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® @
OUTLINE

APPROACH FOR ESTABLISHING ALTERNATIVE
WASTE PACKAGE AND EBS DESIGNS |

e SYSTEMS ENGINEERING BASED METHODOLOGY
e ILLUSTRATIVE (ONLY) EXAMPLES OF METHODOLOGY
e SUMMARY
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A CLASSIC SYSTEMS ENGINEERING
APPROACH WILL BE USED
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® o , o
'FLOW DIAGRAM OF WASTE PACKAGE PROGRAM
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THE SYSTEMS ENGINEERING PROCESS

©

@

©

. N\, YES
WILL EVALUATION
(&) INPUT REQUIREMENTS —> e oA SYNTHESIS [—3>ALTERNATIVES>-3| AND DECISION
MISSION OBJECTIVES WORK (TRADE-OFF)
MISSION ENVIRONMENTS A ?
MISSION CONSTRAINTS
MEASURE OF EFFECTIVENESS NO
. @ OR NO  /ACCEPTABLE
TECHNOLOGY SELECTION FACTORS / SOLUTION
" " @ HARDWARE
SOFTWARE
RELIABILITY
MAINTAINABILITY ®
SORVIVABILITY | ACTORS
SURVIVAD DESCRIPTION OF SYSTEM ELEMENTS
SAFETY ‘ > -
STANDARDIZATION e EQUIPMENT
INTEGRATED LOGISTIC SUPPORT o PERSONNEL
EMC e FACILITIES
SYSTEM MASS PROPERTIES e COMPUTER SOFTWARE
TRANSPORTABILITY ® TECHNICAL DATA
ELECTRONIC WARFARE
COMPUTER RESOURCES

REFERENCE: 1. SYSTEMS ENGINEERING FIELD MANUAL FM-770-78 (APRIL 1979)
2. DEFENSE SYSTEMS MANAGEMENT COLLEGE SYSTEMS ENGINEERING
MANAGEMENT GUIDE SECOND EDITION, DECEMBER 1986
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® N e o
SYSTEMS ENGINEERING APPROACH:
DEFINE REQUIREMENTS OF WASTE PACKAGE

Develop input mission | A Define LB
requirements design selection
- mission objectives factors & criteria
- mission environment
- constraints
- performance measures
‘Requirements analysis c
fPer:prm | Conduct Identify Next
| :::I“:i‘: . synthesis ‘ trade studies design
y ‘phase
D
~“Are an Document [E
g No designs feasible
feasible? designs
‘ l Write
« preferred design [—»{  design
solutions requirements
(WPDR)
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'FLOWDOWN OF WASTE PACKAGE

DESIGN REQUIREMENTS

NWPA
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WASTE PACKAGE
MISSION
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SELECTION
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FACTORS

C
FUNCTIONAL . TRADE |
ANALYSIS STUDIES

T .
DOCUMENT DESIGN E
I
F
SELECT & RANK —
PREFERRED SOLUTIONS
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SPECIFIC DESIGN SPECIFIC DESIGN SPECIFIC DESIGN
REQUIREMENTS REQUIREMENTS REQUIREMENTS
. (WPDR) (WPDR) (WPDR)
CONCEPT #1 CONCEPT #2

CONCEPT #3
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REMARKS ON REQUIREMENTS ANALYSIS
(STEPC)

e REQUIREMENTS CAN BE VIEWED AS A HIERARCHY

e REQUIREMENTS CAN BE CLASSIFIED AS TWO TYPES:

- PROGRAMMATIC/POLICY
- TECHNICAL

" @ SELECTIONS OF ALTERNATIVE REQUIREMENTS
MUST BE MADE TO DEVELOP DESIGNS

‘'@ DOCUMENTATION AND FLOW-DOWN TRACEABILITY
~ ISAMUST
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REQUIREMENTS HIERARCHY
~ UPPER TIER
* -

WASTE PACKA @ REPOSITORY
] F—> MISSION .
REQU 5 REQUIREMENTS

INPUT
REQUIREMENTS

SERVICE . _
ENVIRONMENT _ DRY

THERMAL

CONDITIONS
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PERIOD 10,
E< - YR YR YR YR
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REQUIREMENTS HIERARCHY: MIDDLE TIER (TYPICAL)

WASTE PACKAGE
MISSION
REQUIREMENTS

P R

REPOSITORY REQUIREMENTS:

ﬁ o CONSOLIDATED AND NOT CONSOLIDATED

o CO-MINGLE DHLW AND SEPARATE DHLW/SF

DRY

COLD

HOT

— i ——— — —— — —— — ——— ———

300 TO 1,000
N

000000

LTERNATIVE DESIG

GENERA

THERMAL LIMITS

SPECTION LIMITATIONS

ATERIALS DEGRADATION OR RESISTANCE
PREDICTABILITY
HANDLING/EMPLACEMENT ENVIRONMENT

STRENGTH

CLOSURE ABILITY
FABRICABILITY

COMPATIBILITY WITH OTHER MATERIALS

CTION FACTORS

NDLING EQUIPMENT LIMITS
ASK WEIGHT LIMITS
AACEMENT COMPLEXITY
TECHNOLOGY LIMITS

NO ,\ BOREHOLE
BOREHOLE
N .
END TO HORIZONTAL VERTICAL
END
I H
_ NO NO PACKING NO

PACKING PACKING PACKING PACKING
{ | [ I':"']
NO FILLER NO FILLER NO

FILLER FILLER - === POTENTIAL COMBINATIONS FILLER FILLER

T

OF REQUIREMENTS

5
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TYPICAL INTERFACES AND LOWER TIER DESIGNER
REQUIREMENTS LEAD TO DIFFERENT ACCEPTABLE

' DESIGN SOLUTIONS
Borehole
r__h §ystem studies
Vertical thermal
. Criticality
- “Radiation -
No packing Material compatibility -

Surface

Remote handling

Surge storage

Shielded transfer casks
~ Closure method

Fabrication tolerances

Inspection techniques

etc.

Subsurface

Shielded transfer casks
Emplacement methods
Construction tolerances
Shielding closures
Retrievability

etc.

ES-0700/90-LI#15-05

No filler
¥

—— etc,
/ |

( Specific designer choices:

Number of assemblies/container
Shape of container

Length of container for spent fuel:
single or muiltiple
Internal geometry
Wall thickness
Diameter or width
Etc.

o

[

Interface PY

considerations

o

[

| o

o

Example 1

(_PWR_|
(ews )
PWR & BWR) <

— Others

<PWR & swnO-—

Example 2 Exam

©
o
w



I R O R R IRI_—C—E—r———hh——————.

 WASTE PACKAGE DESIGN CONCEPTS
~ GENERATED BY THE PROCESS

e REFERENCE IN SCP

e SELF-SHIELDED CONCEPTS
o PACKING CONCEPTS

e OTHERS




e e
REFERENCE CONFIGURATION FOR
VERTICAL EMPLACEMENT

<. ‘ /—COVER

w O
. 1 —

© |,

10 PARTIAL
NEAR LINER
FIELD

ROCK SHIELD PLUG

0

BOREHOLE —__ N
|~ WASTE CONTAINER

AIR GAPSCO— \’\ |
%/ SUPPORT PLATE
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POSSIBLE EMPLACEMENT CONFIGURATION
FOR SELF-SHIELDED WASTE PACKAGE

DESIGN CONCEPT
BTSN TN LT AN I ) AR
f - TUNNEL BACKFILL - [ %‘ffo B
(SAND, BENTONITE, A G T T B
ADDITIVES)

' EMPLACED
~3.0m SELF-SHIELDED
‘ PACKAGES

NEXT EMPLACEMENT
POSITION

SRR

PREPLACED BACKFILL
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- POSSIBLE WASTE PACKAGE HORIZONTAL
BOREHOLE DESIGN CONCEPTS

| Placement Horizontal
Carbon steel room borehole

container AT é

Pre-formed
packing

T

Spent fuel
waste forms

¢ Consolidated
spent fuel rods .

Shield
packing

Filler

=, Packing = .
SN/ material

re plate 50 N
Closure p ‘ > Container
Consolidated Intact spent fuel
spent fuel rods assemblies
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FLOWDOWN AND TRACEABILITY FOR SOURCE O

REQUIREMENTS FOR WASTE PACKAG

ALTERNATIVES MUST BE D

WASTE PACKAGE

MISSION REQUIREMENTS

e RETRIEVABLE

e GEOLOGIC DISPOSAL
o UNSATURATED SITE

) ADDITIONAL REQUIREMENT
ALTERNATIVES

WET OR DRY
COLD OR HOT
10,000 OR 300-1,000 Y

OR

PECIF
REQUIREMENT

ALTERNATIVES

e NO BOREHOLE CONCEPT

e PACKING
e FILLER
e COLD, WET,
10,000 YR
- CONTAINMENT
»

300-1,000 YR

e NO PACKING

+.. OR +... FERN
\7Po BOREHOLE CONCEPT o
N : 38{'5%5'? DESIGN SPECIFIC FEATURES ; o

CONTAINMENT| ® NO BOREHOLE LINER ==t ]
- —)

- @ HIGH Ni ALLOY CONTAINER )
e STEEL SHIELDING PLUG

e 3INTACT PWR/CAN |

DESIGN SPECIFIC FEATURES

e SIDE TO SIDE ON DRIFT FLOOR

e CARBON STEEL
e CRUSHED/SCREENED TUFF
PACKING

e 50 MREM/HR SURFACE DOSE

BACKFILL
(AFTER 50 YRS?)

# EMPLACEMENT DRlFT\

PFE N ,v
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DESIGN REQUIREMENTS PROCESS

[A] mission

REQUIREMENTS

DN & |W N |-

FUNCTIONAL
ANALYSIS
TRADE STUDIES
SYNTHESIS

v

REQUIREMENTS
HIERARCHY

|

RANKING

1

2

3

ACCEPTABLE DESIGN ALTERNATIVES

4

SELECTION

FACTORS

(WEIGHTING)

PREFERRED PATH
SELECTED FOR NEXT
PHASE OF DESIGN

DEVELOP_E ‘

SPECIFIC
DESIGN
REQUIRE-
MENTS

/—*\

- DRAWINGS

- SPECIFICATIONS

- PERFORMANCE |-| ﬂ
ENGINEERING ANALYSES COSTS
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SUMMARY

IMPLEMENTATION OF PROCESS HAS BEEN INITIATED

MISSION REQUIREMENTS AND SELECTION FACTORS ARE
NOW BEING FORMULATED -

REQUIREMENTS ANALYSIS IS TO BE INITIATED

SPECIAL ATTENTION WILL BE GIVEN TO DEVELOPMENT
OF DOCUMENTATION FOR PROCESS TO ENSURE
TRACEABILITY

METHODOLOGY FOR SELECTION AND RANKING OF
ACCEPTABLE DESIGN SOLUTIONS WILL BE DEVELOPED

SPECIFIC DESIGN REQUIREMENTS WILL BE DEVELOPED
FOR A FEW (2-4) PREFERRED DESIGNS. THOSE SELECTED
WILL BE DEVELOPED FURTHER IN THE NEXT PHASE OF
DESIGN (ACD)
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