





ABSTRACT

A system analysis of the single-shell tank (SST) system at the U.S.
Department of Energy's Hanford Site near Richland, Washington, was initiated
as a key step in the planning process for final disposition and ultimate clo-
sure of that system. The analysis approach was systematic and structured,
using systems engineering principles to provide for traceability and
capability for iteration as the Hanford SST disposition program evolves. The
disposition function of the system was divided into seven subfunctions that
were used to 1) analyze various alternatives on how and how well the functions
should be completed to satisfy a myriad of uncertain and conflicting
regulatory guides and statutes and 2) establish a baseline for generating and
updating planning documents. '

A set of 541 candidate requirements was created from the analysis of
interfécing needs of the seven subfunctions and from the regulations appli-
cable to the Hanford SST system. The analysis was used to structure and
prepare the Hanford Single-Shell .Tank System Technical Support Program Plan
and other planning documents for the system.



R
e

THIS PAGE INTENTIONALLY
LEFT BLANK



CONTENTS

ABSTRACT & & v v v v e e e e e i e e e e e i
DEFINITION OF TERMS . &« v v v o v e v e e e e e e e e e e e e ix
SUMMARY. © © & v v v e e e e e e e I Xi
1.0 INTRODUCTION .+ v v v v v e e e e e e e e e e e e e e e e e e 1.1
1.1 PURPOSE . . . . v . . . .. e e e e e e 1.1
1.2 SCOPE &+ v v v e e e e e e e e e e e e e e 1.2
1.3 TECHNICAL APPROACH . .« « . v v v v v v v e e e e e 1.4
2.0 CONCLUSIONS AND RECOMMENDATIONS . . . . . . . e T 2.1
3.0 MISSION STATEMENT . . . . . . . . /W v v v v ... R 3.1
4.0 MISSION ASSUMPTIONS . . . . . . . e e e e 4.1
5.0 SYSTEM DEFINITION . . . . ... ... e 5.1
6.0 FUNCTIONAL ANALYSIS . o v & oo e oo e e e 61
6.1 FUNCTION 1100 - CHARACTERIZE THE SST SYSTEM . . . . . .. 6.3
6.2 FUNCTION 1200 - PROVIDE INTERIM STABILIZATION,
- ISOLATION . . . . . ..... e e e e e _ 6.4
6.3 FUNCTION 1300 - PROVIDE REGULATORY DOCUMENTS . . . . . . . 6.4
6.4. FUNCTION 1400 - RETRIEVE SYSTEM COMPONENTS . . . . . . . . 6.4
6.5 FUNCTION 1500 - PERFORM PRETREATMENT OF SYSTEM
COMPONENTS & & & v v o e vt e e e e e e e e e e e u . 6.5
6.6 FUNCTION 1600 - PREPARE FINAL WASTE PACKAGE . . . . . . . 6.5
6.7 FUNCTION 1700 - PROVIDE LONG-TERM ISOLATION . . . . . . . 6.6
7.0 FUNCTIONAL INTERFACES . . « v v v v oo e e oo e e e e e 7.1
8.0 HIERARCHICAL SOURCE ANALYSIS . . . . ... ... e e 8.1
8.1 CONSTRAINTS  » & v v v e v e e e e e e e e e e e e e 8.2
8.2 MEASURABLE PERFORMANCE REQUIREMENTS . . . . . . . . . .. 8.4




8.3 DESIGN, QUALIFICATION AND TEST REQUIREMENTS . . . . . . .
8.4 PERFORMANCE CRITERIA . . . . « v v v v v v v v e e e e .

9.0 REQUIREMENTS ANALYSIS . . . . & . ¢ ¢ ¢ ¢ o ¢ e v v v e o v o
9.1 IDENTIFICA%ION OF ATTRIBUTES . . . . . . . . . . . .. e
9.1.1 Chemical Attributes (1 to110) . . . . . . . . . . .
9.1.2 Physical Attributes (111 to 182) . . . . . . . . . .
9.1.3 Engineered Enclosures (183 to 443) . . . . . . . . .
9.1.4 Operating Attributes (444 to 500) . . . . . . . . .
9.1.5 Site-Selection Attributes (501 to 525) . . . . . . .
9.1.6 Records and Reporting Attributes (526 to 541)
'9(2 ALLOCATION OF ATTRIBUTES TO HIERARCHICAL OBJECTIVES'.
9.3 FORMAT FOR EVALUATION OF ATTRIBUTES . . ... . . . . . . .
9.4 ATTRIBUTE RANKING BY FUNCTION . . . . o . . . « ¢ « . . .
10.0 REFERENCES . . . . . & & o o i e e e e e e e e e e e e e e e

APPENDIX A - LISTING OF FUNCTIONAL ACTIONS TO BE PERFORMED ON
THE HANFORD SST SYSTEM . . . . . . . . . . . . . ...

APPENDIX B - LINKAGE OF HIERARCHICAL SOURCE STATEMENTS TO
ATTRIBUTES DEFINING SYSTEM REQUIREMENTS - . . . . . . . .

APPENDIX C - SOURCE DATA FOR REQUIREMENTS ANALYSIS - SECTION 9.0

vi

Vel

(Vo) (Vo) (Yo O (Yo (Ve (Vo) o .0 (o] oo

o o A

.15
.17
.18
.19

9.19

10.

.20




A o1 o o o

NN NN NN NN

and

.1 SST
.2a SST
.2b SST
.2¢c SST
.2d SST
.2e SST
.2f SST
.2g SST

Functional
Functional
Functional
Functional
Functional
Functioné]
Functional

Functional

.1 -Hanford SST Hierarchical Chain of Interests
.2 Hanford SST Systems Engineering Approach

-la Hanford Site 200 East Area
.1b Hanford Site 200 West Area

.3 Underground Single-Shell Tanks at Hanford

Interfaces
Interfaces
Interfaces
Interfaces
Interfaces
Ihter%aces

Interfaces

FIGURES

oooooooooo
ooooooooooo
oooooooooooooooooo

.2 Schematic Representation of Hanford Tank Farm Facilities

ooooooooooo

.1 Hanford SST Functional Analysis, I1lustrations of Functions
Subfunctions

Information Flow To/From 1100

Information Flow To/From 1200

Information Flow To/From 1300
Informafion Flow To/From 1400
Infofmation Flow To/From 1500
Infofmation Flow To/From 1600
Information Flow To/From 1700

o
.

ol O,
Gy G A~ W

NN N N YN NN N o

(g% ]

W 0O N O ;T B W

i



A.l
B.1
B.2

C.1

C.2

TABLES

Functional Breakdown - Final Closure of the SST System
Extracted Statements from Hierarchical Sources Applicable

Attribute Numbers Arranged by Category Identification
Code

ooooooooooooooooooooooooooooo

Listing of Attributes, Units of Measure as Potential
Requirements for Final Disposition of the SST System

ooooo

Listing of Rankings of Attributes by Function . . . . . . . . .

viii

A.2
B.3

B.15

c.3
c.21




&
&5
hd

|

?

DEFINITION OF TERMS

Systems engineering terminology is used frequently in this report.

aid the reader unfamiliar with this specialized language, some terms are

defined below for quick reference.

Hierarchy or Hierarchical - A vertical placement of interests,
requirements, or authorities that have a stake in single-shell tank
(SST) system performance. Looking up the hierarchical chain, the
SST system is a subsystem of a Targer system involving a broader
social, political and technical scope. Looking down the hierarchi-
cal chain, the SST system is a synthesis of a set of subsystems
with narrower technical scopes.

Performers - The SST system is comprised of subfunctions that have
requirements and methods for completing an action carried out by
individuals, teams or organizations. . These 'groups are performers
of the function.

Function - An action involving a transformation of an input to an
output subject to certain controls. The transformation may involve
information as well as materials. It is the principal means for
dividing high level, broad actions into successively smaller-
scoped specific actions (subfunctions) to simplify management of
complex systems such as the single-shell tanks.

Advocate - A person who develops a set of viewpoints, judgments or
decisions from the focused interests of his assigned subfunction.
The system analysis maintains these distinctions between sub-
functions to resolve conflicts during the deve]opment and imple-
mentation phases of the SST. system.

Requirements - A set of measures that determine how well a func- -
tion \is to be performed. A requirement, to be capable of measure-
ment, must consist of three elements: a name or attribute, a unit
of measure, and a value or procedural description.

Attributes - A 1ist of identifiers that form one element of a
requirement. Identification of attributes is the first step in
defining a requirement.

Unit of Measure - A scale or yardstick to measure performance of an
attribute.

Stringency Level - An attribute may be assigned a range of values
depending on the performance desired. The system analysis identi-
fies levels of stringency to.show a range from "what is standard
practice" to "what is plausible” along a scale defined by a unit of
measure. The choice of a level of stringency depends on criteria
that balance all interests up and down the hierarchical chain.
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Constraint - A requirement containing all its elements that has
been specified and passed down the hierarchical chain. It is
included in the requirements 1ist but not considered as a variable
in the impact analysis.

Assumptions - A set of statements that defines the context in which
a system is analyzed. Such statements are considered changeable
but their impact on the decisions made is not evaluated.

Decision Criteria - A basis for making selections from a range of
alternative requirements and methods. The decision criteria are
not to be confused with performance criteria and requirements.

Standards - A set of requirements that has achieved a wide level of
acceptance. In the context of SST system analysis, all require-
ments will eventually become standards as the program develops and
matures. The requirements 1list herein is not a standards 1list as
yet.




SUMMARY

This system analysis is a key step in the planning process for the dis-.
position program of the U.S. Department of Energy’s (DOE) single-shell tank
(SST) system at Hanford. The disposition program calls for the ultimate
closure of the SST system, and this system analysis provides a systematic and
structured approach to meeting this objective, one that is traceable and
capable of iteration so that alternatives considered and decisions made are
revealed as the program evolves. The system analysis was conducted prior to
preparation of the Hanford Single-Shell Tank Systems Technical Support Program
Plan (SST-TSPP) (Klem et al. 1990), and the results were used to organize and
help establish the baseline information for the SST-TSPP and future updates of
this on-going effort. The system analysis was also conducted during the for-
mulation of the Hanford Federal Facility Agreement and Consent Order (Tri-
Party Agreement between the DOE, the EPA, and the Washington State Department
of Ecology) (TPA 1989).

APPROACH AND STRUCTURE

Because of the uncertainties from conflicting regulations, lack of quan-
titative decision criteria, and the probable use of variances in the regula-
tory process, the structured approach described herein is needed to focus the
development effort and to provide é bottom-up basis for a two-way dialogue

- between Tri-Party agency interests and the implementing organization. The

output from the approach is a baseline for generating and updating the plan-
ning documents used in the program, such as the Hanford SST-TSPP (Klem et al.
1990).

The key steps in the Hanford SST system analysis were as follows:

1. Formulation of a mission statement defining why actions are needed
to change the SST system from its present state.

2. A functional breakdown of what actions are to be performed to the
level that permits exposition of requirements and methods for the
system as a whole.

3. A requirements analysis of how well the actions are to be per-
formed. A set of reference requirements is selected and is used in
the planning.
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4, A methods analysis of how the actions are to be performed. Also, a
set of reference methods is selected and used in the planning.
Each of the above steps provides a building-block for a permanent structure
that enables change control as new information becomes available. The term
"reference" is used to indicate that at any instant in the program, there is a
system requirements network that keeps the subsystems from working at cross-

purposes.

FUNCTIONS

From the Mission Statement, the overall function--perform the final dis-
position of the Hanford SST system--was defined and then divided into seven
subfunctions. Each of these subfunctions was assigned to a member of a team
who acted as an advocate of the function. The advocacy views provide insights
and viewpoints that generate the basis for selecting reference sets of system
requirements and methods. Conflicting viewpoints are revealed to highlight
the issues needing resolution in the planning process.

By performing the analysis in the sequence described above, a mechanism
for understanding the basis for choosing a specific stringency level for a

requirement and preferred . methods for carrying out the functions. is created.
The seven functions are:

e characterize the SST system

e provide stabilization/isolation

e provide reqguiatory documents

¢ retrieve system components

o perform pretreatment of system components
o prepare final waste package |

¢ provide long-term isolation of waste.

These functions represent a set of actions that are permanent over the dev-
elopment and implementing phases of the SST disposition program and are
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unchanged by the choice of alternatives under consideration. This breakdown
becomes the framework for planning as the program transitions from develop-
ment to implementation. '

Also, as the program matures, each of the seven functions can be divided
into Tower-Tevel sets of actions revealing more detail. This analysis there-
fore initiates the functional breakdown sufficient to establish what require-
ments and methods are'appropriate at the top level but does not complete it.

REQUIREMENTS AND METHODS

A set of candidate requirements was created from an analysis of inter-
facing information needs of each of the seven functions and from the regula-
tions applicable to the SST system. The team identified 541 attributes as
candidate requirements (called attributes) that may be used-to set perfor-
mance standards for the development and implementation of the.SST final dis-

position. The identification of attributes is one element of the requirement- B

setting process. Each attribute has a range of values or procedures that
denotes a degree of difficulty when compared with a defined unit of measure.
The requirement is complete when a unit of measure and a particular value or
procedure are selected from the range of choices. The system analysis
performs the selection based on appropriate criteria for the selection proét
ess. This report presents the attributes for this selection process. Several

-temporary selection criteria were examined for completing the requirement-

setting process but their application is being deferred until a more repre-
sentative set of criteria (recommended in this report) has been evaluated.

Each functional advocate ranked the 541 attributes on a scale from 1 to
10 to reveal the importance of the attribute to performing the function satis-

- factorily. If several functions ranked an attribute high, then there is a

potential for a conflict on the proper choice of the degree of difficulty
(Tevel of stringency), since not all functions may desire the same degree of-
difficulty. Rankings of 1 by the functional advocate denote that he is indif-
ferent to the attribute’s influence on his function and his involvement in the
selection of a degree of‘difficulty is unnecessary. The rankings reported in
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this document provide the basis for establishing allocation of resources for

resolving conflicts and uncertainties between functions during the development
phase of the SST program at Hanford.

Several alternative methods were examined by the functional advocate to
help guide the requirements setting process. The methods proposed were unique
to each of the seven functions. No sharing of a method between functions was
evident so that the alternative methods could be selected after completion of
the requirements setting using a separate set of selection criteria, if appro-

priate. Selection of a reference set of methods was deferred until the
requirements setting was complete.

There are two paths for disposition of the SST system:

1. Leave the SST waste in place and perform the appropriate. actions to

satisfy regulatory requirements for long-term isolation of the in situ
waste as a contained waste package.

2. Retrieve the SST waste and perform the appropriate actions to satisfy:

regulatory requirements for long-term isolation of the waste at suitable
repository sites at Hanford or elsewhere.

The system analysis has assigned attributes for both options. There may
need to be a separate set of requirements for each option, since they may be
applied individually to the 149 tanks in the SST system at Hanford.

CONCLUSTIONS AND RECOMMENDATIONS

The options of leaving or retrieving the SSTs have been addressed in the
context of: 1if leaving the tanks is the choice, then how and how well is it
to be performed and similarly for the retrieval option? The top-level dispo-
sition function can be divided into a subset of seven subfunctions that apply
equally regardless of the leave or retrieve option chosen. The flow of infor
mation and material between the functions changes, however. Therefore, a
separate set of attributes leading to two sets of reference requirements and
methods for each option is necessary. The criteria for assigning the strin-
gency level for an attribute have not been developed sufficiently for appli-
cation to the SST system and must be formalized in discussions with TPA agen-
cies. Furthermore, interfacing requirements for facilities to be shared with
other waste systems undergoing environmental restoration at Hanford (such as
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the double-shell tank disposition program) are needed to understand the capa-
city and potential interference points in the precessing network.

Preliminary analysis of the alternatives to determine how well the
retrieved waste should be treated by chemical processes before it is accepted
for conversion to waste forms (and subsequently to waste packages) shows that
potentially enormous cost increments are involved. Further work is recom-
mended to establish credible cost estimates so that they may be factored in as -
one of the system performance measures in the selection of alternative courses
of actijon.

Recommendations for the further activities that would improve the under-
standing of the Hanford SST system as a whole and aid in reaching the conclu-
sions about future courses of action toward its disposition are presented as
follows: ' ‘

1. Provide and use a reference set of requirements as the basis for
1ntegrat1on with current projects (HWVP, Grout, etc.) that will
service the SST d1sposa1 project after some non- -SST programs are
completed.

2. Provide and use a simulation model of the waste process stream between
the subfunctions of the SST system to allocate requirements (1 e., in-
process storage capacity, availability, instantaneous processing rates)
for integrated development.

3. Provide and use a set of performance measures (i.e., long-term
health and risk, short-term risk, cost and schedu]e) that recog-
‘nizes the 1nterests of all part1es involved in the approval
~process. These.performance measures become the decision criteria
for selecting alternative requirements and methods by the imple-
menting organization.
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1.0 INTRODUCTION

1.1 PURPOSE

The U.S. Department of Energy (DOE) has entered into an agreement as
part of the Record of Decision (DOE 1988) from its Environmental Impact State-
ment (DOE 1987) to evaluate the alternatives for the final disposition of the
single-shell tank (SST) system at the Hanford Site. A 1989 Hanford Federal
Facility Agreement and Consent Order between DOE, the Environmental Protection
Agency (EPA) Region 10, and the Washington State Department of Ecology (Ecol-
0ogy), commonly known as the Tri-Party Agreement (TPA), has set a target date
of 2018 to complete closure of the Hanford SST system (TPA 1989). Prior to
final disposition (closure) of the system, a supplemental EIS will be approved
after a period of evaluations and demonstrations of the appropriate technology
for the closure process.

The Westinghouse Hanford Company (WHC) has been assigned by DOE as the
operating contractor to perform the Hanford Site reé]amation, which includes
closure of the SST system. WHC.requested,that a system analysis be conducted
of the Hanford SST complex as a first stéb toward organizing an extensive
evaluation of the alternatives and to diréct the development of technology for
successfully closing down the single-shell tank system at Hanford. The
Pacific Northwest Laboratory (PNL) coordinated the system analysis effort
using a multidisciplined team, each member representing one of seven major
functions required to complete the SST closure mission. The team consisted of
WHC and PNL personnel.

The regulatory framewofk surrounding disposal of radioactive waste must
be considered in establishing decision criteria for SST waste disposal alter-
natives. A review of the regulations (Keller et al. 1989) identified the ‘
performance, design, permit requirements, and criteria that should be con-
sidered. Conclusions from this review are that many regulatory issues need to
be resolved and that many of the current statutes and regulations, such as the
Resource Conservation and Recovery Act (RCRA), specify general requirements .
without providing sufficient quantitative'criteria to assess performance of
the disposition process.
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The purpose of this system analysis is to provide a baseline for the
technology planning effort. It provides the initial set of measurable
requirements that satisfy the intent of the statutes that lack quantitative
criteria. As the development matures and the regulatory dialogue continues,
the system analysis provides the systematic and structured framework for
traceability and iteration of requirements and methods to guide the decision-
making process. It also balances the competing interactions between subfunc-
tions to ensure a successful outcome of the system as a whole.

1.2 SCOPE

The analysis must consider all facets of the SST system at Hanford. It
must also consider all reasonable alternatives consistent with the applicable
statutes and regulations. Because of the uncertainty of these regulations and
the absence of quantitative criteria, the technical aspects for design, dev-
elopment, and implementation must be conducted as the dialogue with public
agencies is carried on. To foster a two-way dialogue in the hierarchical
chain of interests, the system-analysis- must -provide a mechanism for-showing-
how and how well the various actions to. be performed by the implementing. -
organization (WHC) satisfy the higher order interests in the chain. As shown
in Figure 1.1, the desires, intents, and constraints flowing down the hier-
archical chain must be transformed into a set of measurable requirements using
a systematic and structured system engineering process invoked at the SST
system level. From analysis of the alternative requirements and methods, the
consequences, risks, and impaéts of various choices flow up the hierarchical
chain. In this way, a balance between the social and political interests and
the technical capabilities can be achieved.

The scope of the system analysis includes formulation of a system engi-
neering process that provides traceability and that is capable of iteration as

" new information flows up and down the hierarchial chain. The system engineer-

ing process involves the following sequence of steps:

1. Formulation of a mission statement defining why actions are needed to
change the Hanford SST system from its present state.

2. A functional breakdown of what actions are to be performed to the level

that permits exposition of requirements and methods for the system as a
whole.
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iterations after
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'FIGURE 1.1. Hanford SST Hierarchical Chain of Interests

3. A requirements analysis of how well the actions are to be performed. -A
set of reference requirements is selected and used in the initial
planning. o ' ' '

4. A methods analysis of how the actions are to be performed. Also, a set
of reference methods is selected and used in the planning.

The system analysis provides the baseline at the system level for
detailing of the design and development effort so that it is internally con-
sistent among the functional segments of the SST system. This analysis pro-
vides the starting point for subsequent interactions and identifies major
trade-off issues that need to be resolved early through exploratory develop-
ment or through resolution by regulatory dialogue. The output from the analy-
sis is to be incorporated into the various planning documents for the project,

such as the Single-Shell Tank Systems Technical Support Program Plan (SST-
TSPP) (Klem et al. 1990). '
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1.3 TECHNICAL APPROACH

The overall SST mission is divided into seven major functions and each
member of the study team becomes an advocate of his assigned function. Each
of the seven functions defines an action that must be performed by a group or
organization and the advocate represents their interest in specifying the
attributes that determine how and how well the function can be completed. ATl
attributes are assessed by each advocate to identify potential conflicts as to
how well a given performance attribute is to be achieved. Attributes passed
down from regulations and statutes are included and are treated as constraints
not subject to change if they meet the condition of being measurable. If not,
then measurable attributes that do meet the intent are generated by the team.
This process bridges the uncertainty gap in the "quantitativeness" of regula-
tions raised by Keller et al. (1989) in their review, and surfaces conflicts
in the interfaces between the seven major functions.

The attribute 1ist, representing the collective performance of all func-
tions and therefore.the system as a whole, is analyzed from the view point of -
each function-as to the importance of the attribute, to the degree of diffi-

- culty in achieving a desired level of stringency, and to the cost impact.

These viewpoints form the database for making choices and for identifying key
conflicting issues that need to be resolved. The database also can be used
for a first-cut sensitivity analysis and to set the stage for more detailed
trade studies.

This general description of the technical apprbéth is shown schemati-
cally in Figure 1.2 in more detail. Three columns of boxes represent acti-
vities that focus on generating options, actions/outputs and criteria.

The options and criteria activities are inputs to an analysis box that
generates an output in the center column to the next box below. The arrows
show the flow of inputs and outputs between the activity boxes. |
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Options Actions/Outputs Criteria

Determine Prepare ' Extract Decision
Applicable Mission Criteria from
Regulations and Statement Regulations
DOE Orders Sections 3, 4, 5 and Orders
Keller et al. 1989 ' Keller et al. 1989
Prepare -
Functional
Analysis
Sections 6
Prepare
inputs and
Interfaces
- Sections 7 Systen]
5] . . Analysis
. Section8y ¥ Section9 —} — — — 4— —_—— = - - —¥ — — —] —Report
e Prepare Perform Set Decision Stops
e > Candidate | »| Requirements |€————— Criteria for Here = -
_ Requirements : Requirements . ,
, ; N . Analysis . :
o~ List - Analysis
i D U | ' Proposed
Test for Select o
G ' Validity Reference
e Requirements
L8y :
e TBD :
e Prepare Set Decision
: Candidate I\I;Ztr:gg; Criteria for
o ‘ - Methods - . < |~ Methods
. Analysis .
o~ List Analysis
A y
Classify Select
. Tank p»! Reference
System Methods
Plan and Perform Development Program

Iteration Loop *

Implement SST Disposition Activity

FIGURE 1.2. Hanford SST Systems Engineering Approach
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The order of activity is to prepare the mission statement, functional
analysis and interfaces first. The mission statement (Section 3.0) generates
the top-level function as input to the functional analysis and may also gen-
erate appropriate decision criteria. The functional analysis divides the top-
level function into lower-level functions to enable an analysis of interfaces
and inputs between functions at the same level. Each of the functions also
provides the options for requirements and methods to determine how and how
well the function should be completed. The intents and constraints from the
applicable regulations and DOE orders are combined with the inputs from the
functions to prepare a candidate requirements Tist.

Similarly, the decision criteria from the regulations and DOE orders are
combined with inputs from the mission statement to establish a set of decision
criteria for the requirements analysis. The same logic path is used for the
methods analysis except that applicable regulations may be involved to a

 lesser degree.

System engineering principles require determination of reference
requirements before determination of reference methods. However, there must
be at least one valid and.plausible method for a given set of requirements
(i1lustrated in the Figure 1.2 by the broader arrow labeled a test for
validity). ‘ |

The dashed T1ine shows the extent to which this report has completed the
technical approach. The boxes above the dashed line identify the applicable
sections of this report where the activity is described. The boxes below the
dashed Tine are subsequent activities under way. Because of the Tong-term
development and implementation, it is recognized that several iterations are
expected and such is represented in the figure by the arrows to the left
returning back to requirements, methods, and tank classification boxes for
reanalysis based on new information. The tank classification activity box

‘assigns the appropriate "leave" or "retrieve" option to each of the 149 tanks

in the SST system and is included in the figure for future use.

The technical approach provides the visible basis for decisions, the
traceability of the evolution of the technology, and the capability for itera-
tions to accommodate and control changes for the very complex SST disposition.
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. 2.0 -CONCLUSIONS AND RECOMMENDATIONSV

The -options of leaving or retrieving the Hanford single-shell tanks
(SSTs) have been addressed in the context of: if leaving the tanks is the
choice, then how and how well is it to be performed? Similarly, if closing
the system (i.e., final disposal of the contained wastes and of the SST system
components) is the choice, then how well is that option to be performed? The
top-Tevel disposition function can be divided into a subset of seven subfunc-
tions that apply equally regardless of the option chosen. The flow of infor-
mation and material between the functions changes, however; therefore, a
separate set of attributes leading to two sets of reference requirements and
methods for each option is necessary. - The criteria for assigning the strin-
gency level for an attribute have not been developed sufficiently for appli-
cation to the SST system and must be formalized in discussions with Tri-Party
Agreement'(TPA) agencies. Furthermore, interfacing requirements .for facili-
ties'to'be shared with other waste systems undergoing environmental restor-

-ation (such as the double-shell tank system at Hanford) are needed to under-

stand the capacity and potential interference points in the processing
network.

Preliminary analysis of the alternatives to determine how well the
retrieved waste should be treated by chemical processes before it is accepted
for convérsion»to waste forms (and subsequently to waste ‘packages) shows that
potentially enormous cost increments are involved. . It is concluded, there-
fore, that cost must be included as one of the system decision criteria,
although a subordinate one, in the selection of alternative requirements and
methods. With the milestone from the TPA of 2018 as the completion date for
closure of the Hanford SST system, time to accomplish complex closure tasks
must also be a decision criterion. From the Resources Conservation and
Recovery Act (RCRA) and other applicable statutes, decision criteria also must
be focused on the long-term health and safety risks to the public. DOE orders
and other statutes also require near-term exposure to the public and employees
from operations performing the closure of the SST system as a consideration
for decision criteria.

2.1
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Recommendations for further activities to improve the selection of

requirements and methods for the Hanford SST system as a whole and to aid in
reaching conclusions about future courses of action toward its disposition are
presented below.

1.

Provide and use a reference set of requirements as the basis for
integration with current projects (HWVP, Grout, etc.) that will
service the Hanford SST system after some non-SST systems are
completed.

In the anticipation that the double-shell tank (DST) and other waste
streams will receive priority for recovery, it is imperative that the
needs of the SST system be overlayed with other Hanford Site dispositions
where a commonality of facilities and technologies are used. Pretreat-
ment and waste packaging of glass and grout wastes are particularly
important. Since SST waste uniquely contains an excess of sodium
nitrate, aluminum and silicon compounds, the process system must
accommodate this burden. Alternatively the grout and glass waste
packages must be reformulated to contain higher concentrations of these
relatively Tow hazard but abundant waste constituents without destroying
their lTong-term waste package performance in the disposal environment.

This step will require strong involvement of SST concerns in the project .
definition stages of other pretreatment and waste packaging design and
construction projects at the Hanford Site. The candidate requirements
generated in this report provide the initial instrument for this action.

Provide and use a simulation model of the waste process stream
between the sub-functions of the SST system to allocate requirements
(i.e., in-process storage capacity, availability, instantaneous
processing rates) for integrated development.

The Targe and diverse quantities of waste accumulated in the Hanford
SST system require an analysis of the flow streams if retrieval is
attempted. Blending and interim storage of sludge and supernatant
liquids will need to be managed if stringent control of certain haz-
ardous chemical constituents is applied. Some constituents cannot
be extracted from the waste streams and are subject to large swings
in concentration from one tank to the next. The retrieval, pre-
treatment and waste packaging schedules must be closely matched to
achieve an efficient disposition process.. Before commitments of
major pretreatment and waste packaging projects to DST and other
waste recovery plans are finalized, the surge capacity and its .
strategic placement for SST needs must be recognized.

The simulation study can be readily accomplished early in the pro-
gram and provides a high leverage in cost savings by minimizing the
number of waste packages. The simulation model should be structured:
using the SST functional breakdown to allocate requirements to each
function. The model should be simply applied initially and grow in
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complexity and sophisticatioh as the SST characterization activity
defines the SST waste sources more accurately.

Provide and use a set of performance measures that recognizes the
interests of all parties involved in the approval process. These
measures become the basis for selecting alternative requirements and
methods by the implementing organizations.

One of the key purposes of a performance assessment is to satisfy
(through technical arguments) the interests of all parties involved
in the approval process--that is, the TPA agencies. Because of the
complexity .of the problem, and the multiple performance considera-
tions stipulated by the statutes and the governing agencies as des-
cribed above, four types of SST performance measures are recommended
to establish decision criteria:

a. Long-Term Health Effects/Risk
b. Short-Term Health Effects/Risk‘
c. Time—to—Comp]eté

d. Cost-to-Complete
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3.0 MISSION STATEMENT

Radioactive wastes have been generated since 1944 on the U.S. Depart-
ment of Energy’s (DOE) Hanford Site in Washington State as part of the program
required to support national defense activities at Hanford. Liquid radio-
active and chemical wastes from the nuclear materials production and research
activities were transferred to underground, reinforced concrete, steel-lined
tanks, commonly referred to as single-shell tanks (SSTs), for storage. The
SSTs were used to store several types of 1liquid wastes before 1971.

A total of 149 SSTs, with capacities ranging from 55,000 to 1 million
gallons each, were constructed on the 200 Area plateau of the Hanford Site.
Waste from several of the SSTs was retrieved in the 1950s for extraction of
uranium and in the 1960s and 1970s for extraction of cesium and strontium
fission products. During the 19705, the volume of 1liquid wastes stored in
these tanks was reduced by evaporation of the 1iquids, leaving moist sludge
and saltcake in the SSTs. The evaporation effort aTso served to reduce the
environmental impacts of potential releases from the tanks by minimizing the
volume of drainable 1iquids available to contaminate the soil around the
tanks. The SSTs now contain about 37 million gallons of saltcake, sludge, and
interstitial and nonpumpable supernatant liquids. The wastes contain radio-
nuclides and potentially hazardous-nonrgdioactive chemicals.

Production operations at the Hanford Site have produced approximately
1150 waste management units, as addressed in the Hanford Federal Facility
Agreement and Consent Order, more commonly known as the Tri-Party Agreement
(TPA 1989). These waste units have been grouped into 78 operable units
(excluding four groundwater units) to assist in the management of final dis-
posal activities. The six SST operable units include treatment, storage and
disposal (TSD) units and past practices units. - The SST TSD units comprise the
tanks, currently associated piping and soils contaminated by leaks from 66 -
SSTs. The Resource Conservation and Recovery Act (RCRA) past practice (RPP)
units include diversion boxes, a crib, a french drain, and several septic
tanks. The cribs and trenches that received discharges from cascade SST
operations are included in the other operable units and are not covered by
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this system analysis. Separate remedial investigation and feasibility study
work plans are being developed for these waste units.

- Interim management activities for the Hanford SST operable units will be
continued until a decision is made on the actions required for final closure
and waste disposal. These interim activities include characterization of tank
wastes, soil, groundwater and ancillary equipment; stabilization to reduce the
volume of Tiquids contained in the waste solids; surveillance to detect leaks,"
Tiquid intrusions and changes in the radiological status of the contaminated
solids; heat management to prevent excessive tank temperatures; and tank iso-
Tation (i.e., sealing the tank piping and openings) to deter Tiquid intrusion
and monitoring of the groundwater for radionuclides and chemicals.

Final disposal of SST structures and contaminated wastes was addressed
in the Final Environmental Impact Statement for the Disposal of Hanford

o Defense High-Level, Transuranic and Tanks Wastes (DOE 1987). The final HDW-
G ,_:f' EIS presented five alternatives with respect to the SSTs:

— ';g 1. Geologic Disposal Alternative--Retrieve, separate,: process, package and
. o - transport to dispose of most of the SST waste in a geologic repository.
e - 2. In-Place Stabilization and Disposal Alternative--Dispose of SST waste
o - in-place, including dome filling and using a protective barrier and

.. marker system. Waste processing will be limited to Tiquid. removal and

some SSTs will require interim heat removal equipment.

3. Reference Alternative--The reference alternative is identical to the In-
Place Stabilization and Disposal Alternative for the SSTs.

4. Preferred Alternative--Defer decisions on disposal of waste in the SSTs
o~ until additional developnent and evaluation are complete. In the
~ interim, DOE will continue storage and maintenance of the SST wastes.

This alternative was developed as a response to agency and public
review.

5. No-Disposal-Action Alternative--Continue storage of the wastes in the
existing tanks. The SSTs will be monitored and maintained. Ongoing
activities, such as reduction of 1iquids in the SSTs, will continue.
This case was analyzed in accordance with the requirements of the

Council on Environmental Quality-National Environmental Policy Act
(NEPA).

As stated in the final HDW-EIS Record of Decision (DOE 1988). DOE has
decided to select the preferred alternative and conduct additional development
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and evaluation before making a final decision on disposal of the SST wastes.
This additional development and evaluation will include 1) characterizing
radioactive waste and hazardous waste (HW) constituents, 2) demonstrating
barrier performance by both instrumented field tests, natural analog studies,
and modeling, 3) determining the need and methods for improving the stability
of the waste form, 4) determining the need and methods for destroying and sta-
bilizing hazardous waste constituents, and 5) developing and evaluating
methods for retrieving, processing and disposing of the wastes. The final
HDW-EIS ROD commits to the preparation of a suppliemental EIS for the single-
shell tank waste at Hanford.

Additional development and evaluation will be integrated with regulatory
requirements for permitting and closing hazardous waste (HW) sites. In May
1987, DOE issued.a final rule stating that the HW components of DOE radioac-
tive waste that are defined as HW under the RCRA are subject to the RCRA regu-
Tations. In November 1987, the U.S. Environmental Protection Agency (EPA) A
authorized the Washington State Department of Ecblogy (Ecology) to regu]atei
mixed wastes (MW) within the state. Consequently, the SST wastes are jointly
regulated by DOE (radioactive constituents) and the EPA and Ecology (hazardous
chemical constituents).

The Draft Single-Shell Tank Closure/Corrective Action Work Plan presents
a work plan for activities associated with final disposal of the SST operable
units. This plan serves as the primary basis for more detailed documentation
such as the Hanford Single-Shell Tank Systems Technical Support Program Plan
(SST-TSPP) (Klem et al. 1990). As part of the SST-TSPP preparation, a system
analysis activity was initiated as described in this report.

The SST disposal program mission can be stated as follows:

The overall mission of the SST disposal program is to develop, evaluate
and implement methods for ultimate disposal of the SST operable units,
in compliance with applicable regulations, standards and permit require-
ments. The disposal methods must prevent significant adverse impact to
the biosphere and must protect the Tong-term health and safety of the
general public and maintain worker exposure to as low as reasonably
achievable (ALARA).

For purposes of the system analysis, the primary functional action
derived from the mission statement is to perform final disposition of the
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Hanford single-shell tank system. This function is accomplished through many

subordinate functions that can be constructed from a functional analysis using
the approach described in Section 1.0.
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4.0 MISSION ASSUMPTIONS

The major assumptions used to guide the analysis of the Hanford single-.

shell tank (SST) system are provided in this section. These assumptions were
generated during the analysis to clarify situations raised by the team where
there.was,no guidance from existing planning documents. These assumpt1ons are
considered temporary and may be modified in the future. However, because of
the serious impacts that may be invelved, such modification to the assumptions
must be accompanied by a reanalysis to ensure that any resulting changes are
properly identified.

A1l SST barriers as originally designed will fail eventually and
cannot be used for performance credit in the new concept.

A1l tanks will transition from their present state to a stabiliza-
tion/isolation state before remedial and final disposition actions
are performed. This situation provides a uniform reference point
for analysis of the interface requirements between the
stabilization/isolation function and the other functions.

A tank farm will have all tanks in the farm stabilized and isolated
prior to final disposition. This situation provides a similar uni-.
form reference point for analysis of the sequencing strategies for
the Teave or retrieve options.

Offsite repositories will be available to accept the SST waste
entities as they are generated. The system analysis does not
consider the impacts of interim storage because of delays or upsets
outside the SST system

Some SST-treated wastes will be d1sposed of in LLW grout vau]ts
onsite.

The double-shell tank (DST) system will be available for cross-
blending and conditioning of SST waste on demand. Final disposal
of the DST waste will precede the SST disposition. As a point of
reference, cost impacts of pretreatment alternatives will assume
that DST technology and capital expenditures are previously
incurred costs and will not be allocated to the SST system cost if
used by follow-on SST disposition. SST derived technology and
provisions for additional DST processing capacity and storage will
be included in the analysis of SST system costs.
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o For the purpose of performing the requirements analysis, surveil-
lance and monitoring of SST waste will be performed within the
boundary of the SST system. It is realized, however, that compli-
ance is a site issue and potential overlaps in these activities may
occur with other non-SST operable units and allocation of certain
requirements may be necessary.
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5.0 SYSTEM DEFINITION

The system definition includes the contents of the six SST operable units
(OUs) defined in the Tri-Party Agreement (TPA 1989). The inventory of the
contents is Tisted for each OU in the Hanford Single-Shell Tank Systems
Technical Support Program Plan (SST-TSPP) (Klem et al. 1990). For purposes of
the system analysis the types of treatment, storage, and disposal (TSD) units
are: tank waste, tank structure, associated piping, pumpé, ventilation
equipment, and contaminated soils from some of the 149 SSTs. Also within the
six OUs are Resource Conservation and Recovery Act Past Practice (RPP)'units
that include: diversion boxes, spills from diversion boxes, a crib, a french
drain, and several septic tanks. The contents of the RPP units and the

~associated piping, pumps, and the ventilation equipment in the TSD units were

combined in this report into one category and named "ancillary equipment."
The cribs and trenches that received discharges from cascade SST operations.
are included in the other OUs and are outside the SST system definition.
Also, operational service lines outside the first diversion box in a tank-
array are not covered as part of the system analysis.

The system definition must include also the facilities (temporary and
permanent) that are needed to conduct the closure process. Depending on the
alternatives for disposition, the facilities may be Tocated at the SST sites,
at designated burial sites at Hanford for LLW disposal, or at a central loca-
tion for processing and in-process storage of SST waste. The system defini-

" tion does not include offsite facilities for final disposition of the trans-

ported waste that may require.further processing and packaging. These facil-
ities are assumed to be available for receipt of waste according to defined
acceptance criteria and their services are included in the system ana]ys{s as
a unit cost based on the number of units transported.

The system definition also includes equipment used during the disposi-
tion. Depending on the type of method for disposition, various major equip-
ment items should be identified at the system level, such as in situ vitri-
fication assemblies, retrieval assemblies, and transportation casks. However,
most of the equipment may be identified Tater at lower levels in the system
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analysis. The principal concern is that equipment 1ife, decontamination, and
disposal may influence the decision about alternative methods and should be
recognized early in the system analysis.

Materials consumed or used in the formulation of waste entities for final
disposition are also part of the system definition. The SST waste may be
divided into several waste forms. The waste form is created by combining the
raw waste with host materials in a controlled process that 1imits release
after the containment period has been exceeded. Containment is achieved by
incorporating the waste form in a waste package. The waste package consists
of one or more material combinations that isolate the waste form from intru-
sion of destructive elements and from dispersal of its contents during a
designated containment period. In the SST system, there are several alterna-
tive situations where regulations require containment, inc]dding during trans-
port. Therefore, a wide variety of packages are envisaged with their own set
of requirements. The system analysis has used the terms "waste form" and
"waste package" generally as described here to unify the perspective for exam--
ining alternative requirements and methods. The combination of the waste form
and the waste package is one class of enclosure. Transportation casks, facil-
ity isolation barriers, and intrusion barriers are additional classes of
enclosures involved in the SST system definition. A1l these classes are cat-
egorized as engineered enclosures in the system definition.

Figure 5.1a,b shows the SST system relative to other waste management

' systems at Hanford, and a schematic representation of Hanford tank farm facil-

ities is shown in Figure 5.2. Figure 5.3 provides a cross-sectional view of
the four types of underground single-shell tanks at Hanford. These figures
are from DOE (1987).
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6.0 FUNCTIONAL ANALYSIS

The results of a functional analysis of the Hanford single-shell tank
(SST) system are presented in this section. The functional analysis starts at
the primary (zero) function level and continues to the third-level functions.
Details of the functional analysis are provided in Appendix A.

In the Mission Statement, the primary function was described as: Per-
form Final Disposition of the Hanford Single-Shell Tank System. This des-
criptor reveals little detail but is the starting point for a functional anal-
ysis that systematically unfolds the multiplicity of functional actions to be
performed. The purpose of this functional analysis is to delineate a layer of
subfunctions so that when they are successfu11y~cbmp1eted, the parent fun-
ction is also successfully completed. The revelation of functional detail may
proceed through many Tevels. A representative example, extracted from the
detailed breakdown in Appendix A, is shown in Figure 6.1. The box diagram at
the bottom of the figure illustrates the “parent—chj]d“'re1ation5h1p. -

At the initial stage of a system'ana1y§is it is sufficient to develop a
functional breakdown only to the first Tevel, in order to identify major seg-
ments that would influence the setting of system requirements and methods.
However, it is beneficial to identify provisionally two more levels, in order
to organize and justify the requirements and methods from a bottom-up
perspective.

One approach to segmenting the primary function is to determine which
actions if not performed would render the primary function incomplete. Exami-
nation of the regulatory statutes and the DOE orders prescribes a characteri-
zation activity to inform the public of the present state of a potential waste
source. This provides a data base for judging the hazard level and making
decisions for follow-on actions. The regulatory statutes also prescribe a
reporting action to justify, through a permitting process, the course of
action to be followed toward closure and to monitor performance during the
implementation of final closure. Therefore, characterization and reporting
are two functions that are essential to achieve final closure.
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Primary Function: Perform Final Closure of SST System
(An Action Satisfying the Mission)

st Level Function:  Provide Final Waste Package
(A Segment of the Top-Level Function)

- System Analysis Stopped Here
2nd Level: Prepare Final Waste Form
3rd Level: Mix Waste and Stabilizing Agent
-4 ' Functions Analysis Stopped Here
Top

ist Level

ond Level

FIGURE 6.1. Hanford SST Functional Analysis, Illustration of
Functions and Subfunctions

Because of the complexity of the SST system, there will be a significant
period of development before closure is initiated. DOE has committed to a
stabilization and isolation action performed on all waste tanks during this
interim period. Since the stabilization/isolation of the SSTs may influence
other closure actions, it must be included as a function at the first level.

Examination of the known contents and the physical state of the SST waste
indicates that up to four distinct types of physical actions are required to
complete the final closure process regardless of the choice of disposal
option. Each type requires different mechanisms and disciplines, an appro-
priate condition to designate them as separate functions. These functions are
1) to retrieve SST waste and/or its ancilliary components, 2) to partition the
waste materials by chemical pretreatment into specific waste feed streams to
optimize the cost within the constraints of regulations, 3) to prepare waste
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packages from the feed streams as a containment vehicle for isolation, and

4) to provide a long-term isolation function to monitor containment and to
prevent intrusion of ecological elements that would destroy resistance to dis-
persal of the waste in the public domain. Elimination of any of these four
actions woquvcurtail-the opportunity to utilize a number of "Teave" or
"retrieve" options to perfbrm the mission safely and efficiently.

In all, seven first-level functions are needed to satisfy the mission and
its primary function. These include the four physical actions as well as
other required actions, e.g., development of regulatory documentation. It is
expected that all these functions will be applied to some part of the SST
system during implementation of the final closure phase. During the develop-
ment and assessment phases these functions provide the infrastructure for
conducting supporting R&D. Each of the seven functions are described in more
detail below. For purposes of indexing, each function is assigned a four-
digit number. For the primary function, the number is 1000. For the seven
first-level functions, the numbers are 1100 to 1700. Lower-Tevel functions

~are indexed by the third and fourth digit.

6.1 FUNCTION 1100 - CHARACTERIZE THE SST SYSTEM

This function provides the knowledge of the system state before any clo-
sure processing is-initiated. Measurements are performed to include all data
needed to do assessments for regu]atoryidocumentation. Sampling is performed
on tank contents and on contaminated soil to determine the hazard level. Sam-
pling may be pérformed also on uncontaminated soil and groundwater to estab-
Tish baseline compositions and properties for performance assessments of
transport rates. Property determinations of the waste and other components
are carried out to provide basic data for handling and transporting the waste.
Finally, all measuring techniques are qualified for use in performance assess-
ment and risk analysis evaluations. The output of this function is directed
as input to other first-level functions which need the data. The function has
been implemented as part of the closure planning process.
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6.2 FUNCTION 1200 - PROVIDE STABILIZATION/ISOLATION

As described in the Mission Statement this function has been implemented
as part of the interim management activity until a decision is made on the

-actions for final closure. It is assumed all SST tanks will be pumped to a

stabilized condition and isolated before final disposition of the tank begins.
It is expected that interim management can be performed without any inputs
from the other functions, except possibly the characterization function.
However, other first-level functions may be dependent on how well this fun-
ction is performed, in particular the amount of 1iquid remaining in the tanks
after pumping. For subsequent retrieval, pretreatment or conversion to a
suitable waste form, conditioning of the tank waste to reduce the remaining
free liquids to a Tower level may be a necessary action for this function.

6.3 FUNCTION 1300 - PROVIDE REGULATORY DOCUMENTS

The outcome of this action is to obtain the necessary permits and
approvals prior to final disposition. Because the regulatory path is complex
and unpredictable, it is appropriate to view this step as a primary first-
level function. This enables the system analysis to evaluate judgments from .
the regulatory viewpoint on an equal basis with engineering and operational
viewpoints, thereby creating an opportunity for safe but lower cost remedia-
tion options.  The perspective of regulators is essential in the system ana-
Tysis, since their actions enable many of the other functions to be performed
within the interpretation of the regulations. A1l performance assessments
needed for preparing documents to satisfy the "permitting" procesé are sub-
functions of this functiqn.

6.4 FUNCTION 1400 - RETRIEVE SYSTEM COMPONENTS

Even if in situ entombment is selected, it is necessary to remove, dis-
engage or modify some components in the SST system. This "opening" of the
system presents special challenges and represents a unique set of actions that
may influence the overall performance of the final disposition such as increa-
sing the risk of short-term health and safety effects for the performers.
Retrieval is a field action that must reflect productivity as well as
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operational safety concerns. Containment during operations, transport from
the field to a processing facility, storage of in-process waste, and the
repeated dismantling and reassembly of the retrieval system are some of the
activities involved with this function.

6.5 FEUNCTION 1500 - PERFORM PRETREATMENT OF SYSTEM COMPONENTS

This function includes all treatments that generate one or more waste
streams when applied to the system components, in situ or after retrieval.
There is a multiplicity of processes involved, including conditioning of the
sludge;, salt cake and possibly contaminated soil before chemical processing;
partitioning the feed streams for selective control of the disposal paths for
various constituents; chemical extraction; and conditioning of the output
feedstreams before consolidation in the appropriate engineered enclosure. For
retrieved components, the pretreatment may involve a centrally Tocated facil-
ity to service all the SSTs. For in situ treatments, field processes would be
necessary. An example of an in situ treatment would be conversion of the
nitrate spécies to elemental nitrogen, thekeby reduciﬁg its toxicity. An
example of treatment of the retrieved waste would be to partition the more
abundant sodium, aluminum, phosphorous and silicon compounds to the LLW-type
engineered enclosure and the Tess abundant but toxic elements such as chro-
mium, Sr-90, Cs-137 and the transuranics to a HLW-type engineered enclosure.

6.6 FUNCTION 1600 - PREPARE FINAL WASTE PACKAGE

ATl hazardous system components must be packaged within an engineered
enclosure appropriate for their disposal path. Several disposal paths are
possible according to the classification of the waste form. This function
receives the waste after conditioning by stabilization, retrieval or pre-
treatment and converts it to a waste form. Pretreatment may enable a change
in classification to reduce the hazard potential and/or reduce.the cost of
disposal. Preparation of the waste form includes consolidation, sequestering
in an isolation media such as glass or grout, or possibly as recycled waste
for reuse. Containment of the waste form by one or more engineered enclosures
is also part of this function. For'HLw or other types of waste forms to be
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shipped offsite, this function provides only that portion of the enclosure
required to be performed onsite prior to shipment. For LLW waste forms and
for in-place waste forms to be buried onsite, this function performs all the
enclosures needed to ensure containment after burial. An example of an in-
place waste packaging would be 1) preparation of a waste form by dome-filling
and then, if necessary, subsequent sequestering by in situ vitrification or in
situ grouting and 2) preparation of an engineered enclosure to provide the
appropriate containment. The waste packaging term is used here as a broad
description of the functional action and not as a specific design description
for a particular class of regulations.

6.7 FUNCTION 1700 - PROVIDE LONG-TERM ISOLATION

This function is limited to onsite disposal paths only, of which there
are three types:
1. In situ isolation using the existing SST system where this function

must provide -its own qualification and controls for management of
the environmental protection system. .

2. Isolation of wastes in grout using an onsite facility where the
function must provide its own qualification and controls.

3. Other isolation paths using existing or planned burial grounds ser-

ving other disposal sources as well where there is no functional -

responsibility for management and control.

This function includes providing isolation barriers, markers, and moni-
toring of the site after final disposition is completed. The term "isolation
barrier” is aimed primarily at preventing intrusion of water and other eco-
logical phenomena from destroying control of containment and dispersal rates
of the waste packaging system developed under Function 1600. Onsite isolation
includes selection and preparation of the sites for waste package receipts,
off-loading, and emplacement. Offsite isolation functions managed outside the
SST system are included in Functions 1500 or 1600 as a cost of service and are
not included in this function.

In summary, these seven first-level functions each represent a particular
viewpoint for input to the SST system analysis. Each segment is dependent on
the other functions in regards to inputs/outputs, to shared requirements, and
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to the methods used by each segment. The primary purpose of the first-level
functional segmentation is to evaluate these interdependencies at the system
level before further segmentation to lower levels of functional actions.

Appendix A provides a provisional list of second- and third-level func-
tions for each of the first-level functions. In a few cases, a fourth level
was added. This breakdown conveys a perceived set of actions that would suc-
cessfully complete the parent function. Later, when requirements may need to
be allocated, this breakdown of the second and lower levels may be recon-
sidered and updated.

In general, most second-level functions are segmented by components of
the SST system and then the third level reveals a set of sequential actions to
be performed on each component. The system components are tank waste, tank
shell, ancillary equipment, and contaminated soil. Summary highlights of the
functional breakdown are as follows: '

e 1100 - Characterization is segmented by system components and the
third level is segmented by a sequence of steps to gather and eval-
uate integrity of the components or to obtain and evaluate composi-
tions of components. Evaluation of the compositions is aimed at
providing source term data used by other functions.

e 1200 - Stabilization/Isolation is a series of sequential actions
followed by a surveillance action and defines the second-level func-
tions. Third-level actions are also sequential. The stabilization
segment, however, has two facets, depend1ng on the use of a jet pump
or non-jet pump capability.

e 1300 -.Preparing Requ]atorv Documents is segmented at the second
level by the responsive actions to satisfying three major statutes:
NEPA, RCRA, and CERCLA. In addition, there are actions needed to
respond to several auxiliary documents.., All these documents require
performance assessments that are also included at the second level.
Each second-level function is segmented to a sequence of actions
appropriate for each document.

e 1400 - Retrieval is segmented by system component and each com-

ponent is segmented at the third Tevel by a sequential set of
actions.
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1500 - Pretreatment has to consider two environments for processing: in-
place or at a processing facility. Each of these segments has the same
set of sequential actions. These sequences are very general since the
specific methods for the many chemical constituents are varied and
complex.

1600 - Providing the Final Waste Package involves a sequence of
actions assembling the waste package from its components: waste

form, container, mass transport barriers, etc. Each of these
sequential steps in turn involves a more detailed set of sequences
at the third level.

1700 - Providing Long-Term Isolation involves three steps: prepare
the site, provide an intrusion barrier, and monitoring. Each of
these second-level actions has further controlling or monitoring
actions to satisfy several constraints for long-term isolation.
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7.0 FUNCTIONAL INTERFACES

This section provides an overview of the functional interfaces of the
single-shell tank (SST) system at Hanford. These interfaces show the degree
of interdependence between the functions and indicate the information needs to
complete the overall task. To conduct the interface analysis, advocates for
each of the functions defined in the previous section identified key materials
and data needed from each other’s functions. Flow diagrams were then used to
illustrate the linkage patterns, and specific data requests were bundled into
an arrow representing a summary statement of the kind of information needed.
The specific details were used to generate a Tist of attributes as candidate
requirements described in the next section.

The principal waste flow streams between the functions are shown in Fig-v

‘ure 7.1. A1l waste streams are input to a function from the left, trans-

formed by the function, and output to the right. As shown in the figure,
AND/OR branchihg is extensive due to the many options being considered in this
system analysis. The tank system comprised of its components is the initial
input which branches to the Characterization function and Stabilization/
Isolation function. The Characterization function extracts waste samples to
obtain information and outputs a sample waste stream to an entity outside the
system. The Stabilization/Isolation function transforms the tank system to an
interim state. The tank system is outpdt that may be directed to one of three
OR branches: Retrieval, Pretreatment, or Prepare Waste Package. This branch-
ing is not exclusive as all components and tanks in the system may not each
follow the same path. For example, one of the "leave" options is the branch
going directly from the Provide Stabilization function to the Prepare Waste
Package function. The Prepare Waste Package function transforms the com-
ponents of the waste received from one of the three sources and distributes
the segregated waste to offsite disposal (i.e., HLW, LLW, WIPP) and to onsite
facilities such as.grout vaults or in-place burial. The onsite waste packages
are assigned to the control of the Long-Term Isolation function everafter.

The function, Prepare Regulatory Documents, has no material flow interfaces to
and from the other function. Its actions are informational.
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The information flows between the functions are éhown;in Figures 7.2a
through 7.2g. A diagram is shown for interfaces involving each one of the
seven functions separately. Information inputs from the left on the figures
represent data needed by the function to complete its set of actions. Infor-
mation outputs to the right are used by other functions. In the figures,
there are two kinds of linkages. Outputs may be lTinked to another function’s
input Tike the material stream. The other kind of linkage is information
which is a control on another function’s actions, shown by arrows entering
from the top of the box. The control is a gate or regulator of the trans-
formation of material or information. In a process system, the controls
relate to procedures affecting safety, quality, productivity, etc. One of the
functions providing many controls on all other functions is Prepare Regulatory
Documents. Based on regulatory requirements, the specifications for design
and development are passed to each function. During the development phase,
the pefformance assessments provide for further refinement of the specifi-
cations. During the implementation phase, the conditions allowed in the
Ticense or permit become outputs to control other functions’ éctions in the
form of procedures. Acceptance criteria is another output/control feedback
Tinkage, particularly when the functional flow is sequential as in the
functions: Retrieve, Pretreatment, and Waste Package Preparation.

The illustrations provide a basis for-defining what information is needed
and how well the information and materials should be detailed to satisfy the
needs of all the functions. This foundation is provided to éarry out the next
step, developing system requirements that are meaningful to the Tower-level
functions in the functional flow network. When the same information is
desired by several functions, its importance can be determined by a ranking
that is described in the next Section 9.0. '
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. 8.0 HIERARCHICAL SOURCE ANALYSIS

Waste disposal decisions regarding the single-shell tank (SST) waste at
Hanford must be made by taking into consideration the regulatory requirements
that may impose constraints on implementation of the final disposition of the
waste. At present, waste disposal regulations specific to radioactive mixed
wastes have not been promulgated. In the absence of such specific guidance,
the wastes may come under the purview of a wide range of statutes and regu-
Tations related to radioactive waste disposal, hazardous waste disposal, and
water and air protection--collectively referred to in this analysis as the
"hierarchy" or "hierarchical chain" of regulatory requirements. A comprehen-
sive review of the environmental pollution control and radiation protection
statutes and regulations that are re]evaqt to Hanford SST waste character-
ization and management was completed by PNL (Keller et al. 1989) for DOE. The
review identifies the performance, design, and permit réquirements‘and‘cri-
teria that should be considered in 1) evaluating SST waste disposal options
and 2) designing-an efficient waste characterization scheme that provides the
information necessary to make this evaluation.

The system analysis performed herein used Keller et al. (1989) as the
starting point for developing candidate requirements from these hierarchical
. sources. Specific‘statements that identified a significant control or concern
about actions taken in the SST disposition were extracted from all sources
reviewed. Each extracted statement was assigned to one or more of 14 cate-
gories, as shown in Table B.1 of Appendix B. Each categofy representedka
specid]ized activity used by the functions for disposing of the SST waste.
About 120 statements were extracted and assigned to the following categories:

e CO Constraints from the hierarchical source
. AIR Atmospheric release

e CA Corrective actions

e DC Design and construction

e ES Employee safety and health

o H20 Water release
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e L Landfill

e MA Maintenance and surveillance

e MC Monitoring and Characterization
e 0P Operations

e PS Public safety and health

e RE Reporting

o RAC Remedial actions after'closﬁre
o RBC Remedial actions before closure

These categories enabled a cross-comparison of the statements generated
from the many statutes and regulations issued. In some cases, the extracted
statements were identical from sever51 sources. However, they were mostly
statements of performance objectives and intents rather than specific require-
ment values capable of measurement. Nevertheless, the exercise revealed the
complexity of satisfying all regulating bodies. --Those statements that pro-
hibited certain actions or contained measureable performance requirements were
categorized as constraints and were treated as unalterable during the system
analysis. -The constraints were incorporated into the attribute Tist generated
in Section 9.0, "Requirements Analysis." The remaining statements were used
in the system analysis by the functional advocates as "guiding statements" in
developing attributes that would satisfy their intent. After completion of
the attribute Tist, each attribute was assigned to one or more of the 14 cate-
gories described above. . The attributes that are applicable to the regulatory
statements can be examined through these 14 categories. This approach allows
the statements that are presented in legal documents to be transformed to

measurable requirements that can be acted on by technically performing groups.

8.1 CONSTRAINTS

The primary constraint applicable to the Hanford SST system is the stip-
ulation in 40 CFR 264.314 and WAC 173-303-665(9) that placement of bulk 1lig-
uids in Tandfills is prohibited. For all future actions for SST disposition,
only Timited amounts of bulk Tiquids are to be added to the existing tanks.
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The primary source of liquids would come from decontamination of retrieved
components or from process water used in retrieving and in pretreatment of
waste to selectively remove certain constituents. In addition, there will be
some interstitial Tiquid remaining, because the interim stabilization efforts
stop when pumping rates reach 0.05 gal/min. Also, it may be necessary to
leave some moisture in the tank waste in order to maintain stability with
respect to the tanks containing ferrocyanide (FeCN). Inasmuch as some resi-
dual liquid in thersing1e-shé11 tanks exists already, it remains to be deter-
mined under the intent of the statutes if it is a bulk liquid. This aspect of

‘the regulation cannot be treated as a constraint since Tiquid is already in

the tank. Therefore, the system analysis must examine the levels of strin-
gency that might be representative of the "no bulk Tiquid" stipulation. Three

- possible technical interpretations are: -

o No "bulk Tiquid" is present when it cannot be pumped at a flow rate
>.05 gal/min. (present practice for tank stabilization)

e No "bulk Tiquid" is present when the analyses of a set of samples is
~ below 10 vol% of the residual solids. (i.e., below slurry flow
condition)

e No "bulk Tiquid" is present when the sample releases Tess than
1 vol% of the solid as water vapor upon heating from 70°F to 300°F.
(partial dehydration).
A second primary constraint is the allowed contaminants in discharges to
sources of drinking water that have been defined consistently by several

~ regulatory agencies. The maximum concentration levels (MCLs) defined in WAC-

173-303-645 were used as constraints for the system analysis. The Tist of
chemical species was incorporated in the attribute Tist generated in
Section 9.0. '

Additional constraints from the governing statutes have been incorporated
in the attribute Tist and designated as such in Section 9.0. Additional con-
straints have been included to cover acceptance criteria such as for HLW
repositories receiving glass containers. These constraints are passed
indirectly to the SST system to satisfy Ticensing requirements for the HLW
repository. ‘
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8.2 MEASURABLE PERFORMANCE REQUIREMENTS

The statutes and DOE orders.list several requirements that can be
measured. These are:
e Exposure to publiic (at the site boundary) shall not exceed 25 mrem/yr to

the whole body and no more than 75 mrem/yr to any organ from atmospheric
release.

e High-grade Class II groundwater consumed by an individual cannot result
in an increase of 4 mrem/yr on a 2 liter/day consumption rate.

o Exposure tovradiation by SST personnel shall be maintained within 10
CFR 20 and EPA 1limits through final disposition and closure.

o Any single waste package for final disposition as LLW or MW shall
have a TRU content <100 nanocuries/gm.

e The criticality state of all credible water-moderated,pfdcess

environments shall be below a k(eff) of 0.95.

These measurable requirements have well-established precedence and.are
applied routinely and should be assigned as constraints. However, the prin-
ciple of ALARA has been incorporated in these statutes and orders and this
requires that operations be conducted such that a lowering of the total dose
to a work force must be constantly applied. As a result, the system analysis
must view measurable dosage requirements for personnel as a maximum allowed
(constraint), but the real requirement influencing the choice of alternatives
for performing the final dispostion should be a target reduction value to be
determined by the system analysis. Retrieval and pretreatment of waste mate-
rial has an increased exposure potential and must be monitored in ALARA terms
throughout the task of disposing of 149 single-shell tanks.

8.3 DESIGN, QUALIFICATION AND TEST REQUIREMENTS

There are sevéfa] categories where the statutes emphasize design,.quali—
fication, and test requirements. Characterization, monitoring, surveillance,
and analytical procedures are listed without specific rules or measurable tar-
gets. The system analysis of the Hanford SST system develops many attributes
that respond to the intent of the statutes and are measurable.
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Specific design requirements aré: no ignitable, reactive, and incom-
patible wastes be used in land burial. The guidance is to reduce the waste
volume through processes such as destruction, separation, etc., as much as
possible.

_There are reporting requirements for unplanned releases and for recovery
plans for remedial action. The system analysis develops specific sets of
measurable attributes that are responsive to this class of requirements.

8.4 PERFORMANCE CRITERIA

Most of.the statements in the statutes contain criteria for performance
and areas to be considered rather than specific requirements. The goals of
maximizing safety to the public and maintaining a quality of performance pre-
serving the environment are dominant themes in the statutes. The cha]]ehée is
to translate these goals into measurable requirements that define successful
outcomes for the SST disposition. The system analysis provides a backfill of
requirements that can satisfy the goals stated in the statutes. This aspect
is developed in the Requirements Analysis section.

8.5 DECISION CRITERIA FOR SELECTION OF ALTERNATIVES

Many of the statutes regulating the disposition of the Hanford SST system

" acknowledge that, performance goals and cost benefits should be considered in

selecting various alternatives. For the SST system analysis there are alter-
native requirements and alternative methods. A requirement may be assigned
different levels of stringency depending on what is reasonable when all hier-
archical interests are considered. Unfortunately, the mechanism for estab-
lishing a quantitative set of criteria for deciding on the alternatives is
undefined. Inspection of the statutes and DOE orders shows four general per-
formance ‘goals applicable to the SST system: safety, quality, productiVity,
and cost. There is a need to maximize the first three eTements and minimize
the fourth. A given alternative probably will not satisfy all four. goals
simultaneously; therefore, a weighting must be established.

Examination of the regulations reveals concerns about the ability to com-
plete an intended action at a margin of safety declared adequate at the outset
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of the SST disposition. In addition, quality of the activity is highlighted
by the need to report and verify that an intended action was carried out.
Safety and quality should probably receive a preferred weighting in selecting
alternatives over productivity and cost. Cost is the only one of the four
which can be scaled easily for quantitative evaluation of alternatives. The
SST system analysis considered preliminary evaluations using these four deci-
sion criteria elements, but the activity was deferred until there was further
dialogue with the Tri-party agencies.

Decision criteria based on validated computational models may be con-
sidered also for quantitative evaluation of alternatives. Four models have
been proposed to cover the hierarchical interests and are recommended for fur-
ther development in this réport. These models are discussed in turn below.

To meet the primary concerns for public safety and health risks, a quan-
titative model to calculate long-term health and safety risks for the sur-
rounding population after closure is recommended. This type. of ‘modeling
evaluates the potential hazard for contaminating the ecological systems. Some
elements of this activity are under way now at the Hanford Site.

A second primary concern is the short-term health and safety risks during
the final disposition. This involves models that calculate risk assessments
of potential exposures to personnel performing the task as well as the public
as a result of performing alternative methods.

Because of the TPA milestone to complete the final disposition (closure)
by the year 2018, a third calculational model is recommended that evaluates
the impact of various alternative requirements and methods on the Time-To-
Complete the final disposition.

Simi]ér]y, because the funds must be supplied through one of the TPA
agencies, a fourth model that evaluates the impact of alternatives on the
Cost-to-Complete the final disposition is recommended.

Taken together, these models can provide the basis for making quantita-
tive decisions on the alternatives.
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9.0 REQUIREMENTS ANALYSIS

This section initiates the development of system-level requirements by
identifying attributes that describe how well the single-shell tank (SST)
closure function at Hanford should be performed.

The section is organized as follows: Section 9.1 describes the creation
of 541 attributes and groups them into six main categories. Section 9.2 shows
how the attributes are Tinked to the statements extracted from the applicable
statutes discussed in Section 8.0. In Section 9.3, a format for evaluating
the attributes is described. In Section 9.4, the attributes are ranked by
each of the first-level functions as a measure of importance to the function.
The basis for selecting a level of stringency for each attribute has been
deferred until the criteria for the selection are established.

9.1 IDENTIFICATION OF ATTRIBUTES

A requirement, to be useful, must be definable as a measurable attribute. .:
Therefore, identifying the attributes is the first step in establishing SST-
system requirements. Each attribute must have a defined unit of measure or
scale on which to assign a level of performance. The second step is to assign
a value somewhere on the scale for each attribute. The Tocation of a value on ?;
the scale may be fixed by constraints from the statutes or there may be ‘sev-
eral choices based on a desired level of stringency. -Before_assignfng va]ues,-"
the purpose of this section is to collect all the attributes considered appro-
priate from the analysis of statutes and orders (Section 8.0) and from the
advocates representing each of the first-level functions described in Sec-
tions 6.0 and 7.0. 1In Section 7.0, the interfaces between the first-level
functions identified the types of data and information needed by each function
from each other. These needs are also a principal source for defining the
appropriate attributes.

This approach identified 541 attributes as being potentially significant
to the successful performance of one or more of the first-level functions and
may be considered as candidates for inclusion as system requirements for the
overall SST closure function. Each advocate drew upon other disciplines
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involved in completion of his function as additional sources for identifying
appropriate attributés. Sources performing analytical chemistry, developing
performance assessment models, conducting chemical processing operations at
the Hanford Site, and performing design and testing studies provided key
information. The attribute 1ist is shown in the second column of Table C.1 of
Appendix C. Each attribute has been assigned a number for reference purposes
and this number is shown in the first column. The Tist was organized such
that the attributes could be grouped under six major headings with subgroup-
ings as appropriate. The corresponding units of measure for each attribute
are shown in the third column of Table C.1. Values will be assigned later
after the criteria for selecting the appropriate level of stringency are
established. The six categories are discussed below. The applicable attri-
g bute numbers in each of the categories are identified in the parenthesis in
= the subheading.

9.1.1 Chemical Attributes (1 to 110)

meae The SST waste contains many constituents accumulated from a variety of
. ‘ processes and support functions used before 1970 at Hanford in the reprocess-
Jﬁ&' ing of fuel. New regulations-require characterization of the waste. before

initiating an implementation program. This category collects all properties
related to the quality of chemical measurements, such as detection, accuracy, -
and sampling. Chemical properties defining the concentration 1imits or
thresholds for performance of waste enclosures or waste processing streams
— have been placed in other categories.

The chemical attributes category includes the detection Tevel required
for all the perceived constituents in the SST waste. These detection levels
have been subdivided further into radioisotopes compounds and/or jonic
species. The method of detection depends on these two subdivisions and also
on the degree of interference by one constituent upon another. Samples sub-
mitted for detection will include core drillings as part of the SST waste
characterization function, control of pretreatment waste streams, qualifica-
tion (leaching tests) of waste forms prior to placement in engineered enclo-
sures, and surveillance of SST groundwater monitdring wells. There are about
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80 elements and radionuclides of interest to the SST system. This Tist of -
species subject to characterization and surveillance arises from the need to
demonstrate that all possib]e constituents are known based on confirmatory
evidence or past records. Many of the non-radioactive constituents appear as
a result of fuel reprocessing chemistry; however, other constituents were
included as laboratory discards and are only a very minor constituent.

Because of the inhomogenebus nature of the tank waste, identifying minor con-
stituents will be a major challenge. The organic content of the tank waste
should be very low since most of the sensitive hazardous contaminants Tike
organic chlorides and hydrocarbons would have evaporated before discharge as
waste. The principal organic species are the complexants that are water
soluble. The complexants have not been Tisted individually but are considered
as a group: "Total Organic Carbon" (TOC). The general groundrule adopted for
the system analysis is that if TOC exceeds a certain stringency level, then an
organic compound identification (TOC Identification) attribute would be trig-
gered with its own stringency level for qualitative detection of the TOC
species to the specified percentage. ‘

The radioactive species listed may be divided into two parts:

1. Species that are dominant due to their abundance as fission prod-
ucts and their short-term activity content. A high Tevel of strin-
gency for these species may require special treatment to satisfy
Tow-Tevel waste burial criteria. A Tow level of .stringency may
require higher certainty in the performance assessment if the engi-
neered barriers were to become ineffective prematurely.

2. Species that are less abundant but longer-Tived. These species can

be expected to be the radioactive source after engineered barriers

have exceeded their design life. Characterizing these isotopes in a

background of higher activity is a major challenge.

The desired detection Tevel depends on the source of the samples and the
combination of chemical and radionuclides in the sample. Samples from ground-
water monitoring wells will require the most stringent level of detection and
as a minimum must satisfy the maximum concentration levels (MCLs) listed in
the Washington State Water Quality Standards cited in Section 8.0 (see also
attributes 380-396 in Table C.1). Since groundwater samples are expected to
be relatively abundant, detection Tevels can be made very sensitive by
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evaporation to conééntrate‘the samples sufficiently to achieve the appropriate
level of chemical mass or radionuclide activity to register on the appropriate
instruments with confidence. On the other hand, samples containing high con-

centrations of ionic species or radionuclides can mask other species such that

~extraction and/or concentration is necessary before detection by an instru-

ment. As a general rule, if any of the constituents exceed 1000 ppm (parts

per million), it is difficult to detect any other constituent much below the
1000 ppm level. Conversely, if pristine water is analyzed, subppm detection
levels of many elements are readily achieved. A similar situation occurs in
the detection of radionuclides. A given counting instrument can detect very

‘Tow levels of radioactive species (~25 picocuries). However, the ability to

detect specific isotopes depends on interference from more abundant species

such as uranium and on difficult decay characteristics. Chemical separation
to extract the species preferentially may be used; however, higher personnel
exposures are often encountered as a result.

The accuracy of some of the chemical cdnstituents of key subsystem com-
ponents wasfinc1u&ed as part of the. chemical attributes category. By choosing
high levels of stringehcy, these attributes reduce uncertainties and in turn
improve the quality of the performance assessments that use the data. Reduc-
ing the uncertainty, however, may tax the available resources to achieve this ,
level of stringency, raising the probability that the task might not be suc- |

cessful. Attributes related to accuracy of the chemical measurements, listed

under subcategory 1.2, were considered important for establishing the inter-
face requirements between some of the functions.

Detection and accuracy attributes, however, may be of 1little system value
if variances due to sampling are not controlled also. Samples to be charac-
terized range from retrieved waste (moist sludge and salt cake), pretreatment
process streams, contaminated soil, and pristine groundwater. . Because many
waste components are highly inhomogeneous mixtures, sampling density and fre-
quency are important attributes that may determine the uncertainty of the SST
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tank waste, leaks or spills. Each of these attributes have been further sub-
divided to delineate a particular stage in the waste processing sequence where
a level of accuracy is needed. '

9.1.2 Physical Attributes (111 to 182)

This category identifies the physical attributes of various components of
the SST system. Subcategories of the physical attributes are spatial proper-
ties, physical properties, and decontamination factors. Every combonent
requires physical definitions that determine its effectiveness to be handied,
modified, or characterized in the overall system. Spatial properties define
dimensions and shapes important for fitting components into standardized casks
or for manipulation by machinery. Most of the dimensions relate to retrieved
packages of disassembled SST components such as tank wastes, contaminated
soils, the tanks themselves, ‘and ‘ancillary equipment. One 1eve116f stringency

-~ may use dimensions that are compatible with a large specialized container

while another level may be based on a standard 55-gallon drum size.. The rangé
of spatial properties.for SST retrieval packages should determine the per- E
formance and cost sensitivity between using casks common to other environ-
mental restoration tasks at the Hanford Site versus specialized casks for the
SST system only. Similarly, the sensitivity between casks common to all SST

-components versus special configurations for each SST component should be

determined. The purpose of the spatial attributes Tisted here is to evaluate'
configuration options and handling strategies at the system level. Precise )
detailing of dimensions and tolerances would be done later at subfunction
Tevels of the SST system.

There are three kinds of containers to be considered for disposal of
retrieved SST waste: two of them are for offsite disposition, the other is
for onsite disposition as a grout waste package. The attributes of the HLW
glass waste container have been fixed by existing guides and regulations for
compatibility with commercial HLW waste packages; therefore, the HLW container
spatial dimensions are assigned as constraints, as noted by the letter "C"
placed next to the attribute number in Table C.1 of Appendix C. Similarly,
containerized TRU wastes for offsite disposal at WIPP have a set of spatial
attributes, defined by DOE orders, which have been designated as constraints.
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Because there are two types of TRU wastes: contact-handled (CH) and remote-
handled (RH), each type has a separate set of dimenhsions. For onsite disposal
of the grout container (vault), there are no dimensional 1imits pertinent to
the SST system analysis except the maximum free volume inside the grout con-
tainer. The free volume may be an important performance consideration for the
integrity of the grout disposal system.

Many physical properties of the SST system are required for character-
ization and performance assessments. Physical attributes that can not be
controlled but require a precision on the measurement of the property of the
tank waste are identified under category 2.2 of the attribute list. These
precision attributes are important to know the margins for safely managing the
heat and the flowability of the tank waste during the closure process. They
apply to the retrieval option where the tank waste is moved by sluicing and
pumping as a slurry.

In category 2.3, the physical properties of.SST components that should be
controlled during -the closure function are listed. These properties include
.temperature Timits and heat generation rates for HLW and grout waste forms.
Properties for other engineered materials used in the disposal process to con-
fine the waste are listed also. . Strength, .1oad compliance parameters, and
temperatures are some of the design attributes for the waste containers,
soils/clays, and concrete when . used as.a structure/barrier.. Permeability is
also an .important attribute for design of non-metallic containment materials
such as soils and cements. The physical properties were included in the
attribute Tist for the requirements analysis only if they could be preset and
controlled within established limits during design and operation of the SST
closure functien. Other properties may be measured and used as input data to
performance assessments -and process control decisions but they cannot be
assigned a level of stringency for evaluation by a system analysis.

The final category of physical attributes is the contamination levels
acceptable for completion of a task within a function. These acceptance
levels determine release criteria to the next function. Higher stringency
levels will require greater attention and care in the design and procedures,
particularly for retrieval tasks and would affect the productivity. Most
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attributes related to smears on packages should have stringency levels at or
below DOT standards for shipment in the public domain. '

The residues in the tank and in the ancillary equipment are key attri-
butes for the system as all functions are impacted by the choice of strin-
gency level. There is a large uncertainty how well the residues in the tank
can be retrieved, and specialized development activities will be needed if the
tank system is to be cleared of activity sufficient to dismantle the liner as
some regulations would indicate. |

9.1.3 Engineered Enclosures (183 to 443)

This category identifies the attributes for the broad class of engineered
enclosures used during and after closure of the SST system. Six types of
engineered enclosures-have been identified. An engineered enclosure consists
of one or more sets of diverse and redundant mechanisms for preventing spread
of hazardous material at unsafe Tevels to the environment. In some cases the

~enclosure consists of a waste form to limit the rate of dispersal after-a con- i

tainment vessel has reached its design lifetime. The combination of -a waste
form and a containment vessel along with additional barriers (i.e., special
soils) to sequester the hazardous constituents or slow the dispersal-<rates is
defined here as a waste package. A waste package applies to disposition of
any of the SST waste components, including in-place disposition. In addition
to waste packages, additional engineered enclosures necessary for the conduct
of the SST closure function are enclosures to prevent intrusion of water to
the vicinity of the waste package, enclosures to prevent dispersal when the
waste is being processed (i.e., HWVP or B plant faci]itieé) and enclosures to
prevent dispersal when the waste is being transported.

For purposes of dividing almost hé]f of the 541 attributes Tisted for
defining how well these types of enclosures shou1d perform, six subcategories
are defined as follows.

1. Transport containers for retrieval of waste components and movement
to a facility for proceéssing.

2. Waste packages for burial of the HLW in glass at a commercial
repository or in the Waste Isolation Pilot Plant (WIPP).
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3. Vaults for permanent placement of the grouted LLW waste form.
4. In-place waste paékages for the sing]e-she]]ltank.

5.  Earthen barriers to prevent intrusion of surface water to any of the
onsite buried waste packages.

6. Site facilities for retrieving, transporting, or processing waste.

Attributes for the transport containers (item 1) are grouped as cate-
gory 3.1; all waste packages (items 2, 3, 4) are grouped as category 3.2. The
intrusion barrier and site facilities are grouped as categories 3.3 and 3.4
respectively. Each category may be subdivided further into a set of perform-
ance attributes and a set of design or process attributes. Performance attri-
butes define how well the enclosures (waste form, waste package, intrusion
barrier, etc.) must resist damage or degradation due to all external influ-
ences (1.e.,’physica1, chemical, and environmental). Design and/or process -
attributes define how well input data for design and control during processing

and packaging of the waste form must be stated to ensure that the performance
attributes can be ‘achieved. ‘

The six subcategories for the engineered enclosure attributes are
discussed below.

Transport Containers {183 to 184)

Only two performance attributes were identified, relevant primarily to
the retrieval fuhction, since most of the physical attributes for the con-
tainers were described in Subsection 9.1.2 (category 2). It is often required
to qualify a container by performing a drop test andvévaluating its integrity
afterwards. The level of sfringency for its integrity may range from a simple
retention of its containment function to a more complex rigidity specifica-
tion. The second performance attribute defines the Tongevity of the con-

~tainer, which may range from a one-time-use to several thousand times similar

to a cask.

Waste Packages - Glass, Grout., In-Place (185 to 369)

The performance attributes for the three types of waste package disposal
units are listed in category 3.2.1 and include lifetime of containment,
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release rate after loss of containment, and a closure specification such as a
leak test or equivalent. These attributes are intended to meet the perform-
ance goals listed by many of the applicable statutes described in Section 8.0.
The design attributes for the waste package units are listed in category 3.2.2
and include the Timiting feed stream concentrations of various ionic and
radioactive species after pretreatment but before transformation to waste
forms and waste packages. The feed streams concentrations are not expected to
be specified by statutes, but the ability to meet the performance requires
control of the waste concentrations as they are transformed to a waste form.
There are many chemical species involved in the SST system; however, some
species will have more relevance to meeting performance goals of the statutes
than others. The attributes for these species will require a higher level of
stringency.

The attributes defining the Tifetime of thé various types of enclosures
to provide isolation and/or containment of the waste were obtained from per-
formance goals in the applicable statutes. The minimum desired 1ifetimes )

- range from 300 to 10,600 years depending on the regu1ation. HLW, LLW, Grouted

Vaults and In-Place waste packages each require a containment design Tife.

Release Rates from Glass Waste Package. A second set of performance
attributes is needed to define the allowed rates of release of a number of

- potential species from the HLW, Grouted Vault and the In-Place waste forms.

The Tist of over 50 radioactive and potentially hazardous species was obtained
from all closure subfunctions involved in meeting the performance goals. No
attempt was made to Timit the number of species of concern at this stage of
the system analysis.

Explicit release rates specified as a mass dissolution rate (micrograms
of the waste form/cmz/day) have been defined in regulations applicable to
defense waste for burial in commercial HLW repositories for glass compositions
containing Cs, U, Si, B and Na. These constituents are expected to be dis-
solved in a molten mixture of solids from the pretreated waste stream slurry
and from the sodium borosilicate frit used as a solvent. The release rates
for these constituents were treated as constraints. A major SST constituent,
sulfate, has been added to the Tist and further analysis has indicated that
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phosphate and chromium may need to be added as weli since they may be present
in high concentrations in the slurry waste stream and could affect the overall
release rate. The mass fraction of the waste form due to solids in the feed
stream has been included as an attribute also as part of the recipe estab-
1ished in regulations for an acceptable HLW glass waste form and has been
included on the attribute Tist.

Release Rates from Grout Waste Package (Vault). The key performance
attributes for the grouted waste form are the release rates represented by a
leachability index per ANSI 16.1 for each species under evaluation. A Targe
number of hazardous chemicals and radionuclides have been included in the
attribute list to cover the range of concerns about both short- and Tong-term
isolation. There have been no specific statements in the regulations about
release rates from grout; however, these leachability attributes are necessary
to satisfy performance goals and to test the validity of performance assess-
ment models. A detailed approach for using the leachability index for SST
grouted waste has been developed as part of the SST program. The leacha-
bility indices may be selected from observations on selected constituents in
the Hanford grouts, estimates of solubilities or mobilities in groundwater,
and an NRC requirement that the leachability index should be =6 for all radio-
active species listed. The leachability index has the units of log.of the

effective diffusion coefficient specified in cmz/sec. This term is determined

experimentally using the formulations stated in ANSI 16.1.

Some additional attributes for the grouted waste package have been
included to cover possible degradation mechanisms that could increase mobility
of hazardous material. These are the Total Organic Content (TOC), Residual
free water content, Gel strength after 10-minute setting periods, critical
flow rate, and ASTM test for withstanding 30 thermal cycles and
biodegradation.'

Release Rates from In-Place Waste Package. Performance attributes for
the in-place tank waste package, in principle, should be based on criteria
similar to that set for the grouted vault waste package. This waste form how-
ever cannot be pretreated and isolated as with glass or grout. There are few
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choices for selectively partitioning or recovering some of the waste constit-
uents. The performance attributes for controlling the release rate from an

. In-Place waste package should include all the identifiable hazardous constit-

uents in the SST system. The initial step for establishing performance for
these constituents in this analysis was to specify minimum concentration
Tevels (in units of g/m3 or ci/m3) below which the hazard is acceptable. The
Tevels for acceptance could be based on the dispersal rate defined by appro-
priate methods for sequestering the SST waste in situ. Eventually, as the
methods are qualified, the sequestered system could be evaluated as a waste
package similar to the grouted waste package described previously.

Similar to the grouted waste package, the In-Place waste package should
have performance attributes for the residual free water (volume % water
released up to 300°F heat) and for the TOC. An additional attribute for the
In-Place waste package is the pH after pretreatment as this could influence

the degradation of any sequestering mechanisms used. _ mpowEL

- Containment Attributes for Waste Packages. Most-waste packages are
expected to have some form of containment that prevents spread of hazardous

material for a specified period. Attributes that define the closure property
depend on the method used. For glass waste forms sealed in metal containers,
an ANSI standard for a leak rate has been used as the attribute. For grout"or'ﬂ
In-Place waste packages, a sealed containment does not appear feasible and -
some other attribute is needed. But, as yet, the appropriate unit of measure
has not been found and must be reconsidered later.

Process Attributes for Glass and Grout Waste Streams. To support the
performance goals and attributes cited above, a set of design or process
attributes must be defined for the waste feed stream concentrations prior to
conversion to the their respective waste forms. A set of attributes is Tisted
for the grout feed stream and the glass feed stream. There is no feed stream
for the in-place waste package. The feed stream concentrations are important
interfaces between the pretreatment function (1500) and the waste package.
(1600) function. To meet the desired performance goals for some of the haz-
ardous SST constituents, either the feed streams must -be pretreated -and
adjusted to concentrations acceptable to conversion to the waste form or the
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waste form and/or enclosures must be upgraded and qualified to accommodate
higher concentrations of certain SST hazardous constituents. Either approach
is a challenge.

The acceptance level for concentrations of certain hazardous constituents
in the grout feed stream and the glass feed stream highlights the opposing
positions of the pretreatment and the waste package functions. Acceptance of
a high concentration level would place the greatest burden on the waste pack-
age function to assure that the total waste package will be protective and may
need additional engineered enclosures or modifications of the waste form to
contain larger concentrations to meet the waste package release rates. Accep-
tance of a Tow concentration level would place the greatest burden on the pre-
treatment function to develop a qualified extraction or partition process to
meet the desired performance without‘any alteration in the enclosure design.
If no such process is feasible, then dilution, producing a larger number of
waste packages, is .the only alternative. . Preliminary analysis indicates that-

-the greatest variability in SST system cost is associated with this set of

attributes. Careful analysis and evaluation of the levels of stringency.
should be carried out .with a well-established set of criteria before making.a
selection.

The key constituents for HLW glass waste feed stream are listed under . -
category 3.2.2.a. These attributes are specified as the weight percent of the
constituent as a dry solid after removal of the aqueous portion of the slurry.
This unit of measure is convenient for the formulation of the glass waste form
which wi]1'be constrained by qualifying tests on glass samples prior to pro-
duction in a glass melter. The constituents were selected based on their
potential ability to influence glass degradation and dissolution rates after
loss of containment. Most constituents must be maintained below a maximum
weight percentage set by the qualification tests. However, Fé203 and Na20
should be maintained within a specified concentration band to provide control
of the melting process. The particle size of the solids in the slurry must
also be controlled to ensure that the solids will be dissolved in the glass
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melter before pouring. The total organic carbon (TOC) also is included as an
attribute due to its potential for generating carbonaceous off-gasses that may
upset the melting process.

The SST waste may contain constituents in excess of concentrations eval-
uated for other defense wastes qualified for disposal as a glass waste form in
commercial repositories and may require reformulation and requalification of a

- new glass waste form. High concentrations of phosphates, sodium, aluminum,

and silicon may be present as a complex compound requiring a new formulation.
Cyanide exists as a complex anion with iron but its characteristics in the
glass melt should be similar to other carbon compounds and is included in the
TOC determination. Other constituents 1isted may influence the melting
process or the properties of the glass waste form. .

Process attributes which define the feed stream concentrations for
grouted waste forms are listed under category 3.2.2.b.  This waste stream has
a.large number of attributes since both hazardous.chemical and radiochemical
constituents are involved. The convenient units of measure are g/m3 or ci/m3.f5
The cyanide is identified as the free ion concentration because of its M
potential high toxicity and mobility. In contrast to the glass waste form,
TOC is identified separately from the cyanide because of differences in.
chemical behavior in grout. Some constituents Tisted for the grout waste

“stream may. have no toxicity standards established as yet and may be dropped

later. High concentrations of the sodium and nitrate species could have a

‘large effect on the stability of the grout system and also on the amount of

grout needed. The pH and the volume percent of solids in the grout stream
need to be specified also for control of the grout solidification process.

Additional design attributes were identified for the in-place tank waste
package, which consists primarily of the as-found stabilized waste form, car-
bon steel Tliner, and a reinforced concrete enclosure. The liner and concrete
enclosure would be subject to deformation if certain operations were carried
out without controls. Attributes which ensure against damage are excessive
hydrostatic loads, heat generation, and pressure differences relative to the
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ambient and are listed as constraints since the single-shell tanks already
have specified as-built design conditions.

Intrusion Barriers (370 to 433)

Another major enclosure is the barrier to prevent intrusion of surface
water to the buried waste package. Several performance and design attributes,
involving mainly soil and environmental parameters, have been identified (see
category 3.3). In addition, attributes identifying data uncertainty levels
for some key environmental parameters have been 1listed to provide reliability
of the performance assessments needed. ‘

The performance attributes identified for the barrier include lifetime,

drainage rate, storage capacity of fine soil, fine content in the soil, per-

meability of the soil, and allowed subsidence and thickness changes from
erosion/deposition. Washington State regulations for control of the state’s
water usage also list constraints for specific constituents (i.e., As, Cd, Cr,
Pb, Hg and chlorinated hydrocarbons) in the groundwater and constraints on the
monitoring frequencies of the groundwater or vadose zone. The maximum con-
centration levels (MCL) which have been designated in the regulation could be
applied to the SST operable units (OUs) only or to all Hanford waste QUs col-
lectively. In the Tatter case, the allowed MCL values may be partitioned
among the OUs. The Washington State requlations also include a provision to
add chemicals to the 1list for specific permits. Specific details cannot be
determined as yet; however, it is anticipated that three attributes that
define MCLs for the activity emanating from TRU elements and certain radionu-
clides and MCLs for the concentration of a justified chemical such as the
nitrate ion will be included after the performance assessments are completed.

Twenty-one design attributes were identified for-intrusion barriers.
Several attributes define the physical characteristics of the composite of
soils and markers that are part of the barrier design. Each of the attributes
have units of measure that are appropriate for the design basis calculations
of performance. Attributes for animal intrusion, plant growth intensity, and
rain and wind intensity have been included.
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Thirteen attributes were identified which specify uncertainty limits for
key environment parameters for climatology, hazards probability, and void size
in the barrier that could inf]ueﬁce the accuracy of the performance assessment
of the barrier system. Many of these attributes have been discussed in prior
planning documents for barrier development. The units of measure have been
difficult to define for some of the attributes and after further analysis they
may be deleted. : '

Site Facility Enclosures (434 to 443)

" Many site facilities are engineered enclosures which protect the public
and employees from exposure to hazardous materials during processing of the
SST waste. Typical examples are the structures and environmental control sys-
tem for the HWVP or the mobile structure and control system surrounding
retrieval operafions at a SST OQU. The principal performance attributes for
this type of enclosure are to control gaseous oxides of nitrogen (NOX) and of
sulfur (SOX) and particulate effluents released to the atmosphere. At pres-
ent, emission constraints have been established with the local tri-county .
emissions control organization. Attributes for the amount and the form of the
1iquids discharged from the site facility may have very tight Timits such that
all liquid side-streams would be transformed to solid or gaseous substances.

‘before discharge.

There are a large number of attributes for design of facilities that are
defined by standard building.codes; however, for purposes of the system analy-
sis, only five were considered appropriate for identification at this stage of
the analysis. The design basis for seismic events should be specified for
permanent and temporary structures used during SST closure. Facility operat-
ing 1ife, post-closure life, and maximum wind speed for operating permanent or
temporary facilities may need to be specified also.

9.1.4 Operating Attributes (444 to 500)

This category identifies attributes important for the continuity of the
flow of material between various processes involved in the SST system at
Hanford. These attributes include system level process rates, personnel qual-
ifications, and design standards and practices for operating systems. The
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attribute for overall processing rate of the SST system determines the capaci-
ties and availabilities of subfunctions for SST closure. The TPA (1989) has
set the target for completion of closure for the year 2018. If all 149 tanks
were involved, the mean rate would be about 10 tanks per year after start of
implementation. However, the system analysis must evaluate a range of proc-
essing rates to understand the cost/risk benefits of delays and interruptions

in the closure process.

For the retrieval option, if the SST closure process sequence is to oper-
ate efficiently, then in-process storage may be required. Some statutes have
performance objectives of minimizing this storage period. The range of in-
process storage times could be from 90 days to no Timit. Statutes also have
set objectives to minimize the amount of process water associated with recov-
ery of waste. Three attributes have been identified to satisfy this objec-
tive, one for each of the three main processing functions involved in SST
closure. Each function may independently set its own water utilization-target
based on a unit of.measure in terms of a ratio of the liquid water in the
output stream relative to the amount of water in the input stream.

In Section 9.1.3, attributes were identified for the maximum concentra-
tions of various constituents in the grout and glass feed streams.. If no
pretreatment process was available to meet these limits, then dilution of the -
feed streams would be the only option. In this category, a set of process
design attributes is identified to determine how well a given constituent
should be extracted when one or more pretreatment methods are available.

There are three potential pretreatment situations: removal of constituents
from the glass feed stream, removal of constituents from the grout feed
stream, and removal of constituents in situ. The goal is to minimize the
waste volume so that dilution becomes unnecessary. The unit of measure is the
ratio of concentration of the output after treatment to the concentration of
the input before treatment. A Tow stringency level would be a value of one,
i.e., no reduction of the output relative to the input. A high level of
stringency would be as Tow a fraction as is practical for large-scale proces-
sing systems. Species identified for control in the glass stream are: Na,
Fe, Al, Si and U (and possibly Bi and Phosphate) to minimize the quantity of

9.16




4

7%

s

waste. Also, total organic carbon (TOC), which includes the cyanide in the
sludge, is controlled to prevent unfavorable reactions in the glass melter.
Species identified for control in the grout stream are: TRU, Sr¥90, Tc-99 and.
Cs-137 to improve the quality of the grout vaults for burial of the low-level
and hazardous waste.

Pretreatment of the waste in the tank was considered in the early stages
of this system analysis. Stringency levels for meeting concentration limits
for in-place tank waste packages require very large reduction of many key spe-
cies, especially the TRU elements. These attributes would be an enormous
challenge. Several potential processes were considered, such as in situ
nitrate destruction, but all had shortcomings of potential uncontrolied reac-
tions or required excessive heat applications in a system not designed for:

-such. The speciés listed for in-place pretreatment, however, were retained on

the attribute Tist for future reexamination, but there is 1little prospect for
a feasible, safe, and efficient method for in-place pretreatment.

The. final set of -attributes in this category identifies personnel prac~
tices and public protection practices that enable an operating system to func-
tion in a safe manner. The degree of training is an important attribute in
this regard also. Higher levels of training impact the efficiency of imple-
mentation and lead to higher qualification costs. Mockup testing of field .
operations is a feature that may be appropriate for qualification of equipment
and personnel. Exposure limits for personnel are constraints set by statutes.
However, under the principle of ALARA, it is appropriate to set stringency
levels below those allowed for safe operation. Because of the hazardous
nature of retrieving waste from buried tanks not designed for retrieval, the
exposure potential is high. A high stringency level could be a target per-
centage reduction of 10% in the overall exposure to- the working teams for

~every thirty tanks processed. This would reduce the team exposure by one- -

half between the first tank processed and the last tank if all 149 tanks were
retrieved. |

9.1.5 Site-Selection Attributes (501 to 525)

As part of the SST closure function, sites for grout burial must be
established. The performance measures and design attributes for defining how
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well this activity may be carried out are listed in this category. Many of
these attributes apply to qualifying the in-place burial of tank waste as
well. Several design attributes are constraints from existing statutes.
Accuracies for key data important to the performance assessment associated
with the site selection have been Tisted in this category as well. Three
principal attributes are the accuracies of measurements for the groundwater
depth, the groundwater or vadose travel time, and the groundwater mass flow.

9.1.6  Records and Reporting Attributes (526 to 541)

Inspection of several statutes shows a high frequency for reporting
requirements such as notification of unplanned events and for documentation to
initiate the final disposition and to initiate remedial actions. This cate-
gory was created to 1ist attributes which would respond to the reporting
requests raised in the statutes. The attributes may be assigned a range of
stringency levels to evaluate the potential impact. The impact may involve
more issues than just administrative detail since the operating system may not
be able to synchronize its response to some time constraints and suffer a
major loss of productivity. The method and contents of the:reporting have
been identified as constraints by the Resource Conservation and Recovery Act
(RCRA). Also, annual reports on the volume of solids and total volume of
water in the SST system are constraints from DOE orders.

Also included in this category are attributes defining how well a per-.
formance assessment is performed relative to the quality of input data and the
quality of algorithms used in the calculation of margins for overall public
and employee safety or risk. The origin of the a]gorithm may have a different
margin if it is based on first principles of science instead of an empirical
relationship. In general, a high level of stringency for these attributes
would require large margins in the outcome of the assessment to offset reli-
ance on less accurate or low quality inputs. Attributes with specific margins
for temperature calculations, escape rate from the waste forms, and transport
rate in the surrounding soil (carrier system) have been identified for accept-
ability requirements of the performance assessment itself.




9.2 ALLOCATION OF ATTRIBUTES TO HIERARCHICAL OBJECTIVES

In Section 8.0, "Hierarchical Source Analysis," the applicable statutes
were reviewed for statements that revealed performance objectives, goals, or
constraints. As described, 120 statements were extracted and grouped in one
or more of 14 categories useful for technical application. To provide a con-
nection between these statements and the attributes identified in this sec-
tion, one or more of the 14 categories was assigned to each of the 541 attri-
butes. In this way, the statements may be reviewed directly with the attri-
butes in the same category. -

The results of this exercise are shown in Appendix B. The categories
assigned. to the attribute are Tisted in the last column of Table C.1 of Appen-
dix C. As described in Section 8.0, Table B.1 of Appendix B shows the 1ist of
statements and the assigned catégories."fab1e B.2 Tists all the attributes by
their assigned number under each category. Those attributes which are con-

‘straints as defined and discussed in Section 8.0 are identified by the letter

"C" in the status column of Table C.1 of Appendix C.

The major purpose is to show how the responses from the viewpoints of the
first-level functions as to "how well" they should perform are Tlinked to the
performance objectives and constraints from the hierarchical interests. This
transformation from general intents to specific requirements can be used for
further dialogue in regulatory interactions.

9.3 FORMAT FOR EVALUATION OF ATTRIBUTES

A system requiremént is not complete until an éppropriate value is
assigned to the attribute. This value should be assigned in a systematic
manner to provide traceability and justification. Some attributes can be
assigned a range of possible values on the scale and selection of the appro-
priate value (level of stringency), but this requires inputs on the sensi--
tivity of a value on each of the seven first-level functions. Some functions
may have little or no sensitivity to the choice of the stringency level,
others may have conflicting or opposing sensitivities. Completion of the
requirements analysis (i.e., selecting a specific value within a range of
plausible values) has been deferred until there is a set of selection criteria
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which can be applied systematically to each of the 541 attributes. In prepa-

ration for the selection, the following tasks were performed on the attribute
list. '

1. Each attribute was examined for its application to the "In-Place" or
the "Retrieve" option. Some attributes apply to only one of the two
options and others apply to both. The fourth and fifth columns of
Table C.1 in Appendix C indicate a YES or NO label for these
options. This enables one to narrow the scope of the requirements
analysis depending on the choice of the closure option. 100 attri-
butes-are singularly identified with the "In-Place" option, 260 are
singularly identified with the "Retrieve" option, and 181 are
identified with both options.

2. Each attribute was ranked as to its importance to each of the first-
level functions. The ranking is scaled between 1 and 10 where 10
represents the highest importance and 1 represents complete indif-
ference by the function. Each function must have a 10 for at least
one attribute, and no zero rankings are allowed. The rankings for
the seven functions are shown in Table C.2 of Appendix C. This task
identifies which functions have a high stake in the selection of the
stringency level and which do not. Those that do not should not be
involved in the selection process. Functions having an intermediate
ranking should have a proportionate weighting .as to their influence

in the selection process. Analysis of the rankings is provided in
Section 9.4.

9.4 ATTRIBUTE RANKING BY FUNCTION

Examination of the ranking of the attributes,by each function shown in
Table C.2 of Appendix C reveals an overall balance of interest in the attri-
butes. The character of the rankings may be analyzed from the viewpoints of
the average ranking by each function and of the number of ones chosen for each
attribute by the functions.

The average of the 541 rankings (top row of Table C.2) shows the overall
level of importance by each function. The highest average levels of impor-
tance were from the Provide Regulatory Documents (1300) and Provide Waste
Packages (1600) functions. These two functions provide the confidence in the
performance assessment (Function 1300) and the quality of the waste package
containment (Function 1600) for a large number of the chemical and radioactive
constituents listed as attributes and therefore would show a high level of
importance. Conversely, Functions 1200 (Stabilization) and 1400 (Retrieval)
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show the Towest average rankings because of their lesser scope of interest in
the chemical content of the tank waste in performing those functions. Pre-
treatment (Function 1500) has the next Towest average ranking, primarily
because only a limited number of constituents is involved in the process con-
trol of preparing feed streams to the various waste forms used. Character-
ization (Function 1100) and Long-Term Isolation (Function 1700) have the
second highest average in the rankings.

The overall order of average ranking among the functions is:
1300 = 1600 > 1700 = 1100 > 1500 > 1400 > 1200. |

‘ The number of ones shown in the last column of Table C.2 reveals the
breadth of interest in an attribute among the functions. If there is a large
number'of ones for an attribute, then the breadth of interest is narrow and
the choice of stringency level for that attribute involves only a few func-
tions. If there are no ones or a few ones, then the breadth of interest is
extensive and the choice of stringency level for the attribute may require a
consensus of views among the functions. The distribution of the number of
ones is as follows: '

Number _
of Ones Frequency Percent
0 14 2.6
1 57 10.6
2 97 18.0
3 79 14.7
4 196 36.4
5 57 10.6
6 39 7.2

The distribution is slightly asymmetrical. The broadest range of inter-
est (0) is less than the narrowest range (6) by about 5% (2.6% versus 7.2% of
the attributes). The median for the breadth of interest is about 3.3. This

distribution indicates that potential conflicts in choice of stringency level

may require a consensus of judgments involving four or more functions for
about 46% (247) of the attributes. Some of these attributes, however, may be
constraints (52) where the level of stringency is already selected by the
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statute or orders, or the choice of stringency level may be unanimous by the
functions involved, reducing the number requiring a consensus.

Finally, the purpose of this'analysis is to identify pathways for itera-
tion of requirements as the SST closure function evolves from the development
stage to the implementation stage. Research and development of the methods of
performing SST closure functions and dialogues with the regulatory and spon-
soring agencies may require changes in the SST system requirements. The rank-
ings enable the SST project managers to know where the changes should be
applied in the subfunctions of the SST closure process.
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APPENDIX A

LISTING OF FUNCTIONAL ACTIONS TO BE
PERFORMED ON THE HANFORD SST SYSTEM

This appendix 1lists (in Table A.l) the descriptions of the functional

actions to be performed on the single-shell tank system at Hanford. A
numerical code is used to identify each function at the appropriate level.
Subsystem functions comprise a complete set which reveals the functional
content of the parent or higher-level function. This analysis does not
detail the functional contents below the third Tevel except in a few
instances where a fourth level has been used. The numerical code is as

follows:
1000
1X00
1XX0
1XXX
1XXX. X

Zero Level

- First Level
Second Level
Third Level

Fourth Level

"X" represents a serial digit from 1 to 7.

See»Sectiqn 6.0 of the main report for a brief summary of these

descriptions.
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TABLE A.1. Functional Breakdown - Final Closure of the SST System

1000 PERFORM FINAL CLOSURE OF THE SST SYSTEM
1100 CHARACTERIZE SST SYSTEM
1110 DETERMINE INTEGRITY OF TANK SUBSYSTEM
1111 EVALUATE WASTE ACCUMULATION HISTORY
1112  EVALUATE FAILURE HISTORY
1113  EVALUATE RELEVANT SURVEILLANCE DATA
1114 DETERMINE PROJECTED LIFE OF TANK SUBSYSTEM
1120 DETERMINE COMPOSITION OF IN-TANK WASTE
1121  IDENTIFY CONSTITUENTS AND PROPERTIES
1122  VALIDATE SAMPLING SYSTEM
1123  SAMPLE TANK CONTENTS
1124  ANALYZE TANK SAMPLES
1125 EVALUATE SAMPLING INTEGRITY
1126 DETERMINE SOURCE TERM
1130 DETERMINE INTEGRITY OF ANCILLARY EQUIPMENT
wems L 1131 DETERMINE FAILURE HISTORY OF EQUIPMENT
' 1132 DETERMINE STATUS OF TRANSFER PIPING
1133 DETERMINE STATUS OF VENTILLATION PIPING
1134 DETERMINE STATUS OF INSTRUMENT PIPING
1135 DETERMINE STATUS OF DIVERSION BOXES

— : : . 1136  DETERMINE STATUS OF IN<TANK EQUIPMENT
N 1140 DETERMINE EXTENT OF SOIL CONTAMINATION NEAR LEAKS
Lo - 1141  IDENTIFY PLUME CONFIGURATION

1142  IDENTIFY CONSTITUENTS BY LOCATIONS

L ' 1143  VALIDATE SAMPLING SYSTEM
e 1144  SAMPLE SOIL AS NEEDED
o 1145  ANALYZE SOIL SAMPLES
e _ 1146  DETERMINE SOURCE TERM

- 1147 ASSESS MOVEMENT OF PLUME

- 1150  [DETERMINE EXTENT OF SOIL CONTAMINATION IN CRIB/TRENCH] disabled
E 1151 [IDENTIFY PLUME CONFIGURATION. 1]

1152  [IDENTIFY CONSTITUENTS BY LOCATIONS 1
533  1153  [VALIDATE SAMPLING SYSTEM 1

1154  [SAMPLE SOIL AS NEEDED 1]

1155  [ANALYZE SOIL SAMPLES 1

1156  [DETERMINE SOURCE TERM 1

1157  [ASSESS MOVEMENT OF PLUME ]

1160 DETERMINE SOIL INTEGRITY OF ENVIRONS

1161  VALIDATE SOIL DATA BASE

1162  ASSESS NEW DATA BASE NEEDS

1163  INSTALL NEW BORE HOLES AS NEEDED

1164  VALIDATE MEASUREMENT EQUIPMENT

1165 DETERMINE SOIL SEDIMENT CHARACTERISTICS

1166  DETERMINE HYDROLOGIC PROPERTIES

1167 DETERMINE GEOCHEMICAL PROPERTIES
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TABLE A.1. (contd)

1200 PROVIDE INTERIM STABILIZATION/ ISOLATION
PROVIDE STABILIZATION (REDUCE LIQUID VOLUME)

1210

1220

1230 _

121

1212

PROVIDE STABILIZATION FOR NON-JET PUMPED TANKS

1211.1 EVAL. TANK CONDITION FOR INTERIM STABILIZATION
1211.2 PROVIDE PUMPING CAPABILITY FOR SUPERNATE
1211.3 VERIFY TANK CONDITION AFTER PUMPING

1211.4 OBTAIN APPROVAL FOR INTERIM STABILIZATION
PROVIDE STABILIZATION FOR JET PUMPED TANKS

1212.1 EVAL. TANK CONDITION FOR INTERIM STABILIZATION
1212.2 PROVIDE JET PUMPING CAPABILITY

1212.3 VERIFY TANK CONDITION AFTER PUMPING

1212.4 OBTAIN APPROVAL FOR INTERIM STABILIZATION

PROVIDE ISOLATION (ENCAPSULATE TANKS)

1221

1222

1223
1224
1225
1226

PROVIDE SURVEILLANCE AFTER .ISOLATION

1231
1232

1233

SEAL OPENINGS TO PREVENT WATER INTRUSION
PROVIDE FOAM COVER :
PROVIDE RADIATION SHIELDING FOR RISERS
PROVIDE VENTILATION' :
PROVIDE EQUIPMENT DISPOSAL IF NEEDED
OBTAIN APPROVAL FOR INTERIM ISOLATION

MONITOR TEMPERATURE

MONITOR LIQUID LEVEL - :
MONITOR DRY-WELL RADIATION LEVEL ) ) o
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TABLE A.1. (contd)

1300  PROVIDE REGULATORY' DOCUMENTS
1310  PREPARE PERFORMANCE ASSESSMENT
1311 ESTABLISH DATA BASE
1312  DEVELOP COMPUTER MODELS AND CODES
1313 ANALYZE GENERATED DATA
1314  DEVELOP CAPABILITY TO ANALYZE UNCERTANITY
1315 DEVELOP AND IMPLEMENT QUALITY ASSURANCE PLAN
1320  PREPARE NEPA DOCUMENTATION
1321  ISSUE NOTICE OF INTENT DOCUMENTS
1322 DEFINE SCOPE OF DOCUMENT DOCUMENTS
1323  PREPARE DRAFT DOCUMENT
1324  INCORPORATE COMMENTS FOR FINAL DOCUMENT
1325  PREPARE RECORD OF DECISION(ROD)
1326  IMPLEMENT RECORD OF DECISION(ROD)
1330  PREPARE RCRA DOCUMENTS
1331  SUBMIT PART A PERMIT
. 1332  PREPARE CLOSURE PLAN
o 1333 SUBMIT CLOSURE PLAN ' x
1334 RECEIVE APPROVAL FOR PLAN
1335  IMPLEMENT CLOSURE PLAN .
: L 1340  PREPARE CERCLA DOCUMENTS
- - 1341  CONDUCT REMEDIAL INVESTIGATION
: 1342  PREPARE FEASIBILITY STUDY

=4 . 1343  PREPARE AND ISSUE ROD
e o 1344  PREPARE REMEDIAL DESIGN
- : 'f 1345  IMPLEMENT REMEDIAL DESIGN ;
oy i . 1350 PREPARE ADDITIONAL REGULATORY DOCUMENT .
: 1351  PREPARE NECESSARY DOCUMENTS
- 1351.1 COMPLY WITH RCRA SUBTITLE I
1352.2 COMPLY WITH CLEAN WATER ACT
- 1352.3 COMPLY WITH CLEAN AIR ACT
— 1352.4 COMPLY WITH NRC
1352 PREPARE APPROPRIATE DOCUMENTS
@ ' 1353  ISSUE DOCUMENTS

1354 RECEIVE APPROVAL -FOR DOCUMENTS
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TABLE A.1. (contd)

1400 RETRIEVE SYSTEM COMPONENTS
1410  RECOVER TANK WASTE
1411 PRECONDITION WASTE
1412  RETRIEVE WASTE
1413 PACKAGE WASTE FOR TRANSPORTATION
1414  TRANSPORT TANK WASTE
1420 RECOVER CONTAMINATED SOIL
1421 MINING CONTAMINATED SOIL
1422  PACKAGE SOIL FOR TRANSPORTATION
1423  TRANSPORT CONTAMINATED SOIL
1430  RECOVER TANK SHELL
1431  PREPARE FOR DISASSEMBLY
1431.1 DECON TANK INTERIOR
1431.2 REMOVE EQUIPMENT FROM TANK
1431.3 DECON METAL PORTION OF TANK
1431.4 DECON CONCRETE PORTION OF TANK
1431.5 RECOVER DECON SOLUTION
1431.6 DECON. TANK EXTERIOR
1431.7 DECON METAL PORTION OF TANK
1431.8 DECON CONCRETE PORTION OF TANK
1431.9 RECOVER DECON- SOLUTION
1432  DISASSEMBLE TANK
1433  PACKAGE TANK ‘SHELL
1434  TRANSPORT TANK SHELL
1440 - RECOVER ANCILLARY EQUIPMENT
1441  ISOLATE EQUIPMENT
1442 DISASSEMBLE FROM OTHER COMPONENTS
1443 DECON EQUIPMENT -
1444  TRANSPORT ANCILLARY EQUIPMENT
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TABLE A.1. (contd)

PERFORM PRETREATMENT OF SYSTEM COMPONENTS
1510  PRETREAT TANK WASTE IN-PLACE
1511  REMOVE OXIDIZABLE CARBON COMPOUNDS
1512  [REMOVE TRACE CONSTITUENTS1disabled
1513  [REMOVE MINOR CONSTITUENTSIdisabled
1520  PRETREAT RETRIEVED WASTE
1521 PERFORM SOLID/LIQUID SEPARATION
1522 DIGEST INSOLUBLES (ACIDIC MEDIA)
1523  EXTRACT TRANSURANICS
1524  REMOVE OTHER CONSTITUENTS
1525  [PURIFY NON-RADIOACTIVE BULK (RECYCLE)] disabled
1526 CONDITION STREAMS FOR WASTE PACKAGING
1530  PRETREAT RETRIEVED HARDWARE AND SOIL
1531 DIGEST INSOLUBLES (ACIDIC MEDIA)
1532 CONDITION SOLUBLES FOR TRANSFER TO 1520
1533 CONDITION INSOLUBLES FOR WASTE. PACKAGING
1540  PRETREAT HARDWARE AND SOIL IN PLACE
1541 CONDITION AS NEEDED
1542  IMMOBILIZE CONSTITUENTS
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TABLE A.1. {contd)

PROVIDE FINAL WASTE PACKAGE
1610 - RECEIVE WASTE
1620 PREPARE FINAL WASTE FORM

1621
1622
1623
1630 PLACE
1631
1632
1633

PROVIDE STABILIZING AGENT

MIX WASTE AND STABILIZING AGENT
CONDITION WASTE FORM

WASTE FORM IN CONTAINER

" PROVIDE CONTAINER

FILL CONTAINER
SEAL CONTAINER

1640 PROVIDE MASS TRANSPORT BARRIER(S)

1641
1642

OBTAIN BARRIER MATERIALS
FABRICATE BARRIER(S)

1650 TRANSPORT FINAL WASTE PACKAGE
PROVIDE LONG TERM ISOLATION
1710  SELECT SITE

1711
1712
1713

IDENTIFY POTENTIAL SITES
COLLECT DATA ON POTENTIAL SITES
EVALUATE POTENTIAL SITES

1720 PROVIDE COMPLIANT BARRIER

1721
1722

BACKFILL AND GRADE SITE
CONSTRUCT BARRIER

1730‘. CONTROL RELEASE.FROM SITE :

1731
1732
1733
1734
1735

1741
1742
1743
1744

CONTROL BICINTRUSION INTO BARRIER

CONTROL WATER INFILTRATION AND GASEOUS RELEASES

CONTROL EROSION AND DEPOSITION
MAINTAIN STRUCTURAL STABILITY
CONTROL HUMAN INTRUSION

1740  MONITOR SITE AFTER BARRIER CONSTRUCTION

MONITOR SUBSIDENCE

MONITOR LINER/ LEACHATE COLLECTION SYSTEM
MONITOR GROUNDWATER
MONITOR SUBSIDENCE
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APPENDIX B

LINKAGE OF HIERARCHICAL SQURCE STATEMENTS TO ATTRIBUTES
DEFINING SYSTEM REQUIREMENTS

The hierarchical statements shown in Table B.1 of this appendix were
extracted from a review (Keller et al. 1989) of the applicable regulations
and statutes that may influence the final disposition (closure) of the
Hanford single-shell tank system. About 125 individual statements were
extracted and assigned to one or more of 14 categories (see below) to link

the 541 attributes identified in the requirements analysis as important to
meeting the performance objectives.

Each of the 541 attributes was also assigned to one or more of the 14
categories as appropriate. Table B.2 shows the attribute numbers by category
which connect to the attribute descriptions shown in Appendix C. With the
aid of the category codes, the transformation of the hierarchical source

statements to system requirements can be traced in either direction.

The categories selected were as follows:

1D
CODE Description of Category
co Constraint from hierarchical -source
AIR Atmospheric release
CA Corrective action
DC Design and Construction
ES Employee Safety and Health
H20 Water release
L Landfill
MA Maintenance and Surveillance
MC Monitoring and Characterization
op Operations
PS Public Health and Safety
RE Reporting
RAC Remedial Actions after Closure
RBC Remedial Actions before Closure
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ID CODE

REGULATORY SOURCE

TABLE B.1. Extracted Statements from Hierarchical Sources Applicable

DESCRIPTICN

1S

L, CO
oc,co
op,CO
op,Co
op,Co

=
—
=

AIR,PS
AIR,PS
AIR,PS

o
=

CA
CA
CA
CA
CA
CA
CA
CA
MC,CA

RCRA Sec 3884(cH1t)r—-
49 CFR 191.14(e)

CWA Sec 18(a)(1)

CWA Sec 311(b)(1)

CWA Sec 381(f)

WAC 173-383-438(3)(b)
48 CFR 61.92
WAC 173-488-856(1)

DOE Order 5488.5 Ch.II.,

1..C.

48 CFR 264.181(a)
49 CFR 264.181(b)
WAC 173-383-145(2)
WAC 173-383-145(3)

WAC 173-383-145(2)(a) (i)
WAC-173-383-645(2) (a) (i)
WAC-173-383-645(2) (a) (iii)

CERCLA Sec 183(a)

'CERCLA Sec 182(b)

Placement of bulk liquids in landfills in prohibited. See 48 CFR 264.314 and WAC 173-383-665(9).
Disposé] sites having a reasonable expectation as a future resource of minerals should be avoided.
Discharge of any pollutant in navigable waters is prohibited.

Discharge of 0il or hazardous substance in navigable waters is prohibited.

Discharge of radiological, chemical or biological warfare agents in navigable waters is prohibited.

Prevent degradation of air quality.

Radionuclides released to the air from DOE facilities shall not exceed 25 n?em/yr to the whole body and 75 mrem/yr to the critical organs of a public member.

Radionuclides released to the air from DOE facilities should be as low as reasonably achievable (ALARA).

Exposure shall not exceed an effective dose equivalent of 25 mrem/yr to the whole body of an individual public member and no more than 75 mrem to any organ from an atmospheric release.

Permit must contain a corrective action specification and must be instituted regardless of the age of the waste emplacement:
Completion of corrective actions must be supported by assurances of financial responsibility.

Upon release of hazardous waste, immediate notification of authorities is required.

Must take action to protect human health and the environment upon a release.

After a release, a facility may be required to clean up, treat, store or dispose of all contaminated materials, water or socil.
After a release ground water monitoring is required.

If the compliance point specified by the permit is exceeded, corrective action is required.

If a release >= an RQ, the National Response Center must be notified immediately. See RCRA 3@@4(u) and 52 FR 8172 for an update.
RQ for corrective action is listed in Table 382.4 of 48 CFR 382.4 and Section 182(b) of CERCLA.
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TABLE B.1. (contd)

Ch.1.3.a(1)(a)

1D CODE REGULATORY SQURCE DESCRIPTION
o
DC WAC 173-383-438(3)(d) _Prevent destruction of flora and fauna outside facility boundary.
DC WAC 173-383-43-(3)(e) Prevent excessive noise.
DC WAC 173-383-438(3)(f) Prevent a negative aesthetic impact for public and private concerns nearby.
DC WAC 173-383-438(3)(h) Avoid processes that do not treat, detoxify, recycle, reclaim, and recover waste.
pc - 49 CFR 264.17 Facility design requirements. See 48 CFR 264.17: ignitable, reactive, incompatible wastes.
nc,o RCW 78.185.858 Must mitigate hazards of mixed EHW and operate in compliance with RCW 78.185. ’
RBC,DC 49 CFR 388.78(b) Metheds to remediate hazardous waste releases is listed in 48 CFR 388.78(b). )
RBC,DC 4@ CFR 388.78(b) Methods required are: air emission, surface water, groundwater controls, contaminated water and sewer lines, gaseous emissions and direct waste treatment, contaminated soil and sediment.
DC,MC 48 CFR 181.13(a) Provide a reasonable expectation that cumulative releases to accessible environment for 18,888 years after disposal is <.1% chance of exceeding 18:times the value in Table A.9.
H28,DC 4@ CFR 191.13(a) Provide a reasonable expectation that cumulative releases to accessible environment for 18,888 years after disposal is <18% chance of exceeding values in Table A.9.
H28,0C 4@ CFR 191.13(a) Provide a reasonable expectation that cumulative releases to accessible environment for 1,888 years after disposal is <5 picocuries/liter averaged over any one year of Ra-226 and Ra-228.
H28,0C 4@ CFR 191.13(a) Provide a reasonable expectation that cumulative releases to accessible environment for 1,888 years after disposal is <15 picocuries/liter averaged over any one year of alpha emitting isotopes.
Heg,DC 4@ CFR 191.13(a) Provide a reasonable expectation that cumulative releases to accessible environment for 1,888 years after disposal is <4 millirems/year from 2 1it§rs/day consumption by an individual.
H28,0C 48 CFR 191.13(a) Provide a reasonable expectation that cumulative releases to accessible environment for 1,888 years after disposal will not increase incrementally by more than the limits established even if groundwater
sources are already above the limit. ' - 5
DC 4g CFR 191.14(d) Disposal systems shall use different types of barriers to isolate the wastes from the accessible environment.
Dc,Cco 4@ CFR 191.14(e) Disposal sites having a reasonable expectation as a future resource of minerals should be avoided.
DC 18 CFR 68.113(a)ii(A) After permanent closure, HLW must be substantially contained within the waste package barriers for at least 388 years.
DC,MC 18 CFR 68.113(a)ii(B)(2) Pre-waste emplacement groundwater travel time shall be at least 1,888 years.
MC,DC 48 CFR 141.48-.43 Special monitoring regulations and prohibition on lead use (Subpart E of 48 CFR 141) shall apply.
DC,0P WAC 173-218-188 Underground injection can not be used in a manner that allows the movement of fluid containing any contaminant into underground drinking water.
DC - 489 CFR 146.11-.73 Design requirements for UIC wells found in 48 CFR 146 shall apply. ‘
DC 48 CFR 146 Conditions for UIC shall be specified in the permit and include all known methods for prevention, control and treatment. Applicable requirements :146.1(a) in 48 CFR 124, 144, and 146 shall apply.
DC,MA, QP DOE Order 5488.1, Policy(a) DOE activities shall assure protection of the environment.
pg-6
DC,PS,ES DOE Order 5828.2A HLW designs must assure protection of the public and operating personnel.
Ch.I.3.a{l){a) ’ :
DC DOE Order 5828.2A HLW designs must incorporate retrievable capability. B - - . .
Ch.1.3a(1)(c) )
bC DOE Order 5828.2A HLW designs must comply with DOE 6438.1, Hanford Plant Standard and Specifications and 48 CFR 264.
Ch.I.3a.(1)(c)
ES
ES WAC 173-383-438(3) (i) Prevent endangerment of employee health.
ES,0P,MA 18 CFR 68.111(a) Radiation exposures, levels and releases shall be maintained within 18 CFR 28 and applicable EPA limits through permanent closure of a disposal site.
OP,ES 18 CFR 61.43 Operations shall be conducted in compliance with the 18 CFR 28 radiation protection standards.
0C,PS,ES DOE Order 5828.2A HLW designs must assure protection of the public and operating personnel.
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- TABLE B.1. (contd)

L _IDCODE ~ __ REGULATORY SOURCE e _ . e . DESCRIPTION . - - - - R . -
Hed
H28 WAC 173-383-438(3)(a) . Prevent degradation of groundwater and surface water quality.
WAC 173-383-438(3)(c)
RAC,H28 CERCLA Sec 184(c)(6) Remedial action is ccmpleted when ground and surface water is restored to a quality level that assures protection of human health and environment.
H28,DC 4@ CFR 191.13(a) Provide a reasonable expectation that cumulative releases to accessible environment for 1,888 years after disposal-is-<5 picocuries/liter averaged over any one year of Ra-226 and Ra-228.° T
_Hz28,0C 48 CFR 191.13(a) Provide a reasonable expectation that cumulative releases to accessible environment for 1,888 years after disposal is <15 picocuries/liter averaged over any one year of alpha emitting isotopes.
H28@,0C 48 CFR 191.13(a) Provide a reasonable expectation that cumulative releases to accessible environment for 1,868 years after disposal is <4 millirems/year from 2 liters/day consumption by an individual.
H28@,DC . 48 CFR 191.13(a) Provide a reasonable expectation that cumulative releases to accessible environment for 1,868 years after disposal will not increase incrementally by more than the limits established even if groundwater
sources are already above the limit.
H28 Draft Proposed 48 CFR Class 1 groundwater cannot result in an increase in radioactivity level from disposal of LLW.
193 Subpart C
H28 Draft Proposed 48 CFR High yield Class II groundwater cannot result in an increase in radiocactivity level from disposal of LLW by more than 4 mrem/year based on 2 liter/day consumption by an individual.
193 Subpart C f
H28 A Draft Proposed 48 CFR Connected groundwater cannot result in an increase in radioactivity level from disposal of LLW that is determined by the class to which it is hydrédynamica11y connected.
i 193 Subpart C ’ '
haed H2@ WAC 248-54-175(2) State of Washington regulations require that compliance with secondary starndards be enforced based on DSHS discretion as the public interest warrants.
3 MC,H28 48 CFR 141.21-.38 Monitoring and analytical requirements in Subpart C of 48 CFR 141 shall apply.
- H29 4@ CFR 141.11-.16 Haximum contaminant levels in Subpart B of 48 CFR 141 shall apply.
wmnes H28 48 CFR 141.58-.52 Maximum contaminant level goals in Subpart F of 48 CFR 141 shall apply.
H20 48 CFR 141.68-.63 Maximum contaminant levels for primary drinking water in Subpart G of 48 CFR 141 shall apply (currently being developed).
e RE,H28,MC CWA Sec 482(a)(1) Discharges to navigable waters must be permitted under the NPDES program.
5 L
& L 48 CFR 264.381(a) Regulated units must have a liner for all portions of the unit.
e L WAC 173-383-665(2)(a) (i) No migration of waste out of unit during active life. . )
L 48 CFR 264.381(1) Properties of liner must prevent failure due to pressure gradients, physical contact with waste or leachate, climate, stresses due to installation or operation.
- L 49 CFR 264.381(ii) Liner must be on a base capable of supporting liner.
L 48 CFR 264.301(2) A system must be installed immediately above liner to collect leachate and remove it.
s L,oP 48 CFR 264.251(a)(2) EPA specifies operating conditions to ensure leachate depth does not exceed 38 cm.
| 48 CFR 264.381(a)(2)
o L 48 CFR 264.381i(c) New, replaced, expanded landfills must have two or more liners.
L 48 CFR 264.381(c) New, replaced, expanded landfills must have a leachate system above and between the liners.
L,Co RCRA Sec 3884 (c)(1) Placement of bulk liquids in landfills is prohibited. See 48 CFR 264.314 and WAC 173-383-665(9)}.
L 48 CFR 264.318(a)(1) Landfills cover must minimize long term migration of liquids from closed landfill.
L 44 CFR 264.318(a)(2) Landfill cover must function with minimum maintenance.
L 43 CFR 264.318(a)(3) Landfill cover must promote drainage and minimize erosion or abrasion of the cover.
L 43 CFR 264.318(a)(4) Landfill cover must maintain its integrity after settling or subsidence.
L 48 CFR 284.316(a)(5) Landfill cover permeability <= permeability of bottom liner or natural sub-soils present.
L,MA 48 CFR 264.318(b)(1) Must perform maintenance to ensure and correct the effects of settling, subsidence and erosion.
L,MC WAC 173-383-665(6)(b) (iv) ' A groundwater monitoring program is required to monitor effectiveness of final cover.
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Ch.I1.3(a)(1)

TABLE B.1. (contd)
ID CODE REGULATORY SOURCE DESCRIPTION
MA
OP,MA 49 CFR 264.111(a) Must minimize further maintenance after closure. .
0P, ,MA 48 CFR 264.111(c) Must control, minimize or eliminate escape after closure to surface and groundwater. Waste, constituents, leachate contaminated runoff, decomposition products.
L.MA 4P CFR 264.318(b)(1) Must perform maintenance to ensure and correct the effects of settling, subsidence and erosion.
MA,MC 49 CFR 191.14(a) Performance assessments sha]ﬂ/not consider contributions from institutional controls for more than 188 years after disposal.
MA,MC 48 CFR 191.14(b) - Disposal systems shall be monitored after disposal to detect substantial and detrimental deviations without jeopardizing the isolation mechanisms.
MA,MC 48 CFR 191.14(c) . Disposal sites shall be designated by the most permanent markers, records and other passive controls practicable.
ES,OP,MA 18 CFR 68.111(a) Radiation exposures, levels and releases shall be maintained within 18 CFR 28 and applicable EPA limits through permanent closure of a dlsposa] site.
DO, MA,OP DOE Order 5408.1 DOE activities shall assure protection of the environment.
Policy(a), pg.6
MC
MC WAC 173-383-919(6) Analysis must completely describe the chemical and physical characteristics of the waste for petitions for exclusion. é
L,MC WAC 173-383-655(6) (b)(iv) A groundwater monitoring program is required to monitor effectiveness of final cover.
M, MC CERCLA Sec 182(b) RQ for corrective action is listed in Table 382.4 of 48 CFR 382.4 and Section 182(b) of CERCLA.
RAC,MC CERCLA Sec 121(d) Compliance for a completed remedial action must attain Max Containment Level Goals of the SWDA and water quality criteria under Sections 384 or 303 of the CWA.
DC,MC 4p CFR 191.13(a) Provide a reasonable expectation that cumulative releases to accessible environment for 18,080 years after disposal is <.1% chance of exceeding 14 times the values.
DC.MC 4p CFR 191.13(a) Provide a reasonable expectation that cumulative releases to accessible environment for 18,888 years after disposal is <18% chance of exceeding vé]ues in Table A.9.
MA,MC 4p CFR 191.14(a) Performance assessments shall not consider contributions from institutional controls for more than 188 years after disposal. .
MA,MC 48 CFR 181.14(b) Disposal systems shall be monitored after disposal to detect substantial and detrimental deviations without jeopardizing the isolation mechanisms.
MA,MC 4p CFR 191.14(c) Disposal sites shall be designated by the most permanent markers, records and other passive controls practicable.
DC,MC 18 CFR 68.113(a)ii(B)(2) Pre-waste emplacement groundwater travel time shall be at least 1,880 years
MC,H2D 4@ CFR 141.21-.38 Monitoring and analytical requirements in Subpart C of 48 CFR 141 shall apply.
MC,DC 49 CFR 141.48-.43 Special monitoring regulations and prohibition on Tlead use in Subpart £ of 48 CFR 141 shall apply. ' . -
RE ,H28,MC CWA Sec 482(a)(1) " Discharges to navigable waters must be permitted under the NPDES program.
MC,PS WAC 402-88-878(4) Best available radionuclide control shall be used to provide maximum reduction of emissions in the air.
MC WAC 402-80-888(2) Stack sampling, ambient air monitoring or other testing is required under DSHS.
MC WAC 402-80-280(3) Continuous monitoring is encouraged; otherwise alternative monitoring and reporting procedures will be established.
MC,0P WAC 482-080-086(8) Special sampling ports or platforms must be provided for use by DSHS for special emission tests. ’
MC DOE Order 5828.2A Liquid and solidified HLW must be characterized to determine its hazardous waste components
Ch.I.3.b.(1)(a)
opP,MC
MC DOE Order 5828.2A Material suspected to be contaminated with TRU shall be evaluated and determined to be recoverable scrap, tRU waste, LLW as soon as practical to avoid intermingling.
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TABLE B.1. (contd)

Ch.1.3.a.(1)(a)

__1D CODE REGULATORY SOURCE DESCRIPTION
oP
oP 48 CFR 264.17 Facility operating requirements, see 48 CFR 264.17: ignitable, reactive, incompatible wastes.
L,opP 49 CFR 264.251(a)(2) EPA specifies operating conditions to ensure leachate depth does not exceed 38 cm.
4B CFR 264.381(a)(2)
DC,opP RCW 78.185.853 Must mitigate hazards of mixed EHW and operate in compliance with RCW 78.185. _
0P ,HA 48 CFR 264.111(a) Must minimize further maintenance after closure. : : - - - : - - meee o
- 0P, MA 49 CFR 264:111(c) ~ Must control, minimize or eliminate escape ‘after-closure to surface and groundwater:- Waste, constituents, leachate contaminated runoff, decomposition products.
ES,0P,MA 16 CFR 68.111(a) - Radiation exposures, levels and releases shall be maintained within 18 CFR 28 and applicable EPA limits through permanent closure of a disposal sitk.
0P ,ES 18 CFR 61.43 Operations shall be conducted in compliance with the 18 CFR 28 radiation protection standards. . :
DC,0P WAC 713-218-188 Underground injection can not be used in a manner that allows the movement of fluid containing any contaminant into underground dr1nk1ng water.
opP,CO CWA Sec 181(a)(1) Discharge of any pollutant in navigable waters is prohibited.
0P,CO CWA Sec 311{b)(1) Discharge of oil or hazardous substance in navigable waters is prohibited.
opP,CO CWA Sec 381(f) Discharge of radiological, chemical or biological warfare agents in navigable waters is prohibited.
MC,0P WAC 4082-88-888(8) Special sampling ports or platforms must be provided for use by DSHS for special emission tests. !
oP,PS DOE Order 5488.5 Exposure shall not exceed an effective dose equivalent of 25 mrem/yr to the whole body of an individual public member and no more than 75 mrem to aﬁy organ from management or storage of HLW.
Ch.11.1.C
DC,MA, QP DDE 5488.1 Policy(a), pg.6 DOE activities shall assure protection of the environment. [
PS
PS 52 FR 15837-15948 RCRA yields to AEA when inconsistencies arise. ALARA > Waste characterization.
PS 46 CFR 191.83(a)(2) Whole body dose shall not exceed 25 millirems.
PS 49 CFR 191.83(a)(2) NRC: Doses to the thyroid shall not exceed 75 millirems and to other critical organs shall not exceed 25 millirems.
PS 49 CFR 191.83(b) Non-NRC DOE op’d: Doses to any critical organ shall not exceed 75 millirems.
PS 49 CFR 191.94(a)(1) Non-NRC, EPA reg‘d: Continuous doses shall rot exceed 188 mrems/yr dose equivalent, and infrequent doses of 588 mrems in a year from all sources, hot natural or medical.
PS Draft Proposed 48 CFR Management and storage of LLW should not exceed 25 mr of exposure to any member of the public nearby. '
193 Subpart A -
PS Praft Proposed 48 CFR Disposal of LLW should not exceed 25 mr of exposure to any member of the public nearby.
193 Subpart B ’
PS 18 CFR 61.41 Doses to the thyroid shall not exceed 75 mrem/year and 25 mrem/yr to the whole body or any other organ.
PS 18 CFR 61.41 Releases of radioactivity in effluents to the general environments should be ALARA.
AIR,PS 18 CFR 61.92 Radionuclides released to the air from DOE facilities shall not exceed 25 mrem/yr to the whole body and 75 mrem/yr to the critical organs of a public member
AIR,PS WAC 173-488-858(1) Radionuclides released to the air from DOE facilities should be as ALARA.
MC,PS WAC 402-88-878(4) Best available radionuclide control shall be used to provide maximum reduction of emissions in the air.
PS DOE Order 5488.5 Ch.II.A.a Exposure shall not exceed an effective dose equivalent of 188 mrem/yr to an individual public member.
AIR,PS DOE Order 5488.5 Ch.II.1.C Exposure shall not exceed an effective dose equivalent of 25 mrem/yr to the whole body of an individual public member and no more than 75 mrem to any organ from an atmospheric release.
oP,PS DOE Order 5488.5 Ch.II.l.c Exposure shall not exceed an effective dose equivalent of 25 mrem/yr to the whole body of an individual public member and no more than 75 mrem to any organ from management or storage of HLW.
H28,PS DOE Order 5488.5¢ Ch.II.1.d Exposure shall not exceed 4 mrem/yr from any person consuming drinking water.
PS DOE Order 5488.5 Ch.I1.4 Exposures to the public shall be ALARA.
DC,PS,ES DOE Order 5828.2A HLW designs must assure protection of the public and operating personnel.
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___REGULATORY. SOURCE

TABLE B.1. (contd)

DESCRIPTION

RE

RE

RE

RE,H28,MC

RE

RE
RE -

RE

RBC,DC
RBC,DC

48 CFR 264.112(b)(5)
48 CFR 141.31-.35
CWA Sec 482(a)(1)
D/DOE Order 5488.12
Ch.(1IV)

DOE Order 5828.2A
Chapter I.3.b(1}(b}.

‘DOE Order 5481.18

Chapter I.(3)(a)}(3)
DOE Order 5481.18B
Ch.1.(3)(a)(5)

CERCLA Sec 184(c}(6)
CERCLA Sec 121(b)(1)
CERCLA Sec 121(d}(1)

CERCLA Sec 121(d)(2)(A)(ii)

49 CFR 388.85(b) (1)
49 CFR 388.65(f)

RCRA Subtitle I
48 CFR 388.78(b)
49 CFR 388.78(b)

Submit a closure plan for describing how performance standards will be satisfied.

Reporting, Public Notification and Recordkeeping in Subpart D of 48 CFR 141 shall apply.

Discharges to navigable waters must be permitted under the NPDES program.

Environmental monitoring plans must be submitted and include design criteria, frequency of measurements and procedures for analyses.

Characterization data must be used in a Safety Analysis Report.
A safety analysis shall be performed to identify and demonstrate conformance with applicable guides, codes and standards.
A safety analysis shall be performed to demonstrate there is reasonable assurance that cperations will protect the public, employees and the environment at a low risk.

Remedial action is completed when ground and surface water is restored to a quality level that assures protection of human health and environment.

- Remedial action treatments that reduce volume, toxicity, or mobility of hazardous waste is preferred over treatments not involving such treatment,f

)

The remedial action cleanups must attain a degree sufficient to protect human health and the environment. i
Compliance for a completed remedial action must attain Max Contaminant Level Goals of the SWDA and water quality criteria under Sections 383 or 384 of the CWA.
Any release deemed a threat by EPA must be abated, minimized, stabilized, mitigated, or eliminated.

Removal actions shall meet or exceed applicable federal, public health and environmental requirements.

A1l tanks taken out ‘of service permanently must be emptied and either removed from the ground or filled with an inert solid.
Methods to remediate hazardous waste releases is listed in 48 CFR 388.78(b).

Methods required are: air emission, surface water, groundwater controls, contaminated water and sewer lines, gaseous emissions and direct waste treatment, contaminated soil and sediment.

’
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TABLE B.2. Attribute Numbers Arranged by Category Identification Code

CODE---> co AIR CA DC ES ‘H20 L MA MC opP PS RE RAC RBC

TOTAL--> 63 4 10 220 22 1m 50 114 7 185 22 18 7 42

LIST---> ATT # ATT # ATT# ATT# ATT# ATT# ATT# ATT# ATT# ATT# ATT# ATT# ATT# AT #

88 434 95 101 172 1 167 1 526 88 380 91 526 444

89 435 96 102 173 2 168 2 527 89 381 92 525 445

93 436 97 103 174 3 169 3 528 90 382 526- 526 446

98 500 533 104 175 4 170 4 529 91 383 527 527 447

99 534 105 176 5 288 5 530 92 384 528 528 448

100 535 126 177 6 289 6 531 93 385 529 529 451

126 536 127 178 7 370 7 532 9% 386 530 530 452

: 127 537 128 179 8 371 8 111 387 531 453

| 128 538 129 180 9 372 9 112 388 532 454,

129 539 130 181 10 373 10 113 389 533 455

130 131 182 1 374 1 114 390 534 456

131 132 183 12 375 12 115 291 535 457

132 133 186 13 376 13 116 392 536 458

e 133 134 - 488 14 37T 14 117 393 537 459

. 134 135 489 15 378 15 118 39 538 460

oy 135 150 490 16 379 16 119 395 539 461

153 151 491 17 400 17 120 396 5640 462

o 154 152 492 18 401 18 121 397 541 463

| 189 153 495 19 402 19 122 398 464

T 190 " 154 496 20 403 20 123 399 ' 465
o 191 155 497 21 404 21 124 499 466

' 192 156 498 22 405 22 125 500. 467

R 193 - 157 23 406 23 136 468

, 246 161 26 407 26 © 137 : 469

R 366 162 25 408 5 138 470

. 367 163 . 26 409 26 139 : 47

o 368 164 27 410 27 140 472

e 369 165 28 411 28 141 473

!ﬁ - 380 166 29 412 29 142 _ 474

— 381 169 30 413 30 143 475

L 382 170 31 414 31 144 : 476

O 383 171 32 415 32 145 477

384 183 33 416 33 146 478

385 185 34 617 34 1647 479

386 186 35 418 35 148 480

387 . 187 36 419 36 149 481

388 . 188 37 420 37 158 482

389 189 38 421 38 159 483

390 190 39 422 39 , 160 : 484

391 191 40 423 40 172 485
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TABLE B.2. (contd)

CODE---> O AIR cA DC ES  'H20 L MA MC op PS RE RAC RBC
TOTAL--> 63 A 10 220 22 111 50 114 7 185 22 18 7 42
LIST---> ATT# ATT# ATT# ATT# ATT# ATT# ATT# ATT# ATT# ATT# ATT# ATT# ATT# ATT#
392 192 41 424 41 173 486
393 193 42 425 42 174 487
39 194 3 426 43 175
395 195 4427 4 176
396 196 45 428 &5 177
397 197 46 429 46 178
398 198 47 430 47 179
434 199 8 431 8 . 180
435 ’ 200 49 432 49 181
436 201 50 433 50 182
495 202 51 51 184
499 203 52 52 291
| 500 204 53 53 292
B 509 ' 205 54 54 293
e 510 206 55 55 294
. 511 207 56 56 295
e 512 ' 208 57 57 296
| 513 209 58 58 297
o 514 ‘ 210 59 59 298
— 538 211 60 60 299
e 539 212 61 61 300
o 540 213 62 62 301
541 214 63 63 302
215 64 64 303
216 65 65 304
217 66 66 305
218 67 67 306
219 68 68 307
220 69 69 308
221 70 70 309
222 71 7 310
223 72 72 311
224 73 73 312
225 74 7% 313
226 75 5 314
227 76 76 315
228 77 77 316
229 78 78 317
230 - 79 79 318
231 80 80 319

B.16
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CODE=---> co AIR CA  DC
TOTAL--> 63 4 10 220
LIST---> ATT # ATT# AIT# AT #
232
233
234
235

236

237
238
239
240
241
2642
243
264
245
246
247
248
249
- 250
251
252
253
254
255
256
257

258 -

259
260
261
262
263

264

265
266
267
268
269
270
27

TABLE B.2.

ES - H20

22 m
ATT # ATT #
81

IRERER

106
107
108
109
110
380
381
- 382
383
384
385
386
387
388
- 389
390
391
392
393
394
395
396
397
398

(contd)

L MA
50 114

ATT # ATT #

B.17

81
82
83
84
85
86
87
ag
89
90
91
92
93
94
95
96
97
98
99

100
101

102 .

103
104
105
106
107
108
109
110
415
416
419
420

MC oP
7 185
ATT # ATT #
320

321

322

323

324

325

326

327

328

329

330

331

332

333

336

335

336

337

338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358

359

PS RE RAC RBC
22 18 7 42
ATT # ATT # ATT # AT #
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CODE---> €O  AIR CA bC
TOTAL--> 63 4 10 220
LIST-=-> ATT # ATT# ATT# ATT#
272
273
274
275
276
217
278
279
280
281
282
283
284
285
286
287
288
289
290
366
367
368
369
370
371
372
373
374
375
376
377
378
379
400
401
402
403
404
405
406

TABLE B.2. (contd)

ES - H20 L MA MC OPA
22 11 50 114 7 185
ATT # ATT # ATT# ATT # ATT # ATT #
360

361

362

363

364

365

366

367

368

Ps RE RAC
22 i8 7
ATT # ATT # ATT #

RBC
42
ATT #
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CODE-=--> co AIR CA DC
TOTAL--> 63 4 10 220
LIST-==> ATT # ATT # ATT # AIT #
407
408

409.

410
4N
412
413
414
415
416

417,

418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
437

439

440
441
442
443
493
494
501
502
503
504
505

TABLE B.2.

ES - Heo
22 11
ATT# ATT# ATT

B.19

(contd)

L MA MC opP
50 114 7 185
# ATT # ATT # ATT #
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483

484

485

486 -

487
488
489
490
491
492

PS RE
22 18
ATT # ATT #

RAC
7
ATT #

RBC
42
ATT #



ermsy

CODE-~-> co AIR CA DC
TOTAL--> 63 4 10 220
LIST--=> ATT # ATT # AIT# ATT #
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525

TABLE B.2. (contd)

ES
22
ATT #

H20
m
ATT #

L
50
ATT #

B.20

MA MC
114 7
ATT # ATT #

oP
185
ATT #

PS
22
ATT #

RE RAC
18 7
ATT # ATT #

RBC
42
ATT #
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APPENDIX C

~ SOURCE DATA FOR REQUIREMENTS ANALYSIS - SECTION 9.0

This appendix contains the inputs for the requirements analysis of the
SST system. The attribute descriptions are listed in Tables C.1 and C.2. and
are grouped into. six major categories. Each category is subdivided further as
described in the text. There 541Vattr1butes, and each is given a number for
identification.

In Table C.1, the attribute number, the attribute description, and the
unit of measure for the attribute are 1isted respectively in the first three
columns. In columns 4 and 5, the applicability of the attribute to the "In-
place," "Retrieve" or both options is indicated by a YES or NO Tabel. In col-
umn 6 the status of the attribute is indicated either blank if the choice of
the value has not been made or by the letter "C" if the attributes is a con-
straint designated in the regulatory statutes and DOE orders discussed in Sec-
tion 8.0 of the text. '

The last column of Table C.1 assigns each attribute to one or more of
14 categories defined in Section 8.0. These categories are used to connect
the performance objectives and constraints to the attribute 1ist.

In Table C.2, the attributes have been ranked in order of importance to
each of the seven first-level functions. The ranking values range from 1 to
10, with 10 being the most important to-the function. A ranking of 1 signi-
fies that the attribute has no importance to the function regardless of the
stringency level assigned to it. Each function must have at least one attri-
bute ranked as a 10. Intermediate rankings indicate a lesser degree of
importance.

Table C.2 also shows the average value of the ranking by each function in
the top row of the ranking matrix. The last column in the matrix Tists the
number of functions which ranked the attribute as "one" in importance. This
term helps to understand the breadth of the importance of the attribute among
the seven first-level functions. A few "number of ones" indicates that

C.1



achieving a consensus will involve many functions. A Targe "number of ones"
indicates that the attribute has a narrow span of importance and that changes

in its stringency level can be made with a lesser impact on the other
functions.
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TABLE C.1. Listing of Attributes, Units of Measure as Potential Requirements |
for Final Disposition of the SST System

| st

CLASSIFICATIONS OF ATTRIBUTES

: APPLICATION TO STATUS: SOURCE
ATTRIBUTE 5/31/89 Update DISPOSAL OPTION "Cr= CODE
No. ATTRIBUTE DESCRIPTION UNITS OF MEASURE |IN-PLACE :RETRIEVE | CONSTRAINT |See App
1.8 CHEMICAL ATTRIBUTES
1.1 Detection Limits
(for Groundwater, Leaching
Tests, Process Samples,
etc.)
1.1.1 Radionuclides
1 Ac-227 pCi YES NO MA,H20
2 Am-241 pCi YES YES MA, H20
3 Am-242 pCi YES NO MA,H20
4 Am-243 pCi YES NO MA,H20
5 C-14 pCi YES YES MA,H20
] Cm-242 pCi YES YES MA , H20
7 Cm-244 pCi YES NO MA,H20
8 Cm-245 pCi YES NO MA,H20
9 Co-60 pCi YES YES MA,H20
18 Cs-135 pCi YES YES MA,H20
11 Cs-137 pCi YES YES MA,H20
12 H-3 pCi YES NO MA, H20
13 I-129 pCi YES YES MA, H20
14 Ni-59 pCi YES NO MA,H20
15 Ni-63 pCi YES YES MA,H20
16 Nb-94 pCi YES YES MA,H20
17 Np-237 pCi YES YES MA,H20
18 Pa-231 pCi YES NO MA, H20
19 Pb-2140 pCi YES NO MA,H20
20 Po-218 pCi YES NO MA, H20
21 Pu-238 pCi YES NO MA,H20
22 Pu-239 pCi YES YES MA,H20
23 Pu-248 pCi YES NO MA, H20
24 Pu-241 pCi YES NO MA, H20
25 Pu-242 pCi YES NO MA,H20
26 Ra-226 pCi YES NO MA,H20
27 Ra-228 pCi YES NO MA,H20
28 Ru-186 pCi YES NO MA,H20
29 Se-79 pCi YES YES MA, H20
39 Sm-151 pCi YES NO MA, H20
31 Sn-126 pCi YES YES MA,H20
32 Sr-9g pCi YES YES MA,H20
33 Tc-99 pCi YES YES MA, H20
34 Th-229 pCi YES NO MA, H20
35 Th-238 pCi YES NO ‘MA,H20
36 Th-232 pCi YES NO MA,H20
37 U-233 pCi YES NO MA, H20
38 U-234 pCi YES NO MA,H20
39 U-235 pCi YES NO MA,H20
44 U-236 pCi YES NO MA,H20
41 U-238 pCi "~ YES YES MA,H20
42 Zr-93 pCi YES YES MA,H20
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TABLE C.1.

(contd)

CLASSIFICATIONS OF ATTRIBUTES

APPLICATION TO STATUS: SOURCE
ATTRIBUTE 5/31/89 Update DISPOSAL OPTION "C"= CODE
No. ATTRIBUTE DESCRIPTION UNITS OF MEASURE |IN-PLACE :RETRIEVE | CONSTRAINT |See App

1.8 CHEMICAL ATTRIBUTES (contd)

1.1.2 Ionic Species

43 Aluminum ppm NO YES MA,H20
44 Arsenic ppm YES NO MA,H20
45 Ammonia ppm YES NO MA,H20
46 Barium ppm YES NO MA,H20
47 Beryllium ppm YES NO MA,H20
48 Bismuth ppm YES NO MA,H20
49 Boron ppm YES NO MA,H20
50 Carbonate gms/1 YES NO MA,H20
51 Cadmium ppm YES YES MA,H20
52 Calcium ppm NO YES MA,H20
53 Chloride ppm NO YES MA,H20
54 Chromium ppm YES YES MA,H20
55 Cobalt ppm YES NO MA,H20
56 Copper ppm YES YES MA,H20
57 Cyanide ppm YES’ YES MA,H20
58 Fluoride ppm YES YES MA,H20
59 Free Hydroxide ppm YES NO MA,H20
60 Hypochlorite ppm YES NO MA,H20
61 Iron ppm "YES YES MA,H20
62 Lead ppm YES NO MA,H20
63 Magnesium ppm YES NO MA,H20
64 Manganese ppm YES YES MA,H20
- 65 Mercury ppm YES YES MA,H20
66 Nickel ppm YES YES MA,H20
67 Molybdenum ppm YES NO MA,H20
68 Nitrate ppm YES YES MA,H20
69 Nitrite ppm YES YES MA,H20
78 Phosphorus ppm YES - YES MA,H20
71 Potassium ppm YES NO MA,H20
72 Selenium ppm YES YES MA,H20
73 Silicon ppm NO YES MA,H20
74 Silver ppm YES NO MA,H20
75 Sodium- ppm YES YES MA, H20
76 Strontium ppm YES NO MA,H20
77 Sulfate ppm YES YES MA,H20
78 Sulfite ppm YES NO MA,H20
79 Titanium ppm YES NO MA,H20
89 Uranium ugm/gm YES YES MA, H20
81 Vanadium ppm YES NO MA,H20
82 Zinc ppm YES NO MA,H20
83 Zirconium ppm YES NO MA,H20
84 Total Organo-Halides(TOX) ¢/1 YES NO MA,H20
85 TOX Species Identification % YES NO MA,H20
86 Total Organic Carbon (TOC) - g/1 YES YES MA,H20
87 T0C Species Identification % YES YES MA,H20
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JABLE C.1.

(contd)

CLASSIFICATIONS OF ATTRIBUTES

APPLICATION TO STATUS: SOURCE
ATTRIBUTE 5/31/89 Update DISPOSAL OPTION "C"= CODE
No. ATTRIBUTE DESCRIPTION UNITS OF MEASURE |IN-PLACE :RETRIEVE | CONSTRAINT |See App B
1.8 CHEMICAL ATTRIBUTES (contd)
1.2 Accuracy of Contents
(Process Stream Control)
1.2.1 Tank Liquids (before
stabilization)
88 a) Total Volume (height) +/- ft: YES NO Co,0P,MA
’ .1ft=3000g
89 b) Drainable Volume +/- ft: YES NO C0,0P,MA
(height) . 1ft=3000g
.2.2 Tank Solids (after
stabilization){plus
or minus)
90 a) Total Volume of solids +/- ft: YES YES 0oP,MA
. . 1ft=30006
91 b) TRU +/- nCi/gm YES NO RE,OP,MA
92 c) Total Beta, Gamma +/- % YES  YES RE,OP,MA
Activity Variance
93 d) Water Content Variance +/- % YES NO C0,0P,MA
94 e) pH +/- pH units YES NO 0P, MA
.2.3 Spills and Leaks to
Soil
95 a) TRU Content +/- % of source YES YES CA,MA
g6 b) Curie Content- +/- % of source YES YES CA,MA
97 c) Total Mass +/- % of source YES YES CA,MA
.2.4 Composition of WP
Waste Form-Accuracy
98 a) Chemical Content +/- wt% NO YES CO,MA
99 b) Radionuclide Content Activity % NO YES CO,MA
120 c) Residual Liquid vol% NO YES Co,MA
.2.5 Composition of Waste
Containers/Engineered
Materials
101 a) HLW Glass-3@4L Aus +/- wt#% NO YES DC,MA
Steel (C<.@3wt%) ' :
102 b) Grouts +/- wt% NO YES DC,MA
Portland II Cement +/- wt%
Fly Ash (ASTM Class F) +/- wt%
Clay +/- wth
183 c) Cements +/- wt¥ YES YES DC,MA
194 d) Fillers +/- wt% YES YES DC,MA
185 e) Soils/Clay +/- wth YES YES DC,MA
1.3 Sampling Freguency
1.3.1 Process Steam
106 a) During Stabilization #/yr YES NO H20,MA
107 b) During Processing and i
Pre-Closure #/State Change YES YES H20,MA
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TABLE C.1.

(contd)

CLASSIFICATIONS OF ATTRIBUTES

APPLICATION TO STATUS: SOURCE
ATTRIBUTE 5/31/89 Update DISPOSAL OPTION "C"= CODE
No. ATTRIBUTE DESCRIPTION UNITS OF MEASURE |IN-PLACE :RETRIEVE | CONSTRAINT |See App B
1.8 CHEMICAL ATTRIBUTES (contd)
1.4 Sampling Density of Solid
Matter
1.4.1 Process Stream
108 a) During Tank
Characterization # YES NO H20,MA
189 b) During Soil
Characterization proced YES YES H20,MA
110 c) Processing of Solids # NO YES H20,MA
2.0 PHYSICAL ATTRIBUTES (all
system components and
contaminated soil)
2.1 Spatial Properties
2.1.1 Waste Form after
Stabilization
a) Max Drainable Liquid
(See 3.2.1 d)
- 2.1.2 Tank waste retrieval
package dimensions
111 a) Shape descriptive NO YES 0P
112 b) Max Volume ft3 NO YES 0P
) 113 c) Max I.D. ft NO YES opP
114 d) Max Height ft NO YES opP
2.1.3 Soil Package
Dimensions
115 a) Shape descriptive NO YES oP
116 b) Max Volume ft~3 NO YES oP
117 c) Max I1.D. ft NO YES opP
118 d) Max Height ft NO YES opP
2.1.4 Tank Retrieval Package
Dimensions
119 a) Max I.D. ft NO | YES opP
120 b) Max Height ft NO YES opP
121 c) Max Gross Weight 1bs NO YES opP
2.1.5 Ancillary Equipment
Package Dimensions
122 a) Shape descriptive NO YES oP
123 b) Max Volume ft°3 NO YES opP
124 c) Max I.D. ft NO YES 0P
125 d) Max Height ft NO YES opP
2.1.6 Final Waste Package
a) Containerized HLW Glass
126 Length m NO YES C DC,CO
127 Diameter cm NO YES C DC,CO
128 Wall Thickness cm NO YES C DC.CO
129 Weight kg NO YES C DC,Co
130 Max Free Volume vol % NO YES C DC,CO
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TABLE C.1.

(contd)

CLASSIEICATIONS OF ATTRIBUTES

APPLICATION TO STATUS: SOURCE
ATTRIBUTE 5/31/89 Update : DISPOSAL OPTION "C"= CODE
No. ATTRIBUTE DESCRIPTION UNITS OF MEASURE |[IN-PLACE :RETRIEVE | CONSTRAINT [See App B
2.8 PHYSICAL ATTRIBUTES (contd)
b) Containerized TRU Waste-
Off Site WIPP
Contact Handled: m
131 Length/Width/Height NO YES C DC,CO
132 Weight kg NO YES C DC,CO
Remote Handled: m
133 Diameter/Height NO YES C DC,CO
134 Weight kg NO YES c DC,CO |
c¢) Containerized Grout |
135 Max Free Volume val% NO YES DC,CO-
2.2 Precision Limits Tank
Waste
136 a) Density - +/- % YES YES oP
137 b) Particle Size Distribution +/- %{.5 -15@um) YES YES 0P
138 c) Viscosity +/= % NO YES oP
139 d) Thermal Output +/- % YES YES oP
142 e) Thermal Conductivity +/- % YES NO op
141 f) Pentrometer Test on Salt
Cake +/- % NO YES op
142 g) Thermal Analysis +/- % NO YES oP
143 h) Specific Heat +/- % YES YES oP
144 i) Solids -Settling Rate
(sTuicing retrieval) +/- % NO YES op
145 j) Volume % Settled Solids
(sluicing retrieval) +/- % NO YES opP
146 k) Volume % Centrifuged
Solids (sluicing
retrieval) o +/- % NO YES op
147 1) Miller Number {sluicing
retrieval) +/- % NO YES opP
148 m) Shear Strength (sluicing
retrieval) +/- % NO YES oP
149 n) Shear Stress-shear rate B
rheogram (sluicing
retrieval) +/- % NO YES op
2.3 Physical Properties
2.3.1 HLW Glass Waste Form
158 a) Monolith Temperature Deg C NO YES oc
Limit
151 b) Heat Generation Rate Watts/can NO YES DC
2.3.2 Grout Waste Form
152 a) Temperature Limit Deg C NO YES DC
153 b) Unconfined Compressive psi NO YES DC,CO
Strength -
2.3.3 Waste Package-
Containers
154 a) HLW Glass-Max Internal psig @25Deg C NO YES DCc,co
Pressure
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TABLE C.1. (contd)

CLASSIFICATIONS OF ATTRIBUTES

APPLICATION TO STATUS: . SOURCE
ATTRIBUTE 5/31/89 Update DISPOSAL OPTION "C"= CODE
No. ATTRIBUTE DESCRIPTION UNITS OF MEASURE |IN-PLACE :RETRIEVE | CONSTRAINT |See App B
2.0 PHYSICAL ATTRIBUTES (contd)
b) Grouted Waste-Vault
155 Overburden Internal
Pressure % NO YES DC
156 Strength psi NO YES DC
157 c¢) Single Shell Tank-Temp
Limit Deg C NO YES DC
d) TRU Waste-Dose Rates
158 Surface-Contact TRU mRem/hr NO YES oP
159 Surface B/G-Remote Rem/hr NO YES opP
160 Surface Neutron-Remote nRem/hr NO YES oP
2.3.4 Soils/Clays as
Engineered Barriers
161 a) Max Permeability cm/sec YES YES DC
162 b)- Max Swelling Pressure psi YES 'YES DC
163 c) Min Thickness cm YES YES DC
164 . d) Min Bearing Strength psi YES YES DC
2.3.5 Cements-as structures/
barriers
165 a) Min Permeability cm"2/sec YES YES DC
166 b) Min Compressive Strength psi YES YES DC.
2.3.6 Concrete Dome
167 a) Permeability Deff YES YES L
168 b) Strength psi YES YES L
169 c) Allowable Dome Deforma- :
tion after Closure YES YES DC,L
17¢ d) Allowable Dome Deforma-
tion during Closure YES YES DC,L
2.3.7 Tank Filled Waste
171 a) Max Porosity vol % YES NO DC
2.4 Decontamination Factors
172 2.4.1 Max Quantity of Tank
: Waste Residue After
Retrieval % tank
solids NO YES ES,OP
173 2.4.2 Max Allowed Soil
Contamination After
Retrieval pci/gm NO YES ES,OP
2.4.3 Max Residual Activity ’
on Tank Exterior/
Interior X
174 a) Beta/Gamma mr/hr NO YES ES,OP
2.4.4 Max Residual Contami-
nation on Ancillary
Equipment
175 a) Beta/Gamma mr/hr . NO YES ES,OP
176 2.4.5 Max Residual TRU in .
Cribs and Trenches nCi/gm NO YES ES,OP
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TABLE C.1. (contd)

CLASSIFICATIONS OF ATTRIBUTES

APPLICATION TO STATUS : SOURCE
ATTRIBUTE 5/31/89 Update DISPOSAL OPTION "C"= CODE

No. ATTRIBUTE DESCRIPTION UNITS OF MEASURE |IN-PLACE :RETRIEVE | CONSTRAINT |See App

2.8 PHYSICAL ATTRIBUTES (contd)

2.4.6 Max Smearable Release

for Retrieval Package :

177 a) Alpha dpm/cm”~2 NO : YES ES,OP

178 b) Beta/Gamma dpm/cm”2 NO : YES ES,OP
2.4.7 Max Smearable Release :
of HLW Glass WP :

179 a) Beta/Gamma dpm/cm™2 NO : YES ES,OP

188 b) Alpha : dpm/cm”™2 NO : YES ES, 0P
2.4.8 TRU >Class C ' :

181 a) Alpha pCi/cm™2 NO : YES ES,OP

182 b) Beta/Gamma pCi/cm™2 NO : YES ES,OP
3.8 ENGINEERED ENCLOSURES :
3.1 Transport Containers
: (A11 Types) .
# 3.1.1 Performance Attributes

- 183 a) Integrity after Drop/ :
~ : Thermal Test Passes NO : YES ES,OC

184 b) Max Number Times Used # NO : YES ES,OP
3.2 Waste Packages :

3.2.1 Performance Attributes

a) Min Lifetime :

185 HLW yrs . NO : YES oc

186 LLW yrs NO : YES oc
187 Grouted Vault yrs NO : YES DC
188 In-Place yrs YES : NO : bC
b) Max Release Rate-HLW : ‘
Glass :
189 Cs microgm/cm”2/day NO : YES C DC,CO
198 U microgm/cm™2/day | NO ¢ YES c DC,CO
191 S§ microgm/cm”2/day NO : YES c pc,co
192 B microgm/cm”2/day NO : YES C DC,COo
- 193 Na " microgm/cm”2/day NO  : YES c oc,co
] : 194 Sulphate wt % . NO : YES DC -
' o 195 Max Waste Loading wt % NO : YES DC
c) Max Release Rate-Grouted Waste :
196 Ag Log(Deff cm™2/ :
sec) NO : YES DC
197 As Log(Deff cm™2/ : .
sec) NO ¢ YES DC
198 Ba Log(Deff cm™2/ :
sec) NO : YES DC
199 . Cd Log(Deff cm"2/ :
sec) NO : YES DC
200 Cl1 Log(Deff cm™2/ :
sec) . NO ¢ YES DC
201 Cr Log(Deff cm“2/ :
sec) NO : YES DC
202 Cu Log(Deff cm™2/ : .
sec) NO ¢ YES DC
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TABLE C.1.

(contd)

CLASSIFICATIONS OF ATTRIBUTES

APPLICATION TO STATUS: SOURCE
ATTRIBUTE 5/31/89 Update DISPOSAL OPTION "= CODE
No. ATTRIBUTE DESCRIPTION UNITS OF MEASURE |IN-PLACE :RETRIEVE | CONSTRAINT |See App B
3.8 ENGINEERED ENCLOSURES (contd)

203 F Log(Deff cm™2/

sec) NO YES bc
204 Fe Log(Deff cm™2/

sec) NO YES DC
205 Hg Log(Deff cm™2/ '

sec) ’ NO YES DC
206 Mn Log(Deff cm™2/

sec) NO YES DC
207 NO2 Log(Deff cm™2/

sec) NO YES DC
208 NO3 Log(Deff cm™2/

sec) NO YES DC
209 . .Pb Log(Deff cm™2/ )

sec) NO YES DC
210 Se Log(Deff cm™2/

sec) NO YES DC
211 S04 Log(Deff cm™2/

sec) NO YES DC
212 In Log(Deff em™2/

sec) NO YES nc
213 CN Log(Deff cm™2/

sec) NO YES DC
214 P04 Log(Deff cm"2/

sec) NO YES DC
215 Na Log(Deff cm™2/

sec) NO YES oC
216 C-14 Log(Deff cm™2/

sec) NO YES DC
217 Sr-90 Log(Deff cm™2/

sec) NO YES DC
218 Tc-99 . Log(Deff cm™2/

: sec) NO YES DC

219 I-129 Log(Deff cm™2/

sec) NO YES DC
220 Cs-137 Log(Deff cm™2/

sec) NO YES DC
221 Ra-226 Log(Deff cm™2/

sec) NO YES DC
222 Np-237 Log(Deff em™2/

sec) NO YES DC
223 U-238 Log(Deff cm"2/

sec) NO YES DC
224 Pu-239,248 Log(Deff cm™2/

sec) NO YES DC
225 Am-241 Log(Deff cm™2/

sec) NO YES DC
226 Se-79 Log(Deff cm"2/

sec) NO YES DC
227 Nb-93m Log(Deff cm”2/

sec) NO YES DC
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TABLE C.1. (contd)

CLASSIFICATIONS OF ATTRIBUTES

APPLICATION TO STATUS: SOURCE
ATTRIBUTE 5/31/88 Update DISPOSAL OPTION "C"= CODE
No. ATTRIBUTE DESCRIPTION UNITS OF MEASURE |IN-PLACE :RETRIEVE | CONSTRAINT [See App B
3.8 ENGINEERED ENCLOSURES (contd)
228 Co-60 Log(Deff cm™2/ :
. sec) NO : YES DC
228 Ru-106 Log(Deff cm™2/ :
sec) NO : YES DC
230 Sb-126m Log(Deff cm™2/ . :
' sec) NO : YES DC
231 Cs-135 Log(Deff cm™2/ ’ :
’ sec) NO : YES DC
232 Ce-144 Log(Deff cm"2/ :
sec) NO : YES - DC
233 Pu-241 Log(Deff cm™2/ :
' ) sec) NO :  YES DC
234 ... Sm-151 Log(Deff cm;Z/ : ..
' L : sec) = ‘N0 i YES DC
235 Ba-137m Log(Deff cm™2/ : :
sec) NO : YES DC
236 Sn-126 Log(Deff cm™2/ :
sec) NO : YES DC
237 Zr-83 Log(Deff cm™2/ :
' sec) NO  :  YES DC
238 Ni-63 Log(Deff cm™2/ :
sec) NO ¢ YES DC
o 239 Cm-242 Log(Deff cm™2/ :
]
sec) NO . YES DC
e 248 TOC Content wt % NO : YES DC
i 241 Residual/Free Water val % NO  :  YES DC
L 242 Ten min Gel Strength Tbs/ft"2 NO  :  YES DC
- 243 Critical Flow gal/min NO  :  YES DC
o 244 30 Thermal Cycles ASTM test ) NO i YES _ DC
e 245 Biodegradation ASTM test NO . YES DC
W_ ‘ d) Max Release Rate : .
In-Tank Waste Package
ﬁ“‘* 246 Residual Water (up to : .
" 300 deg F) vol % YES : NO Co,DC
247 Total Organic Carbon % YES : NO DC
248 Ag _ g/m"3 YES : NO DC
249 As g/m”3 YES : NO DC
258 Ba g/m"3 ' YES : NO oc
251 Cd g/m"3 YES : NO DC
252 C1 g/m"3 YES : NO DC
253 Cr g/m"3 : YES : NO : DC
. 254 Cu g/m"3 YES : NO DC
255 F g/m"3 YES : NO DC
256 Fe g/m"3 YES : NO . DC
257 Hg g/m’3 . YES : No DC
258 Mn g/m™3 YES : NO oC
259 _NO2 g/m”3 YES : NO DC
268 NO3 g/m”3 YES : NO DC
261 Pb g/m"3 YES : NO - DC
262 Se g/m”3 YES : NO DC
c.11
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TABLE C.1. (contd)

CLASSIFICATIONS OF ATTRIBUTES

APPLICATION TO STATUS: SOURCE
ATTRIBUTE 5/31/89 Update DISPOSAL OPTION "C"= CODE
No. ATTRIBUTE DESCRIPTION UNITS OF MEASURE |IN-PLACE :RETRIEVE | CONSTRAINT |See App B
3.0 ENGINEERED ENCLOSURES (contd)
263 S04 g/m"3 YES NO DC
264 In g/m"3 YES NO DC
265 CN g/m"3 YES NO DC
266 Na g/m"3 YES NO DC
267 Al g/m"3 YES NO DC
268 po4 g/m”3 YES NO DC
269 Cc-14 Ci/m"3 YES NO DC
278 Se-79 Ci/m"3 YES NO DC
271 Sr-9¢ Ci/m™3 YES NO DC
272 Tc-99 Ci/m"3 YES NO DC
273 I-129 Ci/m"3 YES NO DC
274 Cs-137 Ci/m"3 YES NO DC
275 Sm-151 Ci/m"3 YES NO DC
276 Np-237 -Ci/m"3 YES NO DC
277 U-238 Ci/m"3 YES NO DC
278 Pu-239/240 Ci/m"3 YES NO DC
279 Am-241 Ci/m"3 YES NO DC
280 Ni-63 Ci/m"3 YES NO DC
281 Zr-93 Ci/m™3 YES NO DC
282 Cm-242 nCi/g YES NO DC
283 Pu-241 nCi/g YES NO DC
284 Cs-135 Ci/m"3 YES NO DC
285 Total TRU nCi/g YES . NO DC
286 Allowed pH Range after pH units YES NO DC
Pretreatment
e) Waste Package Closures
287 HLW-Glass ANSI STD Procedure NO YES Dc
288 Grouted Vault (see #165) NO YES L,DC
289 In-Tank Disposal " YES NO L,DC
290 f) Drop Test of HLW Procedure NO YES DC
Container ‘
3.2.2 Design/Process
Attributes
. a) Waste Stream Constraints
to HLW Glass (wt % dry)
291 A1203 Max wt % NO YES opP
292 Ba0 Max wt % ° NO YES opP
293 Ca0 Max wt % NO YES 0P
294 Cdo Max wt % NO YES opP
295 Cr203 Max wt % NO YES op
296 FMax wt % NO YES 0P
297 Fe203 wt % NO YES opP
298 Mn02 Max wt % NO YES opP
299 Mo03 Max wt % NO YES opP
308 Na20 wt % NO YES 0P
381 NiO Max wt % NO YES 0P
302 P205 Max wt % NO YES 0P
383 S03 Max wt % NO YES opP
384 $702 Max wt % NO YES opP
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TABLE C.1.

(contd)

CLASSIFICATIONS OF ATTRIBUTES

APPLICATION TO STATUS: SOURCE
ATTRIBUTE 5/31/88 Update DISPOSAL OPTION "C'= CODE
No. ATTRIBUTE DESCRIPTION UNITS OF MEASURE |IN-PLACE -:RETRIEVE | CONSTRAINT |See App B
3.8 ENGINEERED ENCLOSURES (contd)
385 Ti02 Max wt % NO YES opP
306 u3os Max wt % NO YES oP
397 Zr02 Max wt % NO YES opP
308 TOC Max wt % NO YES oP
389 Particle Size Max size microns NO YES oP
b) Waste Stream Constraints
to Grout

310 Ag g/m"3 NO YES opP
311 As g/m"3 NO YES opP
312 Ba g/m"3 NO YES oP
313 Cd g/m"3 NO YES opP
314 Cr g/m"3 NO YES oP
315 Hg g/m"3 NO YES oP
316 Pb - g/m"3 NO YES op
317 Se g/m"3 NO YES opP
318 T0C g/m"3 NO YES opP
319 Al g/m"3 NO YES opP
320 Ca g/m"3 NO YES opP
321 C1 g/m"3 NO YES oP
322 co3 g/m"3 NO YES opP
323 Cu g/m"3 NO YES oP
324 F g/m"3 NO YES op
325 Fe g/m"3 NO YES oP
326 K g/m"3 NO YES op
327 Mg g/m"3 NO YES opP
328 Mn g/m"3 NO YES Qp
329 Mo g/m*3 NO YES op
338 Na - g/m"3 NO YES op
331 Ni g/m"3 NO YES opP
332 NH3 g/m"3 NO YES op
333 "NO2 g/m"3 NO YES oP
334 NO3 g/m"3 NO YES oP
335 OH g/m"3 NO YES opP
336 PO4 g/m"3 NO YES op
337 S04 g/m*3 NO YES op
338 In g/m"3 NO YES oP
339 Ir g/m"3 NO YES oP
349 U g/m"3 NO YES opP
341 RE g/m"3 NO YES opP
342 CN,not Fe(CN)B g/m"3 NO YES oP
343 Cc-14 Ci/m"3 NO YES opP
344 Ni-59 Ci/m"3 NO YES oP
345 Ni-63 Ci/m"3 NO YES opP
346 Sr-93 Ci/m"3 NO YES op

347 Co-60 Ci/m"3 NO YES ()]
348 H-3 Ci/m"3 NO YES op
348 Nb-94 Ci/m"3 NO YES opP
350 Tc-99 Ci/m"3 NO YES op
351 1-129 Ci/m"3 NO YES op
352 - Cs-137 Ci/m"3 NO YES opP




TABLE C.1. (contd)

CLASSIFICATIONS OF ATTRIBUTES

APPLICATION TO STATUS: SOURCE
ATTRIBUTE 5/31/89 Update DISPOSAL OPTION "C"= CODE
No. ATTRIBUTE DESCRIPTION UNITS OF MEASURE |IN-PLACE :RETRIEVE | CONSTRAINT |See App B
3.0 ENGINEERED ENCLOSURES (contd)
353 Pu-241 Ci/m"3 NO YES opP
354 Cm-242 Ci/m"3 NO YES 0P
355 Ru/Rh-106 Ci/m"3 NO YES oP
356 Sb/Te-125 Ci/m™3 NO YES opP
357 Cs-135 Ci/m"3 NO YES opP
358 Ce/Pr-144 Ci/m"3 " NO YES opP
359 Am-241 Ci/m"3 NO YES opP
360 TRU nCi/gm NO YES opP
361 pH pH units NO YES 0P
362 Solids/Sludge vol % " NO YES oP
363 Np-237 Ci/m"3 NO YES oP
364 U-238 Ci/m"3 NO YES op
365 Pu-239/240 Ci/m"3 NO YES oP
c) Constraints on In-Place
Waste Package from Prior
Design
366 C Max Heat Generation BTU/hr YES YES C co,0pP,DC
367 C Min Hydrostatic Load in YES YES C co,oP,DC
368 C Max Tank Negative in gage YES YES C co,oP,DC
: Pressure
368 C Vapor Space-Pressure in YES YES c co,0p,DC
Range
3.3 Barriers
3.3.1 Performance Attributes
a) Production Rate
(see 4.1)
370 b) Lifetime yrs YES YES DC,L
371 c) Drainage Rate cm/yr YES YES bCc,L
372 d) Storage Capacity of % ann pptn YES YES bc,L
Fine Soil Layer
373 e) Fine Content at % YES YES DC,L
-230 mesh
374 f) Permeability of cm/sec YES YES DC,L
Loperm Soil
375 g) Amount of Runoff YES YES DC,L
376 h) Allowed Thickness m/10000 yrs. YES YES Dc,L
Change from Erosion/
Deposition
377 . i) Allowed Subsidence cm YES YES bc,L
378 j) Earthquakes g's horiz YES YES DC,L
378 k) Excavation Exclusion yrs YES YES bC.L
Period
1) Conc. in Vadose or
Groundwater
380 Arsenic ppm YES YES c C0,Hz0,PS
381 Barium ppm YES YES c C0,H20,PS
382 Cadmium ppm YES YES C C0,H20,PS
383 Chromium ppm YES : YES c co0,H20,PS
384 Lead ppm YES YES C Co,H20,PS
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IABLE C.1. (contd)
CLASSIFICATIONS OF ATTRIBUTES
APPLICATION TO STATUS : SOURCE
ATTRIBUTE 5/31/89 Update _ DISPOSAL OPTION "C"= CODE
No. ATTRIBUTE DESCRIPTION UNITS OF MEASURE }IN-PLACE :RETRIEVE | CONSTRAINT |See App B
3.0 ENGINEERED ENCLOSURES {contd) )
385 ' Mercury ppm YES YES C C0,H20,PS
386 Selenium ppm YES YES c €0,H20,PS
387 Silver ppm YES YES c C€0,H20,PS
388 Endrin ppm YES YES c C0,H20,PS
389 Lindane ppm YES YES C €0, H20,PS
390 Methoxychlor ppm YES YES C €0,H20,PS
391 Toxaphene ppm YES YES c C0,H20,PS
392 2-4-D ppm YES YES c C0,H20,PS
393 2,4,5-TP Silex ppm YES YES c C0,H20,PS
394 TRU uci/1 YES YES c C0,H20,PS
395 Radionuclide uci/1 YES YES c €0,H20,PS
396 n) Conc in Vadose or YES YES C0,H20,PS
Groundwater
Justified Chemical
List Later
397 o) Frequency of Tests for #/yr YES YES c C0,H20,PS
Direction and Rate of GW
398 p) Frequency of Tests for #/yr YES YES C C0,H20,PS
GW Levels :
399 q) Detection Limit for Conc ratio YES YES PS
of Gases in Vadous Zone -
3.3.2 Design Attributes
400 a) Compaction of Backfill % YES YES DC,L
401 b) Number of Barriers/Tank - # YES YES .bc,L
c) Barrier Thicknesses
402 Fine Soil m YES YES DC,L
403 Gravel Mulch m YES YES DC,L
404 Sand m YES YES DC,L
405 Gravel m . YES YES DC,L
406 Lo Perm m YES YES DC,L
407 Sand Cushion m YES YES DC,L
408 Riprap/pitrun gravel m YES YES DC,L
409 Total m YES YES DC,L
418 d) Burrow Depth ft YES YES oc,L
411 e) Max Rain Intensity yrs YES YES DC,L
412 f) Max Wind Intensity yrs YES YES DC,L
413 g) Void Density % YES YES DC,L
414 h) Plant Density-deep % YES YES DC,L
rooting
415 i) Marker Properties Best Performer YES YES DC,L,MA

Surface Abrasive
Resistance

Water Absorption

Density

Compressive Strength

ModuTus of Rupture

for

%
1b/ft"3
psi

psi
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TABLE C.1. (contd)

CLASSIFICATIONS OF ATTRIBUTES

APPLICATION TO STATUS: SOURCE
ATTRIBUTE 5/31/89 Update DISPOSAL OPTION "= CODE
No. ATTRIBUTE DESCRIPTION UNITS OF MEASURE |IN-PLACE :RETRIEVE | CONSTRAINT |See App B
3.0 ENGINEERED ENCLOSURES (contd)
416 Subsurface Markers Best Performer YES YES DC,L,MA
for
Compressive Strength
Thermal Shock
Thermal Crazing
Alkali Resistance
Color Retention
Chemical Resistance
J) Marker Spacing
417 Horizontal m apart YES YES DC,L
418 Vertical m apart YES YES DC,L
419 k) Marker Functional yrs YES YES DC,L,MA
Lifetime
420 1) Well Network #/Area YES YES DC,L,MA
3.3.3 Data Uncertainties
{(+ or -)
421 2) Material Volumes +/- % YES YES DC,L
422 b) Growing Season +/- days YES YES DC,L
c) Climatology
423 EvapoTrans Rate +/- % YES YES DC,L
424 Root Depths +/- ft YES YES DC,L
425 Gravel Effects oom YES YES DC,L
426 Veg Effects oom YES YES DC,L
427 Marker Dimensions +/- in YES YES - DC,L
428 Burrow Density +/- % YES YES DC,L
429 d) Hazards Probability YES YES DC,L
Volcanic Eruption
Earthquake
Tornado
430 e) Barrier Hydrology YES YES DC,L
Properties
431 f) Erosion Rates from Wind YES YES DC,L
and Water
432 g) Deposition Rate from YES YES DC,L
Wind
433 h) Void Size on Site +/-m YES YES DC,L
3.4 Site Facilities
3.4.1 Releases to the
Environment
434 a) NoX microGms/M™3 NO YES C AIR,0P,CO
435 b) SOX ppm NO YES C AIR,0OP,CO
436 c) Particulates microGms/M"3 ‘NO YES C AIR,0P,CO
437 d) Process Liquid Discharge Recycle NO YES DC,0P
438 e) Process Solid Discards nCi/gm Alpha NO YES oP
3.4.2 Design Attributes
439 a) Seismic DBE NO YES DC
449 b) Max Wind Speed-Permanent mph NO YES DC.0P
Facility
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TABLE C.1. (contd)

CLASSIFICATIONS OF ATTRIBUTES

APPLICATION TO STATUS: SOURCE
ATTRIBUTE 5/31/89 Update DISPOSAL OPTION "C'= CODE

No. ATTRIBUTE DESCRIPTION ~ UNITS OF MEASURE |IN-PLACE :RETRIEVE | CONSTRAINT |See App B

- 3.0 ENGINEERED ENCLOSURES (contd) :

441 ¢) Max Wind Speed- mph NO ¢ YES DCc
Transportable Facility :
during op'ns :

442 d) Facility Operating Life yrs NO ¢ YES DC

443 e) Post-closure Life yrs NO : YES DC

4.0 OPERATING ATTRIBUTES :
(Retrieve, Pretreat, Waste
Package, On-site Burial)
4.1 Production/Process Rates
(System Level Only) :
444 4.1.1 Mean Disposition Rate Tanks/yr NO : YES 0P,RBC

445 4.2 Min In-Process Storage yrs NO ¢ YES 0P,RBC
) Times. :
e 4.3 Process Water Utilization
o ' Mgmt :
e 446 4.3.1 Retrieval Output/Input Fraction NO : YES 0P,RBC
N 447 4.3.2 Processing Output/ Fraction NO : YES 0P,RBC
e
; Input :
: 448 4.3.3 MWaste Packaging Fraction NO : YES 0P ,RBC
Output/Input :
4.4 Acceptance Criteria

4.4.1 Retrieval Package - :
449 a) Max Thermal Content/ Kw NO : YES op
Package :
458 b} Max Mass Content/Package Kgs NO : YES op
4.5 Process Separations : .
4.5.1 Species in Glass
Stream after
Pretreatment :
451 a) NaFrac of Input NO : YES 0P,RBC
452 b) Al,Fe Frac of Input NO : YES 0P,RBC
453 c) SiFrac of Input : NO T YES 0P ,RBC
454 d). U Frac of Input NO : YES 0P,RBC
455 e) TOC,inc1 CN Frac of Input NO : YES 0P.RBC
4.5.2 Species in Grout :
Stream after
Pretreatment :
456 a) NaFrac of Input NO : YES - | OP,RBC
457 b) NO3 Frac of Input NO : YES 0P,RBC
458 c) C-14 Frac of Input: NO : YES 0P ,RBC
459 d) ‘Ni-63 . Frac of Input NO : YES 0P,RBC
468 ‘ e) Sr-90 Frac of Input NO @ YES 0P ,RBC
461 f) Tc-99 Frac of Input NO : YES 0P,RBC
462 g) I-129 Frac of Input NO : YES . 0P,RBC
463 h) Cs-137 Frac of Input NO : YES : 0P,RBC
464 i) U-235,238 . Frac of Input NO : YES 0P,RBC
465 i) Np-237 . Frac of Input NO : YES 0P,RBC
466 k) Pu-239,248 Frac of Input NO : YES 0P.RBC
467 1) Am-241 Frac of Input NO : YES 0P ,RBC
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TABLE C.1. (contd)

CLASSIFICATIONS OF ATTRIBUTES

APPLICATION TO STATUS: SOURCE
ATTRIBUTE 5/31/89 Update DISPOSAL OPTION "C"'= CODE
No. ATTRIBUTE DESCRIPTION UNITS OF MEASURE |IN-PLACE :RETRIEVE | CONSTRAINT |See App
4.8 OPERATING ATTRIBUTES (contd)
4.5.3 Species in Tank Waste
after In-Place
Treatment
468 a) CdFrac of Input NO YES 0P ,RBC
469 b) CrFrac of Input NO YES 0P ,RBC
470 c) CNFrac of Input NO YES 0P ,RBC
471 d) F Frac of Input NO YES OP,RBC
472 e) FeFrac of Input : NO YES 0P ,RBC
473 f) MnFrac of Input NO YES OP,RBC
474 g) HgFrac of Input NO YES OP,RBC
475 h) NO3 Frac of Input NO " YES 0P,RBC
476 i) NO2 Frac of Input NO YES OP,RBC
477 J) NaFrac of Input NO YES 0P ,RBC
478 k) sS04 Frac of Input NO YES 0P,RBC
479 1) C-14 Frac of Input NO YES 0P ,RBC
480 m) Sr-98 Frac of Input NO YES 0P ,RBC
481 n) Tc-99 Frac of Input NO YES 0P ,RBC
482 o) I-129 Frac of Input NO YES OP,RBC
483 p) Cs-137 Frac of Input NO YES 0P,RBC
484 q) Np-237 Frac of Input NO YES 0P ,RBC
485 r) Pu-239,24@ Frac of Input NO YES 0P ,RBC
486 s) Am-241 Frac of Input NO YES OP,RBC
487 t) TRU nCi/gm NO YES OP,RBC
4.6 Personnel Qualification/
Training
4.6.1 Personnel
Qualification
488 a) Decon Qualification DOT Stds YES YES ES,OP
489 b) Operating Equipment Procedure YES YES ES,0P
Qualification
4.6.2 General Personnel
Training
490 a) Minimum Skill Level Procedure YES YES ES,OP
491 b) Chemical Hazards Procedure YES YES ES,0P
492 c) Radiation Hazards Procedure YES YES ES,0P
4.7 Design Practices
493 a) Min Soil Overburden ft YES YES DC
Thickness
494 b) Codes and Standards Prior Projects YES YES DC
4.8 Employee Health and Safety
495 4.8.1 Criticality Control Fraction YES YES C ES,CO
K effective
4.8.2 Exposure Limits
496 a) Hazardous Chemicals Procedure YES YES ES
497 b) Whole Body Radiation ¥Rem/yr YES YES ES
498 c) Alpha Ingestion dpm/cc YES YES ES

4.9 Public Protection and

Practices
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TABLE C.1.

(contd)

CLASSIFICATIONS OF ATTRIBUTESV

APPLICATION TO STATUS: SOURCE
ATTRIBUTE 5/31/89 Update DISPOSAL OPTION "C"'= CODE
No. ATTRIBUTE DESCRIPTION UNITS OF MEASURE |IN-PLACE :RETRIEVE | CONSTRAINT |See:App B
4.0 OPERATING ATTRIBUTES (contd)
499 4.9.1 Exposure Limits to MRem/yr . YES YES C PS,CO
Water Consumption
at Boundary
5¢8 4,9.2 Radiation Expaosure MRem/yr YES YES c Ps,CO,AIR
] Limits at Boundary
5.8 SITE SELECTION ATTRIBUTES
5.1 Performance Measures
581 a) Number of Potential Sites # YES YES DC
5.2 Design Attributes
502 a) Proximity to 288 Area m YES YES DC
583 b) Distance from other m YES YES DC
waste sites
504 c) Distance to Wilderness m YES YES DC
Area’ .
585 d) Distance to Sensitive Area m YES YES DC
586 e) Dist to State/Fed Wildlife m YES YES DC
Refuge
587 f) Distance to Rec, Scenic, m YES YES DC
Park Boundary
588 g) Dist to Archeological/ m YES YES DC
Historic Areas .
589 h) Inside 188 yr Flood Plain? condition YES YES C DC,CO
518 i) Distance from perenial ft YES YES C DC,CO
source of surface water
511 j) Over a sole source condition YES YES c Dc,co
aquifer? .
512 k) Distance from downgradient ft YES YES C DC,CO
drinking water intake
513 1) Distance from upgradient ft YES YES C DC,CO
drinking water intake
514 m) Outside potable well head condition YES YES c DC.CO
area of influence _ i
515 n) Distance from boundary ft YES YES DC
to residence zone
516 o) Distance from boundary to ft YES YES DC
non-residence zone
- 517 p) Distance from fault active ft YES YES DC
in Holocene
5.3 Data Uncertainties
(plus or minus) :
518 a) Depth to Groundwater +/- ft YES YES DC
519 b) Groundwater travel time +/- yrs YES YES DC
(Vadose Travel Time)
520 c) Groundwater Mass Flow +/- yrs YES YES DC
521 d) Lithology descriptive YES YES DC
522 e) Strength +/- kPa YES YES DC
523 f) Permeability +/- Tog(m/s) YES YES DC
524 g) Particle Size Distribution +/- % YES YES DC
525 h) Site Size Necessary +/- acres YES YES DC

C.19




TABLE C.1.

(contd)

CLASSIFICATIONS OF ATTRIBUTES

APPLICATION TO STATUS: SOURCE
ATTRIBUTE 5/31/89 Update DISPOSAL OPTION "t'= CODE
No. ATTRIBUTE DESCRIPTION UNITS OF MEASURE |IN-PLACE :RETRIEVE | CONSTRAINT |See App B
6.8 RECORDS AND REPORTING
ATTRIBUTES
6.1 Performance Assessments
(Levels of Conservatism)
6.1.1 Inputs
526 a) Measured Data Added Margin YES YES MC,RE,.RAC
527 b) Estimated Data-Effect Margin Factor YES YES MC,RE,RAC
on Final Result
6.1.2 Algorithms Used-Effect
on Final Result
528 a) First Principles Margin Factor YES YES MC,RE.RAC
529 b) Extrapolations of Margin Factor YES YES MC,RE,RAC
Empirical Relationships
6.1.3 Assessment Margins A
538 a) Temperatures ) % of Calc'd Value YES YES MC,RE.RAC
531 b) Escape Rate fram Margin Factor YES YES MC,RE,RAC
Sequestered Waste Forms
532 c) Transport Rate in Margin Factor YES YES MC.RE,RAC
Carrier System
6.2 Notifications for
-~ Spills/Releases
533 6.2.1 Release Points Value > Limit by YES YES CA,RE
534 6.2.2 Reporting Condition Location YES YES CA,RE
535 6.2.3 Reporting Window after days YES YES CA,RE
Occurence
536 6.2.4 Report Contents Condition YES YES CA,RE
6.3 Notification for RCRA
Documentation
537 6.3.1 Hammer Dates years YES YES CA,RE
538 6.3.2 Reporting Method Procedure YES : YES . C CA,RE,CO
539 6.3.4 Reporting Contents Procedure YES - YES C CA,RE,CO
6.4 Waste Form Record Update
548 6.4.1 Volume of solids Frequency YES YES C CO,RE
541 6.4.2 Total H20 voTume Frequency . YES YES C CO,RE
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l TABLE C.2. Listing of Rankings of Attributes by Function

, . RANKINGS BY FUNCTION
ATTRIBUTE ’ 1169 1200 1308 1400 1500 1660 1700 NUMBER
No. ATTRIBUTE DESCRIPTION AVERAGE-> 4.5 2.0 6.4 2.4 3.7 6.3 4.7 OF ONES

1.1 Detection Limits
(for Groundwater, Leaching
Tests, Process Samples, etc.)
1.1.1 Radicnuclides

' 1.8 CHEMICAL ATTRIBUTES

1 Ac-227 1 1 1 3 1 5.5 2
2 Am-241 19 3 18 3 18 7 5 @
3 Am-242 19 3 18 3 1 5 5 1
4 Am-243 1 3 18 3 1 6 5 1
5 c-14 ’ 19 1 18 3 5 8 5 1
6 Cm-242 ' 1 1 18 3 1 7 5 2
7 Cm-244 19 1 18 3 1 5 5 2
8 Cm-245 12 3 1 3 1 5 5 1
9 Co-68 1 1 18 3 1 7 5 2
10 €s-135 19 1 1 3 1 5 5 2
11 Cs-137 9 1 18 3 18 9 5 1
12 H-3 : 19 1 18 3 1 7 5 2
13 I-129 1 1 18 3 5 9 5 1
14 Ni-59 19 1 18 3 1 5 5 2
15 Ni-63 19 1 1 3 1 7 5 2
16 Nb-94 : 19 1 1@ 3 1 5 5 2
17 Np-237 1 1 18 3 18 7 5 1
18 Pa-231 . 19 1 18 3 1 5 5 2
19 Pb-218 1 1 18 3 1 5 5 2
20 Po-218 1 1 18 3 1 2 5 2
21 Pu-238 19 3 1@ 3 1 5 5 1
22 Pu-239 19 3 18 3 18 7 5 8
23 Pu-248 19 3 18 3 18 7 5 @
24 Pu-241 1 1 1@ 3 1 7 5 2
25 Pu-242 1 3 18 3 1 5 5 1
"26 Ra-226 12 1 18 3 1 5 5 2
27 Ra-228 1 1 18 3 1 5 5 2
28 Ru-186 1 1 18 3 1 5 5 2
29 Se-79 ‘ 1 1 1 3 1 9 5 2
30 Sm-151 19 1 18 3-1 9 5 2
31 Sn-126 19 1 18 3 1 7 5 2
32 Sr-98 1 1 1@ 3 1@ 9 5 1
33 Tc-99 1 1 1@ 3 5 9 5 1
34 Th-229 ) 19 1 18 3 1 5 5 2
35 Th~238 : 1 1 18 3 1 5 5 2
36 Th-232 9 1 18 3 1 5 5 2
37 U-233 19 1-18 3 1 5 5 2
38 U-234 1 1 18 3 1 5 5 2
39 U-235 19 1 18 3 3 5 5 1
40 U-236 19 1 1@ 3 3 5 5 1
41 U-238 1 1 1@ 3 5 7 5 1
42 Zr-93 1 1 18 3 1 7 5 2
1.1.2 Ionic Species

43 Aluminum 18 1 18 1 1 2 5 3
44 Arsenic 10 1 10 1 1 9 5 3
45 Ammonia 18 1 18 1 1 2 5 3
46 Barium 18 1 18 1 1 8 5 3
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TABLE C.2. (contd)

. . RANKINGS BY FUNCTION
ATTRIBUTE 1100 1200 1308 1400 1500 1666 1788 NUMBER
No. ATTRIBUTE DESCRIPTION AVERAGE-> 4.5 2.8 6.4 2.4 3.7 6.3 4.7 OF ONES

1.6 CHEMICAL ATTRIBUTES (contd)

47 Beryl1lium 18 1 18 1 1 2 5 3

48 Bismuth 10 1 18 1 1 2 5 3

49 Boron . 10 1 10 1 1 5 5 3

56 Carbonate . 18 1 18 1 1 5 5 3

51 Cadmium 18 1 10 1 1 9 5 3

52 Calcium 19 1 18 1 1 2 5 3

53 Chloride 18 1 18 1 5 5 5 2

54 Chromium 19 1 18 1 5 9 5 2

55 Cobalt 18 1 18 1 1 2 5 3

56 Copper 18 1 18 1 1 5 5 3

57 Cyanide 18 1 10 1 7 9 5 2

58 Fluoride 18 1 10 1 5 7 5 2

59 _ Free Hydroxide 10 1 18 1 1 3 5 3

60 - Hypochlorite 10 1 18 1 1 2 5 3

o 61 Iron 19 1 10 1 1 5 5 3

Fa 62 Lead 10 1 18 1 1 9 5 3
63 Magnesium 10 1 18 1 1 2 5 3

v 64 Manganese 19 1 18 1 1 5 5 3
85 Mercury . 10 1 18 1 3 ] 5 2

. 66 Nickel 12 1 10 1 3 5 5 2
67 Mo Tybdenum 10 1 18 1 1 5 5 3

= 68 Nitrate 10 2 18 1 5 g 5 1
69 Nitrite 1 18 1 5 9 5 2
g 76 Phosphorus 10 1 18 1 1 7 5 3
71 Potassium 10 1 18 1 1 2 5 3

o 72 Selenium 10 1 10 1 1 9 5 3
73 Silicon 1 1 1 1 2 5 3
— 74 Silver 19 1 18 1 1 8 5 3
75 Sodium 18 2 10 1 1 8 5 2

. 76 Strontium 10 1 18 1 1 9 5 3
77 Sulfate 10 1 19 1 5 9 5 2

78 Sulfite 10 1 16 1 3 9 5 2

- 79 Titanium 1 18 1 1 2 5 3
ey 88 Uranium 18 1 10 1 5 7 5 2
b 81 Vanadium 4 1 12 1 1 2 5 3
82 Zinc 19 1 10 1 1 5 5 3

83 Zirconium . 10 1 16, 1 3 5 5 2

84 Total Organo-Halides(T0) 10 1 16 1 5 8 5 .2

85 TOX Species Identification 18 1 18 1 3 8 5 2

86 Total Organic Carbon (TOC) 10 1 16 1 18 9 5 2

87 TOC Species Identification 10 1 18 1 3 7 5 2

1.2 Accuracy of Contents (Process
Stream Control)
1.2.1 Tank Liquids (before
stabilization)
88 a) Total Volume (height) 3 18 7 2 1 5 2 1
89 b) Drainable Volume (height). 3 18 7 2 1 9 2 1
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TABLE C.2. (contd)

. : RANKINGS BY 'FUNCTION
ATTRIBUTE 1168 1200 1386 1480 15080 1668 1708 NUMBER
No. ATTRIBUTE DESCRIPTION AVERAGE-> 4.5 2.8 6.4 2.4 3.7 6.3 4.7 OF ONES

1.8 CHEMICAL ATTRIBUTES (contd)
1.2.2 Tank Solids (after stabili-
zation)(plus or minus) .
]} a) Total Volume of solids 3 3 5 3 1 8 2 1

91 b} TRU 18 3 9 3 1 10 2
92 c) Total Beta,Gamma Activity 18 3 9 7 1 8 2 1
Variance
93 d) Water Content Variance 18 3 9 5 1 8 2 1
94 e) pH 18 3 9 2 1 8 2 1
1.2.3 Spills and Leaks to Soil
95 a) TRU Content ig 8 18 8 1 1 2 2
96 b) Curie Content 10 8 19 8 1 1 2 2
97 c) Total Mass 18 8 18 7 1 1 2 2
1.2.4 Composition of WP Waste
Form-Accuracy ) . )
98 a) Chemical Content 1 3 8 1 1 18 2 3
99 b) Radionuclide Content 1 3 8 1 1 18 2 3
108 c) Residual Liquid ) 1 8 8 3 1 10 2 2

1.2.5 Composition of Waste
Containers/Engineered

Materials : ‘
141 a) HLW Glass-304L Aus Steel 1 1 1 1 1 7 1 ]
(C<.B3wt%)
162 b) Grouts 1 1 1 1 1 9 1 6

Portland II Cement
Fly Ash (ASTM Class F)

Clay
183 c) Cements 1 1 1 1 1 5 1 6
104 d) Fillers 1 1 1 1 1 8 1 8
185 e) Soils/Clay 1 1 1 1 1 5 1 8
1.3 Sampling Frequency
1.3.1 Process Stream
186 a) During Stabilization 18 7 8 3 1 2 4 1
187 b) During Processing and ' 8 1 8 3 5 7 4 1
5 Pre-Closure
[ ™ 1.4 Sampling Density of Solid
Matter
1.4.1 Process Stream
188 a) During Tank Characterization 10 7 5 7 1 8 4 1
109 b) During Soil Characterization 18 5 5 1 2 4 1

118 c) Processing of Solids 18 1 5 2. 5 8 4 1
2.0 PHYSICAL ATTRIBUTES (a1l system :
components and contaminated soil)
2.1 Spatial Properties
2.1.1 Waste Form after
Stabilization
a) Max Drainable-Liquid
(See 3.2.1d)

€.23




TABLE C.2. (contd)

. RANKINGS BY FUNCTION
ATTRIBUTE 1100 1200 1300 1400 1500 1609 1708 NUMBER
No. ATTRIBUTE DESCRIPTION AVERAGE-> 4.5 2.8 6.4 2.4 3.7 6.3 4.7 OF ONES

2.0 PHYSICAL ATTRIBUTES (contd)
2.1.2 Tank waste retrieval
package dimensions

111 a) Shape 1 1 1 9 3 1 1 5
112 b) Max VYolume 1 1 1 19 3 1 1 5
113 ¢) Max I.D. 1 1 1 8 3 1 1 5
114 d) Max Height ) 1 1 1 7 3 1 1 5
2.1.3 Soil Package Dimensions
115 a) Shape 1 1 1 9 1 1 1 6
116 b) Max Volume 1 1 1 18 1 1 1 6
117 c) Max I.D. 1 1 1 8 1 1 1 6
118 d) Max Height 1 1 1 7 1 1 1 6
2.1.4 Tank Retrieval Package
Dimensions
. 119 a) Max I.D. 1 1 1 8 1 1 1 6
e 120 b) Max Height 1 1 1 7 1 1 1 &
- 121 c) Max Gross Weight 1 1 1 10 1 1 "1 6
B2 2.1.5 Ancillary Equipment
o Package Dimensions
e 122 a) Shape 1 3 1 18 1 1 1 5
' 123 b) Max Volume 1 3 1 8 1 1 1 5
= 124 c) Max I.D. 1 3.1 8 1 1 1 5
e, 125 d) Max Height 1 3 1 19 1 1 1. 5
R 2.1.6 Final Waste Package
o~ a) Containerized HLW Glass
e 126 Length 1 1 1 1 1 10 1 )
o 127 Diameter 1 1 1 1 1 10 1 6
G 128 Wall Thickness 1 1 1 1 1 18 1 &
: 129 Weight 1 1 1 1 1 10 1 6
- 138 Max Free Volume 1 1 1 1 1 18 1 )
b) Containerized TRU Waste~Off
i Site WIPP
Contact Handled:
- 131 Length/Width/Height 1 1 1 1 1 18 1 6
. 132 Weight ' 1 1 1 1 1 19 1 B
e Remote Handled: ‘ '
133 . Diameter/Height 1 1 1 1 1 19 1 6
134 Weight 1 1 1 1 1 16 1 B
c) Containerized Grout
135 Max Free Volume 1 1 1 1 1 18 1 ]
2.2 Precision Limits Tank Waste .
136 a) Density 10 1 1 7 3 5 1 3
137 b) Particle Size Distribution 10 1 1 7 5 2 1 3
138 c) Viscosity 12 5 1 8 3 5 1 2
139 d) Thermal Qutput 18 10 1 6 2 5 1 2
140 e) Thermal Conductivity 12 19 1. 6 1 2 1 3
141 f) Pentrometer Test on Salt Cake 19 1 1 3 1 2 1 4
142 g) Thermal Analysis . 10 1 1 8 1 5 1 4
143 h) Specific Heat 18 10 1 7 1 2 1 3
144 i) Solids Settling Rate (sluicing 18 1 1 8 5 1 1 4
retrieval)
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TABLE C.2. (contd)

RANKINGS BY FUNCTION

ATTRIBUTE 1100 1200 1300 1490 1500 1688 1780 NUMBER
No. ATTRIBUTE DESCRIPTION AVERAGE-> 4.5 2.8 6.4 2.4 3.7 6.3 4.7 OF ONES
2.8 PHYSICAL ATTRIBUTES (contd)
145 j) Volume % Settled Solids 18 1 1 7 5 1 1 4
(sluicing retrieval)
146 k) Volume % Centrifuged Solids 19 1 1 6 3 1 1 4
(sluicing retrieval)
147 1) Miller Number (sluicing 19 1 1 7 3 1 1 4
retrieval)
148 m) Shear Strength (sluicing 19 1 1 8 3 1 1 4
retrieval)
148 n) Shear Stress-shear rate 18 1 1 8 3 1 1 4
rheogram (sluicing retrieval)
2.3 Physical Properties
2.3.1 HLW Glass Waste Form
158 a) Monolith Temperature Limit 1 1 1 1 1 18 1 6
151 b) Heat Generation Rate 1 1 1 1 1 18 1 6
2.3.2 Grout Waste Form
152 a) Temperature Limit 1 1 1 1 1 19 1 6
153 C b) Unconfined Compressive 1 1 1 1 1 12 1 6
Strength
2.3.3 Waste Package Containers .
154 a) HLW Glass-Max Internal 1 1 1 1 1 12 1 6
Pressure
. b) Grouted Waste-Vault -
(e 155 Overburden Internal Pressure 1 1 1 1 1 18 1 6
156 Strength 1 1 1 1 1 10 1 6
[ 157 c) Single Shell Tank-Temp Limit 1 1 1 8 1 9 8 4
d) TRU Waste-Dose Rates
&0 158 Surface-Contact TRU 1 1 1 1 1 18 1 &8
159 Surface B/G-Remote 1 1 1 1 1 1@ 1 6
= 169 Surface Neutron-Remote 1 1 1 1 1 18 6
2.3.4 Soils/Clays as Engineered
bt Barriers
| 161 a) Max Permeability 1 1 1 1 1 8 6 5
o 162 b) Max Swelling Pressure 1 1 1 1 1 5 8 5
163 c) Min Thickness 1 1 1 1 1 1 6 6
- 164 d) Min Bearing Strength 1 1 1 1 1 8 6 5
2.3.5 Cements~as structures/ ’
barriers
165 a) Min Permeability 1 1 1 1 1 8 1 6
166 b) Min Compressive Strength 1 1 1 1 1 8 1 6
2.3.6 Concrete Dome
167 a) Permeability : 1 1 1 1 1 8 5 5
168 b) Strength 1 1 1 1 1 8 9 5
169 c) Allowable Dome Deformation 1 3 1 1 1 3 9 4
after Closure
179 d) Allowable Dome Deformation 1 3 1 7 1 2 9 3

during Closure
2.3.7 In-Tank Filled Waste

171 a) Max Porosity 10 1 1 1 1 5 3 4
2.4 Decontamination Factors
172 2.4.1 Max Quantity of Tank Waste 1 1 12 18 1 8 7 3

Residue After Retrieval
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TABLE €C.2. (contd)

RANKINGS BY FUNCTION
1100 1200 1300 1406 1560 1686 1708 NUMBER
AVERAGE-> 4.5 2.0 6.4 2.4 3.7 6.3 4.7 OF ONES

ATTRIBUTE
No. ATTRIBUTE DESCRIPTION

2.8 PHYSICAL ATTRIBUTES (contd)

9

173 2.4.2 Max Allowed Soil Contamina- 1 5 16 18 1 2 7 2
tion After Retrieval
2.4.3 Max Residual Activity on
Tank Exterior/Interior
174 a) Beta/Gamma 1 5 8 3 1 8 2 2
2.4.4 Max Residual Contamination
on Ancillary Equipment
175 a) Beta/Gamma 1 5 8 9 1 8 2 2
176 2.4.5 Max Residual TRU in Cribs 1 1 8 10 1 5 2 3
and Trenches
2.4.8 Max Smearable Release for
Retrieval Package
177 a) Alpha 1 1 8 9 1 2 1 4
178 b) Beta/Gamma 1 1 8 9 1 2 1 4
2.4.7 Max Smearable Release of
HLW Glass WP
178 a) Beta/Gamma 1 1 8 1 1 8 1 5
188 b) Alpha 1 1 8 1 1 8 1 5
2.4.8 TRU >Class C
181 a) Alpha 1 1 8 1 1 8 1 5
182 b} Beta/Gamma 1 1 8 1 1 8 1 5
3.8 ENGINEERED ENCLOSURES
3.1 Transport Containers
(A11 Types)
3.1.1 Performance Attributes
183 a) Integrity after Drop/Thermal 1 1 1 8 1 1 1 ]
Test
184 b) Max Number Times Used 1 1 1 16 1 1 1 6
3.2 Waste Packages
3.2.1 Performance Attributes
a) Min Lifetime
185 HLW 1 1 1 1 1 5 6 5
186 LLW 1 1 1 1 1 18 6 5
187 Grouted Vault 1 1 1 1 1 19 6 5
188 In-Place 1 3 1 5 1 18 6 3
b) Max Release Rate-HLW Glass
189 Cs 1 1 9 1 1 14 1 5
198 U 1 1 9 1 1 10 1 5
191 Si 1 1 9 1 1 16 1 5
192 B 1 1 9 -1 1 10 1 5
193 Na 1 1 9 1 1 14 1 5
194 Sulphate 1 1 9 1 1 8 1 5
195 Max Waste Loading 1 1 9 1 1 8 1 5
c) Max Release Rate-Grouted Waste
196 Ag 1 1 9 1 1 9 7 4
197 As 1 1 9 1 1 9 7 4
198 Ba 1 1 9 1 1 7 7 4
199 Cd 1 1 9 1 1 9 7 4
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TABLE C.2. (contd)

RANKINGS BY FUNCTION
1109 1200 1300 14080 1580 1600 1788 NUMBER
AVERAGE-> 4.5 2.0 6.4 2.4 3.7 6.3 4.7 OF ONES

ATTRIBUTE
No. ATTRIBUTE DESCRIPTION

3.0 ENGINEERED ENCLOSURES (contd)

200 C1 1 1 9 1 1 5 7 4
201 Cr 1 1 9 1 1 18 7 4
282 Cu 1 1 9 1 1 5 7 4
283 F 1 1 9 1 1 9 7 4
204 Fe 1 1 9 1 1 5 7 4
205 Hg 1 1 9 1 1 9 7 4
206 Mn 1 1 9 1 1 5 7 4
297 NO2 1 1 9 1 1 18 7 4
208 NO3 1 1 9 1 1 19 7 4
209 Pb 1 1 9 1 1 9 7 4
210 Se 1 1 9 1 1 10 7 4
211 S04 1 1 9 1 1 5 7 4
212 n 1 1 9 1 1 5 7 4
213 CN 1 1 9 1 1 5 7 4
214 P04 1 1 9 1 1 10 7 4
215 Na 1 1 9 1 1 18 7 4
216 C-14 1 1 9 1 1 18 7 4
217 Sr-90 1 1 9 1 1 7 7 4
218 Tc-99 1 1 9 1 1 10 7 4
219 1-129 1 1 9 1 1 10 7 4
220 Cs-137 1 1 9 1 1 7 7 4
221 Ra-226 1 1 9 1 1 5 7 4
222 Np-237 1 1 9 1 1 8 7 4
223 u-238 1 1 9 1 1 5 7 4
224 Pu-239,248 1 1 9 1 1 7 7 4
225 Am-241 1 1 9 1 1 7 7 4
226 Se-79 1 1 9 1 1 7 7 4
227 Nb-393m 1 1 9 1 1 7 7 4
228 Co-60 1 1 9 1 1 7 7 4
229 Ru-106 1 1 9 1 1 7 7 4
238 Sb-126m 1 1 9 1 1 7 7 4
231 Cs-135 1 1 9 1 1 7 7 4
232 Ce-144 1 1 9 1 1 7 7 4
233 Pu-241 1 1 9 1 1 7 7 4
234 Sm-151 1 1 9 1 1 7 7 4
235 Ba~137m 1 1 9 1 1 7 7 4
236 Sn-126 1 1 9 1 1 7 7 4
237 Zr-93 1 1 9 1 1 7 7 4
238 Ni-63 1 1 9 1 1 7 7 4
239 Cm-242 1 1 9 1 1 7 7 4
240 TOC Content 1 1 9 1 5 7 7 3
241 Residual/Free Water 1 1 9 1 1 7 7 4
242 Ten min Gel Strength 1 1 g 1 1 7 7 4
243 Critical Flow 1 1 9 1 1 7 7 4
244 30 Thermal Cycles 1 1 9 1 1 7 7 4
245 Biodegradation 1 1 9 1 1 7 7 4
d) Max Release Rate In-Tank
Waste Package
246 Residual Water (up to 19 10 9 2 1 9 7 1
300 deg F)
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TABLE C.2. (contd)

. RANKINGS BY FUNCTION
ATTRIBUTE 1190 1204 1308 1406 1506 1660 1788 NUMBER
No. ATTRIBUTE DESCRIPTION AVERAGE-> 4.5 2.4 6.4 2.4 3.7 6.3 4.7 OF ONES

3.8 ENGINEERED ENCLOSURES (contd)

247 Total Organic Carbon 10 5 9 1 1 9. 7 2
248 Ag w 3 9 1 1 9 7 2
249 As 18 3 9 1 1 9 7 2
250 Ba 16 3 9 1 1 8 7 2
251 Cd 16 3 9 1 1 9 7 2
252 C1 10 3 9 1 1 5 7 2
253 Cr 19 3 9 1 1 10 7 2
254 Cu 10 3 9 1 1 5 7 2
255 F 18 3 9 1 1 9 7 2
256 Fe 14 3 9 1 1 5 7 2
257 Hg 16 3 9 1 1 9 7 2
258 Mn 16 3 9 1 1 5 7 2
259 NO2 16 3 9 1 1 19 7 2
ey 268 NO3 18 3 9 1 1 16 7 2
et 261 Pb 10 3 9 1 1 9 7 2
s 262 Se 1p 3 9 1 1 10 7 2
~ 263 S04 % 3 9 1 1 5 71 2
S 264 In 16 3 9 1 1 5 7 2
& 265 cN 9 3 9 1 1 5 7 2
— 266 Na 3 9 1 1 5 7 2
’ 267 Al % 3 9 1 1 2 7 2
R 268 P04 % 3 9 1 1 1 7 2
269 c-14 % 3 9 3 1 18 7 1
s, 278 Se-79 16 3 9 3 1 18 7 1
_ 271 Sr-99 % 3 9 3 1 9 7 1
i 272 Tc~99 10 3 9 3 1 16 7 1
b 273 I-129 16 3 9 3 1 10 7 1
e 274 Cs-137 16 3 9 3 1 9 7 1
275 Sm-151 18 3 9 3 1 9 7 1
s 276 Np-237 18 3 9 3 1 9 7 1
277 U-238 16 3 9 3 1 7 7 1
e 278 Pu-239/240 16 8 9 3 1 9 7 1
. 279 Am-241 16 8 9 3 1 9 7 1
o 280 Ni~-63 10 3 9 -1 1 9 7 2
: 281 : Zr-93 16 3 9 1 1 9 7 2
282 Cm-242 18 3 9 1 1 9 7 2
283 Pu-241 18 3 9 3 1 9 7 1
284 Cs-135 18 3 9 1 1 9 7 2
285 Total TRU 16 8 9 3 1 18 7 1
286. Allowed pH Range after 1 8 9 2 1 8 7 2
Pretreatment
e) Waste Package Closures
287 HLW-Glass ANSI STD 1 1 2 1 1 10 1 5
288 Grouted Vault (see #165) 1 1 2 1 1 8 1 5
289 In-Tank Disposal 8 7 2 1 1 8 1 3
298 f) Drop Test of HLW Container 1 1 2 1 1 18 1 5
3.2.2 Design/Process Attributes
a) Waste Stream Constraints to
HLW Glass (wt % dry)
291 A1203 1 1 3 1 5 8 1 4
292 Ba0 ' 1 1 3 1 5 8 1 4
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TABLE C.2. (contd)

. RANKINGS BY FUNCTION
ATTRIBUTE 11060 120¢ 13060 1466 1500 1688 1708 NUMBER
No. ATTRIBUTE DESCRIPTION AVERAGE-> 4.5 2.6 6.4 2.4 3.7 6.3. 4.7 OF ONES

3.0 ENGINEERED ENCLOSURES (contd)

293 ca0 1 1 3 1 5 8 1 4
294 cdo 1 1 3 1.5 38 1 4
295 Cr203 1 1 3 1 5 18 1 4
296 F 1 1 3 1 5 9 1 4
297 Fe203 1 1 3 1 5 9 1 4
298 Mn02 1 1 3 1 5 9 1 4
299 Mo03 1 1 3 1 5 39 1 4
300 Na20 1 1 3 1 5 18 1 4
301 NiO 1 1 3 1 5 8 1 4
302 P205 1 1 3 1 5 g 1 4
303 S03 1 1 3 1 5 9 1 4
384 $i02 1 1 3 1 5 5 1 4
365 Tio2 1 1 3 1 5 7 1 4
306 308 1 1 3 1 5 7 1 4
— 3g7 - 1r02 1 1t 3 1 5 7 1 4
: . 368 : TOC 1 1 3 1 5 18 1 4
ey 369 Particle Size 1 1 3 1 5 8 1 4
) b) Waste Stream Constraints to
S L ) Grout
: 319 Ag. 1 1 3 1 3 9 1 4
wera 311 As 1 1 3 1 3 g 1 &
1 312 Ba 1 1 3 1 3 8 1 4
Gt 313 cd 1 1 3 1 3 18 1 4
. 314 Cr 1 1 3 1 7 1@ 1 &8
o 315 Hg 1 1 3 1 3 g 1 4
: 316 Pb 1 1 3 1 3 g 1 4
oo 317 Se 1 1 3 1 3 18 1 4
318 T0C 1 1 3 1 3 7 1 ¢
e 319 Al 1 1 3 1 3 2 1 4
, , 320 Ca 1 1 3 1 3 2 1 4
e 321 1 1 1 3 .1 3 5 1 4
322 03 1 1 3 1 3 5 1 4
e 323 Cu 1 1 3 1 3 5 1 &
. , 324 F 1 1 3 1 3 5 1 4
i 325 Fe 1 1 3 1 3 5 1 &
' 326 K 1 1 3 1 3 5 1 4
327 Mg 1 1 3 1 3 5 1 &
328 Mn 1 1 3 1 3 5 1 &
329 Mo 1 1 3 1 3 5 1 4
330 Na 1 1 3 1 3 18 1 4
331 Ni 1 1 3 1 3 5 1 &
332 NH3 1 1 3 1 3 7 1 4
333 NO2 1 1 3 1 7 18 1 4
334 NO3 1 1 3 1 7 128 1 4
335 OH 1 1 3 1 3 9 1 4
336 P04 1 1 3 1 3 9 1 4
337 504 1 1 3 1 3 9 1 4
338 In 1 1 3 1 3 5 1 &
339 Ir 1 1 3 1 3 5 1 &
340 U 1 1t 3 1 3 5 1 &
341 RE 1 1 3 1 3 5 1 &
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TABLE C.2. (contd)

. RANKINGS BY FUNCTION
ATTRIBUTE 1102 1200 1388 14088 1580 1686 17808 NUMBER
No. ATTRIBUTE DESCRIPTION AVERAGE-> 4.5 2.0 6.4 2.4 3.7 6.3 4.7 OF ONES

3.8 ENGINEERED ENCLOSURES (contd)

342 CN.not Fe(CN)6 1 1 3 1 3 5 1 4

343 c-14 1 1 3 1 5 18 1 4

344 Ni-59 1 1 3 1 1 5 1 5

345 Ni-63 1 1 3 1 1 9 1 5

346 Sr-9¢ 1 1 3 1 16 18 1 4

347 Co-60 1 1 3 1 1 9 1 5

348 _ H-3 1 1 3 1 1 18 1 5

349 Nb-94 1 1 3 1 1 5 1 5§

350 Tc-99 1 1 3 1 5 18 1 4

351 1-129 1 1 3 1 5 18 1 4

352 Cs-137 1 1 3 1 16 18 1 4

353 Pu-241 1 1 3 1 5 9 1 4

354 Cm-242 1 1 3 1 1 9 1 5

- 355 Ru/Rh-186 1 1 3 1 1 5 1 5
€f 356 Sb/Te-125 1 1 3 1 1 5 1 5
357 Cs-135 1 1 3 1 1 5 1 5

=5 358 Ce/Pr-144 1 1 3 1 1 5 1 5
359 Am-241 1 1 3 1 18 9 1 a4

360 TRU 1 1 3 1 18 18 1 4

: 361 pH 1 1 3 1 3 8 1 &4

- 362 Solids/S1udge 1 1 3 1 3 8 1 4
N 363 Np-237 1 1 3 1 18 9 1 4
e 364 U-238 1 1 3 1 5 7 1 4
365 Pu-239/248 1 1 3 1 186 9 1 4

2 : c) Constraints on In-Place
- Waste Package from Prior
Wi Design

366 C Max Heat Generation 8 1¢ 2 8 1 8 1 2
— 367 C Min Hydrostatic Load 1 16 2 8 1 5 1 3
368 C Max Tank Negative Pressure 1 19 2 9 1 2 1 3
I 369 C Vapor Space-Pressure Range 1 18 2 7 1 2 1 3
' 3.3 Barriers
- 3.3.1 Performance Attributes
T a) Production Rate (see 4.1)
A 378 b) Lifetime 1 1 8 1 1 7 18 4
371 c) Drainage Rate 1 1 9 1 7 18 4
372 d) Storage Capacity of Fine Soil 1 1 9 1 1 7 18 4
Layer
373 e) Fine Content at -238 mesh 1 1 9 1 1 5 19 4
374 f) Permeability of Loperm Soil 1 1 9 1 1 7 10 4
375 g) Amount of Runoff 1 1 9 1 1 2 10 4
376 h) Allowed Thickness Change from 1 1 9 1 1 5 18 4
Erosion/Deposition
377 i) Allowed Subsidence 1 1 9 1 1 7 18 4
378 j) Earthquakes 1 1 9 1 1 5 10 4
379 k) Excavation Exclusion Period 1 1 9 1 1 5 19 4
1) Conc. in Vadose or
Groundwater
38¢ Arsenic 10 1 10 1 1 8 7 3
381 Barium 10 1 10 1 1 '8 7 3
382 Cadmium 19 1 18 1 1 8 7 3
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TABLE C.2. (contd)

RANKINGS BY FUNCTION
1168 1246 1300 14006 1566 1680 1788 NUMBER
AVERAGE-> 4.5 2.8 6.4 2.4 3.7 6.3 4.7 OF ONES

ATTRIBUTE
No. ATTRIBUTE DESCRIPTION

3.0 ENGINEERED ENCLOSURES (contd)

383 Chromium 10 1 19 1 5 8 7 2
384 Lead 18 1 12 1 1 8 7 3
385 Mercury 10 1 18 1 1 8 7 3
386 Selenium 18 1 12 1 1 8 7 3
387 Silver 18 1 18 1 1 8 7 3
388 Endrin 18 1 19 1 1 1 7 4
389 Lindane 10 1 19 1 1 1 7 4
398 Methoxychlor 18 1 18 1 1 1 7 4
391 Toxaphene 10 1 10 1 1 1 7 4
392 2-4-D 18 1 18 1 1 1 7 4
393 2,4,5-TP Silex 18 1 18 1 1 1 7 4
394 TRU 19 1 18 1 18 8 7 2
395 Radionuclide 10 1 18 1 18 8 7 2
396 n) Conc in Vadose or Groundwater 10 1 18 1 1 8 7 3

Justified Chemical List Later
397 o) Frequency of Tests for 18 1 18 1 1 5 4 3

Direction and Rate of GW
398 p) Frequency of Tests for GW 10 1 18 1 1 5 4 3

Levels
399 q) Detection Limit for Conc of 10 1 8 1 1 5 4 3

Gases in Vadous Zone

3.3.2 Design Attributes ]
408 a) Compaction of Backfill 1 1 5 1 1 5 18 4
491 b) Number of Barriers/Tank 1 1 18 1 1 5 7 4
¢) Barrier Thicknesses

492 Fine Soil 1 1 5 1 1 2 18 4
AQ3 Gravel Mulch 1 1 5 1 1 2 18 4
404 Sand 1 1 5 1 1 2 18 4
495 Gravel 1 1 5 1 1 2 18 4
496 Lo Perm 1 1 5 1 1 2 1 4
4g7 Sand Cushion 1 1 5 1 1 2 19 4
408 Riprap/pitrun gravel 1 1 5 1 1 2 18 4
499 Total 1 1 5 1 1 8 18 4
418 d) Burrow Depth 1 1 5 1 1 5 8 4
411 e) Max Rain Intensity 1 1 5 1 1 5 8 4
412 f) Max Wind Intensity 1 1 5 1 1 5 8 4
413 g) Void Density 1 1 5 1 1 5 8 4
414 h) Plant Density-deep rooting 1 1 5 1 1 5 8 4
415 i) Marker Properties 1 1 5 1 1 1 8 5

Surface Abrasive Resistance '

Water Absorption

Density

Compressive Strength

Modulus of Rupture
416 Subsurface Markers -1 1 5 1 1 1 8 5

Compressive Strength
Thermal Shock
Thermal Crazing
Alkali Resistance
Color Retention
Chemical Resistance
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TABLE C.2. (contd)

RANKINGS BY FUNCTION
1100 1206 1360 1460 1560 1606 1788 NUMBER
AVERAGE-> 4.5 2.0 6.4 2.4 3.7 6.3 4.7 QF ONES

ATTRIBUTE
No. ATTRIBUTE DESCRIPTION

3.8 ENGINEERED ENCLOSURES (contd)
j) Marker Spacing

417 Horizontal 1 1 5 1 1 1 8 5
418 Vertical 1 1 5 1 1 1 8 5
419 k) Marker Functional Lifetime 1 1 18 1 1 1 8 5
420 1) Well Network 1 1 18 1 1 1 8 5
3.3.3 Data Uncertainties (+ or -)
421 a) Material Volumes 1 1 5 1 1 1 5 5
422 b) Growing Season 1 1 5 1 1 1 5 5
c) Climatology
423 EvapoTrans Rate 1 1 7 1 1 5 9 4
424 Root Depths ’ 1 1 7 1 1 5 9 4
425 Gravel Effects 1 1 7 1 1 5 9 4
426 Veg Effects 1 1 7 1 1 1 9 5
427 Marker Dimensicns 1 1 7 1 1 1 9 5
428 Burrow Density 1 1 7 1 1 1 9 5
429 d) Hazards Probability 1 1 7 1 1 1 9 5
Volcanic Eruption
Earthquake
Tornade
430 e) Barrier Hydrology Properties 1 1 7 1 1 8 9 4
431 f) Erosion Rates from Wind and 1 1 7 1 1 5 9 4
) Water
432 g) Deposition Rate from Wind 1 1 7 1 1 1 9 5
433 h) Void Size on Site 1 1 7 1 1 1 9 5
3.4 Site Facilities
3.4.1 Releases to the Environment
434 a) NOX 7 1 18 10 19 1 1 3
435 b) SOX 7 1 10 19 5 1 1 3
436 c) Particulates 7 1 18 10 3 1 1 3
437 d) Process Liquid Discharge 1 1 16 10 5 5 1 3
438 e) Process Solid Discards 1 1 16 186 18 5 1 3
3.4.2 Design Attributes
439 a) Seismic: 1 1 5 5 3 1 1 4
440 b) Max Wind Speed-Permanent 1 1 5 1 3 1 1 5
Facility
441 c) Max Wind Speed-Transportable 1 1 5 8 3 1 1 4
Facility during op'ns
442 d) Facility Operating Life 1 1 5 5 3 1 1 4
443 e) Post-closure Life 1 1 190 1 3 1 1 5
4.6 OPERATING ATTRIBUTES (Retrieve,
Pretreat, Waste Package, On-site
Burial)
4.1 Production/Process Rates
(System Level Only)
444 4.1.1 Mean Disposition Rate 1 14 1 18 5 5 18 2
445 4.2 Min In-Process Storage Times 1 18 1 18 5 5 1 3
4.3 Process Water Utilization Mgmt
448 4.3.1 Retrieval Qutput/Input 1 1 1 18 5 5 7 3
447 4.3.2 Processing OQutput/Input 1 1 1 3 5 5 7 3
448 4.3.3 Waste Packaging Output/ 1 1 1 2 1 5 7 4

Input
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TABLE C.2. (contd)

. . RANKINGS BY FUNCTION
ATTRIBUTE 1120 1200 1300 1408 1508 1608 1788 NUMBER
No. ATTRIBUTE DESCRIPTION AVERAGE-> 4.5 2.8 6.4 2.4 3.7 6.3 4.7 OF ONES

4.8 OPERATING ATTRIBUTES (contd)
4.4 Acceptance Criteria
4.4.1 Retrieval Package .
449 a) Max Thermal Content/Package 1 1 1 9 1 1 1 6
450 b) Max Mass Content/Package 1 1 1 18 1 1 1 6
4.5 Process Separations
4.5.1 Species in Glass Stream
after Pretreatment

451 a) Na 1 1 5 1 16 18 7 3
452 b) Al,Fe 1 1 5 1 10 192 7 3
453 c) Si 1 1 5 1 180 12 7 3
454 d) U 1 1 5 1 16 10 7 3
455 e) TOC,inc1 CN 1 1 5 1 18 1@ 7 3
4.5.2 Species in Grout Stream
after Pretreatment

BT 456 a) Na 1 1 5 1 16 10 7 3
457 b) NO3 1 1 5 1 16 10 7 3
g 458 c) C-14 1 1 5 1 18 18 7 3
i 459 d) Ni-63 1 1 5 1 18 8 7 3
e 468 e) Sr-9@ 1 1 5 1 18 9 7 3
46] f) Tc-99 1 1 5 1 18 18 7 3
ez 462 g) I-129 1 1 5 1 18 1@ 7 3
463 h) Cs-137 1 1 5 1 18 9 7 3
L 464 i) U-235,238 1 1 5 1 1@ 8 7 3
465 j) Np-237 1 1 5 1 1@ 8 7 3
L3 466 k) Pu-239,248 1 1 5 1 1@ 8 7 3
467 1) Am-241 1 1 5 1 10 8 7 3

I8 4.5.3 Species in Tank Waste after

In-Place Treatment

wesa 468 a) Cd : 8 2 5 1 1 10 7 2
. 469 b) Cr 8 2 5 1 10 1@ 7 1
wan 478 c) CN 8 2 5 1 10 8 7 1
) 471 d) F 8 2 5 1 10 8 7 1
o 472 e) Fe 8 2 5 1 1 5 7 2
- 473 f) Mn 8 2 5 1 1 5 7 2
> 474 g) Hg 8 2 5 1 1 8 7 2
' 475 h) NO3 8 2 5 1 1 19 7 2
476 i) NO2 8 2 5 1 1 18 7 2
477 i) Na 8 2 5 1 1 5 7 2
478 k) S04 8 2 5 1 1 7 7 2
479 1) C-14 8 2 5 3 5 10 7 ]
480 m) Sr-98 8 2 5 3 10 9 7 ]
481 n) Tc-99 8 2 5 3 5 10 7 ]
482 o) I-129 8 2 5 3 5 10 7 ]
483 p) Cs-137 8 2 5 3 19 9 7 ]
484 q) Np-237 8 2 5 3 19 7 7 ]
485 r) Pu-239,248 8 3 5 3 19 7 7 ]
486 s) Am-241 8 3 5 3 10 7 7 8
487 t) TRU 8 3 5 3 18 10 7 8
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TABLE C.2. (contd)

, RANKINGS BY FUNCTION
ATTRIBUTE 1100 1200 1309 1460 1500 1600 1788 NUMBER
No. ATTRIBUTE DESCRIPTION AVERAGE-> 4.5 2.0 6.4 2.4 3.7 6.3 4.7 OF ONES

4.0 OPERATING ATTRIBUTES (contd)
4.6 Personnel Qualification/

Training
4.6.1 Personnel Qualification
488 a) Decon Qualification 16 18 7 18 3 1 1 2
489 b) Operating Equipment i 10 7 9 5 58 1 1

Qualification
4.6.2 General Personnel Training

498 a) Minimum Skill Level 16 '18 7 7 5 5 1 1
491 b) Chemical Hazards 18 10 7 8 5 5 1 1
492 c) Radiation Hazards 18 10 7 8 5 5 1 1
4.7 Design Practices
483 a) Min Soil Overburden 1 1 2 7 1 9 1 4
Thickness
494 b) Codes and Standards 1 1 2 2 5 5 1 3
W 4.8 Employee Health and Safety
” 495 4.8.1 Criticality Control 10 5 8 5 5 10 1 1
< K effective ‘
. 4.8.2 Exposure Limits
T ) 4396 a) Hazardous Chemicals 16 10 8 9 5 9 1 1
. 497 b) Whole Body Radiation 19 18 8 18 5 9 1 1
J— 498 c) Alpha Ingestion 9 1@ 8 1 5 9 1 1
- 4.9 Public Protection and Practices
[ 499 4.9.1 Exposure Limits to Water 3 10 9 2 5 9 10 ]
Consumption at Boundary
O 500 4.9.2 Radiation Exposure Limits 3 10 9 2 5 g 18 8
at Boundary
oy 5.8 SITE SELECTION ATTRIBUTES
T ’ 5.1 Performance Measures
ey 5@1 a) Number of Potential Sites i 1 2 1 1 2 8 4
. 5.2 Design Attributes
e 5@2 a) Proximity to 280 Area 1 1 2 1 1 2 18 4
: 503 b) Distance from other waste sites 1 1 8 1 1 2 18 4
wmen 504 c) Distance to Wilderness Area 1 1 8 1 1 2 18 4
: 585 d) Distance to Sensitive Area 1 1 8 i 1 2 10 4
b SO 506 e) Dist to State/Fed Wildlife 1 1 8 1 1 2 18 4
' Refuge
5087 f) Distance to Rec, Scenic, Park 1 1 8 1 1 2 18 4
Boundary
508 g) Dist to Archeological/Historic 1 1 8 1 1 2 18 4
Areas
5@9 h) Inside 188 yr Flood Plain? 1 1 8 1 1 5 18 4
510 i) Distance from perenial source 1 1 8 1 1 5 18 4
of surface water
511 j) Over a sole source aquifer? 1 1 8 1 1 5 18 4
512 k) Distance from downgradient 1 1 8 1 1 5 18 4
drinking water intake
513 1) Distance from upgradient 1 1 8 1 1 5 18 4
drinking water intake
514 m) Outside potable well head area 1 1 8 1 1 5 18 4

of influence
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TABLE C.2. (contd)

RANKINGS BY FUNCTION

ATTRIBUTE 1106 1200 1306 1400 1500 1668 1708 NUMBER
No. ATTRIBUTE DESCRIPTION AVERAGE-> 4.5 2.0 6.4 2.4 3.7 6.3 4.7 OF ONES
5.8 SITE SELECTION ATTRIBUTES (contd)
515 n) Distance from boundary to 1 1 8 1 1 2 19 4
residence zone :
5186 " 0) Distance from boundary to non- 1 1 8 1 1 2 19 4
residence zone
517 p) Distance from fault active in 1 1 8 1 1 2 18 4
Holocene
5.3 Data Uncertainties (plus or
minus)
518 a) Depth to Groundwater 1 1 9 1 1 5 8 4
519 b) Groundwater travel time (Vadose 1 1 9 1 1 8 8 4
Travel Time)
528 c) Groundwater Mass Flow 1 1 9 1 1 8 8 4
521 d) Lithology 1 1 9 1 1 2 8 4
522 e) Strength 1 1 9 1 1 5 8 4
§ragy 523 f) Permeability 1 1 38 1 1 8 8 4
%, 524 g) Particle Size Distributio 1 1 9 1 1 8 8 4
o 525 h) Site Size Necessary 1 1 9 1 1 2 8 4
B 6.8 RECORDS AND REPORTING ATTRIBUTES
£ ; 6.1 Performance Assessments (Levels
of Conservatism)
e 6.1.1 Inputs
526 a) Measured Data 18 18 9 1 2 9 18 1
527 b) Estimated Data-Effect on ' 1 18 9 1 2 9 18
Final Result
6.1.2 Algorithms Used-Effect on
Final Result
528 a) First Principles 1 1 9 1 1 8 7 4
529 b) Extrapolations of Empirical 1 1 9 1 1 9 7 4
Relationships )
6.1.3 Assessment Margins
53¢ a) Temperatures 1 7 9 1 1 8 18 3
531 b) Escape Rate from Sequestered ' 1 1 9 1 1 9 10 4
Waste Forms -
532 c) Transport Rate in Carrier 1 1 9 1 1 5 18 4
System i
6.2 Notifications for Spills/
Releases
533 6.2.1 Release Points 16 18 9 18 3 5 1 1
534 6.2.2 Reporting Condition 18 3 g 14 3 5 1
535 6.2.3 Reporting Window after ’ 19 18 9 10 3 5 1 1
Occurence
536 6.2.4 Report Contents 8 8 -9 18 3 5 1 1
6.3 Notification for RCRA ’
Documentation
537 6.3.1 Hammer Dates 3 3 9 1 3 5 1 2
538 6.3.2 Reporting Method 3 3 9 1 3 5 1 2
539 6.3.4 Reporting Contents 3 3 9 1 3 5 1 2
6.4 Waste Form Record Update
540 6.4.1 Volume of solids 19 19 5 3 1 2 1 2
541 6.4.2 Total H20 volume 16 10 5 3 1 7 1 2
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