W aste | solatio I | o Pl a n t

Presented to: WI P P Status
DOE-EM (and PA Intro)

Performance Assessment
Community of Practice —— —1 =e—

10+ years operating a deep geologic

Technical Exchange Meeting repository for radioactive waste in America

Salt Lake City
July 13-14, 2009

Roger Nelson
Carlsbad Fleld Offlce USDOE




Salt i1s the reason for WIPP’s location

“Salt at great depth ‘flows.” It will encapsulate
waste and isolate it from the surface for eons.”
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Salado Evaporite Formation
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WIPP I1s Limited to TRU waste

» HLW and SNF legislatively
prohibited

» >100 nCi/g (>3700 Bg/g ~1ppm):
— alpha emitting isotopes
— t,, > 20 years
— TRU ~ Greater Than Class C

» Two types of TRU waste

— Contact-handled

grhm‘gl Table ,..0w k « <200 mrem/hr (<2mSv/hr)
the Elements [ [ [ — Remote-handled
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The Dance of the Drums
Packaging and Characterization

Non- Statistical Statistical solids
Acceptable destructive Headspace sampling &
Knowledge Radiography assay gas analysis analysis

» Payload containers nominally move 10 - 20 times before assembly into
packages for final shipment to WIPP

» $2,000-$10,000 per container depending on waste type and AK pedigree
» All operations audited annually by CBFO with regulatory scrutiny

» Mistakes here result in regulatory compliance orders and penalties




NRC Licensed Shipping Packages
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Waste confalners are unloaded and Waste is emlacedi rooms mined out of ancient saltbeds.
lowered 2,150 feet underground for Magnesium oxide is placed on waste stack to limit solubility
 final emplacement | bl of radlonuclldes (englneered {chemlcal} barrler)




Remote Handled waste In the underground, the facility =~ RH waste in the canister is
canisters are pulled fromthe  cask is removed from the hoist ~ emplaced in boreholes pre-
shipping cask behind shield - anq transported to a disposal drilled into the walls of disposal
e placediinto a room by a 41-ton fork lift rooms, and a concrete shield

shielded facility cask for : 2
handling at WIPP . plug is inserted afterwards




WIPP Disposal

2150 feet

Operations «-
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Each salt pillar left
In place is about
the same size as a
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Air exhaust can be directed through HEPA filter

Waste
Entry
Shaft

Panel 1-4. Filled
Panel 5: Disposal underway
Panel 6: Mining underway
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People and Equipment

»40 tractor trucking fleet (2 private carriers)

»112 shipping containers (84+15+12+1)

»5 mobile characterization lines deployed at TRU sites

»1000-employee workforce:

* 50 Carlsbad Field Office of DOE (CBFO)

45 Carlsbad Field Office Technical Assistance Contractor (CTAC)
38 Los Alamos National Laboratory-Carlsbad (LANL-CO)

75 Sandia National Laboratories-Carlsbad (SNL-C)

630 Washington TRU Solutions (WTS) — M&O Contractor

« 162 WTS subcontractors (records, security, environmental,
information systems)




S n apS h Ot (Through June, 2009)

10 + years of operation
7,555 shipments received
~300,000 loaded drum equivalent containers disposed
>60,000 cubic meters of TRU waste disposed
~9,000,000 loaded miles
~4 waste panels filled and closed
14 storage sites cleaned of legacy TRU waste
releases to the environment
contaminated WIPP personnel

S | 22 consecutive years
oWt | as NM “ Mine Operator
” of the Year”




TITLE 40 - PROTECTION OF ENVIRONMENT

Part 191 - Environmental Radiation Protection Standards for Management and
Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes

Subpart A - Environmental Standards for Management and Storage
Subpart B - Environmental Standards for Disposal
191.13. Containment requirements

a) Disposal systems ... shall be designed to provide a reasonable
expectation, based upon performance assessments, that the

cumulative releases of radionuclides to the accessible environment for
10,000 years after disposal from all significant processes and
events that may affect the disposal system shall be less than
specified releases limits

191.14. Assurance requirements
191.15. Individual protection requirements
Subpart C - Environmental Standards for Ground-Water Protection




40CFR191.13.a Disposal systems ... shall be designed to provide a reasonable
expectation, based upon performance assessments, that the cumulative releases of
radionuclides to the accessible environment for 10,000 years after disposal from all
significant processes and events that may affect the disposal system shall be less
than specified releases limits

Features, events, and processes (FEPs) FEPs are screened according to:
Probability: If probability of FEP <10 in 10,000 years it is not included in
PA (e.g., meteorite impact)
Consequence: if FEP is beneficial to performance or is not relevant to
WIPP it is not included in PA (e.g., sorption, ocean rise).

Regulation: Certain FEPs are either screened in or out by regulation (e.g.,
mining, resource extraction following drilling).

Expected FEPs are included in Disruptive FEPs only included in
all scenarios, e.g., disturbed scenarios, e.g.,

» Creep closure » Drilling

» Brine flow » Mining

» Gas generation m » Brine pocket




40CFR191.13.a Disposal systems ... shall be designed to provide a reasonable
expectation, based upon performance assessments, that the cumulative releases of

radionuclides to the accessible environment for 10,000 years after disposal from all
significant processes and events that may affect the disposal system shall be less

than specified releases limits

24 Conceptual Models Used in WIPP PA

Disposal system geometry
Culebra hydrogeology
Repository fluid flow

Salado

Impure halite

Salado interbeds

Disturbed rock zone

Actinide transport in Salado

. Units above the Salado

10. Dissolved transport in Culebra
11. Colloidal transport in Culebra
12. Exploration boreholes

© 00 N OO

13.
14.
i5:
16.
17.
18.
19.
20.
21.
22.
. Dissolved actinide source term
. Colloidal actinide source term

Cuttings & Cavings
Spallings

Direct brine release
Castile and brine reservoir
Multiple intrusions
Climate change

Creep closure

Shafts and shaft seals
Gas generation

Chemical conditions




40CFR191.13.a Disposal systems ... shall be designed to provide a reasonable
expectation, based upon performance assessments, that the cumulative releases of
radionuclides to the accessible environment for 10,000 years after disposal from all
significant processes and events that may affect the disposal system shall be less
than specified releases limits

Release limits normalized by radionuclide and by total inventory

Q.( 1x10°curies
R = '
2117 ¢

R = Normalized release in “EPA units”

Q, = 10,000-year cumulative release (in curies) of radionuclide |

L; = Release Limit for radionuclide i

C = total transuranic inventory (curies of a emitters t,,, > 20 years)
nm




Release Limits: CCDF is a Measure of Compliance
Complementary Cumulative Distribution Function
§ |
o i |
() i I
% [ \ | —Less than 1 chance in 10
D g1 | / of exceeding 1 EPA unit
¥ : |
> [ |
= 001 |
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g 0.001 + l_‘é 10 EPA units
00001 o N
0.0001 0.001 0.01 0.1 1 10 100
R = Release (EPA Units)
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10,000 possible futures are
generated for each vector.

» Each future consists of a series of
randomly occurring drilling intrusions.

» The consequences of drilling intrusions
are calculated by interpolating between
consequences at discrete times.

» The cumulative release from one possible
sequence of events from 0 to 10,000
years is called a future

0

Results from CRA-2009 PA
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WIPP Compliance Posture

Disturbed Performance Undisturbed
(human intrusion) Performance
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This Feb. 27 photo courtesy of the LS. Department of Eneray's Carlshad Field Office shows the arrival of remote-handied transuranic waste at the

Waste |salation Pilot Plant near Carlsbad.

‘The community’s ready, the timing couldn’t be better’

ALDUQUIER

E (AT Langilme Carlstud
Mayor Bob Forrest reealls the days when no one
wanted to take t aderal govermiment’s radione-
tive wasts sxeapt his southern New Mexion cam-
msnity

‘Ton years after It opened, the Waste solation Filot
Plant, commanly known a remains the goy
ermment’s o v Al

But now, Forresi say| e for all things
nu;_.»:\al' nas changed. a witins ACrnas the

year-phl aau bels
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WIPE excavated 2,160 feet below the surfoce of the
desart, i destgned fir so.c nistiranie wikdde
generated by the nation’s defense work such

SEE YUCCA Page ¥

B2 WIPF east
5,000 could star
that once

An historlc marker |5 seen as the cooling
towers of Three Mile island’s Unit 1 Muclear
Power Flant pour steam into the sky in
Middletown, Pa,

Global warming giving
nuclear power new support

MIDDLETOWHN, Fa. (AP} — The natlon's
wirst guclear power plant accident was
unfoiding on Peonsylvania's Three Mile
Island whan an Industry sconomis: ook the
rostriim al 8 nearhy business luncheon,

It dld ned go well

These In the standing-roam-only crowd lie-
tened b0 eoonomist Doug Bbden's thowghis
about cheap, relinkle nuclear power but
Ritden conld not calm their necves ar answer
their peinted guestions: Should they join
e e OF (honsands of people Neelng
aowth-central Pennsylvania? Should they lst
thair ehildmm drink leal milk?

Throe deeados Iator, fwnry of in - atomie

SEE WRCLENH. Page 1




WIPP pilots safe and environmentally responsible waste
management and energy solutions




