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Groundwater and soil

Tyler Gilmore /Ph.D. Group manger

remediation

Contaminant Migration

Dawn Wellman/ Ph.D Project manger

Modeling
Elsa Cordova Aqueous geochemistry Scientist
Lirong Zhong/ Ph.D Aquifer and yadose zone Senlo_r re;earch
remediation scientist
Fred Zhang/ Ph.D Multiphase flow modeling Scientist
Jim Szecsody/ Ph.D Aquifer and yadose zone Senlo_r refsearch
remediation scientist
Wooyong Um/Ph.D Radlongclldes and_metal Senlo_r re§earch
sorption/desorption scientist
Karl Mueller/ Ph.D NMR Laboratory fellow
Yan Shi/ Ph.D Data intensive Science Scientist
computing
Diane Traeger - Administratof

AR EERFE Y Dawn Wellmanfi#i1:£5 Research Technology Laboratory
(RTL)EBE R IERE < BRI S 1 BT H i K R - 3EE EHlr
TR E NG /K EE EHlii(vadose zone remediation) Hanford site &7k
[ E B s AR (Project mangen) BB R S /KR AT AT
o O 10FHHE R L - B30 A PNNL B 31« #2165 A (Host) -
RNFAENGY RTLEE Parker Roondd 1418 |- 345 5 i b Jre 2 Ry b Ty » i B
PNNL Eify N B & AR - Dr. Tyler Gilmore/ 2Bz Rt 7 e RFIIASEE - Bl
72N PNNL B AR B eiti e HEN B - DIMIRAHET T5/75K - Elsa
CordovaiitH Hanford site f&HH iz g sy g BRI 248t Hanford site i& BHES fifi fH
BRERE a5 BH i bt PR st it ~ BRI A Al 5 s it o Jeg PR AR - Dr. Lirong Zhong
J2 Dr. Jim Szecsod$iy /A2 A2 HIEEE E= - fREHHRRE RN VIR

3
N
\
/



Ak (foam deliveryfEE 7.2 S /K e & BArRE R BRDL - IEAL > TRENIRZ 5
BT TR > TSRS SR KPR SR L5 - Dr. Fred Zhang
1e it Hanford T A2 EE (prototype hanford barrie FHREHER » iFRHALR
il S BRI T BT Crib)ie 22 32 [

2 : Research Technology Laboratory R

FH5H



3 0 N HL PNNL F 2445 A (@) Dawn Wellmansz (b)Elsa Cordovas 5

&
(o2}
\
A



(=) PNNL />

PNNL £ SE B RE RS g = BLRL R D AT R S == o2 — > F 2R r
FRTERGE N B A B i (Richland, WA)- (it 600 45iiX - #(3T Hanford Site- 1965
4. Battelle Memorial Institute{[[17% 19294 DIk & 8ii#d5 T Gordon Battelle 1L
AR HI. JEE RIS, - R FIB ~ CD Sah L EESEWI AL - HAHRS The
business of innovation http://www.battelle.org/y Hf5 5 Hanford Siteff Thff47EE
BEIRIEHT - BN R P EEE L B = (Pacific Northwest Laboratory) 3if U7 i
AR A Ry Hanford Sitefysdiiiiteiiesss - & S EA5 R e SR
FEEE T ARAR BRI - SlfEses RS SRR fti(Fast Flux Test Facility)]jis&
2 T REZR B 1Y g P AL RE T o6 RGBTl 2B B AR O BRRE S A RH
i B SR E NI IE A AR 72 E iR A e R SR
{EREVR R T ] N ET TSR 51

FIR#4T 4T00f1 2 5L T #) 3757584 B4 BLEAHI 67 18 57238 2000
RV P - PNNL ATl LR SRR » RS B i 8
% LS
1. BRACLAE SRR -

2. HREE REIELDI - REARAOBGE TR -
3. B TR 8 R 1 AR A
4. VRSN FSERBL B R A TR -

B O TRl T
feERil TR
RSB
GRUESSVEL
UTHIZERER

W FHRGTRIE B i
itk TR
fREET AR

N o g bk~ W N BRF

pi
~
\;
/



8. SRt LR ERE SRy
9. JEFMEIRIELETIE
10. REURIE RS et s AT

PNNL = S5 RS FS IR T B SR 20 2~ BV ~ DR
Lo R A A TR - H AT PNNL Y = SRR Her b G T SRR,
[ (Fundamental and computational science directorate] ¢ %% (National
security)~ geji M EREE LY (Energy and Environment directoratedzilii /1R EF
22 (Environmental molecular science laboratoryff k4 a0E 4 » R E
AR R BbT BARETFAL T Z i EGRRIEEAH (Earth system science divisiog
Bzt (Environmental system group)HH B EEE I M M PR HEERGRARR L
A~ EFERIERA ~ BT TRht R BE A ~ BEVRAR e SR ~ SRS R T
PR - BREEERE IR L RH AR A AR 5 -

Pacific Northwest
MNational Laboratory Labaratory Directar's Office
Leboratory Deecior

Office of Intarnal Audit
Capability Replacement Laboratory Director's
Laboratory Exacutive Assistant
Office of General Counsel
Chief Information Officer ‘ Deputy Director for S&T
Technology Deployment
Special Assistant to the & Cutresch
Laberatory Director
M u Business Systems
National Security | I Energy & Environment
| | Operational Systems
Fundamental & Computational | | | W.R. Wiley Environmental -
Sclences Molecutar Sciences Laboratory
Organizational Development
| Systems

4 PNNL kA

#
(o]
\
A



Energy and Environment
Directorate

Energy & Chisf Science & Planning & Analysis Chief Oparations Business Offics
Environmaental Sector Technology Officer Marilyn Quadre Officer Sam Marinez
Terry Welton Suresh Baskaran (Acting) Tarry Brog
Sectors |
G“—Thi‘w;:‘ms i Project Management Offices Divisions
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Jonda Franklin
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Nuclear Energy Ma Tany Brog (Adting)
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Mark Hanson
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Problem Process/Technology
Definition Development

Laboratory Bench = Pilot = Field
Studies Scale-up
Toaols Simulations
x Long-Term
Field Data Advanced Sensors & Performance
Acquisition Characterization Tools Monitoring

Operational Support &
Feedback

National Laboratory’s Role

Execution

Full Scale

Design,
Construction &
Operations

Contractors
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Key Facilities Supporting the
Hanford EM Mission

i

7 : PNNL 22 Hanford site J& 8~ 8 B34 fifh b 1755



(P4) Hanford site #&H K iEHHEN

Hanford SiteryF% 1S fERft (v R SE B e B N S L Rea - 5 19434F
Manhattan Projedt Hf— 7y - & A=A #ilURt » AImfesE 151848 /i [
AT S i A S HLANEFARBR » o ] T BB J vV RS A 2 B EE R
TR E TR RS 100 Arear (LA BlESAR 2 NS A2 R Ok i B e fi s 200
Area > HAM SRl R i A A e R s 300 Arear T Iskfi [ 2l 8 o BRAAE
R A 2 Tri-Cities » 42 T Richland~ Kennewickf] Pasco— {7 -

(IR > A0 U AL 1 B S B U B R R S i TR =5 5 e it - 9 BiE
60,0001 1 mads > s MIRFIHEL T RHEsHE R - 524 Hanford site R}
1FEMR 2 H il EHYZEREL R - B Reactor g 2 {H A5 — F8 - BURE $i 21 7 [
a0 MESTE LU AR ERRREA] LA K4l D Reactorfl] F Reactor il
BN 194447 12 F Bl 19454 2 H - 19454 4 H3&5 L% Los Alamose K
SIS RERRHAT 1964 Bil 1971474 |5 » A sidasan £y 22 4F - R0 > N
Reactontyi&EfEg EE g H 1Y © H—FF % Washington Public Power Supply System
(WPPSSHERILIER A A © S5 —NIE A AE (R elasiy#hi - PRI N ReactorSrig
AHIEF] 19874 » Hanford Sitef S sl i SR A3 3 -

SN2 R Y 2R S SE YR i BRI R (8B Y st
Hanford {38 15K S A TR TEV BT R IR 22 S S At LR rimT - B 21
ez ARG R » BE i BITIAS oR » HIZAE AE s s I SRR AR R 72 - (H
AR AE A T 200,00007 5 R S U R R FEY)( Tank Waste; 710,000 37
iR RS TR R e (ORER > HETTHESE) + 501 T U549 520 AT 2 By T~
AEZGE . HAB A mELRE Y s - Hanford site 548 mE k% sl s AR
T VR SRl e 56 =02 . » 325 Hanford {2 S5 87 el i RHIRZ
Ttk - FIRTRZSHE F S T S s R BB B (Environmental Cleanup T
= o 1 Hanford A5 — s A% EE&E ik ( Columbia Generating Station4 k& HAth
RREH2EUC - 41 PNNL B LIGO Hanford Observation

FI11H



Hanford Site
(586 Square Miles)

'
}‘IWASHINGTN

—
| 2k :
aatthe Spokans
o Hanforg Sine
= % b)x ! £
el =
; r ® Parliand
e |
S |
,f'l OREGON
.'r-
I‘II
\ 200 West Area 200 East Area
(Tank Farms) (Tank Farms)
\)
(ERDF) 618-11 Burial Energy
Ground MOriwas “
Arid Lands
Ecology Reserve 1y
AN
400 Area
FFTF
i} 10 Kilometers. ‘%.9.
[ I ﬁaj ,
o 300
o 5 milas .5.% ‘\

Geographic location and principal facilities
al the Hanford Site. |
f

8 : Hanford Siteli 3k i &=

[ 5 e et S0 1 BR B RGN N1 DS BRI RN BURT IR KA A
Hanford Site/B 855 » & ERA TBI I Bl L o8 o DL Ry s O s HL At ol
FH R S S i P B 7R 5 200 Arearf s 5 o /0 fth i (R R s
W2 T REIET A B RN B T « H Bt Hanford g 52 ERSET LB - 28y
TEUHPE VB A PR HE A AL SRR R - (FUE 00319 Hanford Sitef/y 3847 i
BRI YR > BRI 238 BT YL s T /Kl i i L R B -
Hanford Site %1% 85 A Y SEREE VRS B 177 {ERAUH R (tank
farmy S N TEREGEY) (%9 204,00037 J52K ) FAERRR - B =400 —

F12H

=



(ISRl A R TS T 3 R Ml UK © 2008 AERE A M S B ) Wil
TR 2 e e TR DY > {E()54T 10,600 375 KA S ) &2 100,000 17
JIRAIE R 5 e AT B e R R R A > G TR 2018 4R/ - HIRTTAS
HETH] 20404321 » A5 T 5947 BRSO S 44y L0 (07 JToRAHE R 57K et it
UKIEHEITESE - {6 200844214 400037 5 KK iU R B SE s Hhst KR
AHELREN 5 EAIIDAREER > fhE1HT 12 2 S0 4F N ERERS Bt EL R - Skl
A 710,00057 /5 KA [ R L 5EY)) -

{E=Jitohads N (RN e B R SE Y FE s SR A N s RA 250 - B
IR BI04 RS 2 i R8T PR SR A = R PR R S Y B T R T
IR - Y25 RIS mRE - H AT Hanfordiy 82 2 B RE AL S 245
s R U U U As — e RS A RIS TERAE BT - 5K 4 P
Y15 Hanford Site}: B G fii A< 521 Advanced Technologies and Laboratories
(ATL) ~ Bechtel- Washington River Protection Solutions(WRRS}SC Hanford
CH2M HILL Plateau Remediation CompanMission Support Alliance (MSA)-
Washington Closure Hanford (WCH)

Hanford Siterr T IR S AN PR RE IR B B AN 255 > DISURET -
- SREERI N AGEAZ i R TS G o HOHP B B S H S B R R )
Tank Wastet (L E2VIE 5 L3 SIS R e SO 5 4ert 138 Bt oK Tk 17kt
INEAHE Z B E B H A - Hanford Site filUH 1458 S VRS R I8 e 52 1)
200,000 /52K (1.95 ()5 HL) ~ [El#EE5EY 700,00017 /7K(6 1 &M E) ~ THHEK
MR /K 10N SR (<1 E L) ~ B 5.5 H AT ok (1 B BL) R 1kt
70017 /7K (1.5 (R L)  MIHA S ERE +- sles FEAAHEL - Hanford Sitefrdi LEAI
TR
YT B TR A5 25% (120004 )
RATBUR TS AL 35% (#9 3.5 fm B~ 10 {5
HTFEREHEYIG 60% (200,00037 /52K )
FEBRIEE Sl ETHE R e Y15 60% (76,00077 /52K )
FEEH L 80% (2100231 )

a M w0 bdhpoE



7% 3 : Hanford Sitef¥ s i as g 2

Sart-up | Shutdown Initial power Final power
Reactor name
date date (MWh) (MWh)
B Reactor Sep 1944 Feb 1968 250 2210
D Reactor Dec 1944 | Jun 1967 250 2165
F Reactor Feb 1945 Jun 1965 250 2040
H Reactor Oct 1949 Apr 1965 400 2140
DR ("D
Replacement™) Oct 1950 Dec 1964 250 2015
Reactor
C Reactor Nov 1952 | Apr 1969 650 2500
KW (" K West")
Jan 1955 Feb 1970 1800 4400
Reactor
KE ("K East")
Apr 1955 | Jan 1971 1800 4400
Reactor
N Reactor Dec 1963 | Jan 1987 4000 4000
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washingtonriver

J protectionsolutions

7% 4 Hanford SitegdiZy iR g —E 7
Responsibility

ATL operates the 222-S Laboratory complex, the priroarsite lab foi
analysis of highly radioactive samples in suppoftati Hanford
projects.

Bechtel is coordinating the construction of Hanford’s Wa3teatmen
Plant, also known as the Vitrification Plant.

WRPS carries out the work associated with monitoring amanaging
the 177 underground storage liquid tanks at Hanford

Remarks

ATL #% 2% Dr. Jou
Hwang



Contractor

@ cHzwHILL

Washington
Closure
Hanford

# 4 Hanford Site#fiiEe /i & g —5% (#)
Responsibility

CSC Hanford provides occupational medical services to DOE aedSite contractors.

The CH2M HILL Plateau Remediation Company ‘s responsibility includes the sol
and liquid waste treatment and disposal, soil andigdwater reediation, facility an
canyon disposition, and closure of the Plutoniumdking Plant, as well as treatmen

highly radioactive sludge

The Mission Support Alliance (MSA) team oversees security, site infrastructure

utilities, information management, fire servicasd éusiness management.

Washington Closure Hanford (WCH) is the prime contractor for environmer
restoration of the Hanford Site, which includesaciag up waste sites, decontamina
and decommissioning former plutonium reactors, disdosing of contaminated wast:

F16H
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Remarks
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Status and Outlook of Contaminated Soils Treatment at INER

There are 15000 cubic meters of contaminated stol®d at Institute of Nuclear
Energy Research (INER). The contaminated soil mixture of sands and gravels.
The major chemical composition is $i@nd the water content is below 40 wt.%. The
dose rate of the soil is 0.26-8.1Sv/h. The radioactivities in contaminated soils are
approximately 20,000~740 Bg/kg for Cs-137 and 1@;6@0 Bg/kg for Sr-90,

respectively.

To evaluate the feasibility the chemical washigtment for contaminated soils
at INER, weak acid solution was used to wash alsamabunt of soil, 500~1000 g.
Test result shows the removing rates of Cs-137Gm@0 in contaminated soils were
significant. Besides, the laboratory-scale expenisie of electrokinetic soil
remediation, thermal desorptioand surfactant washing processes were also studied
at INER. However, those techniques are not yetemgeihted at INER, due to the lack
of proven results of appropriate plant-scale precBgefore developing an appropriate
methodology, contaminated soils are still storethatunderground storage facility of
INER.



Other than above-mentioned soil treatment, sgprocess will be a pre-treatment
to reduce soil volume. INER is interested in thehteques and experiences of sorting
process at PNNL. The expected capacity and effigiefi contaminated soil with the
process are 30 cubic meters per day and 90%, tesggcAfter the sorting process,
the screened contaminated soils should be tregtetidmical or physical methods to
remove the radionuclides to meet the regulatorytlifd0 Bg/kg for disposal at INER
and 100 Bqg/kg for release to the environment.

All of the three existing nuclear-power plants (P Taiwan will go offline,
once their licenses expire. In the wake of exist{fgPs’ decommissioning, the soil
remediation will be a very important issue. Witle PNNL’s experiences dealing with
soil remediation, the appropriate methodology arehtment techniques will be

applied to Taiwan'’s facilities.
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Tank Farm

149 of these single shell tanks weré btiHanford. 67 of thes
tanks to leak some of their contents into the gdouianford
built another 28 “double shell tanks, these tanks have n
leaked any of their waste.

Liquid Effluent
Retention Facility
(LERF)

Storage capacity is 88.5 million liters.

242-A Evaporator

This unit accepts waste from tbebdke-shell tanks and boils it
extract water and concentrate the waste, which gaek to the
double-shell tanks. Each evaporator campaign makesut
500,000 gallons of tank space available. The cosatengoes t(
LERF-ETF for treatment.

o

A=

Effluent Treatment
Facility (ETF)

A number of treatment processes at ETF remove aatiiee and
hazardous contaminants from waste water. For digehto a
state-approved disposal in 200 Area. ETF drep
to 28-million gallons of waste water each year.

site

Treated Effluent
Disposal Facility:

Treated non-hazardous and non-radioactive liquidstega are
collected and then disposed of through the systentise Treateq
Effluent Disposal Facility (TEDF).

)

Hazardous Waste
Treatment Units

This unit consists of six rooms in the 325 Builditiyree of which
are in the Shielded Analytical Laboratory. The usiibres ang

treats a variety and small volumes of dangerousnairdd wastes

from lab operations in the 300 Area.

D

Central Waste
Complex

This unit is a storage area for solid wastes ttaatesd operating if
1988. It has 19 storage buildings, 27 storage nesdiufbr
low-flashpoint wastes, and 6 outdoor storage athat hold &
wide variety of wastes. Its capacity is the equewalof 64,000
drums, with 300,000 square feet of total storagesp

Waste Receiving and

Processing Facility

It handles mostly transuranic (plutonium- contarted® and

mixed transuranic waste. It receives, examines, tegats waste

from Hanford’s burial grounds. Treatment is doneotigh a
variety of methods, such as compacting, repackagegd
encapsulating. This is also the point from whi@ngsuranic waste

leave Hanford to be disposed of in the Waste IsmiaRilot Plant.

F3TH
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Vitrification Plant

Vitrification Plant is under ostruction, and has a legal deadl
to start operating in 2019. It will treat the 56llmnh gallons of
waste in Hanford’s 177 underground tanks to conwéat a stable
glass form in a process called vitrification. Insgsts of four mair]
facilities:  pretreatment, low-activity waste vitdétion,
high-activity waste vitrification, and a laboratoty support this
work.

ne

Integrated Disposal

This facility is a disposal site for the low-actwiwaste glass

Facility(IDF) canisters. Its capacity is 450,000 cubic meterswakte. The
landfill has two sections, one for mixed (radioaeti and
chemically hazardous) waste and one for radioactraste the
permit doesn't regulate.

Waste EncapsulatingWWESF began operating in 1974. This facility statg¥2 capsule

and Storage Facility

of cesium-137 and strontium-90 underwater. The wWagsare
about 21 long. The waste came from Hanfg
underground storage tanks in a campaign in the SL&Y@emove
the extremely radioactive materials.

inches

[7)

rd’s

Low-Level Burial

Grounds Trenches

Trenches store, treat, and dispose of radioactinge chemically
dangerous waste from Hanford work. The trencheslinegl to
collect any liquids leaching from the waste for oM@ and
treatment. The waste includes waste in drums anent
equipment.

Wast
and

Transuranic
Retrieval
Certification

e More than 70,000 containers of TRU waste wereestamder 3
layer of dirt. Crews often work in protective cloty and
breathing equipment before they can put the coatsainnto
overpacks for safe removal from the trench. Thegss involves
x-raying of the container to determine if any ptotad items suct
as liquids are inside.
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At

Environmental

Restoration Disposalof contaminated material has been disposed inabiity. ERDF

Facility(ERDF)

ERDF capacity is 16.4 million tons. To date, neddymillion tons

accepts low-level radioactive, hazardous, and nixastes.

Cold Vacuum Drying Crews loaded fuel rods into water-filled containecslled

Facility(CVDF)

Multi-Canister Overpacks (MCOQO’s) in the basins. idies the
CVDF, the 150 to 190 gallons of bulk water insigdery Overpack

the water inside the MCO was being removed and aadgd, ar
atmosphere of greater than 99.97% pure helium wastained in
the Overpack.

Waste Sampling andWSCF conducts analyses on air, water, soil, vaglodge, anc

Characterization
Facility:

other miscellaneous samples.

had to be removed without any contamination beglgased. As

D

TANK FARM —)

Ground water

. Effluen
242-A Liquid Effluent B
. Treatment
Evaporator Retention e
Facility

Treatment

Plant
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LL Environmental

Spent Drums Waste Receiving and Restoration Disposal
Boxes Processing Facility Facility

TRU

Contaminated

WIPP .
soil

(New Mexico)

[ 24+ [ R B R s e

Primary Treatment Train

Surge Rough Peroxide Fine
Tan Filter UV/OX E&'L Decomp. Filter Degas.

LERF

Verification

1st Stage 2nd Stage
Osmosis Osmosis

Reverse Reverse ‘[

| = L5

SWRT | | gvap || conc |_| TFD _OO Drums
Tank

SecondaryTreatment Train

CONC Tank = Concentrate tank
= Degasification column
gH Adj. = Effluent pH adjustment tank
E'U'A = Ewvaporator
= lon Exchange
I.F.HF = Liquid Effluent Retention Facility MU?";—:-;
gl-l = geoo adjustment tank Lol
WH = ndary waste receiving tank
TFD = Thin film d
uwox = Ultraviolet xldalmn
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Piping Abbraviations

AF Anti-Foam P | Procesa Sewer
AR Alr Sample PW | Process Wals
DEZON || Decomamination AN | R Water
OR Draim S5 | Steam Cordensrin Ereditar / Demister
EF Evnpormor Feed GL | STy
EL Ehuaer STM | Steam
FAW | Fltoed Fow Waber  [SW | Sanitary Wiber
1 Inabrumieed LU ey
A ngkrumend e LW Uaed Fae Waler
VFL | Dworfiow L Wil
Pi Procese Hr WAC | Wacuum
PC Process Condersaiie VU | Vecsd Ve
Eiream Marber Uged in Eream
Fiowehest Calodation 00 paig
Process Sam
=F pe iR
Stamm dat
pely Ejotor
[ a—— i astieL
Arfin Lesk L
e E A linlet
Ooonirmem snt Pade Vapor Line m“."'“. )J ANEEGT
@ } 1 EE2 %) @ @
Peimery URAW - AW I| Il
Fliered fom _ FR® ey Goadenssr | S L Er——,
Water & P A Filler
: & e
Pecirculation i - =2

E:ﬁ

Candarsste Pump
PL-100
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Aol i SWWY ECa

gnugh Filiter (Conf. #1)
T
Surge Tank (Conf. #2)

Inlet Coolar

Heaacti Chamber 18
W ! Reaction Chamber 1B

Ukraviolet
Light/Ouidation
Flowlines ——

Drain Lines

Reaction Chamber 28 Reaction Chamber 28

g

Drain to

Sump Tank 2
PH Adjustment Tank

27 ZIMRR AL BT AR e



Fram

Column

ifleation First * Sacond *
el Array

15l RO Feed
Tank Pumpa

!

Bank &

i

Bank B

15t RO Fead Tank

ol

Bank B Bank C SWRT
F
Ta 15t RO
Feed Tank
Second "
First * Array
Array

Bank A

2nd RO Feed
Tank Pumps

i

Bank B

Bank ¢

ind RO Feed Tank

Bank C

To IX (Canl. #1)
or
Surge Tank (Cond. #2)

Hote: “2 banks n operation, 1 bank in resene. ]
SWRT = Secondarty Waste Recieiving Tanks

— = Retentate Line
= Permeate Line

28 W I PR (i R e

29 VB i B AR AR



|Cnnnm1trate

Tank Pumps
- Blower
an
Cooler gﬁeﬂmﬂﬂuﬁas
[ "'-
|Elntni Jﬁ- Cooling Water
Dr?ﬂr ﬁ Fin
o = g —
Steam
from Boiler | : :
E : Spray Condenser
: e
l_
] Distillate
| J\ Cooler
Dryar
Hopper Condensata
Return to
Boiler Distillate
g te Surge
- Cooling Water Tank
208-Liter Containers Ha7040165.16
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Entrainment ,L

Separator

EHH ﬁ . Vapor
R TN Sy

Vessel

—pe  Mf-Gas
System

PR |
»l ) Hoster
Recirculation Laval
From Secoendary Waste Pump Control Control
Receiving Tanks Tank Valve
Ta:
Concentrate - To:
Tanks Distillate
Flash Tank
Concentrate

Transfar Pump
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8B Dr Wellmangf e [ AT R 2 5 K fig il ¢ 52 Transuranidiifi TRU)
JREEY) < K dEAE2E - Dr Wellmanfi{: Hanford sitet 52 ok S lI{1 3 (Retrieval
and Certification)y” fHFH &R & Es - Hanford site TRUZEZEYY 1970 19804F
AEFHTHY 200 Area KU e YpziE iz (Burial grounds » #iit#9 £ 70, 000
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( LAW vitrification plant) % (melter) SEFTIRIEAL » 7538150 b Ry [
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DRY BLEND
MODULE

FILTRATION .

DECON/ADDITIVE MODULE

MODULE

- Y[
WASTE LIQUID FEED '%
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GROUT TO VAULT g
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Pretreatment Plant : LAW Vitrification Plant

'=nllaton

LAW Feed [ %
Eua — Concermae— Lltrafitrabion Cesium
J & v Concentrates

e | | . HLW Vitrification Plant
> EMNa ; r

Puize Jet Veniation

HLW Glass:
Formers &
Reductants

Acrorym List
A - Biver
plesem gl Fubd - Fuize Jet Mier
HE.E_ Hi efe FFD - Fevarse Flow Drverer
. - High Eficlency b=t Siminator e o ped Bed Brrubber
HLW HE=A - High SMciency Pamiculaes i Fiser |-
] HLW - Higtrimmed SCR - Selectve Calalyic Reduction
Glass | ferie _LWE" " TC - Thermal Camiyc Dwdaton
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Tank
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Shatl
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O= = i_ — == Pretreatment
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|1 { MY DDA DOCTIAR
i1 Frocess Condensats Systems) i
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X
11
|1 Chamies Andtes
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L | () e e ==
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| 1 LAW Feed Receipt | LAW Ultrafiltration
| | [&ystem FRP) {System UFF)
11 i
I ]
11 Waste Feed
| ] Evaporation
- (System FEF)
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11
11
11 Effluent
i 1 Collection
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11
|1
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1
11
I
|1
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Simplified Reactor Operation

Rear Face

Process Tubes Front Face
\Graphite Reactor Block /
Uranium Fuel Eleﬁlts ‘\

Load New
Fuel

Fuel Storage

Irradiated Baiy

Fuel

0008008

lements were loaded into the

5 tubes at the front face - @ To Chemical
} —_— Tl’aﬁzgoﬁ Irradiated Processing
remained in reactor block while Cask Fuel Plants

s irradiated by nuclear reaction

fuel was discharged from the rear face
stored in a water-filled basin

Wwas transported in shielded casks to chemical
sing plants to separate the plutonium

E0501051 7
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1. lfes EMSLI S - g¢rT e 28 Karl Mueller B8 55T 22 -

2. #8H EMSL {f & A gk EE E 2 (www.emsl.pnnl.gov/access)
3. VEEIFAIFIBOR R HEA -

4. FH = EMSL i Fes sl PR gl 1 -

5. fili% o

EMSL 3%ff{E222E] www.emsl.pnnl.gov/capabilit ies/instrumentList.js@l]
MS - GC- ICP-MS%: » Bzl /i, 2 900-MHz (21.1 Tesla)%hg iR Git
FE(NMR Spectrometen =# S ( Chinook, HP 2310-Node Linux Clustefy XPS

ImagingsZ Bl -

40 : /N2 A E Karl Mueller (H1) K Yan Shi(/5) &3¢
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2012.8.10 Frontiers in Chemical Imaging Pro. lan Robertson
Seminar — Coupling time-resolved (University of lllinois at
in-situ experiment with electron Urbana - Champaign,
tomography- a new approach to defect Division Director, Division
evolution studies of Materials Research)
2012.8.19 Looking Beyond the Postdoc: Resear¢hPostdoc scientist from EED
Goals Panel NSD and EMSL.
2012.8.29 | 2011 M-T. Thomas Award for Dr. Ajay Karakoti (EMSL)
Outstanding Postdoctoral Achievement
at EMSL.
2012.9.6 The Evolution of DC in NFPA 70E and Dr. Anthony Parsons
the Advancement of DC System (Technical Consultant in
Technology Schneider Electric's Power
Systems Engineering group,
2012.9 11 Gaps and Challenges in Biodefense anDr. Robert Kadlec(director
Necessary Next Steps for biodefense of Homeland
Security Council)
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FELLOWSHIP TERMS AND CONDITIONS

The terms and conditions of this award as prescribed by SEE are:

Start/End Dates: 7/19/2012 through 9/11/2012
Research Description: State-of-the-art treatment techniques of soil remediation

Travel and other allowances are contingent upon receipt of the signed acceptance of this award by SEE.
This agreement may be terminated immediately after the receipt of your written notice to SEE, or upon
five (5) calendar days by written nofice from SEE to you. Violations of PNNL's written policies may result
in immediate termination of your appointment. In addition, termination of appointments and allowances
may be at the request of SEE, the host, or the appointee. Amendments to this award consistent with
program guidelines will depend upon the mutual agreement among you, SEE and your PNNL host. Any
changes to this agreement require the prior written approval of SEE. All fellowships are contingent upon
DOE site access approval and verification of availability of funds. As a condition of this award, you must
continue to receive funding from your home institution throughout the duration of your fellowship.

Fellowship Status. Battelle's fellowships are awarded in recognition of your academic and/or scientific
achievements and allow you to pursue educational and professional development opportunities at PNNL.
Fellows sponsored by SEE’s ASF program are not employees of Battelle, PNNL_or DOE_ Accordingly
additional benefits will not be provided with this award.

Insurance. You will not receive any type of benefits nor will you be covered under PNNL's Worker's
Compensation Policy throughout the duration of your research appointment; therefore, you must show
proof of medical insurance coverage during your appointment by providing SEE with a copy of your
insurance card. If you do not have medical insurance, you must purchase insurance and provide proof
prior to your arrival. You are also required to have a current and valid driver license if you drive a
Battelle, U.5. Government, or rented vehicle during your appointment.

Supplemental Travel. Supplemental travel may be provided for your participation in professional
meetings, conferences, or field research. Written authorization from your host and verification of
availability of funds are required prior to making travel arrangements. Reimbursements for round-trip
fravel, conference/meeting fees, and meal and lodging per diem will be consistent with PNNL travel
policies. Please contact the SEE office to assist you in your supplemental travel arrangements.

Housing. The Guest House at PNML is conveniently located on the PNNL campus,
hitp://www_pnl.gov/guesthouse/. Please note: It is your responsibility to directly contact the Guest House
or other landlords to make housing arrangements. You will find information on the “Housing and General
Info™ document included with your paperwork.

Sign below and return to:

Science & Engineering Education
Attention: Joanie Walker, MS K1-01
P.O. Box 999, Richland, WA 99354
Fax: 509-375-3882

[1 1 understand and ACCEPT the terms and conditions of this award

11 DECLINE this award

Signature: Date:
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Outline
Status and Outlook of Contaminated # Introduction
Soils Treatment at INER # Status of Contaminated Soils Treatment
at INER
Chung-Yung Lin{Jeff) # Outlook of Contaminated Soils Treatment

at INER

Institute of Muclear Energy Research(INER), Taiwan
# Expected outcomes

August 2, 2012
) )
The Location of INER & TAIWAN’s NPPs Introduction of INER

# Founded in 1968, INER is the sole national research
institute to promote peaceful applications of nuclear
science in Taiwan.

i # INER has expanded researches to renewable and new

CHINA energy territories.

i v # INER simultaneously takes care of energy safety,
economic development and environmental protection
Taipei topics.

# INER collects all radwastes from labs
and hospitals around Taiwan
except Nuclear Power Plant.

| eS8
L R L

Muctear power plants worldwide 2 Nudes F’uﬂer

Plant w
-
Research Fields of INER o ;
Participated Projects at INER

My participated projects at INER since 2008 are as
# Nuclear Safety Technology follows:
# Environmental and Energy Technology 1. Liquid Radwaste Treatment (including Reverse
# Radiation Application Technology Osmosis, lon Exchange, Evaporation. and

Membrane Distillation Process etc.)
2. Solidification of Liquid Radwaste

3. Application of Solar Evaporation
4. Contaminated Soil Treatment and Sorting

For more information, plaase visit www. iner gov twlenl.




Top view of Underground Storage Facility of INER

@ There are 15,000 m?® contaminated soils stored
in INER's Underground Storage Facility (USF).
# There are 44 cases at this site.

Contaminated soil characteristic at

INER
¢ The major composition s SIO,, and the water content s
below 40 wi. %.
# The dose rate of sol |s 0.26~8.16 uSvh.
# The 10~20wt% fine clay (< 2 gm) contribuled the
80~40% of total activity in soils.

# Following table shows the specific activilies in
contaminaied soils, which are 20~0.74 Bq/fg for Cs-137,

12.6-0.74 Bg/g for Sr-80.
Radionuclides Cs137 Sr-90 Co-60
Specific activity 20-0.74 12.6~-0.74 <1.0
Ba/g

v

Summary of Contaminated Soil Treatment

Sail Washing =4 very sustainable, cost-effective and viable altemative to
Eandfill
=Sucressfully used in mining industries.
Thermal =Vaporization of low boiling-point contaminant, such as
desorption Cesium-137.
=Racovery waste heat from exsting incinerator
Electrokinetic =Application of an electnic field in the soil to induce
separation contaminant mobilization.
Saoil fiushimg =Mobifization of contaminant with water or agueous solution
or surfactant.

Thermal trestment  =In situ vitification and sub-metting themal fation o

sequester contaminant.

=Foam delivery, Bioremediation, CridaSonReduction etc. |
-

Volume Reduction/Chemical extraction(VORCE) Soil
Washing Flow Diagram

O PP a W R
Sourca: R Anderson eic, Famtiels sizs separation vizsall washing 1o ootain volums /
reducsion, Joumal of Hazandous Matertals 65 1992 5028~

Lab-scale Equipment at INER

5 62H

Flow diagram of soil washing at INER

Liquid
Radwastf




Summary of INER's soil washing process

B ixing W Wetscresning

B Soil washing/

. Stimulated soil ¢ 2kE 5 Mech sieve: soil 0g (Owes)

b. Water: 10ke 18 Mesh sieve: 25.3 g (2wi%h)

k. Mixing time: 48hr 24 Mesh sieve: 208 g (10we%) B
200 Mesh sieve: 266.5.g (13wi3) h
400 Mesh sieve-1500.2g (T5wti)

s eswes . s

The particle size of liquid fluid
after cyclone separating

Average Particle sime : Average Particle sim :
04245 m 0.3%gm

Goals of soil remediation at INER

# Sorting process, such as the wet screening, will be a pre-
treatment to reduce soil volume.

# The expected capacity and efficiency of contaminated soil
with the process are 30m? per day and 90%, respectively.

# The screened contaminated soils should be treated by
chemical or physical methods to remove the radionuclides
to meet the regulatory limits, 740 Bg/'kg for disposal at
INER and 100 Bg/kg for release to environment.

# After the Fukushima nuclear-power plant (NPP) disaster
in Japan in 2011, all of the three existing NPPs in
Taiwan will go offline, once their licenses expire.

# In the wake of existing three NPPs’ decommissioning,
the soil remediation will be a very important issue.

#® With the PNNL's experiences dealing with soil
remediation, the appropriate treatment techniques will
be applied to Taiwan'’s facilities.

The scheduled decommissioning of Taiwan's NPPs

Type Capacity Start
MWe
636x2

NCL1 BWR 1978 2018

NO2 BWR 985x2 1981 2021
NO.3 PWR 951x2 1984 2024
NO4 ABWR  1350x2 2017 -

# Electricity generated

|: — )
Amti-nucieq eSS
" i from NPF represented
AR RN S L L 20% of Taiwan's total
NP — ] electricity output. !

Expected outcomes

@ A report about this visit.

# A feasible soil treatment process will be
introduced to INER.

@ Building up the relationship with PNNL.

e
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PNNL Recommendationsfor Soil and Groundwater Cleanup

This paper describes the major elements of a giat® address terrestrial
contamination outside the reactor facility usesramework for information gathering,
evaluation, and remediation decisions based orblediad protocols for environmental
remediation 1,2,3 and nuclear incident respons&hé. framework can be structured to
facilitate efficient and flexible decision making &chieve cleanup objectives.

Key components that support this framework include:

(1) Conceptual models to define the issues and foctisites on the necessary
remediation decisions. Conceptual models are usddftne key impacted areas and
identify questions that need to be answered fagss#isg impacts to plants, animals,
and people, and also developing remediation actidhey are developed to an
appropriate level of detail, qualitatively and qtitively defining the release and
dispersal of the contaminant(s), relevant properdé the environment and how
contaminants interact, contaminant fate and tramspoocesses, and potential
impacts of the contamination to plants, animalsl people. The conceptual model
compiles this information in a structured formatideed to support subsequent
analyses, evaluations, and decisions.

(2) Geographic Information System (GIS) tools for imtmpn of environmental data
into a framework that organizes data. This framéwgrovides input for
guantification of relevant fate and transport pss&s into models and to address the
response/remediation decision process.

(3) Site characterization to determine the nature atené of contamination, identify
receptors and pathways for dose and risk assessnant establish a baseline to
evaluate and select remediation technologies. Fdelw dispersed contaminants,
such as the Fukushima Daiichi site, scoping fieidrsys are conducted first (e.g.,
aerial surveys) to define general radiation lewald gross levels of contamination,
followed by surface scanning, surface-activity nueasients, exposure-rate
measurements, and sample collection and laboratalysis. These data are used to
focus subsequent characterization surveys and geodetailed assessments of
radiological conditions to support subsequent etadas, response actions, and
remediation decisions.

(4) Assuring the long-term effectiveness of remedialasuees relies on public
acceptance of the actions and land-use planningahticular, the presence of
contamination in groundwater may not become appdogrsome time and appear
at some distance from the source of the contansinauch considerations should
be documented in the land-use plan. There are alepessible end points for land
use in the remediation process, ranging from uncést use, partial restriction, or
limited access. Some or all parts of an area mad rte be restricted through
planning and public consent. In all cases, longienonitoring is required to
confirm the long-term effectiveness of the remedrafictions and controls may be
changed (increased or decreased) on the basisrofariog results and residual risk
of the contamination.



(5) Evaluation and selection of remediation actionsthia context of meeting cleanup
goals, includes considering factors such as the amd location of contaminated
areas relative to populations; other hazards ptedarman health risk; public
welfare; ecological risks; projected land usessereation or destruction of places
of historical, national, or regional significancend intergenerational equity.
Remediation actions to clean up or mitigate contatmn are based on site
characterization data, exposure pathways and sosnaelevant regulations, and
stakeholder preferences. Prompt action with soihtamination will mitigate
impacts to watershed and marine environment. Intiadd efforts to control and
treat other radioactive releases, such as watkegblant facility, will also mitigate
risks to the local subsurface and marine envirorimen

(6) Long-term monitoring (LTM) will be necessary to ifgithat management decisions
regarding remediation of contamination depositedamals surrounding the reactor
source area are appropriate and that the predietieaviors of the contaminants are
accurate. LTM focuses on those site and contamiclaatacteristics that result in
land-use restrictions, such as contaminant coragmis in specific media at critical
locations in the exposure pathway. The purposeldd is to ensure that the residual
contamination is behaving as predicted over timd smedial action goals or
cleanup levels are achieved and remain protectivehuoman health and the
environment.

(7) A waste management program for classification, reahoand burial of large
guantities of contaminated soil and other medi&balneeded as a result of cleanup
activities outside of the Fukushima site. The mgjaof this material will likely be
considered low-level waste (LLW) and may be consdevery low-level waste
(VLLW). Experience in the United States has showat tmuch of the waste
materials expected from remediation of the FukushiDaiichi site may require
isolation for periods of up to a few hundred yeamd will be suitable for disposal in
near-surface facilities (down to 30 meters). A wastanagement plan should be
developed considering the type of waste to be disppdexpected to range from
spent fuel to fission products), the amount (exg@db be large in the event of
contaminated soil removal), transportation to désposites, and the siting and
availability of waste management facilities andrtibapacity.

Relevant National L aboratory Capabilities

U.S. Department of Energy (DOE) national labora&®risuch as Pacific Northwest
National Laboratory, have conducted extensive rebefar solving complex environmental
challenges and protecting natural resources. Mucthis research has been focused on
nuclear sites in the United States and remediatid®gacy wastes in the environment. DOE
national laboratories provide expertise and toads atldress complex environmental
management, restoration, and monitoring of contateth sites. Areas of emphasis include
examining the mobility and fate of contaminantghe environment, determining stability
and release to other environmental media, perfaynsite characterization, radiation
dosimetry, and developing remediation approachieg) ssistainable methods and strategies.
The DOE national laboratories have considerablerige performing site characterization
(Lawrence Berkeley National Laboratory and Lawrehogermore National Laboratory)
and evaluations of conceptual models and alteresitior contaminated legacy waste sites
(Pacific Northwest National Laboratory). These aptoal model formulations and analysis
methods form the basis for selecting appropriateediation approaches



Site characterization and long-term monitoring lkeeg components of evaluating and
remediating contaminated waste sites. DOE natitafaratories have developed a number
of innovative approaches for site characterizatgoml monitoring, including the use of
geophysics, sensors, and methods for sample optiioiz Significant radiation detection
capabilities exist within the DOE national laborags.

(1) Novel data management approaches have been dedelmpeDOE national
laboratories, in particular Pacific Northwest Naab Laboratory, linked to
common geographical information systems such agj@dearth.

(2) The DOE national laboratories are leaders in devent of innovative
remediation approaches, many of which have beeledpi legacy waste sites in
the U.S. They have developed in-situ remediatiothous such as bioremediation
and sequestration, as well as methods based oansim@nt removal. Innovative
sensors can help guide contaminant removal methmdsfectively target high
concentration zones.

(3) waste management will be a key component of rertindi@ontaminated lands.
DOE national laboratories have been leaders ineadisposal facility location and
design and have direct experience with low-leveliaactive waste disposal at
Rokkasho, Japan.

(4) DOE national laboratories with expertise in alltibé above categories of soil and
groundwater cleanup include Lawrence Berkeley Matid.aboratory, Oak Ridge
National Laboratory, Savannah River National Labmmg Idaho National
Laboratory, and Pacific Northwest National LaboratoThese labs conduct
extensive research for the DOE Office of Sciencewadl as the Office of
Environmental Management, responsible for remeahatif legacy wastes at sites
across the U.S.

Other national laboratories with expertise in st groundwater remediation include
Los Alamos National Laboratory, Lawrence Livermdiational Laboratory, and Sandia
National Laboratory. These laboratories report he DOE National Nuclear Security
Administration.



