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Track 1: Crosscutting Policies and Programs (CPP)

Track 2: High-Level Radioactive Wastes, Spent Nuclear Fuel/Used Nuclear Fuel
(SNF/UNF) and Long-Lived Alpha/Transuranic Radioactive Waste (HLW)

Track 3: Low-Level, Intermediate Level, Mixed Waste, NORM, & TENORM (LLW)

Track 4: Nuclear Power Plant Waste & On-Site SNF/UNF Management (NPP)

Track 5: Packaging and Transportation (P&T)

Track 6: Decontamination & Decommissioning (D&D)

Track 7: Environmental Remediation (ER)

Track 8: Communications, Education and Training of Technical and Management

Issues & Impacts (CE&T)
Track 9: Special Topics Including Safety, Security, & Safeguards (ST)
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SN 22 5| SRERAZE  Critical Decisions (and Tools) for First-Time and
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3. Workshop—How to Become A Manager
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Waste Management Symposium 2016 Plenary Session
REFilE K= ig A B2y £k 2 (Plenary discussion) %1 [~ A7
Mg © John Clarke, CEO and Accounting Officer, NDA Board UK

Tom Jones, Vice President of Clean Energy Europe, UK
Monica Regalbuto, Assistant Secretary for DOE/EM, US

T EEHEE © 495 -5eArsTJohn Clarke)
FREEH : Sharing our approach to waste management globally
FkfE e\ H] © {7+ (Chief Executive Officer and Accounting Officer)

% BEFR 1% & HH 55 (Nuclear Decommissioning Authority)

Dr. Clarke /252 B[R 1% E HF(NDA)ETT » NDA I IFEUR IR 2 — A LM
s T B L R PR A A R B 1 SRS R oK BPR B 5 KPR R RR R > 4
M FIHE EHERVEES RTS8 - SERVEETFRK - flESEAVZHE - HEEIRIS AR -
PP EIRES MR A > AT R R B TR GTHE « 80E HAR ~ Eieiz L m -
HE S A e B ES B R N EE K AT - (HAEE ORUE — [ & BV ANL A B2 B R B -
FEEETET S IR > SHESCEIRI AR A B NEE S e - ST RERCR  BR
& ~ BEEEYE HELR A (contracting)s&RE -

[&]6. John Clarke (NDA) Speech


https://nda.blog.gov.uk/2016/03/07/sharing-our-approach-to-waste-management-globally/

— =

70% of the hazard now removed from Sellafield's Pile Fuel Storage Pond

85% waste diverted from LLWR. Repository on track to extend its life by 100 years

)4 - 1 u //,/Iv :

8

Only 2 out of the onginal § expenmental reactors remain at Winfrith
o
i

7. NDA &R B B IR R 7515
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AL EEH S ¢ Mr. Tom Jones

FRH : Strategy and Business Development

Wfr /N 5] © Vice President of AMEC Foster Wheeler’s Clean Energy Business
Pe[SER TAZ RS A TR A FIA A R AE TR 5 B 4E

8. Tom Jones, AMEC Foster Wheeler

AMEC [ Z£R TR AR A SIHEREERER - fEfxae L3 EEA 60 L EHY
Kl - i 4000 UZAE SRR ~ TR ~ s EFMBSEI A & ~ RIEZNEIT A &
FHETZIEER G E R 7 B A R Gt F B A R - JERREIR T ~ IR TRt ~ 555
BIFEE B - BEEIIERA RHXEE - ATHARER - ESaVEMZEN L2l
% EMEIEaT AR S B R IR PR S FR AR -

Tom Jones W& N FHE A ZAE RERMEA RIS - SRR 16 FhatA
i 1 JRSEE TS - i 200 % S e BITRIRRRA - BB 7Ry & P U 1 e 22
VTR LR E B E SRR ISR R Y R B B R B - ST A
AVBRERTE ) © (D) EEF sl B EIMGIE - (2HEE ST Hi#34(Tendency to delay
spending) ~ Q)FFZEF PRI RAVEHEIES » (DNITEEBEIFH A S1F - O)STEFfEHE R
B AR RS AR EE  $H¥RARE SR ik Pk © (Ve E S PR 1 EY) -
BT R TT FE SE L ERR ~ (R BV E BRI & A 2 R
FYEE o BRI G (B R B E AR RV ERET + (D SRRy —(EZe it 5 ~ (QFFE T
EANEEREFIIE L ~ QR E=EEAR - ISR BTSN TAZENE - Ff&siE e
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Amec Foster Wheeler
Nuclear

~

» 60+ years experience in the
nuclear industry

» Over 4000 nuclear specialists,
engineers, project and site
managers, scientists and
technicians

» Full Mecycle support

» UK. US, Canada, Japan,
France, Poland, Romania.
Czech Republic, Ukraine.,
Stovakia, South Africa,

and expanding

© v — T

T ERSEAYPREL > MR E LG IF AR IR
LTS

The challenges

» Complexity of aging, legacy
facilities and major incident sites

» Tendency to delay spending

» Exceptionally long programmes
» Bamiers to collaboration

» Public agreement for Deep
Geological Repositories

The Opportunity... Effective Delivery

> Make our world a
safer place e

» Boost public
confidence in the
industry

» Train generations

of engineers in
valuabile skilis

A ¥ — 10

EAE b - S
ST RAMREIRYESE - AR L - AT

Decommissioning and Waste Management 3'5
A Global Problem

Market estimated to bo more than $100 billion over the next 15 years

i lnm- $1ien UK » S200n Ressis > $3280
e d‘\ e
* _" Japan »$1500
US »$1bn }'
\; e ‘- B
5 , cubic metres of
’ HLW to safely
. dispose
1
Over 200 nuclear Tens of
reactors to shut L millions of
down in the noxt cuble ""”"‘
15 yoars of LILW waste
to dispose
A truly global problem and opportunity
3
~

Industry Critical Challenges

» Complete the nuclear cycle F -
by putlinginplace along ;
term solution for High Level

> View waste management
and decommissioning as an
investment rather than a
distressed purchase

© e ¥ s Vi 0

Summary

Global issues which give:
» Big challenges — need to
work together to reduce

the NSk 1o our environment

» Big Opportundies - but

neod to o @ way

e e e

9. Tom Jones &3 AMEC K ARIRIZIEIR P E EEAIPkER Bt e

12



BE=fir FEEH % © Dr. Monica Regalbuto
F R : Achieving Cleanup Progress Today and Preparing for the EM of Tomorrow

WAz B \E] © Assistant Secretary for Environmental Management, DOE

RER B RS L I R

10. Dr. Monica Regalbuto, Assistant Secretary for Environmental Management

Dr. Monica Regalbuto /& 2015 £ 8 H#f sl A2 » IEN AR IR SRR
‘ETEE (DOE/EM)I BN ST » H U E B A st Bhm 2 A -HEIU% R SN BRI EURN
B BNAIZRER ST AR B T REVAH AR B T2 E (LR 3 - B34 7H H A4S 10 (&
PR B B ~ 32 TR ER ~ 400 Z{RFFEL S K 300 4 3H% - f s 1 S BN IR I (EM)
AVERS RIS IE » e BRE R EEL TAFBLE/ D ERiEr - fild © EM By s e
sl » DUGHRIST MR R— 842 - TREP - (ERSEE - IRk
TEfe e a: HRGE N - WA 4 - SRR BRI BT 2 2 BRI A R 1Y
T3 DUBC RS - BrosfibRigael - W TR B R IRE AT &R - filezis 4y
TBURMAE RO SR T3BRIM T K o BT T AR R (ESHE R AT A R » MG A HEARAR
HHSE A 0 R E—(EEEAY TR DOE/EM A DL & HVE TR A RS -
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* Fiscal Year 2016 - $6.2 Billion

* Waste Isolation Pilot Piant, Plutonium Finishing Plant at Hanford, Salt Waste
Treatment Facility, Savannah River Site Tank Closure, K-27 Bullding at Oak Ridge

* Fiscal Year 2017 - $6.1 Billion
= Tank waste retrievals and treatment systems, major D&D priorities, initiation of
waste emplacement at WIPP, key infrastructure needs across complex,

technology development and deployment

* EM of Tomorrow

* Addressing our highest risk at Hanford,
and preparing the next { ki

nk Closure at Savannah River

o
Wewsiary Traatment

Watomal bacunty Commstes

TARGET 22

T Procens vivties bow ity wmm ©
o bl e e b
| 5 P ynite

Plutonium Finishing Plant

"Hanford cleanup and the
important to me, be I've lived here al
etter for my kids in the future ”

work we are doing at the Plutoniu.
| care about this ¢

Ham

Finishing Plant is very

mmunity.

K-27 Building at Oak Ridge

Vision 2016 at ETTP Is priority

project provided with the focus

needed for success

+  Safe, successful demolition of four
of the five gaseous diffusion plant
buildings puts us on track for
completing K-27 and achieving
Vision 2016

+ Demolishing facilities means
spending less on maintenance,
surveillance, security and
infrastructure costs ~ leaving
more for cleanup

*  Paving the way for local economic

development

Pertsmouth ($323M)
o Comghete des

g (4426

Major Sites  + compiete P 1o it 157 the

Ot Wit Ongronl fae

Reinvigorating Technology

*  FY17 Budget
Doubles
Investment in
Technology
Developerient %% United States
Department of Energy

* EM Rebalancing

Maks Candp, Savannah River
More éfcient National Laboratory

IR opesed by Soarn e i

* Savannah River
National Lab
Providing Unique
Experience Across
EM Sites

11. Dr. Monica Regalbuto 45 DOE/EM {8 (1 7 K AE R HE R FR S T
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K& H T2 #E g (Lunch Speech)
s ¢ Yasuharu lgarashi, Executive Director,

The Nuclear Damage Compensation Facilitation
Corporation (NDF)

Mr. Igarashi £ H A EESVR &R LE - EAVUHFAVEES - £ 2014 FH1AZ
RERENREENEA T ZAT - fEEH AE N RS AF R TES » 525 NDF
PRIETESET 2 PREAE B B Rt i T ) - SEMNE i & NDF A2 H HARIH 255
B HilE EEPHARIATES - NIEWES S R ENREE - W IvkHERE - B
2 CERRIER ) TR TEREPIRY R B - 5% SRlS T EIfE 2015 4= 4 H 30 HELE) - 2015 4%
s TE| LR RBUFHY PRI R IR - BUE B R E AR - iEpRIEAR E B (e
SIS ERIE - b5 > 72 NDF S5 P A PR aifrig ) » Rt I A BRI R R )
ONE] > HATHERE Y E R A S A K R TR -

S L ERPRIRES R > RN RIS IRIR A - DR R A RATZ
PSR METE R E s A R HER SR - LS BRI IHRTE
)Z2lFA - QEReRER] ~ Q) HmEFA » )F 'R EN LIFLE (37
B BENRENIREABNEE) - WEMEE H Al SE R RS E R D EArETR (A
10 BA > ERIZERITE) > DU R DR R E IR R - EIERAEIFE R
B -
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12. Dr. Yasuharu lgarashi #<5 NDF 318 B B ETE
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®Panel Discussion :

Panel: Featured Country — United Kingdom

B/ NHE ST L S E S N ARAVEXRE AR ML T S e s > AR A E T
{E ERTHEEAIPEL - DURSR AR RER T BB VX BRI S A E % &= | R Y B 5
B IR - GRS B R AV B B B EEYIRYE ] - SR P IR T BUN T
YRR - NDARYSHS - HITIESHEAIPEAE K its H A MIERUE RS - it
SREURETRH(US DOE) s B PR 1% B2 R (UK NDA) R B BUR 2 IR & ERl (% - S A
WEIHIEERER - STESEIRTOuRASE ~ Bt - EEEBRSEENEE A - IIEAEREEE
A TAE -

[&13. Featured Country — UK
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@Panel: LANL Recovery---Re-Treatment of Problem Waste Stream Nitrate Salts

=fAeEHE -
ENEE: iEE .

/NG H ST s R A & Bl (5 £ Los Alamos National Laboratoryfi# i B TRUEEZEYIAF
B EFBERURESY) - ZRME B 1T BN BN AT (E FHE B2 A Ay - 2014425
14 H BEE=Whe kst B it (Waste Isolation Pilot Plant, WIPP) RS Sy » [NA — R B i A
FYBH B B EL A 1) 3 b Swheat™ organic Kitty litter (fuel) 2 A2 AN ME 20K SEERIRZL >
FEA SIS E T e B TR - LANLIRET T BRI T - iR
Ko HL AR R ATHRER ~ TARIBISRIS S - &k et % T DOE/EM Los Alamos¥ /s
= AT A ETRAELANLFTRY T fr i B A H RS TSt

J.R. Stroble JZREJFESTRUSGHE BLER EF 0 £ - S HEEEEYIIR s e it (WIPP)
VBT =R (TRU) BRI EI(NTP)EITIBE - David Funk/2 LANLEREEEHEI T
HERT# - SR E IR B2 VB ER B 5 IE - DUR Kathryn Roberts 22+ (fr £ 75-5F
MBS B OREE AH) P 5 1 B B A A R ARG B B B BV i BRI -

AFTIRE BRI HIAFIR > DLIRRIR A Bk B R 2o A - AR e L &I -

iE14. LANL Recovery -Re-Treatment of Problem Waste Stream Nitrate Salts
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®Panel: Hot Topics in US DOE Environmental Management
/NG e - AR DOEHY =4k /8 (FEBIHDC) &1 3w A RIDOE/EMIZHE Y E HE TP

HAE R EIIRA > W T 28HFHE -
1 EfTHRR T AR & > DIMECRELGNIR NI E St B [l Kb H AR
2. HARETIRAIA AR SRR S S s
3. ERUNIEEAS ARG
4. (HERERERIFRER e EEE

HAEE © ST AP MRy 5 U LASE R EM (s
1. HlE RIS T RIS UL B nI R B T 2
2. eEH SRR IREE (EPA) ~ BEITHFIF A Z (OMB)&1F » FIHANEE
PR A RE &% H s ol
3. BB FER EM SHEAITRES RrgfES) -

[E]15. Panel: Hot Topics in US DOE Environmental Management

19



@Panel: Interagency Community of Practice in Risk and Performance Assessment.

/N S R EE R RS B S R 1R RE B b 5 P A L [FI RS (P & RA CoP) HYFHIE -
1€ P & R &1 &7 e il 1R S o B G (R ReS T Sk UG/ AT P & RA CoP LUSZ 7R
B RS fE LA B - EZ R G R AR B A FRYHA - ffh © EEIREJRE(DOE) »
KR EH Z B & (NRC) » HEIBI R IR (A€ E (EPA) - [ 5¢ B E 1% (State regulators) »
SR AE R H B 5 B B % (DOE national labs) ~ AR ~ TARARIREZE

GBS (PAS)RIE i (RAS)m it B A SF R EE AR Y I sk R TR 2 2
A HR Bt & AR B SRR AIE > DUR R BB TR+ (VB =B 8 fIET -
(2) ~ #EARRHRA ~ Q)EEZEZHLILRAR ~ (ARG IRITMERYE ~ (5) LBEMIH N /KIELE ~ (6)
it B s it (4] St E T BT M % e B S5 ) Y BB

[E16. Panel: Interagency Community of Practice in Risk and Performance Assessment.

®Session 10-track 7-ER
Treatment of Chlorinated Solvents in Groundwater Beneath an Occupied Building at The

Young - Rainey STAR Center —Joe Daniel Navarro Research and Engineering, Inc.

20
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B AR B BRI (ReEH P (FDEP) X HI /KARAE K SR BBR IR G4 2 /KA RV RS
FEtE (MCLS) -

s e S A A R > RFH PRSI B R R AR - B BRI (E
SRPREAIRFE) - FEREHE H RIS IR S8R (Ot oK - 188 > aiiz&shsub-slab
vapor) » T S AT EIR - TSRS NE R T > BN B AR A s B R -

HpR AP B S RO GUEE - BT ES - EACMBE - nhEEAEA
s AR ~ ShEEdae i TRERA TIE AR ~ s SR - 9120 TRENFEZE - 41
IR ~ JEEE AR o (R ER - HoROK PR - HEHETE 0T - M2

It &~ BRI RCRERY ~ STERSEERHE « FREROEHE - TIEZ20

BEF ARG -

[E17.Wayne Belchersi (541 /K & @HTARIBTE



OFHHH B SNSRI/ N4H &% (Session 26)
Development of Novel Waste Forms and Processes for Transuranic and High-Level Wastes
Session Co-Chair: Sharon Marra(SRNL), John Vienna( PNNL)

REHE T EEFm L KRgLgiilg/ M FFAEgEE—FRERARE NG
e - &k T A &Sharon Marra(SRNL)EiJohn Vienna(PNNL) - & H ZA&#JKunihiko
Nakano ~ f#+-1&8/15¢ 4= SeungMin Lee (PNNL) ~ Albert Kruger (US DOE) - JzSharon

Robinson ( ORNL) - G AHE 13 H C T SAVHIT NS B H CEIR VA BE 7 -

(A) Development of Treatment Process for Radioactive Wastewater Generated from
Molybdenum-99 Study - Chang-Liang Hu, Hsiao Hsien-Ming, Institute of Nuclear Energy

Research (Taiwan)

18 MEF TR G i BRAZ AT Mo-99 FERiIT FEam L

TR B A([8122.) 23 H 07 H T ¥ & S “Development of Treatment
Process for Radioactive Wastewater Generated from Molybdenum-99 Study” - £t
TSt H-OO SR FE I 2 pa PR R o PR (R A BR (e 2 A IR I 4:3) » s 1R e e e
sHDT30A - [ HAEUIE Zolite A » FEBRNRZNHEEREE - ol LUHERTHIZE
F S R BRSO MR TE - 2 1% F DACs-treat BiSr-treat [ B E AL - SVE LTI
URBPRESR P HIS AT © EaiéE iR - IMANSTO SynrocfffifGerry Triani
Ry plEt $Mo-99x BEF T A S 5m » AR LMt A S DI 7 AE 3T > [BIEIR JRHET T
Hgrak
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(B) Technology Development in Support of Accelerating the Waste Treatment Mission —
Albert Kruger, Rodrigo Rimando, US DOE.

Albert Krugerfi 5z S5 RE I B E F e R Ay i a B » DURE NIRRT R S a2 A
B R ALH -

A [l
[&19. Albert KrugersRHs i F LU 2R FE s E BRS

(C) Analysis of Legacy 85Kr Waste Form Samples - Robert Jubin, Stephanie Bruffey, Oak
Ridge National Laboratory

Robert Jubin(ORNLEE A\ &)$t ¥ 48 538 & 2R AV ) 185Kr Z BEEEYIRE o A 1B
i/ Bl

[E20. Dr. Robert Jubingz &5 Bz B 7 Fij i BY sl o B 85Ky 1% 12

(D) Processing and Disposition of Remote-Handled Transuranic Liquid Waste Generated at

Oak Ridge National Laboratory — Sharon Robinson, Robert Jubin, Lee McGetrick,

23



Bradley Patton, Paul Taylor, Oak Ridge National Laboratory
Sharon Robinson(ORNLE%% &) 3 227 BHOak Ridge National Laboratory$ 138 g

(TRU) D b B2 ny 5 U B B B IR T - EEME R (E N B Z55s » APt
Mo-99 i E% IR /I A i B P22 B s P » — 38 W] DAAE ez o 1 AL el T ) S I R o S 44

fEANRUCTZ, -

[&21. Dr. Sharon RobinsonfFORNL DL 8 ImZ& 22 R FE TRUM; &

(E) The Countermeasure for the Noble Metal in the HLW Vitrification - the Behavior of the
Needle Shape Ruthenium Particle — Kunihiko Nakano, IHI Corporation (Japan)

Kunihiko Nakano(H A IHIEIBIFE 5) #1458 Ruthenium £ S i B SEYBEE LAV R
~LLAHSHIRERLE T T Ry 23R 15T
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Noble metal inside the melter THI

The behavior of the noble metal
Schematic LFCM particles inside the melter

[&22. Dr. Kunihiko Nakano & HRFEML ST 1E = i B S B3 LAY B

R Ry < ML T AU % TG R B < < R T ORE T S A 46 0% B3
MERIETS - BSBRFIVEH ST RS ERE R E R E - gL T mi(E X 2t
o —EERE > S EIERDE - SRR ERIEARENE - RUZE YIS
SBHITEITE - SHEFERLLAIFERIEARE 7T DA RS R ENME - AT AR $HIRATRU
A E R PR 2 -

SHIRSTEER I B BE TR R ESET (1) FEZERY - (HETTRAERAIRUOIZRL « $HikET
FERLIE(EIINER - B RESRAIRS BE oA AR ET (D) JERK - SERSEE M2 E Mo
1E B AP 209 A AN SRR A= RV RZEE - $HIRETHI T-HUAE BORE 547800
C - R B HIRE TR A AR - (B RS A AR 2 B M B AN B e A e AR ST (1)
B RS 2 EE i ARUO2( B EE 72 /R Bl _E skt -
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)i« BRSO

23. Effect of Feed Composition on Cold-Cap Formation in Laboratory-Scale Melter
o AE#E — (HLW, SNF/UNF, TRU)/EB#HEFRIETS %
e E PR TR RS B bR - FEENBII P SR JE 78 B Cold-Cap
R am SRS AR B s SR BRI Y - AR SR R 22

24. RO concentrated water treatment equipment for risk reduction of contaminated water

stored in tank in Fukushima NPS [z F 20U NPP G S R ERE —4
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(B S ER(NPS) L P Fa T 2 Rra B ER - FREM 2B BRI R4 0L
REPRIZTE o By 1 IR B (S ohat o ) B2 R (R Rk D R S M e - AT 180298
(RO) BE/KRaBHEf - Zaihitl e i ss s f s SRR Cs B2 Sr ] » &K
HUAEER E 8 4 500 2 900 37J50K » Ky 7 eI ITEIE SE RV E I - HBHE T —
fEfE RS (simulation code) e+ R A st LI/KZ SriRf& » H 2015 5 1 A% 5 H
EAL I 8T 82194 m3 > AR RIS R e H S /et b B 5 3 (B H B H AL

KRR E  ANPTERAE LR ST bk I B 1% P 4S8 e MR s 751 25 PR B P A A
f jH PN, - i

|18
¥

25. A New Adsorbent for Simultaneous Removal of Cesium and Strontium

e S B SR AR R £ 2R e S B IR T (R SR s 4
SR - R DUR/KICE S IENE » AT 41 B & = i - PURZK P A =R Na™
Mg 82 Ca" » R B 7 5 [ 1 R A o e e Cs T8 Sr°° » (BRI iig e 1 {2
B 2 [EAVEET > Al A SR - SRR PRI S A RS - IR SO AR
HEWEREFPaRI - APrRIC NS S BLRE SR T 5T - &EPTEFEIATRI G - R
IR B Ry R M e ey -
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(6)E ~ErE (Sponsors/Exhibitors)
{EH A RS M 2 R S R

26 {EE BT 1% = K fgsE By Waste Isolation Pilot Plant (WIPP)z# %8 i (TRU) E&f}
AMEIBERR > HE % ZE WIPP - B ] o] B 28l = KA o

Hv_:,f'nﬂ' for

GIEASTICS — thané Foam
LAST-A-FOAM® FR-3700 Polyure

21 GBS — (AR SRR TR REE I M EE > B 2 S H b
30B HMaZE > AN AL 30B A (S L /M AS -
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28.ZE [ gE)F 0 1E B 5 hE 5 (Office of Legacy Management)

2003 =yt 12 A 15 HEelREP OB S EFZ(LM) -~ BOTHYE B B2 EL
RN ARHMH BRI RN St BB SO A BER RSP S A AU ER SR A = 5514 100
L - LUSHEFTE Y 2R 205 4RI R R 2 X RE i » DOE/LM 4ty
175 > AiECR NSRRI AR ORI - H AP E A Mt - B AR
S NHIORE > FLIf A f2 i A SO & SR DLORGE AR RERIERET - £l X 2 Y
B M1 B} BE 58 B ot Or B BLORGE - DUA s i H (- W B 17 s 55 0k IR AR A
BENEEZESNSEFEENNYBORESE  EEEY RGN M MEE > BifE%
M~ FEA AR R B - B R B 4 R A B 0 P 4H A% 1A foh B P U R R

29.WCS /X Bl R (KT BT B S5 Mu S5 Type B cask systems S/ 160m® 247
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2 B A R AR
WE YN EVikiE=y-2

£ WM2016 &% [ - BFRA BB A S IIERmNET  MOZERIERN G
AR TaEarT AR TBERRIRE - EEERNSMEEEYRE - A SotEa b2
i1 (RES » HE532 T Thermo-hydro Geochemical Evolution influence on the concrete cask in
Long-term storage facility of spent fuel ; $+¥F DAZK B E (LA L —Rrz T R 158
FERRZBEETAL « SRS A BLZR AR AL AR fe B B AL RE (R i = 1R i A 4% o L 4H 1= U B
A& » HHEREG RARBUN M B ek R - R LR R ENREFERE - (F
BN EERERIRREHERAE 2 RHEHE R R - #ihEEEN TTERER
& St L 2 L F 9L Imperial College(London) X & #H 1 » {EE ARG EHINE » 22 Rk
VB RN B E Mg ES&H Solutions AFEIEE A -

0 EEEBEESMNIANEEAM®EL - Begltay  hAEEA

(A RIETEE & R/K TalEErT

B)ZE R T YER

(C) SRATIPIE S EAZAE R & R B 4 e B A = R BT
(D) R+ (REHEREE @ R RREEEEI A=)
(E) =& EfH 1+ (ES&H Solutions /\H])

(F) ZMHEUE BRGNS EE R R B SRR E R
OG)1FE
(H) 5,8 S4B 32[=] Imperial College(London) & i+
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(=)FEEh Waste Control Specialists LLC K B 15

AT N B b SE 2 E LRI AR R E - (F R SR RN ENEI R Waste
Control Specialists LLC (LA T f&f@ WCS /A H]) - 55[HGEI4EE; Dr. Kelly D. Hunter, PE
Senior Vice President {2 #r a5 [E] > g Ms. Elicia Sanchez, Sr. VP/General
Manager [ [7]([&l 31 BifE 32) - WCS A FlE A =Rz Bt & i R EY e E R A
[RAE > FEpRIREEF BRI 1 BEEEY) - Rl WCS A FEF 1 SRS
AL R WCS JgHAGEfF - 735 International Isotopes (INIS)7S & B LB A
Bl > FIREREL > %] WCS kAR » Dr. Hunter 5itH] WCS H Fijfyshid 2
S REZARIU SIS RE R 2 SRStz Vet -

31. WCS v \=E&E » HAESRH 32. fE& L& Ms. Elicia Sanchez &8
Kelly D. Hunter, Elicia Sanchez,
& ReEEfL
2K M= Ms. Elicia Sanchez i B DA 2 1 FEE MU ICE S - B8 B0fH B fdtasn
Bl MBS -

Waste Control Specialists (WCS)fir 1% {2 1765 22/ (Andrews) 5 [E e MBS
(LLW)EE R - B R R T2 ~ G417  JREE - B P SH
EERET RS DRGSR E S - S E A TR S B 2 Office of
Environmental Management, EM) % - 81454 » T HeZ AR IR A RIS RSE > 1
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http://www.wcstexas.com/
http://www.wcstexas.com/
http://www.wcstexas.com/

FENHALsE bR LR E RS Ll - WCS #E45 14900 Syl ekt 1338 S
BT BT I B el i TR o T i > 49 B A 63 (1) the Texas Compact Waste Facility, (2) the
WCS Federal Waste Facility,(3) the Byproducts & Hazardous Waste Facility, 5z (4) Waste
Treatment & Storage Facility -

SR B R AT © (1)MR I (R s B SR DI PSR Q)T B4
i 3.5 FIHSMHT B IEEFINEEA 5 Q) Hb AT G Dith K DL R & BRI N K
bR » TEEIR S A A ORI § (SRR 24T 16
Wil > NSRRI 60 WO RYFEEER o BRHEAT B SE(E Dockum &1 +/&%E 1 ERERY
AYLLIEFTHED - th 2 BEFHRY OB - Rl -

ll

i T
& .fFederal Fagitity - V-
B produu‘t Fagility R, ty = 4

!‘_!.:\...“,'-"f s
|Adminiétration Buildings and . "=
_» Treatment Facility- =

33. WCS {5 22 IR

3.0 ABBTEMN - B @@ SIS - A EATZHY HEEE SEELE B &N
BN o HFTRAR E I BRI > — B SN BB Y CWF(Compact
Waste Facility) » 55—%& & N ESEUR Y EEEEY) FWF(Federal Waste Facility) - CWF $2Ug
Texas Compact [y Class A ~ B~ C JEEzd » CWF T]3EiE 35 4F » B2 2.8 million ft*
4RIENE 4.7 million curies - QIRAE EAMINAHYREEEY) - A RIRE R T INBURFTHES
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FWF #2lisH DOE HYR & EEFEY)(Mixed Wastes) » FWF H[ZH#8 35 4 ¢ f2Y 42
million ft*; 4455 27 million curies - ELpz BB of B A5 AU BER > DAZE SR T 7 = -
T EEEEAT - SRR R BB - ALEE BRI K — B RATTA
S5 - LSA pad - Low-Specific-Activity (LSA) A S (7 FlE I > TR
R B i (Administration buildings and treatment facility) @ SlljZ= Y& H kg (Byproduct
facility) » &[5 EEEEYtE I (Hazardous Waste Landfill) -

” -

* Multi-layered cover system
‘ WCS Landfill Liner Design up to 45 feet thick

e Depth to waste at least 25
feet below surface

* 9ft, liner system on top of
red bed clay which is less
permeable to water than
concrete and 600 feet thick

e Closest measurable water
225 feet

34.WCS KU MRS IS AR )5

ZEEE LIS EE 45 RS > RIAFIFEEYIRYAREL 25 JLR - gt N S K=
&7 225 SR - Bl TAZ[REERe s A —EEERE © — SN Bty [ R e 0 B[ 5 R
HIBRIIEE T » H— BRI B VIEFR/K N 2HVE EEeet o s &g e iniy
RE FEERE TP /AK A2 ~ [5EE s T ACR ~ R #1478 {F F (geologic processes)=i4:47)
JdB(biotic activity) HE Y IREEEDNRERAL - Bl AT R IR Bt 78 &gy ThEE H R
FUHE o HEesT EE = EE 7y ¢ e SR RS EYINLE | b3 5] R T e IR BE g
(Performance Cover System) -~ 4:4#7)[& E# J& (Biobarrier Cover System) - 7& &% 7% Hi{

(Evapotranspiration Cover System) » & J@s%et Y EZRF (O F - (1)IhEEEEEE © ThAElmEE:
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JEHIEEHEY > SRR S I B IEAVIHRE B » S EEE AU R 35 > HAl
AR B A Y B A e Ry b SR DN RE IR EE T 5ea T - (Q)EYIIEREE g © LYIEREE /g Th
REEPT LA R EAEIEYIRA > Hix A ROE HAB AR - ECLULE 4~12 JLRfON
PRS2 3 FLIRAYRREEE » DN ] 22 BR (R UK R e 7K Ofe By Ay AT a2l Mo g (=]
HEAPEHCLSM) - JEfREE 3 F IR 2 Prag e i oo 52 2Rl Bk R ES - DU HFEE IR
R~ 7X@ (burrowing animals)iIR A - ()7 ZANE © 2 BRI AGERER
HETEYIER > A T SRZE SRR /K728 S Bz il - ES1 - 1 R A iy —
J& - ZREE ARG IR ERE ARG RIF IR EN: - HEGTEMAEY A RAR BN Z
BR/KT o R AT B RR G UL R IR E: - (38 WCS BHFE 0 » (e a2t R (%
IR S > (R ZRSE AR R AN > B SR A SHETHINE > HRAE IRk
fHEEE R HYERFBIEKEHE » ERRS IR A REE R E Y IEE 4
B R AF A3 BB T LU AR 0.25 SN AR — @8 1 SN EEE

FENTAE B3 F IR ZRE > PEAEE T v DAREUK o 8% ~ RPUREE 38 (=ah - B tE
PItE T E K - felEl 36 £l 38 - FIEISERIZ IR SR /KE sl e g - BEEEY)
EAN & Fe i ER B & P A ABR (LR AE & A Modular Concrete Canister (MCC)>
FHRFF AR R EE VT -

35.WCS FHISHFiEfs TIF - BG4k Sl EAVER M E
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80° D x 110" H " i 114" Lx 92" W x 110" H

Cylindrical MCC  MCC Opened for Waste Placement Rectangular MCC

36.MCC 58RI A i N B o2 A 55 flmfmig FLAUKEEHEE

. e ——

37.4i¢ LANL B B 5 = 2 Hy KB BE Y EAE/KRANEN > REIIAKEREZEE
MCC fRikTE RN R & EEE L -
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(14) 755 URENCO fijRdii A =]

URENCO ifrjé . =] H A #uE] T 2R R (I VbR L e s 2 s e s - LAPRA
RSB L BRI TRlRE - xS SRR AR - URENCO 5] 73 AlAE L
~ FEEN - feR LSRR A S E TR - S5 URENCO SilR4m e L ff S 08 2R MR
5 Eunice FNaEAbaRAERL - HALA SIESERIRRE - B 55EI NRC $Ud > EALRESE
L

G Elscincty

B=
o\

Mining
: e
VbW ¢

Conversion

Fuel fabrication

NCE the IEnGm i5arechad 1 & taengorted
fuet ators, whers £ 6 3

3B AL WAL FE I
38. Rtz AL e s > SR VU(E £ 2R - FER(mining) ~ ## A (conversion) ~ R4t
(enrichment) 1% (fabrication) - URENCO gt /A 7] £ A H /N # bah(UFe) LABE L
flrRegih 238 Bilg 235 Sy EEBLRANIR - PR E PRI/ F] (fuel fabrication) » 3 NHY=
PHEEACH 48Y AT H R (RS i) - HAZFPA00E] 39 -
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http://www.urenco.com/about-us/business-activity/nuclear-fuel-supply-chain/
http://www.urenco.com/about-us/business-activity/nuclear-fuel-supply-chain/
http://www.urenco.com/about-us/business-activity/nuclear-fuel-supply-chain/enrichment-process/

Heating to
vaporize UF6

Separation of
uranium isotopes

Enriched uranium
is compressed
and cooled

Depleted uranium
is stored

UF6 is a solid at room
temperature. Once in the
enrichment facility, the transport
cylinder holding UF6 is
connected to the facility's feed
system. It is then heated up to
approximately 136F, in order to
vaporize the UF6 and turn it into
gas at sub-atmospheric pressure.

Uranium is delivered to us in
secure, internationally
standardized transport cylinders
by approved suppliers. Our
suppliers are audited on a
regular basis to ensure standards
are maintained and new,
improved processes applied.

FTRHItRE -

Gaseous UF6 is fed into a
centrifuge containing a
cylindrical rotor. This spins at
high speed, separating uranium'’s
two isotopes. The heavier
isotope, U238, is forced dloser to
the wall of the rotor than the
lighter U235, making the gas
closer to the wall depleted in
U235. The gas nearer the rotor
axis becomes slightly enriched in
U235. To achieve the desired
levels of enrichment, the process
is repeated over and over again
in a series of centrifuges
operating in parallel, known as a
‘cascade’.

Enriched uranium (UFe
containing up to 5% of the
U235 isotope) is fed from
centrifuge cascades into a
compressor before entering a
cooling box. During the cooling
process the UF& vapor solidifies
in the cylinder. The cylinders are
homogenized and sampled to
check the enrichment level
before leaving our facility.

All cylinders are accurately
weighed and analyzed to comply
with the requirements of the US
Department of Transportation
and the International Atomic
Energy Agency (IAEA). All UF6
shipments from our facility are
made in approved cylinders
which are transported in a
licensed protective casing which
meets international standards.

39.URENCO /A F i 4 e B 7

fE& 785 URENCO A =|([E 40)BIEEHE#I TR Ms. Melissa Mann Jz Mr. Clint
Williamson (ARBHECRIEITR) @ SRR AN SEALMEE - K2 AT R he ~ AElA
HRE BT PR BB o - E1R TR Ms. Mann o H A DI 30B B 48 1 - 12
SR TR Ms. Mann HEGHR LA FTAEREER AT AR S K B0 - DR EAEUAT

The uranium gas closer to the
wall in the centrifuge is depleted
in U235 and this depleted UF6 is
collected and cooled in sub-
atmospheric cylinders and
weighed to ensure all material
can be accounted for. Depleted
UF& still contains 30-50% of the
natural U235 concentration and
has the potential for re-
enrichment.

The cylinders containing the
depleted UF6 are stored at our
facility in internationally
approved cylinders pending
future re-enrichment or
conversion to a more chemically
stable form for long-term
storage or disposal e.g. U308.



40. FF3fj URENCO /A7 - fEE1YAFIRIEE
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RN BEFEISH(Hung-Cheng Chiou) it (f&] 41) 5 A LS {E L > 2 Prig/EERY
HE - BRKEEAE WIPP ) DOE/EM B & » &5 WIPP SE[/5EHY T0F - BEOf fH1- ik
R WIPP fE IS 2R P (B 42) AR Rvdci > B2 bR R BRI
RITHIHY LG - AR BADH LS > $2{IAHRE WIPP Eft
(http://www.wipp.energy.gov/wipprecovery/recovery.html) [H44 E#E A2 WIPP & H
BB R A2 RAMEE GRS LB - A0 LRe iR fE A FTER =
BRI EER - PR Ry BESE 5 Z F ARG R

41. BRISF T+ 42. WIPP =15
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http://www.wipp.energy.gov/wipprecovery/recovery.html

= E

(—) " EIPER TEEEEE Y E TN TS & (WM symposium) ;& 5 S aE TR AHRRET 2
TRERCThIT 58 HE FH IR O PR RS Y i B R e B R SO Y BT & - J—
B USRS PR AFSEES - ARBENSINELYE
[& ~ GIEE A F FAXWFT - G5 R AR R R S A S Rl A B R
FESR AN BRI Feam PR U VR RSV BRI ROty > b 4Kt DI E R i

BRI

(Z)EANFALSHFERIEEA(LTE > T8 )NWCSA I FEs5ESE > Bl#/THEDr. Kelly D.
Hunter=5 g1 2 (1 177 B 27 HE K& Ms. Elicia Sanchez B (i BT & > HERHHWCS
FEEEMRS T EEYNREES

(Z)FEEhT s PE B MURENCO A 5] » BiSE BN & F A Ms. Melissa Mann Kz 23 B8 E0 B0
{7 EMr. Clint Williamsony& % FT S B AESEE E > &% 3T RMs. Mann2/rH 1]
D22 30BE1481 » 125 FrAE B T R Ms. MannZ# G 2 (AR BRI AT IR AR

B kBN o IR IRT fR AR . -

(PU)R BE o8 S P B i S5 R AT AN B 2 - R AR B — T B — R B e PR 5
HARRHE B R B pR B S - 7R BT G A B AR, - IR A PR YR
SbTES BRI > S RE (e EA PRt 38 A B BPR R 2 15 -
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(—) " EIPER PR EEEE Y E TN TS & (WM symposium) | S e 575 B 2 2 RE & (R
FAORE SRR E - B EREEH WS A PR FERIH TS - HREfet
SREAIIFERCR - HZ R SRR iR - 2R S ELARH 2 BRI &k - o)
DU B8 Mot 2 8B B, - A BB A S TR Se st st 2 B AT B A B PR ]
e g NAREEMEER T hEHZ AL — > FREREHEET R [GR{EFK
M2 B% > EEARE IR G 2B - SRR R 2 B S TR
ERAiTbIT R €l 5 R TN T SR AR T T IR ER A AT - S HE AT AY B PR A -

(R KRERIR M TESRER AT G Re% K281 > HiRoy G. Post Foundationfg
(i ~ Wt - (EEERAEE > FESER R DA - RSB E
AR e EFERR > AR A ER AT SE B (L RE S B S AL AR - S HE Y
te - DABATLEISAT 7R B B RE R

(E)ARAZELFHIKEAEWIPPREZHIDOE/EME BOEHH L » (FEFHEHERE > &

Bt |5 AR E = G T e (NG R ) A R AT e 2 =t el N B
ERAMTELIEEN - DME RELE 5 2 B EAVREIR -
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WM2016 SCHEDULE OF EVENTS
MLD All sessions will take place at the Phosnix Convention Center (PCC)

West Building unless noted otherwise.
**All buses for off-site events & tours will load frem the Hyatt Regency Phoanix
Hmpnﬁla Monroa Strest exit.

SATURDAY, MARCH 5, 2016

0700 - 2000 - Guest/Attendee Tour: Grand Canyon Tour** — Buses load at 0645
1100 - 1700 - Registration Open - Lower Level, Exhibit Hall 4

1100 - 1700 - Satellite Registration Desk Open - Marriott Renaissance Lobby
1100 - 1900 - Satellite Registration Desk Open - Hyatt Regency Lobby

1630 - 1800 - Track Co-Chair Meeting — Hyatt Regency AB

1800 - 2130 - PAC Meeting and Dinner — Hyatt Regency CD

SUNDAY, MARCH 6, 2016

0800 - 2000 - Registration Open - Lower Level, Exhibit Hall 4

0800 - 1500 - WMS Board of Directors Meeting — Hyatt Regency

0800 - 1700 - Workshop - "US EPﬂu Superfund Radization Risk Assessment
Calculator Training™ - Level One, 106B

0800 - 1630 - Roy G. Post Foundation Benefit Golf Tournament* — The Legacy Golf Club

0900 - 1700 - Satellite Registration Desk Open - Marriott Renaissance Lobby

0900 - 1700 - Satellite Registration Desk Open - Hyatt Regency Lobby

1000 - 1400 - Guest/Attendee Tour: Desert Hike Tour** - Buses locad at 0945

1100 - 1700 - Workshop - "Critical Decisions (and Tools) for First-Time and Experienced Managers™™
Level One, 106C

1500 - 1600 - First Time Attendee/PAC Orientation - Level One, 101B

1600 - 1645 - IPAC Meeting — Level One, 1024

1600 - 1645 - Technical Student Assistant Training - Level One, 101C

1700 - 2000 - Welcome Reception & Show Floor Open - Lower Level Exhibit Hall 4

MONDAY, MARCH 7, 2016

0700 - 0800 - Presenter’s Breakfast - Level Three, 301A

0700 - 1800 - Registration Open — Lower Level, E}'{hlblt Hall 4

0730 - 1100 - ASME Radwaste System Commn:tee Meeting - Hyatt Regency Phoenix,
Cowboy Artist’s Room

0800 - 0945 - Opening Plenary Session - Level Three, 301CD

0930 - 1830 - Show Floor Open — Lower Leavel, Exhibit Hall 4

0945 - 1030 - Refreshment Break - Lower Level Show Floor, Exhibit Hall 4

1000 — 1700 - Technical Sessions — Level One & Show Floor, "Exthibit Hall 4

1045 - 1115 - Demonstraticn in Demo Zone - Lower Level, Show Floor, Exhibit Hall 4

1200 - 1315 - Keynote Luncheon - Level Three, 301CD

1330 - 1400 - Demonstration in Demao Zone - Lower Level, Show Floor, Exhibit Hall 4

1330 - 1700 - Student Poster Competition - Lower Level, Show Floor, Exhibit Hall 4

1415 - 1445 - Demonstration in Demo Zone - Lower Level, Show Floor, Exhibit Hall 4

1445 - 1530 - Refreshment Break - Lower Level, Show Floor, Exhibit Hall 4

1700 - 1830 - WMS Networking Reception - Lower Level, Show Floor, Exhibit Hall 4

1800 - 1930 - Students & Young Professionals Networking Reception - Lower Level,
Show Floor, Exhibit Hall 4 (Near Student Poster Session)

TUESDAY, MARCH 8, 2016

0700 - 0800 - Presenter’'s Breakfast — Level Three, 3014

0700 - 1800 - Registration Open - Lower Level, Exhibit Hall 4

0830 - 1700 - Technical Sessions — Level One & Show Floor, Exhibit Hall 4

0930 - 1830 - Show Floor Open — Lower Level, Exhibit Hall 4

0945 - 1030 - Refreshment Break - Lower Level, Show Floor, Exhibit Hall 4

1045 - 1115 - Demonstration in Demo Zone - Lower Level, Show Floor, Exhibit Hall 4
1200 - 1315 - Honors & Awards Luncheon - Level Three, 301CD

1415 - 1445 - Demonstration in Demo Zone - Lower Level, Show Floor, Exhibit Hall 4
1445 — 1530 - Refreshment Break - Lower Level, Show Floor, Exhibit Hall 4

1700 - 1830 - WMS Evening Reception - Lower Level, Exhibit Hall 4

1800 - 2000 - Women of Waste Management (WGWM') Panel & Networking Reception - Level Two, 212ABC
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WM2016 SCHEDULE OF EVENTS )

All sessions will take place at the Phoenix Convention Center (PCC) LD
West Building unless noted otherwise. 5

**All buses for off-site events & tours will load from the Hyatt Regency Phoenix £
Monroe Street exit. gmposnam

WEDNESDAY, MARCH 9, 2016

0700 - 0800 - Presenter’s Breakfast — Level Three, 301A

0700 - 1800 - Registration Open - Lower Level, Exhibit Hall 4

0830 - 1700 - Technical Sessions — Level One & Show Floor, Exhibit Hall 4

0930 - 1330 - Show Floor Open - Lower Level, Exhibit Hall 4

0945 - 1030 - Refreshment Break - Lower Level, Show Floor, Exhibit Hall 4

1445 - 1530 - Refreshment Break - Level One, Foyer

1800 - 2100 - Phoenix Art Museum Networking Reception & Dinner** — Buses load at 1745

THURSDAY, MARCH 10, 2016

0700 - 0800 - Presenter’s Breakfast — Level Three, 301A

0700 - 0815 - PAC Meeting - Part 1 - Level Three, 301A

0700 - 1700 - Registration Open - Level One, 101A

0800 - 0845 - Refreshment Break - Level One, Foyer

0830 - 1700 - Technical Sessions — Level One

1200 - 1315 - Thursday Luncheon - Level Three, 301A

1200 - 1315 - PAC Meeting - Part 2 - Level Three, 301A

1330 - 1700 - Topical Session - International Nuclear Plant Decommissioning:
Time for Awareness and Planning - Level One, 102BC

1445 - 1530 - Refreshment Break - Level One, Foyer

1700 - 1800 - Closing Reception — Level One Foyer

1800 - 1930 - Optional PAC Meeting - Part 3 — Hyatt Regency, Curtis AB

*Separate Registration Fees Apply; Schedule Subject to Change
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Technical Program 5 “
- Schedule at a Glance - = g4
3 g &
# N - & g E 5
Annotated Session Titles Time | Room E o g9 E 3
(for full session titles, please see indvidual isting) 7 g S a
4 H A & g
Monday Morning, March 7 The 9 WM Tracks for Subject Reference
1 Waste Management Symposium 2016 Plenary Session 8:00 | 301CD | X
2 Panel: Hot Topics in US DOE Environmental Management 10:00 | 102BC | X
3 Panel: Featured Country - United Kingdom 1000 [ 10548 | X
4 Panel. LAML Recovery - Re-Treatment of Problem TRU Wasie Stream 10:00 | 10348 X
5 HLW, SNF/UNF and Long-lived Alpha/TRU Programs and Policies 10:00 101B X
B Structural Integrity and Wear in Nuclear Process Equipment 10:00 101C X
7 Panel: Managing Safety Culture During Transitions 10:00 | 10448
[i] Assessments of Disposal Systems, Facilities and Sites for LLWIILW 10:00 1024 X
9 Tools for Packaging and Transportation Policies 10:00 106A
10 Groundwater Remediation Projects, Worldwide Experiences 10:00 106B X
11 Envirenmental Remediation in Urban and Suburban Enviranments 10:00 106C X
12 The Effectiveness of Advisory Boards; the US DOE EM Site Specific Experience 10:00 105C X
Monday Afternoon, March 7
13 Pangl. Featured Country: United Kingdom 13:30 | 10548 | X
14 Panel. Featured Country: United Kingdom 15:15 | 10548 | X
15 Panel: US DOE WIPP: Lessons Learned and Return to Operations 13:30 | 102BC X
16 Panel: Hot Topics in US Commercial LLW Management 13:30 | 10348 X
i7 Selected Key Topics in US Commercial LLW Management 15:15 1064 X
18 Development and Use of Gamma and Neutron Waste Characterization Methods 13:30 1024 X
19 US DOE EM Rigk-Informed Performance Based Decision Making 13:30 | 10448 X
20 Panel: Implementing Technically-Based Cleanup; Balancing Regulatory & Fiscal 15:15 | 104AB X
21 Panel: Interim Storage of Used Nuclear Fuel in the US — What are the Oplions? 13230 | Ex Hall X
22 Pangl: US DOE - Excess Faciliies DD Implementation Plans 1515 | ExHall | X
23 Experience in Salt Waste Processing, Worldwide Examples 13:30 106A X
24 Panel/Papers: Getting a Handle on D&D Costs - a Global Perspective 15215 | 103AB x X
25 Application of Innovative D&D Technologies - Part 1 of 2 — Global Experience 13:30 1068 x
26 Development of Movel Waste Forms and Processes for TRU and HLW 13:30 105C X
7 ER Post Closure Challenges and Long Term Stewardship/Legacy Management 1330 101C X
28 Innovations and Performance Solutions in Workplace Management 13:30 106C X
29 Developments in Deep Borehole Disposal Around the World 13:30 101B
30 Posters: HLW, SMNF/UJNF and Long-Lived Alpha/TRU Waste 13:30 Foyer X
M Student Posters: The Next Generation - Industry Leaders of Tomomow 1330 | ExHall | X
Tuesday Morming, March 8
32 Pangl. US DOE Featured Site: Oak Ridge - Partnering for Success — Part 1 of 4 0830 | 102BC | X
33 Panel. US DOE Site: Dak Ridge - Responding to Cumrent Challenges — Part 2 of 4 | 10:15 | 102BC | X
4 Panel: UK NDA — US DOE Perspective on Confracting Approaches 10:15 | ExHall | X
35 Pangl: DOE Hanford - Direct Feed Low Activity Waste - Update - Part 1 of 4 08:30 [ 105AB X
36 DOE Hanford - Direct Feed Low Activity Waste - Program Overview - Part 2 of 4 10:15 106C X
7 Worldwide Regulatory and Oversight for Waste Management and Disposal D8:30 106C X
38 Panel: Emerging Issues that Challenge Contractors at Federal Sites Worldwide 10:15 | 10548 | X
39 Panel: Consent Based Siting—Opporunities and Challenges for Disposal Faciliies | 08:30 | 104AB X
40 Storage and Retrieval of Spent'Used Nuclear Fuel - Part 1 of 2 D8:30 105C X
41 Storage and Retrieval of TRU 10:15 106A X
42 Panel: Graduates: Wants and Needs — Does it Differ Between Countries? 08-30 [ 103A8 X
43 Pangl: Young Professionals in Nuclear Science and Engineering 10:15 | 10348 X
44 Assessments of Performance of Disposal Systems, Facilities & Sites for LLW/ALW 08:30 1024 X
45 Perspectives on Management of Nuclear Power Plant Liguid and Wet Waste 08:30 106B
46 D&D of Nuclear and Non-Power Generating Facilities Both Large and Small 08:30 101C x
47 Technical Innovations in Environmental Remediation and Site Closure 08-30 101B X
48 Experience with ER Challenges — Aliemative Approaches o Achieving End State 10:15 101B X
49 A Global Perspective on Advances in Nuclear Safety Management 08:30 106A
S0 Posters: L/ILW 08:30 | 1-Foyer X
81 Posters: Muclear Power Plant (NPP) Waste Management 08:30 | 1-Foyer
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Tuesday Afternoon, March §
52 [ Panel: US DOE Site: Oak Ridge- Improving Performance in the Field-Part 3 of 4 13:30 | 102BC | X
53 | Panel: US DOE Site: Oak Ridge-Transitioning from Cleanup to Reuse-Part 4 of 4 15215 | 102BC | X
54 [ Panel: UK/USA ICanada Parinering - Accomplishments and Lessons Leamed 13:30 | 105AB | X
55 | Panel: Small Buziness Contracting Opportunities with DOE & Prime Confractors 1330 | ExHall | X
56 | Panel: Addressing the Small Business Barriers in Contracting with the US DOE 15:15 | Ex Hall | X
57 | Worldwide Perspectives of Radioactive WM - Challenges and Solufions 13:30 | 1024 | X
58 [ Panel: Progress on Deep Repository Programmes Arcund the World 13:30 | 103AB A
59 | Global Advances in HLW Retrieval Equipment 1315 | 105C X
60 | DOE Hanford - Direct Feed Low Activity Waste - Program Execution-Part 3 of 4 13:30 | 106C X
61 DOE Hanford - Direct Feed Low Activity Waste-Technology Maturation-Part 4 of 4 | 1515 | 106C X
62 [ Panel: US Nuclear Power Plant Waste Management - US LLW Disposal lssues 13:30 | 104AB X
63 | Panel: Nuclear Power Flant Waste Management - LLW Processor Issues 1515 | 10448 X
B4 | Type B Cask Packaging Design 13:30 | 105C X
65 | Panel: Worldwide Challenges in Radioactive Material Packaging 1315 | 103AB X
66 | Operating Experience in the Treatment and Storage of LLWALW 13:30 | 1B X
67 | D&D of US DOE Facilities 13:30 | 101C
68 | Communication of Technical Issues; Worldwide Experiences 13:30 | 106B X
69 | Decizion Making Toolz & Frameworks for ER that Enhance Communication 1315 | 1066 X
70 [ Integrated Performance & Risk Assessments, Decision Analyses & Risk Mgmt 13:30 | 10B8A X
71 | Posters: Environmental Remediation 13:30 | 1-Foyer X
72 | Posters : Communications, Involvement, Education and Training 13:30 | 1-Foyer X
Wednesday Morning, March 9
73 [ Panel: Cleanup of Fukughima NPP — D&D and Waste Management - Part 1 of 2 D8:30 | 102BC | X X
74 | Panel: WM from Remediation of Legacy Sites or Unplanned Releases 0830 | 10548 | X
75 | Panel: Problematic US DOE Mixed Waste Streams & Policy Changes D8:30 | 103AB X
76 | Panel: Industry and Public Feedback Site-Specific PA - US NRC Rulemaking 10:15 | 103AB X
77 | Global Use of Cementitious Waste Forms for LLW/LW D8:30 | 1024 X
78 | Panel: US DOE Procurement and Contracting Opporfunities 1015 | ExHall | X
79 [ Panel: UK Featured Site - Sellafield Legacy Ponds and Silos 08:30 | 104AB | X
80 | Lessons Leamed from the Safety Pause of Operations at SRNS, September 2015 | 10015 | 104AB | X
81 [ Intemational Experience in Complex Site Characterization and ER Technologies D8:30 | 105C X
82 | FUSRAP and US Army Corp of Engineers Projects D830 | 106A X
83 [ Records, Knowledge and Memory (RK&M) Muclear Waste Geologic Repositories | 08:30 | 106B X
84 | Plans For and Expenence in Transitioning to Decommissioning, World Examples 0830 | 106C X
85 | Geologic Disposal of HLW, SNFUNF and Long-lived Alpha/TRU - Status & Plans | 08:30 | 101C | X
86 | Experience in Waste Treatment & Process Updates, an Intemational Perspective 0830 | 1MB | X
87 | Posters: DAD 08:30 | 1-Foyer X
88 | Posters: Packaging and Transportation 08:30 | 1-Foyer X
89 [ Posters: Special Topics and Track Crosscutting Technology Topics D8:30 | 1-Foyer | X X
Wednesday Afternoon, March 9
90 [ Panel: US DOE Featured Site: Sandia National Laboratories 13:30 | 105AB | X
N Panel: Cleanup of Fukushima -Offsite Cleanup and Int'l Collaboration -Part 2 of 2 1330 | 102BC | X X
92 [ ESPRC DISTINCTIVE Research Programme 13:30 | 106C | X
93 | Panel: ER Projects in Eastern Europe & Central Asia, IAEA TC Project RER 9121 | 13:30 | 104AB X
94 [ Panel: Challenges in US DOE HLW Tank Management 13:30 | 103AB X
95 | Movel Inspection — Tools and Equipment to Support Tank Storage 15215 | 1024 X
96 | Technical Advancements in HLW/SNF Disposal - Part 1 of 2 13:30 | 101C X
97 | Storage and Retrieval of Spent/Used Muclear Fuel - Part 2 of 2 1330 | 1B X
95 [ Advances Argund the Word in the Management of NPP Dry Waste 15:15 | 10B X
99 | Regulatory and Programmatic Issues and Solutions for LLW/ALW 1330 | 1066 X
100 | Packaging and Transportation of Radicactive & Hazardous Materials and Wastes | 13:30 | 106A X
101 | D&D of Nuclear Power Plants - Part 1 of 2 13:30 | 105C X
102 | Experience in Waste Optimization/Minimization and Harmonization During D&D 15:15 | 105C X
103 | Intemational Experience in Community Involvement and Education Initiates 1330 | 1024 X
104 | Panel: Approaches to Risk-Informed Regulations for Radwaste Management 15:15 | 103AB X
105 | Mon-Paper Posters: Emerging Iszues and Late Absiracts 1330 | 1-Foyer | X
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Annotated Session Titles Time | Room
{for full session titles, please see individual listing)
Thursday Morning, March 10
106 | Panel: Transition to GoCO at Canadian Nuclear Laboratories 08:30 | 102BC
107 | Panel: Emerging Middle East Nuclear States' Status and Plans - WITHDRAWN
108 | Panel: Intemational Collaboration for Safe WM and D&D- WITHDRAWN
108A | Application of Innovafive D&D Technologies - Part 2 of 2 (Merged with 129) 13:30 | 10348
108 | Panel: US DOE Lexington, KY Office (Portsmouth & Paducah Sites) 10:15 | 103AB
110 | Roundtable: WM Energy Facilities Contractor Operating Group (EFCOG) 0830 | 105C
111 | Approaches to Fast Track Technology Development and Demaonsiration 0830 | 108A
112 | Panel: The Richland Operations Office Cleanup Mission - Beyond the 2015 Vision | 08:30 | 10548 X
113 | Experience of Records, Knowledge and Memory for Waste Geologic Repositeries | 10:15 | 10448
114 | Investigations of Problematic Wastes and New Candidates for Immobilizafion 08:30 | 106B X
115 | lssuez in Tank Chemigiry, Are There Worldwide Similarities? 1015 | 1068 X
116 | Advances in Nuclear Facility Operation and Optimization 0830 | 106C X
117 | Future Altemate Fuel Cycle HLW Management, Worldwide Experiences 1045 | 106C X
118 | D&D of Nuclear Power Plants - Part 2 of 2 0830 | 1B
119 | Sustainable Remediation Processes - Global Insights or Applications 08:30 | 102A X
120 | Panel: Interagency Community of Pracfice in Risk and Performance Agsessment. | 08:30 | 10448
121 | Global Insights into Disposal Site Selechion 1015 | 106A
122 | Experience with Waste Certification, Acceptance and Disposal for LLWILW 08:30 | 101C
Thursday Afternoon, March 10

123 | Topical Session - International NPP D&D: Time for Awareness and Planning 1330 | 1026C
124 | Integration of Human Development with Modeling for Disposal or ER Decisions 13:30 | 10548
125 | Panel: Lessons Leamed from Yucca Mountain License Application Process 13:30 | 10348 X
126 | Experience with Closure & Monitoring of HLW, SMFAUNF & Alpha/TRU Facilies | 13:30 | 1024 X
127 | Technical Advancements in HLW/SNF Disposal - Part 2 of 2 15:15 | 1024 X
128 | Radioactive Material Packaging and Transportation Requlatory |ssues 1330 | 101C
129 | Merged with Sesgion 1084
130 | Innovative Field Monitoring for Environmental Remediation 13:30 | 106A X
131 | ER Progress towards Closure of Contaminated Sites Around the World 13:30 | 1068 X
132 | Global Management of Used Radioactive Sealed Sources & Orphan Materialz 13230 | 106C
133 | Social Sciences as a Resource for Improving Public Involvement - WITHDRAWN
134 | Emerging Treatment Technologies for LLW/ALW 13:30 | 1018
135 | Panel: Russian Technologies Update -WITHDRAWN
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Molybdenum-99 Study
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% Outline

» Introduction

» Treatment procedures

» Results & Lesson-learned
» Conclusions
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%%n Introduction

» Radiopharmaceutical: Tc-99m
decay chain: Mo-99 (66h)— Tc-99m (6h)—Tc-99 (211,000y)
> Application:Mo0-99 Tc-99m generators
> Production of Mo-99 isotope at INER in 1986-88
- Neutron activation of natural UO,:
fission product U-235Mo-99 dissolved in 10N HNO;
- Separation of Mo-99 and U-235:
extract Mo-99 from nitric acid 5% D,EHPA Kerosene.

followed by 2% H,0, 1n 0.1N HNO; solution extracting
Mo-99 to inorganic phase

- Mo-99 puritied

INER

%w Introduction

» Radioactivity analysis

Nuclides Co-60 Cs-137 Sr-90 Gross a Gross B
Radioactivity | 4 4 318 | 2E+4-2E+5 | <LLD-9E+5 | 1E+1-2E+3 | SE+4~1E+6
(Ba/ml) (in1234)

Radioactivity I — -y

A LD | 2E+4~15E+5 | <LLD~7E+4 | 1E+1~1.3E+3 | SE+3~3E+5
(Bg/ml) (in 2006)

» Urgency for Treatment
v’ pressure of storage tanks is as high as 5 kg/cm?
v’ containers corroded
v high concentrated nitric acid

INER
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%“. Introduction

-Specifications of storage tanks for Mo-99 waste solution

e ——

7 e ——

(a) lead-shiclded storage tank

=

~

l’ Lo .
R e

'

(b) heavy sand-shielded storage tank

Capacity Storage volume  Shielding & Dimension Dose rate
Waste solution
(iter) (liter) Thickness(cm) (cm) uSv/h/ml
Raffinate 18 11 Lead. 16t 62dx120 15
Washing 50 33 Concrete, 12.51 WMdx120 10

% Introduction-Reviews about treatment methods

Country | Casada Belgium Netherlands South  Russian Australia Germany  ANL  Argentina  Taiwan
Arfica /USA

Materials HEU(220% 2350) LEU(<20% 2350) natural
ro2

targets.

Laboratory | CRL IRE ECN AEC IPPE ANSTO  Karlsrube Argonne CNEA  INER

Type HLW LW ILLW ILLW HLW ILLW Not Not ILLW HIW

(acid)  (base) (base) (base) (acid) (acid)  Available Available (base) (acid)

International Atomic Energy Agency.
production” . IAEA-TECDOC-1051,

“Management of radioactive waste from * Mo
1998.

INER
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| %_ Treatment procedures—
Flow diagram for the treatment of Mo-99 liquid waste

Phase |
Remate Control & Monitoring

Step | Step 2 Step 3

Mo-99 high radioactive acidic Neutralization pH Adjust and Filtration
waste solution draw out

Step § Step 4

Nitrate and Mercury lon Sr<19 Nuclide Removal Cs-137 Nuclide Removal
Removal

P Intermediate-Level
Low-Level Liguid ‘Waste is b0 8
s SRHRAHE

| INER &

%-Z Treatment procedures—

Procedure of waste solution draw-out and pressure-release

o

Tubing Pum,

protsble
HEFA FILTER

7) pressure gauge

(ONO)

draw out pressure-release A

OF | ® = ek
]
O)4
sampling bottle buf fer-bucket diluuombucke'!“" bucket HEPA System
Ly S000cc  S000cc 5S000cc
heavy sand-shielded -
><] Bellows value
% =36 Double-end quick
Hydraulic Platforms — PE tube
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%“ Treatment procedures- Neutralization and Filtration

() To know the inner reaction
8

(d) Add the lead-shielding

INER

%n Treatment procedures -design & build

Lead-shielded

Mixer
Storage Tank _— Filter Tank
:“;;E"?“ - angk
X p
; X
[51] SIES = @: F [
\‘I_ - ) i [ ~-| :
LLL :([ - ’/_;g o t o ] @ > L) r ﬁ‘ o=
|'\ .T'/ i 1E z'/ 8 . —_ EJ
2 = @ +N | ¥WF .
| T ¥ P I i
= Toe E =
&
INER 9

51



%gg. Treatment procedures —

Treatment facilities for Mo-99 waste solution at INER

Negative-Pressure Shielding Tent Mixer and Filter Nuclides Adsorption Columns

Portable HEPA Spent Adsorbent Storage Tank Portable HEPA

INER &

% % ; Treatment pr ocedures —Delivery of storage tank from
store to negative-pressure shielding box

n
INER
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0 ; .
%;u%-“ Treatment pr ocedures -reaction process

Filter cake

INER

% Treatment procedures-

Radionuclides adsorption column

= i3 HQAd‘v;
! £ .7 | —
bt 1 " . ~<d - _—!
\ ‘ . y ‘ i i .
| (SR )

INER 13
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<‘%§’,,>.., Treatment procedures

Ion exchanger selection
» Cs-Treat : Finland
v'Total ion exchange capacity : 0.3~0.4 meq/g
v'Particle size : 0.25~0.85 mm
v'Operating pH range : 1~13
v'Selectivity Factor : Kqgn,=1,500,000 » Kgx =50,000
» Sr-Treat : Finland
v'Total ion exchange capacity : 4.5~5.5 meq/g
v'Particle size : 0.30~0.85 mm
v'Operating pH range : 9~13
»DT-30A : USA

INER i

%%m Results & Lesson-learned

» pH meter
» Filtration is the most difficult part .

» Adsorption by Cs-Treat is too expensive,
alternative DT-30A is applied.

» Radionuclides Adsorption Problem

INER 15
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) Results & Lesson-learned
- Treatment results of Mo-99 waste water (WC-103)

Radioactivity Analysis

Before Treatment

After Treatment

Gross o <1.07E-2 Bg/ml <1.07E-2 Bq/ml
Gross 2.49E+1 Bq/ml 3.8 Bg/ml
Radioactivity of Cs-137 [3.99 Bg/ml 0.287 Bg/ml
Radioactivity of Sr-90 |6.39E+2 Bg/ml <1.64E-2 Bq/ml

Results & Lesson-learned
- Treatment results of Mo-99 waste water (WC-103)

16

Concentration(after radionuclides removal) Regulation of EPA
Nitrate(NO;") 93400 mg/L. 50 mg/L
Mercury(Hg) 646 mg/L 0.005 mg/L

COD 536 mg/L 200 mg/L

TOC 284.2 mg/L 100 mg/L

ABS 4686 mg/L 10 mg/L
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%m Conclusions

» The acidic Mo-99 radioactive waste liquid was treated by a
compacted process, and facilities which were simple, feasible
and easy to operate.

» After the neutralization, filtration and nuclides adsorption
processes, the treated Mo0-99 inorganic waste solution met the
criteria for discharge. The Cs-137 and Sr-90 nuclide adsorption
columns were in parallel, which shortened the treatment time

» The process generated a small amount of filter cake and spent
adsorbents, and they were categorized as low-level waste..

INER 2
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Development of Treatment Process for Radicactive Wastewater Generated
from Molybdenum-99 Study — 16415

Chang-Liang Hu, Hsien-Ming Hsiao
Chemical Engineering Division, Institute of Nuclear Energy Research
1000 Wenhua Rd. Jiaan Village, Longtan District, Taoyuan City , Taiwan (ROC)
Email: clhu@iner.gov.tw, hmhsiao@iner.gov.tw

ABSTRACT

Molybdenum-99 (Mo-99) high acidic waste solution was securely stored at INER for
numerous years. Until 2004, the procedures of waste solution draw-out and
pressure-release were accompanied, along with construction of treatment facilities. In
2009, after simulated solution and small volume Mo-99 waste solution tests, the
treatment procedure was determined. Then batch-scale treatment facilities were set
up. The waste solution was preserved using the instrument, along with modification of
some facilities simultaneously. Ultimately all of 12 tanks of M0-99 inorganic waste
solution stored in Building 014 were finished on July, 2012. And residential 5 tanks of
those solution served in Building 015B were also completed on September, 2014.

A practicable process has been developed for treating radioactive waste generated
from Mo-99 study, and it can effectively remove radionuclides from a nitric acid
solution. At first, after the waste was sucked from the bucket, the pH value was
adjusted to about 10.0 through acid-alkali neutralization. Then, an adsorbent of
natural zeolite powder was added to adsorb nuclides, and two adsorption columns
filled with Cs-treat and Sr-treat adsorbents were used for removing nuclear species of
Cs-137 and Sr-90. In this step, the nuclear species of Cs-137 and Sr-90 contained in
the liquid waste are significantly reduced to a degree for manual operation allowable.
Then, nitrate ion and mercury ion were removed through another procedure.

As a result, the operations were safer and more efficient than other conventional
methods. Additionally, the hazard of accidental leakage caused by corrosion of the
bucket after long period of storage can be effectively prevented and potential pollution
threats are also eliminated.
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INTRODUCTION

About 400 liters highly radioactive acidic liquid waste originating from Mo-99
production was stowed at INER over many years. In 2007, an examination of the
waste solution showed that:

The activity of Co-60 was decayed to a very low level,

Significant Cs-137 and Sr-90 nuclides still exist,

A risk of a spill exists due to the storage tank corrosion in the case of high
pressure (as high as 5 kg/cm?),

The pH value of solution is negative.

A study on the treatment of the radioactive acidic liquid waste was conducted to solve
the above problems, and allow for discharge of the liquid waste while avoiding
environmental pollution. The first step of treatment is to neutralize the acidic liquid
waste followed by nuclides removal (Phase I ). Therefore, in the subsequent
operation, the use of radiation shielding can be avoided. The above solution will then
be treated to remove nitrate and mercury ions. Before discharging the liquid waste,
the nitrate and mercury ions must be removed in the next step.

In Phase I of the treatment process, the bench tests were carried out by using
simulated solutions, followed by real waste solutions. The results revealed that NaOH
is the preferred solution to neutralize the high acidic waste solution and the pH of
solution must be adjusted to 9~11 prior to the removal of nuclides. After pH
adjustment and the separation of precipitate by filtration, the waste solution was
ready for radionuclide removal. Two kinds of adsorbents were employed for Cs-137
removal, and a third was used for Sr-90 removal. Expensive inorganic selective ion
exchange materials, Cs-Treat and Sr-Treat, can remove specific nuclides effectively.
Another ion exchange material, DT-304, is less effective than Cs-Treat for the
removal of Cs-137, but much less expensive than Cs-Treat. Use of the three
adsorbents in sequence significantly reduced the cost of the treatment process.

A 5-liter treatment system was set up to treat the radioactive liquid waste. This
system includes a stirring reaction tank, a vacuum filter and adsorption columns. For
personnel radiation protection, the reaction tank and filter were covered by lead frame
with thickness of 30 mm and 5 mm respectively. Remote control and monitoring

2
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systems were adopted based on the previous operation experience. In 2012, this
treatment system has successfully treated all of the Mo-99 liquid waste, and reduced
the activity of Cs-137 and Sr-90 from 2E+5 and 9E+5Bqg/ml to 2 Bg/ml and less than
LLD (Lower Limit of Detection) respectively.

WASTE SOLUTION PROPERTIES

Mo-99 is the mother nuclide of Tc-99m, which is often used as a nuclear medicine for
organ analysis in cancer diagnosis. Several countries, such as Canada, Belgium,
Metherlands, South Africa, Australia and the United States, have developed Mo-99
production technology.[1] Among them, Netherlands classified Mo-99 liquid waste
into two categories, namely intermediate and low level, and then temporarily stored
them in COVRA (Centrale Organisatie Voor Radioactief Afval), which is the central
organization for the management of radicactive waste in the Netherlands.[2] A
majority of countries have adopted this long-term storage approach for handling
Mo-99 waste solutions.

The Mo-99 produced at INER in 1986 was from neutron irradiation of U-235. The
process has been implemented 21 times, and each time produced 20 curies of Mo-99
products. After this process, the inorganic acidic and organic extracting solutions,
which had been classified as GTCC (Greater-Than-Class-C) waste, were stored in
lead-shielded tanks and heavy sand-shielded containers. The inorganic wastewater
consisted of 10N nitric acid, mercury ion, and radioactive nuclides due to the nature of
the production process. Chemical and radioactive analysis of the Mo-99 waste solution
was performed in 1994 and the results are shown in Table 1.

Table I. Chemical and radioactive analysis of Mo-99 waste solution in 1994

Solutio

N Co-60® Cs-137° Sr-90* Gross a® Gross p*
Inorgan 2E+4~2E | <LLD ~9E+ SE+4~1E

) 20.4~318° 1E+1~2E+3

ic +5 5 +6
Organic | _ | pcu22 | 1E42~1E | <LLD*4E+ <LLDS 1E+3~2E
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.2 +3 3 ~BE+3 +4

a. Unit : Bg/ml
b. Co-60 decayed to below LLD in 2006

c. LLD = lower limit of detection

All these Mo-99 waste solutions have been temporarily stored at INER for almost 20
years. During the storage period, the pressure of storage tanks increased to as large
as Skg/cm?, which creates the risk of spill due to the corrosion of valves and tubes. [3]
For long-term safe storage, the pressure must be released. In hope of releasing the
pressure safely, analysis of the operational procedures, equipment design, radiation
protection and operator's exposure dose must be conducted. During the pressure
release and sampling process performed in 2005, it was noticed that the steel material
of containers was corroded for those containing high concentration acids, but not for
those containing washing water or organics. [4]

After long storage, the radioactivity of Co-60 nuclide in inorganic waste water was
decayed significantly; however, the radioactivity of long half-life nuclides, such as
Cs-137 and Sr-90, was still very high. In consideration of safe storage of wastewater,
the inorganic waste solution, especially the one with high acidity, needs to be
neutralized and the nuclides within it must be removed for the decommissioning of
storage building and remediation of storage drums. Therefore, this article will focus on
the treatment of acidic Mo-99 inorganic wastewater.

PROCESS FOR THE TREATMENT OF MO-99 INORGANIC WASTE SOLUTION

The flow diagram for the treatment Mo-99 inorganic liquid wastewater is shown in Fig.
1 Step 1 to 5 will be discussed in detail in the following paragraphs, and the Phase I is
the most important part of this treatment process. Step 6 is the final step of the
treatment process in which the wastewater can be completely discharged, however,
this step is not the emphasis of this article. Before discharging the liquid waste,
removal of nitrate and mercury is essential to comply with EPA regulations in Taiwan.
In Step 1 to 4, the radioactivity of the wastewater was very high. Therefore, personnel
need to be shielded by a lead frame for safe operation. After several operational trials
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and adjustment of the treatment facilities, a remote control and monitoring system
was incorporated to carry out the treatment process accurately. [5]

Step 1 Step 2 Step 3
Mo-94% high radioactive acidic ; Meutralization | pH Adjust and Filiration
waste solution draw out o by adding 8N Na(H pH=9~11
Step b : Slep 5 + Step 4
Nitrate aud Mercary Iem | $r-19 Nuclide Removal Cs-137 Nuclide Removal
0 § — SroT . . =Y
by Chemieal Reduetion by Sr-Treat by Cs-Treat & DT-30A

“Step 1-4 need lead-shielding frames
Regulation

: }

Low-Level Liguid Waste

Inrermediare-Level "
Salid Waste Storage

Discharge

Fig. 1. Flow diagram for the treatment of Mo-99 liquid waste
Delivery from Storage Tank to Reaction Tank

Fig. 2 shows the structure of lead-shielded and heavy sand-shielded storage tanks,
with a thickness of more than 16cm and 12.5cm, respectively. There were two kinds
of inorganic waste water stored in the storage tanks, namely the raffinate and
washing solution. Table II shows the specifications of these two kinds of storage
tanks. By completing the connection between the storage tank and the reaction tank,
as shown in Fig. 2 marked with “inlet/outlet”, the Mo-99 waste solution was pumped
out by a diaphragm pump. The entire pipeline for connecting between the storage
tank and the reaction tank was encased in a lead pipe with a thickness of 1.5 cm,
which shielded the radioactivity of the waste solution.

The reaction tank was equipped with a mixer and was held in a steel framework with
a load cell below. The load cell allowed the amount of waste solution entering the
reaction tank to be accurately controlled. There was one level alarm detector attached
at the top of the reaction tank to prevent overflow of the waste solution. The volume
of the reaction tank is about 15 liters and three stainless baffles were attached inside
the reaction tank, with equal distance between each other. A valve for the discharge
of waste solution was set at the bottom of the reaction tank and was controlled by
high-pressure air. The mixer in the reaction tank was a flat bade turbine made of
stainless steel, same as the reaction tank. The mixer has a maximum rotation speed

5
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of 300 rpm. A thermometer, pH meter and liquid level sensor were also installed in the
reaction tank to monitor the temperature, pH, and level of waste solution.

Hetoutet  weatvacuum b
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§ i el se0saeTowm Tioe)
- ~
1 1
|

Zm«qmnm‘,
W

=
% 77

(a)

inlet/outlet

viexs Line

1,400

(b)

vend

Fig. 2. Schematics of (a) lead-shielded and (b)heavy sand-shielded storage tanks

Table II. Specifications of storage tanks for Mo-99 waste solution

Capacity | Storage volume Shielding & Dimension | Dose rate
Waste solution
(liter) (liter) Thickness(cm) (cm) pSv/h/mi
Raffinate 18 11 Lead, 16t 620x120 15
Washing 50 33 Concrete, 12.5t | 940x120 10
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Neutralization and Filtration

Once acid waste solution entered the reaction tank, 8 N sodium hydroxide solution
was added into the tank to increase the pH of waste solution to around 9 to 11. The pH
of solution was controlled carefully in order to match with the operation pH of the
adsorbents. Since the acidic waste solution was 10N HNO: significant fume was
generated by this process. To prevent overheating during the neutralization process,
a water cooling system was employed to keep the temperature of waste solution in the
range of 30~35°C.

If too much NaOH solution is added, significant yellow-brown foam will be formed on
the surface of the mixture, making it difficult to determine the volume of either NaOH
or waste solution and the measurement of solution pH will be meaningless. In this
case, it would take several hours to mix the solution until the foam disappeared. When
the pH of solution was below 1.2, there would be no precipitate formed. However,
when the value of pH exceeded 2, lots of fine precipitates were formed in the solution.
If the pH value was controlled perfectly in the range of 9~11, the color of the waste
solution would be green or brown, depending on the source of Mo-99 waste solution.
Fig. 3(a) shows the reaction condition in the reaction tank. When the pH was too low,
the waste solution would become transparent with less precipitate.

After mixing completely, the releasing valve at the bottom of the tank can be opened
by using compressed air to allow the waste solution to go into the negative-pressure
filter. The filter was equipped with a filter paper that has diameter of 40cm, and pore
size of approximately 3pum. To prevent the spill of high radioactive waste solution, the
filtration process was carried out under negative pressure of higher than 30in-Hg
(i.e.76 cm-Hg), so that the waste solution could be sucked into the 18 liter lead
storage tank. Fig. 3(b) shows the precipitate in the negative-pressure filter and the
radioactivity was about 7.15pSv/hr. The most common problem in the filtration
process is the blocking of pipe by coarse DT-30A particles. However, if DT-30A were
grinded too fine, the filtered waste solution will contain those fine particulates with
size smaller than 3pm. Therefore, the adsorption column would be blocked during the
subsequent nuclides adsorption process.
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(a) (b)

Fig. 3. (a)Neutralization of waste solution and (b) the filtered cake

Nuclide Adsorption

After pH adjustment and the separation of precipitate by filtration, the waste solution
was ready for radionuclides removal. Several nuclide removal methods from the
literature were assessed and the method of using inorganic adsorbents was selected
for this purpose. [6-11] During nuclide adsorption, the waste solution was pumped
from the lead storage tank to the fixed adsorption columns for Cs-137 and Sr-90
removal. The inorganic selective ion adsorbents, Cs-Treat and Sr-Treat, were
employed for Cs-137 and Sr-90 removal, respectively. They were both commercial
products purchased from Fortum Nuclear Services Ltd, Finland. The operating
environment and characteristics of these adsorbents are shown in Table III.

Table III. Properties of Cs-Treat and Sr-Treat

Item Cs-Treat Sr-Treat

Operating pH 1~13 >10
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Selectivity Keeyn==1,500,000 -
Total Ion Exchange 0.3~0.4 meq/qg 4.5~5.5 meq/g
Capacity
Color Dark White
Brown/Black

The pH of waste solution must be adjusted in advance to meet the working pH of
adsorbents. The selectivity of Cs-Treat was very high. Therefore, the adsorption
efficiency of Cs-137 in the high-salt environment was very good. However, due to the
high cost of Cs-Treat, an alternative, DT-30A, was selected for the preliminary
treatment of waste solution. About 400 grams of DT-30A were added in the reaction
tank, which held 12litersof waste solution, right after neutralization and filtration step.
DT-30A was mixed thoroughly with waste solution and then filtrated by the same
negative-pressure filter.

After three to four batch operations of DT-30A mentioned above, the radioactivity of
the Mo-99 wastewater was reduced to 25uSvy/hr per 100ml of solution. Afterward, the
waste solution was pumped into the adsorption column filled with Cs-Treat and
Sr-Treat adsorbents to further lower the radioactivity of wastewater contributing from
Cs-137 and Sr-90 nuclides. When the radioactivity of Cs-137 adsorption column
reached nearly 2000uSv/hr, the adsorption process was stopped and the column was
refilled with fresh Cs-Treat adsorbent. The operators were shielded during the entire
replacement procedure to comply with the radiation protection regulations. The spent
Cs-Treat adsorbent was then stored in a reformed lead-shielded tank.

Remote Operation

Remote control and monitoring systems were adopted by learning from previous
operating experience. The remote control system, including neutralization stirring
unit and pump control for reagent feeding, was customized for the process. The
monitoring system mainly improved the accuracy of neutralization process and
prevented the overflow of waste solution. The monitoring system comprised radiation
detectors and CCD cameras to overlook the progress of neutralization and adsorption.
The remote control and monitoring systems were very useful for reducing personnel’s
exposure to radioactivity.
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Fig. 4. Monitoring system of waste solution treatment facilities

Off-Gas System

Since the Mo-99 inorganic waste solutions contained high concentrations of nitric acid,
the system needed to be ventilated and equipped with HEPA (High-Efficiency
Particulate Air) filters to capture radioactive nuclides during treatment. The
lead-shielded frame was connected to a scrubber through a two-inch outlet nozzle,
and then to a movable HEPA filter as well as the building’s HEPA filters for off-gas
preliminary and final treatment. The scrubber was 180 cm in height, 30 cm in
diameter and has a gas flow rate of 280 L/min. Weak NaOH solution was cycled in the
scrubber for washing nitric acid gas, and used NaOH solution was employed as the
base for neutralization. The scrubbed gas was then pumped into HEPAs with filter
efficiency higher than 99.97% to capture nuclides.

Facilities

A 5-liter per batch system was set up for the treatment of Mo-99 radioactive waste
solution. This system includes a stirring reaction tank, a vacuum filter, adsorption
columns and off-gas HEPA etc. For personnel radiation protection, the reaction tank,
filter and adsorption columns were covered by lead frame with the thickness of 30
mm, 5 mm and 3mm, respectively. All facilities were tested by pure water and
simulation solution before real sample was treated. Fig.5. shows the panoramic view
of whole treatment facilities at INER. The tank named WC-103contained that waste
solution that was the first treated due to its lowest radioactivity and acidity. The

10

66



WM2016 Conference, March 6 — 10, 2016, Phoenix, Arizona, USA

treatment results of WC-103 are shown in Table IV. The COD in the waste solution was
reduced by using active charcoal powder in batch operation to the concentration of 76
mg/L. However, the remaining substance, such as nitrate, mercury, TOC and ABS,
needs to be treated by other methods.

In 2012, this treatment system has successfully treated all of the Mo-99 liquid waste,
and reduced the activity of Cs-137 and Sr-90 from 2E+5 and 9E+5Bg/ml to 2Bq/ml
and less than LLD respectively.

Negative-Pressure Shielding Tent Mixer and Filer Nuchides Adsomtien Columns

Portable HEPA Spent Adsorbent Stornge Tank Portable HEPA

Fig. 5. Treatment facilities for Mo-99 waste solution at INER

Table IV. Treatment results for WC-103 liquid waste

Radioactivity Analysis | Before Treatment | After Treatment

Gross a <1.07E-2 Bg/ml <1.07E-2 Bg/ml
Gross B 2.49E+1 Bg/ml 3.8 Bq/ml
Radioactivity of Cs-137 | 3.99 Bg/ml 0.287 Bg/ml
Radioactivity of Sr-90 | 6.39E+2 Bq/ml <1.64E-2 Bg/ml

Concentration(after radionuclides removal) | Regulation of EPA

Nitrate(NO3") 93400 mg/L 50 mg/L
Mercury(Hg) 646 mg/L 0.005 mg/L
COD 536 mg/L 200 mg/L
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TOC 284.2 mg/L 100 mg/L

ABS 4686 mg/L 10 mg/L

LESSON LEARNED

Fine precipitate particles still existed in filtered waste solution, and those particles
would block the adsorption column, therefore, the Cs-137 adsorption treatment cant
be operated effectively. High acidity would also lower the efficiency of Cs-Treat and
made the adsorbent to dissolve. By using self-developed treatment process and
equipment, the treatment costs were significantly reduced, particularly when DT-30A
batch adsorption was adopted prior to Cs-Treat column operation. Most of the
radioactivity of Mo-99 waste solution was removed, however, the contaminants such
as nitrate, mercury, as well as a nuclide in solution still need to be treated, which could
be removed by chemical reaction and membrane filtration. In such operation, lead
shielding is not required any more.

CONCLUSIONS

The acidic Mo-99 radioactive waste liquid was treated by a compacted process, and
facilities which were simple, feasible and easy to operate. After the neutralization,
filtration and nuclides adsorption processes, the treated Mo-99 inorganic waste
solution met the criteria for discharge. The Cs-137 and Sr-90 nuclide adsorption
columns were in parallel, which shortened the treatment time. The expensive
Cs-Treat and cheap DT-30A adsorbents were used in turn to lower the operational
cost. Treatment capacity is limited to about 5 liters, which is safe for operators from a
radiation protection perspective. The process generated a small amount of filter cake
and spent adsorbents, and they were categorized as low-level waste. The solid waste
was stored in the reformed, empty shielded tanks which were originally used to store
the Mo-99 solutions.
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