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1. Low-level and Mixed Low-level Waste Management



The experience of managing and treating of Low-level and Mixed
Low-level Waste generated at ORNL, including classification criteria and
regulations and storage management requirements. And what emergency
measures will be taken once the accident happen. In addition, how to
evaluate the impact on the environment. Besides, are there any plans in
the future can make management more humanized and automation.

2. Decontamination and Decommissioning of the 2000 Complex Facilities at
ORNL

The experience of decommissioning of the 2000 Complex at the ORNL where
was completely decontaminated and decommissioned between spring of 2009
and winter of 2010. What is the background of the incident, and how to
choose the most appropriate way of decontamination, what factors need to
be considered. After decontamination is complete, what is the follow-up
planning for the site...etc.
3.TRU Waste Treatment

The experiences and work procedures of the state-of-the-art treatment
techniques of the TRU waste , includes on-site waste retrieval and
transport to the waste treatment facility, treatment, and packaging of
TRU and associated low-level radioactive waste streams for final safe
off-site disposal at other facilities. And how to calculate other isotopes
to equivalent weight of plutonium 239.

What type of containers used to package TRU waste, and what is the

design of the packaging container. Once the contamination occurs, which



treatment methods can be taken to minimize the damage. What protective
measures and equipment needs when handling. Furthermore, are there any
plans in the future can make TRU treatment more safety and automation.
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B > ¢ 40 INHAY SRS E ERVE T AVHREE -
(C)¥RJEERER (Burn Test)  RAE AR 203 THIE BHIRAH » BhOK BRI 22 21 800
CHERE 30 479 -
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TRUPACT-II Testing

Nuclear Regulatory
Commission-certified
transportation package

10 ~ HEERN A EER

A.TRUPACT- II

TRUPACT- IT ([&] 11) A [ETHIEES B P S MY e A s SR 2 fele
wE A asIEGT - VB RS E - NfEH 25 A EREMmEEE -
NP Z B 4wl g DL 4R T g 8 E - TRUPACT- 11 {E e SHET - 7K
2t BV BRI AEAEE 72 PSS AEL T - TRUPACT - I BB 212 (5 7] 58
SR  EE AR E ST [ TRUPACT - I | T [EITH A I L 45 A
AR ] S OREE DR > PIARZELE R A B B B SR Y 20 % -

TRUPACT- T {Y R~ A/ N EARLY 2.5 m ALY 3 m o —( TRUPACT - I A %5
WYREAT 14 18 55 e AERd(E SWB » 2¢—{E TDOP © SfE#X TRUPACT- IT A 78575
PRHVEET I AAN 14 {8 55 Dt o {H DOT EFF AL E R E A vl 36,620
N Z PR @
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Weight

TRUPACT-II

Protective Stainless " . i 19,250 Ibs. loaded

Steel Skin
Matarial
1/4" to 18" Thick —_ il
o Stainless Steel

Polyurethane Foam
Ceramic Fiber

Honeycomb
Impact Limiter

——

Insulation

Lytherm Insulation
1/4" Thick

Inner Containment g
Vessel 726" 1D, ——f—»
1/4" Thick

Outer Containmant
Vessel 73.6" L.D.
1/4" Thick

Foam 10* Thick — | >~ ..

Honeycomb / 3 '\

Impact Limiter
Forklift Pockets

]

11 ~ TRUPACT-TI 7/RE

B.HalfPACT

Hal fPACT([&l 12) /% TRUPACT- Il 4 R hf i iX 75 a5 - A astVas 81 TRUPACT-
0 —8% » WEHA RESRET NG R RS B Frigak - RS RN BER
2.5 AR & 2.25 AR o —{# Hal fPACT s&ETa&4% 7 il 55 fismriel—(E
SWB « %l WIPP 2~ H i 2 v/ #E = ([ Hal fPACT 2588 » FHFAEAH Hal fPACT
A g BRI A B S B A REEREY) - Sk DA B TRV A
ENVGOEE R

15



HalfPACT

Protective stainless
steel skin =

Polyurethane foam

Aluminum honeycomb /
impact limiter il

Inner containment
vessel

Outer containment -~ :
vessel gt

Aluminum honeycomb ___—
impact limiter

Polyurethane foam X v\ h 4

Forklift pockets
The HaNPACT holds seven drums, each
weighing approximately 1,000 pounds

12 ~ HalfPACT /R E[E]

C.RH-72B

PRIRy RH-TRU SR IAIES R SR s - WAL A #iE1% » RH-72B 588 R
TRER 1 AR BY 3.6 ARZKEN » WA 5/8 WHERISEA I ATA %
A B8R & - H 40 TRUPACT- I Kz Hal fPACT HYsksT » Wili 7o 2E Bl
R EE B TR AP FE4E B 83 (Impact Limiter) @ AMNE BB 4SBT (R A et o

TEAE K SERIBHR (AN 13) -

13 ~ RH-72B #ik¥#s
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& TRU BEY)E £ WIPP @RESN - Bicted TRU EixAasiEnd LR A5
JuiRkRel% - PR IEI A 23T ERETEYR A (WHB) - 78 WHB 1 HEMi R
[ (CH bay) N A & TRUPACT - 11 % 1 25 2535 (TRUPACT- T Docks, TRUDOCKS )
EAPU R G REEE M > o] TRUPACT- I K2 Hal fPACT %475 236HRL > #ET CH-TRU
FEFEYIHIEN - CH-TRU JRGREEMA S HE - WIPP A B Sl B Gitedr s m s
BEINEEN - PR GE AR » B E ARG - IBEE - DR
s DA R IR BLATHIRRE - S99 MBI 88 2 RIE S AN E i DAREH -

22 CIAEAS R SRR BT - BLEE WIPP A\ B BRI ARy il
IoNERE > Bk 49 CFR 173 B 178 ZERZEASHASEEITIEMIIESE - HeimEN
BR[O R BRI - SR O] 22 20 - HIE CH-TRU 2 2 PR B & TR
HPfF » WIPP (EAE TR TR EIN Ry e e U MR TR Y - R RS RS A aa B
THER G I B RN R LB R - AR 22 A A R -

SSAIRTAI > AERESRITIL RE-TRU 2 55 NimiESE 7 asyMNel AT/ IRRENT » 3%
55 ot Er$E A RH-TRU BEEEYIRE A NIE - B AN TR EEESLT I
PR+ PRl ZE T LA i -

3.TRU BEEEY) Z BEEER
4% WIPP WAC(Waste Acceptance Criteria) » fE#EfT TRU BEEEYIREUR » 7H
] Sy S E AR Ry Pu-239 2 M B & (239Pu fissile gramequivalent, FGE) ~
Pu-239 & &GS (239Pu equivalent curies,PE-Ci) DARENEERZ U MR flE
171 -
(1)Pu-239 EREE
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Pu-239 & RUEFEAVIEL SR A (S BRI TRU ROREATIERE PRt
Pu-239 B BUERESEHATIE BIUH B I  PMRER 2 TRU H5HEHY
B PEFTRERL V22 085 - Pu-239 Y AT IE B S RN T 2 2%
fich o B T RS BRIBA - BELL SO SRR BRI B2 O R R
RT3 EL 5 TRU AR AT HE

Pu-239 & RIS F B AT TRU BARRAO NIEER T3 RO PR DL
FAREAYS 6 » Pu-230 3 BSERE (M) 2 HEASUATT - g
K 5 TRU BURHERARAIRE » Al U MRG0T » WEi AR RO

B2 PE-Ci IRERT - WFi @I 0,
" E

i

Hrf Bo (rem/mCi) /2%5 Pu-239 £ 1.0 mm JEE P HZE R T EK
(aerodynamic diameter, AMAD) Z{fhr - AIEFHEMEIR AMRESFSZ 50 45
MESMERZER Bl QGBI 1.0 mm JEE P BZERETIE
& (AMAD) Zfoh - AIEEEAGEIR AMREFHR Z & 50 FAMEIHERZE
B o AV N T WE A0iE 14 Fors
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Table PE-Ci Weighting Factors for Selected Radionuclides

Radionuclide Pulmonary Weighting Factor
Clearance Class'

223 Y 3.9
ZNp W 1.0
Z6py w 32
Zopy w 1.4
Z9py w 1.0
#0py w 1.0
#1py w 51.0
2py w 1.4
21Am w 1.0
23am w 1.0
*2cm w 30.0
2Cm w 1.9
22cF Y 3.9

W) Weekly, (Y) Yearly

14 ~ 5 8 si%E WFi =

() HEBRE R Pu-230 ZHEEE

K
Pu-239 FGE = Y A1 /WFi
1=1

ARAE AL By i B WE EE 0 [ 15 RIREE R ahiziE s i
BHEERFE » SRR PT{SAT Am-241 R Pu-239 HAIFERF(WFi)Z 1.0 AT
TRU & 52 1 U AL AE Ry Il — R - NS HH % A =BT AT B H H FGE fH -
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BATIEEZ2EER] 60.12.15 FHEEHm.

ERES LA IEELE (Ci/g)- ‘
Am-241- 3.24¢ +
Cs-137¢ 9.82%10¢ 4
Co-60- 1.14%10% .
Pu-238+ 1.68*%10- 4
Pu-239« 6.1%¥1072 .
Pu-240- 2.27*%10% 4
Pu-241. 1.14%10% .
Pu-242s 3.9%103 4
U-233« 9.5%103. .
U-238+ 3.33*107- 4
U-235(100%)« 2.14*10°%. .
Th-232+ 1.11*107 4
Sr-89- 2.88*%10% .
Sr-90+ 1.45%10% 4

15 ~ ' s e E

(3) A ERETK

H— TRU BEEYIR B S N e ZHAT Ry Pu-239 ZAHEE & (FGE) ~ Pu-239
ERIEE (PE-C1HEAREZK - rhlaiE 16~E 20 s -

FARFTREANER B BEEY P e v K Z M Ry Pu-239 RS
KINTHEEREIE

A S5 Tl RS 200 52

B AR ST EILITA KRR 175 A% » BEEAFKR 350 A%
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Payload Container

Packing Configuration

PE-Ci Limit

55-, 85-, and 100-gallon drum | Direct loaded — all approved waste forms other than =80 PE-Ci
solidified/vitrified waste
Shielded Container Direct loaded — vented 30-gallon inner steel drum — all =80 PE-Ci
approved waste forms other than solidified/vitrified
waste
SLB2 Direct loaded — all approved waste forms other than <560 PE-Ci
solidified/vitrified waste
SwB Direct loaded (or a bin) — all approved waste forms =560 PE-Ci
other than solidified/vitrified waste
TDOP Direct loaded — all approved waste forms other than =800 PE-Ci
solidified/vitrified waste
85-gallon drum Overpacking an undamaged1 55-gallon drum — all =1100 PE-Ci
approved waste forms other than solidified/vitrified
waste
SWB, TDOP Overpacking an assembly of undamaged' 55- or 21200 PE-Ci
85-gallon drums with no single payload container within
the assembly exceeding 1100 PE-Ci — all approved
waste forms other than solidified/vitrified waste
TDOP Overpacking an undamaged' SWB - all approved <1200 PE-Ci
waste forms other than solidified/vitrified waste
Pipe Overpacks (Standard, All approved waste forms =1800 PE-Ci
S$100, S200, and S300)
All Solidified/vitrified waste =1800 PE-Ci

'An undamaged container provides an additional barrier should a breach occur in the overpack. When
overpacking one or more damaged waste containers, direct loaded PE-Ci limits apply.

16 ~ CH-TRU FEZEYHEE S PE-Ci[R{E

Payload Container Packing Configuration PE-Ci
Limit
RH-TRU Waste Canister <240
. .| All approved waste forms other
95-Gallon Drum (shipped in | . " idified/vitrified waste =5
a 10-160B)
RH-TRU Waste Canister
Solidified/vitrified waste = 1800

55-Gallon Drum (shipped in
a 10-160B)

17 ~ RH-TRU BEEYHEE S PE-Ci[R{E
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Payload Contents py FGE Limit ®9py FGE Limit
[Removable_!Welded Lid (Neutron Shielded
Canister) p
Canister)
Non-Machine-Compacted Waste
Be/BeO limited to = 1% by weight of the =315 =245
waste
Be/BeO limited to = 1% by weight of the =325 = 245
waste including credit taken for = 5g of **Pu
Poisoning'
Be/BeO limited to = 1% by weight of the =350 = 245
waste including credit taken for = 15g of **"Pu
Poisoning'
Be/BeO limited to = 1% by weight of the =370 =245
waste including credit taken for = 25g of 2*"Pu
Poisoning'
Be/BeO > 1% by weight of the waste and is =305 Unauthorized
chemically or mechanically bound to the
fissile matenal
Be/BeO > 1% by weight of the waste and is =100 Unauthorized
not chemically or mechanically bound to the
fissile matenal
Machine-Compacted Waste
Be/BeO limited to = 1% by weight of the =245 =245
waste
Be/BeO > 1% by weight of the waste Unauthorized Unauthorized

"The minimum 2*'Pu content for the RH-TRU waste canister shall be determined after the subtraction of
two times the error.

18 » RH-TRU FEEEY)E A5 RH-72B 2 FGE [R{E
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FGE Limits with No Credit for Pu-240 Poisoning

SWB(s)

Fissile Limit
Fissile Limit per Fissile Limit per
per Payload TRUPACT-II HalfPACT
Payload Container Package Package
Contents Container (Pu-239 FGE)” | (Pu-239 FGE) (Pu-239 FGE)
Not machine Drum 200 325 325
compacted with Pipe Overpack 200 2,800 1,400
< 1% by weight SWB 325 325 325
Be/BeO TDOP 325 325 NA®
Not machine Drum 100 100 100
compacted with Pipe Overpack 200 2,800 1,400
= 1% by weight SWB 100 100 100
Be/BeO TDOP 100 100 NAS
Machine Drum 200 250 250
compacted with Pipe Overpack Unauthorized Unauthorized Unauthorized
< 1% by weight SWB 250 250 250
Be/BeO TDOP 250 250 NA®
Machine Drum 200 325 325
compacted with Pipe Overpack Unauthorized Unauthorized Unauthorized
controls® and = 1% | SWB Unauthorized Unauthorized Unauthorized
by weight Be/BeQ | TDOP Unauthorized Unauthorized NAT
Machine Drum Unauthorized Unauthorized Unauthorized
compacted with Pipe Overpack Unauthorized Unauthorized Unauthorized
> 1% by weight | swB Unauthorized Unauthorized Unauthorized
Be/BeO TDOP Unauthorized Unauthorized NA-
FGE Limits with Credit for Pu-240 Poiscning
Minimum Pu-240 Content in
Payload Fissile Material Limit per Package
Contents (grams) {Pu-239 FGE)
Not machine L3 340
compacled with
< 1°)E by weight 15 360
Be/BeO in drums or 25 180

MNotes:

@ The FGE limit given applies 1o the payload container regardless of Pu-240 content in the package.

@  The contents shall be machine-compacted waste in the form of “puck™ drums and meeting the conditions
specified in Section 3.1.1

3 Not applicable.

19 ~ CH-TRU FEEYBEEE S FGE [RIE

FGE Limits with No Credit for Pu-240 Poisoning

Fissile Limit per RH-TRU Canister

Contents (Pu-239 FGE)
Not machine compacted with <1% by weight Be/BeQ 315
Not machine compacted with =1% by weight Be/BeO 305
(chemically or mechanically bound)
Not machine compacted with >1% by weight Be/BeO 100
(not chemically or mechanically bound)
Machine compacted with 1% by weight Be/BeO 245
Machine compacted with =1% by weight Be/BeO Unauthorized

FGE Limits with Credit for Pu-240 Poisoning

Minimum Pu-240 Content
in RH-TRU Canister Fissile Limit per RH-TRU Canister
Contents (grams) (Pu-239 FGE)
Not machine 5 325
compacted with <1% 15 350
by weight Be/BeO 25 370

20 ~ RH-TRU FEEY)EEZE S FGE [RIE
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OAKRIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FIER TAT DERARTSAENT OF ENERGY

PO Bog 2003
Ok Ridge, TH 378315417
[B0%) 241-1645

April 2. 2015
Dear Tzu-Hsing Chou:

To help ensure that you receive the appropriate business visa on entry to the United States (11.5.),
please provide this olficial invitation letter to the U8, Border Agent upon entry to the 1S,

NOTE: Business or professional visa required fir ALL non-U.S, citizens visiting the Guk Ridge
National [Laboratory,

Fzu-Hsing Chou is entering the U8, at the invitation of the 1S, Department of Encray's Oak
Ridge National Laboratory (ORNLY in Oak Ridge, Tennessee. 1o conduct business activities of
attending and fully participating in ORNL business and scientific meetings, and conducting
rescarch at ORNL. during the period of July 4 through July 12, travel time is July 4 and 5, work
time July 6 through 10 and travel time hack w Taiwan July 11 through 12, The Entry Stamp
should reflect cither B-1 or YWB entry status, as appropriate, in order for Tzu-Hsing Chou to
conduct the described busmess activities at a federal installation

1t is the yisitor’s responsibility to communicate with staff at the embassy or consulate
issuing the visa (if necessary) and to the Agent at the point of entry into the U.S. that the

se of the visitis to conduct business. 11 asked about touring or sightseeing onee in the
LS., the answer should be *no, the purpose of my visit is to conduct husiness at the Oak
Ridge National Laboratory,” Before leaving the consulate gnd the Agent at the point of
entry, the visitor must ensure that the Form 1-94 or the passport visa stamp references B-1
or VWE and NOT B-2 or VWT. If the Agent made an error, request a correction so that
the document{s) reflect B-1/ VWB status,

Individuals who enter the US. om a tourist visa (B-2 or VWT) cannot participate in the
Labaratory activities beyond the level of somevne coming by for a tour or a short meeting

Many come frem countries where the visa waiver program is active (list below ) und as you arrive
b your LLS, point-ol-eniry you must declare that you are coming on business - not for tourism,
Unlortunately, customs officers sometimes incorrectly identily yuu as entering as a tourist. This
causes endless problems, and iFyou are going o be al the Laboratory working in any capacity or
expecting payment or reimbursement it will be necessary to go 1o Nashville [nternational
Airport, stand in line and get your visa changed — an inconvenience — or worse — to both you and
the Laboratory. [1is essentind therelore that you have at the top of vour mind as vou meet the
immigration officer that you are entering for business purposes and that you verify that your visy
an 1-94 s correetly identified as busingss (B-1 or VWB) before leaving the olficer and entering
the 1L,

As i consequence of changing LS, Law, it is essential that all foreign national students,
seientists, wid technicians warking at Oak Ridge National Laboratory report to the Visiter Center
with either an appropriate long=term professional or student visa (ie., -1, F-1, H-1, or LPR) or
ona business visa (i.e.,B-1 or YWBE),
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Overview

or | t

Waste Isolation Pilot F’Iarﬁ

Transuranic (TRU) waste
composition and locations
«  WIPP purpose, siting and
Alton D. Harris lll geology

of + Inside WIPP
» Regulating Authorities
« Waste characterization
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« Contact- and remote-handleq
disposal of TRU

| » Operational resources

‘ e i Accomplishments
i

L — rjm

—
>u. \DEPARTMENT OF,
1 e

TRU Waste Sites Across the U.S.

Transuranic (TRU) Waste is radioactive waste containing
more than 3,700 Bq of alpha-emitting TRU isotopes per
gram of waste with half-lives greater than 20 years.

97% of TRU waste originated at six major sites
3% is located at 21 sites

*WIPP can accept only TRU waste
*HLW and spent fuel legislatively
prohibited
+>100 nCi/g (>3700 Ba/g ~1ppm):
«alpha emitting isotopes
“t,, > 20 years
*TRU ~ Greater Than Class C
«Two types of TRU waste

-Contact-handled (CH): <200 mrem/hr
(<2mSv/hr)

*Remote-handled (RH): 0.2 — 1000
rem/hr (.002 — 10 Sv/hr)

A cross-section shows the typical contents of a 3
200-litre drum containing TRU waste. +Legacy inventory ~700,000 drum
equivalents

Salado Evaporite Formation

\, /. Thedeepest and thickest
salt sequences suitable

> for deep geologic
are in the
horthern half of the
Delaware Basin

® Salt is its own indicator

of hydrologic stability

600 meter-thick salt

formation stable for over

250 million years

Lack of water

Easy to mine \

Self-healing fractures “"»\ derground
; 7 aste fgotprint

5 x thermal conductivity f 2 =T jotp

of typical crustal rocks & F

Salt “creep” will

encapsulate the waste

Ares underiain by beddod salt >3

Area of sat domes or sah antictines

Salt at great depth ‘flows.” It will encapsulate waste
and isolate it from the surface for eons

National Academy of Sciences, 1957 &
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« The Waste Isolation Pilot Plant
is the United States’ deep
geologic repository for the safe
and permanent disposal of TRU
waste inventories.

» Located approximately
42 kilometers (26 miles) east
of Carlsbad, New Mexico.

« WIPP received its first shipment
of CH-TRU in 1999, and RH-
TRU in 2007.

The old salt pile covered
with membrane liner and
~1 meter of topsoil

e

™ Salt shaft
gy, and hoist

Waste shaft

ks - and hoist
Wasfe-
handling
building

Waste Entry Shaft

P: 4: Filled

Air
Intake
Shaft

[Panel 6: Mining underway ]

655 meters

Each salt pillar left
in place is about
the same size as a
football field

WIPP’s Operational Capacity

WIPP will operate 35 years until 2035

The Land Withdrawal Act sets disposal capacity
at 176,500 m? (6.2 million ft%)

WIPP receives an average 5 shipments RH-TRU
per week

« Average 21 shipments CH-TRU per week

* The American Recovery and Reinvestment Act
of 2009 accelerates shipments g

Sak?

S WIPP Lies 655 meters Below Ground
U.S. Department of Energy facility

Designed for permanent disposal

of transuranic radioactive waste

2,150 feet deep

~—Swiiaigang
ewey Lake Redbeds

Rustler Formgig sS40

850
1000 f¢

Regulatory Allowed Capaci

CH - 168,460 m*

Plan View of a Waste Panel
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Mining completed by machine

in Permian salt formation

Panel 5 approved

for use by NMED in 2008

~ ~48,000 m* (1.7 million ft) of new
mining

- ~1,200 meters (4,162 ft) of new
drifts

— First panel mined west of main
access drifts
« Panel 6 mining currently
underway

Regulating Authorities

» WIPP is regulated by Federal and State of
New Mexico agencies including...
— U.S. Environmental Protection Agency
— New Mexico Environmental Department
—U.S. Nuclear Regulatory Commission
—U.S. Department of Transportation
— Mine Safety & Health Administration
— Occupational Safety & Health Administration

The Dance of the Drums—

Regulatory Highlights

» Compliance Recertification Application
— Required every five years until closure
— CRA documents continued compliance with
long-term disposal regulations
— Submittal to the Environmental Protection
Agency by March 26, 2009
— Recertification determination may take
12-15 months
* Hazardous Waste Facility Permit
Renewal Application
— Ten-year permit issued in October 1999
— Renewal application delivered to the New

Mexico Environment Department on
May 28, 2009
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Packaging and Characterization

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

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

$2,000-$10,000 USD per container depending on waste type and AK
pedigree

- All operations audited annually by CBFO with regulatory scrutiny

Mistakes here result in regulatory compliance orders and penalties

TRUPACT-II

Weight
5,763 kg empty
8,732 kg loaded

Protective Stainless
Steel Skin

.64 — .95cm thick- Material

Stainless Steel
Polyurethane Foam
Ceramic Fiber
Insulation

3.05m _
i

Honeycomb___
Impact Limiter

Lytherm Insulation -
64 cm thick

Inner Containment
Vessel 1.84 m 1.D:
.64 cm thick

Outer Containment
Vessel 1.87 m I.D-
.64 cm thick

Foam 25.4 cm thick—

Honeycomb_—
Impact Limiter

Forklift Pockets



Nuclear Regulatory
Commission-certified
transportation package

U.S. Shipping Corridors

Total shipments
thru June 2009

~14.5 million loaded

kilometers 20

L CH Disposal

to WIP

Waste containers are unioaded and lowered
655 meters underground for final emplacement

Waste is emplaced in rooms mined out of ancient
saltbeds. Magnesium oxide is placed on waste stack

1999 2000 2001 2002 2003 2004 2005 2006 2007 _ 2008 to limit solubility of radionuclides (engineered
Shipments Received by Calendar Year 2 {chemical} barrier)

Remote Handled In the underground, the
waste canisters facility cask is removed
are pulled fromthe  from the hoist and

shipping cask
behind shield transported to a disposal

doors and placed y
into a shielded L
facility cask for

handling at WIPP

room by a 37-metric ton (41 concrete shield plug is

CH- and RH-TRU Disposal

CH placed for disposal on
the drift floor

RH placed for disposal
within the walls

10398
8830

L= 7,922
7696
L a0t
- - 5264
2255
575
202
23 - .

999 2000 2001 2002 2008 2004 2005 206 2007 2008
24

RH waste in the canister is
emplaced in boreholes pre-
drilled into the walls of
disposal rooms, and a

inserted afterwards

Waste Disposed by Calendar Year
(in cubic meters)

32




People and Equipment

« 40 tractor trucking fleet (2 private carriers)
« 112 shipping containers (84+15+12+1)
= 5 mobile characterization lines deployed at TRU sites

J - 1000+ employee workforce:

*+ 50 DOE Carlsbad Field Office

« 45 Carlsbad Field Office Technical Assistance contractor
« 38 Los Alamos National Laboratory-Carlsbad

* 75 Sandia National Laboratories-Carlsbad

* 630 Washington TRU Solutions (M&O contractor)

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

10+ years of operation
7,555 shipments received

~300,000 loaded drum equivalent
containers disposed

Over 60,000 m3 TRU waste disposed
~14,484,096 km (9,000,000 loaded
miles)

~4 waste panels filled and closed

14 DOE storage sites cleaned of legacy
TRU waste

Zero releases to the environment
Zero contaminated personnel

22 consecutive years as New Mexico
“Mine Operator of the Year

"Title 40 U.S. Code of Federal Regulations—
Protection of Environment

Part 191 - Environmental Radiation Protection Standards for
Management and Disposal of Spent Nuclear Fuel, High-Level and
Transuranic Radioactive Wastes
Subpart A - Environmental Standards for Management and Storage
Subpart B - Environmental Standards for Disposal
Backup 191.13. Containment requirements

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

191.14. Assurance requirements
191.15. Individual protection requirements onc
Subpart C - Environmental Standards for Ground-Water Protection
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0 CFR 191

40 CFR 191.13.a Disposal systems ... shall be designed to provide a
reasonable expectation, based upon performance assessments, that the
cumulative releases of radionuclides to the accessible environment for 10,000
years after disposal from all significant processes and events that may affect
the disposal system shall be less than specified releases limits.

Features, events, and processes (FEPs) FEPs are screened according to:
Probability: If probability of FEP <10 in 10,000 years it is not included in
PA (e.g., meteorite impact)
Consequence: if FEP is beneficial to performance or is not relevant to
WIPP it is not included in PA (e.g., sorption, ocean rise).
Regulation: Certain FEPs are either screened in or out by regulation (e.g.,
mining, resource extraction following drilling).

Expected FEPs are included in Disruptive FEPs only included in
all scenarios, e.g., disturbed scenarios, e.g.,
» Creep closure # Drilling
» Brine flow » Mining
» Gas generation » Brine pocket 3

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

Release limits normalized by radionuclide and by total inventory

6 -
R z O, [ 1x10" curies
&y C
R = Normalized release in “EPA units”
=10,000-year cumulative release (in curies) of radionuclide i
Release Limit for radionuclide /
C = total transuranic inventory (curies of o emitters t;, > 20 years)
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Subsurface brine and gas flow

Radionuclide transport in the
subsurface

Gas generation

Upper Seal System

Brine and solids flow up a " t
borehole s —g

Permeability enhancementdue, | =
to fracturing ]

Room closure

Solid extraction by drilling
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40 CFR 191 (continued)

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

24 Conceptual Models Used in WIPP PA

1. Disposal system geometry 13. Cuttings & Cavings

2. Culebra hydrogeology 14. Spallings

3. Repository fluid flow 15. Direct brine release

4. Salado 16. Castile and brine reservoir

5. Impure halite 17. Multiple intrusions

6. Salado interbeds 18. Climate change

7. Disturbed rock zone 19. Creep closure

8. Actinide transport in Salado 20. Shafts and shaft seals

9. Units above the Salado 21. Gas generation

10. Dissolved transport in Culebra 22. Chemical conditions

11. Colloidal transport in Culebra 23. Dissolved actinide source term
12. Exploration boreholes 24. Colloidal actinide source term 32

Release Limits: CCDF is a
Measure of Compliance

Complementary Cumulative Distribution Function
10— — |

|
|
1 i
|
| ____——less than 1 chance in 10
01 1_c/'j’ of exceeding 1 EPA unit
|
|
001+ 1
! Less than 1 chance in
| / 1000 of exceeding
0001 LeZ__ | 10EPAunis
0000t | o J
0,0001 0001 001 04 10 100

; Y
R = Release (EPA Units)
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10,000 Possible Futures are Generated

for Each Vector

Results from CRA-2009 PA
« Each future consists of a series of B
randomly occurring drilling
intrusions.
The consequences of drilling
intrusions are calculated by
interpolating between
consequences at discrete times.
The cumulative release from one
possible sequence of events from
0to 10,000 years is called a future.

100 yrs
| 12

k] 10,000 yrs
4 i1 ] ]
(]

1 "
. i ' ' .



WIPP Compliance Posture

Disturbed Performance Undisturbed
(human intrusion) Performance

Results from CRA-2009

% R : Release = 0
£ = 1
2 . 1
2 . I
i-.- - L !
< T
. ‘
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1 | TRANSURANIC WASTE ACCEPTANCE CRITERIA FOR THE
WASTE ISOLATION PILOT PLANT

2 International perspective on repositories for low level waste
3 Improving Operations and Long-Term Safety of the Waste
Isolation Pilot Plant * Final Report

4 The Waste Isolation Pilot Plant - A Potential Solution for the
Disposal of Transuranic Waste

5 Risk and Decision About Disposition of Transuranic and
High-Level Radioactive Waste

6 INDEPENDENT REVIEW OF THE SLUDGE

SOLIDIFICATION WASTE TREATMENT PROCESS FOR THE
TRU WASTE PROCESSING CENTER AT THE OAK RIDGE

RESERVATION
7 Internal Dose Conversion Factors for Calculation of Dose to the
Public
8 DOE National Low Level Waste/Mixed Low Level Waste

Disposition Strategy
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