a background is provided which
overall basis for the waste classification provisions. Next, -the
issues are discussed in order: '

sums up.the
following

o Calculated waste classification limits.
o Isotopes considered for waste classification
o Volume reduction .
O ' Compliance with waste classification.
o Manifest. Tracking System. ..

o Classification by Total Hazard.
*o "e' minimis" levels for .waste'...

Background

purposes.

In developing the Part 61 regulation,.NRC staff followed an approach of tiering
technical requirements from the moreigeneral to the more specific. NRC staff
first developed-four overall performance objectives.for land disposal of low-
level waste. Based upon the analyses for the performance objectives, a number
of technical requirements were developed to help ensure.that'the performance
objectives'would be met. Given the performance objectives and technical
requirements, it is necessary.,to combine and unify them, so that they may be
uniformly implemented. In so doing, one of the 'factors that must be considered
is that disposal facility operators must accept waste as delivered to them;
Thus, to ensure that the performance objectives and technical criteria are
achieved, it is necessary to set requirements on waste characteristics.that
must be met by waste'generators. Particular..waste.characteriistics important
to the~performanc objectives nd 'technical criteria must be identified and
relevant information provided to disposal facility operators so that waste may
be properly disposed. All of the above considerations may be accomplished -.

through the concept of waste classification. '

The waste classification system (and waste classes) developed-for the Part 61
regulation follow directly from the Part 61 performance objectives and techni-
cal criteria. The classification system is intended to ensure as far as
possible on a non-site-specific basis that the Part'61 requirements are met'.
This does not mean that site-specific'analyses would not be re'quired,.however,.

--merely thit the cltsificatibn 'system goes as far as judged generically possible
on a cost basis to ensure that the requirements are achieved.

Three classes of waste are determined..by'ths Prt.6.requixepeits::. -.*'re cl ss d_ Pa- oA. reqtq,,,,, wnmesho '

l; Wastes for which-there are no stablity requirements but which must be -
disposed of in a segregated manner 'from other wastes. These wastes.
termed Class A wastes, are defined in.tierms of maximum allowable concen-
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! J trations of certain isotopes and certain minimum requirements on waste
form and packaging that are necessary for safe handling.

2. Wastes whicht need to be placed in a stable form and disposed in a segregated
manner from unstable waste forms. These wastes, termed Class B wastes
are also defined in terms of allowable concentrations of isotopes and
requirements for a stable waste form as well as minimum handling
requirements.

3. Wastes which need to be placed into a stable form, disposed in a
segregated manner from nonstable waste forms, and disposed so that a
barrier is provided against potential inadvertent intrusion after insti-
tutional controls have lapsed. These wastes are termed Class C wastes
and are also defined in terms of allowable concentrations of isotopes and
requirements for disposal by deeper burial or some other barrier.

It can be seen that the three waste classes address all four of the performance
objectives and technical requirements developed from the performance objectives.

- Minimum requirements on waste form and packaging are established which apply
to all waste classes. They are intended to help achieve operational safety.
Probably one of the more important requirements is that of stability for
Class B and C wastes. Waste stability helps to achieve all four of the per-
formance objectives. For example, waste stability helps to:

o Reduce long-term potential environmental releases through such
possible processes as groundwater migration, wind or water erosion,
or intrusion by deep-rooted plant roots and burrowing animals;

o Reduce short-term potential environmental releases through such
possible processes'as operational accidents (e.g., a fire or a
dropped container) or waste decomposition gases;

o Reduce institutional control costs to a site owner;

o Provide insurance against possible contingencies (e.g., early site
closure) which could involve- increased costs--to a site owner over
those originally projected;

o Reduce concern over uncertainties it. site environmental, geological
and hydrological properties; and

o Reduce impacts to a potential inadvertent intruder.

As discussed in Chapter 2, a lack of waste and disposal site stability has been
a fundamental cause of most of the past problems that have been identified at
existing disposal facilities. -

The draft EIS concluded that it would be preferable if all waste was placed
into a stable form. However, it was also judged that to implement such a
requirement-on-a.-gener-ic basis would impose a hardshipuannmany licensees. -

1 Low-level waste may contain a wide variety of radionuclides which may ran m in
concentrations from extremely low to moderately high levels. It is difficult
to justify at this tl-e' expensive additional waste form and packaging require-
ments for radibactive wastes which are not particularly hazardous. This is
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"'>Aarticularly true since many of the licensees who generate such wastes are small
- ntities.

As a cbmpromise,' NRC staff adopted'the approach of establishing a category of
low activity wastb (Class A waste) for whichjnowaste stability requirements
are implemented. ,. This waste class is to be disposed'in'a segregated manner
from higher activity wastes which must: be -in a stable form. The limits for'
this class-6may'be reevaluated after consideration of de minimis levels. .(See
discussion below.) To determine the' concentration limits for Class A waste,
an analysis was made based upon limiting exposure to atpotential inadvertent'..
intrudes. The results of 'the analysis showed that using the derived limits
for intrusion protection resulted in about the same volume:of waste requiring
stabilization as that according to existing-license conditions at existing.dis-
posal facilities. Thus th'e only real 'change in existing disposal'requirements
involves the requirement for segregation of low activity waste. NRC staff
analyzed the potential groundwater im'pacts 'associated with this decision-and
.determined that' given reasonable disposal facility siting, design, operation,
and closure, the performance objective 'for long-term environmental releases
would'be achieved. However, four isotopes were identified--3H, 14C,''99Tc, and
120I--which would require close examination 'on a site-specific'basis for ground-
water migration considerations.

Wastes that require sta*ilization are further separated into two additional
classes: ' Class B and Class C. Class C wastes are required to be disposed-with
a barrier of'at least 5mneters thick between the top of'the'waste and the sur-
*face of the'earth. 'This' barrier may be composed of earth, lower. activity waste
'(Class B waste and/or Class, A'waste which meets the stability requirements),
or othe'r similar material. This requirement'serves two principal'purposes.
First, it provides protection to a potential inadvertent-intruder. Second,
since most Class C wastes are also expected to 'have high levels ofgamma radi-
.ation at -the package surface,-disposal according to this 'requirement will help
to reduce personnel exposures at the disposal facility. In fact, special pro-
cedures (such as deeper disposal) for disposal of wastes hav'ing high su.face-
radiation levels has been common practice for several years at all operating

'waste disposal facilities. It is believed, then, that in a'-large' part requiring:
special '-disposal procedures for: Class C waste conforms to' existing disposal
practice. Finally, e'sttablishing 'the Class C-wastes-helps to -reduce potential
long-term-envirot'nental releases from such possible occurrences as intrusion
by deep-rooted pl ants and burrowiin g animals or wind or water erosion.

Finally, a "fourth" 'class of 'waste is est'ablished which-is generally'considered
unacceptable for near-surface-disposal.' >Th'e' acceptability 'for'disposal 'of such
waste at near-suface disposal facilities will'erequire'case-by-case determinations.:

Calculated Waste Classification Limits" :; -'

The numerical basis for the limits calculated for"thte' three'waste'classes is'
presented in Chapter 7, Volume 2 of the draft EIS. The principal basis used
for setting the classification limits- was'limiting ex'posures'to",a-'potential -
inadvertent intruder, -although as discussed earlier a number'of-other consid-
.erations V'ent'ifito settinb't W'evalue s1pihiTaly long-'V'tin"envirohmental
-impacts, disposal facility stability, institutional-control costs, and financial-
impacts to small entities. ' ' - '
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Briefly, the radionuclide limits for Class A waste disposal were calculated
) based upon an assumed limit of institutional control of 100 years. This does

not niean that institutional controls may not last longer than 100 years. Nor
does it mean that assuming a limit to institutional controls requires assuming,.
a large social disruption; Rather, the 100-year institutional control limit:
(1) recognizes that it is possible that at some time in the future a disposal
site may be Mistakenly temporarily released for inappropriate use, and (2) is
intended to help provide a boundary on long-term costs and social commitment.
Given the combination of.100 years of institutional control, an acceptable site,
and disposal of waste without.'any regard to its waste form, NRC staff calculated
what the upper concentrations of certain isotopes would be such that-if, at
the end of the 100-year.institutional period, an intruder care onto the site
and engaged in typical near-surface activities (lives on the site), he would
not receive more than a 500 millirem (whole-body) exposure.

It was assumed. that the waste by then is indistinguishable from surrounding
material (soil) and that the intruder does not recognize it as low-level waste.
From this analysis NRC staff. derived the values listed in Column A of Table I
of the proposed Part 61 rule. These limits are the maximum concentrations for
isotopes. that are acceptable under that combination of conditions. Wastes con-
taining higher concentrations would exceed the 500-millirem limit, and at that
point-become Class B waste.

Class B waste must be in a stable waste form. That is, the waste forn must
-last a long time and not change its size and shape significantly during that
period of time. The analysis at. the end of the 100-year period assumes that
upon intruding on the site, and attempting to carry out typical construction
activities during which the waste is contacted, the waste does not look resemble
soil or other natural material. Rather it still looks like waste--i.e., chunks
of concrete, vinyl ester styrene, or other such material. Carrying out
construction and agriculture activities given this condition is difficult, and
it is assumed the intruder leaves upon discovery of the waste. Thus, this is
termed the intruder-discovery scenario.

There comes a point, however, for higher activity wastes at which even the
intruder's discovery of the waste would cause him to exceed the 500-millirem
(whole-body.) limit.- One way to prevent that-from happening is to take the waste
that has higher activity and dispose of it at greater depths (put it down at
the bottom of the trench), covering it up with stable lower activity waste or
using some other barrier to intrusion. This waste is called Class C waste.
In the draft EIS, 500 years was the limiting time period for allowing credit
for an intruder barrier. The values in Column C represent the maximum values
that are acceptable for disposal under these conditions.

Waste classification thus represents a combination of waste form, radioisotope
characteristics, radioisotope concentrations, the method of emplacement, and
to some extent site characteristics. -

Based on comments received on the proposed Part 61 rule, two items were reuvalu-
ated in the final EIS: (1) the limits for Class A waste disposal and (2) tne

- vi limits for Class C waste--disposal.-;- i - *w = *-- -

Limits for Class A Waste Disposal. As discussed earlier, there were a number
of suggestions by commenters on the draft rule that the period of institutional
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control should be raised from 100 to 300 years. There appear to be two basic
) Teasons for these suggestions. One reason is that institutions such as a state

or the Federal government can reasonably be expected to survive for much longer
than 1N0 years. A second reason is that the lo-year restriction on institu-
tional control affects the waste concentrations acceptable for disposal as
Class A waste., If the institutional control limit were raised to 300 years,
then the Classr A waste concentrations would be higher and less waste would be
required to'be stabilized, and overall costs would be reduced. With respect
to the first reason, the Commission-believes that it is not a question-of how
long the government can survive, but how long should they be expected to pro-
vide custodial care. In addition, initiation of the intrusion scenario is not
linked to the survivability of the governmental structure, but is rather linked
to the possibility of bureaucratic-error. Based on work done by EPA, public
comments on a preliminary draft of Part 61 and an advanced notice of proposed
rulemaking, and four regional workshops, a consensus was developed which sup-
ported the lO-year limit. -NRC staff has not seen any compelling reasons to
change its views on the consensus achieved.

Moreover, there are other technical reasons for the Class A waste limits than
those related to the institutional control period and protection of a potential
inadvertent 4ntruder. Among other things, a stable waste form is desirable
for limiting long-term environmental releases and institutional:control costs.
If one wished to-base Class A waste limits on environmental releases and insti-
tutional control costs, one place to start would be current license conditions
at the disposal facilities located near Richland, Washington and Barnwell, South
Carolina. License conditions at these sites, which affect over,90% of the waste

) disposed in the country, require that ion exchange resins, filter media and other
LWR process waste streams having concentrations over 1 pCi/cc of any radionuclide
having a half-life exceeding 5 years be either solidified or disposed within a
high integrity container. At the Barnwell site, this requirement has been
extended to waste from medical isotope production facilities. If one compares
the costs and environmental impacts of a limit based on the existing license
conditions with the limit based on consideration of intrusion, one sees several
similarities. This is illustrated in Table 5.1 below.

Table 5,1 Comparisor' of Impacts of Class A Limits'Based
Upon the Final Part 61 Rule and Existing
License Conditions

Pr Existing
'Part 61 License
Conditions Conditions

1. Long-Term Individual- -
Exposures (mrem/yrj: .

Intruder - construction -

o 100 yrs - Body 1.84E+2* 2 '.04Et2
Bone 1.87E+2 2.07E+2
-T-hyroid .. 4E2 . 2.04E+2

See footnote(s). last page of table.
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Table 5.1 (Continued)-

I

4 Existing
Part 61 License
Conditions Conditions

n snn v<c - onaip '2 nl9Fon -, I OA-n
- __' .7 UI, J

Bone
Thyroid

-J. uLIU..

1. 63E+1
2. 42E+O

J. ULN=U

1. 65E+1
2.55E+O

Intruder - agriculture
o TOO yrs -

o 500 yrs -

uoc y
Bone
Thyroid
Body
Bone
Thyroid

2. 02E+2
2.08E+2
2. 01E+2
3.04E+O
9. 17E+O
9. 02E+O

2.22E+2'
2. 31E+2
2.21E+2
3. 15E+0
9. 33E+O
1. O1E+1

Bounday well
-o Body
o Bone
o Thyroid

Populatcon well
o Body
o Bone
o Thyroid

Surface water
o Bod Y
o Bone
o Thyroid

II. Other Long-Term Exposures:

Offsite releases from
intrusioW

o-Waterborne (mrem/yr)
Body
Bone
Thyroid

o Airborne (man-mrem/yr)
Body
Bone
Thyroid

1. 11E-1
3.70E-2
4. 16E4O

3.33E-3
8.24E-3
1. 32E+O

1.44E-4
3.37E-4
5.99E-2

1. 11E-1
3.88E-2
5. 22E-0

3.85E-3
8. 69E-3
1. 65E+O

1. 67E-4
3. 55E-4
7. 52E-2

1. 16E-2
2. 42E-2
4. 78E-4

2. 39E-1
2. 25E+Q
8. 62E-2

1. 33E-2
5. 21E-2
5. 07E-4

2.36E-1
2.44E+O
9. 35E-2

* III. Short-Term Whole Body . .

Exposures (total man-mrem over 20 yrs)-:

* .- C .. ' - ~ - -. C -;

Occupational
o Process by waste**

generator
....- o -Process-by-regional

process center
o Waste transport
o Waste disposal

+4.50EF5

1.25E+5.

4.97E46
2. 14E+6

+2.70E+5
.1 . .. . . . ', -

1.25E+5

5. 15E+6
2.22E+6
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Table 5.1 (Continued)

. . .Existing
, , Part,61 -- License

Conditions Conditions

To population
rocess by waste**,.
generator

o Process by regional
process center

o Waste transport
IV. Costs (total $ over 20 yrs);

+1.26E+4

' -5 '0. 61

4. 76E+5

2 +4.39Ev1

* . . O. 0.

4. 91E45-

* Waste neneration and
transport ,

o Pracess.by.waste**
geneator -

. . .. Process by regional
process center

, o. Waste transport

+8. 20E+7

I 3.63E+7

-. 1.72E+8

)
Waste diseosal

-o Design-& op. 350E+8
o Postoperational

Closure 3.87Et6
Obs. & maint. I 13E+6

Ta -Inst, control 1.57E+7
Total post op. :207E+7

Total disp. cost 3.71E+8
o Unit cost;($/m3) - 5.73E+2

V. Energy Use (equivalent -1.42E+6
gallons af fuel oil)x:

+6.QUE+7

-,3.63E+7

1.76E+8

3. 50E+8

3.87E+6
I.ISE+6
1.59E+7
2. 09E+7
3.71E+8
5.69Et2

-2.32E+6
t *,

2.27E+§ - -

i I

IW.1 Land -Use (M2):

VII.i Waste Volume (im3):

Volume acceptable -
o Class A unstable
o Class A stable
o Class B
o Class C
o Total volume

acceptable :

-Volume niot acceptable

2.25E+5

4. 23E+5
1. 61E+5
5.95E+4
3.47E+3

; 6.48E+S

2.20E+4

4.43t45
1.98E+5
8. 89E+3
3.06E+3

. 6. 52E+5

2.14E+4

The notation 1.84E+2 means 1.84 'x 2

4InA-thisdtable, population exposures due to -wastevprocessing by.-
!. .waste..generatorc..,_occupational -exposur-es .due;.towaste'processing-.

by waste generators, and energy use are presented as impacts
and costs in addition to those associated with the base case
as- set forth in Chapter 4.

v_> -e
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)Table 5.1 compares the costs and impacts.of waste Class A limits based upon
consideration of potential inadvertent intrusionr with waste Class A limits based
upon existing disposal facility license conditions. In both cases, unstable
low activity (Clss A wastes) are disposed in a segregated manner from Class B
and C wastes. Emplaced wastes are backfilled with a sand/gravel backfill, com-
pacted with improved compaction techniques, and covered with improved disposal
cell covers. Maximum limits for near-surface disposal are the same for both
cases.

As shown, differences are relatively small, and are principally due to small
differences in the two cases regarding methods used to achieve stability. This
influences the volumes of waste determined to be stable Class A, Class B, Class C,
and unacceptable. These small volume differences in turn influence the calcu-
lated impact measures such as, individual intruder exposures, occupational
exposures or waste transportation impacts. In general, however, basing Class A
limits on existing license conditions would appear to involve somewhat higher
long-term environmental impacts than the Part 61 case in which.Class A limits
are based upon potential inadvertent intrusion. These additional environmental
impacts are seen for both the intruder and ground water migration impacts, and
are calculated for a case in which a moderate amount of percolation into the
segregated unstable waste disposal cells is assumed. If under a worst case
situation, the improved cell covers placed over the unstable waste disposal
cells are assumed to have reduced effectiveness, then additional percolation
into the unstable waste disposal cells would occur. In this situation, the
difference in ground water impacts between the two cases presented In Table 5.1
would be larger.

Conversely, waste processing costs for the Part 61 case are higher than similar
costs for the case in which Class A limits are based upon existing license con-
ditions. These additional costs are calculated to be about $21 million over
20 years, or about an additional $1.05 million per year. One reason for these
additional costs is that the Part 61 case is more general than the case based
upon existing disposal facility license conditions. That is, in the Part 61
case, the Class A waste limits are applied to all waste streams while in the
existing license condition case, the Class A waste limits are applied to LWR
process waste--streams-as well as waste from isotope production facilities......lf
the Class A limits based upon existing license conditions were applied to all
waste streams, then the calculated cost differential between the two cases would
be reduced. As a matter of fact, a trend at existing operating disposal facili-
ties to extend the requirements for waste stabilization to additional waste
streams has been observed.

Otherwise, poz..perational costs are seen to be somewhat reduced for the Part 61
case relative to the case representing existing license conditions. This is
because a lower percentage of the waste .in the Part 61 case is in an unstable

...-form. Under a worst case situation, in which a high level of maintenance is
assumed for the unstable waste disposal cells, then the difference in post-
operational costs would be about four times larger. (his is given higher impor-
tance than the small difference in costs would otherwise indicate, sincp post-
opiEW ctjonal c9ets, are.ilifticult to predict-over the-long-term. Based upon pa5,.-.-
bad experiences, minimizing post-operational costs to the site owner has been
bivei hiW j phi ority in T IS. b.
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-Jimuits for Class C Waste Disposal,.-The second item concerns the limits for
'Class C waste disposal. -*A number~of comments were received on-the calculated""C
limits, including the following:

o Rather'than setting restrictive limits based on protection of a poten-
tial iJpadvertent~intruder,JIRC should consider requiring warning devices
which would warn an intruder against-excavating into the disposal
facility.-,

o NRC'should consider and"Incorporaite a probability that intrusion wjll)
occur.

o NRC should consider that at the end'of 500 years; 'Class C waste dis-
posed under 5 meters of cover~would' still be difficult to contact;
and that-if someone did contact. the waste, it would be- considerably.
diluted by lower, activity waste.

o NRC should consider that actual waste concentrations will typically'
exhibit an activity distribution 'with average concentrations well

-below the maximum permissible concentration.

o Thbefact-thit Class C' waste willI be 'in an improved-.waste form'will,
help to ltssen the likelihood that extensive Intrusion activities
will occur; and ~if they do occur., will lessen the potential for air-
borne~dispersion or uptake by plant roots..

) a ISince Class C limits have been raised by a factor of 10 for Cs-137,
-why not do the same-for other radlonuclides?'

2 1 .

I I

,NRC staff 'haseva'luated these .comments and has-concluded that. an increase' in
Athe Class C limits by a factor of 10 is warranted for all radionuclides except.
for Cs-137.

It is 'very difficult to set a numerical value on the probability that-an intru-
si on event will occ ur, and on the probability of the event's' extensiveness.-
One can say, however, that -the probability will probably increase with the-'
pass age of _ti me., -Gi vein eiicertabiny,-some Juidgoientis required as to the
likelihood and extensiveness of intrusion. -Based upon much consideration3 the~
best approach was 'judged by NRC -staff to first~conservatively assume that an
intrusion event -occurs, and after that,, to~try'and assume a ~range of -reasonable
activities on the part of. the intruder.. :As-commenters have observed, one way
to further reduce the possibility for intrusion is to establish long lasting
warning ~markers on the disposal-site. < ,_The staff feels.-that.this is'a reason-.,..
ablesuggestion' that-can be implemented inexpensively and it has been incor-
porated into the-final Part 61 rule.

*It is also believed to be'true that~wastelwhic'hjhas been disposed beneath a,.
cover at least 5 meters thick would be difficult to contact extensively even
after 500;,years,.. In the calculations ~for7,the draft., EIS, it was ,assuaed that
at the end of -5O0 'ye'ars the, b-meter -ntruder barrier was no longer effective._-
The scenari~lwas t-Aken tOb-lle b'~ isaimie ---s~' -KIch'!"L il6-determine the-

-Class -A-waste--l-imi t-s7---The--only -di-fference -was-that--a.-500-yeair radioactivity--
decay period was used instead of a 100-year decay period. This is believed to
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) be very conservative since-if Class C waste was brought to the.;surfaceIt.would
probably be considerably diluted with soil and lower activity waste. The degree
of dilution is difficult to estimate but is believed to be at least an order
of magnitude.

It is also true/that past data on waste streams indicates that the average
radioactivity concentration within waste-would be expected to be well below
peak concentrations. For example, the authors of one reference (Ref. 4) refer
to-survey of five djoor Department of Energy disposal sites in which it was.
estimated that greater thwn 97% of the material disposed at these sites is
either only very slightly radioactive or is suspected of being radioactive
(due to the place-where the waste is generated). The five DOE sites surveyed
cover 86M of the total DOE waste volume and 99+% of the activity. The authors
state that if it Was assumed that the 3% of the waste that is contaminated is
at a maximum level and 97% of the low activity or suspect waste was clean,
then a dilution factor on the order of 30 would occur (Ref. 4). The authors
(Ref. 4) also cite data obtained from room trash generated at a plutonium.
facility at Los Alamos National Laboratory.

The authors suggest caution in interpreting the data, however. They note that
the data is limited and that wastes such as sludges or oils would probably. be -
more uniform than'waste:such. as trash (Ref. 4). "The use' of incineration will
tend to increase the uniformity of the-transuranium content of individual pack-
ages, and the sludges from treatment of wastes have a similar characteristic
of relatively constant concentrations." In conclusion, the authors suggest
that two.dilution factors be considered for DOE waste. A dilution factor of
about 20 is suggested for routine trash and decomuissioning types of waste,
while a dilution factor of 1 (no dilution) is suggested for ash from oxidized
combustibles, sludges from water treatment, and artifacts (either solid items
with surface contamination or trash types of waste contained in nondegradable
plastic containers).

Data more directly applicable to waste disposed in commercial disposal facilities
has been obtained and is presented in Appendix C of this final EIS. Table C.35
lists for wet wastes generated by light water power reactor plants, the volume-
percent distribution of gross concentration (Cifft 3) as determined from two .
years (1978:'and 1979) of shipment records to disposal facilities. Six different -
waste streams-are shown: PWR resins, PWR filter sludge, PWR concentrated liquids,
BWR resins, BWR filter sludge, and BWR concentrated liquids. The data from
which Table C.35 was prepared covers 79%'and 77%, respectively, 'of the total
volume of waste disposed In the country during the two years (Ref. 5).

The data illustrates that most of the LWR waste process waste activity is well
below the maximum observed. For example, less than 0.1X of the BWR resin volume-
would exceed 10 Ci/ft3 (353 Ci/m3), while almost 70% of the volume is in a range '
of .01 to 0.5 Ci/ft3 (.35 Ci/m3 to.17.7 Ci/n 3.). The, average activity across ...

this distribution is in fact about 0.16 Ci/ft3 (5.6 Ci/m3 ).

It is apparent that the above considerations would-tend to reduce potential
inadvertent.tJntruder impacts. and.therefore .Increase the all.qyable concentrations.... .. .

However, there are other considerations which could also tend to increase poten- ,
tial inadvertent intruder impacts. Some of these include differences in waste

5-32



orm :characteristics'such as waste 'density or the size and solubility class of
dispersed respirable particles. ; Another' factor is the observation .that the
average activity across -most comiercial waste streams has been rising over
the past several -years. This.is duelito the reduced'availability of waste
disposal. space in conjunction with rising disposal costs, resulting in much
increased use of volume reduction techniques. This phenomenon is expected to
be even more pronounced in the future, since regional disposal facilities (or
disposal facilities serving a compact) are likely to be small operations
disposing of relatively small volumes of waste. . These small-operations will
likely need to charge':higher disposal-feesthan larger .operations. The-'esult
will be an incentive for licensees to drive concentrations in waste to the
allowable limits.

Another factor is-the, accelerated NRC program for identifying low activity waste
streams which may disposed by less restrictive means. Such disposal will tend
to reduce dilution of higher activity waste streams by lower activity waste
streams.

Other considerations include the potential for future changes' or improvements
in health physics methodologies and consideration of site-specific environ-
mental..conditions'.'For example, dispersion of contaminated dust into the air-
where it may be Inhaled by humans 'may be expected to be greater at arid sites
than at humid sites. This will probably be counter balanced to.some extent
by an expected reduced rate of waste depredation at arid sites' in comparison
with'humid sites'.. In addition,'wastes can be generally disposed at greater
epths at arid sites'than at humid'sites, thus reducing the potential for
uman -contact.

Finally, there..is the potential for localized areas of higher activity ("hot
spots") within waste containers; However, this would -tend to be mitigated
through averaging areas of higher concentration over areas of lower concentra-
tion. When concentration limits are calculated using the waste classification
methodology, what is really being established is the average concentration
across the volume of waste contacted. This could be several hundred cubic
meters of soil and waste material.

In conclusion,;'the Class C limits'have been raised by a factor of 10. This is
due to consideration of (1) the reduced likelihood of significant intruder
exposures with incorporation of passive warning devices at the 'disposal facil-
ity, and (2) the difficulty of contacting waste disposed at greater depths.
Another consideration is that the average concentrations in waste would be
expected to beless than the peak.concentrations, although it is difficult to
totally account for this given the other factors discussed above. The effect
of the change in the-Class C concentrations is illustrated ini.7able'5.2.

Two cases are considered.in Table 5.2... In-the first.case.Clas's C limits are
assumed which correspond to those established for.the final 'Pa'rt 61 rule. For
example, the limit for disposal of alpha-emitting (except Cm-242) transuranic
radionuclides are set at 100 nCi/gm. The results of this case are in fact ..
obtained frorQb. ',prefetredcase" ,analyss performed in Chapter 4.- The second
rase~corresponds to Class"C limiitrwhich were proposed for the proposed Part 61
rule. In both cases, a low level of postoperational costs'is projected for
the stable waste streams while a moderate level of pobtoperational costs is
projected for the unstable waste streams.

5-33



�w.

As can be seen in Table 5.2, only slight differences are observed between the
two cases. H ost of the differences in the calculated impact measures appear
to be directly derived from the slightly reduced volume of waste.delivered to.
the disposal, facility for the case corresponding 'to the limits proposed in the
proposed Part'61 rule. For example, groundwater impacts are slightly lower,
as are impacts to a potential inadvertent intruder and population exposures
due to waste transportation.

Table 5.2 Comparison of Impacts and Costs of the Proposed and
Final Part 61 Waste Classification Requirements

Final -

Part 61
Proposed
Part 61

I. Loan-Term Individual
Expo-sures (mrer~z~

Intruder - construction
o 100 yrr- Body

Bone
Thyroid

o 500 yrs - Body
Bone
Thyroid

Intruder - agriculture
)

,1.84E+2*
1. 87E+2
1. 84E+2
3. 02E-+O
1. 63E+1
2. 42E+0

2. 02E+2
2. 08E+2
2. O1E+2
3. 04E+O
9.17E+0
9. 02E+0

1. 84E+2
1. 87E+2
1. 84E+2
2. 31E+0
1. 03E+1
2. O1E+O

2. 02E+2
2. 08E+2
2. 01E+2
2. 47E+O
6. 46E+O
7. 65E+0

o 100 yrs -

o 500 yrs -

Body
Bone
Thyroid
Body
Bone
Thyroid

Boundary wel
o Body
o Bone -
o Thyroid

Population well
o. Body
o Bone
o Thyroid

Surface water
o B-ody
o Bone
o Thyroid

See footnote(s), last page ofjable.

1. lUE-1
3. 70E-2
4. 16E+0

3. 33E-3
8. 24E-3
1. 32E+O

1. I1E-.1
8.23E-3
4. 14E40

3. 32E-3
8. 23E-3
1. 31E-I0

1. 44E-4
3. 37E-4
5.99E-2

1. 43E-4
3.36E-4

-'' 5.96E-2

. - . _ . 7
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Table 5.2 (Continued)

Final Proposed
Part 61 Part 61

A . -_ . . . -... -

I}. Other Long-Term Exposures:

Offsite releases from
intrusion

o Waierborne (mrem/yr)
Body
Bone
Thyroid

o Airborne (man-mrem/yr)
Body
Bone
Thyroid

1. 16E-2
2. 42E-2
4.78E-4

2. 39E-1
2.25E+O
8. 62E-2

1. 17E-2
- - .2. 43E-2
- : 4.78E-4

:2. 39E-1
2. 25E+O
8.62E-2

III. Short-Term Whole Body
Exposures (total man-mrem over 20 vrs):
Occupational

OPro-cess by waste"
generator .

o Process by regional
process center

o .Waste transport
o Waste disposal

To population
o Process by waste**
I . generator --
o Process by regional

-process center
o -Waste transport.

-. . -. . .

' IV.I

I - . -

Costs (total $ over 20 yrs):
Waste generation and
transport

o Process by waste"*
generator

o Process by regional
process center

o Waste transport

Waste disposal
DoOesign & op.

o Po's't'operational
Closure
Obs.- & maint.
Inst. control
Total pDst op.

+4. 50E+5

1. 25E+5

4.97E+6
2.14E+6

+1. 26E'2

0.

.4.76E+S

+8. 20E+7

3. 63E+7

1. 72E48

3. 50E+8

3. 87E*6
1. 13Et6
1. 57E+7
*l; 07E U
3. 71E+8
5. 73E+2

44. 60E+5

1. 25E+5

4. 92E46
2. 11E+6

40.

0.

4. 72E+5

+7. 70E+7

3. 63E+7

1. 71E48

3. 50E+8

3.87E46
-1. 13E46

1. 57E+7
2. 07E47

- I 3.71E+8
s.76E+2

o Total disp. cost
o Unit cost ($/M3)- ::
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Table 5.2 (Continued)

I Final Proposed
Part 61 Part 61

4 ...

V. Enerqy Use (equivalent
gallons of uel oMMM:

VI. Land Use (m;):
VII. Waste Volume (00):

-1. 42E+6 -1. 97E+6

2.25E+5 2.24E+5

Volume actcdptable
.

.

o Class A-unstg
o Class A stabl
o. Class B
o Class C
o HWF
o Total volume

acceptable

ibl e
le

4. 23E+5
1. 61E45
5.95E+4.
3. 47E+3
0.
6.48E+5

4.23E+5
1. 61E+5
5.95E+4
0.
0.
6.44E+5

2. 74E+4V Volume-not acceptable 2

Pt
The notation 1.84E+2 means 1.84 x 102.

**

. 20E+4

In this table, population exposures due to waste processing by
waste generators, occupational exposures due to waste processing
by waste generators, and energy use are presented as impacts
and costs in addition to those associated with the base case
as set forth in Chapter 4.

As discussed earlier, the calculated increase in intruder exposures at 500 years
for the final rule case is probably an overestimate-, since no credit is taken
for an intruder barrier after 500 years. If a factor of 10 credit at 500 years
is assumed for layered waste, then 'individual intruder impacts associated with
the final rule case would be the following:

Body Bone Thyroid

Intruder-construction 2.37E+0 1.09E+1 2.04E+0
scenario (mrem/yr)

Intruder-agriculture 2.52E+0 6.70E+0 7.75E+0
scenario (mremlyr)

As shown, if such credit is taken,
intruder impacts between the final
reduced.

the difference in potential inadvertent
and proposed rule cases is significantly
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A reduced amount of waste processing is also projected for the proposed rule
Case relativeto the final rule case. j;This results in somewhat.lower population
exposures.due to waste incineration for Atheproposed rule case as well'as laxer-
total waste processing costs and occupational -exposures.. Most of these dif-
feronces are duelto the increased use ofrvolume'reduction technology for the
final rule case.iAUnIt disposal costs are slightly raised for the proposed rule
case, however, which is due to the reducedyvolume of waste delivered to the-.
disposal facility.-.'

OVerall costs to disposal facility customers, however., would be reduced. Under
the Final Part 61 rule, waste streams'having a transuranic content between :10
and 100 nCi/gf must be'stabilized and disposed as Class C.waste. Approximately
3500 m3 of waste (after processing) is estimated to fall within this class.
If the limit were 10 n0/gm, then thiswaste would be' projected obe unaccept--
able -for near-surface disposal. '(The difference between the -non-acceptable
v6lutes.rforthe two cases Is about'5400 m3, which is about 1900 m3'higher than
the Class C waste volume. This in'crease in volume is due to increased waste
processing by'volume reduction assumed for' the final rule case. If waste
processing were'to result in thewaste 'stream being unacceptable for near-
surface disposal, then the processing would not be performed.) Costs for the
additional processing run at an average of about $1428 per.m3 of packaged waste,
much of which'is.due to inireased use of'volume reduction technology for the-
final'rule case. ' If the waste streams in question were merely'stabilizedi then
:stabilization'costs could be as. low. as $450/m3, althoughdisposal costs (due
to the increased volume) would be somewhat raised. This may be contrasted by
estimated costs for disposal into a geologic repository. Based upon an estimated
$5200'per m3n of waste, which includes co'sts for retrievable storage,: retrieval,
processing, transportation, and disposal, costs for geologic disposal of .3500-
5400 ma of waste would run at about $18.2 million to $28.1 million over 20 years.

Isotopes Considered for Waste Classification Purposes

In the draft EIS, a total of'23'different radionuclide's were considered in'the
numerical'analysis. These nuclides were nearly all moderate- or long-lived
radionuclides. i'Based ;upon-these 23 radionuclides, concentration limits were
proposed in the proposed Part 61 rule for il'individual radionuclides plus -'
alpha-emitt .ig transuranics, enr'iched ubrnfiiii and'depleted uranium. 'The
individual isotopes-included 3H, 14C, 59Ni, .5Ni 60Co 94Nb, 99Tc9 1291; 135CS,
137ts, anu.241Pu (a beta emitter).: Forthe final rule, limits for 1 5 Cs,
enriched uranium,.and'depleted uranium-are'eliminated, as are limits for 59Ni
and 94Nbeexcept as contained in activated metal. A separate limit for 2 4 2 CM,
a transuranic nuclide 'with 'a 162.9 day half-life, is provided.

The isotope deletions came about principally in response to commenters on the
proposed Part 61 who were concerned regarding the costs and impacts' of compliance
with the waste classification requirements. In particular; many comnenters-
were concerned that th6y~would haveto'directly'measure every isotope inevery
waste package. This would be difficult since measurement o&f many of the listed -

isotopes--which would usually be present only in trace quantities--could not
be performed except by complex radiochermical separation techniques by labora-
tories. (Isotopes~which'are-pure bet e~iitters,'foiexample.) Commenters were
concerned that costs and personnel radiationexposures would be significantly
increased. ,
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Development of a workable approach to compliance with the waste classification
) requirement received much attention between the time'of:preparation of'the draft

EIS and preparation of the final EIS.' A preliminary draft of a technical. posi-.
tion paper on compliance was prepared and forwarded to 'a nukber of interested
parties. (Ref. 6) This technical position is discussed further below. To
further ease the burden of compliance, the number of isotopes listed in the
waste classificatsion.table were reduced to those judged to be needed on a generic
basis for waste classification purposes, as well as those Judged'to be most
needed for assessment of potential impacts from groundwater migration. Other
Isotopes may be added later either generically or in specific waste streams.
Cesium-135 was removed because it is present in wastes in very.smal concentra-
tions, and because Cs-135 is ai'pure beta emitter which is very difficult to
measure. Waste classificationfori'waste containing Cs-135 will be determined
by thepresence of-other isotopes such as Cs-137. Similarly, the radionuclides
Ni-59 and Nb-94 have been removed except as they may be- contained~in activated
metals. Based upon examination of the waste source data used for the E1St.these
nuclides; are, at this time 'believed to be present, in reactor wastes (other
than activated metals) in such small concentrations as to be insignificant.
Again; other than the possible case of activated metals, waste classification
of waste containing Ni-59 anidNb-94 will be determined by other isotopes.
Uranium has also been removed as a limiting element for waste classification.
Analysis. of the data base for the Part 61 EIS indicates that the types of uranium-
bearitnQ wastes being typically disposed of by NRC licensees do not present a
sufficient hazard to warrant limitation on the concentration of this naturally.
occurring material.- Both depleted and enriched uranium typically do'not contain

) daughter products In any quantity because of the relatively short time since the
uranium was refined from ore, compared to' the half-lives of the uranium isotopes.
The daughter products are disposed of primarily as uranium mill tailings.-
However, NRC is aware of some. uranium-daughter-contaminated material which is
typically being stored today and which may in the future be disposed as low-level
waste. In addition, there are quantities of low activity-waste material which
also may be sent to disposal sites and which are not covered under the Atomic
Energy Act and are not subject to NRC license. Such material may be generated
by rare earth processing facilities, for example. This material, which is pri-
marily contaminated, soil, has characteristics sufficiently different from other
low-level waste streams that separate treatment is warranted.' NRC staff AntAnds ^
to examine specific disposal guidance for such material in the near future.

The remaining isotopes in the waste classification table are included due' to
(1) their presence in a wide variety of waste types, (2) concern due to their
radiotoxicity, or (3) their importance in the groundwater migratiornpathway.,

The radionuclide curium-242 was deleted from the overall combined transuranic
limit and is considered separately for waste classification purpcses. While
Cm-242 is a relatively short-lived nuclide (163 days), it decays to plutonium-
238, an alpha emitting transuranic nuclide with a half-life of nearly 90 years.
A concentration of 20,000 ninfciuries per gram for Cm-242 will result in a
concentration of 100 nanocuries per gram of Pu-238.

Several commenters on the proposed rule inquired about the disposal of waste
qontainj.nq radiimr-226, a q dioisotope which'.is. 'not currently-listed.. It appears -:.c -

I that there-are two type s f radium wastes to be considered: (1) small concen-
trated sources of radium such as radiatron sources oriluminescent dials,'and
(2) wastes which contain small amounts of radium incidental to other radio-
isotopes, such as radium contained 'in wastes from uranium separation processes.
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The forter is not subject toregulation by the Coission, since radita is a
naturally-occurring isotope and is not included in the provisions of the Atomic
Energy Art of 1954, as amended. The Environmental Protection Agency has a
program for colltction of radium sources.' This progran may be phased out in
the next fewlyears. Such sources are.expected to be transferred~to the Depart-
ment of Enerpy for storage and disposal.

* As for radium incidental to other types.of waste, the'Comission.has made provi-
- sions for dispbsal of small quantities of uranium tailings as'Caiss A waote.

- .For'purposes of this provision, a small quantity is defined'as 10,000 -kilograms
. containing not more than 5 milllcuries of radium-226. This concentration is

-typical of uranium mill tailings (0.5.nanocuries per gram); -The quantity of
.-adi~r226 is that. contained in 150 pounds of'natural uranium at equilibrtum
with-its daughttr.-produts. 10 N 1FR Part 40 permits some persons to postess
and use under general 1icense 150 pounds of -source material pbr year. Permitting

. 'tie.disposai 'f such a quantity in a.near-surface disposal facility is jocged to
be accepta le. For laige quantities, an additional evaluation would be appro-

-gpiate, :As. discussed above, NRC staff. plans to further examine guidance for
disposal of such waste material in the future.

: For the fi al Part 61 rule, limits for alpha-emitting transurainic radiohr:
* cIJ0Iesare given'not.in terms of individual -radionuclides, but in terms of.:~--

combined concentration limits for.all alpha-emitting radionuclides having half
ives- greater than five.years; This approach is believed -to be the easeiet to
comply.with by most'licensees, although NRC recognizes that there maybe excep-
: tions to' this based upon the.particular distribution of transuranic isotopes
..within a'pirticular licensee' s waste. -A discussion of the process by-which NRC
converted frot individual transuranic radionuclide limits to a single cobbined
l1int 'U Included in Appendix C.

v .olume Reduction
* Some conmmenters were concerned that the waste classification requireuent would

discourage voltme'reduction, This concern is believed to be:alleviated 'by' the
increase' in'the Class C-waste disposal limits.. As an:illustration,:the volumes
of. waste determined 'to be unacceptable fornear-surface disposal unde 'extreme
volum Creduction conditions (waste spectrum 4) may be compared against the

proposed ;and. final Part .61 limits.:.-
These comparative volumes are as follows;.

'-Percent of Total
Unacceptable Vol umes'(3) Generated

Proposed Part 61 Limits - 9.42'E43 ' 4
Final Part 61 Limits 1.93 E+3. . l 1-

Compliance with Waste Classification.' ' ; .

As discussed above, many coimnenUers on the draft Part 61 rule were concerned
regarding acceptable procedures for det-ermining'cOMpliance with the waste -
classification requiremier'!s. The concern focused on how one estimates and
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reports radionuclide concentrations and quantities in waste streams, particu-
larly when soie radionuclides may be difficult to measure and/or in existehce

) in only trace quantities. It was recognized In the draft EIS that developing
a reasonable approach to compliance would be an important consideration.- A
balance needed to be achieved between the need for knowledge of waste contents
and practical lipitations in measurement.

It should be realized, however, that such considerations are independent of.
the waste classification requirement, and would be'a proper issue for considera-
tion even without the waste classification requirement. That Is, acceptable
means of estimating and reporting radionuclide concentrations and quantities
within waste-streams are important for compliance with existing NRC reglula-
*tions. For example, existing NRC regulations incorporate DOT transportation
regulations. These DOT regulations require that p shlpmentsof radioactive
material be classified according to waste transporttypes. Manifests'accopanylng
the shipment must describe the contents of the shipments. In addition, existing

- Comigssion regulations state that radioactive material-may only be transferred
to persons authorized to receive it. Implicit in these requirements is a require-
Ment for knowledge of the radionuclide content of the material transferred.

Based upon discussions with licensees and other interested parties, comments
on the proposed Part 61 rule, and comments on the draft EIS, a preliminary. draft
technical. position paper was- prepared "(Ref. 6).. This draft paper was made,
available to interested persons, and comments on the draft position paper were
requested. The essential features of this preliminary draft position paper

. are presented below.

The staff's position is that all licensees must carry out a compliance program
to assure proper.classification of waste. Licensee programs to determineiradio-
nuclide concentrations and waste classes may, depending upon the particular'
operations at the licensee's facility, range from simple programs to very complex
ones. In general, more sophisticated programs would be required for, licensees
generating ClassB or Class C waste, for licensees generating waste for which
minor process variations may cause a change in classification, or for licensees
generating waste for which there is a reasonable possibility of the waste con-
taining concentrations of radionuclides which exceed limiting concentration
limits for-near-surface disposal. Some licensees, such as nuclear power facili-
ties, are expected to employ a combination of-methods. - ,

There are four basic programs, however, which may be potentially used either
individually or in combination by licensees:

- materials accountability;
- classification by source;
- gross radioactivity measurements; or
- direct measurement of individual radionuclides.

One method which the staff would find accept.hle to determine radionuclide .

concentrations and demonstrate compliance with the waste classification require-
ment is through a program of materials ac ountability. That is, a given quantity
(and resulting concentration) of radioactive material may be known to be l
contained within a-given-waste or may-be infertrd-thiough-dete~ifinii-ng1the--

: > difference between the quantity of radioactive material entering and exiting a
given process. This procedure is expected to be most useful for licer.,ees who
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receive and possess only alimited number of different radioisotopes in known
-'> concentrations and activities (e.g.', holders of source material, special nuclear

i) material, or byproduct material licenses). An example would be a biomedical-
research facility at which known amounts of a radioisotope are injected into
.research animals, the carcasses of which are-ultimately-disposed as radioactive
waste. Anothibr example would be a research'or test' facility performing activa-
tion analysiV experiments. In, this, case,, the quantity of radioactive material
withirn a given waste stream may be inferred.through' calculation.' A third example
would involve a process such as treatment of contaminated water by ion exchange.
If 'the 'radionuclide concentrations i nto and out of the process container. are
known, as well as the total flow through'the process container; then the 'radio-
nuclide content of the process container'may be reacily'determined.'

This method may also be used to determine the-absence of'particular radio-
nuclides. 'That is, for most licensees, the absence of particular radionuclides
may be determined through a knowledge' of'the types of radioisotopes received
and possessed,' as well as-the process'producing the waste.' For example, if a'
licensee receives, possesses and uses only tritium, there is no need to measure
the waste-stream for other isotopes such'as iodine-129 or cesium-137.

Classification by source is similar to the above method of materials account-..
. ability and involves determining the radionuclide content''and classification

- of waste through knowledge and control cf'the' s-urice:-6fthe'waste...' This"method
is expected to be useful for.occasions when the radionuclide concentrations
within waste generated by a particular process:are relatively constant'and
unaffected by minor variations in the'process.

This method is also expected to be frequently useful for determining the absence
or particular.radionuclides from a given waste stream.:- For example, within a
given licensed facility there may be a number of separate controlled 'areas within
which only a limited number. of radioisotopes are possessed and used (e.g., Cs-137
may be used on one area;and tritium in another). Asilong as--facility operations
are conducted so that transfer of radioactive material :from "one controlled area
to another cannot occur, waste generated from a particular area may be readily
classified by source. ..An example of-a licensee,-for which'this method'is expected
to be useful is a large university which holds a broad license for'byproduct
material.

There may be some Class B or .Class C waste streams having odd geometries or
physical characteristics which make collection'of -samples'and/or data difficult.
In such cases, gross measurements.'may be the only practicablem'eans of deter-

'mining radionuclide concentrations. In addition, there may be 'some Class B
and Class C waste streams for which the distribution of radionuclides within
the waste streams is essentially fixed (e.g., a waste stream whose radionuclide
distribution is known and either the distribution is relatively insensitive to'
process changes or-the process generating the-waste streams is'relatively non-;
variable) and'minor process.changes are not likely to result in a significant:
-change'-in this'distribution. 'Gross radioactivity measurements may als'o'be' '''
acceptable in this case provided that radionuclide distributions are'initially
'determine'i and periodically verified by direct measurement techniques which'
correla'te. measured radioactivity.levels-with-radionuclide concentrations in

... l wastes.;. 'e. acctracy~of the correlation would-'be pefiodlcally'th"Eked rh-i~ff ''
detailed sample analysis involving measuremenLtof specific radionuclides. The
accuracy' of. thexcorrelation would.also be-checked whenever there was reason to
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believe that process changes may have significantly altered previously deter-
mined correlations.

Another method acceptable to the staff for determining radionuclide concentra-
tions in waste is direct measurements for individual radionuclides. Finally,
it is recognized that some radionuclides are amenable to routine quantification
by direct measurement,.techniques (e.g., gamma-spectral analysis of isotopes'
such is Co-60 or Cs-137), while other radionuclides require more costly and
thi. -onsuming analysis frequently removed from the waste generator's facility.
For these latter.radionuclides, determinations of concentrations through'use
of scaling factors whereby concentrations of-radiolsotopes which cannot be
readily measured (through techniques such as gamma-spectral analysis) are pro-
jected through ratioing to concentrations of radioisotopes' which can be 'readily
measured may be applied. An example would be the practice of scaling transuranic
concentrations.to concentrations of the isotope Ce-144. Scaling factors would
generally be developed on a facility and waste' stream specific basis, and would
be. initially determined through direct measurement techniques. The representa-
tiveness of the, scaling factors would be periodically confirmed through direct
measurements on at least a semiannual basis.

As discussed above, a compliance'program for a particular licensee could involve
a combinatiat of -the above'methods and'would be implemented on a facility-'
specific basis. For nuclear power facilities, NRC staff included in the
preliminary draft branch technical position a general waste classification
-implementation program consisting of a three-tiered approach. (Ref. 6) This
three-tiered approach includes:

(1) Periodic analysis for all nuclides considered for waste classification
purposes,

(2) Gamma spectroscopy of. certain nuclides from which waste classification
nuclides are correlated,. and

(3) Dose-rate measurements which correlate activity levels of wastes from
similar batches-to the-gamma-spectroscopy measurements.

The NRC staff believes- that4the above approach presents a workable and enforce-
able program for implementing the waste classification system. This approach
should minimize-the administrative and operational burdens on plant personnel,
but still provide reasonably accurate data for use in quantifying disposal site
nuclide concentrations and inventories.

Manifest Tracking System

The proposed section 20.311 of 10 Part 20 established requirements for a,'manifest
tracking system for waste transported-to disposal sites. The system addressed
the need- for more complete informatioft on' theM 'assifitatiTon and characteristics
of disposed waste, for improved accountability of wastes, and for a better data
base. The General Accounting Office (GAO) noted the need for improvements in
these areas in its report entitled."The Problei of'Disposing of Nuclear Low-
Level Waste---Where oYWeGu om'H'-?.!"-tRef 7).- The GAO recommended that'
the Commission ."determine who the generators of low-level waste are in'both
the Agreement and non-Agreement States and how much waste each licensee is
generating" and "establish a method to track waste from the point of generation
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to the point of disposal."t" Improving the' data base on waste characteristics;
will improve the 'credibility 'of de'cision-makers, enable better planning for :,
inspections and emergencies, enhan'ce projections of future waste generation,
and.help in site-specific analyses and, planning... The 'informa~tion on waste
classification'and characteristics is nec`s-sary. for proper handling and disposal
at the land disposal facility.

Based upon theabove considerations as discussed in more detail in the~draft .
EIS, the section 2O.311'requirements',wer'e drafted. Additional input on these,
requirements, however,.was desired by NRC. staff. Because, any NRC licensee'.iight
make a waste shipment andthus be subJect'to the manifest system requirements,
NRC staff mailed copies of the proposed'Part'61 rule to'each of the Commisision's,
approximately'9,000 licensees. In addition, some 12,000 copies were furnished
to the 26'Agreement-States for distribution to their licensees., Out of this
large group came a total of'29 letters'colmenting on'thenmahifest system. These
comments were Iwide-raniging, with themajority of the questions or suggestions
being raised-by only one commenter. Only a handful of issues drew more than
one comment, with four being the largestnumber of comments on any issue.' As
a result of. these comments, as well as other comments.on'NRC.s proposed-waste
classification system, several clarifying changes were made. to the proposed
requirements.-,

Licensees who ship under existing regulations are required to prepare and for-.
ward shipping manifests that comply with 001 regulations. -"The proposed manifest
content requirements. in Section 20.311are somewhat more comprehensive.but are.
compatible with'DOT'requirements. The waste generator must be specifically

) identified. The''information'requirements concerning the waste 'itself Iare some-
what more extensive. and 'geared to.'information needed for disposal * not just
transportation and handling. That is, more explicit information on~chemical.
content,'waste.composition, and'solidification. agents is. req'uired.', For examp le,
the presence of chelating agents in quantities greater'than O.IX by volume-must.
be recorded. This requirement is intended to enable waste disposal facility
operators to to identify waste containing large quantities of chelating agents.
Special 'disposal measures (to'be implemented on a site-s'ecif ic basis) for such
waste Iwould be carried out at the disposal facility. Licensees would be
required to comply with'and certify compliance with waste form requirements-of
Part 61. This -latter requirement stems solelyefrym'th technical requirements'
for disposal. The' land disposal facility, licensee must record data on the con- -
dition of the waste itself and document.'and certify-receipt, handling, repackage-.
ing, storage, and disposal.

Questions were raised whether the manifest reporting requirement-applied to
radionuclides hdving half-lives -less tlian 5 years, since there is a waste
stability provision in the Part 61 'rule for. waste having radionudclides with
half-lives les's than 5 years and in'concentrations exceeding 700 pCi/cm3.
Although NRC staff believe that the principal radionuclides contained in waste
should be 'identi f ied f or purposes -o'f transportationahddispos'al 'facility '
operational safety, there is no need to list 'short half-lived nuclides contained
in trace quantities. The total,'quantity of the four radionuclides believed .to
be 'especially 'inportant to safety from ground-water migration--i.e., H-3, C-14,
lc-99, and 1-129--will contin6W'to'be'r

The use of the manifests- provides a trackingsystem that is inspectable. - Sec-
tine 20.311 requires that the shipper precede and accompany shipments with copies
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of the manifest and investigate if notification of receipt or disposal is not
) received.' The'responsibility' for tracking shipments is with the shipper who
may also be the waste generator, a service company who collects,, stores and
delivers the waste; or an interaediate-_processor. A crosscheck is provided'
to ensure that 4elayed or missing shipments are investigated by requiring land
disposal facility operators to'periodically match advance copies of manifests
to those for shipments actually received.

The manifest being required by this rulemaking is consistent with.DOT shipping
paper requirementsi'and-the same document may be used by'licensees to meet
requirements of both agencies. -Neither NRC nor DOT require a specific form
and both allow such dual''use. The waste forr and packaging'requirements are
In addition to and compatible with DOT rules.. In addition' the'Manifest'
terminology and requirements were compared to those in the proposed-Uniform
Hazardous Waste Manifest,. the joint EPA/DOT proposed form published March 4,
1982 (Ref.'B). A few'minor procedural and terminology changes were made to,
conform to this pro posed form. Licensees may use the Uniform Hazardous Waste
Manifest as a DOT shipping paper or'NRC manifest for radioactive wastes (once.
it is implemented as a final rule) by using additional spaces to.describe
wastes or by adding infomation to the back. - These changes were made based on
consultation-with EPA and DOT staff and help to reduce the burden on all
licensees.

Classification by Total Hazard

Several commenters were concerned with materials potentially present in low-
) level radioactive waste which may be chemically toxic orhazardous. Some

suggested that the Commission's waste'classiticatfon system incorporate a'
"total hazard" approach that would consider both the radiological and chemical.
hazard of wastes. At' least one comment did. not favor the total'hazard approach
because of the very complex classification system that the conmenter perceived
would result.

The Commission has stated-publicly on several occasions that if it were tech-
nically feasible to classify waste by total hazard, then it would make'eminently
good sense to do so. The staff does not now know of any scheme for such classi-

.f ic.tion. The C6mmission will study the chemical toxicity of.,lowrl~eve1,waste6._. ,;
with special emphasis on identifying. any. licensees who generate hazirdous wasites,
subject'to requirements of the Environmental Protection Agency.' NRC will then
examine methods (e.g., perhaps through processing), by which the'hazard may be
minimized.

Furthermore, the Commission: believes that the technical provisions of Part 61
generally meet or exceed those expected in the Environmental Protection'Agency's
rules for the disposal of'hazardous wastes. Although it is not the Commission's
intent to allow disposal of hazardous'wastes in aradioactive waste disposal

...facility,.as is'noted.in. the regulation, the Commission recognizes. thait certaiti-..
chemicals or other materials which are defined by EPA as being toxic or hazardous
may be present in iome low-level radioactive wastes. It is the Conmission's
view that disposal of'such wastes in accordance with the requirements of Part 61

*-...l;.dequttjY protect' the public hea th and safety. "Such hazardo
or other materials-aire expected to be such a small percentage of the total
waste-wOl'uime that'dilftifonby-othi'e wastes would greatly minimize any risks.
The Commission intends to work closely with the Environmental Protection Agincy
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) to assure continued compatibility. Further, EPA in its response to a resolu-
tion of the Conference of Radiation Control Program Directors indicated their
willirigness-to work with other Federal agencies to address this problem.

''De minimis" Levels of Radioactive Waste

Over one-fourth of all commenters on the draft EIS and Part 61.rule endorsed
the concept of setting levels for wastes below which there is no regulatory
concern, the so-called "de minimis" level.- Some of the commenters supporting
the de minimis concept made direct-reference to the NRC staff's position that
exempting particular waste streams from compliance with the Part 61 regulations
was preferable to setting generic levels for-all isotopes. Several disagreed:
with this position, although at least one of these commenters remarked that as
there is not yet a consensus on a generic de minimis level, any level chosen
would be premature. -A number of othercommenters suggested that a'de minimis -
classification be added to the Part'61 regulations, perhaps as an additional
column in Table 1 of the proposed Section 61.55.

Several commenters suggested that NRC permit case-by-case.review of.requests
for specific application of the de minimis concept during the period criteria
are being developed. Others suggested.specific values for specific waste
streams or radioisotopes.

The fundamental concern of practically all comenters appeared to be not whether
a generic or a case-by-case approach should be taken, but rather that action
to developde.minimis standards should be taken as soon as possible.,

NRC staff agrees with the importance of.setting~timely standards for disposal
of certain wastes by less restrictive means. NRC staff agrees with the com-
menters that establishment of such de minimis levels would reduce costs of
disposal for many licensees and would also conserve space in disposal facilities
which are otherwise designed for wastes having much higher activities. It is
also believed-that establishment of de minimis .levels is important in enhancing
overall stability of.ia disposal facility, and therefore in reducingipotential
long-term site.maintenance and corresponding costs, since deminimis levels

-would reduce the volume of tlCss -A unstable waste. This would also tendto-- -
reduce groundwater.migration impacts; since subsidence and water.infiltration
would be reduced. - - -.

Regarding the issue of setting de.minimislevels on a generic or on a case-by-
case basisj NRC staff still beIieves--that..the current policy of examining waste
streams on a case-by-case basis will result in the quickest and best results.'
It is recognized that setting generic limits may be a desirable goal, and the
NRC plans towork toward this goal over the next few years. Meanwhile, NRC
staff .believes.that the processof examining a few specific waste streams will
facilitate the development.of, generic requirements-and dis -accelerating its.

:efforts on setting standards for disposal:of'wastes by -less restrictive means.-
In this regard, NRC-staff,,is willing.to accept petitions for rulemaking from
licensees for declaring-certain waste-streamssto'be of no-regulatory concern.,
*Irn-inaking such~petittons,-.Jl:i.tensees-should-provide at least-the-following----
information: + . . -

0 a description of the process by whichthe waste is generated; ,
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o a description of the waste generated, including chemical
characteristics;

o0 the radionuclide content of the waste, including principal as well
asitrace contaminants;

o a description of the potential change in the radionuclide content as
a function of process variations;

o a description of the process control and quality control programs by
which the licensee would ensure compliance.

Waste streams in which the radionuclide content is well known and relatively
nonvariant are generally preferred.

5.4 ADMINISTRATIVE, PROCEDURAL, AND FINANCIAL ASSURANCE REQUIREMENTS

This section summarizes the principal administrative, procedural; and financial
requirements to be set forth in the final Part 61 rule. The principal admini-
strative and procedural requirements on disposal facility operators are pre-
sented first, and are discussed in the context of the expected life cycle of a
typical L1W disposal facility. The financial requirements are then presented.

5.4.1 Procedural and Administrative Requirements on Disposal Facility
Operators

The life cycle of a disposal facility can be divided into five phases:
(1) preoperational phase, (2) operational phase, (3) closure phase, (4) obser-
vation and maintenance phase, and (5) institutional control phase. These five
phases are summarized in Figure 5.1 and discussed in more detail below.

Preoperational Phase

The preoperational phase consists of disposal site selection, characterization,
and licensing. Disposal site selection and characterization is a period of
data gathering and planning. As visualized by NRC staff, the applicant selects
a region of interest and searches 'foanumbero6f"p'sible disposal sites (a,-
slate of candidate disposal sites) using reconnaissance-level information.
The applicant then narrows the possible sites down to one. After a proposed
disposal site has been selected, the applicant begins a detailed investigation
(geology, depth to ground-water table, amount of rainfall, etc.)-of the proposed
disposal site. The applicant also initiates a preoperational monitoring
program.

The applicant prepares an application for the land disposal facility following
Subpart B of the Part 61 rule. The applicant also prepares an environmental

' -' port. -Of particular importance to this applicatiof ar-e the hetlfds by which
the applicant will comply with the Part 61 performance objectives and technical
requirements, the preliminary site closure plan, arrangements concerning land
ownership and associated responsibilities and financial assurance.'

--Licensing-activities begin when the applicant-files the application. Prior-to
docketing. the application is reviewed for completeness and acceptability in
accordance with 92.101(b)(2) of 10 CFR Part 2. A notice of receipt of the
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) Figure 5.1 Life Cycle and'Financial'Assurances for a Disposal Facility
Following the Final'10 CFR Part 61

Time in,
years Acti'vity Form of financial assurance

.1 _ i~. . t. . _eA , . ____, L . , _ S

s-x yrs

1-2 yrs

i'le beiection and
Characterization
Licensing Activities

Licensee responsible Tor costs incurred

Licensee responsible for costs incurred
including license fee

Site closure plan including cost estimates
for closure is submitted as part of license.-
application

'Lease arrangement with long-term care '
arrangements for financial responsibility-
between licensee and state submitted for
review to NRC for'adequacy

20-40 yrs License Issued; Site
is in Active Opera-
tion;'Waste Received

1-2 yrs' Site Closure a'nd
Stabilization

Licensee',obtains adequate short-term sureties
toprovide'for closure-.

Short-term sureties in place for closure:
NRC periodically'reviews',and requires
updating to account for changes in inflation,
'site conditions, etc. -

NRC periodically reviewsirevisions to lease
arrangements' to ensure th'at arrangements for-
financial responsibilities-.for long-term care
are adequate '

Costs covered from short-term'sureties,
if necessary; otherwise, licensee performs,':
-activities- -

Lease arrangement between site owner and -

operator for long-term.care is still in
ef fect';. .

5-15 yrs -Observation and
Maintenance

.. ... I.. ; . . . . I

100 yrs ' License Transferred to
Site Owner: "Active
Institutional Control-,

- -- ' - --- Period",'
- - -..

Licensee still responsible for all further
costs during this period, with short-term
assurances still in place

Term'iand' conditions of lease are met, and
either state ur licensee provides funds to
Day for all required arid necessary activities
.of this-per-i od

I- '111,. Z
.- ie-%-.,r,--r._ - - . ' ' ' * r * *! - * ? ' * ! .. ' * * ' *

. I
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tendered application is published in the Federal Register. The Commission
notifies state, local, and tribal officials and begins to coordinate with
thesp officials. Once docketed, the application is again noticed in the
Federal Reafster and the application and accompanying environmental report
gidely distributed. An opportunity for interested parties to request a
hearing is provided pursuant to 10 CFR 2.105. Application fees are paid in
accordance with 10 CFR Part 170.

The regulatory review period follows. The applicant continues any disposal
site studies and the preoperational observation and monitoring program. The
applicant also responds to informational requests from NRC.. Section-61.3 will
require that construction not begin until a decision is made to issue the
license. The application and environmental report are updated if necessary.

Based upon the application, environmental report, and any additional
information, the Commission prepares a draft environmental impact statement
(DEIS) and publishes it for public comment. Based upon public comments on the
DEIS and anJ additional information, the staff prepares and publishes a final
environmental icpact statement., (FEIS). If hearings are requested, an Atomic
Safety and Licensing Board (ASLB) is appointed. Hearings, if any, would be
held in accordance with existing rules in 10 CFR Part 2. An Atomic Safety and
Licensing Appeal Board and/or the Commission may review the findings of the
ASLBE or the ASLB findings may be appealed to these next levels and to the
courts. Upon resolution of the hearings, reviews, and appeals, the Director*-
takes final action to issue or deny the application:in accordance with the
criteria InSection 61.23, plus any conditions rendered by the Licensing or
Appeals Boards or the Commission. A notice is published in the Federal
Refister in accordance with Section 2.106. If the ownership of the land has
not been transferred to the state or federal government, transfer would now
take place. If the license is issued, it is subject to the general license
condition in Section 61.24 and to any specific conditions as required.

States and Indian tribes may participate in the Commission's license review
process. Subpart F of the final Part 61 rule addresses such participation,
which is in addition to participation as already provided in Parts 2 and 51.
Examples of the forms that state and tribal participation may take include:.

1. Development of technical data, including but not limited to, socioeconomic,
hydrological, geological, environmental, or land use data for incorporation
into the Commission's environmental impact statement on the application
or other analyses.

2. Development of public participation mechanisms to be included in the
licensing process.

3. Provision of a technical data base to provide verification to the
Commission for materials piesented-in the licinse application.

4. Exchange of state and Commission staff for cooperative review.

~~~~~~ ' - X-G -e *-...

41he "Director" means the Director. Office of Nuclear Material Safety and
Safeguards, U.S. Nuclear Regulatory Commission.
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It should be noted that participation'by-States and Indian tribes pursuant to
-Subpart of Part 61 is not through an' adjudicatory hearing. If an adjudicatory

hearing is requested, then 10 CFR Part 2 rules apply.

Many conmenterd to the draft rule and EIS were concerned regarding the length
of the licenslig process. One way 'Inwhich the" licensing process can be
shortened in time is to conduct activities in parallel' where possible,. rather.-.
than ~sequentially.' One such'-areia is in the submittal and evaluation of pro-
posals by Stateseand Indian tribes for participation in the NRC license review.
As proposed in the-draft Part 61 rule, a State or tribe would have up to 120'
days after an application was docketed to submit' a proposal for participation'.
The time from initial submittal of'the application until it has been docketed
is estimated to be; 60 days''or more.' Thus, there is a potential delay of 180
days between the time NRC would receive a.proposal and could begin the serious
consideration oftthe proposal. Until resolution were reached.on the role a

.state or'tribe-would play in the review4'the.NRC's'review of 'the application .
would be significantly'hampered. '.

The-Lew Level Radioactive Waste PolicyAct of 1980 clearly' states'that it is a
State responsibility to provide for the disposal of low-level waste. .The Act
also provides for the formation of interstate compacts for this purpose, subject
to Congressional approval. Thus, aiiy application for a disposal facility license
will have had State or compact participation and backing for a significant period
of time before 'subittal. During this time, the Commission believes that the J
State will 'have had'ample'opportunity'to determine what role it wants to play'
in the review of'the'application. This also holds true-for-other states that
are'parties to an interstatecompact. Therefore, the final Part 61 rule will
require that:a proposal from the state in which the facility is proposed, or
from any-state involved in a'compact-with the-state'must'be submitted within
15"days after the 'application has been tendered.

Although it is to be hoped that the States will inform Indian tribes of plans
for disposal facilities and provide them with sufficient".inforrmation'to permit_
them to make a proposal at an early time, there is no way of ensuring this.
Therefore, Indian tribes and states not-covered above will be given'120.days''.
-from the tendering of an 'application to'submit-their proposal.: It is antici-'
pated that the participation'bFIiidif n tribes'and hofi-coipact'states will not
impact the schedule of the licensing process as much and this additional time.
can be accommodated. - "

The Commission believes that there should be sufficient informatiornin the'
tendered application on which to base`a'proposal 'and that itfis not necessary
to wait until the acceptance review' is 'completed arid the docketing procedure
carried out.' Review of proposals can'be carried out earlier and in parallel'
with the other reviews.

A provision has been added 'to-§61.25:to ensure that State, "local, and Indian
officials are notified of the opportunlty for a-'hearing for certain'types of
amendments 'to the disposal facility license.'' ' ' - '

In response to public coniients on-te~-draf tru1e,- the requirements i the final'-
aSubpar-t-F-.hve-been--spe'if.ical-ly-worded -to-ensure-that-Commission'-staff-wi I--- -I

be available for discussion with a Sta'teor tribal governing body. A provision
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has also been included in.§2.102 to, indicate that NRC will inform the U.S. Bureau
of Indian Affairs when tribes have been notified of the filing of an application.

Operational Phase

After issuance of a license by the.Commisslon, the land disposal facility is
constructed and waste receipt and disposal: operations'start. At-intervals
specified in the license (the normal' term for materials licenses is currently.
5 years), the licensee would be required to submit a license renewal applica-
tion (Section 61.27). At this time, the disposal site closure plan and funding
requirements would be updated, and financial arrangements for assurance of ade-
quate funding reviewed. The'licensee may also apply for amendments to the
license at any time during the operational- phase (Section 61.26).

Section 61.25 of the Part 61 will set fortha tiered approach for NRC review
of changes in the disposal facility or operating procedures described in the
license application. Changes important to public health. and' safety are subject.
to Commission review and approval. Changes not important to public health and
safety do not have-to have Commission review and approval, but must be provided
to NRC staff for their information.

Disposal Site Closure Phase

As the disposal site becomes filled, the time for disposal site closure.
approaches. Prior toclosure,.the licensee would submit~a final closure plan
for review-and approval (Section-61.28). A public hearing would be offered.
Upon approval, the licensee implements'the plan. This would consist of decon-
tamination and dismantlement, as appropriate, .of buildings or other site facll-
ities. Final disposal site contouring and preparation is performed. The
licensee would work toward closure during the entire operational phase so that
disposal site closure would not involve a major task.

Post-closure Observation and Maintenance

Implementation of the closure plan would be- followed by a period of post-closure
observation and maintenance on the part of the licensee, in which the licensee's
monitoring and maintenance programs would continue.

This period will normally last 5 years and will help assure that the disposal
site is in a stable condition so that only minor care, surveillance, and moni-
toring by the custodial agency are required. Shorteror longer time periods
may be approved-by the Pcommission in connection with the approval of the site
closure plan for a specific site. When the disposal, site has reached a stable -f

condition, the licensee may prepare and submit an application for transfer of
the license to the site owner. A public hearing would be offered. Among other
things, the licensee must provide reasonable assurance that the site meets all
performance objectives under Subpart C of the Part 61 rule, and the Commission
must find that the state or federa' agency responsible for. post-closure care
of the site is prepared to assume these responsibilities. As a condition for
assuming these responsibilities, a state may require the licensee to comply
with-requirements of its own, as long as the state's' requirements are- not .

-inconsi.stent.-w-ith.-.the requirements..of-the-Commiss.ion. Upon. a sati-sfactory..-
finding, the license will be transferred to the appropriate federal or state
cusodial agency to cover their activities during the active institutional
control period (Section 61.30).
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--)One of the technical requirements for transfer of the disposal facility title
to the site owner is that the.radiation levels at the surfaces of the disposal
unit'covers be controlled.to minimize-potential exposures to the site owner's.:
maintenance personnel. The proposed.Part.61.rule stated that the radiation . -
levels be limited-to-"a.few percent of background." Commenters on the draft :
rule questioned the ambiguity of the requirement, and some suggested values
from as low as 1% of background to as high as1 -mrem/hour (about 5000% of back-
ground). ... .

The rules in section 20.105 of 10 CFR Part 20 contain provisions for permiss-
ible levels of radiation in unrestricted areas. NRC staff.considers these to
be appropriate for application at the time that the disposal site is trans-
ferred to the site owner for the period~of institutional control. - Although
access to the site will be controlled to prevent inadvertent intrusion and the
site could be:.viewed as a restricted area, NRC staff believes that it-is not.:
proper to consider, those who do have access to the site,-such as-caretakers! -
and site maintenance personnel1 as radiation workers who could receive much
higher occupational :exposures. Therefore, the Part 20 unrestricted limits.
will be~usedfor limits to radiation.levels at.the surfaces of-.disposal units..
In practice NRC staff would expect that radiation levels may easily.be limited
to levels.-significantly less than the Part 20 limits.

Institutional Control Period

During the institutional control period, which for purposes of the Part 61 rule
' the Commission assumes to be not more than 100 years, the custodial agency,.-:-

carries out a program of monitoring and physical surveillance to assure con-
tinued satisfactory site performance, as well as.other minor custodial activi-
ties.' During this period, productive uses of..the land,might.be permitted if ,.
those uses do not affect the stability of the site and-its ability to meet the
performance objectives. As a part of the license termination .requirements, ,
the licensee is required to place records -of the disposal~facility.with local,
state, and federal agencies. -These records, along with restrictions on,th :
property deed and trench markers, should help minimize disturbance of the dis-
posal site. These latter mechanisms are those that would continue after the:
active institutional control period. At the end of the necessary institutional

-control-period, the custodial-agency license.may-be terminated-(Sect'ion 61.3l). '

5.4.2 -Financial Assurance Requirements -

Financial assurance requirementsjfor:low-level waste disposalfacilities are --
needed to help ensure the long-term.protection of public.health and safety and
the environment. Financial assurance requirements are set forth;in Subpart E
of the final Part 61 rule. . .

A review by the staff of the operating experiences at-both hazardous waste and
Li-disposal sites reveals-that operators of-bothtypes of sites did not:ade- -
quately plan for closure and long-term care activities. With respect to LLW
sites, the state and federal governments recognized the need to care for.the,
sites over the long term. The sites had to be located on land owned by the
-federal ~o stuate gove'rnment: and -fund w're collected for long-term care `act1iVi---. *

.--Lies. .JIn-.most-cases. -however...the.funds.-collected for .ongt-term-care activi-
ties (e.g., the Maxey Flats, Kentucky site) were not adequate and there was
need to pump trenches and treat trench leachate. In addition, until recently
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) little planning or financial assurance was provided for funding final closure
and stabilization of the, existing sites. This has led to a situation where
financial responsibility. for the continued assurance of protection of the public
health and safety at several of the existing closed sites already has or could
become a: responsibility of Lale state or federal government. Closure, post-
closure, and dctive institutional control costs are generally incurred after
the site operator is no longer receiving revenues from waste generators. Thus,
proper planning during the operating phase when revenues can be accrued is
essential.

Based on these considerations, there is a strong need for regulatory require-
ments to ensure.that: (1) the licensee has sufficient financial resources to
construct and'operate the facility and to provide for final closure and post-
closure care of the site and (2) the licensee provides financial assurance for
the active inrtitutional control period after the site is closed and stabilized.
The staff believes these closure and active institutional control costs should
be identified early and-should be provided for as part of the necessary costs
of operating a site' Financial assurance mechanisms to provide for these costs
should be established during the active operating period of. the site, when
revenues are still being received by the licensee and he has access to financial
resources. The need for stringent financial requirements to ensure that the
licensee is financially responsible has been voiced by a number of sources,
including the U.S. General Accounting Office and the National Conference of
Radiation Control Program Directors. The costs for short- and long-term
financial assurances have been included as part of the cost for' the reference
facility.

Requirements for Short-Term Financial Assurances for Operations, Closure, and
Post-closure Observation and Maintenance

Given the past history at some of the existing disposal sites, one of the
requirements in the Part 61Jrule is assurance of adequate financial qualifica-.
tion on the part of the applicant to construct and operate the disposal facility
and to provide adequate financial provisions for disposal site closure and post-
operational activities.

Short-term financial assurance mechanisms 'Jfer tobarrangements intended to
ensure that the licensee is financially responsible for undertaking required
closure, stabilization, and post-closure activities at a low-level waste site,
and would be particularly based on a specific site closure and stabilization
plan. The amount of financlal assurance required would be based on cost esti-
mates submitted by the licensee in an approved plan for disposal site closure
and stabilization. The'applicant must submit a cost estimate for disposal site'
closure that includes consideration of inflation, increases in the amount of'
disturbed land, and the closure and stabilization activities that have already

. occurred at the disposal site. As used..in-the.?art.61.rule,.-the-.concept-of.,.:.
financial assurances does not include any requirements for third party liability
coverage for damages to people or property resultIng from operation of the
facil ities.

The rule requires applicants to provide prodfof financial Squftations prior
to--the- commeencement -of-construction-of- -the disposal facility. Proof -of -the
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)inancial qualifications of applicants is' not currently required by Parts, 30.
and 40. -Requiring.such financial qualification in the Part 61 rule will help
assure that resources. are 'not expended'on.'projects without adequate backing
and should'minimize the potential for early default or the abandonment of the
site by the operator.

The NRC'has received strong public interest concerning the issue of financial
responsibility for closure of a disposal..site.' 'Numerous written co'mments were-,
made on this portion of the preliminary'draft regulation" an'd .the issue was
also raised at all four workshops held to review this regulation. Many com-
menters felt that the licensee should be held responsible for the full costs,
of closure of a disposal site, and that the license should not be terminated
and the land returned to custodial government authority until the licensee has
completed satisfactory closure.

Comments on the proposed Part 61 regulation'and draft EIS also indicated con-
siderable.public concern regarding financing for closure.(and-for long-term
care). Commenters mentioned that the existing history of LLW'disposal sites
revealed a strong need to require licensees to demonstrate evidence of f inan-
cial responsibility so that the public health and safety were protected and
also so that potential liabilities do not rest with state taxpayers.

There are a variety of short-term financial assurance ifchanlsms .that could be,'
used -by a 'low-level waste'disposal facility operator to assure that sufficient.
>>funds are available. for closure and post-closure care. Short-term financial
issurance mechanisms considered by the staff included the 'following:

1. Surety bonds, obtained from a surety company;'

2. Escrow arrangements between a bank, the government, and the licensee;.

3. Trust funds, arranged between the government, a financial institution,
and the licensee;

4. Certificates of deposit to a state or federal agency;

5. Cash deposits to a state or federal agency;

6. Deposits of securities to a state".ortfederal agency;.,

7. Secured interests in the d.sposaVl,operator'sassets;

8. Letters o6 Credit' from a'financial institution;

9. Self-insurance by the low-level waste'disposal facility 'operator;

10. Financial.tests of the operator r. his-holding company;

11. Development of a sinking fu'nd'based. on receipts from surcharges on
.e_ received..vastes.;and' . '-.- . A * -A .

12.
" bDieopeift'of 'a clo''re assuran'c' ol

. *- . is -& *

5-53



t.,-

These types of financial assurances are standard commercial law arrangements
currently being used by state and federal government agencies for the chemical
waste disposal,ur'anium milling, low-level waste disposal, and'surface coal
mining industries. The staff considers these to be reasonable alternatives.

The primary criterion considered by the staff in evaluating these alternative
financial mec anisms was the degree of assurance provided by each method to
ensure that funds are available to-close the disposal site and to provide for
all necessary activities to protect the public's health and safety. Other
criteria considered by the staff included the following:

o The degree of security (or level of difficulty) in obtaining funds in case
of default.

o The administrative time and expense required by the regulatory agency to
implement and monitor the financial assurance mechanisms.

o The cost to the licensee of utilizing the financial assurance mechanism.

Conclusions

Based'on the' review'of the alternative financial assurance mechanisms, the staff
concluded that a number of mechanisms exist that will provide adequate assurance
of funds for closure and post-closure in the event that the, site operator
defaults or unforeseen site conditions require early closure of the site. These
requirements are set forth in section 61.62 of the final Part 61 rule. The) alternatives that the staff finds generically acceptable for a disposal facility
licensee are:

o surety bonds
O trust funds
o escrow arrangements
o cash deposits
o certificates of deposit
o deposits of government securities

irrevocable letters of credit
o combinations of-the above

These alternatives were all found to be acceptable because they did not impose
a significant economic burden on the license, they did not impose an admini-
strative burden on the staff, and yet they each could be structured to ensure
a high degree of confidence that funds would be available to ensure proper
closure. The staff has also concluded that approving a range of satisfactory
financial assurance alternatives allows the operator flexibility in selecting
the mechanism that best suits his needs.

Some commenters on the prop..rd Pa;rt 61 regulation and draft EIS observed that
at present no commercal mar r '.i-ts to provide surety bonds of the type
required in the Part 61 rule. .n drafting the EIS and developing the rule,
NRC staff were well aware that surety bonds of the type required in the rule

I may be currently Qnavailabale.~--The"Staff'.indluded this alternative in the-rule
-and EIS, however, since it does providethe necessary assurances. and may become.
available in the insurance market at a later date.
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)While the other financial assurance' mechanisms discussed earlier may be accept-.
able in 'certain isolated cases, they.are not acceptable'to-the staff on a-generic
basis.,.'Plans for alternative financial'assurance mechanisms 'not discussed here
would bek'evaluated'and approved by the'staff on a case-by-case basis. Comments'
on the proposed rule'.and draft EIS ieevealed strong interest in other-financial
mechanisms--particularly in regard to self, insurance. 'Several commenters felt'
that self-insurance would.not satisfy the surety requirements', andthey recovr-
mended'that licensees should be required to place specific funds in escrow to
cover costs of decontamination, closure and stabilization.' Another commenter.
suggested that self-insurance'be based on an annual submittal of financial
reports,. i.e..;a' financial test.'

The Commission 'rejected the use of stand alone -"self-insurance", as a result of,
discussions with' state officials with prior'experience with LLW disposal sites.
They expressed the need to have tangible funds available from the licensee for
site closure, so the State as landowner would not be left financially responsible.
While not specifically allowing its use on a generic basis in the rule, the
Commission will evaluate the use of financial tests proposed by licensees, on a
case-by-case basis.

Additional information regarding criteria by which acceptable short-term finan--,
cial assurances will be -judged by..NRC is provided in a draft Branch'Technical
Position on Funding.Arrangements'for Closure and for Long-term Care of a LLW
Disposail'Site. (Ref. 9) '

) Requiremehts' for Long-Term'Financial Assurances for Institutional Control . '

Basedon'a review of'the operating history at existingALW disposal'sites, the
staff-finds 'that-financial responsibility for active institutional control'
should.be established prior, to issuance of the disposal facility licenise. A
review of the history of commercial low-level waste sit'es in this country indi'--
catesthat'therehas been continuing concern by'the public and by regulatory
authorities over long-term financial responsibility for' low-leveliwaste disposal''
sites. In addition to questions over the equity issues of'who pays' for active
institutional 'control' over' the site, the government'and the public are concerned
that funds be readily available for postoperational activities to ensure that
the publ'c's health and safety are continually protected.

Financial assurances for:active 'institutional 'control involve thkefinancing of
any required activities at a low-.levelwaste site after transfer of the disposal
facility.'license' to the site owner. -.These funding assurances would cover sur-
veillance, monitoring, and any. necessary maintenance to ensure that the stability
and integrity of the 'site ar'e maintained and'that there are 'nodisruptive human --
activities at the "site for 'up to 100 years. 'The' requirenents do not cover-'unan-
ticip'atedcontingencies'that may 'occur at' the site.', Based'on these considera-

* - tions, 'the' Commission staff--coricluded that requirements' for-financial guarantees---
for active institutional control should be included in the final Part S1 regula
tion.

- .--Areview -of the various tfinancial-hassdrance .isechanisms commonly used -u the
_commercial l.aw...area.,(see..Section 9.3.3.-of. Volume 2 of the draft EISY)reYealed
that few, if any, of these mechanisms are suitable for the long-term nature of
a long-term financial assurance mechanism. The extended time period (100 years)
means that few financial institutions are willing or able to handle that type
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) of long-term financial assurance. There are, however, several other alternative
long-term financial 'assurance mechanisms that can be used for, active institu-
tional- control at a disposal. site. Several criteria were applied in reviewing
the adequacy of, alternative financial assurance mechanisms for active institu-
tional control.' The staff considered that the most important consideration
for long-term financial.assurances was the extent to which they were able to
provide a guarantee that the.necessary funds would be produced by~the respon-
sible parties. Another' necessary consideration was 'the extent to which enabl-
ing authority existed'to allow the Commission staff to require a specific .
financial' assurance mechanism. Several of the financial assurance mechanisms
proposed by.various parties would require enabling legislation that is currently
lacking at the federal level. Financial assurance mechanisms reviewed bythe
staff included-a sinking fund funded by a surcharge recovered from disposal
facility customers, an LLW disposal "superfund," and a lease or a legally
binding arrangement.

Conclusions

The staff has determined that all low-level waste disposal site operators must
establish evidence of financial responsibility to provide for long-term care
of the site during the active institutional control period.. Financial responsi-
bility for long-term care must be demonstrated prior to the issuance of the
facility license,. Including costs for all required and necessary activities at
the site, including surveillance monitoring, and required maintenance. .States
regulating existing commercial low-level waste disposal sites have traditionally

) required licensees to establishsinking funds based on surcharges collected
from the disposal facility customers, along with- leases'between themselves and
the operator specifying financial responsibility for long-term.care of the site.
The staff is aware of the benefits. of requiring disposal operators.to require
a surcharge on.waste generators which is consequently'depositedd into'a~sinking
fund. and then invested. Such a cost recovery mechanism directly charges.the
benefiting parties (i.e., the waste generators) with the costs of'long-term
care. However, this approach cannot be, required by the Commission, since the
Commission lacks the legal authority to: (a) require that along-term care
fund be established,.and (b) require that the operator impose'a surchargeon.
.* waste .gnerators. This lack of authority has been raised before Congress...
several times.

Since the Commission lacks the authority to explicitly require that a surcharge
be imposed and a.sinking.fund beestablished, the staff considers that the next
best regulatory alternative is to require that the operator be party to a bind-
ing arrangement such as a lease between himself and the site's landowner which
establishes evidence of financial responsibility.. (Current Commission regula-.
tions require the state or federal government to be the site landowner.) The
staff is aware of the.shortcomings of such an approach, but considers'this the'
most viable regulatory a)ternative based on the current statutory authority of
the Commission.. Such regulatory requirements will help to'ensure'"that the&
licensee or the site owner is responsible for performing all required long-term
care activities that are necessary to protect the public health and safety and
the enviroment. These requirements are set out in Section 61.63 of the final

* '" ZEt61ruhll J' e m s ' ."' ar.t .-

5-56



')he staff has included the costs for' 100 years of'active institutional control
'into the cost of the -reference facility as well as the alternatives considered
in the EIS. The actual ,costs of long-term care, however,-will vary depending '
upon the level ofactive maintenance required under.varying disposal fac'ility
conditions. Long'term site stability will significantly reduce a'nd'poss'ibly
eliminate the need for any major maintenance and cost over the long term.

Additional information regarding the types of long-term'financial assurances
that NRC staff would find acceptable is provided in a draft'Branch Technical
Position on Funding Arrangements'for Closuire"and for Long-Term Care 'of a LL '
Disposal Site.', (Ref.'9) -

Contingencies

One of the points raised by commenters on both the proposed Part 61 rule and
the draft EIS was that the proposed regulation failed to address financial
responsibility for unanticipated contingencies'at a LLW dispo`salsite. One.
group expressed concern that the regulations'set the stage for a "tax-payer -
funded bail-out" of poorly-run disposal sites. They felt'the'industry should
bear these costs, 'and that the regulations should be written, to make this
explicit. ..Anothericommenter noted.that the experience of Ithe.State'of Kentucky', -
with Maxey Flats'emphasiied the importance of making 'contingency funds-avail-
able in the'event that serious problems'occur.' They felt this issue should be
addressed inthe rulemaking. One 'State 'further noted 'that the' rule failed to
mention who would be financially responsible 'if problems occur at the site that
)cost more .than were-budgeted on an assumption of normal operation. These ques-
tions cover such-a variety of different scenarios (i.e., Acts' of God, licensee
negligence-, etc.), that it is not possible to specifically respond to all of
the potential contingencies. -However,',a general response to the' overall issue'
of responsibility for contingencies at a low-level waste'disposal site is pos-
sible.- 'These' comments cover'two different time periods:' the post-closure'
period, when 'the original licensee' is still responsible at!the site, and the-
institutional' control 'period, when the license has been transferred'to the:"
landowner of'the site for a period of -up to':one' hundred years. 'In 'the case of
the post-closure care period, the licensee'would be responsible for all activi-
ties at-the site found nec'essary..by':the Commission to protect the 'public health
-and safety. Financial responsibility fo'ractivities during the'institutional:
control period are'a matter to be worked out':between the-site owner'(i.e., the
State or Federal Government) and the licensee 'in their'leasebor'other legally
binding arrangement, and it is possible that if the site owner were a state,
they would work out an arrangement whereby the site operator would collect a
surcharge from waste generators for the institutional control period. The
rights and responsibilities of the state and the licensee would be determined
at such a time.

. One issue.is the question.of who, would assume responsibility for a disposal
site and its accompanying waste if it were to be closed prematurely by NRC due
to rule Violation. In such a situation it is possible that insufficient funds
will have been collected for care of the site during the institutional control

iF tperi~o1d_.espRop~s.jbiity fo,4sxite cltge..pyretyurely by the NRC wou.ld4,depend.,, , .. ,:,..

n the situatio.- Additionally, closure would be a last resort of the Commis-
sion, since e-th e'ag'ency- h''a-s--o'th-e'-r--' atto-r~it'e-sbesirde closutre, such as 'civil",
penalties, to require licensee compliance. In the event it would become neces-
sary to close the site for health and safety reasons, the final rule provides
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that the licensee continues to be responsible until the license is terminated.
In the event that the'licensee's financial condition deteriorated-so that he
was 4nable to maintain the site to protect the, health and safety, then the
Comaission would probably require the site owner (either the State or Federal
government) to assume responsibility at the site.

Regardless of who assumed responsibility of a prematurely..closed..site, the
Part 61 rule requires that a licensee have available at all times during the
site life, sufficient financial guarantees to ensure.that sufficient funds are
available for site closure and decommissioning. These funds would be, available
for properly closing the site if the original licensee were unable to do so.
In addition, it is apparent that any technical steps taken (such as a stable
waste form or package) to enhance long-term site stability that will reduce
long-term Institutional costs, and therefore reduce the amount of funds that
would have to be collected.

Several commenters on the proposed rule and draft EIS believed that the rule
should resolve the-issue of financial responsibility for contingencies by-
requiring liability insurance or specific language that licensees would be
required to indemnify property owners in case of off-site migration. Although
not proposed in the original..rule,.the.staff-evaluation of these public cor-
ments Indicates there is a need for licensees to demonstrate evidence of finan-
cial responsibility for liability coverage for off-site bodily injury and prop-
erty damage. The Commission thinks thi public health and safety and the
environment will be protected from unanticipated contingencies by such a

I ) requirement, as well- as assisting the States in establishing disposal sites.
Four existing LLW disposal facilities currently carry this type of liability
coverage, and several, other State and Federal agencies, including EPA have
imposed similar requirements for hazardous and radioactive.waste disposal
facilities in order to protect the public health and safety and the environ-
ment. However, at the present time, the Commission's only statutory framework
for establishing such a requirement is Section 170 of the Atomic Energy Act,
also known as the "Price-Anderson" Act. This type of coverage is designed to
cover "catastrophic events" primarily for nuclear reactor licensees, and the
Commission feels this coverage would be in excess of the risk at a low-level
waste facility. Therefore, the..Commissiqp has..not established a third party
liability requirement in this regulation. The Comiissiouniwill strongly
encourage licensees to continue to carry third party liability insurance coVer-
age through the conventional insurance market.
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Chapter 6

UNMITIGATED IMPACTS OF FINAL PART 61 RULE

6.1 INTRODUCTION

The purpose of this chapter is to identify, evaluate, and quantify the effects
of the final rulemaking action: HRC's promulgation of a comprehensive regula-
tion governing the management of low-level radioactive waste disposal (ID CFR
Part 61). The environmental consequences or impacts discussed are based on
the final rule as developed in previous chapters and do not include considera-
tion of impacts of alternative versions of the rule. The consequences dis-
cussed are incremental, in some cases, with respect to the current regulatory
framework.

Both direct and indirect environmental impacts will occur as a result of the
final Par.t 61 rule. Direct Impacts are discussed first in this chapter (Sec-
tion 6.2) and, although suchimpacts are readily identified and evaluated,
they are significantly different than the impacts typically considered in an
EIS for a physical project such as a nuclear power plant or a fuel fabrication
faicility. Because this final EIS is being prepared for a rulemaking action,
the direct effects of the action do not fall upon the physical and natural
environments, but rather upon those segments of the human environment whose
conduct of affairs will be affected by the change in regulatory requirements.
Among the directly affected groups considered in Section 6.2 are:

o Waste generators and processors;

0 Waste transporters;

o Waste disposal facility operators;

o Federal agencies and the states; and

o The public.

Section 6.3 discusses the indirect impacts of the final Part 61 rule. In this
section the performance objectives and minimum technical requirements of the
rule are applied to four hypothetical disposal facility sites located on a
regional basis. Through this analysis, the residual or unmitigated impacts
are identified which will occur even with the application of the final Part 61
requirements. By applying these requirements to a reference facility design
and analyzing the benefits and residual impacts, the reader is provided with
an estimate of the "real world" effects of the rule in terms that are more
reflective of a typical project-specific EIS.

6.2 ENVIRONMENTAL CONSEQUENCES OCCURRING DIRECTLY AS A RESULT OF THE
FINAL PART 61 RULE

6.2.1 Impacts on Federal Agencies '

A number of federal agencies have responsibilities relative to low-level waste
management. These agencies are: NRC, the Environmental Protection Agency
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(EPA), the Department of Energy (DOE), the Department of Transportation (DOT)
' } and the U.S. Geological Survey (USGS). The effects.of the final Part 61 rule

on these agencies are discussed in the following subsections.. - ,

6.2.1.1 Impacts on NRC

In general terms,'the chief impact of the adoption'of..10 CFR',Part 61 on NRC
would be'to more clearly'define to'the staff the established'policies, licensing
procedures, and performance objectives governing LLW disposal. It' would also
help ensure that LLW disposal facilities are treated uniformly in terms of
complying with the above regulations and procedures.

Adoption of the final Part 61'rule is not expected.to significantly increase
:NRC's regulatory expenditures. ':Although-the new requirements should result in
*some increased costs and effort, these probable increases In regulatory costs
will be offset by gains in NRC's administrative efficiency. The'application
of a comprehensive set of regulations governing LLW will aid both potential
liceti Pes,'the states, the public, and NRC by more clearly defining respective
responsibilities, requirements, analyses, and determinations. In particular,
NRC would have a uniform 'set'of administrative procedures and'performance
requirements'to apply in each instance. NRC would also have a set of clearly
'enunciated'technical 'performance'requirements that'would permit more effective -
control"'of the performance and operating procedures of commercial LW disposal
facilities.

6.2.1.2 Impacts on EPA
)schr .. he .e .;siblt

,The Environmental Protection Agency (EPA) is charged with the responsibillty
of protection and enhancement of environmental quality and it carries out its
mission through r'esearch,.monitoring, regulatory,"and enforcement..functions.
An-important EPA role with regard to-low-level radioactive waste managementtis
in the establishment of'generally applicable environmental standards'for waste
disposal. The Agency does not license radioactive waste disposal facilities.

At the present time, the overall environmental standards for waste disposal
are in the development process. The fact that EPA's standards in this field
are not currently-established required NRC to make a-choice with regard to'
development of the Part 61 rule: proceed with rulemaking based on interim
standards developed by NRC and coordinated with EPA, or suspend rulemaking
until the EPA standards are formulated.''NRC chose the former course of
action.

In proceeding, NRC consulted with EPA on the performance objectives, minimum
technical criteria, and other aspects of the rule., EPA comments onthe draft
Part 61 rule were considered and for'the most part, incorporated into the final
Part 61 rule. In addition, through their comments on'the draft.Part.61 rule
EPA 'indicated that 'NRC's sel'ection fnr the-performance'"6bjective .fo'r long-term"-
environmental releases-was within the -ange of values-that-EPA-expects.to con-
sider as partoof their work to establis.h overall environmental 'standards for'
waste disposal. As a result of this coo dinated effort, the technical criteria
established in this Ystatement-and the ru e itself'will not impact the ongoing Do"

_-program of. that agency...f.or establishiqng ! Yer-all. envi ronment...s~tandards ...for-wast-e
disposal. Rather. the NRC rulemaking ef.ort may in fact advance EPA's efforts
in this regard.
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6.2.1.3 Impacts on COE

The Department of Energy (DOE) is responsible for managing disposal of low-
level* radioactive waste generated by government operations and for conducting
research into various aspects of radioactive waste disposal. Disposal of LLW
by DOE is exempted from NRC licensing authority and would remain so under thi
final Part 61'rule. Therefore, DOE's LW disposal operations would be
unaffected by the rule and could not come under its purview without an amend-
ment to the Energy Reorganization Act of 1974.

One impact of the Part 61 rule on DOE would occur if DOE resumed using com-
mercial disposal facilities for disposal of DOE LLW. Under this situation DOE
would have to ensure that its waste conformed to applicable parts of the new.
rule. In addition, the Part 61 rule will help to provide additional specific
guidance to DOE's programs of technology development and assistance to states
in establishing new sites.

6.2.1.4 Impacts on DOT

Transportation of radioactive materials in the United.States is jointly regu-
lated by the Department of Transportation (DOT) and NRC. DOT regulates all
radioactive materials. in interstate commerce while NRC regulates the trans-.
portation of byproduct, source, and special nuclear material.. The agencies
continue to work closely In establishing standards and regulating packaging
and other aspects of radioactive material transport. NRC's existing regula-
tioons for transport reflect the requirements of DOT and the situation will
remain the same under the final Part 61 rule. The minimum requirements for
waste form and packaging under the proposed rule are.In compliance with exist-
ing DOT and NRU regulations and thus will not impact the regulatory program of
DOT. The stability waste form requirements for higher activity wastes will
help improve transportation safety as a byproduct, as will the minimum waste
form requirements Intended to improve operational safety at the disposal
facility. Finally,'the requirements for the manifesting system established in
the final paragraph 20.311 are compatible with the common manifest system for
hazardous wastes currently being developed by EPA and DOT.

6.2.2 Impacts on the States - - -

Promulgation by NRC of the final Part 61 regulation will have impacts on the
states in addition to these realized by industry and federal agencies. These
impacts will primarily affect those states which have entered into agreements
with NRC for regulation of certain radioactive materials--i.e., the Agreement
States.

Under provisions of the Atomic Energy Act, the states and NRC maintain compati-
ble programs, which include specific rules and regulations. The promulgation
of 10 CFR.Part..61_would.mean..that. the Agreement States would-have to modify
their regulations to include provisions compatible with the new NRC regulation.
This process of modification would involve, at a minimum, the following steps:

_ o ear, on pj..draft regulat4ons to reflect the requirements of the -
* Part. 61 rule;.
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) o Review and approval of proposed~regulati.ons by NRC; and

o -Public review and formal incorporation into state code.

In preparation of this final EIS, NRC has not attempted.to quantify the actual
costs which would be incurred by the Agreement States in modification of their
programs. In part, this is because the periodic-updating and.modification of
Agreement State rules and regulations to maintain a program compatible With-
NRC regulations is part of the normal functioning of the Agreement State pro-
gram. Moreover, the Agreement State programs vary from state to state and the
costs-to one state-to assure compatibility may not necessarily reflect the
costs-to another state. -

Another possible source of costs-to the states is the additional requirements
set out by Part.61-which will need to be enforced.: However, many of these
additional requirements will help-ensure that future costs over the'long term
due to maintenance of.a disposal facility are minimized.

6.2.3 Impacts on the Public

-Promulgation of -the final Part 61 ruleby NRC siilllmpaict~the public most
significantly. The purpose of therule is to provide'improved -safeguards for
protection of public health and safety and the environment, but despite these
improvements, the.technology of waste disposal is not risk-free. Whatever'
risks remain in the-presence of the operative rule will'be borne-by the:put',ic,
as will the.ultimate costs of implementing the rule./: In the following par'-
graphs, the beneficial as well as the adverse impacts of implementing the
Part 61-rule are-considered.

6.2.3.1 Beneficial Impacts

The requirements of the Part 61 regulation are expected to.result in beneficial
impacts to'the public in three major~areas. First, the implementation and
enforcement of performance objectives and uniform minimum technical require-
ments will improve the performance of future LLW disposal-facilities and-there-

* -. by reduce the hazards of LLW disposal tb public health and safety and environ-
mental quality. Although the benefits of the rule's requirements.may not be
immediately apparent, the staff believes.that in the~long term these require-
ments will-improve the stabilityof both the waste form and the disposal-
facility and will lessen the potential for, radionuclide migration into the
environment and the need for active long-term maintenance of the facility.-

Second, the requirements of the Part 61 rule should.assure that:near-surface
disposal remains a safe viable option for the disposal-of LLW. Therefore, the
public can be assured of the continued availability of goods and services whose
provision results -in generation of LLW. f Among-these goods,'and services-are ' - -_ '
electricity frommnuclear power plants,jmedical diagnostic aids based.on nuclear
-technology, research into causes and cures of debilitating diseases such as
cancer, and research research into.new applications of nuclear technology.

, ., *~ J..* .. (;t -- a d~ .- -* .- A dww8.: r',. .'* *-. 2* '' r. _ ' l -. K - -

__Finally, the Part 61 1r.1*providespbH.benefits An.tne form of..more-explicit
provisions for participation in the licensing process for future LLW disposal
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) facilities. Licensing requirements and procedures have heretofore been frag-
mented and somewhat difficult for interested citizens to fathom. These proce-
dures- are consolidated in rule, and expanded provisions for participation by
state and tribal governments are set out undqr Subpart F of the rule.

6.2.3.2 Adverse Impacts

The final Part 61 rule will result in benefits to the public. -However, the
staff does not expect that implementation of the rule will be without adverse
public Impacts. Three primary impacts are expected to- occur.

The first of these impacts will be residual environmental!and human health
hazards resulting from LL1 disposal. Despite the provisions of the Part 61
rule, the variables and processes Involved in LLW disposal are sufficiently
complex that unmitigated impacts cannot be avoided. These may include occupa-
tional exposures, migration of:radionuclides, and subsequent offsite exposures.
(Section 6.3.discusses these-unmitigated impacts in more-detail.)' It should-
be noted, however, that these impacts are not' impacts caused by the rule, but
rather impacts which are considered beyond the capability of the rule to eli-
minate entirely.

Achieving reductions in impacts from LLW disposal willlnot be without costs in
an economic sense. Implementing the requirements of the Part 61 rutl'will
Involve costs to the-disposal facility operators, waste transporters,'and waste
generators. These costs, of course, will be-passed on to the public in the
form of increased prices for goods and services whose- provision involves the'
generation of LLW. It-is not-expected:that the passing on of these costs will
create an incremental change to the consumer, but rather will appear' along with
many other costs of doing business in aggregate price increases. These antici-
pated increased costs can also be balanced against the likely costs, which would
be significantly higher, that could result without the promulgation of a uniform
series of criteria for waste disposal. The current lack of such a uniform series
of criteria for waste disposal is believed by many to significantly contribute
to the current shortage of disposal capacity.

Finally, implementation and enforcement of the provisions of the Part 61 rule
will require the-allocation of federaVaand state resources during the opera-
tional and postoperational periods of a LLW disposal facility. -To the extent
that these public resources are allocated to regulation of LLW disposal, they
are unavailable for other'purposes. Conversely, to the extent that the public
incurs this cost, it reduces (within limits)' the costs of LL disposal in terms
of human health hazards and environmental impacts.

6.3 ENVIRONMENTAL CONSEQUENCES OCCURRING INDIRECTLY AS A RESULT OF THE
-- FINAL PART 61 RULE

'Th1es''section discusses the indirect impacts of'the finial Part 61 regulation;
To estimate these impacts, the 'performance objectives and minimal technical
criteria established in-the final rule are applied to four-reference disposal
facilities- assumedto be constructed~on four hypothetical regional sites.

)-."Through this analysfs, the residua ifr dnm itigatie4impacts that could occur"
--even-with--the-application of -the-Part--61--requirements--are-addressed.----
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This section is divided into foursubsections as follows. Section 6.3.1 pro-
vides a very brief summary of the. assumed regional sites, while a description
of the disposal facilities assumed to be constructed at each regional site is
provided in Section 6.3.2. The waste form and packaging options assumed for
the regional.case study analysis are also summarized in Section 6.3.2. Sec-
tIon 6.3.3 presents the results-of the analysis in terms of radiological
impacts and costs. Section 6.3.4 presents a discussion of other impact
measures such as-air quality, land use, and incremental energy use.

6.3:1 Hypothetical Regional Sites:

This section presents a very brief. review of the four hypothetical regional
sites assumed in this EIS. For the purposes of this final EIS, the-contermi-
nous U.S. has been divided into four regions having boundaries based upon the
existing five NRC regions (see Figure 4.1). These'are referred to-in this EIS
as the northeast region (NRC Region 1), the southeast region (NRC Region II),
the midwest'region (NRC Region III), and the western region (a combination of
NRC Regions IV and V). Each region is projected to generatefrom 600,000 to
1,000,000 M3 of "ILW between the years 1980 and 2000. (These-volumes are given
prior to further waste processing such as compaction.) A disposal facility is
assumed to be located at a hypothetical site within each region. The western
regional site is meant to be representative of the southwestern portion of the
region, and is usually termed the southwest site in this EIS.

Each site has been developed from a number of sources and is meant to be con-
sistent with: (a) the basic disposal facility siting considerations set forth
in the final Part 61 rule, (b) the generic environmental characteristics within
that region. The regional sites are intended to be representative of reasonable
realistic sites--i.e., sites that could be licensed under the Part 61 rule--but
are not intended to represent the "best" sites that could be located within
the regions. Although the regional sites are meant to be typical of the
environmental characteristics within the regions, the sites are not meant to
describe any existing or potentially planned disposal facility, or-any specific
location within a particular region.

A detailed description of the regional sites-is provided in Appendices E andJ. -

of the draft EIS. Briefly, however, the northeast, southeast,-and midwest sites
are located in humid environments; The soils.of the northeast site are quite
impermeable while the soils of the southeast and midwest sites are moderately
permeable. The southwest site is located in a semi-arid environment and has
permeable soils.

A short summary of most of the principal site environmental properties used in
the analyses is included-as Table 6.1. Table 6.2 contains a summary of the
(dimensionless) retardation coefficients assumed for the soils in the vicinity
of the regional sites, while Table 6.3 contains a.sunmmary of the assumed popu-
lation distributions.

6.3.2 Assumed Regional Disposal Facility Designs and Waste Source Term

This section .rovides. a description of the dispossal.jacilities assumed to be
situated at the four regional sites,. as well as the wastes which are assumed
to be disposed in the facilities. The disposal facilities and waste forms
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Table 6.1 Summary of Regional Disposal Facility
: site Environmental Properties

-1 Regional Sites

Environmental property HE -SE' R SW

Mean average temperature
OC (OF)

80C
(460F)

170C
(630F)

110C
(51OF)

140C
(57 0 F)

Average wind speed
km/hr

Average annual precipitation
mm (in)

Average annual natural percolation
(PERC) into groundwater system

mm (in)

16.6

1,034
(41)

74
(2.9)

13 17 25

485
(19)

1,168
(46)

180
(7.1)

777
(30.5)

50 1
(2.0) (.04)

)

Precipitation-evaporation (PE) index
of site vicinity

Average silt context of site
soils (%)

Average cation exchange
capacity (meq/lOOg).

136

65

15

91 93

50 85

10 12

21

65

5

Groundwater travel time (yrs)

Waste to:

o Water table
o Site boundary -
a Population well
o Surface water body

Distance tm)

Waste to:

50
-2zo0
2,500
5,000Q

10
32
400
800

23
130
2,100
3,800

277
280-
580
880

o Water table
o Site boundary
o Population well -
o Surface water body

4
30
500'
1,000

5.
30

*-"500
1,000

4
30

--1,250
2.500

84'
30
3,000
6,000

Average transportation distance
- to regional facility-(miles) -

300 * 400 600 1,000
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Table 6.2 Retardation Coefficients
Assumed for Regilnal
DisposalFacility Sites

I

.Regional Site

Isotope NE . .SE- -NW SW
.

H-3 1
C-14 10
Fe-55 5,400
NI-59 3,600
Hi-63 3,600
Co-6O 3,600
Sr-90 73
-Nb-94 - 10,000
Tc-99 S
1-129 5
Cs-135 720
Cs-137 7,200
U-235 7,200
U-238 .7,200
Np-237 2,500
Pu-238 7,200
Pu-239/240 7,200
Pu-241 7,200
Pu-242 7,200
Am-241 2,500
Am-243 2,500
Cm-243 2,500
Cm-244 2,500

1
10

2,640
1,750
1,750
1,750
- 36

4,640
4.
4

350
350

3,520
3,520
1,200
3,520

--3,520
3,520
3,520:
1,200
1,200
:1,200
1,200

1
10

2,640
1,790
1,750-
1,750 :
-36

4,640
4
4

350
350

3,520
3.520
1,200
3,520
3 SZ0
3,520
3,520
1,200
1,200
1,200
1,200

*1
10

1,290
860
860
860
18

2,150
3I 3
3

173.
-173

1,720 U
1,720
600

1,720
1,720
1,720
-1,720
- 600
- 600

600:
600

.; Table -6.3 Population.Distributions for the
Regional Disposal ,Facility Sites

Distance - I
From Facility

rh S. t .

Northeast Southeast Midwest. Southwest.,

0-5 miles 3,400 . - 2,000 :.. 3,100 60
5-10 miles 20,500 -8,100 5,000 .180
10-20 miles 73,600 36,000.. 27,900 3,500
20-30 imIles 121,600 125,000 104,200 9,100
30-40 miles 556,600 203,400 121,900 4,900
40-50 miles - 1,012,800 -104,900 359,100 27,200
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described are intended to. provide an example of potential impacts associated
with disposal of waste according to. the minimum requirements of the final
Part 61 regulation. 'These should not be interpreted as representing the best
or the only designs or.waste forms which could be implemented in compliance
with the rule. There may be a number of ways in which the Part 61 requirements
may be met f6r a specific disposal facility, and compliance with the Part 61
rule, as welj as measures which-may be implemented to reduce potential impacts
to levels as low as reasonably achievable, would be evaluated on a case-by-case
basis. The examples, rather, are intended to Illustrate an upper bound range
of impacts from -implementation of the rule, with the expectation that actual
impacts from implementation of the rule at existing or future disposal facili-

* ties would be less.

Assumed Facility Designs

* The design assumptions for the four regional disposal facilities are sum-
marized in Table 6.4. As shown, the-assumed design cases all involve disposal

* in "regular" shallow land burial disposal cells. All disposal cells for the
four regional sites are assumed to be constructed to depths of 8 meters below
.the earth's surface. This introduces an additional conservatism regarding
intruder and erosional impacts calculated for the southwest site, since the
great depth to the water table at this site would allow-construction to much
greater depth than at the other three sites. All cases assume segregated dis-
posal of waste streams containing organic chemicals as well as unstable Class A
waste streams. Layering is.used for Class C waste.

The principal differences among the four cases lies in the methods to limit
contact of water with disposed waste and to minimize-long-term maintenance
requirements. For the three humid'sites (northeast, southeast, and midwest),
a moisture barrier in the form of a thick clay cap is installed and compacted
us. , standard construction'techniques. Variations in the effectiveness of
the clay caps placed over the disposal cells containing unstable waste streams
are considered for the northeast, southeast, and midwest regional disposal
facilities.

In the southwest site, there is assumed to be considerably less concern
regarding ground-water migration.due to the extreme depth-of the water. tahle
Wnd the semiarid climate. In this case, the'standard "thin" cap is assumed to
be installed. Similar to the huiid sites, however, the disposed waste, back-
fill, and cap are assumed to be compacted using improved methods (e.g., a
vibratory compactor). This helps to reduce voids within the-disposal cell and
therefore reduces the potential for settling and further reduces potential
long-term maintenance costs.

At the three humid disposal facility sites, an imported permeable (sand or
gravel) backfill is assumed to be used to reduce the contact- time of percolating
water. At the southwest site, the originally excavated material from the site

- 1 -usedas backfill-.

All regional facilities are assumed to be operated for 20 years, followed by a
two-year closure period and a five-year observationperiod prior to license _
terminiation and transfer of site control to the site owner.
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Table 6.4 Design Assumptions for Regional
.Disposal Facilities

- - .' ' I

*Northeast -

.o Regular SLB trench
o Use of'a thick clay 'cap-
o - Compaction using improved methods
o Segregation of wastes"containing organic chemicals

.0o ' Segregation of 'unstable'Class A waste
- - 'Random disposal of'waste
o Use of a permeable backfill
o Layering used for disposal of Class C.waste
o Humid site-having low permeable soils '

I

: Southleast

o Regular SLB'trench
o Use of a thick clay cap.
o Compaction using improved methods
o Segregation of wastes containing organic che0
o Segregation.of unstable Class A waste'
o Random disposal of waste''
o Use of a permeable backfill
o Layering used 'for dispo'sal'of Class C waste
o Humid site havirig moderately permeable 'soils

nicals ,

Midwest-

o Regular SIB trench
o Useiof a'thick clay cap
o Compaction using improved methods
o Segregation of wastes containing organic chemicals
o Segregation-of unstable Class A
o Random'disposal of waste,'
o Use of a sand backfill
o Layering used for disno'sal of Class C waste
o Humid site having moderately permeable soils''

. I

Southwest

o Regular SLB trench
o Use of.a "standard"-cap
o Compaction using 'improved methods
o Segregation of wastes containing organic chemicals
o Segregation of unstable Class A waste
o Random disposal of waste
o Backfill with originally excavated soils
-O Layering use'd' for di~posal '6f Class-C 'Waste

- Semiar-id--s-ite--having-permeable soils
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Assumed Waste Forms

In the analysis, all Class B and C waste streams are assumedto be stabilized.
A number of techniques may be potentially used to achieve waste stability,
ranging from Solidification to improved waste packaging. NRC staff expects
that less exRensive techniques will be generally preferred by most licensees.
For this analysis, waste stabilization is assumed to be for the most part
carried out through use of high integrity containers, and relatively smaller
volumes- ata assumed to be solidified using a binder such as, cement or vinyl
ester styrene. In making this assumption,, it should be emphasized that NRC
staff is in no way attempting to judge the relative merits or de merits of a
particular waste stabilization technique. Rather, an attempt is made to
represent one method by which licensees generating Class B and C wastes could
use to comply with the stabilization requirement.

In the analysis, all waste streams are tested for acceptabi~lity into the three
dibposal classes, and those waste' streams (other than concentrated liquids which
are solidifed) which must be stabilized are assumed to be stabilized-using high
integrity containers. Some waste streams or portions of waste streams (e.g.,
portions of light water reactor process waste streams) may exceed the Part 61
concentration limits for near surface disposal. These waste streams are then
assumed to be stabilized through solidification and the resulting concentrations
again tested against the Part 61'concentration limits. Since solidification
results, compared to internment in high integrity containers, in a net waste
volume increase, additional portions of waste streams may be determined to be
acceptable. This results in nearly 90% of the Class B and C waste streams being
stabilized through use of high integrity containers. The remaining 10% are
either already stable'due to waste form or are solidified.

These potential waste stabilization techniques are assumed to be applied In
the analysis to all four regional disposal facilities generally without con-
sideration of possible additional waste form requirements that could be Imple-
mented at a particular site. An example requirement would be the prohibition
of certain types of organic chemicals at a particular humid site. These and
other potential, additional requirements are conservatively (in terms of ground-
water impacts) ignored' in the analysis. (An exception to this, discussed below,
concerns some variations on the northeast site case.-)

In the analysis, the volumes of-waste projected to be generated in each region
over a 20-year period are processed and delivered to the disposal facility.
Compressible waste streams are compacted prior to disposal. This results in a
range in projected waste volumes (in m3) for each region as follows:

Northeast Southeast Midwest Southwest

Prior to Waste 1.01E+6 1.10E-6 7.74E+5 7.48E+5
Processing

* After Waste 6.68E-t5 " 1.45ES5 - 5. 3EF5 5.05E45 E ;--
Processing .. . .
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) In the forthcoming analysis, some small volumes of wastes from each region will
be classified as being unacceptable for near surface disposal.

6.3.3 Resultsof the Regional Analysis

This section presents a discussion of the indirect unmitigated impacts of imple-
mentation of the Part 61'rule based on analysis of the above regional cases.
The section is divided into subsections .as follows: 6.3.3.1, long-term radio-
loe zal impacts; 6.3.3.2, short-ter mradiological impacts; 6.3.3.3, costs;
6.3.3.', additional consideralions, and 6.3.'3.5, other impacts (including non-
quantifilble impacts such as impacts to blota and cultL.;al resources). Quanti-
fiahle impact measures are summarized on'Tab'e 6.5.

6.3.3.1 Long-Term Radiological Impacts

Long-term radiological impacts for the regional case study as summarized in
Table 6.5 include potential individual and population intruder impacts, ..
erosional impacts, and groundwater impacts. Individual inadvertent intruder
impacts are calculated for two scenarios for two time periods (100 and 500
years) following transfer of the disposal facility to the site owner, and for'-

. three organs: whole body, bone, and thyroid. The.intruder-construction
scenario consists of a scenario in which persons are assumed to construct a
house on the disposal facility. The intruder-agriculture scenario assumes
that an individual or group of individuals live in the house thus constructed
and consume vegetables grown in a small onsite garden.

As shown, the limiting individual inadvertent intruder impacts appear to be to
the bone. In the analysis, volume-weighted intruder impacts for the northeast,
southeast,!and midwest sites run at a few hundred millirem/yr at 100 years and
from 10 to.20 millirem at 500 years. These impacts calculated at 500 years
would be further reduced if credit were taken at 500 years for the protection
provided by the layered stable waste streams.

The highest individual intruder exposures are estimated to occur at the south-
west site. These potential exposures are on the order of 170 mrem to the bone
at 500 years,. although.such exposures are'still about a:third of the 500 milli-
rem limit used to formulate the waste'classification tables. This increased
exposure is due to the increased silt content of the site soils as well as the
increased wind speed relative to the other three sites. The indicated impacts
are believed to be conservative, however, and possibly overconservative, since
the great depth to the water table allows disposal at much greater depths than
the other three sites. This means that there is even less chance for Class C
and other wastes to be contacted after 500 years. _-In addition, no credit is
taken in the calculations for improved waste forms to reduce airborne disper-.
sion or plant root uptake, or for waste to be Ia a recognizable form (as some-
thing other than dirt) after.500 years. This is very .conservative for the
southwest site since the semiarid nature of the environment would tend to reduce
the rate of decomposition relative to the other three buried sites..

The population intruder impacts ar e gi-yem..s,-ppqc.ts to offsite individuals
and populations that couldaresult from intrusion at thie disposal facility.
-Two such xdlological1-hpzt7-ae ctcla-e. iwtebre-n-i~b--ne.~-oX
waterborne and airborne impacts are calculated at 100 years following transfer
of the site license to the site owner. One involves Potential exposures to an
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Sumary of Quantifiable Impact Measures for Regional Analysis
I

Table 6.5

NE Site' SE Site HW Site

low perc. high perc. low perc. high perc. low perc." high perc. 3D =se

1. Lonh-Term Individual
Exposures _(mreu/r

intruder-construction

o 00 yrs - Body 1.82E+2t 1.97E+2 2.24E+2 1.27E+2
Bone 1.83E+2 2.01E+2 2.28E+2 1.67E+2
Thyroid 1.82E+2 1.97E+2 2.24E+2 1.24E+2

°:500 yrs - Body Z.39E+O 3.36E+0 3.E8E+ 1.45E+1
Bone 7.92E+O 1.85E+1 2.16E+1 1.71E+2

* Thyroid 2.15E+0 Ž.66E+0 2.91E+0 6.76E+O

Intruder-agriculture

o 100 yrs - Body 1.95Ee2 2.18E+2 2.49E+2 1.38E+2
Bone 2.01E+2 2.23E+2 2.56E+2 1.46E+2

* Thyroid 1.94E+2 2.17E+2 2.47E+2 1.37E+2
o 500:yrs - Body 2.87E+O 3.32E+0 3.53E+0 6.03E+0

Bone 8:19E*0 1.01E+1 1.04E+1 2.07E+1
Thyroid 8.58E+0 9.87E+0 1.09E+1 9.96E+O

Intruder well

A00y 7.58E-3 - 9,69E-3 1.27E-2 - 3.28E-2 7.93E-3 - 1.04E-2 3.06E-1
a Bone 7.63E-3 - 1.33E-2 3.15E-2 - 1.04E-1 9.83E-3 1.79E-3 2.03E-2

°--Th$'roid 4.73E+0 - 5.49E+0 5'.02E+O - 9.38E+Q 4.66E+0 - 5.37£tO 7.83E1

Boundary well

* 9o0y 6.78E-3 - 8.57E-3 2.61E-2 - 5.59E-2 7.90E-3 - 1.04E-2 3.84E-3
4 Bone 6.44E-3 - 1.25E-2 3.13E-2 - 1.04E-1 9.65E-3 - 1.75E-2 1.42E-2

° Thyroid 4.29E.O, - 4.97EoO 5.02E+0 - 9.38E+0 4.66EtO - 5.33E+0 7.82E-1
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Tabl e 6.S5 Smary of Quantifiabli tIpact Vasures for Regional Analysis (Continued)

I ,.~

HE Site SE Site .M Site

low perc.. high perc. low perc. .high perc. low perc. .high perc. SW site

Popuilatlion well
O Bdy - 3.44E-3 - 8.40E-3 1.48E-4
°B6ne- 7.06E-3 - 2.31E-2 546E-4
o ryrbid 1.59E+0 - 2.96E+O ** 3.01E-2
Surfac`e water,

° dyLN 1.50E-4 - 3.76E-4 **
I Bone. 2.90E-4 - 1.02E-3

°Thr~pid. 7.23E-2 1.35E-1 **

11. Other Long-Term-Exposures:

Erosion impacts
Waterborne releases (mrem/yr)

80dy 8.77E-Z 9.94E-2 8.01E-2
Bone 7.30E-1 8.82E-1 6.64E-l
Thy.roid 8.43E-1 1.05E+O 8;17E-1

o Airborne releases (man-mrem/yr)
Bod6 1.97E+1 9.92E+O 7.05E40 5.81E-1
Bode 3.88E+2 1.96E+2 1.38E+2 9.88E+O
Tityruid' 1.56E+2 6.82E+1 5. 81E. 2.19E+O

Offsite releases from intrusion

o Waterborne (mrem/yr)
Body 1.28E-2 1.14E-2 2.73E-2
Bone 2.80E-2 2.25E-2 2.73E-2
Thyroid 4.83E-4 4.68E-4 6.1nE-4

° Airborne (man-mrem/yr)
Body 7.32E-1. 2.40E-1 2.85E-1 1.57E-2
B8ne 5.92E+O 2.49E+O 2,52E+O 1.72E-1
Thyroid 2.36E-1 9.32E-2 1.20E 4.40E-3

.i



.41

J
ITable 6.5 Suamary of Quantifiable Impact Measures for Regional Analysis (Continued)

NE Site SE Site MWd Site
Tow perc. high perc. Tow perc. high perc. low perc. high perc. SW site

Ill. Shdrtrjerm Whole Body
Expos~Lres (man-mrem over 20 yrs):

Occdpati anal
'4rocess by waste

generator## +1.70E+5 +2.40E+S *1.70E+S +1.50E+5
Process by.-regional9134
process center 1.81E+5 7.25E+4 1.08E+5 .E+

oWaste transport 4.70E.6 5.91E+6 4.26E*6- 4.48E+6~
oWiste disposal 2.06Es6 2.58E+6 1.73E+6 1.66E+6

Topouat ion
Pinocess by waste
'generator## +1.26E+2 +1..51E+2 +1.23E+2 +5.83E+l.

oPr~ocess by~ regional
process center 01- 0. 0. 0.Waste transport 3.79E+5 5.86E+5 6.07E+5 1.07E+6

IV.-Costs (~total S'over 20 yrs):
Waste cGeneration and transport
oProce~ss by waste

generatorh'# +2.2OE4-7 +2.90E+-7 +Z.1OE+7 +1.60E+7
oProciss by regional

o rWaste crantpor 5.29E+7 2.10E+7 3.14E+7 2.66E+7
Wat.tasot1.22E.8 2.04E+8 2.01E48 3.05E+8

Waste disposal
oDesigpi & op. 3.51E+8 3.54E+a 3.42Ei-8 3.29E-t8

o CPosurie ainl3.87E'6 3.87E46 3.87Et6 3.87E+6

0bSj & maint. 1.13E'6 - 1.42E1+6 1.J.4E+6 - 1. 43E-t6 1.11E*6 - 1.39Et6 5.86E45
Ins~t. Control 1.57Ee-7 - .3.86E+7 1.57E+7 -- 3.06E.7+ 1.54E+7 2.96E+7 9.32E+6
Total post op. 2.07Ee7. - 4.38Ei7 2.07E+7 - 3.59E+7 2.04E+7 - 3.49E+'7 1.38E+7

o Toial* disp. cost 3.72E+8 - 3.95E+8 3.75E.8 - 3. SOE*8 3.62E48 - 3.77E+8 3.43E+8
o Unit lOst C$/m) 5.70E12 - 6.06Et2 5.03E+2 - 5.24E*2 7.06E+2 - 7.34E.2 6.7SE+2

Ii
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Table 6.5 Suary of Quantifiable Impact Measures for Regional Analysis (Continued)

HE.Site: SE te S ;e
low perc. high ow perclp.. high perc. low perc. high perc.- SW sitehig .ec ,g _e:

V. Waste Volume (a 3):

Volume acceptable.
-Class A unstable 4.25E+5 4.72E+5 3.12E+5 3.~25E+5

°Class'A stable. 1.56E+5 -173E+5 1.27E+5 1.28E+5
o Class B 6.76E+4 6.70E+4 5.33E4 3.26E+4
o Cl~ss C 3.26E+3 4.34E+3 2.971E+ 2.18E+3
°,To al volume

acceptable 6.52E+5 7.17E+5 4.95_+5 4.8E+5
Vdlume not acceptable 1.69E+4 . 2.80E+4 1.82r:4 18.67E+4.

*Thee'noiatlon 1.D2E+2 means 1.82xlO2.-
Lessi.tan l.xlO 6 millirem/year.

***Impact$..at 'the surface water. body. are -not given for the sou hWest site due to the interittent nature of-the
neates§ stream to the site tnd the extreme depth to groundwater at the site.

#npictts'due to waterborne releases fron human intrusion and erosion are not giver, !r the southwest site due
to ihde.rneiarid environmental conditions and the intermittent nature-of the neares: :treaj to the site.

##In thi's EIS, population exposures dub.to waste processing by waste generdtors,' occupational exposures. due to-
waste'processing by waste'generators, and costs due tovwaste processing by waste generators are presented as.
Impacts and costs in addition to those associated with a no actio. case (i.e.;, continuance of current disposal
practices). .. . -

I.,
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individual resulting from precipitating water washing exposed contaminated soil
down to a nearby surface stream. Contaminated water is then assumed to be used
by an individual (i.e., comsuptlon, watering crops and livestock, and so forth).
As shown, such offsite waterborne impacts for the three humid sites are very,
low; the highest calculated impacts are on the order of 0.03 mrem/yr to the
bone. Such waterborne impacts are not given for the southwest site. This is
due to the semiarid nature of the site and also because the nearest "stream"
to the site is ephemeral, and only contains water during periods of
precipitation.

The other radiological impact calculated results from airborne dispersion of
the exposed waste/soil mixture to the surrounding environment. Impacts are
calculated as total impacts (in man-millren) to the projected population out
to a 50-mile radius.

Opposite to the impacts calculated to;the potential inadvertent individual
intruder, the.intruder airbornelpopulation impacts at the southwest site run
at better than an order of magnitude less than those calculated for the other
three sites. This is principally due to the low population density in the
environs of the southwest site.

In the same manner, potential erosional impacts are calculated as impacts to
the surrounding population for airborne releases and as impacts to an indivi-
dual for waterborne releases. These are calculated at a time period equal to
2,000 years following facility closure for the 3 humid sites and at 1,000years

' following facility closure for the southwest site.. In addition, the entire
disposal facility is assumed to be affected. (All of the disposal cell covers
are assumed to be removed by the erosional forces.) It is worth emphasizing
that disposal facilities would be siWb.,-designed, and operated under the
Part 61 regulation so that erosional problems would be avoided. Thus, the cal---
culated erosional Impacts represent a rather improbable upper bound of poten-
tial impacts.

At any rate, compared to the offsite exposures calculated from intrusion,
erosion impacts exhibit a reversal. Waterborne impacts are much greater than
those calculated from intrusion while airborne impacts are significantly less.
Apparently, the long lived nuclides remaining in the disposal facility are more
of an ingestion hazard (e.g., C-14, 1-129) than an inhalation hazard (e.g.,
Pu-239).

Potential impacts from groundwater migration are listed for three different
organs (whole body, bone, and thyroid) for four different biota access loca-
tions (see Table 6.1). These include:

1. A well (intruder well) located on the disposal facility and poten-
tially used by an inadvertent intruder follawintg the end of the
100-year institutional control period;

2. A well (boundary well) located at the site boundary which is assumed
to be used by a few'individuals;

3. A-well (population well) assumed to be located-down-gradient from
the disposal facilityand used-by a small population of about 100
persons; and

0-17



-

4. A small stream (surface water access) located-down-gradient of the
! disposal facility and assumed to be used by a small population of

about 300 persons.

'he analysis also considers the effect of varying the percolation rate Into
the disposed pnstable waste streams. This is accomplished-1by assuming (for purposes
of groundwater impacts) that for the -low percolation case the improved disposal
cell, covers over the unstable waste'disposal cells are- reasonably effective.
For the high percolation case, the disposal' cell covers' over the unstable waste
disposal cells are -assumed to function no'better than a standard "thln"-disposal
cell cover composed of locally available-soil.

The southwest site is somewhat of-a'different case. A water balance calcula-
tion for the site indicated that due to the low rainfall and high evapotrans-
piration, essentially no precipitation falling upon' the site reaches' the under-
lying aquifer. For completeness in this'analysis, however, a percolation
coefficient of 1 mm is conservatively assumed for the site. Given the-arid,

* nature of the site, there is assumed -to be no attempt to emplace improved dis-
-posal cell covers at the site. This results in maximum impacts for this case.'
In addition, exposures -at the surface water body access locat'ion are .not cal-
culated.. The closest water body downgradient of the site 'is 'n intermittent
stream, and in any case, the water table is located on the order of 80 meters
below ground surface.

As shown in Table 6.5, the highest exposures due to ground-water migration are
to' the thyroid,'although in all cases .-he performance objectives as set out in
Chapter 5 for inadvertent intrusion and ground-water migration are met." 'The'
estimated impacts reflect tie differing volumes of waste'streams-and'corre--'
sponding radionuclide inventories within each regional facility, as well as
the differing-environmental. characteristics of each regional site. Of the
three humid regional disposal facilities considered (northeast, southeast, and
midwest), 'reasonably comparable impacts are estimated at the intruder well and
the boundary well. For the intruder well, the highest exposures to whole body-
and bone occur at the southeast site. -Intruder well exposures to thyroid are
similar among the three humid sites, with the highest exposures occurring at
the southeast:-site. For the boundary well, the highest exposure's are again
estimated for the-southeast-site.-' ''

Of-the three humid regional'sites,ithe southeast is assumed to experience the
largest percolation component (PERC) as'well as the 'quickest ground-water travel
times to biota access locations. In addition:.the midwest'anid'southeast site'
soils are assumed to have moderate retardation capabilities (NRET=3) while the
retardation capability of the northeast site soil is higher (NRET=4). The
influence -of -these factors is clearly seen: in calculated exposures for the popu-
lation well and the surface water-body. *The-highestestimated population well
and surface-water.body exposures occur'at the southeast site. Population'well
and surface water exposures for the.northeast aid'midwest sites are less tha '
1O-6 millirem/yr over 10,000-years following disposal facility closure.'

Also.of interest is the relatively small 'range of -calculated impacts for the
-two pefto1aTionLcaZ s-escalculatedftr.-the sI'utheast and midiest sites:. hs; "'-'

'conf-iras.that- most of -the. activity that could contribut Ato 'groundwater--migra-
tion is contained in the 'stabilizedlwaste stream5'- The effect' of increased
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percolation into the unstable waste streams has a relatively minor effect on
the overall impacts.

Additional care needs to be taken in interpreting the results for the northeast
case. The grbundwater, impacts for-the: low percolation case are believed to be
reasonable, ince for this case,- all waste streainshave been placed into a stable
foru prior to disposal.. For the-high percolation case, reduced effectiveness
is assWued.for:disposal cell covers over the unstable-waste disposal cells.
Due to the impermeable nature of the northeast site soils, it is possible that
percolation into the disposal cells might exceed the rate of transfer out of
'the bottom of the disposal cells. In such a case, it is possible that the dis-
posal cells containing unstable waste could accumulate water and fill up like
a bathtub. This could lead further to overflow of the disposal cells.

Leachate accumulation impacts are, therefore, approximated for the northeast
site in the following manner. First,-waterborne impacts are calculated assuming
that 425,000 gallons of leachate annually overflow the unstable waste disposal
cells. This overflow''s assumed to be carried to a nearby stream where contami-
nated water is consumed by-an individual. The impacts to the surrounding popu-
lation from processing the leachate through an evaporator are also calculated.
The results of this calculation are as follows:

* Body Bone Thyroid

Individual dose from disposal 6.64E+1 1.14E+2 4.37E+1
cell overflow (mrem/yr)

Population dose from leachate
treatment (Oan-millirem/yr) 1.98E+2 7.40E-1 1.98E+2

6.3.3.2 Short-Term Radiological Impacts

Short-term radiological impacts are summarized in Table 6.5. Included in this
table are (1) potential impacts-to populations (in *an-mrem) from transporting
waste to the regional facilities, (2) potential occupational impacts (in man-
mrem) associated with processing, transporting, and disposing of waste within
the region, and (3) potential impacts from incinerating small volumes of waste
at the waste generator's facilities.

As shown, transportation impacts over 20 years range from about 380 to 1,070>
man-rems, or about 19 to 54 man-rems per year. Of interest is the narrow range
of impacts for the three humid sites compared to the higher (about double)
impacts-calculated for the southwest. The higher estimated impacts are due to
the greater transportatton-distance for the western-region as compared to the.
other three regions (1,000 miles vs. 300 to 600 miles).-

Occupational impacts- are-listed as total impacts over 20 years for waste proc-
essing, transpdrtatiorttbothe-dispobl-'far-ility, and waste-disposal. Wasted
processing occupational exposures-are presented as additional-exposures-to--those
associated with a "no action" situation. That is, these exposures are presented
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as incremental exposures to those that would be received if existing disposal
practices and disposal facility license'conditions were continued.

Also included are the occupational exposures that are estim';.:i to be'associ-
ated with operation of regional processing'centers. T-.-iG ,;afte processing 'is
assumed to cohsist of compaction'of compressible.waste'.treams by large
compactor/shredders. This is'possibly not a'cost effec 1-uoperition at this'
time but may, possibly be so in the future.

Some small levels of population impacts from incineration of waste is included
in the regional analysis.

6.3.3.3 Costs

Costs, including waste processing, transport, and disposal costs are listed in
Table 6.5S. --Similarly to occupational exposures, costs due to'processing the
waste by the waste generator are presented as additional costs to those associ-i
ated with a continuation of existing disposal facility disposal'.practicos and
license-conditions." These costs consist of costs for additional waste .

stabilization.

Waste transportation costs range from about $120 to'$300 million, depending
upon the waste spectra and the regiontconsidered. The largest'costs are for
the southwest region, for which the reduced volume of waste relative to the
other'three regions is counterbalanced by the longer transportation distances.
The effects of the Part 61 regulation on transportation costs is expected to'
be-low.,

Waste disposal costs are set out into design and operational Costs and'post-
operational costs, where postoperational costs include costs to waste customers
(over 20 years of operation) -for providing for: (1) facility closure, (2) a
5-year observation and maintenance period, and (3) 100 years of institutional
control. Also shown are total disposal.costs as well as unit ($/m3) costs.

As shown, the largest total design and operational costs are' for' the northeast*''
and southeast sites, due to-the larger volumes of waste delivered to these two.;'
sites. The southwest site is' projected to' experience a low level of postopera-'
tio6iil costs, due to the semiarid nature'of the site.'

Postoperational costs for the northeast, southeast, and midwest sites are pre-
sented inTable 6.5 as a range from a reasonable to .aworst case, corresponding
to the variation in percolation Jinto the disposed unstable waste streams. A
low level of postoperational costs' is projected for the stable waste streams.
A moderate (reasonable case) to high (worst case) level of postoperational costs,
however, is assumed for the unstable waste streams.

The presentation of the worst case'here -is believed to be conservative' since
e improvements disposal facili operations implemented which

would help to reduce water pcrcolation into contact with the unstable waste
streams.- It also'discounts the increased use of compaction for-the compressible;
waste streams. Such compaction would tend to retard the rate of subsidence

-- and fluing associated with the unstable waste disp1osa l cns. -
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Unit costs are seen to vary widely depending-upon the assumed-design and operat-
ing practices carried out at the particular-disposal facility as'well as the
volumes of waste delivered to the facility. For example, the design and opera-.
tion of the' southeast site is'essentially the same as the,midwest facility.
However, the volume of waste delivered, to the- midwest facility is much less,
than the southeast facility, while the'design and 'operational costs are only
sl'~htly less.9' This is because capital costs,'to construct the disposal facility
are much less dependent upon the volumes of waste'delivered to the facility
than the operating costs. Many of the same expenses to design, build, and
operate the facility would be incurred whether a high or a low volume of waste
was received.

6.3.3.4 Additional Considerations

Given the possibility for'leachate accumulation at the.northeast site, it is
well to consider if therefore additional options which may be' implemented' at
the site to eliminate the possibility of leachate accumulation by increasing
the stability of the unstable waste streams. One option could be to stabilize
all of the now unstable waste streams prior to disposal. For example, compress-
ible waste streams could be incinerated and the ashes solidified prior to dis-
posal. Costs for this. option,, however, would run on the order of $927/m3
($26.25/ft3). Another option may be to emplace all unstable waste'`streams with-,
in a container providing" structural support. The only such containers currently
available and marketed are high integrity containers which are estimated'in.
this EIS to cost on the order of $450/m 3.. At the time the above high integrity,
container unit cost estimates were developed, however, there was only one company
marketing high Integrity containers. Since that time, additional companies
are marketing high Integrity containers. Jt mayvery well be that given business
competition and future manufacturing savings, future.'costs for high integrity
containers (or some equivalent container'providing structural support) may be
significantly reduced.

Another option might be to provide stability through variations in disposal
facility design and operation--e.g., through such possible techniques as grouted
disposal, disposal into grouted concrete-walled'trenches, or extreme compaction.
Suchpossible techniques would have tobe developed and tested for a specific
disposal 'facility, since past experience regarding these techniques at low level'
waste disposal facilities has ranged from occasional to none.

Oneexample, however, might be to stack waste package's containing unstable waste
into disposal cells and then grout'the intersticial spaces between waste'packages.
This 'is projected'to raise total disposal facility-design and operating costs
to $385 mill.,-n over 20 years, or about $34 million higher than-the cases.pre-
sented for the northeast site in Table 6.5. Assuming that'thetse additional costs
are only applied to the unstable waste streams, unit design and operating costs
for unstable waste.,disposal would run at about $616.per m3 of.unstable~waste
disposed. This is $81/n3. higher than similar costs" for, unstable waste"disposal-'
for the case presented in Table 6.5. Total postoperational costs (to be
collected from disposal facility customers) would be expected to be reduced, .
however, to levels on the order of $13.8 million:

Occupatjonal egpo~spres ,at. the disposal facility would be increased. The addi-
tional steps of stacking and grouting unstable waste packages are projected to
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,--> result in additional occupational exposures (compared to the case listed in
) Table 6.5) of 1.18E+6 man-millirem over 20 years, or about 59 man-rems per year.

6. 3.3 :5 Other Impacts

This section.discusses Indirect impacts associated with the proposed Part 61 -
regulation otfier than radiological impacts or costs. The impacts are'broken
down'into the following.subsections:. air quality (nonradiological), biota
(ecology), land use, energy .use, ;and:social impacts. '.

Air Quality

Nonradiological impacts to air quality due to LLW management and disposal would
principally arise from two~sources: combustion of fossil fuels during proc-
essing, transporting, and disposing of wasteland (2) particulate matter (dust)
released into the air'due to earth moving activities at the disposal facility.
Typical combustion products would include suspended particulates, sulphur
dioxide, C02,.CO, various hydrocarbons, and various nitrogen oxides.-

It is believed that implementation of the Part 61 regulation would have a rela-
tively slight effect upon overall air quality. For example, increased waste
processing such as compaction and solidification would probably result in k
increased.combustion of fossil fuels, with correspondingly increased release.
of combustion products into the air.. However, many waste generators-are already
performing such waste processing activities to reduce transportation costs or
to comply.with existing license conditions'at.disposal-,facilities. Moreover,
waste processi;ng' activities that reduce waste volumes would tend to reduce
releases of fossil'fuel-'combustion products during transportation.

At the disposal.facility,.local impacts to air quality result from combustion
of. fossil fuels by vehicles.delivering waste to the facility, by vehicles owned
by facility personnel, and by heavy equipment operated at the facility..: Dust
could be raised by excavating',' backfilling,. and grading 'activities. However,
combustion of fossil fuels and earth-moving activities are not unique to the
fact that it is a disposal facility. ;Similar types of impacts can and would
be raised by many other types of small industrial concerns.

Since 'the. Part. 61' regulation emphasizes increased disposal facility stability,
somewhat additional air quality impacts could result-during the operating life
of the disposal'facility. That is, additional personnel may be needed.as well
as additional equipment to segregate waste, carry out improved compaction tech-
niques, install improved disposal cell covers, and so forth. However,.such
additional impacts would be felt only during the time the facility was operat-
ing. In addition, if the facility was left in an unstable condition after
operation, increased longer-term air quality impacts could result due to
operating machinery to repair-holes in disposal cell covers,-potential opera-
tion.of a leachate evap'orator, and so forth. - Placing the facility in a more
stable condition during site operations reduces thc maintenance that would be
required after closure and during the-institutional control period. Since less
maintenance would be required, lower longer ters nonradiological air quality
impacts would result.- .-..
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Bi ota

The operation of a disposal facility would involve acquiring and fencing in up
to a few hundred acres of land. Existing vegetation would be mostly cleared,
and after waste disposal, the disposal cells would be regraded, recontoured,
and probably reseeded with short-rooted local vegetation. During this process,
impacts to biota could: result from destruction of habitat. Such impacts would
again not be caused by the fact that the facility is used for waste disposal,
but arise from the decision to change the land from one use to another. Similar
types of impacts would result from other uses of the land which involve heavy
construction. These could include, for example, clearing the land for a small
industrial concern, a school, a farm, and so forth.

Implementation of the Part 61 rule is expected to have-little effect on the
potential for impacts to biota. There are already existing federal and state
laws and regulations governing protection of endangered or unique- flora and-
fauna. These regulations and laws would-be considered during licensing of a
disposal facility whether or not the Part 61 regulation is implemented.

Land Use

In most cases, the operation of a licensed nuclear facility by a licensee does
not result in the land being permanently committed to that activity. That is_,
at the end of operation of the facility it may be decontaminated,. if necessary,
and used for another purpose. At an LLW-disposal facility, however, possible
future use of the facility after it has closed is greatly influenced and some-
what circumscribed by the presence of the disposed waste. This does not mean
that land used for LLW disposal is permanently. excluded from productive use.
Rather, as long as care was taken to restrict activities to thoseowhich would
not involve excavating:into the disposed waste or bringing contamination to -
the surface, there may be a number ofuseful purposes the facility surface may
be put to. These could possibly'include use of the facility for grazing, golf
courses, recreational areas, or light industry.

Notwithstanding this, however, it is useful to consider the amount of land. that
would be committed to LLW disposal over the next 20 years. It is difficult to
-assess the'influence of the Part 61 regulation on this land use. Depending
upon the design and operation of the disposal facility and the manner ini.which
higher activity wastes 'are stabilized, land use could be lower or potentially
higher than without the regulation. A range in land use may be estimated, how-
ever, using the regional analysis as a guide. Land use for each of the regions
in shown below:

mi-x 0l o .....

(acres)

Land Use Northeast Southeast Midwest Southwest

) 2.26 2.49 1.72 1.69
(56.0) (6. 5) (42;.5) (41. 8)
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Energy Use

Oneway in which the effects of a proposed action can be quantified is to esti-
mate the toial energy requirements associated with that action. In terms of
LLW management and disposal, this would be a' difficult project given the large
number of waste-generators, the many diffe'rent 'types and forms of L1W, and the
many possible processing techniques.that could be used. As a simplification,
then, an effort has been made to estimate the increase In.energy use'due to
-the promulgation of -the final Part 61'rule. This -is still realized as a-dif-
ficult task given'the recent increase in the level of waste processing activi-
ties -carried out by waste generators. In addition, there may be a number of
ways in which the Part 61 requirements may be met and'there are considerable -

uncertainties 'regarding the energy use associated with various technologies,
etc.

In any case, approximate estimates can be made using the regional analysis as
a guide. The estimated increase in energy use due to the Part 61 regulation
(over that associated with a no action case) is listed below in gallons of,
equivalent fuel for each region for the range of postoperational activities
projected;

(gal x 106)

Northeast Southeast Midwest Southwest

+0.83-+0.96 +1.11-+1.31 ,+0.90-+1.00 +0.66

Social Impacts

In general, social impacts due to promulgation of the-final Part 61 regulation
-are difficult 'to address. These impacts are very site-specific and would include
such -asipect's' as the effect of bringing a labor force into an area on.local utill'
ties, schools, and other services. These types of impacts are typically of
most concern during the siting, construction, and operation of large facilities
such as a large nuclear power plant. A low-level waste disposal facility is
by comparison a very small operation, and the final Part 61 regulation is not
expected to result in any significant incremental changes in social impacts
associated with operation.of LLW disposal facilities.

~,.G~INE~ nIGO~C . .~ . .~a
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)Commenters: Advisory Committee on'Reactor Safeguards (ACRS) (10)
Department of the-Environment, London (19)
Northern Illinois University (27)
4elia M. Jensen (64)

-Nuclear Monitoring Systems & Minagement Corporation (86)
jJ.S. Department of the Interior (114)
Kerr McGee (115)
U.S. Department of Energy-(119)
U.S. Environmental Protection Agency (122)

Rule Citation: General

Summary of Comments: The ACRS, Department of the Environment, Kerr-McGee, DOE,
and EPA supported the development'of criteria and flexibility for disposal ;
methods other'than near-surface for more hazardous wastes., Northern Illinois .
University and Zelia Jensenjwere opposed to-near-surface disposl methods and
favored alternate methods for all wastes, Nuclear Monitoring suggested use of
the Corporation's specific retrievable storage system for more hazardous waste.
The, U.S. DOI questioned what would be done with wastes exceeding Class C limits.

Analysis of Comments: The ACRS offered general support for the. establishment:--
of criteria for deeper land burial and disposal in mined cavities." The staff
agrees and notes that while the performance objectives, institutional, financial,
and procedural requirements apply to. any form of land, disposal, the specific '
technical requirements developed so far cover only near-suface disposal and
that staff plans that future additions to Part 61 will specify technical cri'''
teria for other typesiof land disposal, such as the use of -deep mined cavities,
if necessary.v-'

The Department of the Environment supported the flexibility of the systems
approach to allow the combination of factors in disposal to determine the dis-
posal methods based on the nature of the wastes. The Department also supported
the concept of a iange'of disposal methods.including existing cavities and
intermediate depth disposal.' Kerr-McGee also.supported the development of
requirements for other the hear-surfac'edisposal, particularly for the disposal
of transuranic wastes from decommissioning-facilities.: Such disposal would be
more~economic than in a Part '60 highilevel waste-geologic repository.

The DOE supported the concept of alternatives for more hazardous wastes but
expressed concern that separate facilities may not be necessary. The'DOE'noted
that other factors 'in the mithod ofidisposal, such-as'waste form,'may provide
the greater confinement needed. The staff agreies afid'did iot-'i ntend to limit
additional assurances to 'depth of'burial only. 'Such requirements''.are similar:
to the considerations for protecting near-surface Class'C~wastes-from lntruders.
The proposed rule provided depth or other means such as engineered barriers
for Class C wastes. the case-by-cas'e ccnsiderations provided for when 'concen-
trations exceed § 61.55 limits for Class'C wastes would also inv6lveiazirange
of factors in providing additional protection, not Just depth. Separate facili-
ties:were certainly not intended 6ut no change tothe rule is'ne'eded to allow
other than near surface disposal-at- a near-surface facility.

The EPA urged analysis for other disposal methods such as hydrofracture, deiep
well injection, and mined cavities but stated-that Part 61 should 'not be 'delayed -
for these analyses.- Staff agrees with this EPA view.'
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) combined with the requirement that EPA Drinking Water. Standards should not be
exceeded, should ensure the: doses are as low as reasonably achievable. The
New Mexico Department for Health and Environment recommended that. the EPA
drinking water standards should be applied to both existing and future poten-
tial public and private drinking water supplies. The Union of Concerned
Scientists simflarlly commented that' the EPA drinking water standards should
be extended to all actual or potential water supplies outside-the site boundary.
The American College of Nuclear Phycicians recommended that the EPA drinking
water standards should be applied at the site boundary.. They pointed out that
the "nearest public drinking water supply" criterion might change after estab-
lishment of the site causing potential danger of retroactive design limitations.
South Carolina noted that the rule should clarify whether the EPA drinking-wateir
limit or 25 mrem/yr apply at the site boundary. EPA commented that it was .
inappropriate to apply the EPA drinking water standard in § 61.41 as proposed
by NRC and stated. it: should be deleted from § 61.41. Kerr-McGee recowmended
that the 10 pCi/l limit for uranium and thorium in drinking water should be
deleted from § 61.41. Argonne suggested including standard deviation for the
limit for uranium and thorium.

New England N-clear Suggested clarifying changes concerning the use of "annuali
and "dose." The DOE commented that the basis .for- the drinking water limits.
should be provided..

Analysis of Comments: With respect to the comments.of Marvin Lewis and Joseph
White IIl, the performance objective in § 61.41 defines an acceptable level of:

) safety regarding releases to the environment~from all environmental.pathways.
of release from the site. It-thus defines a safe~level-for releases-frothe
site. Since migration is the principal environmental release pathway; the
performance objective also defines an "acceptable" amount of migration that
would be allowed at the site.

Kerr-McGee's comments that the performance objectives were premature and beyond
NRC's authority were discussed and addressed under Issue C-2. The EPA, under
its generally, applicable standards setting authority,, has responsibility to
prepare a standard that will set limits..on radioactivity in the general
environment from disposal, facilities.. Presently, there exists nio.such EPA-
standard. In the absence of a standard, NRC examined a rangeof limits within.
that expected for the EPA standard and selected a proposed performance objec-
tive that establishes a release limitfor.the site boundary. The.performaftce
objective thus takes the place of EPA standards and will be replaced by-the-:
EPA standard when it is developed. Under-its regulations development authority,
NRC may establish such.limitson releases as.it.deems necessary-to ensure~pro-
tection of the public health and-safety. As such, NRC developed the performance-.
objective under its general authority to establish such limits for radiation
protection purposes. In a rule making-action, NRC. is not solely limited to
existing. standards. in Part 20 and NRC does not intend to withdraw any portions
of the proposed rule that may be related to the performance objective.

NRC did not adopt the 40 CFR Part 190 standard for application to LLW disposal
fcc.ilitiesand as such is .not subject to lnmltations.th~t..are express.y v `.-.7--'

*.Jr.) impiveT by EPA in the application of that standard. Rather, NRC used the
40 CFR 190 standard to help establish a range ofdose guidelines that should.
be analyzed In selecting a performance objective for Part 61. Based on the
analyses, NRC selected 25 mrem (whole body and other organs except thyroid)
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and 75 Nrem (thyroid) as the preferred performance objective for envirorventsl
releases. The performance objective represents what is achieveable and ALARA
at a LLW disposal facility and as such is,a small fraction of other dose limits ;
set out in 10 CFR Part 20. The actual performance at individual disposal
facilities may be less than 25 mrem/yr based on site specific conditions. ?NRC
does not believe it is too stringent or low and based on EPA's corments, believes
it is close to any standard EPA may develop in'the future,. NRC, thus, has made
no change to this part of the performance objective on environmental releases,
but has, however, added the ALARA concept 'for emphasis

As suggested by Kerr-WcGee, Part 61 does not apply to the bulk diiposal at
uranium and thorium i111 tailings or wastes (byproduct material as defined In
§ 40.4(a-1)) which are covered by Part 40. Disposal of other uranium and'
thorium wastes and small amounts of tailings is permitted by Part 61. Also,
NRC has not addressed as a part of this .rulhmaking -the subject of~the linear.,
non-threshold model, radiation hormesis, or other detailed aspects dealing
with radiation dose response-relationships. They will be addressed. in other;
forums.

With respect to coments on the application of EPA drinking wate'r standards to
the nearest public drinking water supply, NRC heavily .weighted the EPA comment.:. .
that -its-use in-§ 61.41 was not appropriate and believe's that it should be'
deleted from the performance objective. NRC intends, 'as -a part of the review'
of an application for a site, to consider and evaluate water usage near the
site including application of appropriate-standards.

With respect to comments on "annual"..and "dose,' NRC did not.express the limit
in terms of effective dose since NRC Is presently evaluating, as a part of
development of proposed amendments to Part 20, whether..and how NRC will imple-

'ment.this'approach. Until-this work is completed NRC does not plan to use this.
approach' in.individual rulemaking actions and no change will be made top 61.41
in this regard. Based on the final :decisions-made in amendments -to Part 20," -
however, compatible-changes may need.to be made to the performance objectives
in Part 61. NRC considers the performance objective dose limits expressed-in,
units of rem, to mean dose equivalent. -The term annual -or-year.refers to any
period of 12 consecutive months.

Rule Change: Based on the staff's analysis of comments, the performance objec-
tive for protection of the general population from releases of:radioactivity
has been revised to dele.- reference to the.EPA drinking water standard and
include ALARA. The revi ed performance objective reads:as follows: ' -

§ 61.41 Protectiv, of:-the generalbpopulation.from;releases of radioactivity

Concentrations of.radioactive.material:which may be released to the general
environment in ground water, surface.water, air,.soil, plants, or animals .
must -not- result-in an annual dose exceeding an equivalent of 25 millirems
to the whole body, 75 millirems to the thyroid, and 25 millirems .to::any -
other organ of any member of the public. Reasonable effort should be made'
to maintain releases of-radioactivity in effluents to the general enviro, ..

I- ' ---m it-2.o as Tt isbr' si.sblyMach'A evable. '
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ISSUE 0-52-3

Issue; Basis for 100 foot buffer zone

Commenters: Joseph H..White III (21)-
' Law Engineering Testing Co. (34)

Paul F. Hadala.and;Don C. Banks.(76)
Birmingham Audubon Society. (80)
New England Nuclear (110)
U.S. Department of the Interior (114)
Tennessee Valley.Authority (116)

Rule Citation: i 61.52(a)(8), 61.2

Summary of Comments: All commenters generally supported the concept and purposes
of a buffer zone; however, there was disagreement on whether a specific 4Ilstaice
should be required.. Whi'e asserted that 100 feet is too small. Law Engineering .
and WVA questioned the basis for the 100 foot buffer zone and stated tiatthe-
buffer zone should be based on site performance objectives, Hadala and Banks
and the Audubon Society suggested that the minimum buffer zone size be increased
to at least 300 feet. The Department of the Interior suggested a three-
dimensional zone based on site performance; and, New England Nuclear Suggeste
that the buffer zone extend farther in the direction of'ground-water migk-atfaik.

Analysis of Comments: The proposed prescriptive requirement of a minimum butffer
) zone of 100 feet in § 61.52(a)(8) was arbitrarily selected. The intent was to-

provide adequate, space for monitoring or remedial action and adequate physic&I
separation from off-site activities. The invent was to evaluate the neede4
size on a site-specific basis, emphasizing uhat 100 feet was an absolute *initims.
Certainly the distance would vary both frown site to site and directionally at'i
a given site. Greater distances were ar'.icipated in the directioh of groundt
water flow whzre contingency actions ought be required or in directions needed
for surface water managemnit or erosion control measures. In addition,,
discussions with the Corps of Engineers indicated that 100 feet may not be
sufficient for purposes of remedial action. Therefore. the prescriptive 100 feet
was dropped and the purpose of the buffer zone was expressed. The buffer zone
must be adequate to meetthe pierformance objectives. In addition, the Depart-
ment 'of Interior comment that the buffer tone include depth as well as lateral-:
boundaries was Pdopted in the definition. Unrestricted use:of land and etsouO'es
beyond th.e t' ae-dimenisional buffer zone is possible-duping and after tite
operatie-', thereby, reducing the impdcts of the disposal site.

White also questioned what mitigative measures may take place in the buffer
zone as discussed in § 61.7(a)(2). The possible measures are site/situation
specific and the staff felt that speculation in § 61.7(a)(2) concerning what
specific measures may be employed was inappropriate.

Rule Changes:

I1,_. Amep!L fi.lt2(a)(8) L -ead: "A buffer zone of, land must be maintained
between any uThied waste' 'dd the d i pal` boundary and beneath the
disposed waithI. Thi buffer zone shall be of adequate dimension to carry
out environnielttal monitorinri activities specified in § 61.53(d) of this
Part anid take miti gat i vP r(easures if needed."
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had instances of rapid flow through fractures. We also have had lots of surface
contamination at these sites. However, consider the situation at other places
such as the HLW tanks at Hanford and.the Barnwell and Sheffield sites. Where
there are no fractured formations and percolating water has flowed through the
waste and soil rather than being allowed to bath-tub, plutonium and other.TRU
isotopes have sh6wn a definite propensity to migrate little if at all (even
with organic chemicals present).

Case-by-case determination of higher limits than 1O nCi/gm is addressed in
Issue D-55-5. In approving any exceptions or alternatives to the technical
requirements in Part 61, meeting the performance objectives rather than the
numerical concentration limits will be-the bottom line. Thus the response to
the question about what criteria will be used to evaluate proposals to dispose
of higher concentrations is, the performance objecti ves form the "criteria."
With respect to the Pu-241/ Am-241 issue, the submitted information included
no calculations or pathway analysis. Based on work associated with the EIS,
staff continues to believe that it canbe demonstrated through analysis that
the 350 nCi/gm number f- Pu-241 is conservative. The applicability of the
10 nCi/gm in TRU limits (or Class A andB wastes needs 'to be Clarified in a
revised table. The proposed rule and table were somewhat confusing with respect
to columns 1 -and2. £ There is no need to require that licensed TRU waste be:
stored. The requirements already exist under existing rules. If the waste
cannot be transferred out ofthe licensee's possession, the licensee must safely
store it.

)Commenter 13 also-questioned the nJmerical TRU concentration limit for 'near-
surface" that would be approved on a case basis. NRC is not in a position at
this time to set such a limit, and there is furthermore:no'compelling reason
to set one now. A concentration limit for intermediate depth disposal will be
considered at a later time. NRC.would want to caveat any future limits'to allow
for flexibility and future improvements; If NRC gets-a license application-in
the meantime, a site specific limit can be.included as part of addressing the
license application. .Similiar argumentsapply to the question on numerical
limits on the depth of disposal.

The ANS and ASME suggestion to add a,100 picocurie per square centimeter
(pCi/cm2) limit for transferable contamination of TRU nuclides was based on
proposed revisions to the DOE Manual Chapter 0511. -The surface contamination
limit could reduce the potential exposure for an archeological or~scavenger
type intruder. Part 61 did not attempt to-protect such'intentional -intruders
who would be' looking for identifiable-waste such as lathes.: Protection of the
inadvertent intruder was considered and.surface contamination .; not importaht
in the scenarios. However, such a limit i s not unreasonable for DOE wastes
as an'ALARA app'roach in view of the more, frequent disposal of contaminated
equipment of, -interest and of the-TRU contamination-in DOE~wastes that is
primary and not incidental to other nuclides,

In response to coImmenters 102 and,115iNRC's: intentiregarding the 10 nCi/gm
limit in the proposed rule was that the limit apply-to all classes, not just
Class C. Given the.uncertainMties rega-rding natural and.human.actions over
long time-periods,.and the long half-lives of many of the.transuranic isotopes,
NRC. believes that It is unreasonable. to assume-that Class C waste could never.
be'contacted by humans. Although the commenters assertions regarding the.draft
EIS analyses did not accurately describe'what was actually done, the analyses
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,*' were reassessed for the final EIS to determine whether there existtJ excessive
conservatism. In regard to' the' methodology used to calculate airborne dispersion,
such dispersion is assumed-to result from mechanical disturbance of the soil1 not
from wind resuspension as mistakenly asserted by commenter 115.

Rule Changes: .

1. Raise the limit for TRU includes with half lives greater'than five years
to 100 nCi/g for Class C wastes.

2. Clarify the case-by-case approval provision.

3. Clarify the TRU limits for Class A and 8.

4. Add a separate limit for Cm-242.

ISSUE D-55-4

Issue: . Waste classification - Ra-226

:Commenter:' Comminwealth Edison (35)
Bechtel (44),-
New Mexico Secretary for Health and Environment O4r)
American Nuclear Society (87)
American Society of Mechanical Engineers (107)
North Carolina Radiation Protection Commission (109)

Rule Citation: Table I of 61.55.

Summary of Comments: Basically, the commenters want to know what to do with
waste contaminated with or containing Ra-226, a radioisotope 'which is' not
currently listed in Table 1. Commenter'35 states that they possess several'
radium-226 sources used at their fossil fuel stations for flow rate determi-
nations. Commenter 45 states that it is not clear whether Ra-226 will be
permitted for disposal and in what concentrations. Commenters 44, 87, 107,
and.109. all-request a value or concentration limit for Ra-226 disposal.

Analysis of Comments. As the commenters have observed, there is no waste'
disposal concentration -limit for Ra-226. It appears that there are two types
of radium wastes to be considered: (1) small concentrated sources such as
sealed sources or radium dials, and (2) wastes which contain small amoutts'of
radium incidental to other radioisotopes such-as mining or manufacturing
residues. The former would in general not fall under the auspices of the Atomic
Energy Act of 1954, and would also not appear to be generated in significant-
4uantities. the EPA has a-program for collection of discrete radium sources.
Disposal of the latter type of waste is-probably more comnion'and may or may
not involve material regulated under the Atomic Energy Act. NRC has not placed
limits for such material in § 61.55 because such. wastes are believed to generally;
not occur in sufficient quantities to warrant It. However, the staffsees no .
-. reasi~toih'exchde' -small -amounts.of urahium or thorium mill tailings wastes that
might result from laboratory assay, research. activites, environmental sample
analyses, etc. Therefore, a provision for disposal of small quantities of
tailings waste as Class A waste should be added. For purposes of this provision,
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a small quantity could be -defined as 10,000 kilograms containing not more than
5 millic'es of radium-226. This radium concentration-is typical of uranium
mill taiillnn - (0.5-nanocuries'pergram). ,:The quantity of radium-226 is that
contained". 150 pounds of natural. uranium at equilibrium with its daughter'-
products -Lo; . specific activity of 6.77 x,10-7 curies-per gram from Appendix-B
of 10 CFR eart,20. -:10 CFR Part 40, § 40.22 permits persons to possess and use
under general license 150 pounds of.source material per year.: Permitting the
disposal of such a quantity in a near-surface disposal facility is-judged to
be acceptable. For larger amounts, specific approval would be required.

Suggested Rule Change:> Amend 61.1(b)(2) to read:

(2) Disposal of uranium or thorium tailings or wastes (byproduct material as,
defined in § 40.4(a-1)) as provided for.in Part 40 of this chapter in
quantities greater.than 10,000 kilograms of uranium.tailings or wastes
containing less than five (5) millicuries of radium-226.

. .ISSUE D-55-5-

Issue: :Case-by-case approval of disposal of waste in greater than -
Class C'concentrations ;

Commenter: Catherine Quigg (13)
Los Alamos National Laboratory (43)

..Birmingham Audubon Society (80)
Northeast Utilities (85).
State of California (93)
North Carolina Radiation.Protection Commission (109)

Rule Citation: Section 61.55, Table l of.Section 61.55, and Section 61.58.

Summary of-Comments:. The commenters'- concerns were related to a footnote in,.
Table 1-and paragraph 61.55(d) which indicates-that greater concentrations than
Class.C limits may bedetermined to be acceptable for near surfaceldisposal
under certain conditions. The footnote-to Table 1, for example, states "Until.
establishment and adoption of otherkvalues. or- criteria, the values In this table
(or greater concentrations as may be approved by the Commission in particular - -
cases) shall be used in categorizing waste for near-surface disposal.' Para-
graph 61.55(d) states "Waste that has a radioisotope concentration that exceeds:
the values shown in Column 3, Table 1-of this section, -is not generally acceptable
for near-surface disposal and shall not be-disposed-of without specific
Commission approval pursuant-to § 61;58 of'this part." Section 61.58 stateb
that "The Commission-may, upon requestlor on its own initiative, authorize other -
provisions for the classification and characteristics on a specific basis, if,
after evaluation of. the specific characteristics of the waste, disposal site,
and method of disposal, it-finds reasonable assurance-of compliance with the
performance objectives in'Subpart C of this part."

In their responses, the commenters either asked f~or clarification of the
requirements (43, 85, 109) or were opposed to any exceptions in near-surface
disposal requir-ementst(;1.3,-:80-).,-'Commeftter -80, for example, stated -that "there
should..be..no -exemptions -in _near-surfacedisposal prohibitions -against the-higher
level wastes."' Commenter 13 was concerned that the-Part 61 requirements would
allow la'ge-quantities of trinsuranic isotopes to be disposed by near-surface
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disposal.. This concern appeared to be motivated by Section'61.58 as well as
by another, footnote' In Table 1 which states that radionuclide concentrations
may be averaged over the volume of a package and for a 55-gallon drum the
concentration limits-may be, multiplied by 200,000 to determin'e allowable total
activity. Commenter 13. noted that this allows up to 2 million nanocuries of
TRU or, 70 millJon nanocuries of Pu-241 per 55' gallon drum. (Note that while
the commenter'correctly calculates the maximum activities that the concentra-
tion limit would allow in a drum, intentional dilution to meet this limit'was
not intended and concentrated sources are not a common waste form in non DOE
wastes. (See issue 0-55-7.) Commenter 13 also questioned who in NRC would make
a case-by-case decision and what the criteria would be to judge whether. a
particular site was suitable, and questioned what the maximum limit on
transuranic concentration'NRC will allow for land disposal.- Commenter 43 was
concerned that the definition of waste that might' be included'in land disposal
was too open ended, and that- according to Section IV under Supplementary
Information, "high-specific 'activity wastes, such as'those produced presently
during the cleanup operations at TMI-2, will qualify for land disposal as
'Class C Intruder Wastes. "' Commenter 93 throught that TRU-contaminated' waste
should in no circumstances be considered low level waste and each waste shouTd
be disposed of at specifically-designated sites operated by the federal govern-
ment. Commenter 85 questioned what criteria would be used for'approvals under
§ 61.58 and Commenter 109 was concerned about special treatment of certain
licensees that might result from case-by-case approvals.

Analysis of Comments: The concentration limitations and other requirements in
Subpart D are intended to help ensure that the performance objectives established
in Subpart C are met. That is, the concentration limits and other requirements
are not the end in themrelves, but are a means of achieving the end. The
Class C limits were developed using the performance objectives as criteria to
ensure safe disposal of waste considering the degree of isolation'provided'
by "normal" near-surface disposal. Obviously, to ensure that the performance
objectives are met, disposal of higher concentration of isotopes than those
listed in column 3 of Table' 1 would have to be'by disposal technologies having,
higher isolation capacity than "normal" near-surface disposal. Such improved
disposal technologies could, depending upon the particular radioisotopes, '
involve better waste forms or packaging, or disposal by methods having addi-
tional barriers against intrusion. '

While there are some minor changes which'should be made to the rule to' clarify
NRC's intent, NRC still believes that'the best overall approach to the rule is
the existing framework in which' requirements are established which apply to
the majority of the waste, but some flexibility is allowed in meeting the
performance objectives. The principal reasons for this position are as follows:

1. The approach allows for potential improvements in disposal technology, and
also allows for consideration of licensees which may produce urnque wastes.

2. The approach is in keeping with the philosophy of the Regulatory Flexibility
Act of 1980 (Public Law 96-345) which emphasizes objectives and flexibility
to reduce burdens' on the public..

3. -NRC will-be looking next at setting regulatory requirements in the form
of amendments to' 10 CFR 61 for licensing disposal by methods offering'
greater isolation than near-surface disposal. These methods could include,
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for example, lntermediati depth disposal or use of mined cavities. InC
staff expect that the regulatory requirements developed will inilude
setting limiting concentrations for-isotopes of significant concern. In
the meantime, it is possible that-license applications will be received
for disposal by such improved:methods. NRC staff wish to retain the
flexibilltyito be able to address these license appl ications in the
existing fr"amework of the 'rule. It Is not desirable to arbitrarily pro-
hibit HRC from considering such applications, especially since there is a -
current shortage in disposal capacity.

For similar reasons and inresponse to6Commenter 13, NRC staff does not plan
at this time to establish an absolute Tconcentration limit for land disposal of
transuranic or other radionuclides. In the near future, NRC intends to analyze
and develop technical criteria for disposal by disposal methods offering-greater
isolation than near-surface disposal. As part of these efforts,-.NRC expects-
to develop concentration limits for disposal by these methods;'these concentra-
tion limits are of course expected to be higher than limits established for
near-surface disposal. . In any case, NRC staff expect to Incorporate flexibility
into future requirements to allow for alternative ways to meet, the performance
objectives as well as potential improvements In technology.

Commenter 43 stated reservations regarding the definition of wastes acceptable
for near-surface disposal. The commenter was particularly concerned that-sofet
high-specific activity wastes from the Three Mile Island (THt) cleanup would
quality as Class C wastes. While the conmenter did not specifically state which
1T1I wastes he was concerned about, staff assume that he is referring to the,
NEPICOR-I first stage liners. These wastes contain organic resins which are
highly loaded with Cs-134, Cs-137 and Sr-90. The loadings on these resins would
qualify these wastes as Class C. The commenter's concern, staff assumes,
involves the radiolytic degradation of the organic resins.

The NRC is preparing a Branch Technical Position (BTP) on Waste Form which
recommends a restriction against the generation of'organic resins which would
have total accumulated doses of fgreater than .108, Rads. -At-this dose level -
organicyresins begin to undergo substantial'degradation. The BTP guidance
includes loading of organic resins in-excess of 108 Rads when it has been
demonstrated that the specific resinsnwillnot suffer-substantial degradation.
Staff views this type of detail to be overly precriptive and restrictive'for
the rule. - ; -

The EPICOR-II first stage resins will receive total accumulated doses in excess - :
of 108 Rads. Due to their unique nature, the DOE has agreed to accept these -
wastes for research and development and disposal. purposes.' See tssue'D-56-15
also.,;---

Suggested Rule Change: - , : -.

1. Change the language in the footnote in Table 1 reading "...'or greater
concentrations as may be approved by the Commission: in particular cases..."
tolread "...or greater concentrations as may be approved byrthe"Commissian

.2.1 < Jn. accordance with § 61;58..- ..... '. ..'..'.'*-,* . -
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ReSOnse(s): I1O I - Prior to responding to this coment. It Is Useful to
briefly review both u'e 1O CFR Part Li. rulsaking action and the COE greatr
confin.et dsposal (CCD) Luoy program. The Part U1 rulemaking Is intended
to cover land disposal of radioactive wastes (generally'referred to a lew-
lYeOl radioactive waste) whtch are not covwred by other regulations. That is.
the scope of the Part 61 regulation *Aclu s disposal of uraniu mill tailinp.
disposal of high-level an trnsurwnic waste In geologic repaaltaries, and
disposal by the many other possible _ethods defined In 10 CFR Part 20 (e.g.,
disposal by trasfer to another person. 4tspo I by relase to air or water.
disposal of M-3 and C-14 by less restrIctive asi). The current Pert 62
regulations provice overall requireeats for land disposal as* ll as a vuse
of specific requireseto for disposl of wast reasonaly mear the amtb's
surfaUa. Concentration limits for nea-surfact disposal for a nmer of
radionuclides were set forth It the proposed 10 CFE 61. Saa-is left at
appropriate polnts In Par% 61 to prvwid for aditional specific requirements
which say be dovwloped in the future for disposal by other _atlods then near,
surface disposal.

NaC xpgct that only relativoly smll quantit!ies of est cmaremtly eAG
sent to operating near-surface dispasal tacilitims will bi genemlly. uaccept-
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current analysis.
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C000ontta uLiit I I 
1

y44C I ear lkt. tg ntogoftnt GP"i4

tnbMU ittm I -~otrary to xt coatatttr's. Allegations, iJN istbff
~.i ~~.t-`114rtiloaCtive woste* if nwt manage aria dislosoie at

Prowlry, maY! lfvdeId 4eOp4"d-* Vubt IC al~th anid 1afely, and the, *naironaet

riowndtom to6 posing .t-t.' ecaftmiir bvp rn I 4veleiPinj the oro'cosed

An' hd tW at the* kta .. ; ezv1'tlf Sought to efaiore a b~rod ran"g. of

*£terriati.vas IC "lSure that both the Coon4s.,-ot's inardate Wnei the Ataaic

Ene'royAct Ani the reqVau 'nm~tI of 9-ho kat'anal Inviro~w~U1 001.cy Act idit.

OWE elo SLAfr Lee,. that It achieved thes* goals In both cases and ftt.s,
that thuse Mt~.'e~ n Nang niary I .5others tn suggesting that the
D1 Wsg tfadm4ait* as anu onviro~nmnul full-disclosure st~ateetsnt. TP4 stiff

wou'd i ** to; ande Ouht the coommnts. of severakl stata and federal agencies withl
keoatoniglv qejope'iefhcv to the pry tatfor,'i Of mnVlrg..emntai, impt statements did

not 0ndicta tfthati'the. DEIS -as lrned-eguate in stratM~ or cont*t

'4i'. K Ufde mo -*1v h ES s I1n 1

.almst I I* Th* ~mder, f 1tMrAtiites considered and ianai~ed

intre firs s gae. NR tia F pupoely sIAICtad a broad rring of alterna
covs oo nxys~~,taens~we comteutaess. f consideration of, ol bo

aoppraches and l~atioeii ltn di-spossl tec"Gulogies ihCol'o apid
NRC staff aues 4 oevp that the' numer of altirnatives, can t+ reducad I

number end has preseAted fewer alterouative" in t-he FIRS. XRC staff also
agrees thsait Itnota f suminwy tables wilI 'heriif~I, their clear peetto

and ha, fnlude4 Awftti106lsimmary, tab'la's In the IFEIS.'

litith respecti t0D1inch-ding data 0o spetif ic Isotopie cuoitrilowtieft to de".* Mt

riecognizes That'aitidnS takai;t* con1trOl OMw IsFOtoNW .4IMt 'be aopspfat*
for aoootioor. rhki, 66orf'ty of V"tes. leelcontaiN W wiatur* of isatoope

md ft~t Juist a sinle' isotope.4

it~ 3 ~-AThe 0S for Part'l to is nt a.geneic EW. for ILVW

disoosal. Rathter It Is a dectsioon doienwt fior the toactuiicl roqulNsonts.
that shosuld b pItadin th.disposal of' UWi Asu. iich. imny~ issue& gevisallY

ap'*

rlatstd to LLW disposal. s*cturas priotioun OF rew disposal Sits, sy not have

oter addtrssed at all or may hot have been Addrssed In detatl.

IiC staff arees th EIS sheUld provide tte pablic with a rvasWe Insight

It0to the hatute, scope and tagenltue of relevant issues. In this repagd, the

staff does n0ot belite th ElS talls so far short of tils goal As to render it
tiadquate as an enViroeumntal full-disclosere stateeantri>Funtfer, NKC staff

does 'not WeINeve that 9It disposal cau be dii sttseo as a *nor-problae.' The

cormnter's attats to considir it as suttch w to relegat.t ttL d1sposal-to a

placE amorg the Dost 1nnocuious at scoclitys activities are inapproerlate.

The tIS'should present Information and analyses about UW disposal In an
understindattle scientific and t~cfnical'p.spietiv*. NRC has trtied to ipro"ve

the pubtlc information aspeCts aW4 method of presentation used in the EIS.-
The epmntetr claims that a 'aisconeapifon" teleCted in tbr E!S--"tM ott-

asemed dominunce ot the Water patsayi".-prseknts 'a disserice to ihn publIc

by the opotrtiyal of a less than accurae--o, at least easily oistundentood-

picture." 1RC stAt? does nott'elievi it has portrayed a less than accurate or

easily misunderstood picture ad the comenter, by ioplying that only a feo

indlitiuat fritruders might be exposed Is not accurately portraying the full
rang of extosur* pkathys 'curatly. As itatad Ir Section 3:L2 ot the
DEIS. LUe v10ious wayst tatpersocai b raooactl waste may

be divided into three principal categories:

(1) Activities ivlv' gt processing nd ha ing Of th waste prior to

disposal This wwuld inuclue .wctivitles invoaved in the handling,

procasslnog and packaging of the waste at its point of generation;

transport of the wast, frow the point oftrntratioe to dIsposa1. and
activities at the disposal facility Involvino eeplacnt of the waste at

the disposal facitity (pucssfuog ot waste at facilities other than the
ge nrating lIcesee's facility would also be Included).

(2) IWn contacting the we st*oater dis1osal (i.e. . intrustn into the disposal
facility ladIng te sposur to disposed weste). This wuli 'iclude

activities of OM that would lead to hIs intrudnog 'into the disposal
facility either purosefully (such us e aid eleist Irs th tiatol"
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GCE defines greater confinewent disposal as the cispoSlot a.IMi n such a

aarner as! to provide greater confinement of radiation. rtd~udc potential for
idgratlon/lispersiun of rad1inuclides. and greater protection from Inadvertent
h.ialn *no u ioiogical intruston5 in oroer to protect the naitn and safety of

w"lt
tti public As1 (Reference 2) Geater confinement disposal 1UCD) is Intended
for a few! hiWier activity-waste streams which are being generated or may be

generated Inttthe uture from commercial or defense operations. DOE has

orln ed tihisrdllposal method very broadly to Include disposal at greater
Depths, use .ofrengineered barriers, waste containment, and waste solidifica-

tion In IRXrenc* 2. DOE also stated their intention to demonstrate the

concept by Constructing auid optr4ting demonstration GCD facilities--one in an

arid westerq environment mnd another in a humid eastern environment. Prelim--

nary designs and Concspts:for these demonstration facilities would indicate

1hat hil qit design facilities would Involve only minor modifications to

existing practices or ceperience. facilities separate from existing DOE near-

surface disposal facilities are eniisioned.

NRC staff found a lack of clarity In the codeentor's statements that the rule

Is flawed because the waste classification system Is linked to specific dl6-

posal requIreients. M8:s regulations are based upon the principle that
progressively restrictive disposal requirements should be imposed on pro-

gressivl more hazardous waste. thus. In the drati Part 61 regulations,

Class a wOl,; Is roquired'to be stabilized either as part of disposal facility

design or through a stable waste form or package. Class C waste must meet the

stability-requirement as well as a requirement for an intruder barrier (layering).

The stability requirement accomplishes a na.ber of safety obje.tives. includir2

protection of groundwater, enhncement of overall site stability, reduction of

long-term carteycosts. improved operational safety, d reduction of potential

Inadvertent intruder imacts. The intruder requirement improves operational

safety as well as reduces potential Inadvertent intruder impacts. The above

criteria also reduce impacts due to potential Intrusion by burrowing .anima'

end deep rooted plants as well as reduce potential Impacts (already negligible)

from release of tritlated methane. The commenter states that there are

classes of waste (possibly Class 8 and Class C Waste) which should be disposed

.f

by "soe form of greater contine ent disposal syste. The comentor further

questions technical fixes' such as waste form and layering. However, riC

notes the "technical fixas" that the comeenter questions accoeplish similar

objectives as those set out by DOE for "greater confineient 1isposal. For

exampie, waste containment and solidification are defined by DOE as one method

of achlevting greater confinement. Deeper burial (e.g.. layering) is another

method suggested by DOE of achieving greater confir*Aent. -in addition, the

comentor has provided no rationale for his supposition that a greater con-

finement disposal system" will be any better tested or understood than the

'technical fixes" In Part 61. Thus. the concept of 'greater confinement' of

some wastes, as suggested by the commentor. is already an intrinsic pert of

the Part 61 regulatIon.

Item 2 - keither IRC nor Part 61 encourage dilution. In addition.

kRC staff does not believe that requiring disposal of waste in soa non-specific

typet of greater confineme3t disposal facility" presents a reasonable alterra-

tive to the potential for dilution of waste to meet a particular waste class.

Fhat Is, one is not an alternative to the other. It Is rven possible that a

"greater confinement disposal facility would increase the potential for waste

dilution. Assuming that IRC required large quantities of waste to be disposed

Into such a facility; tMMn waste dilution to avoid potentially more espensive

requirements could be used.

With respect to the second part of tbe comeent, In estabitshing generic

requirements for low-level waste disposal. NRC recognizes that there is a wide

variation in low-level waste characteristics. including waste form, waste

volumes, radionuclide quantity or concentration, and chemical content Some

requirewents must be established on the basis of a radionuclidt coacantration.

For example, concentration limlts con be used to establish de mnisis require-

ments: for certain waste streoae or to establish different requirements for

wastes suitable for neur-surface disposal facilitIes. Assuming that disposal

by *oie non-specific wgrwater confinement disposal facility' was required for

some or all (except de menimis) waste then concentration limits would
ultimately be about the only practical malns t4 identify sucb walt

I
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pathways!sSich as erosion, or human Intrusion froe housing construction are

probably~extrtemly unlikely. However, this does not preclude other

acttvities such aS a well being drilled onsite which passes through

waste, bfinging contaminated material to the surface. Disposal of waste

at greater depths will be considered by NRC in subsequent work.

Finally, it appears that NRC sutff was not sufficiently clear regarding their

Intent with piragraphs 61. 51(a)(4) and (6) In the draft Part 61 rule. The

intent was that requirements in Sectlon 61.51 such as preventing water inf1l-

tration or elmiunating contact of water with waste be considered as objectives

to be strived ofoi4.rather than absolute criteria. This Intent Is being clarified

in the final Part 6l rule. -

*; |Ite 3 - The requirements and classification system developed

for Part 61 canibe applied to any waste whether currently generated or to be

generated'in ihe future. The requirements define safe disposal and establish

minimum controls thich should be applied to ensure safe disposal of waste

regardless of type' or point of generation. Sme wastes are not considered

generally acceptadlie for near-surface disposal and will need to be analyzed

further. A preliminary analysis indicated that certain reprocessing wastes

say-fall into this category. (Ste response to Ite 4 below.) NRC plans to

address disposal of such wastes through subsequent work which say result In

amendments tolPart 61 setting out requ~ireents for the disposal of such wastes.

_Ite 4 - Dwu to the volume of coments received r garding TRU

waste disposal, the limits for transuranic waste have been reuxamined in the
final EIS. However. vOme of the co entor's rationale for his assertions may

be briefly esxmirel First. NRC staff continue to believe that the option of

reprocessing oi. spent reactor fuel and recycle of the recovered plutonium is

not likely to bee. significant source of waste for at least several years.

Secondly, NRC stiff compared the limits in 10 CFR 61 with some estimated

concentrations in a number of waste streams which could be projected to result

frow plutonium recycle activit1es.- Thtse estimated concentrations were obtained

froe work on the subject performed by DOE. (Reference- 18.) This, analysis

projects that cladding hulls, for examplep would contain transurankCs at

levels greatly exceeding 100 nC/eg nearly 700 nC/g.
. ' . . .f -eg.

Thirdly, the comenter Incorrectly assumes that all waste possibly containing

TRU isotopes would be layered. It is possible that much of this as'sstion

comes from a lack of clarity in Table I of Sectfon 61.55. In any case, NRC

itaff believe that the concept of layered disposal as defined in the Part 61

rule does net automatically vxclude potential Inhalation exposures.

Item 5 - As discussad in response to other cements by this

comenter, NRC staff does not bellve that the coementer's conclusions fall

froc the preises stated.

Item 6 * XRC dots not believe the consideration of subsidence

should be redone. The requirements for reducing subsidence are intended to

reduce the need for active and costly maintenance during the active institu-

tional control period. By placing greater phasis on stability as a part of

operations, long-tam maintenance costs are reduced. In addition, if consid-

*ration of subsidence was neglected, the very same requirements for long-term

stability would be need to help ensure safety during operations, reduce

potential for migration and reduce potential exposures to an inadvertent

intruder.

Item 7 - NRC staff apologize for any difficulties regarding the

presantation of the results In the draft ES. Most of the calculations were

performed with the assistance of a digital computer. Since the computer was

inherently able to handle a large nuber of significant figures, it was corr-

venfent to retain several significant figures throughout Intermediate

calculations and in final printouts of results. (This was believed to be more

useful than the practice of rounding at Intermediate steps which could have

been the case if haInd calculations were Involved.) Retaining three or four

signific nt figures in the computer output facilitated debugging the computer

programs and checking the reasonableness of results. In the draft EIS tabu-

lated results were considered intermediate resltsu and wore generally

reproduced as printed by the computer. These tabulated results were used to

provide a backdrop for discussions and help veach conclusions. Rounding up to

a more reasonable nuser of sfgnificant figures was accomplished as part of

the discussions and conclusions reached and as part of setting forth particular

nuserical requirements (e.g. , Table 1) In the draft Part 61 rule.
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