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NRC/

DOE TecnnicaExcnange‘.‘ﬁoad@map’f

e Surface Facrllty Concept of Operatlons

- ngh -level Descrrptlon of Waste Forms Handllng, and
| Movement o «

— Overwew of Structures Systems or Components (Sscs) }
that are Important to Safety (ITS) |

- Overvrew of Procedural Safety Controls
° Surface Facrlrty Design and Operatlons

- Descrlptlon of selected operations
+ Transportation Cask Handling

* Waste Transfer
¢ Waste Package Closure
e .Waste‘; Package Transporter Loading




’ NHC/D@E T@@E’mmal Exchange “R@admap”

(Continued)

~ Surface Facmty De5|gn Descriptions
° DeS|gn Criteria

* Codes and Standards
o Subsurface Facmtles
= Concept'of-'Operatlons
— Subsurface Systems and Equipment

+ ~Design Criteria -

-~ .+ Codes and Standards

® Prb;ect Decision Schedule
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NRC/DOE Technical Exchange “R@admap ’

(Continued)

® Updat_e of Preclosure Safety Analyses (PCSA)
— PCSA Process and Products

— Examples

-+ Description of Event
* Quantification of Event Sequences

¢ Nuclear Design Basis
¢+ Q-List
— Consequence Analysis
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NS anartmanl of Energy Omce ol CIvlll nRadloactive Wasta Managumont

Preclosure Safety Analysis Process

Internal and external hazards analyses ldentnfy
hazards | |

Screening and assessment analyses estimate
frequency of event sequences

Consequence analyses estimate doses to public
and workers from event sequences

 Classification analyses identify systems,
structures, and components that are important to
- safety (ITS)

- Nuclear safety design basis document captures
design requirements

G YMCraun_NRC Tech Exch_09/14-15/04.ppt




 Implementation of Preclosure Safety
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~Analysis in Design

Repository is designed to prevent event sequences
where possﬂole mit lgate those not preventable

Structures systems and components that prevent
or mrtlgate Category 1 or2 event ‘sequences are

ITS

Evaluatlons based on maximum: facmty capamty
and throughput rates for Category 1 event
sequence frequency analyses and on nomrnal
rates for normal operations

Consequence evaluations of Category 2 event

R sequences based upon maximum facmty capamty

- - IR IR
ag ement
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implementation of Preclosure Safety
Analysis in Design

(Continued)

Component reliability assigned based upon
industry historical data; becomes design
requirement for equipment procurement

If a potential event sequence is prevented by

- design, and therefore doesn’i result in dose, it is

not identified as a final event sequence
Results show Category 1 event sequences driven

- by handiing large numbers (approximately 221,000)

of individual commermal spent nuclear fuel (CSNF)
assemblies .

Category 2 event sequences driven by handling of
casks, canisters, and waste packages

R e R Y S gy e T R T R ey BT S DI R e
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Implementatron of Preclosure Sat‘ety
~ Analysis in Desrqn

(Contmued)

® Category 1 Event Sequences
— Two event sequences (Fuel Handlrng Facrlrty [FHF] and
o Dry Transfer Facrlrty [DTF] only)
e Drop of mdrvrduat CSNF assembly __
. Colllsron of mdrvrdual CSNF assembly

o Category 2 Event Sequences

— Three evelnt sequences bound about 30 total

s Drop and breach of transportatron cask with 74 boiling
water reactor (BWR) or 36 PWR CSNF assemblies

o Drop and breach of transportatlon cask with five high-level
waste (HLW) canlsters

g Drop and breach of one naval canrster

& AT oy " - : NN
:,* ,;,:‘ Dopanmenl of Energy omca of CIvlll_an Radloactivc Wasto Managamont .
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implementiation of Preclosure Safety
Analysis in Design

(Continued)

ITS components for prevention

— Facility structure provides protection from hazards and
support for handling equipment

— Handling devices, including cranes, fuel transfer machines,
and carts, are credited with sufficient reliability to minimize

number of drops
— Moderator controls for preclosure criticality

o |ITS components for mitigation

— Portions of ventilation system, including HEPA filters, exhaust
system and fans, and supply air ductwork, as well as related

portions of the electrical system

— Provides air exchanges and filtration to trap particulates
resulting from drop or collision of spent nuclear fuel (SNF)
assemblies

e

‘\@4-‘ Dapartment of Energy Omce of Clvlllan Radloactlve Waste Management o B o I
YMCraun_NRC Tech Exch_09/14-15/04. ppt




T

g

LiELiE

JULEN [ XA
Gy

g

HEANR
. l!h.l'fllli\“ﬂﬂ

DISORTPY W : ce T

-y W st
b LI

Hurde st nm" (2.
n I
v {SHRS ERRR L
Fumd ooanam 151 6 0k bt

I g SiAbit

W i MR TS B Gei T a1 i
Tis a0 _Con arauins sATA ~
# | idw i weh

T

1 i 2 e i, e ot )
1 Lo

a € fand sk L (M08 FICLD
Slw -
ws
o]
.
:. o
N . ehe P s tunt)
l Cnd Pag $CIRe, 1IN | /N a0l 1
H i WAL N LIV I
i 608 |mmunia g rane sronc
. 09 | MNIGLE whimif e me wotos PO
. 1oa |Fuky 8EPo}
: Toa |mud bues §rONcE Tt

s Jenay
1 | Swiinesvamp STONAGE
Lie walid

s -
el iwan LTnINa

o
AL CAMIE R R AT ae i SVAL I

srveese TRIBTING
—— ] G
s ov, FURR

WIS ORISIeaL CONTOAUNS
- OURAIINEICE s
——— AN .
—— PO Y
g 84N AOLD
pre——

T samiTy PRt
IRTRKIURE WO 1SS

AV . y
5 FTLTTSY 1014 STt in Cartindf - ole HMAA 04 LR

28 InITiat @AERAYIME CAPACITY = COISTER ourem (ot PACILITY
[FTTRY twsncn corsan 11ins - o Mo schitr 4
ET52 rar anvatuma covsn1ss « Mmaid 10

LY
LN

FRTTTS

et

O R R e e - R - - v g e

Department of Energy « Offico of Civillan Radioactive Waste anagomenl
YMCraun_NRC Tech Exch_09/14-15/04.ppt

2o 3 g W)

off




~ Surface Facility Operations

Normal Operations Flows

T
l l l l SUMMARY OF ACTIVITIES
AN '] ﬂ “ ﬂ 10 @ Initial receipt waste acceptance criteria confirmation and securily screening
nTHY @ Radiological survey
l l l @ Transfer of fransporiation cask 1o site rail transler cask
@ Short-term staging of transporfation casks in buffer area
@ Transfer of wasle o waste package or site specific cask; closure of waste package or
site specific cask; waste package surfaca inspection; shielded waste package transporter
@ Wel or dry remediation of damaged fuel or non-standard items’
North @ Transport of waste package to assigned emplacement drift
Portal 0G2280R_006 &
Waste Handling Facilities
z FHF: Up to 40 Waste Packages/yr
- CSNF
- HLW and DOE SNF
________ \ CHF: Up to 180 Waste Packages/yr
\ R - HLW and DOE SNF
DTF: Up to 180 Waste Packages/yr
- CSNF
- HLW and DOE SNF
- Full remediation capability
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‘Fuel Handling Facility Operations

OGO

BHREEG

MATERIAL FLOW PATH
CASK OPERATIONS WP QPERATIONS
REMOVE IMPACT LIMITERS AND ® RECEIVE EMPTY WASTE PACKAGE
PERSONNEL BARRIER
UP-END CASKS @ PREPARE WASTE PACKAGE
PREPARE CASK (3) MOVETO TRANSFER AREA
MOVE TO CASK TRANSFER AREA @ MOVE WASTE PACKAGE TO TRANSFER AREA
RESTORE CASK @ MOVE WASTE PACKAGE TO CLOSURE CELL

MSC OPERATIONS

RECEIVE SITE SPECIFIC CASK
UP-END SITE SPECIFIC CASK
PREPARE SITE SPECIFIC CASK

@ WASTE PACKAGE LOADOUT

SUPPLIES

{\ WELDING SUPPLIES AND LIDS
[\ EMPTY WP PALLETS

MOVE SITE SPECIFIC CASK TQ TRANSFER AREA

RESTORE SITE SPECIFIC CASK

POSITION SITE SPECIFIC CASK FOR

9-!

uv"

osol)

o WP POSITIONING CELL

AGING TRANSPORTER u
iy = n N
3
ENTRANCE VESTIBULE
V] [0} u a X =
N - & -
r X X X G s
AN ) - ERBAY 1
peimiiimbninindndin 'l' f o 1006 ) TRANSFER BAY 2
— — - ———— ST=c= N v
[] — - Y 2 S— — Y =G W [T 1} 1008 ) TRANSFER BAY 3
~—1s} - 4 4
. j 1 ™
X 2 a1 27
38 = W \ X x o
j_l N n n
v ) I | K4
- L4 ol 1002 ) PREPARATIGNAREA 1003 ) MAIN TRANSFER AREA AREAS BELOW BARE FUEL TRANSFER (LT BLUE)
CANISTER TRANSFER STATION (YELLOW)
FUEL HANDLING FACILITY O12490C LA 00470
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Fuel Handling Facility: - important to Safety
‘Structures, Systems, or Components

Mitigation ITS SSCs :

FHF Structure (confinement; shielding)
HVAC Primary Confinement (confinement, frltratlon)
Electrical (support HVAC) ,

Prevention ITS SSCs N ,
FHF Structure (hazards protection):

WP Tilling Machine (drop)

WP Turntable (drop) . L -4
Trunnion Collar Removal Machme (drop) |

Main Transfer Bridge Crane (drop)

Trolley, Pedestal, Hold Down Devrces (drop)
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Spent Fuel Transfer machme (drop) o
: ,j :
Vestrbule Gantry Crane (drop) , e e Lo
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@énlsﬁm‘ Handl'mg Facility Gpes‘aﬁmns

(Contmued)

Material Path Flow ‘

-~ .. =

TRANSPORTAION CASK OPERATIONS | - WASTE PACKAGE OPERATIONS = o ‘ SITE SPECIFIC CASK OPERATIONS
ll : .«" - L R W - Receive Site Specific
(® Remove Impact Limiters and Personnel Barrler 0 Receive Empty WP e () ma;:fr:’::"”gl::go" and Down End iz ‘ P ‘
. : . . : . i o N [{[§ Transfer Site Specific Cask To Fit
(® OpenCask : D Transfer WP to Pit - . +7 .7« {31y Remove WP Trunnions (Both ends) o
. . : . : ) . E Transfer Loaded Site Specific Casks
@) Transfer Cask 1o Pit . (@) Transfer WP to WP Trolley A

(i2) Transter WP to WP Transporter
(@) Return Cask : (®) Transfer WP to WP Positioning Cell

. @ Transfer WP to Emplacement
" {8) Transfer Welded WP to Survey Station ™ -

Dopanmanl of Enorgy . Ofﬂce of CMIlan Radloaclivo Wasto Management
YMCraun_NRC Tech Exch_09/14-15/04.ppt




ory Transfer Facility Descripti
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ity Operations
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(%) EMPTY MAVY CASK ONLY
=) NAVY CASK ONLY
(1) FROMWASTE PACKAGE RECEIPT
— L) FROMWASTE PACKAGE RECEIPT

J N N N

TO BUFFERING OR UXE (i7)
.'l_@ TO CASK MAIRTEXANCE
lg () EMPTY SITE SPEQIRC CASKS

TO OR FROM SITE SPECIFIC CASKS

tio)

EGEND: . )
LOADED TRANSPORTATION CASK
LOADEDWASTE PACKAGE NOTWELDED £
LOADED WASTE PACKAGE WELDED
EMPTYWASTE PACKAGE

EMPTY SITE SPECIFIC CASK

LOADED CASKS & SITE SPECIFIC CASK
UNLOADED CASKS/SITE SPEC!hC CASK
LOADED SITE SPECIFIC CASK

GROJOROROROICHONC,

WASTE PACKAGE & PALLET TO EMPLACEMERT

€0 FILE) mneriog Fice FaTne 00t

MATERIAL FLOW PATH
o0 . ——alf NORMAL OPERATIONS
GROU OOR PLAN AT EL +0°-0" (UNO AN ———————— STESPECINCCASK

B T o T R e

TS
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 Cask and Waste Package Receipt
Suilding Operations

‘Transportation Cask Receipt Return Facility ~ Warehouse Non-Nuclear Receipt Facility
. . .. i }
= =000
= ‘ ‘
: l ! T_III '—'7' :_ B Y—'T_ b 11 - .
1 ‘ ’"
3 A i 2 o J [—]
- . B ‘ \ Ol 7 7 e ]
i ! H i ERECEENCY | ki
l_', o n - ’ - \ ./,, \\,.'.
L { = >\\ o '\M “ R
u l . , * TT €40 FILES TORAE_F0O_F 181064 I | . 1]
L | H ]
L | I T AL . 5 I
TRANSPORTATION CASK OPERATIONS SITE SPECIFIC CASK OPERATIONS ____WASTE PACKAGE OPERATIONS
PERFORM TRANSPORTATION CASK - .. NEWMSC RECEIPT AND INSPECTION {«". WASTE PACKAGE LID RECEIPT
RECEIPT INSPECTION AND SURVEY : - - :
CASK/SKID TRANSFERTOSITE B ' . 4+ WASTE PACKAGE AND LID TRANSFER
RAIL TRANSFER CAST (SRTC) - TRANSFER MSCISKIDTO STAGEINGPAD " “.2" 70 STAND FOR INSPECTION
TRANSFER OF SRTC FROM RECEIPT BLDG. © .. TRANSFER TO MSCISKIDTO SRTC 0. TRUNNION COLLAR INSTALLATION

TO PROCESSING VIA BUFFER

7\, VERTICALIZE AND STAGE WASTE PACKAGE
" ANDLID

-y~ WASTE PACKAGE AND LID TRANSFER
-7 FORINVENTORY TO SRTC

11, TRANSFER WASTE PACKAGE AND LID FROM RECEIPT
~—  BLDG TO PROCESS BLDG. VIA BUFFER

... * TRANSFER OF MSC TO PROCESS BLDG
' VIABUFFER

Department of Energy « Offlce of Civilian Radloactive Waste Management
YMCraun_NRC Tech Exchi_09/14-15/04.ppt




Aging Transporter
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‘Surface Facility Waste Hand

Operations

Presented to:
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Surface Facility Waste Handling Operations

e Transportation Casks
o Waste Packages (WPs)
o Waste Transfer Areas

o WP Closure Cells

e Loading of Waste Transporters

3 P VHTY LMy o
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Surface Facility Waste Handling Operations
Transportation Casks

~ o_. Casks are large, heavy,
- 'robust, sealed metal
‘contamers o

" NEUTRON SHIELDING SHELL, = .
NEUTRON SHIELDING

CLOSURE LID

armemses o Multiple: Iayers of rad |at|on
i INNER STEEL SHELL . . e ,Shleldlng .. e — !
e (Cask sizes:

_ IMPACT LIMITER

.~ = Rail casks weigh ~100 to
165 tons and are up to ~27 ft
long and ~11 ft in diameter
with lmpact limiters mstalled

NEUTRON SHIELDING SHELL
NEUTRON SHIELDING

CLOSURE LID

OUTER STEEL SHELL — Truck casks welgh ~24 tons

LEAD GAMMA SHIELDING

' INNER STEEL SHELL N and are ~16 ft IOng and ~4 ft
o - o in diameter

Departmant of Enorgy Ofﬂce of CMIlan Radloactlve Waato Managoment
YMCereghino_NRC Tech Exch_09/14-15/04.ppt




surface Facility Waste Handling Operations
Transportation Casks

(Continued)

e Transportation casks are important to safety (ITS)

» Capability to withstand design basis natural
phenomena while staged on surface

e Procedural safety controls

Control Basis

Surface Ensures that casks are transported on appropriate vehicles. Ensures that
transportation control :| other traffic is controlled along route of transport between buildings,
buffer area, aging pads, and north portal. Minimizes likelihood of a drop
of cask. Minimizes likelihood of collisions between vehicles.

Cask sampling Ensures that failed fuel is detected and segregated appropriately.
Minimizes likelihood of abnormal conditions.

F3 e e e T R D R P B L i B P O N D N N O R s I T
¥/ Dopartment of Enorgy  Office of Civillan Radioactive Wasta Managemaent
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Surraee Faol aty Waste Handlmg Operahons
. Transporiaﬁaon Casks

(Contmued)

e Transportatlon cask preparatlon
Casks are-either:

| ; | ;6 I\Iloved directly to Fuel Handlmg Facmty (FHF), or -
3 " ». “Moved to Cask and WP recelpt burldmgs -
| "f Placed on 5|te rail transfer carts (SRTC)
| Moved in surface facnhtles on SRT(‘s
Dry Transfer Facility (DTF)
a Camster Handling Facmty (CH_F) L
oo» Buffer Area

- Cask preparatlon activities .
E Remove personnel barrlers and tie- downs

S,?

'+ Remove impact limiters, if necessary -

— Contamination and radlatlon survey of cask and commercial
transporter

& Dopartmant of Energy Omce or CIvillan Radloactlve Wasto Managomom T wvw.ocrwnt.doa. oy
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Surface Facility Waste Handling Operations
Transportation Casks

(Continued)

o FHF transportation cask receipt areas

— Entrance vestibule and preparation room

| sHIELD
. DOOR (TYP)

CONCRETE
._‘rj

,—l— [MPACT LIMITER '
STORAGE | L‘j
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g STORAGE
t—r
) . '/ N A Y| STORAGE RACK >
| o ron fho seemmal, . L] -:,44..14 > SIDREEE PNy
| —30 TON _HoOK epr_m_m\c_t, - _|7‘ —_ T IJ7( T §
- - . /'. = ZLINT vssflsufE_ I/ ., s Al ¥ -

GANTRY CRANE
! . (200730 JONY |

STORAGE

PERSONNEL BARRIER —/
. |cRane sToP

STORAGE |
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Swﬁ‘ace Famlrﬁy Waste Handlmé Opemtmnsﬁ

"E’"mnsp@ﬂaﬁmn Casks

(Continued)

o Major equ_i:'b‘ment]in FHF entrance ve
preparation room - ‘

stibuie and

o

— 200-ton gantry crane for handling casks and WPs

° Maih Ifidpk and load path: ITS compon

» Grane trolley structure, bridge structure,

load grlpplng dewce .
» ,__,Ensure probablllty of load clrop is < 1 X

o .»; Dunng seismic event, will not damaget
| contammg spent nuclear fuel (SNF) or h

— Llftlng yoke: ITS =
— Import-export trolley: ITS

— 30-ton auxiliai'y hook: non-ITS
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hoisting drive train,

x 10-5 drops per lift
ransportation cask
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Surface Facility Waste Handling Operations
Waste Packages

e WP preclosure functions

— Prevent release of radioactivity to preclude Category 1 and 2
event sequences: ITS

+ Drops and slapdowns

»  Limit vertical drop of multicanister overpack (MCO) to
< 3° angle

»  Some events credit trunnions
+ Rockfall

> Seismic
* Internal missiles
— Prevent oxidation of waste form: non-ITS
— Prevent damage to cladding: non-ITS
o WP ITS components

— Inner and outer vessels
— Inner, middle, and outer lids

Ny
LN
4745 X))
vani 3] :- R T e
B2\ s/
B\ 2
tepssh

DY R T R TV LT I B SR T v 1 SFCPR PSPy SO YRS P2y SO M T XML SNl LTSIt CnEsy ety
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Surface Facility Waste Handling Operations

Waste Packages

(Continued)

® WP,postclosureffunctions

- Prevent/reduce water contact with waste form: Important

to Waste Isolatlon (ITWI)

Prowde dry, mert environment prior to breach to delay

- onset of waste form degradation: ITWI

Provide internal materials that sorb radionuclides to limit

_ release from breached WP: ITWI

WSS YMCer ereghino NRCTechE ch_09/14-15/04.ppt

Conduct heat to protect cladding: ITWI

,Crltlcallty control ITWI




Surface Facility Waste Handling Operations
Waste Packages

(Continued)

e WP ITWI components :
— Inner and outer vessels
— Inner, middle, and outer lids
— Interting gas
— Basket materials
— Thermal shunis and inerting gas

— Absorber plates
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Wasﬁe,ﬂansﬁea‘ Aa*eeas

FHF Transfer Areas Plan — Ground Floor -
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Surface Facility Waste Handiing Operations
Waste Transfer Areas

(Continued)

FHF Transfer Areas — Section

l |l ‘ SHIELD
- WALL
PORT PLUG
_ | STORAGE
I
: MAIN TRANSFER ROOM \ FUEL HANDLING ‘
D SHIELD |7 CRaNE (200730 TON) \XMACHINE(‘ ’5 TON)|
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Swﬁace Famlaty Waste Handling Operations

Wasie Tmnster Cell

o I\Ilajbr eqhipment,in FHF transfer,cetl -

Cranes handling SNF and HLW are ITS

200-ton overhead brldge crane

+  Main hook and load path

¢+ Specific trolley structures, brldge structures, hoisting drive trams, and load-gripping
devices are ITS components

¢+ Reduce the probability of a load drop -

+ Ensure that seismic event does not cauve crane to overturn, derail, lose any main
* structural’ components or drop load

Cask. I|ft|ng yoke ITS

res

.30-ton auxmary hook non ITS

Transfer bay trolley: ITS

" Hold-down devices: ITS

Pedestals: ITS

Three docking stations

+  Lid grapple, mechanical seal,and port plug are ITS: part of confinement boundary
1.5-ton capacity spent fuel transfer machine (SFTM): ITS
) _370-ton fuel trans"f_e'r_ maintena'nce crane: non-ITS

18 ] it .o R e e R e e T R Ll A T T R o A R s ik JUAN Y F b e Y o .
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Surface Facility Waste Handling Operations
Waste Transfer Cell

(Continued)

o Major equipment in FHF transfer cell

— Nuclear heating, ventilation, and air-conditioning (HVAC)
system for confinement zones

¢ Three confinement subsystems

¢« Primary confinement exhaust air cleaning units: ITS
» Two stages of high-efficiency particulate (HEPA) filters
» Alternate air supply to primary confinement subsystem: ITS

» |ITS controls and electric power
* Normal supply air handling units: non-ITS

— Industrial HVAC sysiem: non-ITS

Bk Ty oan e oy A MR
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Surface Facility Waste Handling Operations

Waste Transfer Areas

118

FHF Primary Confinement HVAC Block Diagram
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Surface Facility Waste Handiing Operations

Waste Transfer Areas

(Continued)

ITS Eleciric Power to Primary Confinement HVAC — Load Side

« Estimated reliability is for required mission time

(11 J3 H
o
B SWItChgearS not Shown « |ITS distribution to appropriate generating source
* Reliability estimate will consider complete
electrical distribution system
* Reliability enhanced due to use of normally
operating equipment
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Surface Facility Waste Handling Operations
Waste Transfer Areas connue
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surface Facility Waste Handling Operations
Waste Transfer Areas

(Continued)

ITS Eleciric Power to Primary Confinement HVAC — Power
Supply Side
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Surface Facllaw Waste Handﬂmg Operations
- Waste Transfer Areas

(Contlnued)

Procedural Safety Controls

Control ' o - Basis
SNF/HLW . | Ensures that cranes, transporters, rigging, load paths, and energy
mechanical handling { absorbing crush pads are selected and in place for the variety of lifts
- involving SNF and HLW. Ensures that cranes, rigging, load paths, and
/ | protective barriers are selected and in place for other heavy load handling
Combustible - Ensures that combustible loading in facility rooms and external to the
material control facilities is limited.. Ensures that transient combustibles are limited.
:‘ Minimizes the likelihood of a fire of intensity and duration that is beyond
! © . | the analyzed conditions. - Minimizes the Ilkehhood of a range fire in close
' proximity to the facility.
Transient moderator | Ensures that only small quantities of moderator material are transferred
material control | into the processing cells manually by the operator when waste forms are
: | present. Ensurés that waste forms are not present when large quantities
of moderator material are brought into the processing cells manually by
L the operator. Minimizes the likelihood of a criticality event.
Waste package Ensures that waste forms are inserted in-the appropriate waste package

loading; thermal and | configuration. Minimizes likelihood of excessive heating of SNF cladding.
criticality Minimizes likelihood of criticality due to lack of neutron absorber,
requirements - inappropriate geometric configuration, or excessive fissile material.
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Cyoware

urface Faci lity Waste Handling Operations
Waste Package Closure Celis

(Continued)

~ A

WP Closure Areas — Operating Floor
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surface Facility Waste Handling Operations
Waste Package Closure Celis

(Continued)

o WP fill gas
— Before closure, inner vessel is evacuated and helium is
added through purge port

* Prevents oxidation of waste form
+ Helps transfer heat from waste form to inner vessel wall

— After filling and successful leak test, port is plugged and
welded shut |
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Surface Facility Waste Handling O

perations

Waste Package Closure Cells

WP Inerting System
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surface Facility Waste Handling Operations
Waste Package Closure Celis
(Continued)
e WP closure methods

— Inner lid is held in place by a spread ring and is seal
welded

— Middle lid is fillet welded with no stress mitigation

— Outer lid is full-penetration welded with either laser
peening or controlled plasticity burnishing for stress
mitigation

=i |9. ‘.' L R e R Loy T PR 2 IR PP R T A e PR OX P Ty SV Ty B e L N BRSO
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@t,r'rtace'F»ectyWaete Handiing @peraticne
Out et Peckege Cratacallty Centrcl

° Passrve desrgn features preclude or m|n|m|ze presence of
| moderator ,. |

— No ut|I|ty or coolmg water plplnq
- _No water: or foam-based fire suppression.
| 4—}"--Low-hydrogen content hydraullr- oil for cranes
B e ‘Double retentlon barners to minimize hydraullc 0|I Ieaks
- — Curbs at entrres and drains
- ',Watertlght doors, walls and barners
'~ Watertight penetration seals

- L|m|ted reservmrs

e Ultrasonlc coupling fluid A“
¢+ Low plastrmty burnlshlng
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Surface Facility Wastie Handiing Operations

Waste Package Closure Cells

o WP closure system is not ITS

e WP closure system
equipment
— Welding equipment
— NDE equipment

— Stress mitigation equipment
for treatment of the outer lid
weld

— Inerting equipment

— Robotic manipulators

— Spread ring expander tool

Welding robots — Glovebox

Two robots, 180° apart, on circular track, — Cameras
perform welding and non-destructive — Cranes

Department of Energy » Office of Civilian Radioactive Wasta Management

YMCereghino_NRC Tech Exch_09/14-15/04.ppt
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Surface Facility Waste Handiin
Waste Package Closure

N (Co_ntinued)‘f S
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Surface Facility Waste Handling Operations
Waste Package Closure Celis

(Continued)

o WP Weld NDE

— Closure welding is inspected using visual, eddy current, and
ultrasonic methods

— NDE procedures qualified to ASME Boiler & Pressure Vessel (B&PV)
Code, Section V

— Weld examinations include:

+ Spread ring and inner lid

»  Tack welds and seal welds — visual
+ Purge port cap and inner lid

»  Tack welds and seal welds — visual
+ Middle lid

»  Tack welds - visual

»  Fillet weld - visual and eddy current
¢ Outer lid |

»  Tack welds — visual

»  Narrow groove weld is inspected visually, eddy current, and ultrasonically after
welding and again after stress mitigation
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Suﬁace Faenla'&y Waste Handling Opem&mne
" Wee'&e Paekege Cl osure Cells

(Contmued)

Procedural Safety Controls

Control Basis

Waste package inerting - | Ensures that waste packages are inerted with helium prior to
' emplacement. Minimizes likelihood of excessive heating of SNF

. - - .--- .| cladding and minimizes likelihood of oxidation of damaged fuel.
Waste package - | Ensures that structurally sound closure welds are fabricated and that
closure welding and residual stresses are appropriately relieved. Minimizes likelihood of
post-welding mitigation | waste package breach due to drop or rockfall. Minimizes sites for

s stress cracking corrosion. Minimizes likelihood of early failures.

| Waste package . - Ensures that structurally sound closure welds are fabricated.
non-destructive Minimizes likelihood of waste package breach due to drop or rockfall
examination- - - :- - | Minimizes likelihood of early failures.
Waste package Ensures that surface finish of AIon-22 outer corrosion barner is free of
inspection unacceptable blemishes. Minimizes sites for onset of corrosion and
(pre- emplacement and minimizes likelihood of early fallures B
in- drlft) ' : S
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Surface Facility Waste Handling Operations

Loading of Waste Transporters

o WP is visually inspected and surveyed for external
contamination and decontaminated, if necessary

e Trolley moves WP into the loadout cell

I e L L e e e R A Ay AL SOy SR Sy TS |
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WP loadout handling crane lifts WP by collar trunnions
to vertical

WP tilting machine tilts WP to horizontal
Crane lowers WP onto emplacement pallet on turntable
Trunnions removed

Exiendable bedplate on transporter moves emplacement
pallet off turntable and into transporier

WP and bedplate are retracted into shielded enclosure




Surface Famlaw Waste Handling Operations
Loading of Waste Transporters

(Continued)

WP Transporter Procedural Safety Controls

Control Basis
SNF/HLW mechanical | Ensures that cranes, transporters, rigging, load paths, and energy
handling absorbing crush pads are selected and in-place for the variety of lifts

involving SNF and HLW. Ensures that cranes, rigging, load paths, and
protective barriers are selected and in-place for other heavy load
handling over or in the vicinity of SNF/HLW. Minimizes the likelihood of
an unacceptable or unanalyzed drop or collision involving a waste form.
Minimizes the likelihood of a drop or collision of a heavy load onto a

waste form.
Surface transportation | Ensures that casks and waste packages are transported on appropriate
control vehicles. Ensures that other traffic is controlled along route of transport

between buildings, buffer area, aging pads, and emplacement portal.
Minimizes likelihood of a drop of cask or waste package. Minimizes
likelihood of colhsmns between vehicles.
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Surface Facilities Design and Operations
o Design Criteria
~ Development of Design Criteria

— Important to Safety (ITS) Criteria Development
* Fuel Handling Facility
+ Aging System |
+ Cranes Handling Waste Forms

© Surface Facility Descriptions

— Fuel Handling Facility (FHF)

— Canister Handling Facility (CHF)

— Dry Transfer Facility (DTF)

— Aging System

— Central Control Center Facility (CCCF)
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 Design Methodology - Fuel Handling Facility

FHF DeS|gn Bases

, / Department of Energy Ofﬂce of (:lvlllan Radloactlvo Waste Management A
NEETA  YM McDaniel_NRC Tech Exch_914-1504.ppt

Wlthstand natural phenomena (seismic, wind, flood)

" Prevent potentlal floodmg for moderator control

Door travel speeds are Ilmltedl to preclude tlpover of Ioad
with-waste form N . e :

Shleldlng after Category 1 event sequence sameas -
normal-operation . . |

No sharp.ob]ects-under waste form load paths

Rail systems preclude tipover during normal operations
~and Design Basis Ground Motion-2 (DBGM-2) events

Structure does not collapse during DBGM-2 and
10,000 year return perlod selsmlc events
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Methodology - Fuel Handling Facility

(Continued)

FHF Design Parameters

— Natural Phenomena
¢+ Seismic

¢+ Wind, including tornado - 189 mph, 0.81 psi pressure drop,
0.30 psi/sec rate of pressure drop, tornado missiles

* Flood - protected against probable maximum flood

— Criticality
— Shielding
— As low as is reasonably achievable (ALARA)




esign Methodology Fuel Hendﬂing Famlity

(Continued)

FHF Seismic Design
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Two Ievels of ground motions to meet code requirements

e DeSign Basns Ground Motion-1 (DBCM 1), Mean Annual Probability of
Exceedance (MAPE) 1x10-3 (1000 year return period), horizontal peak
ground acceleration 0.37 g @ 100 Hz

+ DBGM-2,-MAPE 5x10+ (2000 year return period), horizontal peak ground
acceleration 0.58 g @ 100Hz

Evaluate structural capamty at Beyond Design Basis Ground Motion,
MAPE 1x10-4 (10,000 year return period), horizontal peak ground
acceleration 1.19 g @ 100 Hz

3D finite element computer models SASSI for soﬂ structure

- interaction and GTSTRUDL for forces and moments - used during

detailed deS|gn

Structural de3|gn codes -

- ¢ ACI-349 Nuclear Safety Related Concrete Structures:
* ANSI/AISC N690 Steel Safety-Related Structures

ag el




Design Methodology - Fuel Handling Facility

(Continued)

®

Criticality
— Demonstrate prevention and control of criticality

— Passive engineered features for criticality safety
+ Moderator control in Spent Nuclear Fuel (SNF) processing areas

+ Defense in depth

»  Limit amount of fissile material
» Geometrically favorable configurations

» Fixed neutron absorbing materials

~ Analysés to show no criticality under normal operations,
Category 1 and 2 event sequences

— Codes and Standards
* ANSI/ANS-8 Nuclear Criticality Safety Standard Documents
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D emgn Meﬁh@ddldgy Fuel Handlmg Facmw

(Contlnued)

Shleldlng

Meet radlatlon protectlon objectlves |n 10 CFR 63 1 11(a)

Standard computer codes for shleldmg analyses

Worker protectlon durmg normal operatlons and Category 1 event
sequences . R :

* Th|ck concrete walls/floors/cellmgs -
. Shlelded wewmg wmdows, shield doors and shield plugs

'Design basis source terms. i

* Pressurized Water Reactor (PWR) fuel assembly, 5 percent initial
enrichment, 80 GWd/MTU burnup, 5 years out of reactor- -

-+ Waste package, 21 PWR, 4 percent initial enrichment,
60 GWd/MTU burnup, 10 years out of reactor

‘Codes and Standards

+ ANSI/ANSI-6.1.1, Dose Rate Factors
* ANSI/ANSI-6.4, Concrete :F{ad,iation Shielding




Design Methodology - Fuel Handling Facility

(Continued)

o ALARA

— Doses maintained at ALARA levels

* ALARA goal 500 mrem/year individual worker dose
— Radiatibn protection features

* Control access to restricted areas

+ Control and limit radiation area access

¢ Area radiation monitoring system, local detection

* Airborne radioactivity monitoring
* Cell design to isolate high dose areas and contamination

— Incorporate Regulatory Guide 8.8 ALARA design features

— Industry Practices - benchmarking, best practices
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fe&gn E\!Eem@dm@gy Fuel Handling Facalrﬁy

(Contlnued)

o Ekam'plé'COdes and Standards
| - ACI 349- 01 Remforced Concrete -
= ANSl/AISC N690 Structural Steel
— AREA Manual for Rallway Engmeermg
-~ ASCE 4-98 Seismic Analysis
- ASCE 7-98 Wlnd AnaIyS|s N

- ASTI\II C 121 7-00 DeS|gn of Equ1pment for Processmg Nuclear
- and Radloactlve Materials. - |

— AWS D1. 1/D1 1M:2002 Structural Weldmg

—. AREI\IIAManuaI.for'Rallway Engineering

—~ NFPA 101 Life Safety Code |

— NFPA 801 Fire Protectlon for Facnlltles Handling Radloactlve
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Design Methodology - Fuel Handling Facility

(Continued)

e Example Regulatory Guides

— 1.59 Design Basis Floods

— 1.61 Damping Values

— 1.69 Concrete Radiation Shields

— 1.92 Combining Modal Responses and Spatial Components
— 1.102 Flood Protection

— 1.117 Tornado Design Classification

— 1.122 Floor Response Spéctra

— 1.143 Design Guidance for Systems, Structures and
Components

— 1.199 Anchoring Components and Structural Supports
— 3.71 Criticality Safety Standards
s — 8.8ALARA

¥ b '~_' L3 1 N e T Y A N L AL ICTIY R ey RSP I ARS AE
: ‘{. SJJF Dopartmant of Energy « Office of Civilian Radioactive Waste Management
SEA YM McDaniel_NAC Tech Exch_914-1504.ppt




Design Methodology - Aging System

° Aging Design Bases

~ Slte Specmc Casks, Transporter and Pad

. Wlthstand design basis natural phenomena - seismic, tornado
- . winds, flood, etc.

+ DBGM-1 and DBGM-2 event sequence seismic event
~ Aging Pad e
+ Cask Iayout on pad not to exceed 15 percent of pad area
— Cask Transporter
* . Stable and limited in speed
o _Not allow a drop or slapdown to exceed design basns
. Probab|I|ty of runaway beyond Category 2

¢ Hydraulic ram pressure does not breach Dual Purpose Canister

; " i/ A'- Department of Energy Ofﬂce o( cwillan Radloactlve Wasta Management
TS M McDamel |_NRC Tech Exch_914-1504. ppt
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Design Methodology - Aging System

(Continued)

Aging Design Parameters

— Natural Phenomena
¢ Seismic

¢ Wind, including tornado - 189 mph, 0.81 psi pressure drop,
0.30 psi/sec rate of pressure drop, tornado missiles

* Flood - protected against probable maximum flood
— Criticality
— Shielding
— ALARA

CRMERK =
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(Contmued)

'eelgn Meth@delegy Agmg System

e Aging Selsmlc DeS|gn
— Two levels of ground motions to-meet code reqmrements |

X3 DeS|gn Basis Ground Motion = 1 (DBGIVI -1), Mean Annual
‘Probability of Exceedence (MAPE) -

~+ 1x103 (1,000 year return. perlod), horlzontal peak ground
excelleratlon 0. 37 9 at 100 Hz

° DBGIVI-2 MAPE 5 x 104 (2 000’ year return period), horizontal
peak ground excelleration 0.58 g at 100 Hz

- — Evaluate structural capacity at beyond design basis ground
‘motion (BDBGM), MAPE 1 x 10 (10,000 return period),
horizontal peak ground excelleration:1.19 g at 100 Hz

— 3D finite element computer model - SASSI for soil structure
interaction GTSTRUDL for forces and moments — used during
. detailed design

- Structural design codes
¢ ACI-349 Nuclear safety related concrete structures
-« ANSI/AISC N690, Steel safety — related structures
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Design Methodology - Aging System

(Continued)

o Criticality
— Demonstrate prevention and control of criticality

— Passive engineered features for criticality safety
* NModerator control by Site Specific Casks
¢+ Defense in depth
» Limit amount of fissile material
» Geometrically favorable configurations
» Fixed neutron absorbing materials

— Analyses to show no criticality under normal operations,
Category.1 and 2 event sequences

— Codes and Standards
* ANSI/ANS-8 Nuclear Criticality Safety Standard Documents
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”'es@ﬁ‘a Meﬁh@d@mgy A@mg Sysﬁem

(Continued)

° Shleldlng

= Meet radiation protectlon ob]ectlves in 10 CFR 63. 111(a)
- Standardcomputer codes for shielding analyses

— On-site and off-site radiation protection during normal
operatlons and Category 1 event sequences

° Use of NRC certified casks for agmg
. Develop equwalent site- specmc aging casks, as needed
+ Locate aglng pads with sufficient standoff distances
* Use supplemental shielding (e.g. shield wall) if reqmred
- *- Reduce SIte boundary dose from direct and skyshine radiation
- Boundlng source terms - maximum allowable cask content

o Codes and Standards

» ANSI/ANSI-6.1.1, Dose Rete 'Factors
. ® AANSI/A:I\ISI-.6.4, ancrete'Radiation Shielding
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Design Methodology Aging System

(Continued)

ALARA

— Doses maintained at ALARA levels
* ALARA goal 500 mrem/year individual dose

— Radiation protection features
¢ Control access to restricted areas
¢ Area radiation monitoring system
+ Airborne radioactivity monitoring

¢+ Remote locations

— Incorporate Regulatory Guide 8.8 ALARA design features

— Industry Practices - benchmarking, best practices
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‘Design Methodology - Cranes

N

o ITS Crane Design Bases ==
— Seismic’
— Collision
— Load. pathsand end stops .
— Liftheights =~ = |
~ Loss of power

— Load drops
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Design Methodology - Cranes

(Continued)

ITS Crane Design Requirements
— Seismic
¢ Requirements

» Does not fall or fail and damage waste forms

» Designed to meet DBGM-1 and DBGM-2

» Designed not to collapse for 10,000 year return period
seismic event

» Interactions with ITS systems, structures and components
¢ Codes and Standards

» ASME NOG-1 Overhead and Gantry Cranes
»  NUREG-0554 Single Failure Proof Cranes

iy e e
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Deslgn Methedeldgy Cranes

(Contmued)

e |TS Cranes DeS|gn lRequrrements

- Colhsron .
o Reqwrements |
Avord collusnons
>’,>: Travel speeds Ilmlted for safe handlmg of waste forms |
¢ Codes, and Standards

o> ASI\IIE NOG-1 Overhead and Gantry Cranes
i NUREG 0554 Smgle Farlure Proof Cranes

e Procedural Safety Controls
| " 'SNF/High:-Level Waste (HLW) Mechanical Handling

) . .‘, B S N B N N L I T S T A T S T Ty (R <. AR | hynaay
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Design Methodology - Cranes

(Continued)

ITS Crane Design Requirements
— Load Paths and End Stops

¢+ Requirements

» Avoid collisions
» Avoid travel into prohibited areas

¢+ Codes and Standards
» ANSI/ANS-57.1 Fuel Handling Systems

»  ASME NOG-1 Overhead and Gantry Cranes
»  NUREG-0554 Single Failure Proof Cranes

¢ Procedural Safety Controls
»  SNF/HLW Mechanical Handling

pER—
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" Design Methodology - Cranes

(Continued)

e ITS Crane De5|gn Hequwements
— Lift Helghts |

® Reqwrements L
», L|m|t lrft helght
¢ Codes and Standards | AU
» ANSI/ANS 57 1.Fuel Handlmg Systems
o ASME NOG-1 Overhead and Gantry Cranes
| 4_ | » ANSI N14 6 Special Lifting Devices for Shipping Containers |
" '» NUREG-0554 Single Failure Proof Cranes
e Procedural Safety Controls '
2 SNFIHLW Mechanical Handling
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Design Methodology - Cranes

(Continued)

e TS Crane Design Requirements

— Loss of Power

¢+ Requirements

» Stop and retain load on loss of power

» Instruments and controls fail in safe mode
+ Codes and Standards

» ASME NOG-1 Overhead and Gantry Cranes
» Procedural Safety Controls

»  SNF/HLW Mechanical Handling

'{_-4-.; S
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| :esagn Methedeegy Cmnes

(Continued)

o |TS Crane Design Requirements
— Load Drops

o Requirements

.- Reliability to, meet Iess than 1x10° > dropsftransfer for SNF
handhng ‘

A Interachons with ITS systems, structures and components
o Codes and Standards . o
: ASIVIE NOG-1 Overhead and Gantry Cranes P
) »' ANSI N14 6 Specual L|ft|ng Devices for Shlppmg Contalners |

e Procedural Safety Controls |
~ » SNF/HLW Mechanical Handling
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Design Methodology - Cranes

(Continued)

e QOther Codes and Standards
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— CMAA-70 Bridge and Ganiry Overhead Traveling Cranes
— CMAA-74 Traveling Cranes With Trolley Hoist

— NUREG-0612 Control of Heavy Loads

— NUREG-0700 Human-System Interface
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Surface Facility Descriptions
Fuel Handling Facility

o FHF Concept of Operations

— Process commercial SNF (CSNF) and canistered waste
forms

— Interface with Aging System

— Limited remediation capability
— Designed to mitigate Category 1 and 2 event sequences

¢ Category 1 - CSNF fuel assembly drop; collision

* Category 2 - CSNF Transportation cask drop and breach;
HLW transportation cask drop and breach; naval canister
drop and breach
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Surface Facili
Fuel Handling Facility

(Continued)
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Surface Facility Descriptions
Fuel Handling Facility

(Continued)
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Surface Facilities Description
Canister Handling Facility
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ties Description - Aging

(Continued)

Surface Facili

i
ntingency for additional

4 o
aging capacity, if needed,
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* Surface Facilities Description
~ Central Control Center

One Central Control Center Iocated |n Central
Control Center Facnllty |

— Permanently staffed 24 hrs/day

- Prowsrons for habltablllty

e Regulatory Gu1des

>‘>‘ 1.78 Habltablhty of Nuclear Power Plant Control Room Durlng
“'Hazardous Chemical Release

e jg;g>' 1.196 Control Room Habitability
-~ "9 Digital Control and Management Information System
(DCMIS) Human/Machine Interface (HMI) consoles




Surface Facilities Description Disiributed Control
Management information System
Functions/Capabilities

e Distributed Control Mlanagement Information System
(DCMIS)

— Not ITS

— Status monitoring, alarm off-normal conditions, report displays
for entire repository

— Oversight and capability to stop select waste handlmg and
- robotic operations - -

— Video surveillance for entire repository (except securlty which
will be in other locations)

— Control utility systems (e.g. electrical, water, etc.)
— Control subsurface emplacement operations

— Event sequence monitoring
— Data collection and storage, can transmit data offsite
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Suﬁa@@ Famlatles Description
Wasﬁe Hamﬂlmg amﬁ H@E@@m @th“ﬂl

» Waste Handling Operat'ions |
- Controlléd from local stations in general area of the
operation with stop/override capability in CCC

— Control systems for waste handling and robotic
operations designed and supplied by equipment
suppliers

- Degree of automation determined with equipment
suppllers as the de5|gn develops
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Surface Facilities Description
Distributed Control Management information
System/imporiant to Safety Conirol Systems Inierface

Central Control Center

Remote HMI Console

Y
DCMIS
Network
i Status Monitoring,
@— Crane Stop and Reset
1 Commands
Fiber (ptic
Typical Handling Facility '
1
Local HMI Console A 4
Q
2181s| | pcmisuo
Sigfg Cabinet
HE
- i
1 HMI Human Machine Interface
Serial Interface - i totri
Data Link for Status ——> | Hardwired Interface - DCMIS Distributed Control am}i
Monitoring d—— Dry Contact Outputs Management Information System
o : (Crane Stop and Resel) PLC Programmable Logic Controller
Isol,
pbﬁ,f ors 1 Vo Input/Output
Crane PLC - | ! FDI Foreign Device Interface
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)escription
- Central Control Center
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Concept of Operations

o Waste Package (WP) transportation

WP and emplacement pallet loaded in surface facilities

WP transporter moves underground to the turnout under manual
control

.-The WP transporter moves to the transfer dock at the entrance of the -

emplacement drift under remote control

o - Waste Emplacement

&, Depanment of Energy Omca of Civillan Radioactive Waste Management
YMLachman_NRC Tech Exch_09/14-15/04.ppt

’ | WP and emplacement pallet moved to transfer deck

Emplacement gantry llfts waste package and emplacement pallet

: ,Emplacement gantry moves waste package and emplacement pallet
- into drift . : |

:Emplacement gantry lowers waste package and emplacement pallet

and disengages

| Emplacement gantry returns to transfer dock

Emplacement gantry controlled remotely from Surface Central Control
enter |
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Thermal Management Goals

e Preclosure |
~ Maximum drift wall temperature is 96 C
o [Postclosure
=" Maximum cladding temperature is 350°C
-+ Provide margin to failure by creep rupture
= Maximum postclosure drift wall temperature is 200°C

* Avmd adverse mmeraloglcal transitions

-~ Prowdes free dramage of lquId phase water between
drifts
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Thermal Managément Qperaﬁana S@E‘uiions

o Thermal line Ioaol
- 145KWm
o Waste package spacmg
— Minimum 0.1 m |
e Emplacement drift spacing
—81m .
e Maximum WP power
- 11.8 kW
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Subsurface Radiation Protection

- ¢ MAIN
ACCESS
DRIFT

o Turnout design i

= CUr\’lat_Uref'Of turnout
“blocks direct line of

o Maintenance

DIRECT LINE
OF RADIATION

— Items.in high radiation . "™
areas designed for no WASTE
-planned maintenance = ™

¢ EMPLACEMENT
DRIFT

- 327 vmrw s it GOV
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Subsurface R?daﬁ)mn Protection
Continued
o Personnel access
— - Remote control handling
— Phys:cal a‘n‘dadm:‘inistrativeicontrols to subsurface
e Ventilation
— Monitoring of airflows

— Airflow is designed to prevent back flow into
construction areas and mains

o Shielding
— Waste package transporter

— Locomotive operator cab

s “' ; F e e L SR e B ] B Pl TR - B e b
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 Waste Package Transporter and
- Locomotive
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Waste Package Transporter and
L_ocomotive

(Continued)
o Design bases
— Runaway
— Collision
— Tip Over
— Waste package ejectlon
- Rock fall
— Natural phenomena
¢+ Tornado and high winds
+ Seismic
¢ Lighting strikes

Depanmnnt of Energy Omco ol CIvluan Radloactwo Waste Managament
YMLachman_NRC Tech Exch_09/14- 15/04 ppt
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Waste Package Tmnspmter and
. L@c@m@tlve

(Contmued)

Important to Safety features

Brakmg system _’

Coupler' |

Limit speed )

Limit waste péckage transporter helght S
lnterI0cked shield doors and bed plate

StrUétdi‘él integrity

‘Lightning arresters

Note: Not every element or appurtenance of an _SSC is ITS

R B S T NS ) D L Vo L g T R
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Waste Package Transporter and
Locomotive

(Continued)

® DeS|gn reqmrements

— Runaway
+ “Design bases

» Probability of runaway shall be beyond Category 2 event
sequences

+ Design requirement

» Important to safety (ITS) braking system with high reliability
(ITS dlverse redundant brakes, and ITS coupler)

° dees and standards

» Association of American Railroads (AAR) Manual of
Standards and Recommended Practices

— Braking system to mamtam safety function during
derailment

x J I R e - 1 e - f s e ran Fwadowmrs sewsoce et oLt oo
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‘Waste Package Transporter and
~ Locomotive

(Contlnued)
o Design reqwrements
— Collision
+ Désign bases-
» Waste package transporter shall not travel at speeds that may

résult in a collision |mpact velocrty that exceed the desrgn
basis impact velocity for a waste package - o

¢ D‘esrgn reqwrement
* .. » -Waste package transporter speeds shall not exceed 5 mph
- .. . Codes and standards

*» AAR Manual of Stand_ards and Recommended Practices

; 5 3 e Kela sy PR -, S A et T I R PRI TN T Ay o Py e S
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Waste Package Transporter and
Locomotive
(Continued)

Design requirements (continueq)

— Tip over
* Design bases

- Waste p'ackage transporter shall not transport a waste
package at a helght that exceeds the design basis drop
height -

+ Design requirement

» The design of the waste package transporter wheels, trucks,
and bed plate assembly shall limit the height of the waste
‘package to 2.0 m to bottom of pallet

¢+ Codes and standards

» AAR Manual of Standards and Recommended Practices




Waeﬁe Package "E‘mnspeﬁea‘ and -
Leeemeﬁlve

(Continued) .

¢ Design requwements (Continued)
— Waste package ejectlon

o DeS|gn bases

» Spurlous or operator—mduced opemng of the subsurface
waste package transporter shielding compartment doors,
followed by actuation of the bed plate rollout: mechanlsm

. shall be precluded when the waste package transporter-is in
motlon

° De5|gn reqmrement

‘Waste package transporter shield doors.and bed plate shall
‘be interlocked to prevent movement during transportation

"+ Codes and standards

»  ANSI/ISA-S84.01-1996, Application of Safety Instrumented
- Systems for the Process Industnes
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‘Waste Package Transporter and
Locomotive

(C_ontinued)

° DeS|gn requlrements (Continiec)
— Rock fall-

° De5|gn bases

» The waste package transporier shielded compartment shall
withstand subsurface rock fall events without jeopardizing
the structural mtegrlty of the waste package

* DeS|gn reqmrement

_4 » The waste package transporter shielded compartment shall
withstand a set of rock falls having a total mass of 5.4 MT

4 Codes and standards -

» AISC M01 6, Manual of Steel Construction, Allowable Sitress
Design -
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 Waste Package Transporter and
Locomotive

(Continued)

o Design requwements (Ceatiaued) |
— Seismic:. -
. Desugn bases

.- The system shall not fa|I in a manner that may result ina breach of a
waste package

° DeS|gn reqmrement

» Desugned to remam W|th code allowable values for deS|gn basis -
" ground motion (DBGM-2) with a return perlod of 2,000 years

 ».'Designed to assure structural integrity and functlonahty for beyond
. design bases .ground motlons (BDBGM) with a return period of
- 10,000 years

¢+ Codes and standards . - .. ..
» AISC M016, Manual of Steel Construction, Allowable Stress Design

WWW. oI, (loauov
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Waste Package Transporter and
Locomoiive

(Continued)

e Design requrrements (Continued)
— Natural phenomena

* Desrgn bases

» Waste package transporter shall be deS|gned to withstand, without
‘loss of credited safety functions, the design basis condltlons for
natural phenomena

¢ Desrgn requrrement

» Waste package transporter shall be protected with lightning arresters
and surge capacitors

-~ » Waste package transporter shall withstand tornado winds of 189 mph
* Codes and standards
» AISC MO016, Manual of Steel Construction, Allowable Stress Design

» NFPA 780-2001, Standard for the Installation of Lightning Protection
Systems
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Empﬁacemem Gama‘y

(Continued)
o ~Design bases
— DrOp loads

— Collision

— Overtravel

— Seismic

o b s Te b S TR e B OPI Th L SRR C N
% /4~ Depanment of Energy Ofﬂce o( Clvlllan Radloactivo Waste Management
s YMLachman_NRC Tech Exch_09/14-15/04.ppt
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Emplacement Gantry

(Continued)

° Important to Safety Features |

— Braklng system

— Limit speed

— L|m|t I|ft|ng helght i

- Overtravel controls and end stops

— Structural mtegrnty

Note: Not every element or appurtenance of an SSC is ITS

& e :
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Empﬁaeemem Gamw

(Continued)

Design requirements

— Drop loads

¢ Design bases

» Emplacement gantry shall not vertically lift the waste package
~ata helght that exceeds the design basis drop helght

o Des:gn requ1rement

» Emplacement gantry shall not vertically lift the waste package
~ on a pallet higher than 2 m to the bottom of the pallet

® Codes and standards

» ﬁ;JREG 0554, Smgle-FalIure Proof Cranes for Nuclear Power
ants ‘

» ASME NOG- 1 Rules for Construction of Overhead and Gantry
Cranes

RS mw
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Emplacamem Ganta'y

(Contmued)

e Design requirements
Collisionz S

¢ Designbases - . -~ - .
Emplacement gantry shall not travel at speeds that may result
in a collision impact velocity that exceed the design basis
lmpact velomty for a waste package

* De5|gn requirement - e

» - Emplacement gantry speeds shall not exceed 1.7 mph

¢ Codes and standards

» CI\I_IAA?O, Specifications for Top-Running and Under Running
Single Girder Electric Overhead Traveling Cranes Ulilizing
Under Running Trolley Hoist

- 3 I N N T e i N D PO A R N T
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Empééemém Gantry

(Continued)

o Design requirements
— Overtravel
*+ Design bases
» The emplacement gantry, carrying a waste package, shall not

be capable of running off the end of the emplacement drift or
transfer dock rails - : ‘

¢ Design requirement

» The emplacement rails shall have end stops to prévent
- overtravel of the emplacement gantry

+ Codes and standards
» AISC, .
» CMAA 70, Specifications for Top-Running and Under Running

Single Girder Electric Overhead Traveling Cranes Ultilizing
Under Running Trolley Hoist
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Emplacemem Gama’y

(Contmued)

o Design re‘quirements'
— Seismic
* Design bases

» The system shall not fail in a manner that may resultin a
breach of a waste package

+ Design requwement

» Designed to remain with code allowable values for DBGI\II-Z
with a return period of 2,000 years

» Designed to assure structural integrity for BDBGIVI with a
return period of 10,000 years

+ Codes and Standards

» AISC MO016, Manual of Steel Constructlon Allowable Stress
Design
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Emplacemem Pa

(Contmued) :
o Design bases
— Drop loads

Dopanment of Enemy . Ofﬂce o( Clvlllan Radloactlvo Wasta Management T » ' " www.ocnwmidon.giov 27
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Emplacement Pallet

(Continued)

e Design requirements

. — Drop loads

+ Design bases

» The emplacement pallet mitigates the effects of a Category 1
or 2 event sequence in the waste package horizontal drop
with emplacement pallet analyses

¢ Design requirement

» The emplacement pallet shall absorb some of the impact
energy in the waste package horizontal drop scenarios to
protect integrity of a waste package

¢ Codes and standards

» ASlVlE Boiler & Pressure Vessel Code (B&PV). The
appropriate sections of the ASME B&PV code are used as
guidance for fabricaticn of the emplacement pallet
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Empﬁésemsm Drift Ventilation

Functions:

— Posmve control of alr flow through emplacement drifts
— Removes heat durmg preclosure

Ventilation system

— Ambient air from surface

~ Exhausting system
Ventllatlon perlod L

— Planned for 50 years after flnal emplacement
Ventilation flow raie

— Approximately 15 m3/s per emplacement drift




Emplacement Drift Invert

® Functions

— Important to Waste Isolation (ITWI) crushed tuff creates an engineered
barrier to diffuse flow of radionuclides during postclosure period

— Structural steel provides a stable travel way and supports the
emplacement pallet and waste package durmg preclosure

— Crushed tuff supports pallet waste package and drlp shleld durmg
posiclosure = . |

e Two componentsf
~ Steel frame -
o Preclosure’Corrosion allowance - 1/16 inches . -
- Crushed tuff ballast materlal |

T 00 percent passmg 2 inches
+ <5 percent passing U.S. #200 S|eve srze

Note: Not every element or appurtenance of an SSC is lTS o
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Empla@emem Dmﬁ Invert

(Contmued)

» Codes and standards
— Structural steel Eonforms to ASTM A588

— Structural steel bolts conform to ASTM A325

— Structural steel AISC M016, Manual for Steel
Construction — Allowable Stress Design

— Weldlng AWS D1.1, Structural Welding Code - Steel
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 Introduction/Purpose

° Yucca l\llountaln Pro;ect (YI\IIP) Prolect Scope‘ .

Overvnew - |
o Accompllshments to Date
"« Benchmarking Efforts -
"o Work Breakdown Structure
o Nuclear Facilities Overall Schedule
o Ongoing Challenges to Schedule
o Key Upcoming Events/Milestones

»\L"-

‘, ..'.‘ & Dapanmonto! Energy Otﬂce ot Clvlllan Radloactlve Waste Management
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...........

'Yucca Mountain Project Scope Overview

° Yucca l\llountaln Reposﬂory S ma]or surface "
facilities occupy approximately 1.5 square miles

® Apprommately 70 mlles of tunnel 18-25 feet in
dlameter R -

— Apprommately 40 mlles of 18-foot in dlameter |
- emplacement drifts

e Peak construction craft staffing over 2000

o 12 construction cranes on site (4 towers and
- 8- 150-ton capacﬂty)

P 1 S T eT A p T e S T T e A e em e
NP7 Department of Energy « Office of Civillan Radloactive Waste Management
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Yueca E\iﬁeuntaan Pregect Scepe Overwew
(Continued)
e Summary of commodities:
— 4.3 million cubic"'yar'ds?of'excavation
— 650,000.cubic.yards of concrete
— 21,000 tons of steel

— 1.1 tons of heating, Ventilation, and air-conditioning
(HVAC) duct and supports

— 400, 000 linear feet of electrical raceway

— 2.7 million linear feet of wire and conduit

.o Over 20,000 activities loaded in current schedule

"‘\@' , Dopartment o! Energy Otﬂce of ctvlllan Radloactlva Waste Management
&S24 YMCraun_NRC Tech Exch_08/14-15/04.ppt
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‘Accomplishments to Date

o . Quality Assurance Requirements and Description
- (QARD)

o License Application (LA) submittal preparation —
| 85 percent complete
— Draft LA currentﬂy in DOE rewew o
* Techmcal review completed B
s Integrated chapter review completed
e Management review in progress

® 100 percent complete on Key Technical Issues
(KTIs) Agreement Responses —

— Total of 293

,,,,,,,
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Date

Accomplishments to

(Continued)

Preclosure Safety Analys:s (PCSA) 90 percent
complete

LA design 95 percent complete

Integrated'Engine‘ering’,"Pro'cUrement and
Construction (EPC) “proof of concept” schedule
being developed




Benchmarking Efforts

o  Sites/projects benchmarked:
— Hanford Waste Treatment Plant, Richland, WA
— Private Spent Fuel Storage Initiative
— MOX Facility — Savannah River Site
o Benchmarking attributes/characteristics:
— Overall complexity
— Licensing/permitting
— Commodities
~'Schedule durations
_"Budget performance -
— Organizational alignments

o Benchmarked against commercial nuclear licensees

;' , A R N T N P N T e T
N Fy/ Dopartment of Energy  Offico of Clvillan Radioactive Waste Management
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Sreakdown Structure

o Refer to Work Breakdown Structure (WBS)
(Attachment A)
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Nuclear Facilities Overall Schedule

Overanll duratlonS and sequencmg
— Walkthrough schedule (Attachment B)
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thdn@ Chaﬁﬁenges to SChedué )

Availability of sufficient numbers of qualified craft
personnel

Ability to meet concrete pour schedules

Availability of aggregate to support the concrete
activities

Congestion, human factor concerns in scheduling
work actlwty locations

CoordinatiOnIsequencing of construction activities
and operations




Key Upcoming Events/Milestones

e LA submittal to NRC — December 2004

e Final Environmental Impact Statement (FEIS)/
~ Environmental Report accompanies LA

® »Full-scale waste package prototype — June 2005

°. Start Final Design (Fuel Handling Facility (FHF)
Canlster Handling Facility (CHF)) — September 2005

e Preliminary design to support DOE Crltlcal
- Decision2

— Feeds material take-offs
° Independent government estimate

g - i i - . .. S | e o N Bl
\(ﬂ/‘ Department of Ene rgy = Offlca of Civillan Radloactive Waste Manageme
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 Attachment A

" Insert to be Provide During the Meeting
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Attachment

Insert to be Provide During the Meeting
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 Preclosure Safety Analyses

® Purpose

— DISCUSS prolects Preclosure Safety Analyses status AR
| regardlng implementation of NRC’s regulatlons
- regarding identification of event sequences and =
identification of “important to safety” (ITS) structures,
systems, or components (SSCs) |

° Objectlves

— Describe the Project’s Preclosure Safety Analysis
approach for ldentlfylng hazards

— Describe Selected Repository In|t|at|ng Events
— Discuss Classification of Selected Event Sequences

= Present Consequenc_e Analysis and Safety- Classification
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(—‘," a',;c' Departmont of Energy » Office of Clvilian Radioactive Waste Management
b YMCraun_Cereghino_NRC Tech Exch_0_9/1 4-15/04.ppt

R e




BT g

Repository Design

ek Site Characteristics & ° Event Sequence Identification

Event Tree/Fault Tree Construction . 0 ) ya ) ' i
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Preclosure Saféef'ﬁy Analyses Interfaces

Preclosure Safety Analysis Work Interface Flowchart
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- Preclosu a*"'e"‘-"Sa'Eew Analyses
In'&erface escnptmn

Internal Hazards AnaIyS|s for Llcense Apphcatlon | |
(000-00C-MGR0-00600-000-00A) | ~

Monitored Geologic Repository External Events Hazards Screemng
Analysis (000 OOC-MGRO 00500-000-00A)

Categorlzatlon of Event Sequences for Llcense Appllcatlon
(000- OOC-I\IIGRO 00800 000- OOA)

Seismic Analys:s for Preclosure Safety (OOO OOC MGRO 00700 000 OOA)

Frequency AnaIyS|s of Aircraft Hazards for Llcense Appllcatlon
(000-00C-WHS0-00200-000-00A) -

Identification.of Aircraft Hazards (000-30R-WHSO -00100-000-001)

Industrlalll\lhlltary Actlwty-lnduced Accident Screéning-Analysis
(ANL—WHS -SE-000004, Rev. 001)

Extreme Wlnd/T ornado/T ornado MlSSlIe Hazard AnaIyS|s
(000-00C-WHS0-00100-000- -00A) ‘

Fire-Induced Event Sequence Analysis (000-00C-MGR0-01300-000-00A)
Bounding Characteristics of Credible Rockfalls of Preclosure Period

(800- OOC-MGRO 00200 000 OOA)
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Preolosm‘e Safety Analyses
i n'&en’“aoe Description

(Continued)

Normal Operation Airborne Release Calculation
(000- HSC-WHSO 00200-000-00A)

Category 1 Event: Sequences Worker Dose Calculatlon
(000-HSC-WHS0-00100-000-00C) - o

Geologic Repository Operations Area Worker Dose
Assessment (000 -00C-WHSO0- 00300-000- -00B)

Preclosure Consequence Analyses for License Appllcatlon
(OOO -00C-MGRO0-01000-000-00A) .

Safety Classmcatlon of SSC’s and Barhers
(000-00C- MGRO0-00500- -000-000, Rev. 00)

Q-List (000-30R-MGR0-00500-000-000, Rev. 00)

Nuclear Safety DeSIgn Bases for License Application
(000-30R-MGR0-00400-000-000, Rev. 100)‘ |
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Departm nt lEn rgy om fChvlll Radl cu ew steM ana g ment
YMCraun_Cereghino_NRC Tech Exch_09/14-15/04.ppt

[




Process Overview

e Process Overview

External Hazards AsséSsmént |

¢+ Started with 54 potentlal external events broadly
considered in the nuclear industry

+ Screened and grouped to-11 external events categories
that are applicable to the Yucca Mountain Project (YMP)

» Each external event evaluated and design requirements
established that mltlgate their impact

— Internal hazards assessment are perform on functions.in
surface and subsurface facmtles o |

+ ldentified over 700 potentlal hazards based on screening
methodology

» Each event considered when establishing Category 1 and 2
event sequences, identifying ITS SSCs, and establishing
operatlonal controls and de5|gn requwements

- . Ry,
www.ocrwin.doa.gov
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External Hazards Method

Review industry exlemal
hazards Usis and site
characteristics (SAR 1.6)

v

Synm.slu.thllhlmd;J -

PUE

—T"

Hazard can occur at repository

hazard can affect Hory
during preciosuio

, ; Potential consequence of No

Process (Le., rale of progress

Event (Le,, fi yls -
Is associated with hazard)

associated with hazard) * Yes

is at least 1 in 10,000
(10CFR 63.2)

Exlernal hazard may be
apphcabie to repository and
1 is evaluated in moro detad

i s hazard credibh
1 during preciosuie No
Yoy

Develop and calegorize
} event sequences (SAR 1.7)

Estamata frequency of
.l occurrence for Calegory 1
4 event sequences and amount
of material at fisk for
Calegory 1 and Category 2
event sequences for
consequenca analysis,

Department of Energy » Office of Civillan Radioactive Waste Management
YMCraun_Cereghino_NRC Tech Exch_09/14-15/04.ppt

- e s e e st




B PO P .'_

Genemﬂ Exﬁemaﬁ Hazaa‘d Llsﬁ

Aircraft crash .
Avalanche | .
Coastal erosion o
Dam failure CmTTe
Debris avalanching e
Denudation L
Dissolution ) - . |
Drift degradation . |
Epeirogenic displacemer{t .
Erosion EEERS
Extreme weather S
fluctuation SR
" Extreme wind ﬂ..,
Flooding (external) -

Fracturing

YMCraun_Cereghino_NRC Tech Exch_09/14-15/04.ppt

Fungus, bacteria, and algae
Glacial erosion -

Glaciation

~"High lake level
‘High river stage

High tide

Hurricane

. lnadvertent future human mtrusmn

lndustnal actmty-lnduced accndent
lntentlonal future human intrusion
Landslide

Lightning

“Loss of power
- Low lake level
- Low river level

e

J/ Department of Energy  Office of Clvillan Radioactive Waste Management

---------

Meteorite impact

Military-activity-induced
accident

Orogenic diastrophism
Pipeline accident
Rainstorm

Range fire

Sandstorm

" Sedimentation

Seiche
Seismic activity: earthquake
Seismic activity: subsurface

fault dlsplacement

Selsmlc activity: surface fault
displacement

Stream erosion

WAL OErWI, oo gov '9
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 Applicable External Hazard List

» Aircraft crash

 Drift degradation and fracturing

« Extreme weather and climate fluctuations: temperature‘tr‘ansient'_s
o Extreme wind and tornado

e Fire

« Flooding and rainstorm

e Industrial and military activity induced accidents
¢ Lightning

o Loss of power

e Seismic activity

e Volcanism: ash fall -

oy 3 VO ,m
yov

10

i RS
v - f T
www.ocrwimn.doe.
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Generlc types of Define repository
internal hazards: t functional areas

4 1. Collision—Crushing
2, Chemical .

‘ contamination—Flooding -|
-8 3. Explosion—Implosion Define design configuration
" 48 4. Fire - - . LT " and operations for each .
‘ § 5. Radiation—Magnetic— functional area
Electrical~Fissile

. Thermal

Determine (screen) which

. . : R I o categories of internal hazards | - - . ’
' ; LR B R are applicable based on design |:
Input H configuration and operations

in each functional area

. bevelop list of potential
initiating events for each
functional area

Develop and categorize
“event sequences (SAR1.7)

‘Estimate frequency of
d occurrence for Category 1
4 event sequences and amount
of material at risk for
Category 1 and Category 2
event sequences for
consequence analysls,
presented in SAR 18

VWL BEIWITLC ow, uov

Departmam of Energy- Omce of C!vman RadloactlveWaate Magemont '
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Example of Internal Hazards Linking

Identified internal hazards to be summarized in
the Safety Analysis Report (SAR) by linking:

Generic hazard event category
Potential events identified
Event designator

Event sequence classification (Category 1, Category 2
or Beyond Category 2)

Design or operational requirement, and whether
requirement-is preventive or mitigative
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Repository Initiating Events

e Commercial spent nuclear fuel assembly drops

— Drops of singie fuel assemblles wh|le bemg llfted by spent fuel
" transfer machine’ g P S I LS

* Pressurized water reactor (PWR) and boiling water reactor (BWR)
fuel assemblies are evaluated

DOE Canlster Drops: - -

— Drop of a smgle canlster wh|le belng l|fted by overhead crane

+ DOE standard canister, multicanister overpack (MCOs), and
high-level waste (HLW) Canlster are evaluated e

Transportatlon Cask Drops

— Drops of a smgle transportatmn cask whlle being lifted by
overhead crane | o

- . . - ’ : PR
t’\k/ ) y, Department of Energy Ofﬂco of Clvlllan Radloactlvo Waste Managoment
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Example 1: Fuel Assembly Drop -
or Collision Event

What can happen? | Moving a fuel assembly from transportation
cask to waste package can result in a drop
or collision

Where can this occur Fuel Handling Faciiity (FHF) and Dry

and how likely is it? Transfer Facility (DTF) waste transfer cell;
Depends on number of lifts and equipment
‘reliability
What are the consequences? Fuel cladding can fail and release a

fraction of the fuel inventory of |
radionuclides to the waste transfer ceII
confinement ‘-
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Fuel Hamﬁmg Facuﬂaw Assembly

~

Collision Example

Waste Container Indicators

- -

@ Fully Loaded Waste Package

@ F'ully Loaded Tr;ansportation

Caskor Site-SpecificCask . | . Coe
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Fuel Handling Eacility: Assembly Drop or

Collision Example

(Continued)
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‘Event Sequence for
Assembﬂy Dmp or Ceﬁhsa@n

; ;w.;v -; '~;n,, IR HVAClndumngHEPA I
Number of CSNF | Assembly drop Flltratlon within mission Categorization
‘assemblies | ‘orcollision | = time - - formula .

PVes)=ps . A CNpipa

oo P(Yes)=py©

cN ~ |P(No) =1 | B.CNp, )
TP Noyg!te oo o 0 ot Gl No'event
_ Item Description and Calculation Value
Fooaelo 7| LAE €| Factor of conservatism. . 1.1
wror | N_.-] Number of CSNF assemblies. . - - " -] 221,000. |. . - . .
1 “pe | Probability of a drop (and probablhtyofacolhsmn) of aCSNF 4E-05 | - = -

assembly is given by the maximum number of transfers (4)
times the assembly-drop rate or assembly -collision rate of the
spent fuel transfer machine (10 )

- pa - | Probability that HEPA filtration becomes unavailable within4 h -} . 1E-03 -
- = .""| 'of a handling évent due to loss of offsite power or fallure of the R

HVAC system

szvmy
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Example Basis For Commercial Spent

. ®

Nuelear Fuel Assembly Drop Rate

Survey of nuclear power plant fuel assembly
transfers o

- — Total of 1,199, 000 assembly transfers assomated with

t.-\--"xt

N OeA

core reloads offloads, and assembly shuffles from 1985
to 1999

— Total of 9 assembly drops occurred, producing a drop
rate of 7.5E-6 drops/transfer

Based on industry experience 1E-5 drops/transfer
used in safety evaluation. This reliability will be
required as part of the fuel assembly transfer
machine procurement specification This reliability
will be required as part of the Fuel Assembly
Transfer Machine procurement specification

- rt by EREROBIN R e .q [T AT L £e oy B e S R L N R L R L S R e ae 4 1 i
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Ca’&egm’lzaﬁmn of Assembly
Drops and Collisions

b
1

Expected : Features Credited in the
Event Categorization ‘|- Numberof | ~° ' | Categorization Calculation -
ID . .Material at Risk .Formula . Events,. | .Category . or to Prevent Exposure
A 2 assemblies foF CNpp, ' 9.7E-03 | Category 2 | Numbers of assemblies.
. |.drops, 1 assembly for Load-drop rate.
’ “collisions *
B - | 2 assemblies for CNp, 9.7 - | -category1 | Numbers of assemblies.
~.-.| _drops, 1assembly for . ‘| Load-drop rate.. Avallablhty
' coIhsuons ' o of HEPA f|ltrat|on for mlssmn
' - ; B S “time.-
C .| Noevent........ . |.Noevent |:Noevent . | Noevent | Noevent

.....
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Su'mmary of Assfémmy Dmp@r C@H’Sdﬁ

© Drops or collision |dent|f|ed as a possible internal hazards
in FHF or DTF

o Large number of assembly handlings result in assembly
drops in the FHF and DTF with heating, ventilation, and
air-conditioning (HVAC)/high-efficiency particulate air
(HEPA) operating to be classified as Category 1 event
sequences

- HVAC/HEPA operation for mission time and shleldlng in
waste transfer cell required to meet worker dose requ1rements

— Electrical supply distribution required to operate HVAC for
mission time

— Reliable spent fuel transfer machine required to minimize the
number of Category 1 events

\‘l
G B
. By &

A \w/}' Depanmont of Energy Ofﬂca of Civulan Radloactlvo Waste Managament
YMCraun_Cereghino_NRC Tech Exch_09/14-15/04.ppt




Summary of Assembly Drop or Collision

(Continued)

o Large number of assembly handlings result in
drops of assemblies in the FHF .and DTF with loss

of HYAC/HEPA operating to be classmed as
;Category 2 event sequences - o

-— Offsne publlc doses met W|thout credlt for HVAC/HEPA

b "-' BN D NI .-.,-..—,-..‘-.—.e,-.--..;,.-:-w.u:.-.-ﬂ.A.,,... P R e I T e
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Design

Basis Requirements

Credited in Safety Evaluation

System or Component or
Subsystem Function Nuclear Safety Desngn Bases
S Ly SNF/HLW Transfer System
Dry Transfer Spent Fuel Transier The reliability of the spent fue! transfer machine shall be such that it has a failure rate of less than
Machine; 1x10° dropsitransfer.
_FHF and DTF
e R N - Electrical Supply System
Electrical Supply | Normal Power Supply to The faxlure rate of the combined onsnte electrical power system components to the fans inthe DTF
Surface Nudear HVAC and the FHF shall be less than 1x 10° faﬂures per operatmg hour. :
, P ":(:A.‘ RRIED *. ’*"‘:Surfaq; Nuclear HVAC§ystem VT ., N ,,“ ,, ) \v;-: T ",': . - '. :- -l A
Primary NA To mitigate the worker and public doses followmg a Category 1 event sequence lhe Surface

Nuclear HVAC system shall be equipped with HEPA filters. This requires a two-stage HEPA
filtration system with a particulate removal efficiency of at least 99% per stage. This requirement
applies to the DTFs and the FHF.

The failure rate of the HVAC system mechanical components inthe DTFs and FHF shall be less
than2.3x 10 failures/operating hr. ‘

Vs Department ol Energy . omca ol CIvlllan Radloactlve Wasto Management
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R ", ' : ‘ L j

@peraﬁmna Reqwremente Credaﬁed
in Safety Evaluation

" HVAC/HEPA in FHF and DTF must be operational.
within acceptable | Ilmlts before fuel assembly lifts
- can be performed | |

HVAC/HEPA in FHIF and DTF to be monitored- - -
durlng operation to show system performance IS.
W|th|n acceptable ||m|ts |

% 4“ 3 SR et SR MO L DT St I BRI L AN LT el B A D S R
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Q-List

Documentation

System or
Subsystem

Component or
Function

Important to
Safety (ITS)

Important to Waste
Isolation (ITWI)

SNF/HLW Transfer System

Dry Transfer

Spent Fuel Transfer Machine

“ (FHF DTF)

Yes

No

f'%;f{i‘Surface Nuclear HVAC

System S el

Primary

Exhaust fans, HEPA filters,
exhaust dampers, exhaust
ductmg for waste transfer cells

Yes

No

T NN DR, HERATS .
A S R S RSN R A SV .
LT P T N )
B L SRR 4 A A . H L
T

PRIV,
P

Electrlcal Power System

Electrical Power .

Swrtchyard Normal Power
and Emergency Power

Yes

‘No

Normal Power Supply to
Surface Nuclear HVAC

Yes

No

* 3! e A o D ewe ¥ e e e ow et R e L e PR N IETRE
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Example 2: Canister Drop Event

What can happen? =~ Moving a DOE canister from
T N At r;;f";transportatlon cask to waste
}"package can result ina drop

Where can thls occur .- FHF and DTF or Camster
and how Ilkely is nt’? - -~ Handling Fuel (CHF); depends
... .. . . .. -onthe number of lifts and |
B 'I-1eqU|pment rellablllty

What are the consequences? DOE Standard Canister drop
B o is restricted to within canister
design basis drop height,
canister drop above this
‘height with failure to confine
‘radionuclides is beyond
' Category 2

e i‘ v .; - : e X . R I T gl T I v
. J\w ,J Dopartment of En rgy Ofﬂco o! Clvlllan Radlo ctlvo Was(o Management
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Event Sé@gﬂ@me for Canister |

)rop Event

.Number of DOE, " Canisterisa | = '| Lift-heightlimitfor | DOESNF ™ = | -~ == =" 7=
naval and DPC DOESNF |’ Crane drops DOE SNF canisters canisteris ' '"Categorization
camsters | " canister canister |  exceeded | ‘defective = |~ “formula

e o - P(Yes)=pa » __A CNpipzpa

A o L i c o,

ST T P(Yes)=pp U LT T P(Yes)=ps ~ B.CNpipaps

ooyt T

Gl Ay e

, P(No)~1 &~ C Nobreach

L CN Y e e o P(NO) "1 ‘ o iml 'f-’"-DZ7Nodrop AT g

L

, P(Yes)=p, Breachpresumed ' 'Rl CN(1 p1)p2

i ' ; . L R LR ST R
Tl VU P(NoY=1-py PR i R T AR
; ; P{No) " 1 ? ._¢:F. 'No drop.
-f-em- | Descnptlon and Calculatlon (|f applicable) : ' < Value — [-...- ...
C | Factor of conservatism. . : L ' 114 " o
N Number of DOE, naval, and DPC canisters handled L. . 29,485

p...|.Fraction of canisters that are DOE SNF canisters o . '- © | 1.22E-01

P2 Probability of a handling-equipment drop onto a canister is estimated as the number of 2.00E-05
transfers (2) times the handling-equipment drop rate per transfer (10°%)

J .2 The conditional probability of exceeding the lift height given a drop 1.00E-04

Pa .The probability that a DOE standardized canister i is defectlve and would breachif dropped | 2.30E-04 |
- from wnhm the lift- he;ght fimit. . - , , 7 S

o m e e e om e L. oams e et e mes T T R S R IR Ty
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Categorization of Canister Drops

Expected Features Credited in the
Event L Categorization | Number of Categorization Calculation
ID Material at Risk Formula - Events Category or to Prevent Exposure
A DOE SNF canister CNpip2ps 7.9E-06 Beyond Numbers of canisters. Crane
Category 2 | drop-rate reliability. Crane
lift-height reliability.

B DOE SNF canister C N pip2pa 1.8E-05 Beyond Numbers of canisters. Crane

Category 2 | drop-rate reliability. Canister
defect rate.

C DOE SNF canister No breach NA No breach | Numbers of canisters. Crane
drop-rate reliability. Ability of
canisters to withstand drop.
Crane lift-height restrictions.

No drop No drop NA No drop Nodrop

E 2 DOE HLW canisters, CNp 5.7E-01 Category 2 | Numbers of canisters. Crane
1 naval canister or 1 drop-rate reliability.
DPC

F No drop No drop NA No drop

No drop

B R R e o T I T A R e I B R P IV P LT a
YD i¥f Department of Energy « Otfice of Clvillan Radioactive Waste Management
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Summary of Canister Drop
o Drepfs;.identi'fi‘edzas”a possible internal hazards in
" FHF, DTF, and CHF

e Large number of canister handlmgs result in drops
in the FHF DTF, and CHF to be classrﬁed as
Category 2 event sequences

— Reliable overhead crane requrred to minimize the.”
_number of events such that the drops are Category 2

- - Standarld IDOE canlster deS|gn drop height capablllty

.....

"._combined with reliable crane makes canister drop above
camster design bases and breach beyond Category 2

- — Offsite public doses met without credit for HVAC/HEPA

R . e e e R i e N
%) S n . of Civillan Radloactive Wasta Management
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Design Basis Requirements
Creda@ecﬁ in Safety Evaluation

Systemor . Component or

Subsytem Function - Nuclear Safety Desngn Bases ’
T R B SR Cask/MSCIWP Preparatlon System i R s
_Cask Preparation Main Transfer Bridge »  This crane shall have a probability, glven a drop, of less than or equal to 1 x 10'4 forlifting
Crane; FHF, 200 ton a DOE multicanister overpack more than 2 ft (0.6 m) abave the floor of the transfer cell or

lift a standardized DOE SNF canister or DOE multicanister overpack more than 23 ft (7 m)
above the floor of the cask from which it is removed or above the waste package or site-
specific cask into which it is to be placed. .

e« Thiscrane shall have a probability, given a drop, of less than or equal to 1 x 10 for lifting
a naval canister more than 28 it (8.5 m) above the floor of the cask from which it is
removed or above the waste package into which it is to be placed.

« The reliability of this crane shall have a probability of less than or equal to 1 x 10°
drops/transfer,

-----

) Depanmanl of Energy . Otﬂco of Clvlllan Radloactlve Wasta Management T
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Documentation

Q-List D

System or Component Vblﬂ', o Important to | Important to Waste .
Subsystem Function =~ Safety (ITS) | Isolatlon (ITWI)

v.‘i‘DOE SNF Dlsposable Camster A

B
Coa

Standardlzed DOE SNF . "=t Yese - | . Yes
DOE SNF DiSposable Camster N R T I [ P

Canister ,
Multlcanlster Overpack coaYes |t

CasklMSCNVP Preparatlon;System;, S

, Mam Transf er Bndge Crane Yes
Cask Preparation (FHF) 200 ton 0 TR

Note: Not every element or appurtenance of an SSCis ITS

YJJ} Department of Energy e Offica of Civillan Radioactive Waste Management
YMCraun_Cereghino_NRGC Tech Exch_09/14-15/04.ppt




Example 3: Transportation Cask
Drop Event
What can happelj? Cask with or without impact limiters can

be dropped when moved from a.cask .
conveyance to a Site-Rail Transfer Cart

(SRTC)
Where can this occur Transportation Cask Receipt/Return
and how likely is it? Facility (TCRRF) (Cask and Waste

Package Receipt Building), FHF, DTF or
CHF; depends on the number of lifts
and eqmpment rellablllty

What are the consequences? = Cask with impact limiter attached WI|| not
be lifted above 30 ft (10 CFR71), so cask
confinement is maintained if cask dropped
cask without impact limiter attached if
dropped can result in loss of confinement
function, assembly cladding failure and
partial release of radionuclides

M W)/ H B A R R L T Wo o hattoary mesherm iz v Saaw | frew ae W | e e Lt e O
eN\Xo7 Dapartment of Enargy e Office of Civilian Radloactive Waste Management
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Tmnsmﬂa‘&l@ﬁ Cask REC@IMIH@‘EUM
Famlaiy Cask mg@ Exampﬂ

© 9 .. 9 ©

I — T ——— -1 — _
; P . e ppege e - 5 : )
| o I Location of
i A I I Drop. o
I | J T
N
BOS_EL 455'=5" (LP) l ] BOS F£l_455'-4" (LP)
| i
TOR EL +43°-9" - 10G EL +43'-9" .
EAVE EL_+34'~37," i . __TOR EL +37'-0" (NTS)
B ol e ~
RETURN DUCT ,f,,/”/’Eg WASTE PACKAGE
_nnw T T T T {
TOC EL +15°'-2 a5 1 1" { = 7 " - SRTC POSITIONER
suepLy puct —fll ;- HloBml Yowo l 3 R I | o . (BEHIND)
T0C EL - | SATC _ | SATC PDSITIDNER Toc EL
4070 NOM - - Al Yy - - i - ] _ L +0°-0° NOM
T » ]
e J//‘.. e I > 0904_NRC_001.2!
SHIELD WALL: e . . :
T RETURN DUCT ;

|
SECTION ~ /ﬁ?\ SUPPLY DUCT

Dopartmant of Energy . Otﬂce of CIvIIlan Radloactlve Waste Management . o 3 ' ' ) WAAWL DG IWITIL( Oe.uov a3
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Event Sequence for Transportation
Cask L

Number of drops of
transportation
casks without Cask contains | Lift-height limit| Canisteris .| Categorization
impact limiters - DOE SNF "~ exceeded defective | formula
P(Yes) =pé » A. CNpp2
P(Yes)=p; ; P(Yes)=p; B. CNpips
P(No) =1
CN
P (No) =1 C. No breach
P(No)=1-p, Breach presumed D. CN(1-py)
Iltem " Description and Calculation (if apphcable) Value
C Factor of conservatism ' 1.1

N The expected number of dropped transportation casks is given 2.7E-01
by the number of casks (13,479) the number of times each cask
is transferred (2) times the crane drop rate (1E-05 drops /
fransfer)

I Fraction of casks that are DOE SNF canister and MCO casks 3.4E-02
(457 /13,479)

I The conditional probability of exceeding the lift-height limit given | 1.0E-04
that a drop occurred :

3 The probability that one or more of the DOE canisters in the 2.1E-03

cask is defective such that it may breach if dropped from within :
the Im-helght limit. The probabllny that a given canxster is.
‘defective is 2 3E-04

S Dapanmam of Energy . Omco ol‘ Clvulan Radloactivo Waste uanagement ' v oGrwI, ° uov '3 4
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Caﬁegm‘lza‘mn of

Ta‘anspm‘ﬁaﬁmn Cask

lrap

Expected

Features Credited in the

Event- | - Conténts of Cask ' | Categorization | Number of - Categorization Calculation
ID (Material at Risk) Formula Events Category or to Prevent Exposure
A -~ | DOE SNF canisters’ - | 'CNpip2 "~ | 1.01E-06 | 'Beyond | Numbers of DOE SNF casks.
(standardlzed or MCO) Category 2 Crane drop-rate reliability.
7 AR S SR I Crane lift-height reliability.
B - DOE SNF canisters "'_.: | " :CNpips: | 231E-06 | Beyond ‘| Numbets 6f DOE SNF casks. .
(standardlzed or MCO) ' Category 2 Crane drop-rate reliability.
ey ‘o, . - ~ - ... - - | Canister defect rate.
C DOE SNF canisters. No breach .. NA NA - | Structural capabilities of DOE
- | (standardized or MCO) R - L - { SNF canisters.
D 7 74 BWR or 36 PWR CN(1-p1) 2.9E-01 Category 2 | Number of transportation

‘assemblies, 5 DOE
HLW, canlsters or.l
naval canister - -

B

cask receipts.

PO . R
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‘Summary of
Transportation Cask

Drop

o Drops identified as a possible internal hazards in Cask
Receipt and Return Building within FHF, DTF or CHF
when Ilftlng casks

° Number of cask handllngs result in. cask drops being
- classified as Category 2 event sequences

— Reliable crane required to minimize the number of cask drop
events so that the event in not Category 1

— Crane features relied on to I|m|t the cask lift helght
— Credit is taken for DOE canlster survwablllty
— Credit is taken for casks with impact limiters

o Offsite public dose requiremenis are met
— No credit is taken for HYAC/HEPA or shielding

RO RN - . . - .
%ﬂ\_' & j ) Dopanment of Energy Otﬂca ol Clvman Radloacuvo Waste Man gement
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esgn = a3|s Hequwements
System or Component or : :
« Subsystem - - : Function NUCIea',’ Saf_ety Design Bases -

S T o P L D DOE T SNES Dlsposable Canister’ © = i s A
‘DOE SNF D|Sposab|e Standardlzed DOE SNF |* . The standardized DOE SNF canister, shall mamtaln confmement of
Canister. | canister” ~ contents if dropped from Iess than a helght of 23 ft (7m)inany

7 i+ orientation.
T I O T standardlzed DOE SNF camster in a transportation cask or..
- R 8 o AR waste package shall not breach from a drop of 23 ft (7m) in any
U O -|- - -orentation. . ... S
« " The standardized DOE SNF camster must have a manufactunng
" o I defect rate of less than'2.3 x 10" so that a drop within the design ~ ~| —
’ : ' »baSIS drop helght does not result in a Category 2 event sequences
S S SR U A e 1 e U T ransportation Cask s L e e DT L
‘Transportation Cask - |- Cask L « _Transportation casks recelved at the GROA are desngned and
cnren e v : v v o[ -+ licensed in accordance with 10 CFR 71. (30 -ft drop capability with -
‘ impact limiters installed) , "
s Mitigative features to be mcorporated into the transportatlon cask .
. design such that a drop of a cask without impact limiters contammg al”
i  multicanister overpack does not exceed the energy equivalent of a 2-f
(0.6m) drop in any orientation .

Hﬂ :; N T I P IR R - LR e
2 Departmant of Energy . Ofﬂca of ctvlllan Radloactlve Waste Management : www.ocrwim.doa.gov
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@-Usit Dac'umema'&@n

' - Important to
System or Importantto | \waste Isolation

Subsystem Component or Function Safety (ITS) (ITWI)

. ot
2. e

SRS w0 b oaskiReceiptand Return Sy stem s R
Cask Receipt and Cask Handling Crane (TCRRF) Yes No
Return 250 ton

T e T Transportation'Cask” -
Transportation Cask Entlre Yes No
s .} - < DOESNFDisposable Canister . o0

DQE SNF Disposable StandardlzedADOE SNF Canister Yes Yes
Canister

Multicanister Overpack Yes Yes

s [T - . X SRR
‘—f,,\‘- 6 L /8 Departmont of Enargy . Ofﬁce of Clvlllan Radloacuve Waste Managomem
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Conseguence Asseesmehts

° Complrance W|th 10 CFR 63 111 |s achleved by

Category 1:
o 'Dose from each Category 1 event sequence

'+ Dose from the normal operahons and the annual aggregate
| frequency-welghted dose from each Category 1 event
,j_?Sequence T S f AR .," S s woe v

¢+ The dose from any comblnatlon of Category 1 event_
sequences whose comblned frequency places the e
combmatlon |n Category 1 |

For Category 2

e ‘Dose from each Category 2 event sequence

.7)?.1‘_.',%
M ’:7 'L - - - - . A TN ST
'f;;,\ ) )' Departmont of Energy Omca of CIvlllan Radloactive Waste Management
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~ Consequences of Category 1
Event Sequences

© IVIodeI for Publlc and Worker

— Average Assembly Source Terms

. Average PWR (4 percent enrichment, 25 years cooling time, and
48 GWd/MTU), average BWR (3.5 percent enrlchment 25 years
cooling time; and 40 GWd/MTU) -

— Credit for HEPA filters in Waste Transfer Cell (FHF and DTF)
¢ Eff|c1ency per stage of 99 parcent (two stages in series)

— Ground level release with building wake effect |

— No credit for plume meandering or plume rise -

— Larger of the mean or median X/Q used in MACCS2 for the
public and in ARCONB9G6 for the worker

— Shine, inhalation, air submersion and mgestlon dose included
for the public (|ngest|on not considered for the worker)

S IR R e e T L e P B e A T2 N PR Y P S Wb v e h o oeare am e ke e oy B Rt DN I T DS ,‘ ie MU Jo - [
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Vo 1

 Preliminary Results of Category 1
Event Sequences

Event Material at|  Public' - " Public.
Sequence| Category1 Risk (No. | TEDE at 100 m |TEDE at 11 km
- |Identifier| . Events: | SFAs)

1-01  |Drop of a CSNF
- ‘lassemblyonto 1|~ - -7
assembly in a 2
transportation .
- easks L T
1-02  |Collision
-+ finvolvinga GSNF| .- = ..
. assembly N 1

oy . . -

'»Worke'r '
" TEDE

Y

- . R el TR N .~ . .
. ' T Tty . .

Sum of Cat. 1‘and'normal dose (mrem/yr) [:3
(Direct radiation to worker dose does not |t
reflect implementation of ALARS.)
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Cansequemes of Category 2
Evem Sequences

e Model
— Max1mum Source Terms

s PWR (5 percent enrlchment 5 yr coollng tlme
80 GWd/MTU) and BWR (5 percent enrlchment
3 yr cooling time, 75 GWd/MTU)

— No Credit for HEPA filtration
~ Ground level release with building wake effect

— No credit for plume meanderlng or plume rise
— 95th percentlle X/Q used in MACCS2 -

— Shine, inhalation, air submersion and ingestion dose
included for the public
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Preliminary Results of

I

Category 2 Event Sequences

Highest
TEDE TODE SDE LDE
Bounding Category 2 Events (rem/event) (rem/event) (rem/event) (rem/event)

Event 2-01(a): Drop and breach of a .047 147 <1 <.1
transportation cask containing 36 PWR
assemblies without HEPA filters
Event 2-01(b): Drop and breach of a <1 <1 <1 <.1
BWR transportation cask containing 74
BWR assemblies without HEPA filters
Event 2-02: Drop and breach of one <<.1 <<.1 <<.1 <<.1
naval SNF canister without HEPA filters
Event 2-03: Drop and breach of five <<.1 <<.1 <<.1 <<.1
-Savannah River site DHLW canisters

without HEPA filters

- s

63::Dose’Limit " :

< ‘ré'~rﬁ'.'. LIRS

TEDE = Total Effective Dose Equivalent

TODE = Total Organ Dose Equivalent
SDE = Skin Dose Equivalent
LDE = Lens Dose Equivalent
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