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EXECUTIVE SUMMARY

The Westinghouse Savannah River Company (WSRC) made a FY98 commitment to the Department of Energy
(DOE) to recommend a technology for the disposal of aluminum-based spent nuclear fuel (SNF) at the
Savannah River Site (SRS). The two technologies being considered, Direct Co-Disposal and Melt & Dilute,
had been previously down-selected from a group of eleven potential SNF management technologies by the
Research Reactor Spent Nuclear Fuel Task Team', chartered by the DOE's Office of Spent Fuel Management.
To meet this commitment, WSRC organized the SNF Altemative Technology Program to further develop the
Direct Co-Disposal and Melt & Dilute technologies and ultimately provide a WSRC recommendation to DOE on
a preferred SNF alternative management technology.

The first step in developing a technology recommendation was to complete a technology risk assessment of
the two proposed altematives. The purpose of the risk assessment was to determine whether either of the
alternatives posed any risks that would render that alternative unsuitable for further consideration. Although
the risk assessment identified a number of potential risks for each altemative?, none were deemed significant
enough to eliminate either altemative. Consequently, the next phase of the process, a formal decision
analysis, was undertaken with the formation of a diverse team of subject matter experts from WSRC, Bechtel
Savannah River, Inc. (BSRI), and Westinghouse Safety Management Solutions (WSMS). Team members

~ were chosen for their expertise in the functional areas of engineering, operations, criticality safety,
environment, radiological and occupational safety and health, design, research and development, and strategic
planning.

Utilizing a multi-cbjective decision making process known as the Analytic Hierarchy Process (AHP), the team
conducted the evaluation through a series of fifteen interactive meetings. These meetings provided a forum to
ensure that all team members had a common understanding of the altematives being considered, and that they
also had a common understanding of the decision objectives and criteria that were developed by the team for
the decision analysis. The primary objectives selected by the team were:

1. Provide the highest assurance of disposal form performance in the repository (meeting disposal form
performance requirements);

2. Provide the simplest (yet comprehensive), most reliable implementation of the prooess ina Treatment and
Storage Facility (TSF) at SRS;

Have the lowest life cycle costs and schedule impacts;
Receive the highest level of public support;
Have the least effect on other programmatic issues;

« bk ©

6. Have the least impact on the environment, and on worker and public safety and health.

A total of twenty-one supporting decision criteria distributed among these primary objectives were selected by
the team as offering some level of discrimination in judging each altemative’s performance. Using
commercially available sofiware developed for AHP*, the team organized the objectives, criteria, and
altemnatives into a four-level hierarchy structure model®, evaluated the objectives and criteria for relative
importance, and then assessed the relative performance of both altematives against each of the decision -
criteria in the hierarchy. This data was then synthesized usmg the software to arrive at an overall altemative
preference.

* The team used ECPro™ for Windows, a product of Expart Choice, inc., Pittsburgh, PA 15213,
® See Figurs 5 on page 19, .
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Figure 1 below provides both a prioritized summary of the twenty-one decision criteria and a relative indication
of alternative preference for each of those criteria.

Criticality 243

Public Safety .181
Worker Safety .110
Release Rate .063
Environmental .051
Charactization Accept. .040
Nonproliferation .036
CSRA .035

Capital Cost .035
Permitting .030

South Carclina .027
NGO .023

Versatility .020
Schedule .018
SecondaryWaste .018
O&MCost .015

Other SRS Missions 013
Maintainability .012
Disposal Cost .011
Complexty .010

Other DOE Missions .009

Criterta

g Direct Co-Disposal g Meit & Dilute

I ] T ] 1 1
000 050 00 .150 200 250

Criteria Priority

Figure 1. Global Priorities and Alternative Preferences for Decision Criteria
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The results of the data synthesis indicated a preference for the Melt & Dilute alternative over Direct Co-
Disposal by slightly more than 26%° as shown in Figure 2 below. Sensitivity analysis conducted using the
software demonstrated that the overall altemative preference for Melt & Dilute was sensitive only to significant
changes in objective priorities for disposal form performance and ES&H issues’. For the overall preference to
switch from Melt & Dilute to Direct Co-Disposal (the “trade-of” point), either the disposal form performance
objective priority had to decrease by approximately 65%, or the ES&H objective priority had to increase by
approximately 68%. Since neither of these objective priority shifts is deemed likely to occur, the sensitivity
analysis results were considered to be proof of the robustness of the overall preference for the Melt & Dilute
altemative. -

Select the Best Altemnative for Spent Nuclear Fuel Disposal

Synthwsis of Leaf Nodes with respect to GOAL

0esl Mode
OVERALL INCONSISTENCY INDEX = D.03

veD sco [
prectco 442 [

Abbreviation Definition
M&D Melt & Diluts
DirectCo Direct Co-Disposal

Figure 2. Synthesis Resuits

Based upon information gathered throughout the course of this study, the benefits of the preferred Melt &
Dilute aiternative, as determined by the team, are:

» Reduced disposal form volume which must be emplaced in a repository;

Even though additional mass will be added to the disposal form during the melting process (in the form of
aluminum and depleted uranium), the total volume required for the disposal forms will only be approximately
one quarter of that required for Direct Co-Disposal. This reduced volume will not only result in significantly
lower disposal costs (including transportation, surface storage at the repository, and final emplacement), but
it will also result in lower risk to the public because of fewer canisters which must be transported from SRS
to the repository. In addition, with fewer canisters required for the disposal of SNF, waste canister space is
made available for other SRS missions, such as the disposal of ceramic stabilized plutonium. '

+ Results in a disposal form that is Low Enriched Uranium (LEU),

Benefits derived from diluting the disposal form to LEU are a reduction in Safeguards & Security (S&S)
requirements (and attendant costs) and elimination of nuclear nonproliferation concerns. The fact that the
disposal form will be LEU makes it exempt from a number of 10 CFR 73° requirements. A disposal form
that is LEU will also satisfy the intent of Presidential Decision Directive (PDD) 13* in that no weapons
capable stockpiles of enriched uranium would be created, either at SRS or in the repository.

°mmammmammeamumcmmlu(mm)x100% 126.2%.
‘Gmdmmﬂywweswhichshowmmmm-oﬂs breachofmelophvdammamplwmdinAppenduxE
* Titie 10 of the Code of Federal Regutations, Part 73°.
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< Provides a disposal form that is more stable with regard to criticality and short-term radionuclide release
Iates in the repository; ‘

The final disposal form produced by the Melt & Dilute altemative will have any required neutron absorber
materials captured in the microstructure of the ingot. This feature will provide a disposal form that has
“much less criticality potential than one that could be created by simply adding discrete neutron absorber
materials to the canister, such as with the Direct Co-Disposal altemative. The reduced surface area
provided by the Melt & Dilute altemative will also result in lower short-term. radionuclide releases. in the

repository.
» Accommodates the disposal of the most FRR SNF under one process.

A séparate process for the disposal of target materials in powdered form, referenced in Table 5.2-2 of the
Research Reactor SNF Task Team Report', will not be required for the Melt & Dilute alternative.

Based upon the results of this study and assuming that the waste acceptance criteria (especially those
concemming criticality) are not significantly changed, the team recommends to the DOE that the Melt & Dilute
altemative be the primary technology for the disposal of aluminum-based DOE SNF. Because the waste
acceptance requirernents may change and Direct Co-Disposal is a viable alternative (and for many attributes, it
is the preferred altemative), it is also recommended that the Direct Co-Disposal altemative be retained as a
backup.

INTRODUCTION

INITIATION OF TASK

This fiscal year, WSRC committed to accelerate research in order to facilitate the recommendation of a
preferred disposal technology alternative to the DOE for inclusion in an Environmental Impact Statement
- (EIS), and ultimately, for the selection of an altemnative in a Record of Decision (ROD).

The decision analysis process used fo develop this recommendation considered many variables and
uncertainties, including repository requirements which are not yet finalized. This report documents the
selection process, the recommendation, and ;ustiﬁmtlon for that recommendation.

BACKGROUND

The Record of Decision for the Environmental impact Statement on the Proposed Nuclear Weapons
Nonproliferation Policy Concerning Foreign Research Reactor (FRR) Spent Nuclear Fuel directed the DOE
to implement altemative treatment and packaging technologies that could be utilized in place of
conventional chemical processing to achieve safe and cost effective interim storage and ultimate disposal.

Due to the importance of demonstrating to national and local stakehoklers a well conceived and viable path
forward for this material, the Office of Spent Fuel Management chartered the Research Reactor Spent
Nuclear Fuel Task Team (RRTT). The mission of the RRTT was to recommend a course of action, leading
to a final technology selection with implementation by the year 2000, if possibie, for the interim management
and ultimate disposition of the foreign and domestic aluminum based research reactor SNF under DOE'’s
jurisdiction.

The RRTT evaluated eleven potential SNF management technologies. The eleven technologies ranged
from direct disposal and isotopic dilution to advanced treatments such as plasma arc treatment and glass
material oxidation and dissolution. Each technology was examined and compared against the other

SNF Raport (Rav 0).doc DOES NOT CONTAIN UCNI
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technologies in the éreas of Technical Performance and Implementation. To make a recommendation, the
RRTT used a modified Kepner-Tregoe® evaluation using the criteria of:

» Confidence of Success;

o Life Cycle Cost;

e Technical Suitability;

s Timeliness to Operational Start.

The RRTT recommended that two technologies be developed in paraliel. The two technologies are Direct
Co-Disposal and an isotopic dilution alternative, Press & Dilute or Melt & Dilute. The RRTT also
recommended that an advanced technology, Electrometallurgy, aithough not directly developed for
aluminum research SNF nor funded by the SNF program, be considered as a secondary and diverse
backup.

Based on the recommendations of the RRTT report!, WSRC organized the SNF Alternative Technology
Program to further develop the Direct Co-Disposal and Melt & Dilute technologies' and ultimately provide a
WSRC recommendation to the DOE on a preferred SNF altemative management technology. This
preferred technology recommendation will be considered by the DOE as input into the upcoming SRS SNF
Management EIS.

TECHNOLOGY ALTERNATIVES

As noted above, only two technologies, Direct Co-Disposal and Melt & Dilute, were considered in this
decision analysis. A brief description of each of these technologies is provided below.

Direct Co-Disposal (see Figure 3 on page 6°)

In this techhology. the SNF will be packaged intact in a canister which has a diameter of approximately
seventeen inches and a length of approximately 120 inches. The canister of fuel will be vacuum dried and
back-filled with helium. The fuel would be separated in the canister with a basket containing neutron
absorber materials. Three to four baskets would be stacked within each canister. After the canister is
back-filled and sealed, it will be temporarily stored at SRS in horizontal concrete storage modules.

Uttimately, the canisters will be shipped to a federal Mined Geologic Disposal System (MGDS) repository for
final disposal. There each of the SNF canisters will be placed inside a larger waste package containing five
Defense Waste Processing Facility (DWPF) High Level Waste (HLW) canisters before being emplaced in

the repository.

The Direct Co-Disposal alternative will require a separate powder metallurgy process to accommodate the
disposition of the foreign research reactor target oxide materials listed in Table 5.2-2 of the RRTT report'.
These materials could be combined at 30 wt% with aluminum powder (or higher if necessary to make a
‘good compact), compressed to make 3" OD X 24" slugs, cold weided, loaded into the standard canister, -
filled with inert gas, welded, leak checked, and finally, interim-stored prior to shipment to the repository.

'Pm-mmm“smmmmmenwmmmwmamnamwm of M&D without a cost benefit.
? Figure 8.5.2-1 from the Pre-conceptual Design Report? reprinted here for information only.
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Cask Handling Area:

+ Cask receipt, staging, and washdown.

s Cask venting, sampling, snd boit removal.
» Cask trangfer to hot cell. ,

« Cask decontamination stations (2).

!

Unloading Area/Lag Storage:
» Remove cask lid.
* Remove sach assembly, can, or basket.

Lag Storage Racks; 500 position capacity.
« Retum cask to cask handiing area for decon.

Decanning Station:

o Cut engis from cans or tubes,
remove SNF.

e Cut acrap to 4’ lengtha.

Cropping Stations (2):

« Cut non fuel-bearing ends
from SNF. .

e Disassembie HFIR outer

cores ino quatters.

Primary Characterization:
« Visual, dimensions, weight.

o Thermal.

* Gamma, neutron.

« More rigorois measurements of
seolected SNF

« Gamma, neutron

o Thermal

s Attach ID label to assembly or can, and piace in

Canning Station:

« Piace failed SNF in can.
o Seat lid into can; no weid.

Basket Loading:
« Load SNF andior cans into baskets.
« Nine basket ioading positions available.

Verlfication/Test:

+ Perform final characterization of loaded basket.
o Gamma, neutron, thermal, weight.

Canister Loading/Transfer:

« Piace basket into canisteriransfer cask and
place shield plug into canister.

o Remove canisterftransfer cask from hot cell

and placs in Canister Prep Station.

Canister Prep/Closure:
« Dacon exposed surfaces of transfer cask
« Weld shiald plug in canister; inspect weid.
o Vacuum dry, inert, and leak test canister.
« Weld outer lid. Bolt top lid on transfer cask.
« Two work stations provided.

!

Detailed Characterization:

Transfer to Road Ready Storage:

« Load transfer cask on specisiized transport
vehicle; transport to storage module.

« Align transfer cask with storage module.

« Activate hydraufic ram to slide canister into
storage madiule; install shield door on storage
module,

« Storage capacity for 1200 canisters.

Legend

Figure 3. Faclility Process Flow Diagram, Direct Co-Disposal
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Melt & Dilute (see Figure 4 on page 8"

In this technology, the SNF will be metted in a fumace, and depleted uranium and aluminum (as needed to
control the metallurgy and process temperature) will be added to the melt in order to reduce the U
enrichment to below 20%, the level required to be treated as low enriched uranium (LEU). {f required,
neutron absorber materials will also be added to the meit to minimize the potential for long-term criticality in
the repository. The melt will be solidified and placed in a stee! canister similar to that for the Direct Co-
Disposal altemnative. Several ingots may be stacked in each canister. The canister will then be back-filled
with helium, sealed, and temporarily stored at SRS in horizontal concrete storage modules. Even though
additional mass will be added to the disposal form during the melting process (in the form of aluminum and
depleted uranium), the total volume required for the disposal forms will only be approximately one quarter of
that required for Direct Co-Disposal.

Like the Direct Co-Disposal altemative, the canisters will ultimately be shipped to a federal MGDS
repository for final disposal with DWPF canisters. The melting process will cause volatilization of some
fission products. Those gases will be collected and processed onsite as either HLW or low level waste
(LLW), with the exception of noble gases such as krypton which will be released to the facility stack.

Pre-conceptual design has been completed on both technologies.

" Figure 8.6.2-1 from the Pre-conceptual Design Report® reprinted hers for information onty.
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Cask Handling Area:
o Cask receipt, staging, and washdown.
= Cask venting, sampling, and bolt removal.
o Cask transfer o hot cell.
o Cask decontamination stations (2).

Y

Unloading Area/Lag Storage:

* Remove cask kd.

¢ Remove each assembly, can, or basket.
» Attach ID iabel to assembly or can, and place in

_ Lag Storage Racks; SO0 position capacity.

* Retum cask to cask handiing area for decon.

Decanning Station:

+ Cut ends from cans or tubes,
remove SNF.

s Cutscrap o 4' lengths.

Cropping Station:
« Cut non fuel-bearing ands from
SNF (non aluminum SNF and
some aluminum SNF with

Characterization:

Non Aluminum:
¢ Visual, dimensions, weight.
o Thermal, gamma, neutron.

Aluminum:
* Visual, weight.

Detalled Characterization:

= More rigorous mesasurements
of selected non siuminum SNF.

« Gamma, neutron, thermal.

Meit and Dilute:

o Select SNF for meiter betch; determine “recipe”.

« Preheat/dry SNF.

« Meit Al, DU, and SNF in induction meilter.

« Sample moiten ailoy end analyze with mass
spectromater; make any necessary adjustments.

« Cast alloy into Primary Waste Form, approx. 16"

QD by 33" maximum length.

Canning Station:

« Place failed Non-Al SNF in can.
s Seeat lid into can; no weld.

Basket Loading:
+ Load SNF, cans, or PWF into baskets.
» Three basket loading positions available.

Verification/Test:

« Perform final characterization of loaded basket.
-Gammq. neutron, thermal, weight.

Canister Loading/Transfer:

« Place basket into canistertransfer cask and
place shieid plug into canister.
« Remove canisterAransfer cask from hot cell
and place in Canigter Prep Station.

Canister Prep/Closure:

« Decon exposed surfaces of tansfer cask
« Weid shield plug in canister; inspect weid.
« Evacuate, inert, and joak test canister.

*» Weld outer lid. Bok top lid on transfer cask.
+ One work station provided.

'

Transfer to Road Ready Storage:

« Load transfer cask on specialized transport
vehicle; transport to storege module.

« Align transfer cask with storage module.

» Activate hydraulic ram to slide canister into
storage module; install shieid door on storage
module.

» Storage capacity for 400 canisters.

Legend

ipsce norcat

Figure 4. Facllity Process Flow Diagram, Melt & Dilute
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DISCUSSION

ANALYTIC HIERARCHY PROCESS

The Analytic Hierarchy Process (AHP), which forms the basis of the Expert Choice™ decision support
software (ECPro™ for Windows) used in this study, enhances decision making by providing a logical, easy-
to-use framework in which all elements of a decision can be defined, organized, and carefully evaluated.
Designed to reflect the way people actually think, the AHP is a mathematical theory for measurement and

~ decision making that was developed by Dr. Thomas L. Saaty more than twenty years ago. Today, the AHP
is one of the world’s most popular approaches to multi-objective decision making, and Expert Choice, Inc.,
has become one of the world’s leading vendors of AHP-based decision software.

As Dr. Saaty notes in his book Decision Making for Leaders’, “In solving problems by explicit logical
analysis, three principles can be distinguished: the principle of constructing hierarchies, the principle of
establishing priorities, and the principle of logical consistency. These natural principles of analytic thought
underlie the AHP." He goes on to say “In utilizing these three principles, the AHP incorporates both the
qualitative and the quantitative aspects of human thought: the qualitative to define the problem and its
hierarchy, and the quantitative to express judgments and preferences concisely. The process itself is
designed to integrate these two properties.”

The AHP incorporates judgments and personal values in a logical way. It depends on imagination,
experience, and knowledge to structure the hierarchy of a problem and on logic, intuition, and experience to
provide judgments. The AHP provides a framework for connecting elements of one part of a problem with
those of ancther to obtain the combined outcome. It is a process for identifying, understanding, and
assessing the interactions of a system as a whole. :

With the AHP, objectives, criteria, and altematives are arranged in a hierarchical structure, or model, similar
to a family tree. The factors affecting the decision are organized in gradual steps, from the general in the
upper levels of the hierarchy to the specific in the lower levels. The purpose of the structure is to make it
possibie to judge the importance of the elements in a given level with respect to some or all of the elements
in the adjacent level above. The process of building this structure not only helps to identify all the elements
of a decision more accurately, but also helps to recognize the interrelationships between them.

Influence in this hierarchical structure is distributed downward. The top level, or goal, has the greatest
importance (or priority) and thus has a value of one. This value is apportioned among the elements in the
second level, and the vailues of each of these in tum is apportioned among those of the third level, and so-
on to the lowestleve! objectives/criteria. These objective/criterion priority values are derived by the
ECPro™ program based upon pair-wise comparisons of the objectives at each of the model nodes'.

Finally, pair-wise comparisons of the altemative solutions with respect to each of the lowest-level criteria
provide alternative preference values. These preference values are then synthesized with the
objective/criterion priority values by the program to derive an overall preference value for each of the
“alternative solutions being considered.

Among the benefits of AHP is the fact that it accommodates hard data, such as costs, as well as personal
judgment and intuition. It also permits the derivation of relative, mathematically-based weights for
objectives/criteria instead of simply assigning weights to variables as do some other decision analysis
techniques. By reducing compiex decisions to a series of simple comparisons and rankings and then

’Theelenmbofudedaionmreptuomedbynodu. A node may represent an objective, a criterion, a subcriterion, an uncertainty
(scenario). an aftemative, (etc.). ECPro™for Windows, User Manual®, page 345.
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synthesizing the resuits, the AHP not only helps in reaching the best decision, but also provides a clear
rationale for that choice.

Another important feature of the AHP is that it provides a framework for group participation in decision
making or problem solving. tdeas and judgments can be questioned and strengthened or weakened by
evidence that other people present. And in fact, the conceptualization of any problem by the AHP requires
the consideration of ideas, judgments, and facts accepted by others as essential aspects of the problem.

CREATION OF TEAM

Because of the need to.consider multiple attributes, a diverse team of Savannah River Site (SRS) subject
matter experts was assembled to participate in the technology selection process.  Team members were
chosen for their expertise in the functional areas of engineering, operations, criticality safety, environment,
radiological and occupational safety and health, design, research and development, and strategic planning.
The team members came from WSRC (and from four different divisions within WSRC), Bechtel Savannah
River Inc. (BSRI}), and Westinghouse Safety Management Solutions (WSMS).

The team completed the evaluation process through a series of fifteen interactive meetings. These
meetings provided a forum to ensure that all team members had a common understanding of the
altematives being considered, and that they also had a common understanding of the decision objectives
and criteria that were developed by the team for the decision analysis.

Biographical information for each of the team members is provided in Appendix A.

ASSUMPTIONS

The following general assumptions were used by the team in developing decision objectives and criteria,

and in evaluating the performance of the two altematives, Melt & Dilute and Direct Co-Disposal, against

those criteria.

1. Both technologies (Direct Co-Disposal and Melt & Dilute) are viable and will produce waste forms that
meet all anticipated Mined Geologic Disposal System Draft Disposability Interface Specification (DDIS)*
requirements.

This assumption is based upon one of the screening criteria used by the RRTT to eliminate from their
further consideration waste forms that were not compatible with anticipated repository requirements.
The Nuclear Regulatory Commission (NRC) has also concluded that *...based on current information,
the staff believes- that both the direct co-disopsal and melt and dilute options would be acceptable
concepts for disposal of aluminum-based research reactor SNF in the repository.™

2. Both technologies will meet all anticipated emiironmental. safety, and heaith requirements at SRS.

This assumption is based upon one of the screening criteria used by the RRTT to eliminate
technologies from further consideration in their study. The pre-conceptual design has also specified
design requirements to ensure that environmental, safety, and health requirements are met.

3. Al aluminum-clad SNF types and materiais listed in Table 5.2-1 of the Research Reactor SNF Task
Team Report’ will be processed in the SRS canyons as recommended, and consequently, they were
not considered in the technology decision analysis.

4. Target materials in powdered form to be received under FRR EIS (Canada, Belgium, Argentina, and
Indonesia) listed in Table 5.2-2 of the Research Reactor SNF Task Team Report' will be proces_sed in
the new TSF at SRS and were therefore included in the technology decision analysis.
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5. Data needs for repoéitory characterization acceptance are identified in the OCRWM (Office of Civilian
Radioactive Waste Management) Data Needs for DOE SNF'! document.

6. DDIS Disposability Standard 2.1.1° requires compliance with the Nuclear Waste Policy Act (NWPA)
‘legal’ definition of SNF - namely, “fuel that has been withdrawn from a nuclear reactor following
irradiation, the constituent elements of which have not been separated by reprocessing.” For the
purposes of this study, it is assumed that the Melt & Dilute disposal form meets the intent of this
definition {i.e. - treating the SNF to reduce enrichment and achieve the desired metallurgy is not
considered to be reprocessing.) -

7. 10 CFR Part.60.111" requires retrievability of waste up to 50 years after emplacement operations
begin. For the purposes of this study, it is assumed that this requirement applies only to the waste
package and does extend to either the disposal form within the waste package or the SNF within the
disposal form.

DECISION OBJECTIVES

The overall goal of the task team was to select the technology which will provide the best: solution for
preparing DOE-owned, aluminum-based SNF for interim storage, transportation, and disposal at a geologic
repository. Using the first basic function of AHP, that of structuring complexity, the team identified a
number of primary objectives which, if satisfied, would achieve this goal. While it would be highly unlikely
that one altemative would be the best choice for all of the objectives, by using the AHP, it is possibie to
select an alternative which is most successful in meeting the aggregate of ail objectives.

To this end, the team agreed that the best technology would be selected if it:

1. Provides the highest assurance of disposal form performance in the repository (meeting disposal form
performance requirements);

2. Provides the simplest (yet comprehensive), most reliable implementation of the process in a TSF at
SRS;

Has the lowest life cycle costs and schedule impacts;
Receives the highest level of public support;
Has the least effect on other programmatic issues;

o 0 kA ow

Has the ieast impact on the environment, and on worker and public safety and health.

With these primary objectives in mind, the team then identified twenty-one supporting decision criteria
against which the two altematives could be evaluated. These elements were then organized into a
hierarchy structure which formed the basis for the team’s decision analysis model.

The team also agreed that all criteria selected for the decision analysis process should offer some level of
discrimination between the two altematives being considered. Consequently, even though a criterion might
be important in its own right, any that were determined by the team to be equal with regard to the selection
of a preferred altemative were not included in the study. To do otherwise would have unnecessarily
cluttered the decision analysis model with criteria which would not potentially contribute to the final selection
of a preferred altemnative.

‘&lmdmmmmdeMﬂmmmmmmbe'oundinl\ppendbta.

SNF Report (Rev 0).doc DOES NOT CONTAIN UCNI




WESTINGHOUSE SAVANNAH RIVER COMPANY . Document No. U-ESR-G-00004

ENGINEERING STUDY Revision 0
June 26, 1998
SNF Asmative Technology Decision Analysis . ) . Page 12 of 30

In the final analysis, several criteria selected because they were initially believed to discriminate between
the altemnatives were later found to be non-contributors in the selection of an alternative. These criteria
were not removed from the model, however, since they did not appreciably affect the final outcome of the
preferred alternative selection process.

DECISION CRITERIA

To meet the primary decision objectives listed above, supporting decision criteria were developed in the
following six general areas:

Disposal form performance in the repository;
Implementation of the process at a TSF at SRS;
Life cycle cost and schedule considerations;
Public support issues;

Programmatic issues;

Environmental, Safety, & Health issues.

The team’s decision criteria under each of these six general areas are provided below. For each of the
criteria considered and selected for inclusion in the decision analysis model, a ‘Criterion Definition’ is
provided along with justification for its inclusion. In a like manner, Appendix B identifies criteria considered
but not included in the decision analysis model along with discussion and justification for their exclusion.

‘Criterion Definitions’ were also developed for each of the six primary decision objectives to facilitate the
generation of supporting decision criteria under each of the primary objectives.

A T

1. Disposal Form Performance in the Repository
Decision Criterion Definition: A refative measure of the difficully in demonstrating conformance to all
performance requirements specified in the Mined Geologic Disposal Systemm Draft Disposability
Interface Specification (MGDS DDIS)® or inferred by 10 CFR Peart 60%.

Even though both alternatives are expected to meet all of the DDIS performance requirements
(otherwise they would have been eliminated from further consideration), the degree of difficulty in
attaining that required level of performance is expected to be different for each of the two altematives.
in reviewing the MGDS DDIS, the team only considered criteria in Section 4 (Draft Standards for Spent
Nuciear Fuel in Disposable Canisters) which deals with characteristics of the SNF within the canister,
and therefore might be impacted by the technology decision.

Although specific repository release rate limits have not been defined in 10 CFR 60 on an individual
waste package basis, minimizing radionuclide releases from the SNF disposal form to the repository
engineered barrier system is an important repository performance issue. Consequently, disposal form
release rate was included asa criterion under this primary objective.

The follcwmg criteria were selected as being important in achieving the highest dlsposal form
performance in the repository.

a.) Limits on Disposable Canister Criticality Potential (Dlspoﬁabllny Standard 2.3.22)

Decision_Criterion Definition: A relative measure of the difficulty in maintaining k.y < 0.95 for
10,000 years, including complete fuel degradation and fuel migration, assuming canister breach.
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This DDIS standard establishes limits on criticality potential by réquiring canistered SNF to show a
calculated k, s 0.95, after allowance for bias in calculation methods and uncertainty in the
empirical data used to validate the method of calculation, assuming the following conditions:

e Al canister basket structures have collapsed and ”degraded into component cofrosion

products;

o All supplemental neutron absorber materials, except hafnium, have degraded and are no
longer part of the waste package;

e Assembly hardware has degraded and all fuel assemblies are touching in an optimum
reactivity condition;

¢ - SNF reactivity has increased to the peak levels in the early years after reactor discharge.

This criterion was included in the model because there is a significant difference between the two
alternatives in the assurance of maintaining criticality control in the repository

b.) Repository Release Rate [10 CFR 60, §60.113(a}{1}lIXB)]

Degision Criterion Definition: A relative measure of the quantity of radionuclides released from
the disposal form into the repository environment (i.e., ground and air) as a function of time in the
This criterion was included in the model because it was expected there would be a difference
between the two altematives in the quantity of radionuclides available for release over time, and a
difference in the ability to prevent the release of radionuclides. Although release limits are not
specified in 10 CFR 60 at the waste package level to permit a direct assessment of each
technology, clearly the altemnative which minimizes radionuclide release rate is preferable. '

2. Implementation of the Process at a SRS TSF

Decision Criterion Definition: A relative measure of the difficulty in developing and )‘mplementing 8
process to create the disposal form.

This primary objective was included in the decision model to address the various advantages and
disadvantages in implementing either of the two altemative technology processes. Because of the
fundamental differences between the Direct Co-Disposal and Melt & Dilute processes, the team
expected that criteria under this objective dealing with such engineering issues as complexity,
characterization acceptance, maintainability, etc., would be significant discriminators in the decision
analysis process. Consequently, the following criteria were selected as being important in
implementing the best process at a TSF at SRS.

a.) Complexity
Decision Criterion Definition: A relative measure of the complexity of the process used fo create
the disposaf form. '

This criterion was included in the model because there is a significant difference between facilities
built to implement the two altemative technologies with respect to the number and complexity of
process steps, technologies involved, technical maturity, handling techniques, etc. Process
complexities are further magnified by the need to perform many operations under remote handling
conditions, regardless of technology alternative.

in addition, a process which is less complex would also be expected to be more reliable, and
hence would have a higher facility availability.
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b.} Characterization Acceptance

Decision Criterion Definition: A relative measurs of the difficulty in obtaining acceptable
charactenzation data for the final disposal form required by the repository, both technically and
administratively. o

This criterion was included because the SNF data available from Appendix A of the fuel shipping
contracts do not always meet the MGDS repository Quality Assurance (QA) requirements®.
Some of the data currently required for the repository is suspect. (The data required for basin
storage are acceptable.) Changes in requirements as well as certain process steps could either
facilitate or increase the difficulty in getting repository-acceptable data for characterization of the
SNF.

c.) Maintainability

Decision Criterion Definition: A relative measure of the difficulty in performing routine and non-
routine maintenance activities in a SNF TSF.

This criterion was included in the model because the team expected there would be a significant
difference between the two alternatives with regard to maintaining a TSF. Process equipment in
a facility that had experienced high temperatures and contamination would be expected to be
more difficult to maintain than equipment that had not.

d.) Secondary Waste Stream Impacts

Decision Criterion Definition: A relative measure of the impacts to SRS resulting from quantities
and types (LLW, HLW) of secondary wastes generated by a SNF TSF.

This criterion was included in the model because the team expected there would be a significant
difference in the quantity and complexity of the secondary waste streams generated by each of
the alternatives.

e.) Permitting

- Decision Criterion Definition: A relative measure of the difficulty in obtaining the required permits
(NESHAP, DHEC, NPDES, etc.) and DOE approval (or NRC license) to operate @ SNF TSF.

This criterion was included in the mode! because the team expected that, based upon differences
between potential effluents from the two altemative processes, the degree of difficuity in
permmitting faciiities for the two altematives would be a discriminator.

f.) Versatility

Decision Criterion Definition: A relative measure of the ability to accommodate changes in design
assumplions or repository requirements.

While it was assumed that both processes could be designed initially to accommodate all forms of
aluminum-based SNF in the FRR scope®, changes to that scope are inevitable, especially
considering the current preliminary state of the repository requirements. This criterion was
included in the model because it was determined that there was a difference between the two
alternatives in accommodating these anticipated changes

"SooAssumpﬁonssm4onPage10.

SNF Report (Rev 0).doc DOES NOT CONTAIN UCNI




WESTINGHOUSE SAVANNAH RIVER COMPANY Document No. U-ESR-G-00004

ENGINEERING STUDY Revision 0
June 26, 1998
SNF Alternative Technology Decision Analysis Page 15 of 30

3. Life Cycle Cost and Schedule Considerations
Decision Criterion Definition: A relative measure of the importance in considering life~cycle cost and
schedule impacts of the technology decision.

This primary objective was selected because cost and schedule are important parameters in seieeung
an alternative, and there are differences between the two altematives.

All cost estimates used for the decision analysis were derived from a cost study'* generated for the
Transfer & Storage Services Facility Pre-conceptual Design (PCD)®. The cost study included the
additional costs associated with the powder metallurgy process required by the Direct Co-Disposal
altemative to deal with the powdered fuel identified in Table 5.2-2 of the RRTT Report, even though
that process was not included in the PCD.

The following criteria were selected as being important in achieving the lowest life cycle cost and
minimizing schedule impacts.

a.)} Capital Cost

Decision Criterion Definition: Total Project Cost (TPC) for the design, construction, startup, and
tumover to operations of a SNF TSF.

This criterion was included in the model because capital costs. require approval of Congress. If
there is a significant difference in capital cost, it would be a strong discriminator.

b.) Operating & Maintenance (O&M) Cost

Decision Criterion Definition: Life cycle costs associated with the operation and maintenance
(including modifications) of a SNF TSF.
This criterion was included in the model because operating and maintenance costs are an
important component of life-cycle costs, and bewuse the team determined there would be a
difference between the O&M costs of facilities designed to implement the two altemative
technologies.

c.) Disposal Cost
Decision Criterion Definition: Life cycle costs associated with transportation of disposal forms to
the repository, surface storage at the repository, and final emplacement of disposal forms in the
repository.
This criterion was inciuded in the model because disposal costs are an importént component in

life-cycle cost analysis, and because of the difference in the number of waste canisters required
for each alternative.

d.) Schedule

Decision Criterion Definition: A relative measure of SNF TSF project schedule impacts at SRS,
including costs for continued operation of basins.

This criterion was included in the mode! because the team determined that there would be
different schedule risks involved with the two altemnatives. Any significant schedule delays will
result in increased lifecycle costs due to both increased construction cost and the cost
associated with extended wet basin storage of the SNF at SRS.
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4. Public Support
Decision Criterion Definition: A relative measure of the likelihood that the public will support DOE's
proposed technology.

This primary objective was selected since public support plays a major role in decision making. With
public support, it becomes less costly, difficult, and time consuming to implement the selected
technology.

The following criteria were chosen as being important in addressing public support issues because

each group represented by a criterion may have a different opinion.

a.) Non-Government Organizations (NGO)
Decision Criterion Definition: A relative measure of the likelihood that NGOs (outside the CSRA)
will support DOE's proposed technology.
This criterion was inciuded in the model because NGOs have the power to significantly delay (and
thus increase the cost of) projects with which they have strong objections.,

b.) Central Savannah River Area (CSRA)
Decision Criterion ' Definition: A relative measure of the likelihood that organizations and the public
within the CSRA, including the Congressional delegation, will support DOE's proposed
technology.

This criterion was included in the model because successful implementation of a technology will
require local and Congressional support. For the purpose of this decision analysis, the
Congressional delegation is considered to be part of the CSRA.

c.) South Carolina (SC)

Decision Criterion Definition: A refative measure of the expected acceptance of the technology
decision by the SC State Government.

This criterion was included in the model because the Governor of South Carolina has already
challenged DOE in court on the issue of receiving FRR fuel into basin storage for indefinite
periods of time. Support from the South Carolina statehouse would be contingent on its
confidence that a technology could successfully produce a repository-acceptable waste form.

$. Programmatic Issues

Decision Criterion Definition: A relative measure of the impact the technology decision may have on
key programmatic issues.

This primary objective was included in the model to capture the difference in impact each alternative _
will have on other programmatic issues considered important by DOE.

The following criteria were selected as being important in addressing programmatic issues.
a.) Other Missions at SRS

Decision Criterion Definition: A mlétive measure of the impact a technology choice will have on
other missions at SRS (e.g. - effect on piutonium stabilization may be a function of the number of
canisters used by SNF}.
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This criterion was included in the model to capture the effects a technology choice might have on
other missions at SRS. For example, SNF and ceramic stabilized plutonium (can-in-a-canister)
may compete for waste package space, and the amount of available space is very dependent
upon the altemative technology selected.

b.) Nonproliferation

Decision Criterion Definition: A refative measure of the disposal form's value for diversion to
weapons production.

This criterion was included in the model because Presidential Decision Directive (PDD) 13*
indicates that the United States will “seek to eliminate where possible the accumulation of
stockpiles of highly-enriched uranium or plutonium, and to ensure that where these materials
already exist they are subject to the highest standards of safety, security and international
accountability.” Alternatives that leave HEU fuel intact are less desirable since they may be
perceived as creating weapons-capable stockpiles of enriched uranium at SRS and the MGDS,
contrary to the intent of PDD 13.

c.) Other DOE Missions

Decision Cn'teﬁon Definition: A relative measure of the impact a technology choice will have on
determining the treatment requirements for other DOE SNF (i.e. - sefting precedence).

This criterion was included in the model because comments by National Spent Nuclear Fuel
Program personnel indicate that they have a concemn over the impact of this technology decision
on the requirements for other DOE SNF which may or may not be amenable to a dilution
approaoh like Melt & Dilute.

Environmental, Safety, & Health (ES&H) Issues

, Qggsmn Criterion Definition: A refative measure of the differences in impacts to the environment and

on worker and public safety & health which are posed by the two altemnatives.

This primary objective was included in the model to influence the selection of the altemative which
minimizes effects on the environment, and provides the higher degree of safety and health protection
for the public and workers. Simply meeting the Environmental, Safety and Health requirements at SRS
will be reflected in the cost elements of the technology decision. This primary objective addresses the
impact (the effect) on the environment, etc. of the selected technology.

Consideration of ES&H impacts are for SRS and transportation to the repository only, and do not
include impacts at the repository. Those impacts have already been addressed by the repository
requirements.

The following criteria were selected as being important in addressing environmental, safety, and health
issues: 7 .
a.) Worker Safety

Decision Criterion Definition: A relative measure of differences in safety impacts (accumulated
dose and OSHA) to the SRS worker which are posed by the two alternatives. '

This criterion was included in the model because although each altemative will, by definition,
- remain within applicable worker safety fimits, the extent to which each alternative stays below
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b.)

¢)

these requirements may vary. Consequently, the alternative which provides and maintains the
highest margin of worker safety would be preferred.

Public Safety

Decision Criterion Definition:- A relative measure of differences in safety impacts (accumulated
dose)} to the public which are posed by the two alfematives.

This criterion was included in the model because although each altemative will, by definition,

- remain within applicable public safety limits, the extent to which each alternative stays below

these requirements may vary. Consequently, the altemative which provides and maintains the
highest margin of public safety would be preferred.

Environmental Impacts ,
Decision Criterion Definition: A mefative measure of the differences in impact to the environment

(flora and feuna) caused by the amount and type of releases (radionuclide, chemical, efc.) from

the process.

This criterion was included in the model because although each altemative will, by definition,
remain within applicable environmental release limits, the extent to which each altemative stays
below these requirements may vary. Consequently, the alternative which provides and maintains
the highest margin of environmental protection wouki'be preferred.
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CREATION OF DECISION MODEL

With the objectives and criteria necessary to reach a technology decision clearly established, they were
then easily organized into a four-level hierarchy structure to create the AHP model shown below in Figure 5.
In this model, the first level, the goal of the decision, is at the top, followed by two leveis of objectives and
criteria, and a fourth and final level of altematives. As noted earlier in the discussion about AHP, the factors
affecting the decision are organized in gradual steps from the general, in the upper levels of the hierarchy,
to the specific in the lower levels. Again, the purpose of the structure is to make it possible to judge the
importance of the elements in a given level with respect to some or all of the elements in the adjacent level
above.

Goal

l 1 I | l I
Disposal d .

Form
Performance

Release Rate '

Direct I !
Co-Di ) Meit & Dilute

Figure 5. Decision Analysis Model

DETERMINATION OF CRITERIA IMPORTANCE

The next step in the AHP addressed by the team was the determination of criteria importance, or priorities.
This process involved the use of pair-wise eompansons of objectives and criteria at each of the seven
nodes of the model shown above in Figure 5.

Referring to the goal node as an example, the importance of disposal form performance was compared to
the importance of process implementation, life cycle cost and schedule, public support, programmatic
issues, and finally, ES&H issues. Next, the importance of process implementation was compared to the
importance of life cycie cost and schedule, public support, programmatic considerations, and ES&H issues.
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This process continued until all pair-wise comparisons at the goal node were completed. A partial example
of the questionnaire used for evaluating the goal node is provided in Figure 6.

Pair-wise comparisons were then completed for the remaining six nodes of the model.

COMPARING RELATIVE IPORTANCE OF OBJECTIVES WITH RESPECT TO GOAL
in selecting a preferred alternative, which is more important?
1. Providing the highest assurance of disposal form performance in the repository, or providing the
simplest (yet comprehensive), most refiable implementation of the process in a TSS facility at SRS?
1= Equal 3 = Moderate 5 = Strong 7 = Very Strong 9 = Extrame

2. Providing the highest assurance of disposal form performance in the repository, or having the
lowest life cycie costs and schedule impects?

1 = Equal 3 = Moderate 5 = Sirong 7 = Very Strong 9 = Extreme
[ DispFom [PIBJ 76533127 ][2]3]7% SIS 78 ]9 ]OeCcy ]

3. Providing the highest assurance of disposal form performancs in the repository, or recsiving the
highest level of public support?

1= Equal 3 = Moderate S = Strong 7 = Very Strong 9 = Extrome
]E;WFOMI |9|8|7|§|5|Z|3|2]1]2]§i!|5[3|7|8|§[PT:‘6IE i
4. Providing the highest assurance of disposal form performance in the repository, of having the least
offect on programmatic issues? .

1= Equal 3 = Moderate 5 = Strong 7 =Very Strong 9= Extrame

orm rogram

5. Providing the highest assurance of disposal form performance in the repository, or having the least
impact on the environment, and on worker and public safety and heaith?

1= Equal 3= Moderate 5 = Strong 7 = Vary Strong 9 = Extrame

[DeFom— T8 [B 7 [ S #3212 S A58 [T [S[EH ]

6. Providing the simplest (yet comprehensive), most reliable implementation of the process in a TSS
facility at SRS, or having the lowest Iife cycle costs and schadule impacts?

1= Equal 3 = Moderate 5= Strong 7 = Very Strong 8 = Extreme

7. Providing the simpiest (yet comprehensive), most reliable mphmotmﬁon of the process in a TSS
facility st SRS, or receiving the highest level of public support?

1 = Equal 3 = Moderate 5 = Strong 7 = Very Strong 9 = Extreme
8. Providing the simplest (yet comprehensive), most religble implementation of the process in & TSS
facility &t SRS, or having the least effect on programmatic issues?

1=Equal - 3=Moderals 5= Strong T7=VeryStrong 9= Extreme

[(Pross TS [B 78 S 3 Z V23 A S8 75 [V [P ]

Figure 6. Sample Questionnaire

In each case, the

evaluations were first performed individually by each team member, and the results were then averaged (to
a geometric mean) by the ECPro™ program to provide an aggregate team determination of objective

importance.

The results of the pair-wise comparisons for all seven model nodes are shown in Tables C-1 through C-7 in
Appendix C. For each pair-wise comparison shown in the tables, the team judged Objective/Criterion A
more important than Objective/Criterion B by the factor shown. Reasons for the determination of relative
importance are provided in the discussion column of each table. '
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Summary of Criteria Priorities

After all objectives were evaluated for importance at each of the model nodes, the overall results were
synthesized using the ECPro™ program. Table 1 below provides a prioritized summary of all
objectives/criteria and their relative overall importance (global priority) in selecting the preferred altemative.
Note that these data are arranged in the mode! hierarchy levels, and within those levels, are listed according
to the priority of the individual criteria.

Table 1. Summary of Objective/Criterion Priorities (Global)

OBJECTIVES CRITERIA OBJECTIVES CRITERIA
ES&H = .342 , | Public = .085
Public Safety = .181  CSRA=.035
Worker Safety = .110 South Carofina = .027
Environmental = .051 NGO = .023
Disposal Form = .306 Life Cycle = .080
Criticality = 243  Capital Cost = 035
Release Rate = .063 Schedule = .019
Process =.130 | | O8&M Cost = 015
. Charact. Accept. = 040 Disposal Cost = .011
Permitting = .030 Program = .058
Versatility = .020 Nonproliferation = .036
Secondary Waste = 018 Other SRS Missions = .013
Maintainability = .012 | Other DOE Missions = .009
Complexity = .010

Figure 7 on the next page provides a prioritized summary of the overall importance (or global priority) of aff
of the criteria. This list is significant in that performance of the altematives (and hence the technology
decision) was judged directly against these criteria. Note that criticality alone accounts for almost 25% of
the importance in the decision, and that the first five criteria (criticality, public safety, worker safety, release
rate, and environmental - all safety or environmental concems) account for approximately 65% of the
importance in the decision.
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Criticality 243 I
Public 181 I

Worker Safety 10 I
Releass Rate 063 NN

CSRA o3 NN
Copita Cost .03 (NN
Permitting .00 I
South Carolina oz
NGO 02 N
Versatility .0 (N
Schedule o012 I

Sec. Waste o1 N

O&M Cast  .ot5

Other SRS Missions .013
Maintainability 012 R
Dispossl Cost o IR
Complexity o0 MR

Other DOE Missions .000 [l

Figure 7. Global Priorities for Decislon Criteria

DETERMINATION OF ALTERNATIVE PREFERENCE

After all criteria priorities were established, the team then focused on selecting a preferred altemative for
each of the criteria using pair-wise comparisons. Again, comparisons were done individually by each team
member, then combined in the team decision model using the ECPro™ program. For each pair-wise
comparison shown in Table D-1 in Appendix D, the team selected either Direct Co-Disposal or Melt & Dilute
as the preferred alternative by the factor shown. Reasons for the team's selections of altemative
preferences are provided in the discussion column of that table.

A summary of the ECPro™ computations of altemative preferences for each of the twenty-one criterion is
provided in Table 2 on the following page.
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Table 2. Alternative Preforences for Decision Criteria
, Criteria
Alternative | criticaity | “pem: | Complex | SMACt | paigtain, Secondary | permitting | Versatitty
Direct Co- .
Dispasal 162 265 704 .185 787 747 705 203
Meit &
Dilute 838 735 296 815 213 253 .295 797
Capital Disposal South
Alternative Cost O&M Coast Cost Schedule NGO CSRA Caroli
Direct Co-
Disposal 485 528 251 870 637 .391 426
Melt &
Dilute 515 471 749 _ .330 363 609 574
Other SRS Other DOE Worker Public
Alternative Missio Nonpm&f Missions Safet Safet Environ.
Direct Co-
Disposal 259 - .64 .645 726 514 692
Melt & :
Dilute 741 .836 .355 274 .486 308
RESULTS OF SYNTHESIS

With ail criteria pricrities and altemnative preferences defined by the team, the data were then synthesized
using the ECPro™ program to derive an overall altemative preference for the team modei. The resufts
shown below in Figure 6 indicate a preference for the Melt & Dilute alternative which is approximately 26%
greater than that for the Direct Co-Disposal alternative (558 vs. .442, respectively).

Select the Best Alternative for Spent Nuclear Fuel Disposal

M&D

OVERALL INCONSISTENCY INDEX = 0.03

-556 |
Drectco 4«2 [

ldesl Mode

Synthesis of Leaf Nodes with respect to GOAL

Abbreviation Definition
[M&D Melt & Dilute
DirectCo Direct Co-Disposal

Figure 8. Synthesis Resuits

' Because AHP is based upon ratic scale numbers, the overall atemative preferences are also ratic scale numbers. Hence, the ratio of
preference between Met#t & Dilute and Direct Co-Disposal is (.558/.442) x 100% = 126.2%.

SNF Report (Rev 0).doc

DOES NOT CONTAIN UCNI




WESTINGHOUSE SAVANNAH RIVER COMPANY Document No. U-ESR-G-00004

ENGINEERING STUDY Revision 0
June 26, 1998
SNF Altemative Technology Decision Analysis : Page 24 of 30

The ECPro™ program provides a performance sensitivity graphical output which may assist in assessing
the basis for these results. Figure 9 below is the ECPro™ output for. “Performance Sensitivity at Goal
Node®. For the Goal Node, this graph shows the reiative priorities of each of the criteria, the altemnative
preferences for each of thase criteria, and finally, the overall alternative preference at that specific node.
Since the Goal Node is the highest level in the model, this particular graph provides a performance
sensitivity analysis for the overall selection of a preferred alternative.

1. op Gtk Priot. AR Pref. o
—.80
- .60
™~ Mek & Dilute
-1 50
N 1" Oiect
/ ] O
/ 1"
- / .30
2 / ~N 1
208 ' --28
10 l .10
° J I L _ (]
Di;po:d Pracess Liie Cycle Public Program EStH OVERALL
(et ]

Figure 9. Performance Sensitivity at Goal Node

The height of each bar (Disposal Form, Process, Life Cycle, etc.) shows the relative priority of each of the
criteria for the Goal Node as read from the axis at the left (labeled Crit. Prior.). The point where an
altemative line (Meit & Dilute or Direct Co-Disposal) intersects a criteria vertical line, as read from the axis
on the right (labeled Alt. Pref.), indicates the preference the altemnative received for that criterion. And
finally, the overall preference of each altemnative at the Goal Node is defined by its intersection with the last
vertical line to the right (labeled OVERALL). '

Referring to the Disposal Form criterion as an example, the criterion priority is .306 as read from the left
axis. The preferences for Melt & Dilute and Direct Co-Disposal for the Disposal Form criterion are .815 and
.185, respectively, as read from the right axis. And finally, the overall altemative preferences at the Goal
Node are .558 and .442 for Melt & Dilute and Direct Co-Disposal, respectively, as read from the right axis.

Altemnative preference data calculated by the ECPro™ program for all of the Goal Node criteria are
summarized in Table 3 on the next page.
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Table 3. Alternative Preferences at Goal Node

Criteria
Alternative D:g::‘ Process Life Cycle Public Program ES&H OVERALL
Direct Co- 185 494 507 | 487 277 592 442
Disposal
Mett & 815 506 493 533 723 408 558
Dilute

These results show the team’s evaluation that the Melt & Dilute alternative offers a significant advantage
over Direct Co-Disposal in meeting disposal performance requirements (factor of ~4.4) and addressing
programmatic issues (factor of ~2.6), and a slight advantage in achieving public support (factor of ~1.1).
Direct Co-Disposal, on the other hand, offers a slight advantage in satisfying ES&H concems (factor of
~1.5). The results also show that the two remaining criteria used in the study (process implementation and
life cycle costs and schedule) are essentially non-contributors to the overall technology decision (factors of
~ 1.0 each).

These resuits are consistent with the global priorities of the five highest priority decision criteria (ref. #igure
7).

SENSITIVITY ANALYSIS

Sensitivity analysis is used to investigate the sensitivity of the altemative preferences to changes in the
priorities of the criteria, or objectives. This analysis may be conducted at any of the model nodes. For
example, sensitivity analysis conducted from the goal node will show the sensitivity of altermnative
preferences with respect to the criteria immediately below the goal, that is, how the overall preferences for
the alternatives change as the priorities of the criteria are changed. In a similar fashion, when sensitivity
analysis is performed from a criterion node immediately below the goal node, the sensitivity shows how the
preferences for the altemnatives in that node change as the priarities of the sub-criteria immediately below
that criterion node are changed.

Of the five sensitivity analysis modes available in the ECPro™ program, only two, Performance Sensitivity
and Gradient Sensitivity, will be discussed here. Both of these modes provide graphical views of priorities
and altematives in the analysis model and show how they relate. Each mode simply emphasizes different
aspects of the model's priorities. '

A Performance Sensitivity graph depicts the relative priorities of criteria, the attemative preferences for each
of those criteria, and the overall altemative preference for that specific model node. An example of &
Performance Sensitivity graph for the Goal Node was presented earlier in this report as Figure 9 on Page
24,

A Gradient Sensitivity graph depicts alternative preferences as a function of the priority assigned to the
respective criteria. The important information to be gained from this graph is the point at which the
altemative preference lines cross one-another, if ever. This is the ‘trade-off point where the preferred
alternative with respect to the selected criterion changes. As an example, refer to the graph in Figure 10 on
the following page titled “Gradient Sensitivity for Disposal Form with respect to Goal". This graph shows
that for a Disposal Form criterion priority of .306, altemative preferences at the Goal Node for Melt & Dilute
and Direct Co-Disposal wilf be .558 and .442, respectively. Furthermore, the overall altemative preference
will switch from Melt & Dilute to Direct Co-Disposat only if the Disposal Form criterion priofity is reduced
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below .107, a decrease of approximately 65%™. The fact that such a significant change in the Disposal
Form criterion pricrity is required to reverse the alternative preference indicates the overall preference for
Meit & Dilute is very insensitive to changes in the Disposal Form criterion priority.

20+ f Diect

1 -107 . -.306

i i "
0 .10 .28 .30 .40 .50 .60 .70 8o K: | 1.00

90 AR. Pref.

ek & Dilute

N Co-Disposal

TN i : 1 . 2 N 2 1 .

Priosity of Dizposzal Fom

Figure 10. Gradient Sensitivity for Disposal Form with respect to Goal

Sensitivity analysis was conducted for the remaining ﬁvé criteria of the Goal Node with the following results
as shown in gradient sensitivity curves provided in Appendix E. For the sake of completeness, Figure 10
above is reproduced in Appendix E as Figure E-1.

- B

Process - Figure £-2 demonstrates that there is no altemative preference trade-off for this criterion, and
that the Melt & Dilute atternative is atways preferred. '

Life Cycle - Figure E-3 indicates that an altemative preference trade-off from Melt & Dilute to Direct Co-
Disposal will occur if the priority of this criterion increases from .080 to .880, an order of magnitude
change. However, since the likelihood of this change occurring is extremely remote, for all practical
purposes the preference for Melt & Dilute is completely insensitive to any change in the priority of the
Life Cycle criterion.

Public - Figure E-4 shows that there is no altemative preference trade-off for this criterion, and that the
Melt & Dilute altemative is always preferred. :

Program - Like Process and Public, there is no alternative preference trade-off for this criterion as shown
in Figure E-5, and again, the Melt & Dilute altemnative is always preferred. '

m it is important to remember that as the criteria priority being evaluated is manipulsted during this sensitivity analysis, the remaining criteria
priorities of that node must change proportionately such that the sum of the criteria priorities at that node remain unchanged. For the gos
node, the sum of the criteria pricrities is 1. ]
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o ES&H - Figure E-6 indicates that a trade-off from Melt & Dilute to Direct Co-Disposal will occur if the
priority of this criterion increases from .342 to .575, an increase of approximately 68%. The fact that
such a significant change in the criterion priority is required to reverse the altemative preference

-indicates the overall preference for Melt & Dilute is very msensrtwe to changes in the ES&H criterion
priority as well.

The results of these Goal Node sensitivity analyses are summarized below in Table 4.

Table 4. Alternative Preference Sensitivity at Goal Node

Criterion Nominal Criteria Criteria Priority | Change in Criteria | Change in % of
‘Priority @ Trade-Off Priority Original Priority
Disposal Form .306 107 -.198 -65%
Process 130 N/A N/A N/A
Life Cycie .080 880 +.800 +1000%
Public .085 N/A N/A N/A
Program .058 N/A N/A N
ES&H 342 .575 +.233 +68%

The ECPro™ program also provides the capability to conduct sensitivity analysis from the lowest-level
criteria, not only with respect to the next higher level of criteria, but also with respect to the GOAL Node. In
this way, one can verify that the overall altemative preference, in this case Meit & Dilute, is not affected by
changes in priorities of any of the decision criteria. These analyses were conducted for all of the decision
criteria and verified that the overall preference for the Melt & Dilute altemative was comipletely insensitive to

. any changes in criteria priorities. To demonstrate this fact, gradient sensitivity graphs for the Disposal Form
and ES&H nodes (because they are the ‘most sensitive’ objectives/criteria) are also provided in Appendix
E". ‘

CONCLUSIONS

Of the two alternatives considered in this decision analysis study, the team preferred Melt & Dilute over Direct
Co-Disposal by slightly over 26% (.558 vs. .442, respectively). This preference was based upon objectives and
criteria selected and defined by team consensus during extensive discussions at numerous interactive
meetings throughout the process. Furthermore, this preference was demonstrated by sensitivity analysis to be
very insensitive to any changes in objective or criteria priorities.

Throughout the course of this study, the pros and cons of each alternative were weighed to derive a technology
recommendation. It may be helpful, therefore, to summarize here the bensfits of the preferred Meit & Dilute
alternative as determined by the team.

The Meilt & Dilute alternative will:

* Reduce disposal form volume which must be emplaced in a repository;

Even though additional mass will be added to the disposal form during the melting process (in the form of
aluminum and depleted uranium), the total volume required for the disposat forms will only be approximately

"' Refer to Appendix E, Figures E7 through E11.
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one quarter of that required for Direct Co-Disposal. This reduced volume will not only resuit in significantly
lower disposal costs (inciuding transportation, surface storage at the repository, and final emplacement), but
it will also result in lower risk to the public because of fewer canisters which must be transported from SRS
to the repository. In addition, with fewer canisters required for the disposal of SNF, waste canister space is
made available for other SRS missions, such as the disposal of ceramic stabilized plutonium.

= Result in a disposal form that is LEU;

Benefits derived from diluting the disposal form to LEU are a reduction in S&S requirements (and attendant
costs) and elimination of nonproliferation concerns. The fact that the disposal form will be LEU makes it
exempt from a number of 10 CFR 73 requirements. A disposal form that is LEU will also satisfy the intent
of PDD 13 in that no weapons capable stockpiles of enriched uranium would be created, either at SRS or in

the repository.
» Provide a disposal fonn that is more stable with regard to criticality and short-term radionuclide release
rates in the repository; '

The final disposal form produced by the Melt & Dilute altemative will have any required neutron absorber
materials captured in the microstructure of the ingot. This wilt provide a disposal form that has much less
criticality potential than one that could be created by simply adding discrete neutron absorber materials to
the canister, such as with the Direct Co-Disposal altemative. The reduced surface area provided by the
Melt & Dilute alternative will also result in lower short-term radionuclide releases in the repository.

» Accommodate the disposal of the most FRR SNF under one process.

A separate process for the disposal of target materials in powdered form, referenced in Table 5.2-2 of the
Research Reactor SNF Task Team Report, will not be required for the Mett & Dilute alternative.

Based upon the results of this study and assuming that the waste acceptance criteria (especially those
concerning criticality) are not significantly changed, the team recommends to the DOE that the Melt & Dilute
altemative be the primary technology for the disposal of aluminum-based DOE SNF. Because the waste
acceptance requirements may change and Direct Co-Disposal is a viable altemative (and for many attributes, it
is the preferred aitemnative), it is also recommended that the Direct Co-Disposal altemative be retained as a
backup.
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INTRODUCTION

This appendix contains biographical information on each of the team members responsible for selecting a
preferred technology altemative in this decision analysis process.

John R. Chandier, Ph.D.

John Chandier hoids B.S. and Ph.D. degrees in Physics from North Carolina State University. He has nineteen
years experience at Savannah River Site in a variety of engineering and physics positions, including nine years
as a group manager. Five years experience is nuclear safety, criticality safety, and radiological engineering.
Projects include handling and storage of fresh and spent reactor fuel, various waste processing and storage
facilities, laboratory research and development activities, and project design and development activities.
Positions have involved development of nuclear safety methodology, nuclear safety analyses, safety basis
documentation, and radiological engineering activities. He is experienced in application of DOE orders, ANSI
standards, and Codes of Federal Regulations pertaining to nuclear and criticality safety, radiological
engineering, and authorization basis documentation.

John N. Dewes, P.E.

Mr. Dewes holds a B.S. degree in Nuclear Engineering from Purdue University. Prior to joining WSRC, John
worked for The Detroit Edison Company as a Shift Technical Advisor at the Fermi 2 Nuclear Power Plant, was
certified as a Senior Reactor Operator, and was also appointed a Loaned Employee to the Institute of Nuclear
Power Operations in the Training and Accreditation Division in Atlanta.

Since coming to WSRC, John has held positions of increasing responsibility in the Reactor Engineering and
Reactor Quality Departments. Assignments include Lead Engineer, Systems Analysis, Manager; Cooling
Water Systems, Manager, Quality Engineering, and Manager, Regulatory Programs. In his current position,
Mr. Dewes is responsible for Environmental Compliance, Safety Analysis, and Criticality Safety for the Spent
Fuel Storage Division. He is experienced in application of DOE Orders, Codes of Federal Regulations
pertaining to environmental, nuclear safety, and criticality safety, and authorization basis documents. »

John is an active member of the American Nuclear Society, currently serving on the Environmental Sciences
Division Executive Committee, and is a past Chair of the Savannah River Local Section, as well as being
Chairman of the Special Committee on Electronic Communications. John also serves as an accredited
representative of ANS to the United Nations Commission for Sustainable Development.

W. B. Epling Jr.

Mr. Epling received his B.S. in Mechanical Engineering from Virginia Polytechnic Institute. He has twenty
years experience at the Savannah River Site primarily associated with nuclear reactor operations. Mr. Epling
has also held engineering assignments in facility operations and reactor components support. He has also
held assignments as a certified operations shift manager and reactor area maintenance manager. Mr. Epling
has twelve years of experience managing an organization responsible for all aspects of reactor fuel handling in
four facilities. Activities in these facilities included fresh core assembly, core loading, irradiated core unloading,
and disassembly of material for processing. Most recently Mr. Epling served as facility manager for the spent
fuel receipt and storage basins. Currently, Mr. Epling serves as technical advisor to the Spent Fuel Storage
Operations Department.

SNF Report Appendix A (Rev 0).doc DOES NOT CONTAIN UCNI




WESTINGHOUSE SAVANNAH RIVER COMPANY . Document No. U-ESR-G-00004

ENGINEERING STUDY Revision 0

‘ June 26, 1998
SNF Altemnative Technology Decision Analysis - Appendix A Page A3 cf A4
Natraj C. lyer, Ph.D.

Natraj Iyer received his B.S in Metallurgy from the indian Institute of Technology; M.S. and Ph.D. in Materials
Engineering from Drexel University and MBA from the University of South Carolina. He has nineteen year
experience in the area of materials technology with focus on materials processing and environmental
degradation. His early experience, approximately 11 years at the Westinghouse Science & Technology
Center, was in the area of materials processing including powder metallurgy and rapid solidification. He was a
recognized expert in the field of electrical contact materials and the processing of hyperconductors and
superconductors. Since joining' SRS in 1990, his experience has been in materials application and corosion
technology for nuclear and environmental management systems. As manager of the Materials Application and
Corrosion Technology group at SRTC, he has been very active, within the DOE complex, in the technologies
for safe management, storage and disposition of SNF for the past 6 years. He is also responsible for the
coordination -and management of all the SNF technology activities at SRTC. He has also been active in
activities related to the environmental degradation of high level waste tanks, DWPF materiais of construction
and in the materials technologies for new tritium production systems. He has published over 50 papers in
jounals and/or conference. proceedings and over 12 U.S. patents. He is active in a number of technical
societies including the ASM International, NACE, ASTM He also serves on a number of DOE and University
oommlttaes/panels

Joseph F. Krupa

M.E. Ch. E. University of Idaho
M.Sc. in Chemistry, University of Caiifomia Berkeley — (AEC fellowship in Nuclear Science and Engineering
B.Sc. in Chemistry, U.S. Air Force Academy, CO

Mr. Krupa has over 24 years experience in the nuclear field. He started his career performing radiochemical
analyses as a Nuclear Research Officer in the U.S. Air Force. He then spent ten years at the Idaho Chemical
Processing Plant performing studies of actinide removal from spent fuel waste using bidentate phosphorous
ligands. He was the lead for a NRC funded experimental program to evaluate post-aocident (nuclear) radio-
iodine sampling and measurement equipment.

He developed Flourinel Dissolution Process reagent addition computer programs for which he was awarded
George Westinghouse bronze award in 1985. He was a key player in the successful modification and
implementation of the Fluorinel Process for Naval Fuel dissolution including developing analytical methods for
process control, modeling of process dissolution criticality permitting deletion of a major system, operating the
Fluorinel Dissolution Pilot Plant and acting as a startup engineer for the Fluorinel Dissolution hot startup.

From 1987-1992 he was a Nuclear Engineer for the Department of Energy's Savannah River Operations
Office. During his tenure he acted as DOE Nuclear Materials Manager; coordinated and reviewed technical
planning studies on nuclear materials disposition, transportation and capital asset management; and
participated in task forces on capital asset management, reconfiguration siting, and plutonium discard limits.

Mr. Krupa has, as a Principal Technical Advisor for Westinghouse Savannah River Company, published two
studies of Alclad spent fuel options to support Department of Energy Environmental Impact Statement
Records of Decision. The latest study also provides cost and schedule information for a study of the non-
proliferation impacts of spent fuel reprocessing. He has co-authored studies of lifecycle costs for spent fuel
disposition with criticality prevention, SRS spent fuel storage, SRS plutonium discard limit implementation, SRS
nuclear materials disposition and complex-wide nuclear material disposition issues.

He is active in the American Chemical Society (28 years) and American Nuclear Society, and has served as
the Chairman of the American Chemical Society's Savannah River Local Section.

SNF Report Appandix A (Rev 0).doc DOES NOT CONTAIN UCNI




WESTINGHOUSE SAVANNAH RIVER COMPANY Document No. U-ESR-G-00004

ENGINEERING STUDY Revision 0
June 26, 1966
SNF Altemative Technology Decision Analysis - Appandix A Page A4 of A4

Nicholas L. Savin

Mr. Savin received a B.S. degree in Physics and Mathematics from York College of the City University of New
York, and a M.S. degree in Nuclear Engineering from Polytechnic Institute of New York. He has 25 years
experience working as a Nuclear Engineer, 4 years with Bums and Roe, and the last 21 years with
Westinghouse. During that time, he was responsible for performing the radiological design for both PWR and
" BWR commercial nuclear power plants, and for DOE facilities processing uranium, plutonium, tritium, and low
level and high level radioactive waste. He was also responsible for the reactor physics calculations and reactor
core reload designs for numerous nuclear power plants serviced by Westinghouse. In addition, he was also
responsible for performing the nuclear criticality analysis in support of Westinghouse new and spent fuel rack
bid proposals. » A

David E. Stewart

Mr. Stewart has 34 years experience in the nuclear field. He started his career with six years in the Naval
Nuclear Submarine Force. He then spent nineteen years with Bechtel Power Corporation in commercial
nuclear power plant design, construction , startup and project management. He has nine years experience at
Savannah River Site as design engineering manager for numerous treatment, storage and disposal facilities for
hazardous and mixed waste. He is cumently responsible, as project engineering manager, for design
engineering for both Solid Waste and Facility Decommissioning Divisions. He is a registered professional
engineer in Alabama and Mississippi and is a member of the National Society of Professional Engineers. He
holds an A.S. in Mathematics from York College, a B.S. in Nuclear Facilities Management from Troy State and
an MBA from Mississippi College.

William F. Swift

Mr. Swift received his B.S. in Chemical Engineering from the University of Notre Dame. He has 18 years
experience at Savannah River Site primarily associated with nuclear production reactor engineering. Mr. Swift
has held engineering assignments in day to day operations, reactor components support, iong range planning
and capital project development. He has aiso held engineering management assignments in systems
engineering, as the engineering representative to the joint test group and for development of capital projects.
Mr. Swift has also held positions as manager of solid waste engineering support and as manager of the site
geotechnical groundwater modeling group. In his current assignment, Mr. Swift is responsible for supporting
development of alternative technologies for disposition of spent nuclear fuel and development of a project to
implement the chosen technology.

Daniel C. Wood

Mr. Wood has been involved with various programs at the Savannah River Site for over sixteen years after
graduating with honors with a B.S. in Mechanical Engineering from Clemson University. Mr. Wood's various
assignments at Savannah River have included analysis, oversight, and management in the areas of Accident
Analyses, Testing, Maintenance, Quality Assurance, Operational Readiness Reviews, and Technical
Surveillance of Reactor Operations. Mr. Wood has also managed engineering efforts within the High Level
Waste Program and Spent Fuel Storage Program, and provided engineering sefvices support site-wide.
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This appendlx contains information on objectives or criteria which were considered by the team in developmg :
the decision model, but for reasons described below, were not included in the final model. “To facilitate a _
comparison with criteria that were selected for the model, the fonowmg discussions are arranged in the same
order as the included criteria in the body of this report

DECISION CRITERIA EVALUATION

1. Disposal Form Performance in the Repository

Disposability Standards referenced in the following discussions are from the MGDS DDIS®. The team did
not consider DDIS criteria which defined physical or external design requirements for the disposable
canister itself since the same disposable canister external design will be used for both altemnatives.

a.) Minimum Cooling Time Since Reactor Didchargo (Disposability Standard 2.1.2)

SNF that is discharged from a reactor and allowed to cool for less than five years before delivery to
the MGDS repository will not be accepted for emplacement. This criterion restricts MGDS
acceptance of these wastes to ensure that internal waste-package temperature and total thermal

outputs from waste packages remain within acceptable limits.

This criterion was not included in the model because it was not considered to be a factor in selecting
a technology (i.e. - regardless of which technology is selected, if the SNF has not been allowed to
cool for at least five years, it wilt not be accepted for emplacement at the MGDS repository). Most of
the fuel will be received at SRS by 2010-2011. - Since the earliest the repository will be opened is
about 2015, and SRS DOE spent fuel will probably follow INEEL fuel, it is unlikely that any of the butk
of the fuel witl have less than eight years of cooling. Fuels received after the repository opens can be
. held until the minimum cooling criteria is met. This shouid not be a serious problem because little fuel
is scheduled to be shipped to SRS post 2015 (maximum of 150 MTRE and 12 HFIR ooreslyeaf) '

b.) Provision That SNF Be a Solid (Disposability Standard 2.1 3)

This criterion requires that waste, to be accepted by the MGDS, must be in a sofid form at
temperatures ranging from 25°C to 400°C arn a pressure of 1 to S atm (surface to peak repository
conditions and internal waste package environment) to ensure pre-closure operational safety and
post-closure repository performance.

This criterion was not included in the mode! because all of the DOE SNF will be in a sofid form, and
both altematives result in a solid disposal form. Foreign Research Reactor target materials will be
consolidated for direct disposal either through powder metallurgy or other appropriate means.

¢.) Limits on Free Liquids in Canistered SNF (Disposability Standard 2.1.22)

Free liquids are not acceptable because they provide a potential mechanism for transport of
radionuclides from the repository to the environment, and because they may make any release from
a pre-closure accident more difficult to contain. (n addition, they may enhance intemal pressurization
of waste packages, provide a degradation mechanism for both SNF and the waste package, and also
accelerate hydrogen gas generation. Consequenﬂy, dtsposab!e canisters are not pemitted to
contain free liquids in an amount that could compromise the ability of the waste package to meet pre-
closure safety or post-closure performance requirements. The determination of a quantifiable
acceptance limit for thts criterion is the subject of a future study planned by the MGDS M&O
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d.)

e.)

This criterion was not mduded in the model because both altemnative disposai forms wiﬂ be vacuum '}

dried to minimize the likelihood of free liquids. in addition, SRS interim storage criteria’ llmit the n

amount of water present 1o levels that would ensure essentially no liquid present at the t:me fuel is o
transferred to the MGDS. . 4 o

Maximum Aliowable Quantity of Parﬂculam {Disposability Standard 2.1.23)

Particulates provide a potential airbome pathway for contaminant release during repository
operations and are subject to high radionuclide dissolution rates over time when exposed to water.
Particulates generated as a product of uranium metal degradation may aiso be chemically reactive or
pyrophoric. To ensure pre-closure safety and post-closure performance, this criterion requires the
consolidation of particulates by incorporation into an encapsulating matrix. The determination of a
quantifiable acceptance limit for this criterion is the subject of a future study planned by the MGDS
M&O Contractor.

This criterion was not included in the model because the decision analysis assumes particulate
materials like Sterling Forest Oxide will be reprocessed in H Canyon®, and Foreign Research Reactor
target oxides will be converted to a solid, either in the Melt & Dilute process or via powder metallurgy
for Direct Co-Disposal®.

Limits on Pyrophoric Materials (Disposability Standard 2.1.24)

Wastes expected to be pyrophoric under conditions ranging from 25°C to 400°C and a pressure of 1
to 5 atm (surface to peak repository conditions and internal waste package enwronment) are -
excluded from the MGDS due to possible compromise of surface facility or mposutory pre-dosure N
safety or repository long-term performance. The determination of a quantifiable acceptance lumnt for"

A this criterion s the subject of a future study planned by the MGDS M&O Contractor.

1)

This criterion was not included in the mode! because uranium metal fuels are assumed to be
reprocessed in F Canyon, e.g. EBR-ll blanket materials. Aluminum-based fuels to be treated at SRS
do not include metallic uranium but are alloys, and alloys of aluminum-uranium are not pyrophonc in
the expected particle size range for treatment®. :

Limits on Combustible, Explosive, or Chemically Reactive Waste Forms (Disposability
Standard 2.1.25) ’

Pre-closure safety concems prohibit MGDS acceptance of disposable canisters containing

~compounds in concenirations that could be considered to be combustible, explosive per 43¢ CFR

173.50™, or chemically reactive under conditions ranging frém 25°C to 400°C and a pressure of 1 to
5 atm (surface to peak repository conditions and intemal waste package environment). The
determination of a quantifiable acceptance limit for this criterion is the subject of a future study

planned by the MGDS M&O Contractor. '

This criterion was not included in the model because no fuels to be received by SRS are consndered
combustible, exploswe or chemically reactive as defined by the DDIS.

'Soihsum»pﬁon:ionpogo&ofmpost
b thsmﬂm4mm08dmput
© See Ref. 15, §4.4.6
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g Wolght of Dlsposablo DOE-Omed SNF Canisters (Standarﬂ 22.21.3)

Canisters of DOE-owned SNF that will not be unloaded pnor to emplacement must be of a weight to
ensure that waste packages loaded with these canisters do not exceed total wenght limits. To meet
this criterion, canisters are limited to a maximum weight of 2750 pounds (1247 ko).

The weight limit value for this criterion is still being evaluated. However, this criterion was not
included in the model because a typical package will be designed to be below the finalized maximum
weight.

h.) Limits on Radionuclide Inventories in Canistered SNF (Disposability Standard 2.3.20)

This criterion, subdivided into sub-criteria, sets upper limits per assembly on radionuclides that are
probiematic for pre-closure safety and post-closure performance. This criterion also establishes
limits on parent radicisotopes that can lead to unacceptable levels of daughter products at any time
during the life of the repository. The acceptance limits provided are considered preliminary untit
additional Performance Assessment (PA) analyses are performed, and the repository PA is accepted
by the NRC as part of the repository licensing process.

This criterion was not included in the model because the inventories to be disposed of are the same
in both cases. They are also significantly lower than the inventories in commercial spent nuclear fuel,
so they should not be problematic.

i.) Limits on Organic Materials in Canistered SNF (Disposability Standard 2.3.23)

This criterion limits the amount of organic material permitted in disposable canisters aoceptéd into the
repository due to long-term repository performance issues (corosion acceleration, formation of
soluble species with radionuclides, adverse affect on hydrogen ion oonoentrat:ons. etc.) and
regulatory requirements (no hazardous waste). Waste package and perfonnanoe assessment
studies are planned by the M&O Contractor to quantify limits for both trace ievels of aooeptable
organics and acceptable leveis of xndmdual organic species.

This criterion was not included in the model because organic material is not expected to be
associated with any fuel to be received at SRS.

J} Limits on Total Thermat Output for Disposable Canisters (Disposabllity Standard 2.4.20)

Thermal limits on canisters ensure that waste packages loaded with these canisters will not exceed
the corresponding limits of the entire waste package or fimits for the combined effect of emplaced
waste packages on the repository. This criterion imposes a maximum thermal output limit of 1500
watts for single-element disposable canisters that can be accepted into the MGDS.

Based upon the following data exiracted from a SNF decay heat characterization study’, the
conclusion was drawn that there is little difference between the two types of assemblies, except that
the Melt & Dilute alternative will place more assemblies into a canister.
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k)

1)

Decay Co-Disposal Assembly ~ Me!t-Dilute Assembly DWPF Canister
Time Bounding Nominat Bounding Nominal Design Basis*®

(Years) (Watts) (Watts) (Watts) (Watts) (Watts)
1 109 47 100 43 635
2 48 21 41 18 504
3 - 12 21 10 568
6 12 5 8 4 520
10 9 4 6 3 412

* The decay heat for the DWPF design besis canister is besed upon the time of canister production,
auaﬁngSywddsk:dgqcnd15yurddptacipiwm

The Savannah River Technology Center estimate of ~330 canisters for Melt & Dilute assumes ~85
assemblies/canister. Direct Co-Disposat will have about one-fourth as many assemblies/canister. To
remain below the 1500 watt limit imposed by the DDIS, each of the ~85 Melt & Dilute
assemblies/canister must, on average, produce less than ~18 watts/assembly. From the data above,
this comresponds to about two years decay time for a nominal assembly, and approximately four
years decay time for the bounding assembly. Since there is also a minimum decay time limit of five
years for acceptance at the repository’, the decay heat issue is truly a non-dlscnmmator and
consequenﬂy it was not included in the model. '

‘Limits on Disposable Mutti-Element Canister Thermal Design (Dcsposablmy Standard 24.21)

Muiti-element d;sposable canisters must not exceed prescribed peak: temperature fimits for the SNF :

~ cladding in order to meet requirements for the repository engineered barrier system and fo ensure the
~ integrity of the SNF cladding and other waste package materials. This criterion establishes peak

temperature limits for SNF cladding in wastes in disposable canisters of 350°C, and it must be shown
to be achievable over 1000 years. Canister surface temperatures are assumed to reach a maximum
of 200°C the 51" year after the canister leaves the waste-custodian site.

Calcuiations in a thermal analysis study conducted for the SNF program at SRS™ show that peak
cladding temperatures in the repository will be well below 350°C for both altemnatives. Therefore,
compliance with this cladding temperature limit is not a discriminator, and consequently, this criterion
was not included in the mode. ' '

Prbvlslon for Canister internal Pressure {Disposabliity Standard 2.4.23)

Sealed disposable canisters must not be over-pressurized in order to be safely handied in the MGDS
surface facllity. This criterion specifies a disposable canister design pressure of 50 psig and also

_ establishes canister intemal pressure limits. The criterion also requires that the sealed disposable
canister shall neither contain nor generate free gases other than air, inert cover gas, and radiogenic

gases.
This criterion was not included in the model because, as noted previously, large quantities of liquids

are not expected in the final disposal form of either alternative since both processes will be designed . -

to remove water. No gases other than radiogenic gases will be generated since no other kinds of

¥ See discussion regarding DDIS 2.1.2 on page B-2 of this Appendix.
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. reachons w:ﬂ be oocumng m the camster There will be no liquid water from whnch to generate gases’
of any kind. ,

Limits on Disposable Canlsar Loak Rates (Disposabimy Standard 2.4.24)

Verification of containment envelope integrity is required before sealed disposable canisters are
accepted at the MGDS. This criterion defines the canister leak-rate limits and tolerances, and
requires leak testing per ANSI N14.5" at the time of closure or anytime any leaks are suspected.

This criterion was not included in the model because there was no perceived differentiation between
the two alternatives. Canister leak rates for the relatively short time period between treatment at the
TSF and final emplacement at the repository are not impacted by the technology selected for

_producing the disposal form.

Waste Form Degradation

This criterion was not included in the model because both waste form are essentially aluminum metal.
Baoth will degrade in similar geologic time frames, neither of which will compromise the integrity of the
MGDS.

implementation of the Process ata SRS TSF
The team did not identify any additional criteria that were not included in the mode.

a.)

b.)

Life Cycle Cost and Schedule Congiderations

Decontamination & Decommissioning (D & D) Cost

This criterion was not lticlUded in the model because it did not offer any significant discrimination
between the two alternatives. As noted in the PCD Cost Study™, D & D costs for Direct Co-Disposal -

- and Meit & Dilute facilities are estimated at $18.9M and $19.9M respectively. These estimates are
- based upon facility footprints and a D & D cost of $450!Sqﬂ (FY92$) from the EG&G studies ’
(Shropshire & Feizollah*") escalated to FY98$. ‘

Safeguards & Security (S&S) Cost for Non-Self-Protecting SNF

Incremental domestic S&S costs above repository baselines attributable to non-self-protecting DOE
SNF have been estimated to be $100M. This includes transportation S&S, repository surface facility
physical security, and annual operating costs?. Based upon total quantities of non-self-protecting
SNF to be emplaced in the repository, the aluminum-based SNF ‘share’ of this incremental cost
should be less than $30M. Since this incremental cost is within the existing TPC contingency for both
altematives, this criterion was not included in the modet even though the additional cost would only
apply to a portion of the SNF treated via the Direct Co-Disposal alternative.

Public Support

a.)

Public Support in Nevada

Public acceptance in Nevada was considered but not included in the model because it was not
deemed to be a discriminator. Impact on the repository of the fission product difference between the
two DOE SNF disposal technology altematives is not significant relative to the impact of commercial
SNF. Acceptance (support) assumes that public concems regarding such things as nonproliferation, -
reprocessing, and environmental releases are satisfied, and these concems are mcluded in the
model _
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5. Programmatic Issues E
The teamdudnotldenﬁfyanyaddmonalcnteﬁathatwerenotincluded mthemodel L

6. Environmental, Safety, & Health Issues _
The team did not identify any additional criteria that were not included in the model.
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WESTINGHOUSE SAVANNAH RIVER COMPANY
ENGINEERING STUDY

. SHF Alernative Technology Decision Analysis - Appendix C

lNTRODUCTION : ,
This appendix contams the results of the team'’s pair-wise comparisons of ob;ecuve and criterion :mponance for

all seven nodes of the decision analy&s model.

For éach pair-wise comparison shown below in Tables C-1

through C-7, the team judged Objective/Criterion A more important than Objective/Criterion B by the factor
shown. Reasons for the determination of refative importance are provided in the discussion column of each

table.

Table C-1. Evaluation at Goal Node

Objective

Disposal
Form

Objective
8

Process

Factor

4.4

Discussion:

The project objective is to get the aluminum-based spent nuclear fuel
into the repository. Therefore, the disposal form performance was very
important. The primary concem is to minimize the difficulty in meeting
all of the disposal form performance requirements. A higher degree of
dificulty in developing and implementing the process wouid be

| | accepted to attain this.

Disposal
Form

3.6

The primary concem is to minimize the difﬁeulty in meeting all of the
disposal form performance requirements. A higher cost and schedule
slippage woukl be accepted to attain this.

Disposal
- Form

Pubiic

34

The primary concem is to minimize the difficulty in meeting all of the
disposal form performance requirementis. Public support, while
important, is a secondary concem. ,

Disposal

Form

Program

4.1

The primary concem is to minimize the d:fﬁw!ty in meetmg all of the
disposal form performance requirements. - The importance of
programmatic issues which may be impacted by the technology
decision is secondaty.

ES&H

Disposal
Form

16

The primary concern is to minimize the impact on the environment and
to maximize protection of the worker and public health and safety. In
fact, the setting of disposal performance requirements for certain
characteristics is to do just that. Since the repository is a subsurface
facliity desighed specifically to minimize impact on public health, the
ES&H criterion is given slightly more importance.

Process

Cycle

2.3

The cost, although important, is essentially the same for each
alternative. Therefore, selecting a process that more easily resolved
engineering issues would be preferred.

Public

18

Public support, aithough important, would be a secondary concern
when compared to the desire to implement a process that more readily
resolves engineering issues.

Program

28

Progranimatic concerns, although important, would be secondary when
compared to the desire to implement a process that more readily
resolves engineering issues.

ES&H

Process

36

The primary concem is to minimize the impact on the environment and
to maximize protection of the worker and public health and. safely The
process, although important, would be compromised before ES8H.
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Tabie c-1. Evaluaﬂon at Goal Node (cont.)

Public

Life
Cycle

For this study, it was determined by the team that public support is
glightly more important than the Life Cycle cost or schedule.

Life
Cycle

Program

1.8

in today’s world of shrinking budgets, Life Cycle costs are an
important factor in choosing an alternative.  Programmatic
concems, although important, would be secondary.

ES&H

Life
Cycle

3.6

The primary concem is to minimize the impact on the environment
and to maximize protection of the worker and public health and
safely. The cost, although important, would be compromnsad
before ES&H.

Public

Program

16

Public opinion is important in making this decision. Prograrnmatuc
concerns are less important in this decision.

ES&H

Public

35

The primary concem is to minimize the impact on the environment
and to maximize protectian of the worker and public health and
safety. Public opinion, aithough important, would be a secondary
concemn.

ES&H

Program

4.2

The primary concem is to minimize the impact on the environment
and to maximize protection of the worker and public heaith and
safety. Programmatic concems, although important, would be
secondary. '

| Table C-2. Evaluation at Disposal Form Node

Criticality was judged more important based on its environmental,
safety, and health impact. The release rate in the repository was
judged to have less of an environmental, safety, and health impact
based on the very long time frames considered and on the minimal
impact on the repository Performance Assessment.

Table C-3. Evaluation at Process Node

Criterion

A B Factor | Discussion:
Charact. Complexity | 3.1 | The importance of characterizing the SNF was judged by the team
Acceptance ‘ to be more important than developing and implementing a process
which is less complex. A process which is more complex but
yields a higher degree of certainty in waste characterization is
preferred.
Maintainability | Complexity 1.8 | Maintainability is related to complexity. However, given the option -
. to make the process easier to maintain but more compbex
maintainabifity is more important.
SNF Repcet Appendix C (Rav 0) doc DOES NOT CONTAIN UCNI
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Table C-3. Evaluation at Process Node (cont.)

~ crlt:rlon Crlt;rlon Factor | Discussion:
Secondary | Complexity 22 | The generation of secondary waste streams could have adverse
Waste _ financial, environmental, and health and safety impacts. Process
simplicity would be sacrificed to minimize secondary waste
generation. '
Permitting Complexity 23 Permits will be required in order to operate the facility. Simplicity

of the process is a desired attribute, but is not a requirement.
Thus the permit criterion is more important.

Versatility Complexity 2.1 The ability of the process to accept changés in scope are deemed
more important than process compiexity. ‘

Charact. Maintainability 3.2 Waste characterization is a reguirement for repository acceptance
Acceptance of the waste form. A process, which may necessitate more

maintenance , but yields a higher degree of certainty in waste
characterization, is preferred.

Charact. Secondary .28 Waste characterization is a requirement for repository acceptance

Acceptance Waste of the waste form. A process, which may produce more

: . secondary waste, but yields a higher degree of oertamty in waste
characterization, is preferred.

‘Charact. Permitting 1.3 | Both characterization and permits will be required to complete
Acceptance SNF disposal. Thus they are nearly equal in importance.”

Charact. Versatility 25 | Waste characterization is a requirement for repository acceptance

|- Acceptance : of the waste form. A process which is less versatile, but yields a

higher degree of certainty in waste characterization, is preferred.

Secondary Maintainability | 2.1 The generation of secondary waste streams couks have adverse
Waste financial, environmental, and health and safety impacts. Process
maintainability would be sacrificed to minimize secondary waste -

Permitting Maintainability 2.3 Permits will be required in order to operate the facility. Thus ease
of obtaining permits is preferred over ease of maintenance.

Versatility Maintainability | 2.0 | Process versatility is preferred over maintainability.

Permitting Secondary 16 Permits will be required in order to operate the facility. Although
Waste secondary waste has an affect on permitting, there is some margin
to adjust this.
Versatility Secondary | 1.6 The generation of slightly more secondary waste would be
. Waste 1 accepted for a more versatile process.
Permitting -Versatility 2.3 | Permits wiltl be required in order to operate the facility. Thus

permitting is more important than process versatility.
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Table 0-4 Evaluation at Life Cycle Node

Critarion Criterlon | Factor | Discussion:

Capital Cost O&M Cost 2.7 | If the capital cost is too high, facilty construction wii not be | -
funded, and the O&M cost would then be irrelevant.

Capital Cost Disposal Cost 3.2 if the capital cost is too high, faciity construction will hot be
funded, and the disposal cost would then be irrelevant.

Capital Cost Schedule 1.5 if the capital cost is too high, facility construction will not be
funded, and any schedule impacts would then be irrelevant.

O&M Cost Digposal Cost 1.6 O&M costs are viewed as slightly more important than‘ disposal
costs. O&M costs are more near term. They also could have a
bigger impact on the life cycle costs If the repository schedule is
delayed. _

Schedule O&M Cost 12 Project schedule and O8M costs were evaluated to have
essentially the same impact with schedule being slightly more
important.

Schedule Disposal Cost 1.5 Project schedule was 'judged to be slightly more important than
out-year disposal costs. The DOE has committed to make the fuel
road-ready as SOon as possible. :

Table C-5. Evaluation at Public Node
C teri
m;ﬁm' ¢ B on Factor | Discussion: ' »
CSRA NGO 14 | ttis judged that public support from within the' CSRA will be more
: ‘ ' .important to this decision. ,
South NGO 1.2 It is judged that the SC position would be more important than the

Carolina position of those outside SC for this decision.

CSRA South 1.4 | Itis judged that public support from within the CSRA will be more

Carolina important to this decision. :

Table C-6. Evaluation at Program Node

p .
riterion Criterion | Factor | Discussion:
Non- Other SRS 34 From a safety and a policy point of view, nonproliferation is
proiiferation Missions , considered more important than the impact the selected
altemative would have on other SRS missions.

Other SRS Other DOE 1.7 The impact the chosen alternative would have on other SRS

Missions Missions missions is judged more important than the effect of setting
precedence for the disposal of other DOE SNF.

Non- Other DOE 3.3 | From a safety and a policy point of view, nonproliferation is
proliferation Missions considered more important than the impact the effect of setting
precedence for the disposal of other DOE SNF.
SNF Report Appendix C (Rev 0).doc DOES NOT CONTAIN UCNI
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Table C-7. Evaluation at ESZH Node

cm:ﬂon cm:ion Fact Di on: - :
Public Worker 2.1 The protection of the public is the primary concern. ' The worker
Safety Safety has accepted a certain level of risk associated with the job.

Worker Environmental 28 The safety of the worker takes precedence over environmental

impacts.
Public Environmental 2.8 { The safety of the public takes precedence over environmental
Safety impacts.
SNF Report Appendix C (Rev 0).doc DOES NOT CONTAIN UCNI
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INTRODUCTION

This appendix contains the resuits of the team’s pair-wise comparisons of altemnative preferences for all twenty- -
one of the decision criteria. For each criterion shown below in Table D-1, the team selected either Direct Co-
Disposal or Melt & Dilute as the preferred altemative by the factor shown. Reasons for the team’s selections of
alternative preferences are provided in the discussion column of the table. :

Table D-1. Evaluations for Preferred Alternative at Each Decision Criterion

Preferred
Alternative

Criterion

Factor | Discuasion:

Criticality . Meit & Dilute has the capability to combine neutron absorber materials
- Dilute with the SNF into a homogenous LEU mixture. Thus it provides a
greater assurance that criticality will not occur in the repository, even
after the waste form has degraded. '

Long term non-criticality in the repository for the Direct Co-Disposal form
is less assured because the form contains HEU and relies on the
physical placement of neutron absorber materials within the disposal
form’s canister for criticality control.” In addition, the recommended
neutron absorber®, gadolinium phosphate (GdPO,) or one of its
derivatives, is not commercially available. The uncertainty surrounding
both the availability of GdPO, and the development of a process to
produce an engineered neutron absorber from that compound® will have
a much more significant impact on the Direct Co-Disposal alternative.

The NRC concluded that the criticality analyses for the Direct Co-
Disposal option have many conservative assumptions, but some aspects
of the calculations still need to be addressed fo eliminate potential non-
conservatism. The NRC further concluded the criticality of the Meit &
Dilute waste form is less of a concem than for Direct Co-Disopsal, but
stil needs to be addressed in order to determine whether neutron
absorber material needs to be incorporated in the melt."®

Release Meit & 28 The Melt & Dilute final form has less surface area, so short term
Rate ' Dilute radionuclide release rates should be lower. -However, long term

differences in radionuclide release rates should not be significant since

both disposal forms will essentially be composed of the same materials.

Complexity Direct Co- 24 The Direct Co-Disposal process is relatively straight forward except for
Disposal | the complexity of proven powdered metallurgy technology required for
disposal of FRR target materials identified in Table §.2-2 of the RRTT.
Report (~ 4% of SNF will be powder). In this process, the SNF is
characterized, cropped, and placed into disposable canisters fabricated
of steel with neutron absorber inserts as required. The SNF is then
vacuum dried and stored temporarily until the repository is available.

The Melt & Dilute process, on the other hand, is more complex. It
involves high temperature melting of the SNF and mixing it with depleted
uranium and/or aluminum, as required, to achieve bath the desired wi%
of 25U (generally 20% or less) and the alloy composition of 13.2 wi%
uranium in aluminum before the mixture is either poured or solidified in’
the fumace crucible. The ingot is then placed into a disposable steel

{Cont. on Page D-3)
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Table D-1. Evaluations for Preferred Alternative at Each Decision Criterion (cont)

Factor | Discussion:

Criterion

Complexity canister for temporary storage (similar to that for the Direct Co-Disposal

{Cont.) alternative). The Melt & Dilute alternative will also generate off-gas
waste streams that must be collected and processed. - “Hewever, all of
the technologies needed to make this system function successfully have
been used in other applications, and it should be a relatively
straightforward exercise to bring them together for aluminum spent fuel

treatment.™
Characterization Melt & 4.4 Characterization under the Direct Co-Disposal altemative requires
Acceptance Dilute acceptance and validation of existing fuel data and operating history

{Appendix A type). The reliability of some Appendix A data is
questionable. Pretreatment characterization for the Melt & Dilute
alternative is required primarily to determine the **\J content of the SNF.

Post-treatment characterization of A-SNF forms produced under each
disposal aitemnative is considered to be similar to meet repository
requirements. However, the scope for the Melt & Dilute altemative:
should be lower due to the uniformity of the waste form produced and
the reduction in number of canisters requirad®. :

Maintainability | Direct Co- 37 Equipment that experiences high temperatures and contamination, such
Disposal as the fumaces and off-gas confinement systems required for the Melt-
Dilute alternative, would be expected to be more difficult to maintain than
equipment that does not, like the additional characterization equipment
required for the Direct Co-Disposal alternative.

Secondary DirectCo- | 3.0 Direct Co-Disposal wouki be expected to generate only LLW, while Melt
‘Waste Disposal & Dilute would be expected to produce solid HLW from the capture of
| : volatile fission products such as cesium.

Permitting Direct Co- 2.4 | Direct Co-Disposal, with its simpler process and fewer effluents (both
Disposal radiological and non-radiological), would have an advantage over the
Melt & Dilute alternative in securing the permits and/or licenses required
to operate a TSF at SRS.

Versatility Melt & 39 Meit & Dilute would be expected to handle changes which might be
Diiute required to dea! with additional types and forms of SNF without major
process modifications. The Melt & Dilute altemative could alsoc easily
adapt to disposal form enrichment limitations which might be imposed by
the repository in the future.

The Direct Co-Disposal alternative, on the cother hand, might require
significant process modifications to accommodate these changes, and in
the case of enrichment limitations, may not be able to meet those
limitations, if imposed.

* See Ref. 25, Page 51.
® See Ref. 15, §1.4
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Table D-1. Evaluations for Preferred Alternative at Each Decision Criterion (cont.)

Preferred

Criterion |\ \tarnative

Factor | Discussion:

Capital Cost . This preference is based upon actual PCD estimate data of $215.6M for
Dilute - Metit & Dilute and $229.2M for Direct Co-Disposal. The estimate for
Direct Co-Disposal includes the cost of powder metallurgy required by
that attemnative for the powdered SNF identified in Table 5.2-2 of the
RRTT Report,

Overall capital costs for both alternatives are about the same because
higher equipment costs for Melt & Dilute are essentially offset by the
increased cost of additional interim storage racks required by the Direct
Co-Disposal altemnative.

O8&M Cost Direct Co- 1.1 This preference is based upon actual PCD estimate data of $855.3M for
Disposal Direct Co-Disposal and $960.3M for Meit & Dilute. These PCD O&M
cost estimates were based upon staffing levels of 375 persons for Direct
Co-Disposal and 447 persons for Meit & Dilute.

Disposal Cost Melt & 3.0 This preference is based upon actual PCD estimate data of $71.4M for
Ditute Meit & Dilute and $212.6M for Direct Co-Disposal.

Metlt & Dilute offers a significant volume reduction of the SNF with a
corresponding reduction in the number of disposable canisters which
must be temporarily stored at SRS and eventually emplaced in the
repository (approximately 337 canisters for Meit & Dilute versus 1400

canisters for Direct Co-Disposal). o _
Schedule DirectCo-- { 2.0 Both altematives currently have the same schedule for construction and
Disposal startup. However, schedule risk for Direct Co-Disposal should be lower
since it involves a simpler process than Melt & Dilute. ‘ )
NGO Direct Co- | 1.8 | Direct Co-Disposal, with its simpler process and fewer effients, would
Disposal be expected to gain higher support from NGOs. Two possible -

exceptions to that support may be due to 1.) the perception that Direct
Co-Disposal would pose more of a proliferation threat than the Meit &
Dilste aktemative, and 2.) Meit & Dilute will have fewer overland
shipments to the repository, with lower risk and lower wsvbcl:ty to the

public.
CSRA Melt & 16 if ali other aspedts'of the two afternatives were considered equal, the
Dilute CSRA would likely support the alternative which has the greatest

economic impact on the region in lerms of jobs. That being the case,
Melt & Dilute would probably be preferred to Direct Co-Disposal.

South Carolina Melt& | 1.3 Melt & Dilute will result in more jobs for South Carolina and will be less of
Dilute a proliferation threat. However, Direct Co-Disposal will have less impact
' on the environment in South Carolina.

Other SRS Melt & 2.8 Based upon current estimates for the number of disposable canisters
Missions Dilute required for each of the alternatives, Melt & Dilute would offer an
advantage over Direct Co-Disposal in freeing waste canister spaoe for

use by other SRS missions.
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Table D-1. Evalua_tlons for Preferred Alternative at Eacﬁ Decision Criterion (cont.)

Preferred

Criterion

Nonproliferation ‘Melt &
Dilute

Factor

5.1

Discussion: -

Prokferation concems for both interim and geologic storage are
addressed by Melt & Dilute since it will be diluted to LEU.

Direct Co-Disposal, since it leaves the HEU fuel intact, may be
perceived as creating weapons-capable stockpiles of enriched
uranium both at SRS and the MGDS, contrary to the intent of PDD
13.

Other DOE Direct Co-
Missions Disposal

1.8

Disposing of SNF via the Direct Co-Disposal alternative will not set a
precedent for other DOE fuel, while volume and enrichment
reduction, both benefits of the Melt & Dilute alternative, might.

Worker Direct Co-
Safety Disposal

27

decigion analysis, the draft EIS accumulated dose estimates of 38

Diract Co-Disposal, with its simpler process and fewer effluents;
would have an advantage over the Melt & Dilute alternative for
worker safety, both OSHA and radiological. For the purposes of this

man-remfyr for Direct Co-Disposal and 50 man-remiyr for Melt &
Dilute were considered. :

Public Direct Co-
Safety Disposal

11

Direct Co-Disposal, with fewer effluents, would have an advantage
over the Melt & Dilute altemative for one aspect of public safety.
However, the increased risk to the public during transportation of the
disposabie canisters from SRS to the repository (a function of the
number of canisters {0 be transported) would favor the Melt & Dilute
altemnative,

' Environmental | Direct Co-
.Disposal

22

Direct Co-Disposal, with fewer effluents, would have an advantage’
over the Meit & Dilute altemnative with regard to environmental
impacts. However, Melt & Dilute will be essentially stacking only
noble gases since Cs will be filtered out of the facility stack gases.
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Figure E-9. Gradient Sensitivity for Worker Safety with respect to Goal
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Figure E-10. Gradient Sensitivity for Public Safety with respect to Goal
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