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Introduction of

Japan Atomic Energy Agency

March 2013

Makoto Hasegawa

Japan Atomic Energy Agency

Mr. Makoto HASEGAWA :
Mr. Zaitsu TOMOHISA
Mr. Kazuhiko SATO
Mr. Akihiro SAKAI

Mr. Tatsuo SAITO

Mr. lkken SATO

Mr./Dr. Kohei KUSHITA

Delegation member list

Director General,

Nuclear Cycle Backend Directorate, JAEA

: Supreme Engineer,

Nuclear Cycle Backend Directorate, JAEA,

: Assistant Principal Engineer,

Ningyo-toge Environmental Engineering Center, JAEA

: Assistant Principal Engineer,

Low-Level Radioactive Waste Disposal Project Center, JAEA

: Engineer, Nuclear Cycle Backend Directorate, JAEA

Director of Washington Office,
International Affairs Department, JAEA
Deputy Director of Washington Office,

International Affairs Department, JAEA

Mr./Dr. Hiromichi FUMOTO:Manager, Working Team for Uranium Waste Management

Disposal System, Japan Society of Newer Metals
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JAEA'’s position of

Nuclear Development Organization

[JAEA’s Position ]
MEXT |: Science and Technology Policy Bureau

Ministry of Education, Research Promotion Bureau

Culture, Sports, Science and | Research and Development Bureau
Technology '

! [Incorporated Administrative Agency]
Posooee JAEA( Japan Atomic Energy Agency)

poeee IPCR (Institute of Physical and Chemical Research Japan)
oo NIRS (National Institute of Radiological Sciences)

[JAEA’s wok scope ]
Work scope of JAEA ordained by the Japan Atomic Energy Agency Act of 2005.

1) Basic research of nuclear energy

2) Application research of nuclear energy
3) Technical establishment of nuclear fuel cycle
« R&D of Fast Breeder Reactor
= R&D of nuclear fuel for FBR
= R&D of Reprocessing
= R&D of treatment and disposal of HLW
4) Promotion of application of R&D results of above areas
5) Utilization Sharing of facility and equipment
6) Human resource development of nuclear energy field
7) Collection, arrangement and dissemination of nuclear information
8) Study and analysis requested by government (including safety regulation, nuclear disaster
prevention, international non-proliferation)
9) Related areas

Overview Activities of
Japan Atomic Energy Agency




Outline of JAEA

Tsuruga

Prototype fast breeder Monj

Harima Kizu

Permanent employee: ~4000 Annual budget: ~200 billion yen (~2 billion US dollars

JAEA’s Activities

Nuclear Fuel Cycles

3. Fusion research

1. FBR Cycle Technology & development

Broader Approach

2. Disposal of HLRW
4. Quantum beam

technology

Mizunami __Horo

HTGR & Hydrogen production
Photon Science Inst.
B AR TN PN oo g i isposat of o evel s

power and peaceful use

Safety research
Nuclear nonproliferation

Universal scientific technology base

Cooperation with academic and industries,
international collaboration, human resource
development ==-

Basic nuclear power engineering research, state-of-the basic research, etc.




Progress of JAEA’s R&D Activities

FBR Cycle Technology

€ System Start-up Test of Monju
underway after its restart on
May 6,2010.

& Fast reactor Cycle Technology
development (FaCT) Project for conceptual designs
of commercial and demonstration FR cycle facilities
and key technologies toward 2015.

@ Trilateral (JAEA-USDOE-CEA) cooperation on SFR
prototype/demonstration and related R&D.

Geological Disposal
technology for HLW

€ Ongoing excavation at Underground
Research Laboratories (URLS)

Current depths of shafts
Mizunami: ca. 500m
Horonobe: ca. 350m

€ The URLSs provide an opportunity to
experience/study deep geological
environment

Fusion Energy R&D

Started procurement of
superconducting magnets,
the first among the

ITER Parties

€ Activities as a Domestic Agency of the ITER Project

€ Aomori R&D Center as a base of BA Activities

€ JT-60 experiment completed, construction of JT-
60SA started as one of BA Activities

Nuclear and Particle

QU antum Beam h::Ze[i;:: Physics Facility
3GeV Proton Eence

Tec h Y l 0 g y Synchrotron SFaciuty

(J-PARC)

50GeV Proton
Synchrotron

€ The facility construction completed, with the
experiments having started in Dec. 2008 at the
Materials and Life Science Facility and in Feb. 2009
at the Nuclear and Particle Physics Facility.

€ Applied the law to MLF to promote common use, and
the common use start in October 2011, ®

Disposal of Low-level Radioactive Waste

JAEA is promoting the disposal of LLW generated from the R&D of
the nuclear energy / medical and industrial use of radioisotope in Japan.

Background

Accumulation of the wastes
® A total of 580,000 drums (200-liter drum equiv
in fiscal 2011.) from 2,400 different sources
since the 1950s.
® JAEA has more than 60% of them.

Issues on backend activities

® No organization had been assigned a role of
waste disposal and repository operation.

® Many waste storage facilities are approaching
their limit.

® The issues will affect R&D facility operations.

® |t is difficult to promote nuclear facility
decommissioning.

Many wastes have been

Aged facilities cannot be
stored in storage facilities.

decommissioned. \_

—

® JAEA was assigned an implementing organization for the disposal with
the amendment of JAEA Act in 2008.

® JAEA is now responsible for siting and constructing a repository.
® JAEA is also asked to dispose of the waste from other organizations.
® The total project cost is expected to be about 20-Billion-Dollar.

[Image of repository]

Repository

Disposal of LLW TN

[Rough schedule of waste disposal]

Pre'— Operation
operaion (50 years or more)
(8 years)
Administration A

I
« Siting L>
« Envir. exam.

« Licensing
« Construction

A total of 530,000 wastes
forms for disposal (200-liter
drum equivalent) estimated
to be generated by 2048.

v

Early implementation of the disposal is demanded in order to

promote nuclear R&D and radioisotope utilization.

@




Appendix

The Fast Reactor Cycle Technology
Development (FaCT) Project

Fast Reactor Cycle Technology Development (FaCT) Project will present conceptual design on demonstration and commercial
plants, and an R&D program toward commercialization around 2015. It is also plannd to start operation of demonstration FR

around 2025 in order to commercially introduce FR cycle facilities before 2050.
aF)

‘ Commercially J

[ Feasibility |
Study
(JFY 1999-2005)

Identify The
Most Promising
Candidate
Concept

Introducing of FR

Fast Reactor Cycle Technology el (Fre e

Development Project (FaCT)

Decision of Innovative Tech. (2010) Validation of Economy & Reliability

R&D of Innovative Technologies

Operation Start of
Demonstration FR &

@ its Fuel Cycle Facility

Basic Design & Construction

Plutonium Fuel

Review & Basic Policy by MEXT &AEC

Production Facility FR “Joyo”
Conceptual Design of | 2015 |
Commercial & Demqr}stratlon Establishment of
FR Cycle Facilities Innovative
— O ————— Technologies with
chemical ) R&D at Prototype ) Conceptual Design
Processing Facility FR “Monju * ﬁ

R&D at @ Demonstrating its Reliability as
« F— Operation Power Plant
Monju a Oper . :
/ @ Establish Sodium Handling Tech.

; & Cooperation with related Organization @ International Cooperation (GNEP, GEN-IV, INPRO etc.)




High-Level Radioactive Waste Disposal

Objective:

+ Development of technical basis for supporting the implementation of geological disposal project (by
NUMO) and for contributing to safety regulations

Activities:

+ Development of integrated methods / techniques for characterizing the deep geological environment
and demonstrating their applicabilities

 R&D for engineering technology and safety assessment methods

+ Development of technical knowledge base to develop convincing safety case

o.'r\\
0 CerEE E e AT Horonobe Underground Research Center

Mizunami URL Horonobe URL === ===

: > Sedimentary rock
» Crystalline rock :
> Fresh water > Saline water

, East access
- o shaft
1350 m
J-—’ ~
L~ — N
n @ .
image view
Vertilation (R . : >Disposal technology
] - S LEMAPROEN T S safety assessment method, eto.
500 m § A
e ENTRY QUAWTY
image view

10

Fusion Energy Research

Aming at realization of a fusion energy system by promoting overall fusion R&D.

_ DEMO ;
Fusion plasma research DEMO Frontier
For ITER and DEMO . . .
O Develop new area in core Establish technical basis for
plasma physics and DEMO
technologies O Breeding blanket R&D
O Personal training for O Demo design and R&D
research & development OBurning plasma simulation
Completed JT-60 exp. - \ and theoretical modeling
Started construction of 4 ITER Project _ O Remote experiment
JT-60SA Demonstrate scientific and technological O Fusion material R&D and
feasibility of fusion energy Irradiation Facility
JT-60

IFERC
g .

[ ]
JT-60SA i ’T o

\_ Started in Dec. 2007 -/
' @ Broader Approach [l

Support ITER, accelerate early realization of DEMO
: International Fusion Energy Research Center IEMIE-EVEDA

Satellite Tokamak FMIFEVEDA 11
\_ + Satellite Tokamak JT-60SA 1)

Blanket




R&D on Quantum Beam Technlogy

J-PARC (Pulse neutrons) Ife)/€1l Neutron science with reactor and J-PARC

* Success in determination of whole atom positions
in HIV-protease-Towards developing more effective
anti-HIV drugs-

JRR-3 (Steady-

state neutrons)

TIARA (ion beam)

IV Application of ion, electron and y-ray beams for material- and

bio-technolo
/. gy

* Development of highly durable polymer electrolyte
membranes most appropriating to residential fuel cell
system using radiation-grafting technique.

~
Electron beam & y-ray

Kansai (Kizu) High field science with ultrashort pulse lasers

Tokai particle beam

* Generation of MeV-class protons with
high-intensity lasers

— Development of compact ion-beam
cancer therapy instrument

Beamline of Spring-8
(EYE ITEen EE o) LEUEEINGEINEY] X-ray science with SPring-8

* Development of new separation molecules for
simplification of reprocessing of nuclear spent fuel u

Harima

High-intensity lasers

J-PARC PrOjeCt (high-intensity proton accelerator)

target ~ TTMeSON  muon
(metal such as mercury)

-||_ E _| Accelerated proton neutrinos
& Bo‘ﬂﬂb‘ﬂdmg K proton
Anti-proton
neutron
‘.... . . -
Open and available to domestic and foreign
_ researchers as an international user facility.
lrar_‘ls_tm ‘é;al‘_:tl':‘;” Estimated annual users over 4,000
aclll . .
(phage_”) ? <Joint project of JAEA
and KEK. G

«J-PARC has been

MLF has started in common use in Dec. 2008.
completed in 2008.
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The Purpose of the delegation

The Purpose of our delegation

The purpose of delegation is to learn the success
case of the safety disposal of depleted uranium and
other uranium bearing wastes.

Point-1: We’d like to learn the concept of performance
assessment depleted uranium and other uranium bearing
wastes because of constructing the regulation regarding
them.

Point-2: We’d like to learn the basis of the design and waste
acceptance criteria of disposal site because of planning
the LLW disposal facility of JAEA that is shown before.

Point-3: We’d like to learn the way of involving local residences or

other stakeholders in the decision making about disposal.
15
10




Performance Assessment

Point-1: We'd like to learn the concept of performance assessment
depleted uranium (that USA is in the ongoing amendment of
10CFR61 ) and other uranium bearing wastes because of
constructing the regulation regarding them.

» We have almost 50 thousands drums that is equivalent 200liter drum, of uranium bearing
waste at present corresponding to LLRW in USA and Canada. The average activity is
relative low, 10Bq/g in package.

» However, we don’t’ still prepared the regulations or guidelines of safety disposal of
uranium in Japan.

» Thereason is the unique characteristics of uranium as followings;

(1) its growing up of activity came from decay chains
(2) emission of radon gas of several 10,000 years later
(3) On the other hand, uranium and radon are are in normal soil.

» We consider to dispose of uranium waste on the same dose limits as other wastes also
including radon, even if uranium and radon are natural nuclides.

» For that, we need to know what the required concepts and designs are.

16

Design and Waste Acceptance Criteria

Point-2: We'd like to learn the basis of the design and WAC of disposal site
because of planning the LLW disposal facility of JAEA that is shown
before.

» We have to protect the general public from the peak dose of the uranium waste, which will
come after 10,000 years

» Itis very important to design the disposal site, especially its radon barrier and
impermeable barrier.

» Therefore, we have to prepare the precondition optimizing WAC due to attaining the
performance objective of general public protection, after the function of those barriers will
be lost.

> We'd like to get the information as followings,

(1) reflection of the performance assessment for 10,000 years in the disposal site design
(for example, a zoning, underground depth, cover soil thickness, and radon barrier and
impermeable barrier)

(2) the fundamental view points of a disposal site design, especially radon barrier and
impermeable barrier.

(3) the degradation of a site function assumed in 10,000 years.

(4) the criteria necessary for uranium waste only, especially impurities of uranium
recovered from spent fuels.

(5) the dose assessment reflected in a design when it exceeds 10,000 years and even if a

. . . 17
disposal site deteriorates completely.

11




Involving Stakeholders

Point-3: We'd like to learn the way of involving local residences or other
stakeholders in the decision making about disposal.

» We have to explain to local residents and other stakeholders about the safety disposal
with location concerning specific approach of uranium, the half-life of the uranium and
radon emanation.

» Theradon influence from natural soil is about 1 mSv/y that is 100 times of performance
objective in Japan, 10microSvly.

» We think it is important to give suitable explanation of the technical information about
safe uranium disposal, and to grasp what to think, what to be important and want to
discuss.

» We’'d like to learn how to explain plainly safety disposal of uranium waste within these
characteristics peculiar to uranium.

» We'd like to know what is for local-residents and stakeholders to worry about problems
of a uranium bearing waste disposal site, for example, location, closing, and
environmental recovery, and to desire of these explanation.

18
Future Plan
* We have a plan to collect the newest information of the concept
of performance assessment and the design of disposal site
regarding depleted uranium and other uranium bearing waste in
this year. We will visit Canada, USA, France, UK, etc. in this
year.
» We will be considering the concept of uranium disposal in next
year on the base of these information .
 After that, we will propose the way of thinking of uranium
disposal rule in Japan.
19

12




I
Prototype fast breeder Monju, J-PARC
Linac energy of 181MeV
Experimental fast
breeder Joyo

Thank you for your attention

Tono Geoscience Center
Horonobe Underground JRR-3 (Steady-state neutrons)
Research Center

Satellite Tokamak Iter

13
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Safety Assessment Method for
Near Surface Disposal of Uranium Waste

March 2013
Akihiro Sakai
Low-level Radioactive Waste Disposal Project Center
Japan Atomic Energy Agency

Contents

v’ Current framework of disposal of LLW in
Japan

v Current proposal method for near surface
disposal of uranium waste with the low level
of activity concentration in Japan

14
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Nuclear Fuel Cycle and Radioactive Waste in Japan

U ore Yellow Cake
q-
U mine Reflnlng Plant Conversmn NF‘S
Plant
TRU Waste - g Uranium Waste

U Enrichment Plant

JUFG /
Waste from reactor S

facility Nuclear Power Plant Reconversion Plant

Fue‘l\ E‘j

Assembly

Reprocessing Plant Spent Fuel

Plutonium

Fuel Fabrication Plant

TRU Waste - # Uranium Waste
From MOX fuel From uranium fuel
fabrication plant fabrication plant

\ﬂ Rl waste _ h

Nuclear Materials ity
Research Reactor
(Nuclear energy research etc.)2

Rl using facility
(Medical and Industry)

Disposal Concept of Radioactive Waste in Japan

for VLLW Ground level Low

Near-surface disposal
with engineered barrier
(concrete pit type)

Near-surface disposal
without engineered
barrier (trench type)

Low level radioactive waste

Sub-surface
disposal 50m

Radioactivity
100m

-~ 300m

evel radioactive _Glas _
waste , 7 High

- Geological
disposal  FEES 3

15




Disposal Business of Low-level Radioactive
Waste in JAEA

JAEA is promoting the disposal of LLW generated from the R&D of
the nuclear energy / medical and industrial use of radioisotope in Japan.

Background — Disposal of LLW —
Accumulation of the wastes
® Atotal of 580,000 drums (200-liter drum equiv in ® JAEA was assigned an implementing organization for the disposal with the
fiscal 2011.) from 2,400 different sources since the amendment of JAEA Act in 2008.
1950s. ® JAEA is now responsible for siting and constructing a repository.

® JAEA has more than 60% of them. . . -
° ® JAEA s also asked to dispose of the waste from other organizations.

Issues on backend activities ® The total project cost is expected to be about 20-Billion-Dollar.
® No organization had been assigned a role of waste
disposal and repository operation. [Rough schedule of waste disposal]
® Many waste storage facilities are approaching their [Image of repository]
limit. Pre'— Operation
® The issues will affect R&D facility operations. operaion (50 years or more)
® |t is difficult to promote nuclear facility 18 years)

decommissioning. T
« Siting L>

: E_nvif- exam. A total of 530,000 wastes
: Clcensmg_ forms for disposal (200-liter
« Construction . .

drum equivalent) estimated
Many wastes have been Aged facilities cannot be to be generated by 2048.
stored in storage facilities. decommissioned. \_

v

Early implementation of the disposal is demanded in order to
promote nuclear R&D and radioisotope utilization. 4

Outline of Implementer of Disposal Business In Japan

Sources of Radioactive Waste

Radioactive | Disposal N E
Waste Concept | commercial Nuclear Power Plant etc. uciear =nergy Medical and Industry
Research etc.
Near-

surface Japan Nuclear Fuel Limited

disposal (established as Japan Nuclear Fuel Industry
Limited in 1985)

LLW from operation/ decommissioning of

Low level )
RS Sub-surface | fcommercial NPP and related plants LLW from JAEA, other nuclear energy
disposal research institutes, medical institution and
other user of radioisotope
TRU waste which are by-products from reprocessing process of spent fuel
and MOX fabrication process etc.
Geological Nuclear Waste Management Organization of Japan
_ disposal (established in 2000)
High level
waste - ] .
High level waste generating from reprocessing process of spent nuclear fuel

16




Status of preparing safety regulation for disposal

Radioactive Waste

Disposal method

Safety reviewer
guideline

Legislation etc. on
safety regulations

High-level radioactive waste

Geological disposal

Future discussion

Published

Geological disposal,

Future discussion

barrier

Uranium waste

Near surface disposal,
etc.

Future discussion

TRU waste Sub-surface disposal, Partially Partially Published
Near surface disposal Completed
Q Waste of Core
a Structures etc.
S (Relatively higher Sub-surface disposal Completed Published
o | Waste radioactive
B from concentration)
S | nuclear
"g reactor Near surface disposal '
= LLW / VLLW with/without engineered Completed Published
g
Q
2
e
4

Future discussion

Waste from research facilities,
RI using facilities, etc.

Near surface disposal,
etc.

Partially
Completed

Partially Published

The waste included in
JAEA disposal project

The waste generated
from JAEA's facilities

The waste generated
from research and
demonstration reactors

The waste generated
from research and
demonstration facilities,
etc

The waste generated
from all facilities

Safety guideline and regulations for disposal of uranium waste have not been prepared yet. g

17
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@

Outline of
the Ningyo-toge Environmental
Engineering Center, JAEA

@ Contents

e Overview of Ningyo-toge Environmental Engineering
Center

e On-going projects at the center

 Issues on disposal of uranium-bearing waste

18
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@ Locality and Major Facilities

Uranium Enrichment Pilot Plant
(Enrichment Engineering Facility)

N

Uranium Enrichment
Demonstration Plant

Refining and Conversion
Plant

Site area is 1.2million m2. Number of Nuclear fuel cycle facility is 31 in all.

The main facility are refining and conversion plant, uranium enrichment plant and
milling facility.

[\

History

1955 1960 1970 1980 1990 2000

Reprocessed Uranium Conversiongillil

[ Natural Uranium Refining and Conversion JRSSSERRRN- conmissioning Engincerindlil

Uranium Enrichment Demonstration Plantl |
Sxploration GG | |
and Refining and Conversion, Enrichment | Environmental
Exploitation Engineering Preservation Engineering 3

19




Progress at Ningyo-toge

®Mining and milling
*Established uranium exploration technology and support domestic and overseas exploration

*Technological Support for engineers from foreign countries

@Enrichment

*Accomplish non-stop operation for 13 years

*Produced about 350tU of enriched uranium

*Established cascade technology, plant operation engineering

(System technology, UF, recovery, maintenance , Quality Assurance)

*Technology transfer to JNFL (Rokkasho, Aomori)

@Conversion
*Established natural uranium conversion technology (produced about 385tU by PNC process)
*Established reprocessed uranium conversion technology (produced about 340tU of UF)

*Demonstrate reprocessed uranium conversion process

@ Major On-going Projects

1. Environmental reclamation

Reclamation of mill tailings pond

2. Decommissioning of nuclear facilities

2-1. Dismantling
Uranium Refining and Conversion Plant

Uranium Enrichment Demonstration Plant

2-2. Decontamination

Decontamination of used Gas Centrifuge Facility for Clearance

2-3. R&D for Disposal

Characteristic of radioactive

Basic experiment of uranium-bearing sludge for waste treatment

20




@) Environmental Reclamation

Current Status - Stability / current role

- Sediment

Sludge from former milling facility

Concrete dam

Enough seismic resistance strength

Precipitate from water treatment facility — 5o\wnstream

- Capacity/Volume

Approved volume : approx.40,000m?3
Current volume : approx.85% filled

- Radionuclides' concentration rate

28U : 3.0Bq/g
226Ra : 16Bq/g

Submerged
Composed of fine-grained material
Still used to

Impound mine water as a buffer reservoir

Deposit mining waste

Upstream

Dried / Stable

Reclamation Strategy

- Two-step strategy (Upstream --> Downstream)

- Experience/data used for Downstream

- Capping to reduce radon emanation & gamma radiation
minimize water infiltration
use natural material only

- Substitute facilities before Downstream measure

Decommissioning Status of Major

Facilities

Uranium Enrichment
Demonstration Plant

Enrichment Engineering
Facility

Refinement & Conversion
Facility

ODevelopment of Residual
Uranium Recovery by IF,
Gas
- finished DOP-2 processing
- preparing for DOP-1

processing

: negotiation between

officials

OcCentrifuge Dismantling &
Decontamination Test

ODeveloping validation
method for Clearance

ORefillment Enriched UF, to
Transport-licensed cylinder
for delivery

ODismantling Process

Equipments, towers / vessels /

piping etc.
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@ Issues on Disposal of Uranium-
bearing Waste

e Character of uranium-bearing waste:
— long-lived waste,
— build-up of uranium progeny,
— radiation protection from radon inhalation exposure,
— relationship among safety regulations of various uranium-utilize facilities

e.g. nuclear fuel facility, nuclear source material facility, uranium mill, non-nuclear facility (NORM)

* Object to be disposed:
— waste generated from nuclear fuel facility,
— waste generated from nuclear source material facility,
— depleted uranium
* Management system (disposal system):
— facility type (trench/ pit/ subsurface/ deep-geology),
— stepwise control (period of institutional control),
— institutional control (active/passive),
— future land use,
— long-term storage, disposal of exempt waste

Note: Underline indicates our concerns what we would like to ask and discuss.
Current consideration for some of the items is described in the presentation “ Safety Assessment for
Near Surface Disposal of UraniumWaste” by Low-level Radioactive Waste Disposal Project Center.

@ Issues on Disposal of Uranium-
bearing Waste

Guideline for safety assessment:
- Iong—term assessment scenario,

— assessment scenario for radon inhalation exposure after a long-term
period of time,

— assessment criteria
e Waste acceptance criteria:

— waste form,

— chemical form,

— radioactivity (concentration/total activity)
* Designing of disposal facility:

— radon barrier,

— impermeable liner,

— waste arrangement in a disposal cell
e Stakeholder involvement

Note: Underline indicates our concerns what we would like to ask and discuss.
Current consideration for some of the items is described in the presentation “ Safety Assessment for
Near Surface Disposal of UraniumWaste” by Low-level Radioactive Waste Disposal Project Center.
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@) Summary

On-going projects
— Reclamation project of former uranium mining facilities
— Decommissioning projects
* Uranium enrichment facilities
* Refining and conversion facility
Ningyo-toge Environmental Engineering Center, JAEA is
one of the major operators that generates uranium-
bearing waste in Japan.

— Various types of uranium-bearing waste have been and will
be generated from several types of nuclear facilities.

g —

Our concern

— establishing the waste management system which
accepts all of the uranium-bearing waste.
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(3) WD NBEF /N i — Y DT T R

4) LSt

A JFFOKRIRTIL, QFEFEWIE (FEEW. s, FREM) OIRGYWOVEIHEERE & LTk
O Tnod, R—U U 71T X DML < BRBE T, A4 D BEFEM) O - Re i FE
[ZDWTEESE L, %%mwﬁ%%%ﬁéﬁkbfwéo

Q3-3 : ALy /T IV THER L7 iU RE D G 3O U R IR FE 2 IR 9~ 5 7= DI E VIR
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D BEEY ORLESCEANICET D REILH 5002 Z 2T, Wit BEEHORIEDOE
OO G5 E L ) T O—2% BT 5,

A BURREIREE OB &2 D K 5 REBITITOR TV, BIX<BREDIRBILOO, EiE
RFR ORI A2 XY . 2 ARLTZIBIZERE LT D,

Q3-4: U7 Ol x DBEFEMRIRE O EIRE, W52 2% ABIRED EIREITRE > T\ D
M2 N0 EREIE, YRR L VIRE L2 b D02

A : Waste Acceptance Plan TlE, LLRW HIEXHigk D MG REIRE O AD ERfEIX, Class A, B, C
> TWND EZEZBND, o, FFATHFEFICEBV T, CWF Mg Tldk. C-14 OHLERHR KU
HE&Y 600Ci (2.2E13Bq)iZ, FWF Jiigk Tlid, C-14, Tc-99. 1-129 OIS REEN TN Z
AU 180Ci (6.7E12Bq). 35Ci (1.3E12Bq). 0.15Ci (5.6E9Bq) %z 7e\ & HICHIBR S Tuwn
Do

Q3-5: 78, U7 UHEIBHIL SV (Byproduct (11e(2)) & LLRW 3501 T SN TWDH D2

7 Z R KU (11e(2) DAVTITI T HRREFENE SIS TV AL LLW DALYy & B B D2

A BUHIGIERN R D720, ST TEEL TS EDZ &, LLRW TiX, ML (10CFR part 61 |2
FHS) ITESE, %m&@%ﬁiﬁﬁkbf B BRI T 18 DL R & FEhE S 41TV
Do UT VLS WVONiER T HFLLOFHE A FEME L, MNEICEEDSE . BRI ImSvy, B
P 1E 250uSvly AR EEHEL L CRHMIiAEmI LTV

Q3-6 : RCRA WHHHIZH T2 Y 7 OSRRREDOZ T ANEREIL ? £ OEORME H z TIFE
LV, RCRA A5345 TlEMERERHMl 2 34 L TV 572 2

A : Waste Acceptance Criteria (235 T, Texas )N DI S\ ARBEREREI N TN D

4. WK N— T RNRYTIZHONT

Q4-1 : AR NR—=DPERRIL E D L HIZEF LTV 2D D0 23K N—DYERRIZ DWW T O i
FHENHIITHZ TIZLLY,

A KT — FORKEHE, TR Y RIMNECBIT HEMFIZE ST STV D, HSHEDIRE
KOBEFEY OB O F/ME, AR AIZK T 2PiE, BARBILFIC L 2B L0Hb~DIK
P ICx T 2 Bz LT, A ICEFF SR Tun s,

Q4-2 : CWF KL UNFWF IZBIT DRI NR—D 5L T RN T OEREZRZLTHWDHEIEEH D
M7 RN TOMRIZED L HIZRDTND DN ? Byproduct ZL73FIZHBWTIEE D
e

A: T RUDOESNTHAL LN T ORIV, BEOESIET Kooy 7 8 L CHHM
LT %, LLRW OO 250 T, 12 & 9m D405 NUREG/CR-3533 255
ICHIERE TO flux NEHIN TS

5. E=FY L TIZONT

Q5-1: LLRW A3 HHHZBWT, 7 RV DE=X VU 75T TNDEMN? 7 RUAZER L-E=4
U 7E, SE, BRI SW TV D2 (ES, ot L O EZ R &) ? F72, Byproduct
PGS TIEE S 0?2

AT XY ZAMEIZE=F U U T OFRBEP RSN TN D, (LLRW OS5, 30 TAC 336.708(a)(3)
TH L& (10)H, Byproduct 2534513, 25 TAC 289.260(f)(1)(A)™H., )
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T U VEHEEICINE, TR0 =2) U7 BFE L, 4 HC 1 RIS E

L7goTWVWA
BINQS2: VI NIHETAZE=F U U ZIEFEML T D02 (MR AKRHREE, B
AILWL“% HTFATIZ 4 EINC 1 BOY TV o IR iThhb, = &)/7ﬁ
XN EFEIZZ e A aDHIETH Y Z'a A a OENHIREZ B 2 72568127 7 2 Am,
DM T b Lt ahTng, #EL, FEARTIIHE i%%ém&w

6. ALy EASH% O BRI Iz oUW T

Q6-1 : HIEERYEE O, 100 F/M 2> 2 HIEAVEBIX, FEAMT 5 2> 2 Hil EEAYE LI O 1% 1348

SHA MIEDOL S IHEHEIND D2

A EFBHIIZ, LLRW & Byproduct L3 HER% C 100 4, RCRA AL53Es% T304 CTh b, 7 %4
2R RS LA AT 208, FIERNEEAITO SIXRLT, B3 FIEE L EELH
%)O
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2B G 3-3
TCEQ ~D/E M FIH & [FIENE

1. 7 %Y ADUAS ik D2 RN B4 5 E /)

Ql-1: BUfE, BEFEW ORI Z & ISy sk 2 5% (RCRA, 11e(2), LLRW (CWF, FWF)) L
TV DD, ZERH OEVNZ KD D),

A HE EOZEFETIEARL, MEDV AT AICED ERDITLRTWHEEOTH D),

Ql1-1-1 : TR L ~ULDFEFEY) & 45y LT % RCRA TREEFEM, H D WIET K OHuR=ED
FEAIE, RAERHMEEE & L TRD BN DD,

A : RCRA | if%ﬂé‘fﬁrﬁ%émm\é (DT, 7 UMb R H7e), NRC IERFEED
B L CHRRAG LT 20 7 v OEEREE 0.05%AK05 & LT,

Q1-2: 7 RUCB L THREEBEITH T TV H D02

A : RCRA Jiti g% (2 1 B F 23 N, BIAE it R% Tl 20pCi/m2/sec 73 TAER/N Y THZDWT (T
Rl Z) Efi S TW5D, LLWIZIET FUBEM A ORIV, 202 &I ERE
Toh b 25mremly & HDHEHRTHALTWNWD, SLSWVWO 7Y —U J—2D7HORMETIL, &
25 15 emC 5pCi/g TRITIURR B 720 A, 2B K% 25mrem/y 4 TH 5,

BAQI-2-1: 25mrem/y [ZiF., 7 RUAHRIZL ZEH DD, EHRVD),

A [ 25mrem [THERF L T\ D E W R D,

BQI22T RydE=4 1) U TIEEBEMT TODEONFZHESTTNDHELELZONEIL?

A: FkXIIRCRA ik &2 &0 T, PMAIIZT RUHIEEZ LT\ D,

Q1-3 : 30 TAC 336.709 X O'E K7 7 b OMBUFOEHETIL, YEREFHmLIRK 2 1000 £ L < 1%
MENRKERDERETELTWDN, FEHIT I ﬁﬁif & 10 HHEE TORKBREEZR
O, 10 FELU RITEEFHI OB R 720 E L TN D,

BN Q1-3-1 : EEFHIOE RN /2y & ) FHEEF OF IS/ ?

A E—Z7HET 16,000 FHITH DY, BRY TIEa BbEH 2572512, 10 T4 (F THHMm
T52 &) BROHLILTE,

BN QI1-3-2: MM (B 1XHbw 7 2@ 210 HFEHZOE—2) TIIHHIOmES OHEILE D X
INZAT 2 D%

A HEU T U TR, B BEORAEITEE RIS DD, TR BOR F 72 13885
72BN BED DR B2, e b, REEEENIEFICRKRE VWL THDH, Bl
LT, ZIN7 7 A 713 20000 73 NRC HHESF & L TORIAILTN DA, D 20 THEIC
Fe~E, RIFEN S D WVIEREEEOBLEN O R EL 0D,

EBMQL-3-3: ENOLOEMIFARINTNDDN?

A: DRt binooeY ) 73y ECABRSN TV,

Ql-4 : IREBEEMICE L T, AEM ORI EN AL OB & BLVEE I 2

A: RCRA 1377 VHEMEIZOWTEB LT S0pg/L ZHMEFF LT 5, Z OMUEIHcE KLU (EPA
FEUE 30pg/L) TlxZewy, T XV AMNIEAEZRINL TV D,

2. U7 O RIEICEEY 5 E M
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Q2-1: FWF TIXU 7 VDML STV DA, CWF IZIZ Y 7 id& ey, FWF & CWF
THHENEWN T H D5 D)2

A :FWF & CWF [ZT— K TFFATHGE SN TR, L LTA oy U RERE{L, Wifiiak o
PERENFHE I TWD, PR, ELEE, 2270 ) —ravrrd, KOEL
HEEOIEETEAEIN TS,

Q2-2: RCRA FEHEM L LTS END T T VREMICHOW TR E 721, 25TAC289.251 TiE, Ji
EH'E (source material) % 0.05wt% AJili THFIFRA I ND EHESNLTWD, ZOHEICE
2 JEEH T I XIS (special nuclear material) Z#FR< 7 7 VNG 50, Bk
U T b EEND D, £ NORM 2OV T 150pCi/g LA FORHUES B 5 28 JFE'E & NORM
DHFRIAEIT T T BEFEMIT KR D3 T D 2

A JFREME XS T DX 57t D, NORM LIS AD L 3 b D THLDOT, %% L
RHME TR NG,

Q2-3 : BHFITAIZ Lo TRAELLE T VU LEEFEMIT 30pCi/g ZH X THARREND DD, £DHR
FRIBEIZ T RUBGRBEOHIBRIT 2N D 0, T KB 20 pCi/m2 /sec Z# X, 40CFR192
(R 5 D TIZAR D) ?

A TEYVRAMITME DONL—LEEFFSTEY . 30pCilg KiIZOWT, 77 RIGHHT & BRITS
FRITH D,

Q2-4 :RCRA DTV TV TV T ADHRBEL-ULIZONT, ZhbOEEITEEMTFOT T T
VU LDOFHREIZEN END D0, EOHEZIT AN TEIWERRKREIZEDOL D ITRED
D>,

A: RCRAIIKEDD T VBEFEYZ T AT E SN TV, BT T 13 0.05% & EFH
NTWD, D X —T7 x4 DK H 7 TBLEZL (discreet) | 7 7 IXIRERICESRR
ENTWD, BT 7 A3k LTI AN, RIS HENE 0.05% F¥TH DR D xt
GBHTH D, —RERBEEDTRED DY 7 7 ENn5, RRICBIT 5 KRERO R
WITE STV, NRC A X AR T —2 g r—2 ) CTiHMiT5 & LT
BY., T’xbZTOXDITHERT 5,

Q2-5 : BIED NRC 2 X % 10CFR61 D WLE LSS %Z & 93357222  FHEilZ NRC T 0 &b
BE2ATSTZON? T VEDEEITS T RII 1) 2

A: NRC{ZIZz A bEH LA, FZ7 7 MENRC 27 THER &H, TCEQ IXBMML T\ 72
Y,

Q2-6: NRC D FLE LSRR Z INBIFOFKEED RE LICED L HITKBL LD EEZEXTNDHDN?
EBHENE, A7Ta—Mgx? (ar7I47 A, HREMM . 2 BE7 7o —5%)

A THRYRTaNT b (BEEDS AN E) 2L TWh A Mo, A L #EE
D EDICHERFSNART UL B 720, LML L, MADOEAWEIAT T —I2 k0 —Fk
TRV NRCIEIHT TV —D Y A M ZRm T TETH Y TCEQ 1L 3 FELINIZEEIEEZ K 2 5,
NRC (% 10CFRpart6l IEIEAFHITENLE T, BAEIELINT TV —IZONWTHELNRE HE
A TCWDDERIFLRNIEAS D,

BN Q2-6-1 : DK A ¥ 2 — /VOMBET E S )2

A: NRC (%2013 4 10 H £ TIZ 10CFRpart61 % #& 2 5, TCEQ #iiillZ, NRC OFEH H N5
JELINICEF ST 720y,
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BQ2-7:  WCS #A08 CIXKEZEENIBE L T\ D02

A: BELTWD, BIEORKEIL 20inen/y 72723, FERTAETIZ2FIC LTS,

BINQ2-8 1  KZAFHET, BLOERIIIREADT L2

A: WCSHUTIRBZET /MULLE D L LI, LT &7, FEEEDBRETET, REOE
T EWIE Lz, T2 THLITZOMRDYIRAKEERIESLZ LT, HlbeRI L,

BMQ9: EvThrmiIal—rala{ioTN5HNn?

A: REEEMOEOIZE T2l —2 g Z2fToTNA NI A —H&HHAZEEL.
95%F TOEA 10mrem/y Ajifi CHIVUTHTARTE D L LT, MREZFHMEL T\ 5, FHMIE
NUREG-1573 IZRt# S LTV 5,

BNQ2-10 . HIEMEHWIM ORI IZTENTZTN?

A : RCRA T304, BIERMIT 100 45, CWF-FWF fiizi% 100 £ TH 5,

BMQ2-11:  AMBRBATFTUAZFML TNDMN?

A: ROXI72NRC HA X AZH > TR L T 5

O EHIFE X, BEEWD DS EE L AR A VS5,
Q@ JEEEBFIL. FELEo T, (EENHET S,

BIQ2-12 1 Hiby T U AFHEILS D ?

A: BD, UFe % U0 IZEcffad 57T b & WCS A v 5 20 = A VO EER% 3 5 #HiH
Nd 5,

BANQ2-13: HTFADE=ZY L ZIELTNEN?

A: BB By, FVUVLRORU T VREMEE=XY T LTS,

BNQ2-14 1 YV —RAX — AOKREBITICE 5N X B0 % A DOMIZEET 502

A BETD, HLU T UFHEAREIND TER, FEMIES TR TN D &Ly,

BINQ2-15:  Tc-99 1% & DFEFEM M &K= D)2

A Te-99 [Tk x e BEEEMIC IR L, FRETE 20, Bl IX, JR IR OMFAREC, fRABIIE D
Tc-99 %5 ATV D,

BINQ2-16 :  AWyIGPASHE Ol B E BRILGEN FM T D DD 2

A FADERT LN, BLLL— K= ¢ M7 5 AIREMEFE VY, TCEQ X — R/X—7
4 LT BHIEA D,

LAk

37



S5 R 3-4
ES th~ /8 [ 2 IE & [3] 2 Y S

1. MERERHEIZ DWW T
Ql-1 : DU DA HIT 5 1 THELIEO EME e MERERHI Tk, Y1 MIFRET 2 U GERE %
ML CWA EEZTRBWI? ZDOEE. 7T OFREEFED A RKIC X 2 ET6E DN % ZF4f
LT
A UT DO RO E BB LIZiHEZIT> T D,
Q1-1-1 : NRC @ 10 CFR part61 23245 4724, 10,000 FFLLUE O &N 2 K95 Z L 235
ZTCNDN?
A: ZDOFETHLN, HEFTHD, BIFE, 10,000 FLIFITEMER 2252 FEha L T\ 5
73, 10 CFR part 61 23BUE S AUE, £ OBIEICHE D,
Ql-1-2 : AR ATF U A0 FAET 5 F TOFMEHM BN T, 8&E L TV DHRIFILBESE
M OREORE T KL 2REEZEEBL TW D0
A:BELTWD, 270, ARRATT U A OMEFEAMNIL 10,000 % TOHMTH 5,
Ql-1-3 : AMRAD LTV FITBNT, U FOLBEZEEL TWHED?
(OFEFEM LB TOREMPMEBENCEFEMEE TOIV IR LICL Y HIFRIZH Y RSz
WhaL 720 | RABENE DR R T 55
A: 7 T7A47H A FOMTKIZAHTE RO T, figRICNREMRD >F U ATHEEL T
RN, T2, BE=X U T HFIZET AT K OUNREREILRHME L T\ 5, (500
FELLN O W)
QEHOREBIZL > TELOREEINEA L, Z20%, RAENEOELO ETHIZS T2
Sefk, XUTHR D O FEEYE £ TRAFOIANC LV | FEFEY LB T OREW L HIE
T 254
A:BEOEEBEREL WS, (BEQRETTE DKEICE DB EDRA) 10,000 ££L1RE
I AR AEAT 4 S5 H LTy,
Ql1-1-4 : WG OFE KN 7 OB 72 BIGITBE I D D,
A B LOREZEEL TS, (EKREITRRIRZETIER <, RRE & /M2 3R E
LBy THAE YR 2 b—3 g TR, PRl 95%DE A4 21 LT\ 5,)

2. T RUMDOREFHIZ OV T
Q2-1
Q2-1-1 : 7 R AT ADOFAMIEAEIL, BRED, T ITHOREN?
A : TEDE (total effective dose equivalent EZhHREDEFF) TikfiL T\ 5
Q2-1-2 : WAMREDIG G, MoK E A5 271 2
A OB E ST 55, Am-241 X° Pu OWNEHIZS BNREL, 7 Rz ka8 <k
YA

LS - DBHOEIE K V2 il EEE R D E O R 2 FHE LT\ 5,



Q2-1-3: VT U ORRELEENGAEMRT HT R ZFHi LT D02

A:FHHL TS,

Q2-1-4 : ANFRATF U FIZHB T 2 BHFHEIZIBNT, T RN 7T OMESLE LORE SO
TRF 72 B 2 BE L TWDHD?

A BLTOREZHEEL TV,

Q2-2 : HATIL, IAEA ORAREMD R ~UL (1Bq/g) LA FORRETHIUE, FEEM YT
DT RUFHli bR 2H#E 20 Ak 9 & LTW5D, & TIE, IAEA O RIRER O kk
UL % S ANVEEECHERERTATIC EL D AL TV D sUEdH 50 2

A T RAZOWTIE, BPA OEEHEIZNE- TV 5, (MIFR I TO M= 20pCim2/s) E=4 1 > 7

TIE. YA bR I T RERILNRALTHAZ EEMER LTS, (LTZ->T, 7K
COWIEL DE Z I IAEA DFEHEITELY ATV

3 BEFEM O OMEREFEARIZ DT

Q3-1 : HEHBERE DR T S H BEFEM (B 2.1 \1ma@uT)i%®m@cmsA§ﬁ%k
—FEIZILS LTV DD, D LLRW & —FEIIL T 256, BEFHEIZI W TliE D b O
%ﬂ“ffﬁﬁ?éﬁ%i&w#

A IS LTS, U7 OBEITHINIEIRZ L TWD 2, AREOMLEITZR, FRE
aﬁbfh—&»ﬁﬁifﬁbfwé

Q32 : KLY T U DASITHHETFHEHFTH DL LBHE L TV D, BUEHFEFROLHILY 7 0%, il
® LLRW & —F#EIZML0r S D D, oD LLRW & —FEIZ0 3 254, BB\ CiliE
2D ORI T CEAE T 2 BT )0

A:Duimwﬁﬁ%&ﬁum VT 5 B2 T0D

Q3-3 : PERERHEIC BV T, 7 T oW THlER %QW®$ﬂW% BIRE A RS LTH
VDT B )

HLRELTWDR D, sk 2RO FEEHEREIRE I T O EOHFETHEMB LTV DDh,
(1)  ASEERo THMEER E TOMRE TOFEY Y T Rk

(2)  BEIEW & HER T 2 Y X H(embankment) 1 D - 7 Z LR

() WG DOZNBEFY N — DY T T R

4) Tl

A GO, RPN E 72 D KO R EBEDMEDIL S, (DU OMEREREAT TlL, DU 2340
FENHTRIZB N TR LT 2ET L E RS> TNND, )

Q3-4 : Loy E VT B W THEER L 72 U RE D G ORI BUR REIR & & il [R5 7= OISy VIs
B BRI ORESCESNCET 2 EIXH 510 ? 2 2T, AL ik, BEEMOREDE
OO GE 5B L2 ) 7T O—D252 BT 5,

A S @f@¥ﬂmib T E OBLEICR Z DT TV 5D, Bl2IET V7 LD HER
FE73 300pCi/g( 11 Bg/g ) & V KEWEEEMIL, LGN OEWAIEICHR IS LI LTw
D

%5:W?V%ﬁ%kymviV@@b@%ﬁ%%ﬁ@t@ﬁ BT 31T 5% NiGgtReD E
FRABIZIRE > TV D222 206 O ERREIR, PEREFHI L D IRE LI DH 2

A BEEERIZBIT DU T OM4TH %&@L@mi&iofwéomymi1&%@&@ﬁi@
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Th %, DU DHEHEIREE Tl U-238 DHIHEEO T ENEE SN/ DT, U-234 & U-235
DHFHITEE I LTV D,
Q3-6 : 77 HRIGHL XU Byproduct (11e(2)) & LLRW (XX E & /51 TUL SNUTWD D, D
BRH1X, Byproduct (11e(2)) DOMEREFHiZ1T S > F U A, MEFKMEILLLW & B2 D D)2
A : Byproduct ZL53fifiz% 1L, DOE DHTAH L 725 Mgk ToH VW . LLRW AniGix= 2 MRiia 7 5
MEEX ChH DT, MEE—MHICT D EMAICHETIMENEC LD, it Tnd,

4. WK N— T RNRY TIZHONT

Q4-1 : AR A R—DHEREIZ E D L HIZERF LTV D00 2 K 7 R—DMEREIC DWW C oM %E, i
FHENHIVUTEZ TIT LYY,

A : Groundwater discharge permit O EFHIZ LAV, HIF/KOIREEILAE (U-238 T 26pCi/l 55) Z ik
INTHED AL (EMEYE X 500 4) e L, kEOHEIT BAT(Best Available
Technology)Z W TRET 5 Z NS N TV D,

Q4-2: 7 RUNUTOMREILZED X H IR DT=DH? Byproduct L3 HZHBNTILE 9 ) ?

A : NRC 1%, 1000 £ O Uias (FiH O HHIZ A 20pCi/cm*/s - 10CFR part40) %Ko T\ 5,
VITRO fiig% TlX, 7feet (#92m) M F L EFHE Sz, BEX, M L T 2feet (60cm) & L
TW5b, 72 H Q¥EH) 7 RU2HCIADLMEREE > TV D,

F Ry XU 7 LLRW 2 feet L#BO 1feet 5x10% cm/s  FEBOD 1feet 1x10 cm/s
11e2 EE D 1feet 5x10% cm/s FHEED 3feet 1x10° em/s  (THHR)

5. F=2 Y TIZHONT

Q5-1 : LLRW W358 W T, 7 Ry OE=4 U 7% Ffi L T\ 50 ? £7-, Byproduct ZL57
BTIRE I N

A: T RVOE=ZY TS EALD FEBMIBERTIToTW0W5, T NIy 7 VI RL
~ILTH D,

Q52 : UTUICHHTAE=X U U IEERL TWD? (MR KPR, HEEhRE)

A : VITRO Jg& B S DHaID /Ny 7 75 v RTiE, Cs-137 T 3pCi/g, Co-60 T 2pCi/g T
ol HIFAKTIL, Zr Ao &7 mABZE2ERIEL TVWD, EARITIEZE 18 FH—E LT
LR ST, U7 ORI KR OBERRERE L, 1 EHIEL T\,

6. ALorEPASHE O EHIIZ OV T

Q6-1 : il EERYE FR O M 1L 100 A > 2 il B RO BRITEEDMT 5 2> 2 Sl EEAVE BRI O 1% . syt
A MIEDISITHEHEINDEDN?

A X JNIL, VITRO & 112 (byproduct) DAL DFTHEE TH D, ES Il HE B
HOBEOEMLRH Y, WA FOFHIZT2ZMPHFEHERD D EEZEZ HND,
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ZEE R} 3-5
UDEQ ~D'E [ EIH & A2 N

1. 794 7 OBEAFONS sk ORI BT 2 - M)

Ql : BifE, FEEMOFSE (7 7 A A, VITRO,11e(2), NORM * NARM) = & [ZHNT (2 ALy Jiti 5% % 5%
BLTWDONIETHERRD NG

A FEIEMOEENER 570 TH D, Class ANorth & Class A 15 UITAHF L T Class A West (2
72572, Vitro, 11e(2), NORM [TH#FRFTE DFEFEM 2 B0 > T\ 5,

Ql-1: ZaHH OB D O ERFERITDH D ON, GRFHEM, ZaiHNF ik, BEHES) 2

A BEFEMORIEN RN, REIFETRR D, FIAE M EEOBEMFITR RS, VITRO 33+
E LTV BEEY (EUESNTWZRWEEREY) BNEHOTW5, ClassA T, Bilo= 7
THRELLTH & D,

Ql1-2: 7 RUICE L THEREITRIT TND DN

A: TRYT7T79 7 AFRE LS TARBETH S, EAHAOERIZEY , EHMOZENE
NROLINLTNDEDT, ZERITH TR TCAIND I EN, 7T RN TWIHEL2D, fHilx
IFARRRERTIE, WERKBEDa 7 ) — M ANVTEREHD D, RLABEEBONT %
FET HNEMITITFRBEDOFEEIL LV, EREFBESERNZENEETH D,

Ql-2-1: 7 RrvDOE=H Y U TIEBENT TODD0N, |BHESTTCNDHELELZONEL?

A MORNEEFERIC, 7 RUACOWTHZERF O 7Y I NBETH D, FIT 4 [H
DY TV TRERIND, FxlTEEE I VBN A ERT S, 1989 FicT 7 RIS T
TRt L, 7 RUOBENED iz, 40CFR192 (2X V| 20pCim2/sec 287 7 w7 AD |
fRE7po7=, PASHGIT, EHABUFSHE L., 77 v 7 AN 20pCiim2/sec ZHBZ7-6, XV
FRNT KXY 7 a2 Eo TxHLT 5,

Q1-3 : MEFDHAE (UAC R313—25-8) IC LT, ©— 7 BEDRERE (UAC R313—25-19)
D 10% % B2 DAY A NART T ¢ 7 IRWERERHI A L EIZ /2 5, T 2T, KEOHL
U7 R LRV Y, U T UEEY TR, B BREORERSN 1 TEEZB A
ZOREOREFHIDAEEIZ D ERD D EBbs, Zo%E, FHMilME 1 7HEET
LT DHEORBERITH D02

A: QR LHEEILEERO-D, &b ThZET 5,

Ql-4  IRGHEFEMICE L T, AFWOREETAL OB & FAEE I 2

A HWTFAKDIELFWEIZE DD THY . BIRBUFD O OBEEED = 2 MNEUF K0 58V, 30 4 [H
O GRECEERHM) MM, EPAIC X > CTHEFEFEMICE L CHEREIN TS,

A b (MrLebaran) :  #IX < EZEOHIHIL, NRC-UDEQ-DRC D#ffikR#E TITHOIL T 5,
—J7. AEWIZE L TiX., EPA-UDEC-DSHW O#lifk 7 THEI SN 5, #HTFKIZE L TIL,
DSHW |3/ DI E LR LT\ e, FROM TRy 7Y 7 ETHDH, ZOMERS
HLUEBZLE, BT T OBEENER IR D,

2. ZEOHILY T DS IEICE S 5 E M
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Q2-1:E7 MU T ALURIOHLT T DS L TRAIT DB, AT — 7 RAX =T ED X
IIRHHE Lo ?
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THE TEXAS SOLUTIAON

WCS Waste Disposal Licenses

o Low Level Radioactive Waste and Mixed LLRW Disposal
o Final LLW license received — September 2009
o CWEF - First LLW disposed — April 2012
o FWF - Ready for operations — September 2012

¢ Includes Federal and Compact Landfills
o Texas Commission on Environmental Quality (TCEQ) has taken
ownership of Texas Compact Landfill and WCS leases it back for
operations.
o U.S. Department of Energy (DOE) signed Agreement to take ownership of
the Federal landfill post-closure.

Texas Low Level Radioactive Waste Compact Commission

o Federal Low-Level Waste Policy Act (LLWPA) passed by U.S. Congress in
1980, amended in 1985.

e LLWPA authorized states to form Compacts for safe, secure disposal of low-
level radioactive waste. Texas, Vermont and Maine subsequently form Texas
Compact. (Maine withdraws prior to licensing and construction.) Vermont has
paid state of Texas $25 million for LLRW disposal guarantee.

e Texas LLRW Disposal Compact Commissioners appointed by Texas and
Vermont governors in 2009. New appointments made in 2011 by both Vermont
and Texas.

e Compact Commission held their first meeting in Feb. 2009. Meets regularly to
approve import and export petitions.

o WCS operates the Texas Compact disposal facility — the first site licensed and
opened under LLWPA.

Www. westexas.com
January 2013

119


t173x073
タイプライターテキスト
参考資料 4-2-1

t173x073
タイプライターテキスト


THE TEXAS SOLUTION

Texas Commercial Low Level Radioactive Waste Disposal Facility

Waste Control Specialists (WCS) operates the disposal facility for the Texas Low-Level Radioactive
Waste Compact Commission, under a license issued by the Texas Commission on Environmental Quality
(TCEQ). Located in remote Andrews County, the facility is located in an ideal semi-arid environment,
situated in a geologic formation of relatively impermeable red bed clay. The unique design of the facility
makes it the most robust low level disposal operation ever constructed and assures that it will be
protective of human health and safety -- and the environment -- for centwies to come.

Safety and the Environment

The Texas Compact Disposal Facility features the most environmentally protective design in the industry
with below-grade disposal in concrete-lined cells that are constructed inside a natural 600-foot formation
of almost impernmeable Dockum red-bed clay. The waste is placed in steel reinforced concrete containers
which sit atop more than seven feet state-of-the-art comprehensive liner system. During the construction
and Jicensing process, over 640 borings were taken to determine geologic characteristics and confirm that
the facility is not over an aquifer or adjacent to any underground drinking water supply. The Texas State
Water Development Board’s 2006 map confirms the site characteristics. Today, groups come from all
over the world to tour this unique facility.

Economic Impact

WCS is creating jobs and revenue for Andrews County and state of Texas. The State of Texas receives 25
percent of the gross disposal fee for all non-compact waste disposed of at the facility, and five percent of
the in-compact waste disposal fee. Andrews County, as the host county, receives five percent of the gross
fee for all waste disposed of in the Compact facility. In 2012 — with less than half a year of disposal
operations — these fees generated $4.5 million for the state and $800,000 for the county.

On an annualized basis the WCS disposal operations generate:
» Over 160 full-time jobs in Andrews County

$13 million - in annual payroll

$16 million in revenue for the state of Texas

$4 million in revenue for Andrews County

$35 million in annuval operating expenses

e o & @

Transportation

The entire disposal process is tightly regulated, beginning with the transportation of the waste which is
overseen by the U.S. Nuclear Regulatory Commission and U.S. Department of Transportation. Strict
controls, special containers, rigorous oversight, extensive training and specified routes have made the
shipment of low-level radioactive waste a safe, routine part of U.S. commerce for more than S0 years.
Radioactive materials are transported on our highways every day and the likelithood of a transportation
accident related to the shipment of low-level waste 1o the WCS site that would result in a measurable
radiation exposure to the public is virtually nil.

WWww, wcesiexas.com
January 2013
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THE TEXAS SDOLUTION

Texas Federal Low Level Radioactive Waste Disposal Facility

Waste Control Specialists (WCS) operates a disposal facility for U.S. Department of Energy waste, under
a hicense issued by the Texas Comunission on Environmental Quality (TCEQ). Located in remote
Andrews County, the facility is located in an ideal semi-arid environment, situated in a geologic
formation of relatively impermeable red bed clay. The unique design of the facility makes it the most
robust low level disposal operation ever constructed and assures that it will be protective of human health
and safety -- and the environment — for centuries to come.

Safety and the Environment

The Texas Federal Waste Disposal Facility features the most environmentally protective design in the
industry with below-grade disposal in concrete-lined cells that are constructed inside a natural 600-foot
formation of almost impermeable Dockum red-bed clay. The waste is placed in steel reinforced concrete
containers which sit atop more than seven feet state-of-the-art comprehensive liner system. During the
construction and licensing process, over 640 borings were taken to determine geologic characteristics and
confirm that the facility is not over an aquifer or adjacent to any underground drinking water supply. The
Texas State Water Development Board’s 2006 map confirms the site charactetistics. Today, groups come
fromn all over the world to tour this unique facility.

Economic Impact

WCS is creating jobs and revenue for Andrews County and state of Texas. The State of Texas receives
five percent of the gross disposal fee for all federal waste disposed of at the facility, and five to 25 percent
of the compact waste disposal fee. Andrews County, as the host county, receives five percent of the gross
fee for all LLW waste disposed of at the facilities. In 2012 — with less than half a year of disposal
operations — these fees generated $4.5 million for the state and $800,000 for the county.

On an annualized basis the WCS disposal operations generate:
e Over 160 full-time jobs in Andrews County

$13 mullion - in anpual payroll

$16 million n revenue for the state of Texas

$4 nulhion in revenue for Andrews County

$35 million in annual operating expenses

Transportation

The entive disposal process is tightly regulated, beginning with the transportation of the waste which is
overseen by the U.S. Nuclear Regulatory Commission and U.S. Department of Transportation. Strict
controls, specia) containers, rigorous oversight, extensive training and specified routes have made the
shipment of lJow-Jevel radioactive waste a safe, routine part of U.S. commerce for more than 50 years.
Radioactive materials are transported on our highways every day and the likelihood of a transportation
accident related to the shipment of low-level waste to the WCS site that would result in a measurable
radiation exposure to the public is virtually nil.

www.westexas.com
January 2013
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John Till [ & Risk Assessment Corporation fHDEEDREEEIZ-DUNT

RKELONEIL. Risk Assessment Corporation D7 T v 7 X—U LA L2 D TH D,
John Till i, 1977 412 Risk Assessment Corporation (RAC) D #ij& Radiological Assessment
Corporation Z % . L, BlfEIZ. RAC Ot & LC, FHISMAEMEWE., TF1x, (bFmELE
@f:i%ﬁ%ﬁ%ﬁﬁﬁ@ﬁj\% Do TV,
1983 21213, USNRC 23 iR L 7 iR D EREE U A 7 32 B9~ %5 Radiological Assessment ™
HEH L L THEDboT,
1988 FFITIT NV 7 4 — ROREBEFERE 0 U =7 N NI HEET 2 332 VDR L 7
., 7uTx s R L REBEIEEOFHRO NS O
Z DM, RAC X, A A A M Fernald IEfehisx, = v ¥ —7 7 v Viigk DREEEIZED S
LI, IO N Y R—H A N OBRBEEBRIC LD ST,
W EC L ARG OEB OMRF 2D 5 LT, (LFEWEICLDEROEETHL Z LN
PNDHE IR0 ALFWEICREGROBEIZ O B L IRT 5 X 5o T,
RAC (%, 1998 FEIZBIfED RAC IZ#ATT2, BUETIX
HyXd =77y H HEO Y — /7/7V~ﬂ@&ﬁ
2000 - 5 HOB A7 TEATRZ o7 KRHBLAK (Bu 7 Z o7 k%K) I2B8WT, K
AT BUR TE B AL E D IR~ DR BT
G Lo S D U 2 7 DRFIRICOWTEIRESE L AT =7 BV EZ =N E bITH
5 7 ek RO
AR T, SIS 28 E, X< &2 & L CEHA
DX D RIEEB AT > T\ D,
RAC I%, flx OFMZOEALTHY . V—27I1TxF LT, i LIZBEN 2 FF o I HEMZEBMEFICH
2%, ZHUL T ROSHORE DA S Z2MADTODHEHDO—D>TH D,
Till KD F72EE, FSUILLTO@Y

e
John T. Till and Helen A.: “Radiological Risk Assessment and Environmental Analysis”,
Oxford University Press (2008).
Till, J.E., H.L. Beck, W.J. Brady. T.F. Gesell, D.G. Hoel, E.E. Kearsley, D.C. Kocher, J.D.
Moreno, C.R. Weinberg, E.B. Douple, I. Al-Nabulsi. : “A Review of the Dose
Reconstruction Program of the Defense Threat Reduction Agency.” National Academy
Press, National Academy of Sciences, Washington, DC 20001, (2003).

NG
#IX < U R 7R
Till, J.E. : “Environmental Dose Reconstruction.” Proceedings Thirty First Annual

Meeting of the National Council on Radiation Protection and Measurements
(NCRP).Washington, D.C., April 12-13, 1995. National Council on Radiation Protection,
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Bethesda, Maryland. (1997)

Till, J.E. : Keynote Address. Proceedings of the First Annual University of Washington
Conference on the Ecological, Community and Occupational Health Issues at Hanford,
December 3, 1997. University of Washington Press, Seattle, WA. (1998)

Till, J.E., G.G. Killough, K.R. Meyer, W.S. Sinclair, P.G. Voillequé, S.K. Rope, and M.J.
Case. : “The Fernald Dosimetry Reconstruction Project.” Technology, Vol. 7 pp270-295.
(2000)

Till, J.E., A.S. Rood, P.G. Voillequé, P.D. McGavran, K.R. Meyer, H.G. Grogan, W.K.
Sinclair, J.W. Aanenson, H.R. Meyer, S.K. Rope, and M.dJ. Case. : “Risk to the Public from
Historical Releases of Radionuclides and Chemicals at the Rocky Flats Nuclear Weapons
Plant.” Journal of Exposure. Analysis and Epidemiology, Vol. 12 (5) pp355-372. (2002)

VR aAla=r—ar
Till, J.E. : Keynote Address. Proceedings of the First Annual University of Washington
Conference on the Ecological, Community and Occupational Health Issues at Hanford,
December 3, 1997. University of Washington Press, Seattle, WA. (1998)
Till, J.E. “Dose to Individuals: Who and How.” Proc. The Future Policy for Radiological
Protection. Nuclear Energy Agency Forum in Collaboration with the International
Commission on Radiological Protection, Lanzarote, Spain, 2—4 April. (2003)
Till, J.E. and D. McBaugh. : “Practical and Scientifically Based Approaches for Cleanup
and Site Restoration.” Health Physics, 89 (5). (2005)
Till, J.E. and K.R. Meyer. : “Public Involvement in Science and Decision-Making.” Health
Physics, Vol. 80 (4) pp 370-379. (2001)

History

In 1977 John E. Till, PhD, founded Risk Assessment Corporation, which was incorporated in
the state of South Carolina in 1979. At that time, the corporation was called Radiological
Assessments Corporation, reflecting its focus on radiological issues.

In those early days, RAC’s work included research on the environmental transport and fate of
materials such as tritium, carbon-14, and technicium-99. During this period, John co-edited
Radiological Assessment, published by the U.S. Nuclear Regulatory Commission. It was the

first comprehensive textbook describing methods for environmental risk analysis.

1983 412 USNRC 2 HRR L 7=

RAC also focused on the development of user-friendly software for predicting concentrations
of radioactive materials and chemicals in the environment. MICROAIRDOS ©, DECOM ©

and DECHEM were early prototypes of software now widely used in risk assessment.

In 1988 John was appointed chair of the Technical Steering Panel that was responsible for
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directing the Hanford Environmental Dose Reconstruction Project (HEDR).
1988 4% Till [Kid,

Under his leadership, HEDR was instrumental in helping lift the shroud of secrecy that
enveloped the nuclear weapons complex in the U.S. For the first time, the public was given
access to information about the facilities’ activities and the analysis that characterized the
magnitude and duration of radioactive releases into the environment, as well as the human

exposures and health effects that would have occurred.

RAC went on to complete a dose reconstruction for the Fernald Feed Materials Plant in Ohio
and for the Rocky Flats Plant near Denver, Colorado, as well as the early phases of the dose
reconstruction for the Savannah River Site in South Carolina, and Idaho National
Laboratory in Idaho. As these studies progressed, it became clear that significant quantities
of chemicals were also used and released into the environment at these facilities, so that the
scope of later dose reconstruction studies broadened to address the impact of these releases

too.

On May 1, 1998, the corporation’s name was changed to Risk Assessment Corporation to
more accurately reflect its expanded mission to address both radionuclides and chemicals in
the environment. More recently, RAC has focused on applying its skills to address

present-day issues. These include:

. establishing a robust approach to determine soil clean-up levels for the Rocky Flats
site

2yX—T7T7 D7 V=T v LUV ORHE

. conducting a series of independent audits of Los Alamos National Laboratory in New

Mexico to determine compliance with the Clean Air Act
2 AT T AWFIERT O KKIGGIE~ O3S OMSL L 72 B D FE i

+ analyzing the exposure and risks to the public from radionuclides and chemicals
released by the Cerro Grande Fire at Los Alamos in May 2000
2000 £ 5 HOR AT ZEATR Z oo RBIEASK (Br 7T 7 k%K) 12\ T, litlahi
T E A DR~ D SR

+  establishing a process to work with stakeholders and decision makers to identify and
reduce risks from contaminated sources
G LTZRIRN DD U A7 O L RIEDTZDITREZ E AT — 7 ANF—L EHIE< T ek
A DRESL

+ independent calculations of exposures and doses to plaintiffs in a number of legal
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cases

B — A DS/ Dk, #IE < 2 MSBER & L CRMER

RAC is incorporated in South Carolina. John Till is the President and Helen Grogan is the
executive officer. It is a consortium of independent consultants, each called on when their
skills match the needs of a project. This format allows RAC to obtain the skills of talented
scientists who may contribute to projects on a part- or full-time basis, and are free to live and
work where they choose. Each team member may pursue work on other fronts and for other
organizations as long as it does not present a conflict of interest. That said, for most team

members, RAC activities are their primary source of income.

One of John’s goals has been to minimize the bureaucratic and overhead costs of a large
organization. Each team member signs a contract with RAC for each project they are

anticipated to work on.

John is responsible for the overall management of the team. Helen manages the technical
aspects of projects and provides John with assistance. Although team members live in many
different parts of the U.S., they meet regularly at project locations to collect information and
discuss technical methods. The team also meets at least three times a year for a number of
days to discuss each project under contract, evaluate progress, and make team business

decisions.

Our clients represent educational, government, and private organizations, including:

+  Battelle Memorial Institute

*  Centers for Disease Control and Prevention

+  Colorado Department of Public Health and Environment
+  Colorado State University

*  Department of Justice

+ DOW Chemical Company

+  E. I DuPont Corporation

*  Environmental Protection Agency

+  National Cancer Institute

*  New Mexico Environment Department

*  Nuclear Regulatory Commission

+  Philadelphia Academy of Natural Sciences

*  Rocky Flats Citizen's Advisory Board

+  San Ildefonso Pueblo

*  Three-Mile Island Public Health Fund

*  University of Tennessee-Battelle, Oak Ridge National Laboratory
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Books

Radiological Risk Assessment and Environmental Analysis, co-edited by John T. Till and
Helen A. Grogan, published by Oxford University Press. This textbook is an update and
major revision to Radiological Assessment: A Textbook on Environmental Dose Analysis,
co-edited by John E. Till and H.R. Meyer, which was published by the U.S. Nuclear
Regulatory Commission in 1983. As the first comprehensive textbook about dose assessment,

1t became a standard reference for scientists.

Till, J.E., H.L. Beck, W.J. Brady. T.F. Gesell, D.G. Hoel, E.E. Kearsley, D.C. Kocher, J.D.
Moreno, C.R. Weinberg, E.B. Douple, I. Al-Nabulsi. 2003. A Review of the Dose
Reconstruction Program of the Defense Threat Reduction Agency. National Academy Press,
National Academy of Sciences, Washington, DC 20001.

Selected Open Literature Publications

Source Term Analysis

Mohler, H.J., K.R. Meyer, H.A. Grogan, J.W. Aanenson, and J.E. Till. 2004. “Application of
NCRP Air Screening Factors for Evaluating Both Routine and Episodic Radionuclide
Releases to the Atmosphere.” Health Physics, 86 (2).

Exposure and Risk Analysis

Grogan, H.A., W.K. Sinclair, and P.G. Voillequé. 2001. Risks of Fatal Cancer From Inhalation
of Plutonium-239,240 By Humans: A Combined Four Method Approach With Uncertainty
Evaluation. Health Physics 80(5): 447—461.

McGavran, P.D., A.S. Rood., and J.E. Till. 1999. “Chronic Beryllium Disease and Cancer Risk
Estimates with Uncertainty for Beryllium Released to the Air from the Rocky Flats Plant.”
Environmental Health Perspectives. Vol. 107 (9): 731-744.

Till, J.E. 1997. “Environmental Dose Reconstruction.” Proceedings Thirty First Annual
Meeting of the National Council on Radiation Protection and Measurements
(NCRP).Washington, D.C., April 12-13, 1995. National Council on Radiation Protection,
Bethesda, Maryland.
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Till, J.E. 1998. Keynote Address. Proceedings of the First Annual University of Washington
Conference on the Ecological, Community and Occupational Health Issues at Hanford,
December 3, 1997. University of Washington Press, Seattle, WA.

Till, J.E., G.G. Killough, K.R. Meyer, W.S. Sinclair, P.G. Voillequé, S.K. Rope, and M.J. Case.
2000. “The Fernald Dosimetry Reconstruction Project.” Technology, Vol. 7 pp270-295.

Till, J.E., A.S. Rood, P.G. Voillequé, P.D. McGavran, K.R. Meyer, H.G. Grogan, W.K. Sinclair,
J.W. Aanenson, H.R. Meyer, S.K. Rope, and M.J. Case. 2002. “Risk to the Public from
Historical Releases of Radionuclides and Chemicals at the Rocky Flats Nuclear Weapons

Plant.” Journal of Exposure. Analysis and Epidemiology, Vol. 12 (5) pp355-372.

Rood, A.S., PD. McGavran, J.W. Aanenson, and J.E. Till. 2001. “Stochastic Estimates of
Exposure and Cancer Risk from Carbon Tetrachloride Released to the Air from the Rocky
Flats Plant.” Risk Analysis, Vol. 21 (4) pp 675-695.

Contaminant Transport Modeling

Grogan, H.A., J.W. Aanenson, PD. McGavran, K.R. Meyer, S.S. Mohler, H.J. Mohler, J.R.
Rocco, and L.H. Wilson, and J.E. Till. 2006. “Applied Modeling of the Cerro Grande Fire at
Los Alamos: An Independent Analysis of Exposure, Health Risk, and Communication with
the Public.” In Applied Modelling and Computations in Nuclear Science, Oxford University

Press, November.

Rood, A.S., H.A. Grogan, and J.E. Till. 2002. “A Model for A Comprehensive Assessment of
Exposure and Lifetime Cancer Incidence Risk from Plutonium released from the Rocky Flats
Plant, 1953-1989.” Health Physics, Vol. 82 (2) pp 182-212.

Rood, A.S., G.G. Killough, and J.E. Till. 1999. “Evaluation of Atmospheric Transport Models
for Use in Phase II of the Historical Public Exposures Studies at the Rocky Flats Plant.” Risk
Analysis, Vol. 19 (4): 559-576, Neeses, SC, 29107.

Environmental Data Management and Analysis

Grogan, H.A., J.E. Till, K.R. Meyer, and H.J. Mohler. 2004. “Involving Stakeholders and
Tailoring Environmental Databases for Shared Analysis of a Contaminated Site.” Proc.
Envirolnfo 2004. 18th International Conference Informatics for Environmental Protection.
October 21-23, 2004. Sh@ring. CERN, Geneva, Switzerland.
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Integrated Software Development

H.J. Mohler, J.W. Aanenson, H.A. Grogan, and J.E. Till. 2005. “Creating Spatially-Linked
Data and Risk Evaluation Tools to Support Community Participation and Decision Making
for a Contaminated Site.” Proc. EnviroInfo 2005. 19th International Conference Informatics

for Environmental Protection. September, 7 — 9. Networking Environmental Information.
Brno, Czech Republic.

Risk Communication

Grogan, H.A., J.E. Till, KR. Meyer, and H.J. Mohler. 2004. “Involving Stakeholders and
Tailoring Environmental Databases for Shared Analysis of a Contaminated Site.” Proc.
Envirolnfo 2004. 18th International Conference Informatics for Environmental Protection.
October 21-23, 2004. Sh@ring. CERN, Geneva, Switzerland.

Till, J.E. 1998. Keynote Address. Proceedings of the First Annual University of Washington
Conference on the Ecological, Community and Occupational Health Issues at Hanford,
December 3, 1997. University of Washington Press, Seattle, WA.

Till, J.E. 2003. “Dose to Individuals: Who and How.” Proc. The Future Policy for Radiological
Protection. Nuclear Energy Agency Forum in Collaboration with the International

Commission on Radiological Protection, Lanzarote, Spain, 2—4 April.

Till, J.E. and D. McBaugh. 2005. “Practical and Scientifically Based Approaches for Cleanup
and Site Restoration.” Health Physics, 89 (5).

Till, J.E. and K.R. Meyer. 2001. “Public Involvement in Science and Decision-Making.”
Health Physics, Vol. 80 (4) pp 370-379.

The Cerro Grande Fire was a disastrous forest fire in New Mexico, United States of America,
that occurred in May 2000. The fire started as a controlled burn, and became uncontrolled
owing to high winds and drought conditions. Over 400 families in the town of Los Alamos,
New Mexico, lost their homes in the resulting 48,000-acre (190 km?) fire. Structures at Los
Alamos National Laboratory were also destroyed or damaged, although without loss or
destruction of any of the special nuclear material housed there. Amazingly, there was no loss

of human life. The US General Accounting Office estimated total damages at $1 billion
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FACILITATOR’S SUMMARY
JOINT DOE NRC PUBLIC MEETING ON LOW-LEVEL WASTE

PHOENIX, AZ
MARCH 4, 2011

The U.S. Department of Energy (DOE) and the U.S. Nuclear Regulatory Commission
(NRC) convened a joint meeting on the low-level radioactive waste (LLW) issues of
concern to each agency. The DOE portion of the meeting focused on revisions to DOE
Order 435.1 (435.1”) and the NRC portion of the meeting focused on the NRC’s
regulations in 10 CFR Part 61 (Rart 61”°). The DOE portion of the meeting occupied the
morning session and the NRC portion occupied the afternoon session. The meeting
included a joint panel of DOE and NRC officials at the end of meeting to discuss
crosscutting issues. Francis X. (=€hip”) Cameron facilitated the meeting.

Note: Except for certain DOE or NRC staff, and other instances where it would be
helpful for an understanding of the issue raised, individual commentators are not
identified by name. For presentation materials associated with this meeting, including the
meeting transcript, go to www.em.doe/pages.compliance.aspx (DOE’s web site) or to
www.nre.gov (go to “Low-level Waste, Potential Revision to Part 61", NRC’s web site).

DOE Order 435.1 Introduction

Mr. Bill Levitan, Director of the Office of Environmental Compliance, in DOE’s Office
of Environmental Management (EM), opened the DOE session on the DOE complex-
wide review of DOE Order 435.1. He mentioned some of the successes of the DOE
LLW program, e.g., WIPP now operational and accepting TRU waste for disposal, the
closing and emptying of tanks at Hanford, Savannah River, Idaho, and West Valley. Mr.
Levitan noted that his office, the Office of Environmental Compliance, is responsible for
ensuring the implementation of 435.1 across the Department. His office is also
responsible for considering other laws and regulations such as CERCLA, RCRA, and
NEPA. Mr. Levitan emphasized the importance of public input from meetings such as
this one to the revision of 435.1, particularly in terms of developing a risk informed and
performance based system for protecting the environment and public health.

Mr. Marty Letourneau, project lead for the update of 435.1, emphasized a number of
points about the update of 435.1. First, that a DOE complex-wide review was the starting
point. The complex-wide review was based on a self-assessment tool that each site
within the DOE complex could use to look for —best management practices” and —areas
for improvement”. The complex-wide review has been completed and has been posted
on the EM website. Based on the self-assessment, Mr. Letourneau noted some of the key
findings:
e 435.1 has been successful. Significant progress has been made in radioactive
waste management
e The Low-level Waste Disposal Facility Federal Review Group has improved the
consistency of DOE performance assessments.
e There are new requirements that did not exist when 435.1 was first issued that
need to be integrated into an updated 435.1.
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e There is still a need to identify paths to disposal for some wastes.
There is an opportunity and need to clarify definitions.

e The relationship between 435.1 and other DOE Orders and other statutory
requirements needs to be clarified. and,

e The exemption process for the use of offsite non-DOE commercial facilities needs
to be clarified.

Mr. Letourneau was followed by several members of the DOE staff, Linda Suttora, Marty
Letourneau (for Joel Case), J.R. Stroebel, and Frank DiSanza, who summarized the
following areas of the update, respectively, general requirements and strategic planning,
high-level waste, TRU, and low-level waste.

Mr. Levitan emphasized that the 435.1 update would be issued by DOE for public
comment. Those comments would be incorporated before the formal DOE review
process would begin under the DOE Directives Review Board. This would take place in
the October 2011 to August 2012 timeframe. Mr. Letourneau noted that one unanswered
question still under consideration was whether parts of 435.1 should be promulgated as a
DOE regulation rather than an Order.

DOE Order 435.1 Discussion

A facilitated public comment period and discussion followed the DOE overview, with
participation by those physically on site in Phoenix (approximately 80 to 100) and by
those participating offsite through the WebX system (approximately 10 to 15). Some of
the more salient points raised by questions and comments were:

e The issue of the use of excess DOE facilities after cleanup will be addressed
through the Asset Revitalization Initiative (related to, but broader than, the
-energy park” concept). DOE will ultimately involve the communities where
these sites are located to determine what their vision is for these facilities and
sites.

e The issue of how 435.1 should address the relationship between CERCLA and
DOE’s Atomic Energy Act (AEA) responsibilities was explored. DOE’s
viewpoint is that CERCLA and 435.1 are trying to accomplish the same objective
— to ensure that the waste from cleanup gets managed correctly. Therefore, 435.1
recognizes CERCLA as meeting its AEA responsibilities

e A real issue facing the Department is the timing of the closure of WIPP and the
cleanup of the Hanford site, i.e., WIPP might need to close before Hanford is
finally cleaned up.

e A serious issue is whether, and how, the Department is going to handle the
national security implications of leaving several hundred nuclear weapons
equivalent of plutonium in the —rear-surface” at Hanford. Although CERCLA
criterion 9 will be used in the decision making process on this issue, there hasn’t
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been any recognition of maintaining security for 10,000 years over a burial
ground of this material. Furthermore, DOE should be paying more attention to
the huge changes in the understanding of actinide chemistry and their mobility in
the environment. DOE noted that the DOE Low-level Waste Disposal Facility
Review Group was tracking the new information associated with not only actinide
chemistry but other radionuclides and chemicals

The issue of blending at DOE facilities and how to avoid it being considered
—dilution” was raised. DOE stated that it was working closely with the NRC staff
on concentration averaging and blending in terms of 435.1. Furthermore, DOE
and NRC are in agreement that the blending of two waste streams is not dilution.
Dilution is the blending of waste with clean material. The primary DOE concern
is that issues over blending don’t result into picking through barrels of waste and
separating out piles of highly contaminated and lesser contaminated materials,
when in fact, it’s all waste and probably going to the same place. Questions were
raised about having to look through waste containers to do a detailed segregation
of various types of waste, for example —tittle pieces of used fuel”, as opposed to
looking at a fissile gram equivalent and then shipping the canister off without
segregation. . Mr. Letourneau indicated that you had to look at the context of the
situation. For example, under 435.1 DOE has managed small quantities, pieces of
used fuel, as low-level waste where it was used in a research facility. However, if
you where in a fuel fabrication plant, it would need to be looked at differently.
Otherwise, you could average over the content of the drum. Another member of
the audience asked, how do you draw the line on when small pieces of spent fuel
are considered low-level waste? Mr. Letourneau noted that the process for
determining this is in the current version of 435.1 and reiterated that it is
situational. There is no numerical standard. It was put in place to allow a small
piece of spent fuel to be examined in a laboratory setting without having the
researcher than need to go through an extremely complicated, and unnecessary,
process of managing it a spent fuel rather than low-level waste.

The applicability of 435.1 to private businesses that characterize, ship, and
dispose of DOE waste at commercial facilities was raised. DOE stated that the
DOE entity that is the generator of the waste must pass on to the contractor and
any subcontractors the requirements of 435.1. In terms of disposal, the license of
the disposal facility will control. However, DOE is re-examining the process for
disposal at commercial facilities to possibly replace the requirement for DOE sites
to get a Headquarters exemption before they ship waste to a commercial facility,
with some type of process that assures that the commercial facility is in
compliance with its license.

A concern was raised on the DOE complex wide review on the identification of
best practices and areas needing improvement and the availability of that
information to the public. DOE stated that the objective of the review would be to
use the best practices from some sites to address areas of improvement at other
sites. For example, the best practice of unreviewed disposal questions in use at
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the Savannah River site, or the use of the Low-level Waste Disposal Facility
Review Group to help to assure that performance assessments are consistent
across all sites. Furthermore, the best practices that could be applied across the
DOE complex will be considered for incorporation into the 435.1 update. As
noted previously by Bill Levitan, the 435.1 update would be issued for public
comment.

The issue of the use of models in probabilistic risk assessments was raised with
the concern being that the 435.1 update contain a requirement that the analysis be
based on how accurate or inaccurate the modeling is compared to reality and not
on how precise the model is looking only at itself. Mr. Letourneau recognized
that this is a legitimate concern and it will be addressed in the update.

The period of performance issue was raised for the first of several times in the
discussion. How did DOE reach the conclusion that 10,000 years was the correct
period of performance? Is it a policy decision or a technical decision? What are
the implications of doing qualitative analyses beyond the 10,000 year time frame?
And how does all of this relate to -peak dose”? Mr. Letourneau stated that DOE
wanted to recognize the NRC recommendation in NUREG-1573 of a 10,000 year
period of performance. NRC, the State of Utah, and other entities were stating a
period of performance of 10,000 years. However, DOE is still using the 1,000
year period of performance for compliance purposes. Peak dose will be looked at
up to 10,000 years. However, a quantitative analysis beyond 10,000 years will
also be required, but the use of that analysis will be qualitative. This would allow
the Department to look at the peak dose beyond 10,000 years and do a qualitative
interpretation of it that allows the decision maker to help understand what
happens after 10,000 years. Rusty Lundberg, Director of the Division of
Radiation Control, from the Utah Department of Environmental Quality, offered
that 10,000 years seemed to be a time period that many agree on now. The State
of Utah, in its regulations, will look at the time period beyond 10,000 years to
consider peak dose of depleted uranium (DU). This information would be used
qualitatively by the decision maker to see what would be helpful in meeting the
objective of the regulator. A performance assessment expert noted that the Order
that preceded 435.1, had a 10,000 year period of performance in it, but 435.1
dropped it to 1,000 years. The NRC staff also noted that the inventories of waste
considered in the EIS on the promulgation of 10 CFR Part 61 found that most of
the dose was covered within the 10,000 year period.

A member of the audience, referring back to Mr. Letourneau’s previous remark
that the DOE is considering whether to take the update 435.1 to rulemaking,
advised that the sufficient concentrations part of the Order should go to
rulemaking. Furthermore, according to this commentator, the Nuclear Waste
Policy Act (NWPA) requires the NRC to make a determination on sufficient
concentrations. Therefore, there needs to be alignment between DOE and the
NRC on who makes this call, and how it is made. A staff member from the NRC
Office of General Counsel clarified that the NRC has the authority to define
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sufficient concentrations under the NWPA but is not required to do so. Mr.
Letourneau stated that the DOE technical staff would talk with the DOE General
Counsel to identify which sections of the updated 435.1 should be placed into a
regulation, e.g., a section of updated 435.1 would address waste classification,
including waste incidental to reprocessing, concentration averaging, and blending.
This might be a candidate for rulemaking.

e The discussion returned to the public process for updating 435.1. Mr. Letourneau
stated that the draft of the update would go though the DOE directives review
system. It will also be noticed in the Federal Register for public comment. Both
the public and the internal DOE comments will be considered before the
document is placed in the DOE approval process for DOE Assistant Secretaries.
The document will be ready for the internal directives system and public comment
in October of 2011. A full year is scheduled for comment. It will be ready for the
final approval process in August/September 2012.

NRC 10 CFR Part 61 Introduction

The afternoon session of the joint DOE-NRC Public Meeting on LLW issues began with
presentations and discussion on the NRC plans to revise 10 CFR Part 61 and the NRC
regulations governing the disposal of LLW. The afternoon session concluded with a
DOE-NRC panel that addressed crosscutting issues between 435.1 and Part 61.

Mr. Larry Camper, Director of the Division of Waste Management and Environmental
Protection, within the Office of Federal, State, and Environmental Management
Programs, opened the discussion. Mr. Camper noted that alignment with DOE on the
approach to LLW is a laudable goal and that although there are statutory constraints and
different roles, alignment is something that makes a lot of sense. He then discussed the
goals of the NRC portion of the meeting. First, to introduce SECY-10-0165, the NRC
staff approach to the comprehensive revision of Part 61 (December 27, 2010; NRC
ADAMS # ML103230435). He also emphasized that public comment on the options
identified in the staff approach are important to the NRC and that there will be a number
of public meetings on the re-examination of Part 61. The basic questions on which the
NRC is looking for input from the public are: Should the staff revise the existing Part 61
or should it be left as it currently is? What recommendations do you have for specific
changes to the current rule? What are your suggestions for possible new approaches to
commercial LLW management in the United States? He then introduced Dr. Charlie
Miller, Director of the Office of Federal, State, and Environmental Management
Programs at the NRC. Dr. Miller first noted that the current LLW rule, 10 CFR Part 61,
was fully protective of public safety and protection of the environment. The rule is being
implemented by Agreement States because all of the licensed LLW facilities are now
located in Agreement States. Dr. Miller explained that the SECY-10-0165 grew out of a
staff briefing of the Commission. The Commission directed the staff to outline its
approach to a comprehensive revision of Part 61 that is risk informed and performance
based. At that time, the NRC staff was engaged in developing a technical basis to
support a limited rulemaking to revise Part 61 to require site-specific performance
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assessments for new and emerging waste streams. Today’s public meeting is the start of
the process to get public input on the questions that Mr. Camper identified. Dr. Miller
emphasized that meaningful, clear communication with the public is an important agency
goal for the NRC.

Various NRC staff members than provided information on Part 61, including its historical
development, revision of the Branch Technical Position on concentration averaging,
options for revising part 61, risk informing Part 61, alignment and harmonization of Part
61 with the International Atomic Energy Agency standards, and the NRC’s path forward
to a decision on a possible comprehensive revision. The topics and individual presenters
from the NRC can be found on the attached agenda from the meeting. One of the
important background references is NUREG-1853, —Fhe History and Framework of
Commercial Low-level Waste Management in the United States.”

The five options identified in SECY-10-0165 on the possible revision of Part 61 are:

Risk inform the waste classification framework
A comprehensive revision to Part 61

Align Part 61 with the international standards
Establish site-specific waste acceptance criteria
Maintain the status quo

NRC 10 CFR Part 61 Discussion

A facilitated public comment period followed with participation by those physically on
site in Phoenix (approximately 80) and by those participating offsite through the WebX
system (approximately 10). Some of the salient points raised by questions and comments
were the following:

e A commentator from EPRI suggested any NRC work on revision to Part 61
incorporate the concepts of reasonableness and reflection. On reflection, this
commentor was referring to looking at the baseline technical assumptions such as
the volume of waste to be disposed of, the specific attributes of the site, and how
these compare to the EIS that was originally developed for the Part 61
rulemaking. The rulemaking should be reflective of current LLW practices. An
example of the use of —easonableness” is to not use a limitless supply of intruder
scenarios but rather to construct a series of reasonable intruder scenarios that are
well defined and bounded in the types reasonable scenarios. There should also be
recognition of intruder barriers. The commentor also challenged the assumption
that 100 years of institutional controls was the correct time frame and that the
NRC staff should reconsider the assumptions on the length of institutional
controls, as well as issues of physical security. The commentator also emphasized
the concept of —acceptableness”, using an analogy of ditches alongside a road.
The ditches are the science and the road represents the practical implementation
aspects of the rulemaking. Mr. Camper agreed with the need to re-examine some
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of the existing baseline assumptions, as suggested by the commentator. Mr.
Letourneau later provided the following observations on the intruder scenario. He
stressed that it is important to understand the nature of the intruder scenario, that
it is based on a 500 millirem dose standard in a year. Therefore, whether the
intruder lives there for one year or 70 years, you are only looking at the highest
dose during that time period and comparing it to the 500 millirem standard. So as
unreal as it may seem to assume that someone will live on the site, it may make us
more comfortable to understand that we are looking at an annual dose against the
limit. Furthermore, exercising institutional controls at the facilities, including
armed guards, gates, and periodic inspections, we should be able to prevent and
discover human intrusion fairly quickly. Therefore, the highest dose for the
intruder is usually going to be in that first year after you assume that you’ve lost
institutional control. Due to decay and short-lived products, the further out you
go, the intruder dose scenario gets smaller. We don’t need to make up a lot of
scary, bizarre, scenarios about who is living there and for how long.

John Greeves and Jim Lieberman offered an approach, and distributed a paper
(presented at the earlier 2011 Waste Management Conference), for revising Part
61. They suggested their option should be a —sixth” option to the ones provided in
the NRC Commission Paper. They termed it the -Greeberman” option. The
Greeberman option would be implemented in the limited rulemaking now
underway by the NRC. It would make explicit the site-specific performance
requirement for all waste streams, not just DU. The waste classification tables in
Part 61 would be retained but the site specific performance assessment could
override the waste classification tables if appropriate. Mr. Greeves noted that this
would avoid the time and resources associated with a comprehensive revision.

In a similar vein, another member of the audience affirmed the notion that the
NRC and DOE should be guided by science, including improved dosimetry and
better knowledge of waste streams. The commenter expressed the view that it’s
not too difficult to revise Part 61 and doesn’t believe that the tables are useful.
Rather a site specific performance assessment approach is entirely appropriate and
could be accomplished in the NRC limited rulemaking. It matches up fairly well
with what the industry is going to do anyway. Another commenter expressed the
belief that it was time to revise Part 61 and you shouldn’t be concerned with it
being too complex or complicated for people to understand. It’s already pretty
complicated. He also noted Dr. Michael Ryan’s earlier admonition at the 20171
Waste Management Conference to not worry about concentrations but rather
focus on total quantities of radionuclides at a particular disposal site and their
subsequent dose effects. Mr. Letourneau from DOE offered his agreement with
these two commenters. Mr. Camper from NRC noted that the NRC staff is
willing to look at a revision to Part 61 and to deal with it realistically.

Mr. Letourneau, DOE, offered a number of thoughts on the revision of Part 61.
First that the rationale for the waste classification scheme in Part 61 was to make
it easy on the generator. For example, it was originally envisioned that Company
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X would take Class A, Company Y would take Class B, and so on. This has not
proved to be true in actual practice and it’s time to move away from this
assumption as a driving force for the tables. He next addressed the evaluation that
would be conducted under the National Environmental Policy Act (NEPA) for
any revision of Part 61. The NEPA analysis will be the appropriate place to
explore new LLW management concepts and alternatives to the present system,
e.g., the 100 year institutional control concept. Mr. Camper later offered that
what is needed is a new environmental analysis under NEPA that reflects the
reality of waste disposal today. Third, Mr. Letourneau cautioned against putting
too much detail in the rule, versus putting the details in an associated regulatory
guide. Fourth, Mr. Letourneau noted that the DOE restricted and unrestricted
release program matched up well with the IAEA 1 millirem standard. Fifth, in
terms of Class C and Greater-than-Class C (GTCC), choose a line for GTTC that
is politically, if not scientifically supportable, and live with it. Do site-specific
performance assessments for everything below that line. Anything above the line
is unsuitable for shallow land burial. Finally, in terms of the performance
assessment, it will constantly have to be updated as the facility receives new
waste. The DOE uses a performance assessment maintenance plan to manage the
uncertainty and to ensure that the performance assessment is updated, when
appropriate. This type of maintenance plan should be part of any future Part 61
regulatory regime.

A commenter asked how the NRC’s rulemaking on site-specific performance
assessments for DU would match up with the radiation protection standards in 10
CFR Part 20 in terms of human intrusion calculations? The NRC clarified that
there is no dose standard for the intruder in part 61. However, the staff is
proposing to establish one in the ongoing Part 61 limited rulemaking concerning
the introduction of a site-specific performance assessment. Any future changes to
Part 20 would eventually need to be looked at for their implications for Part 61.
In addition, there will be a specified period of performance in the NRC limited
rulemaking mentioned above. At present, the period of performance in the
current Part 61 is not specified. Whether the limited rulemaking is eventually
opened up to include all waste streams, as proposed by the -Greeberman” option,
1S an open question.

The NRC staff clarified that all public comments and suggestions on alternative
suggested approaches to revising Part 61 were welcome, not just comments
limited to the five proposed options described in the Commission Paper.

A commenter raised the issue of recent studies on cardiovascular and stroke death
risk as opposed to cancer death risk curves. The NRC staff suggested that the
commenter bring this to the attention of the NRC staff working on the revision of
Part 20.

Rusty Lundberg, Director of the Division of Radiation Control, in the Utah
Department of Environmental Quality, offered some perspectives from a state
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regulators point of view. Mr. Lundberg advised that, in addressing these disposal
issues, we not only look at current science, but look beyond that to the larger
philosophical and policy issues. These issues are extremely important in
achieving host state public confidence. He cited the Utah example of the local
government having the foresight to establish a zoning area and criteria for
particular types of disposal facilities. He then spoke to the idea of state
consistency and harmonization in the approaches to waste disposal. The states
believe that a consistent floor is helpful to them but they also need flexibility to
account for localized or geographic demographics. He believed that you would
not be able to site disposal facilities in Utah without this type of flexibility.

A commenter from the performance assessment community advocated that site-
specific performance assessments were the only way to go. There are just too
many differences between sites to rely on any type of generic performance
assessments, including public and inadvertent human intrusion. Who might be
showing up and, what might they be doing at a particular site, must be looked at
in the context of a specific disposal site.

A representative of a citizens advisory group made a number of points. This
commenter recommended the adoption of suggested NRC option three in SECY-
10-0165, realigning Part 61 with the international standards of the IAEA, in
combination with site-specific performance assessments. The commenter also
was also concerned with how the NRC Agreement State program worked — in
particular, a question was asked as to whether the NRC’s regulatory authority was
handed over wholesale to the Agreement States without any restrictions? Mr.
Camper clarified that there are specific requirements (or criteria) that an
Agreement State needs to meet before the NRC will relinquish its control. There
are also continuing standards and criteria that a state must meet after they become
an Agreement State. A member of NRC’s Office of General Counsel noted that
states have three years to implement any regulations that the Commission issues.
Depending on the regulation, states may be required to adopt an identical
regulation, something that is more restrictive, or not to adopt the regulation at all.

The citizen’s advisory board commentator further believed that a lot of money is
being spent managing certain waste streams that are not hazardous. Rationality
has to be injected into the process. The commenter also advocated that a de
minimus provision be introduced into the regulatory framework below which free
release of certain materials would be allowed. To deal with human intrusion
possibilities, the commenter recommended that long-term stewardship programs
be established—institutional controls, physical barriers, and educational
programs.

A final commentator recommended that people look at a company website,
www.skb.se, for information on a current disposal site that currently manages
GTCC-like wastes.
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DOE/NRC Dialogue on Cross-cutting Issues

An NRC staff member noted that one potential area of collaboration between
DOE and NRC could be LLW performance assessment activities. In this regard, it
was also recommended that a joint DOE-NRC working group be formed to
discuss and harmonize performance assessment issues. Mr. Letourneau reported
that DOE was currently establishing such a group and it would be open to all with
an interest, thus, in effect, creating a community of practice. Other panelists
believed this to be a laudable idea.

A commentator from the United Kingdom (UK) provided a summary of the UK
approach to LLW disposal. Their experience was very similar to the United
States in that they used Tables to classify waste based on concentrations. Five
years ago, they embarked on a revision of the system and moved to a risk
informed process. However, they did not discard the classification system and the
majority of the disposals are based on the classification system. For what the
commentator called -rew routes”, they use a site specific performance
assessment. This has led to better solutions. Other aspects of the UK system are
that they only look at credible human intrusion scenarios. The institutional
control period is decided on a case-by-case basis. It can extend for up to 300
years after closure of the disposal facility. The period of performance is
determined by the significance of the risk to the public. Based on this
information, Mr. Letourneau suggested that perhaps the United States could keep
the A, B, and C classes but the dividing line between those classes would be
based on a site-specific performance assessment. For example, your site-specific
performance assessment would tell you how high a concentration you could have
before Class B would kick in. An industry commentator from the United States,
referring to his facility as a -boutique” disposal site, supported Mr. Letourneau’s
idea. At his company makes disposal decisions, they decide what should go into
the standard trench, whether they need to excavate a new deeper, wider trench,
and so on.

An industry commentator urged that DOE and NRC harmonize the period of
performance for a LLW performance assessment. According to the commentator,
it doesn’t make sense to have a different period of performance for the disposal of
the same type of waste depending on if it is an NRC/Agreement State licensed site
or a DOE-operated site. Dave Esh, from the NRC, based on his experience with
performance assessments, noted that the period of performance is based on
societal and policy considerations, as well as technical considerations. Some of
these considerations may be mutually exclusive between different groups or
programs. Therefore, there may always be different periods of performance. Dr.
Esh believed that the best we can do is to clearly develop what we think is a
sound approach and share it with stakeholders and get feedback. Different
periods of performance are not a fatal flaw. Prompted by Mr. Letourneau, the
following information was elicited from the audience—the period of performance

10
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for non-DU wastes at the Clive site in Utah is 500 years, Texas is 1,000 years, and
South Carolina is 2,000 years.

e A commentator from the radiopharmaceutical industry recommended an update of
Part 61 to take account of arid sites and to recognize the new waste disposal
practices since Part 61 was originally promulgated. In addition, concentration
limits should be recalculated for current site conditions and practices. The
pharmaceutical industry could support any of the options except the fifth option—
maintaining the status quo. Finally, this commentator, suggested that the NRC
also look at the costs to licensees of storing waste on site, for those licensees who
can’t afford disposal.

e Another commentator recommended that the NRC seek early stakeholder input on

these issues before the NRC staff forwards a second paper to the Commission, in
2012.

v 04.01.2011

11
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Background “#USNRC

Unieed Sater Muclear Wegulzcary Commiglon

Prowcong People and she Environment

- Early low-level radioactive waste (LLW) management

practices included
— Ocean dumping ... ~ 60 sites
~ Shallow landfill disposal ... ~16 government sites

« Shift to commercial landfills in 1960s

— Beatty (NV) 1962-92

— Maxey Flats (KY) 1963-77

— West Valley (NY) 1963-75

— Richland (WA) 1965-present

~ Barnwell (SC) 1969-present _
_ Sheffield (IL) 1968-78 )

QERGVEEOMMISSION 4

Background FUSNRC
C O n ti n u e d Projectinng Peupte wrd the Envivoronant

- Performance issues at all sites
- Collecting and leaking meteoric water ... 'bath tub eftect’
— ground failures and surface subsidence

» Root cause studies conducted by
— US Geological Survey, National Academy of Sciences, and
General Accounting Office

> Nuclear Regulatory Commission response
— LLW Task Force formed in 1977
- Commenced worlk on new LLW regulation
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Rulemaking Philosophy X USNRG

Proteceing Prople and the Envivonment

+ Intent was to improve on past disposal practices

» Alignment with how other NRC fuel-cycle facilities are
regulated”
- Protect the public*
— Protect workers*
— Redundant systems~™
— Achieve long-temm waste isolation
— Protect the intruder

Develop one-size fits all type of regulation

Rulemaking Process USNRC

Prosecring Prople and the Evmirovonriu

- Developed following NEPA process
— National Environmental Policy Act of 1969

- Major Federal actions reqguire preparation of Environmental
Impact Statement (EIS)

- 1978-82
— NRC publishes Advance Notice of Proposed Rulemaking
< Requesting public commenl

— Draft EIS prepared (NUREG-0782)

« Record of decisions on what should go into rule ang why
— four (4) public meetings
— Three (3) technical workshops
Final EIS issued (NUREG-0972)
- What is in Part 61 ey

)

144



saito
長方形


Scoping Process FHUSNRC
Waste Streams

Protecting People wnd tixe Environmiene
« Need to establish baseline for Part 61 EIS

= Canvassed commercial LLW generators
— Construct a waste profile
~ ldentify dominant radionuclides
-~ Define a likely inventory for disposal

+ Key findings

- Waste streams not uniform
< 37 waste streams among 4 classes
» 25 radionuclides of interest (both short and long-lived)

« Department of Energy waste str gas not
con3|dered . :

Scoping Process HUSNRC
EIS Findings

Pratecisng People and 1he Enviromnsut
- Evaluate effectiveness of potential mitigation measures
— Conftrolling concentration levels
— Specifying waste form/waste package configurations
— Reliance on institutional controls
— Performance of engineered (intruder)/natural barriers

« Exposure pathways
— Focus on intruder (new concept) as well as receptor scenarios
(individuals/communities that are ‘down-gradient’)
— Two exposure scenarios
« Concenfration-limited: within disposal facilily foolprint
= Activity-limited: outside of disposal facility foot,@; —
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‘What ifs” ... R USNRC
Significance of Time

» If wastes are differentiated based on activity, time can help in LLW
management
— Duration of institutional controls
— Expectations concerning integrity of waste form
—~ Contributions due {o engineered barriers

Protecting People and the Envivosimest

= EIS findings (ala Part 61 rule)
— Duration of institutional controls: atleast 100 yrs
— Expectations concerning integrity of waste form: at least 300 yrs
— Contributions due to engineered barriers: up to 500 yrs

-+ Time of compliance not specified in rule ... Intrinsically addressed
by regulation in .
Concentration 1ables (decay vs time): §61.55

~ Durability of institutional controls (at least 100yrs, up to 600 e
§§61.52,61.59 22 -

- Waste form stabslity requirements: §61 7(D)R

Shto Charnciorization and Salection  § 61,50, 51.53° C‘Q{ l T S \I R‘
Preopeiatisnal Uoersmng 461106122 8(.5) = . .-
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t
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Part 61 Regulation

At a Glance

FUSNRC

Utsired Seater Nuclour Regalitary Commipun

Pmrm;'ug Mp&- itsnd 1hr Envivenanent

» Based on a three-tier waste classification system
~ Class A, Class B, and Class C LLW
— Classification is concentration-based
— Respective classes defined according to §61.55 waste

classification tables

> Governed by 12 radionuclides

= Level of protection

— General public: 25/75/25 mrem coupled w/ 4 mrem public wat
— Workers: 10 CFR Part 20 :
—- Inadvertent intruder: §61.55 tables

Part 61 Waste Class

Overview

FUSNRC

Uniited Sues Nudenr Repuletory Coaiminion

I’mdt{linl l?apk and the Envivonnigni

CHARACTERISTIC CLASS A WASTE

CLASS B WASTE

CLASS C WASTE

Concentralion low concentraisons Jugher cencentialions tughast conceniralion
ol ragionuciides ol radionuclaas ol tagunucides

Wasle Farm Mus! meel ininum wasle Musl Meet MINIMom wasie MAS meel minihum waste
lesm requiremeats tarm requirements lorm roquirements
does not require reguirgs stabid2slion requires satilizalon
stadiizalion (but may lor 300 years 1ot 300 years
be slabihzed)

Examptes lypically contaminated lypically resins and typically nuclear
prolecuve clothing. fers from nuciear téaclor componenis.
papar, 1aboratocy power plants sealed sources, high
uash activily (ndusingl

waste

Inlruter alter V00 years, decays aler 100 yeacs. decays aher 500 yeats, cecays

Protection {0 acceptable lavels 1> to acceplable levels 10 {3 atcepiable levels o
an Intryder an inlruder, provided an ntruder

wasie is (eoofnilable
requaes no addaional raquires stabihizalion 12quires slabilization
measures 1o prowech 10 proleci intnudar ang deeper dispnsat
inttuder (& batriass) 1o proleLl
intrudet
Segregalion unstable Class A must need not be segreqated need not ba segr2gated

te segregaled lrom
Classes B and C

ttom Class C

teom Clasz 8

————— ),_
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So What is LLW According (‘%’USNRC
to 10 C F R Par't 61 ? Protecring Prople awd the Envlrarmant

« LLW is defined by exclusion ... LLW is not
— High-fevel radioactive waste

— Spent nuclear fuel
— Transuranic radioactive waste
— Uranium mill tailings — 11(e)2 material

» Sub-classification of a particutar LLW class
— Three classes acceptable for near-surface burial
— Greater-than-Class C LLW

- Not acceptable for near-suiface disposal
- Geologic disposal or alternate NRC-approved method

In Summary, Part 61 is ... EUSNRC

Prosectivg Peuple and the Enviropmont

» Non-prescriptive
- Limited sitting/design/engineering requirements
- Waste segregated
— Reliance on institutional controls

+ Risk-informed
— Potential waste streams understood
~ Waste managed in context of Subpar C perfarmance objectives

¢ Conclusion
— Regulation is integrated/performance-oriented
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Part 61 and FUSNRC
Performance Assessment

Protecring People and the Environmient

» (3enesis

— Evolved from reactor PRA technology and contaminant fate and
transport studies

— Promulgation of HLW standards and regutations requiring
probabilistic calculations (late 1970s)

> Initial Part 61 development process did not involve
performance assessment (as currently defined)

+ Calculation methods
— Activity-based: Direct contact
- Concentration-based: Groundwater

Performance Assessment S USNRC
con ti nu ed Proseccing Poople anel the Epvirowssent

» Predictive models are necessary as hazards of concern
transcend conventional engineering experience
— Engineered containment systems likely to fail over time
— Natural systems can attenuate releases

» Calculation methods
— Activity-based: Direct contact
— Concentration-based: Groundwater
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Performance Assessment “ZUSNRC
continued

Protecring Prople and the Envivoronent

« 1990s: Staff focus on LLW performance assessment capabihty
- New siting activities: California, Nebraska
~ Commission 1995 PRA Policy Statement

+  Test Case (limited documentation)
~ Assumed humid gdisposal scenario (mosl conservative)
~ Complex engineernng design
— Duralion of analyses: 20,000 to 100,000 yrs
- Peak dose for ‘conventional’ Part 61 inventory occurs 5000-7000 yr
range
~ Peak bounded by mobile, long-lived radionuclides
— Supplemental analyses submitted by Sandia Nalional

Laboratories ‘ _—

Performance Assessment “EUSNRC

United Saves Muctare Regalocary Commumion

N U R E G Protectivig Pesple and the Envireimnent
-1573

> Published in 2000
— Reflects input from public workshops
— Consideration of written comments from public
— Advice from Federal Advisory Committee

< Constitutes staff recommendations, not regulatory guidance

+ Three key features
~ Staff position on key LLW policy issues

— Defines aftributes of an accepiable LLW performance
assessment process

— Insights from earlier 'test case’ resulis
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E virqhhenta}Pfot_ectiu_hl S
ereninienasement Programs . -

»USNRC

Wuiied Sans Feniva Rogelemare Caomaingon

I_‘;n;tdiug /i'op/( syd Ui Farsiroumaint

Site-Specific Rulemaking: “EUSNRC
Commission Direction e ——"
« SRM-SECY-08-0147 (March 18, 2009)

“ ...proceed with rulemaking in 10 CFR Part 61 to specify a requirement for a
site-specific analysis for the disposal of large quanfities of depleted uranium
(DU} and the technical requirements for such an analysis ... develop a
guidance document for pubhc comment that oullines the parameters and
assumptions to be used in conducting such site-specific analyses ...."

¢ SRM-COMWDM-11-0002/COMGEA-11-0002
(January 19, 2012)
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SRM-SECY-08-0147 “KUSNRC

United States Nuctewr Registiwory Comrissian

Protecting People and thy Envirewsnorn

» 2009-2011 Activities
~ 2 public meetings (2009)
~ G meetings with Advisory Committee on Nuclear Waste
~ Prepared regulatory basis and draft rule text (May 2011)

— Solicited public feedback
= Created docket
s+ Public meeting (May 18, 2011)

+ Completed Initial Rulemaking Package (Fall 2011)
- Performance assessment required to meet §61.41
« 20,000-year penod of performance {quantitative)
» Post 20,000-year evaiuation {0 peak dose
~ Intruder analysis to meet §61.42
+ 500 mrem dose limit to intruder

SRM-COMWDM-11-0002/ ~ FUSNRCG

COMGEA-11-0002 (Jan 2012)

Laiind Saares Nudo s Zoguhitary Comminion
puecting Prople avd rbe Egviromment

Flexibility to use current International Commission on Radiological
Protection (ICRP) dose methodologies

Two-tiered period of performance:
-~ Tier 1. Compliance period covering reasonably foreseeable future

— Tier 2: Longer period based on site characteristics and peak dose to a
designated receptor, that is not a prior

Flexibility to establish site-specific waste acceptance criteria (WAC)

based on the resulls of the site's performance assessment and
intruder assessment

Balance Federal-State alignment and flexibil

152




2012 Public Outreach FHUSNRC
Campaign

Prorecting People and the Envivonyent

LOCATION DATE EVENT

Phoenix March 2 NRC-Sponsored Public Meeting #1
(following Wi2012 Meeting)

San Francisco April 23 LLW Forum Spring Meeting
Orlando May 7 CRCPD/OAS Annual Meeling
Dallas May 15 NRC-Sponsored Public Meeting #2
Tucson June 22 EPRI Annual LLW Meeting
Rockville July 19 NRC-Sponsored Public Mesting #3

January 2012 SRM: R USNRC

Urizd Suim Nuctoar Regatatory Compiinion

PUinC Mee ting Fee dba Ck Prosccting Peaple and the Envirommnent

ICRP Recommendations
— General support

1 4

Time of Compliance/Period of Performance
— Two-tiered approach: general support
— Term “Foreseeable Future™ mixed response
= <1000 yrs; 1000-10,000 yrs; >10,000 yrs
Term undefined

- WAC
— General support

*  Compatibility
~ Preserve ftexibility and maintain
neutralify




January 2012 SRM: WUSNRC
Comment Categories (%)

« TOC/POP Definition* 20%

> "Other” 710%

» Waste Classification Tables 70%
» Site-Specific Periormance Assessment 9%
> [CRP* 9%

- Compatibility Issues™ 2%

> Disposition of Depleted Uranium 8%

- WAC* &%

» Human Intrusion 6%
« Duration of institutional Controls 5%

Proreeving Prople s the Enpiroruen)

[Approxitiiately 200/ comments, questqons and: suggestrons oubmi'
{IPercentages are approximateiand do not: total 400% 0

Times of Compliance f%‘KUSMijC
at a Glance

Pruseeiing fenple and thx Boupivoemnont

EPARCRA Chem @ Disposal , 30+ yrs Nan-technical™

Uranium Mil Tailings Rad LL Remediate 200 yrs (<1000 yrs) Non-technica)

Part 20 Decommission Crileria Rad VSL Release 1000 yIs Techaical

DOE Ortder 435.1 Rad SL Disposal 1000 yrs Non-technical

LLW Disposal Facity Rad SL Disposal f10,000 yre) Tachnical

(10 GFR 61)

EPA Undergroung Injeclion Chem w Disposal 10,000 yis Technical

DOE WIR Delerminalions Rad SL-LL fRemediate  DOE: 1000 yrs Techncal
NRC: 10,000 yrs

DOE Siting Guidelines Rad LL Screening 100,000 y1s Technical

(10 CFR 380) Aclion

EPA HLWISNF/TRU Rad LL Olsposal 10,000 yrs Technica)

Generic Standerds (Part 60)

EPA HLW/SNF Rad LL Disposal 10.00Q y1s — 15 mrem Tachnical

Site-Specilic Standards 1,000,000 yrs — 100

(Par 63) msem

L
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Remaining Steps W USNRC

United States Nucicar fegatatary Commindaa
Lroterting People and the Envivonmant

« Brief Advisory Committee on Reactor Safeguards
~ April 2013

- Submit Rulemaking Package to EDO
— July 2013

o Seek Public Comments
— Late Fall/lEarly Winter 2013
— Subject to Commission approval
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YUSNRC

= United States Nuclear Regulatory Commission

Pratectmg People ami tbe Environment

"_Performance Assessment Approaches &
Methods - NRC’s LLW Program

Rafeb (BOby) Abli EId Ph. D. (hni)\ abu-cid@nre.cav) '

Dn’mmn of Waste Management and Environmental Protection

U SvNuclear Regulatory Comimission,
Waslmrgz‘on D.C., 20555 USA

Bﬂateral Dlscusswn with Japan Atomic Ener y Agemy
~(JAEA)
Mm'c_*_h 21, 2013

#USNRC

United States Nuclear Regulatory Commission

Protecting People and the Environment

What is assessed?
' Whal ean happen?
How likety is it?

Designand | Whal ean resull?
Wasle Form =

Perlormance
Assessment: Davelop ;
alegmmg Concept
process Modets / | How is it conducted?
E: .« Coflect dala
B i+ Deveop steenific madels
evelop 4 « + Develop compuler cade
ericaland  © ! * Analyze resulls
uter Models | e es—eene

+ Complex system
.+ Syslemalic way (0 evaluale dala
¢+ Internalionally acrepled approach
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& USNRC 10 CFR Part 61 Subpart C

Unlted States Nuclear R

Protecting Prople and the Environment P e} rfo rmance o bj (] ct i ves

§ 61.41 Protection of the general population from release of
radioactivity: (annual doses not to exceed 25 millirems to the
whole body, 75 millirems to the thyroid, and 25 millirems to any
other organ and maintain effluent releases ALARA).

-§61.42 P_rotectioh nof individuals from inadvertent intrusion:
(Design, operation, and closure of the disposal facility must
ensure protection of individuals from inadvertent intrusion).

§ 61.43 Protection of individuals during operations: (Operation
must be conducted in compliance with § Part 20 and effluent
- releases shall be governed by § 61 41).

§ 61.44 Stability of disposal site after closure: Sthe LLW facility

‘must be sited, designed, used, operated, and closed to achieve

. long-term stability) so that following closure, only surveillance,
monitoring, or minor custodial care are required

(’ﬁ? USNRC NRC ’s'_Approach toRlsk.[nformed,

United Stases Nucl

Performance Based Assessments for
LLW & Decommissioning

Facilitate application of risk-informed and performance-based

implementation of the NRC’s rulemaking, licensing, and oversight

functions for LLW, including waste incidental to reprocessing, and
decommissioning on a case-by-case basis. BEIAE

Staff engagement in development, maintenance, and evaluation of -
probabilistic environmental models and codes for risk/dose analysis.

Use of probabilistic distributions as inputs to uncertain physical and
behavior parameters, particularly in-independent staff reviews.

In review of DOE waste incidental to processing determination, the staff
utilizes risk-informed performance-based approaches including.
uncertainty/sensitivity analyses and alternate conceptual_modéls; The risk
insights gained during the review are utilized to establish the monitoring
areas for a site = S e

Use of probabilistic tools with sensitivity/uncertainty analysisto
demonstrate compliance with the dose criteria e :

Protecring People and the Environment
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@% USNRC NRC’s Integrated Risk Management

Unlted States Nuclear Regulatory Commission
Protecting People and the Environment

_ - Objective
Manage the risks from the use of byproduct, source, and special nuclear
materials through appropriate performance-based regulatory controls and

oversight

Goal

Provide riskfinforiﬁ'ed and performance-based defense-in-depth protection to:
« Ensure appropriate barriers, controls, and personnel to prevent, contain,
and mitigate exposure to radioactive material according to the hazard
_ present, the relevant scenarios, and the associated uncertainties

Ensure that the risk resultmg from the failure of some or all of the
estabhshed barriers and controls, mcludmg human errors, are maintained
acceptably low |

' USNRC

Unlted States Nuclear Regulazory Commission

Protecting People and the Environment

Decision-
Making
Process

Use a dis_ciplined
process to achieve the
s e risk management goal
%: Analysis | : TBN et 5

AssUmpBons,
Uncarta!nlles

s-ar\_slu_wua_s N :‘ o Z" L] _ Deliberation
§mkaho:ua m | : Process :

nput
Decision &
l'm.plemenlalip-n
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CQUS NRC Technical Analysis Techniques and

Unlted States Nuclear Rezulatory. Commission D e] ib eratio n

Protecting People and the Environment

Deliberation .

Danne appropnalu isyulalury controls and
ovarsigh! 1o meet dsk manageinent goa! relaiad
o nsk-Informad and parformance -based

gefensa in dagpth -

T i
]— Decision Crileria | r Legal Requirements J

1
1
1
1
1
!
i
‘
]
| Resouree Implications | Siakeholder Views l !
)
]
)
)
]

f Technical anzlysis

Uncenainlies and
Sensilivilies

including faclors tor L
“(':: uding kno wnou _Quanlitalive components
unknown unknowns"”) Y

[ | |
l PRA | PA 1SA Qualitative ‘ Traditional I

Engineering Analyses

fnal includes both qualitalive and

e——)‘ An organized process of characlarizing risk

Complex Facliity Simapler Facility
Infrequent events More frequent events

' USNRC IAEA Safety Case Components

Protecting People and the Environment

o
3

’ A !
o

=4
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cgf))?US NRC Sources of Radioactive Waste
Fos 5 e & Waste Types

Unlted Seates Nucl
Protecting People and the Enwrorsmm

= Nuclear fuel cycle
Mining of ore (NORM)
Uranium milling (Mill tailings)
: Conversion (LLW)
= Enrichment (LLW)
= Fuel Manufacture (LLW)

o Nuclear power production, isotope production
~ and use (Spent fuel, LLW)

Reprocessmg (HLW, TRU)
o Waste disposal |
Lt Non-fuel cycle (Naturally Occurring and
- Accelerator Produced Materials)

<‘§/))7’ US NRC NRC Waste Classification Table for Long-
e Lived Radionuclides

Protecting Peaple and the Enviroument

Radionuclide Concentration

C-14 206,000 MBq/m® -
C-14 in activated metal 2,960,00 MBg/m®

Ni-59 in activated metal - 8,140,000 MBg/m?®
Nb-94 in activated metal 7400 MBg/m?
Tc-99 111,000 MBg/m?
1-129 ~29.6 MBg/m?

Alpha emitting transuranics - 3700 Bg/gram
with % lives > 3 years

Pu-241 129,500 Bg/gram-
Cm-242 740,000 Bg/gram

Note: If concentration is < .1 Table value, waste'is Class A. If concentration
is > 0.1 but less than or equal to Table value, waste is Class C. If
concentration is > Table value, waste is greater than class C.. C 10
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U‘.S.NRC NRC Waste Classification Table for
e e Short-Lived Radionuclides

Protecting People and the Envivonment

Radionuclide . Concentration, MBg/m3

Col. 1 Col. 2 Col. 3

Total of all radionuclides with < 5 yr half-  25.9 X 10¢ n/a nia
life ;
H-3 1.48 X 610 n/a n/a

Co-60 259 X 106 nia n/a
Ni-63 2 129,500 2.59 X 108 25.9X10°

Ni-63 in activated metal 1.30X10°  25.9X10° 259X10¢

SHEOp At san i 1480 5,55X108  2509X10°

Coldedr e 37,000 1.63X106 170X10°

/ Note: If.concentration does not exceed column 1, waste is Class A. If concentration
is >col..1 and<'col. 2, waste is Class B. If concentration is > col. 2 and < col. 3,

- wasteis Class G, If > col. 3, waste is not acceptable for near-surface disposal
s e TE : 1

K USNRC  ALLW Disposal Design Concept

Unilted States Nuclear Regulatory Comsmission
Protecting Peple emd the Environment

Trench
Monltoring Well

Vegetatlon

Surface Dralnage |
Qilch

Waste Packages <

Interios Moisture
Barrier

5 — Collector Sump

PR

Low-Permeabllly Membrana 2T

Diacharge Line

Foundation Draln Trench, Pipe, — 1 Interiar Draln
Filter Scil, and Filter Cloth

Foundation Dralnage Bfanket

NUREG-1573
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*USNRC Steps in NRC NUREG-1573

Unlted Stavss Nisclear Regulatory Commission -

ProectingPegle and e Exironmene PA Methodology Reviews

Siep o 2

» Data evaluation I

+ Conceptual models & scenarios T |

» Parameter distributions ol _

« Mathematical models & codes . dms

Formula r""
° _vosate

- Consequence modeling & analysis

« Sensitivity & uncertainty analysis

- Initial evaluation of site performance
» R-evaluation of data & assumptions
« Assessment of compliance with

10 CFR 61.41 & §61.42

i \
! We W CFAFanCl |
,»  Wiaroe & Blon
+ (DArNUSIEC-12009 !

ngf USNRC Specific Processes Considered in
e NRC LLW PA
Insiwe)ion
Infiltration -

UZ Flow = -
Eng. Barrier Performance o

» Container Breach

» Waste Form Leach

« Source term releases
VZ Transport
SZ flow and Transport
Surface water transport
Exposure scenarios &
pathways transport

Dose to human

axr y 1443

NUREG-1573 _ T e e |

Oeoximayy
Y
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CﬁU.S.NRC NUREG-1854 PA Reviews Generic
United States Nucledr Regulatory Commission A p p r o ac h es

Protecting People and the Environment.

Discusses the main areas that should be addressed during a WIR review;
applies to all four WIR sites (SRS, INL, Hanford, West Valley); It is risk-
informed and performance-based. Based on existing NRC guidance (e.g.,
NUREG-1573, NUREG-1757) as well as staff experience

Theb ?;,ni'dance emphasizes the need for adequate modeling to support its
stability.

The amount of model support is to be commensurate with the risk
significance of the model

Model support may entail multiple lines of evidence

The guidance recognizes that traditional validation may not be possible for
some PA models

Technical basis is needed for the performance of intruder protection
systems

Types of ,scena'r'io‘s- e'nvis.ioned: residential, agricultural, recreational,
hunting & fishing, well-driller, construction, or others

Site stability PA includes:
~ Natural stability of the site (e.g., effects of floods, erosion)
— Stability of the waste (e.g., potential for differential settling)
- — Stability of the engineered facility (e.g., vault degradation)

United Srates Nuclear Regulatory Commission

Cﬁ? USNRC Intruder Scenario Used for LLW PA

Protecting People and the Environment

Intruder Construction

Inhalation of

Direct radiation from
dust cloud
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- USNEC Intruder Agriculture Scenario
Protecting People and the Environment f or LLW P A
: NOTE: Incfudes madified food
pathways to accounl for non-
equilibivm deposition and

subsequent root uptake: (i) plant-

human; (it} plant-animal-human;
and (i) plant-animal product-

@ human
Plant-to- Plant-to-
Deposition animal animal-to-

of duut productto- human
human

A

C?%U.S NRC Schematic lllustration of Examples of

United Seates Nuclear Regalarory Commis: sion

Prosecting Pecple and the Euvirowmen: Exposure scenarlos for DU Disposal

Chrenis famuder RESIdER

Houze with -
Gerden basemant Fguza with
Bos ] basement

] { B

—_

Domestie
wells withdrawsal
contaminatsg

Damastic water

Wl

il
L oung ViSket

e e e mr Em e Em e
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Unlted !.\'Int:s.Nué'lear_ Regilitory Commlssion
Protecting Peaple and the Environment

GoldSim .I : : gy B It Quisds 34 PERT ]

: = 8 ¢
DU Disposal Model T

Foundasn_cell S04 Lyer 0 EAD

' G
E‘ E' e E P Ch.r_n‘I

s USNRC

United States Nuclear Ragulatory Commission

Protecting People and the Enviromnent

PA Approach: Representation of LLW System, Conceptual &
Mathematical Models, and Estimated Performance

! ! E

nhliatca Groundwsttx_lranmapedl  Soyzentitiony _n_liea

Real system

=T | Estimated future
o e ol BN performance

et e wre i [2s)
i 4 AT AN e e e,

SRRl

T

P i (Y IAT,
T tarayt BAMEI g Lt ST b
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i USNRC An Approach to Uncertainty Analysis

Unlted States Nuclear Regulutory Commision
“Protecting People and the Environment

Eotimota Ristributions of Voalues
var Paramgefare w. .y, and x

A /m/,-,\-_ fwh
~ | -

Input Disyibdilens intc Mooe!

Producy Olztriburian of Maoda) Aecuits

Dane Lirmle
o

Dose

a = Pronaniiiry ol Doga LI
Balng Bxcocon oo

SE—
MaxtMean(t)] £ Regulatory Limit

where:

N
2 Doser(t)

Mean(t) = X=7 N

Dosey (t) = doses at inve ¢t forrun k
nurmber of Monte Carlio runs
tirm=

FFUSNRC

United States Nuclear Regulatory Commission
Protecring Peaple and the Environtent

Dose - Time PA Outputs
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LUSNRC.

Unlted:States Nuclear Repulatory Compilision
Protecting People and the Environtiens

PA & Integrated Risk Regulatory Issues

How to treat._future' site conditions, processes, events, and climate
change

Exposure scenarios and compliance dose criteria

Performance of engineered barriers

Timeframe for LLW performance assessment

Treatment of sensitivity and uncertainty

R_o‘l_e of performance assessment during operational and post-
closure periods

Overall integration of site characterization, facility design
performance assessment, and safety analysis

Bench-marking and QA/QC issues
Stakeho_l_ders inputs
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