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1. Continue the cooperative relationship with PNNL.

2. Transfer the experiences and lessons learnetvdste management, including
D&D, waste processing, and soil and groundwaterediation, to INER. Specific
interests include:

o0 Geological repository sciences and remediatioroofaminated soil —
Learn processes and techniques for long-term dispro/'stabilization of
radionuclides in subsurface environments and ckexiaation, remediation
and monitoring approaches for soil and groundwatetamination,
specifically,”sr, 'Cs.

0 Radioactive waste disposal and TRU waste manageniegeirn technigques
and experiences of PNNL in waste characterizatreatment of Cs and Sr,
vitrification and handling, package, storage aadsportation of
contacted-handled and remote-handled TRU wastes.

o Decontamination and decommission - Learn aboutréxuee in
decontamination and decommissioning of K Basinkiging underwater

sludge collection and separation..

3. Waste treatment



a. Waste Characterization

b. Cs/Tc lon Exchange

c. Sr/TRU Precipitation

d. Ultra Filtration

e. Low-Activity Waste Vitrification

f. High-Level Waste Vitrification

PNNL & iz 2 HHir EA4lE 2 frn  207aER R4S A JZ Dr. Dawn Wellman
K Mr. Fred Zhang([E 3) - A7 AZ# PNNL B > BJf5 Environmental Health &
Remediation (EH&RYFIE %052 2 Fred ZhanglfBhi s 212 E » 52p% PNNL
Laboratory Orientationhftp://orientation.pnl.gov: EFEERIE4H ~ T2 ~ $8Z42 F &=
7 FR EHETIIMERMER  HHGE R (Badge [ 4) k854 T35 (proximity card)
PNNL & 8a= 2 {7l flE 5 AFEANFEEEEH ZHAEAF Envionmental
Technology Building (ETBE & Life Science Laboratory 33E » H[E 6° BAEITE
ESER L ARSHTIEENEZAE 3EEY - Al

1. 81 PNNL $TIRIRIE S MBI S HE N BETEHE > RENFE 25l -
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December 18, 2013

Mr. Ming-Fa Chang

Instrute of Nuclsar Energy Ressarch

1000 Wenh=2 Rd Jiass Village, Longtan Diserict,
Tacyuan Gty 32346, Taiwan (ROC)

Dear Dr. Chang:

Thank you for your mterest in visitag Pacific Northwest National Laboratory. w.-nn-‘.ltlhs
opportmmiry to continue our cooperative relatiomsiup with INER through sharing exp and
lsarned for waste management

Plsase accept this invioton to visit PNNL on March 16-25. 2016 We bave planned eight days of
actvines, wiick will inchads pr oms and discuss ﬁ-mgmqunnm-d
soil emediaton. waste pr ing and dec Inat g We've alio planned tours

thnﬁuﬂSﬂnﬂmﬁﬁcﬂﬁ.ghﬁhﬁgthﬂuﬂgM—d

My cellsagses and [ look forward to this opporramity to collabeorate and share knowledge with you [ am
confident that this will be a valuable sxpensmce for both cur crgamization:. Please comtact me if you have
guestons or need additional imformaticn.

US DEPARTEENT OF

ENERGY

B 1: BEEek
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Wayne Johnson

Earth system science division

Division director

Paul Bredt

Nuclear sciences division

Division director

Dawn Wellman

Environmental health&
remediation

Sector manager

Soil& groundwater remediatior

Program manager

Hope Lee program
Fred Zhang Hydrology group Senior scientist
Mike Truex Vadose zone remediation and Program manager

monitoring

Jim Szecsody

Geochemical and microbial
mechanisms

Senior scientist

Vicky Freedman

Hydrology group

Senior scientist

Mark Triplett

Risk& decision sciences

Senior advisor

Tim Johnson

Geophysical characterization

Senior scientist

Amoret Bunn

Environmental assessment

Senior scientist

Lara Aston

Coastal Ecosystem Research
group

Scientist

Tim Linley

Fish physiology

Senior scientist

Sandra Fiskum

Nuclear chemistry

Senior scientist

Andy Schmidt

Separations hydrothermal
processing

Program manager

Reid Peterson

Wastewater treatment

Senior scientist

Phil Schonewill

Experimental fluid mechanics

Scientist

Mark Freshley

Hydrology group

Senior scientist

10
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Carl W. Enderlin Fluid and computational Senior engineer
Michael Minette Experimental fluid mechanics Senior proect
manager
Khris B.Olsen Environmental systems Staff scientist
Brady D. Lee Biological treatment Senior scientist
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1. ¥ H{bgEH (clean fossil energy)
2. AR EE (electricity infrastructure)
3. REIRRCR K FAEAE R (energy efficiency& renewable energy)
4. IREMEFFELE 5 (environmental health remediation)
5. #%#E(nuclear)
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Laboratory Director
Steven Ashby

A Pysial .Y Energy and . National
- pf Computational Sciences 3 Biological Scences Environment Security

Lou Termunwilo, acting # < Allison Campbell, acting Jud Virden . Tonmy Peurrung
Aasccate Laboratory Drector ¥ Aascoats Laboratony Disector <4 Amocute Laboratory Directer Aasccats Laborsssey Direcior

10~ PNNL E=EEHE AT AE

BN Chief Architect Dectric

Energy and Environment i oo Tamatematan - e 128 [ Matrix Funcuons
- X Bunimess
Directorate Nuclear Process Scences Sam Martres
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JFl&E > FERCER R 0 300 Arealt i % » Ky [ IERS SR s
Fe HAM AR ERE S I R 15° BT O JEAZ eSS » 5435k, 1944 % 1989
HAME] > BEIE T 5 PESHFT R RN - BUERZMEI RIS T ~ 177 (B = U T BRIy
- ERSEREYIRE NS - AR EAE 16 -

FHIA AP B O P B SRS A 6 HARA IS 4R T 200,000 My
TV REFEY)(Tank Waste) 700,000 i [EBS T HEREEY) ¢ 5k T 7749 520 knf (]
- 13REHLY 10° mP Ay R /K E54L 5 5,500,000 MEYIE T34 e R i » #87A 700 nt
AR A& 17) - 5% 5 e AR R S RO MRS R 2 B =0 2 = 25152

FED T AR R R SIE - FHEET R ARHIREUF AT -
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Bty (R 22 55 (200 area) Ry fi Hanford SitefF & FIRTNEYERfRIERT - B
FREUNEFFLIIEE 20 (RESHITHEIETEE » A 11,0004 TIE A B T5 L
TEBREEEEY) BB S AA TSR LI - 3235 oy R PUER S B 551 (NPL) #Y
PRFRIEIE 0 43 FIAE 100~ 200~ 30071 11001, - 4838 S FEHEH % - HAl
1100M& i 5 Al A B SRS S HE A RIS i/ T A B fZ 2 EE
W A TRRIERE S AR » B RTSoA AR TR AE 18 » BT SR 122
i 100 aregh; 300 areas FHER I M EEEEYIFEAE 200 aredh: T a B i R BIRTIFIR
B BETEIERERYIEEY - BEEYIRME R E TR - rBRITHEE -
IS RS HE TR M e 2 B - RO RAERIRAE S HE i (A& 19)- DA RF % 100~ 200~
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106,000 tons of Fuel 2,300 tons

o | o N
processe = [ |
%‘; G . ofuel remain
Offsite

74 tons of
plutoni
| created

" = _spent Fuels
> Sﬂupmmd

~ Neptunlum Contaminated effluents
discharged to the

ground: 1.7 x 1072 Liters i ———

7.2x 108 Bq

Oxide Plant . 500 contaminated facilities
ranius > 72,000 waste sites g
Oftsite > 150 Km? contaminated groundwater

16 ~ Hanford Sitesfi 4 & i fZ2 &l

Volume Curies! Chemicals?
T | TankWaste 200,000 m3 | 195 million | 170,000 MT
| [mm}y Solid Waste 700,000 m3> | 6 million 65,000 MT
I
Soil and 1 billion m3 <1 million 150,000 MT
s romivater
| [ Facilities 5.5 rmillion m2| -1 million
L{
mm Nuclear Material 700 m? 150 million
Total ~350M Curies ~385K MT

17 ~ Hanford Siteigi Ik REE 4T
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Treatment Plant

I e

Solid Waste Complex

Demolition

o

Shrinking the Hanford Footprint
through Cleanup and Consolidation
Reactor“Cocooning Subsurface Cleanup

19+ Hanford Site&FHz1E 0%
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K-East basirfH B £ @k > S E R 240 21 K-East storage basifE %
B A0lEl 22 WA FZSAYA T D5 e R T R e El o A TR R E
J& R s ek R TN TR R B - AR RIS ETE R BL SR R - R AR I
AZEAEBEREs (Multi-Canister Overpack, MCQ BLEFEN - FL B EIRHEZE
wZ {5 (Cold Vaccum Drying Facility #EfTIARIZER Y > fl& B EOEHRERT
{7/& ( Canister Storage Building, CSBAHF{F °

200 areal A $ti A AL K oy Bt AL 177 {6 S e R REEE YT (Tank farm:
fir E4NE 23) ~ Plutonium Finishing PlantC 5 EErER) - 2838 ia B E i ~ BERpa
2t (Effluent Treatment Facility) 2R %5 o 2 37 FE[E (B T g (Vitrification Plant) ~ 4%
arlm Bt (Integrated Disposal Facility) PARH#ERT (7 ~ FEEYia R R Tt
(Waste Isolation Pilot Plant, WIPP YR 1% %15 iz & % iti(Environmental Restoration

Disposal Facility) S5 fy B8 S5 H -

BT 177185 O e R SR 8 - 1A9(H BB » 5 4 210 ~ 3800 rh-
FEE 1943 £ 1964 4ERS 5 55407 28 (HEBEIFH » 2754 3800 ~ 4200 rhy F#E
1> 1968% 19864k - EIBERFHHAURE (SUSEDL) 4 67 %) 5700 M » EEBERTHH Y
FHEMR > BB N T EAE 24 - BRIS S EEY TR BERE
BURRE Ryl = B 1 B R 7 SR 2 TR ipa BRIR. - JRAEIREFT R AT - Sk
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PR - TG RAE RS R R B DL B AR s h 2 B E bR 2 g (b > H
= U B L LA A T 2R PE BN WIPP R B > I MR B [ L L [
FEFEY): Hanford site ” 4r & =R Bk ARE - BHIRIREIRIA T IR
fraxiti(Liquid Effluent Retention Facilityy {7 » P88 BERpR B i pr i - I 45 A

AEFSEPER - BB T KFTHECZ N 7KIR % 2 B iR B E i B

200areafH[sfl o B st 2 B FEFE A& 25 FL i fizfF Hanford siterp (v Z BREE 1K
B Bkt G 14y 107 SLai (A& 26) » 3w Bt FEE MRk « B8 - 5T
TEBE ARSI E S S R FIR S REEY) - FEEERGEEY) - 252 TR
FEEEERER - HEIHYZS 8 R 16,400,000 m ( A5k A FE#EE 8,000,000 M) - 19964F
FAfAIEE R 20114F 3 H i dLEEHH 11,000,000 ToNgEEEY) - fo5 (i Hs L It Jos o i s 5
AHBGOE 27) BEZEERAR - N2EME - TEKWEEENES - 559MER
FR/KZF R EEEYIIT RN - A —HFUEIREE Z RGO 2 i - S9ME R ES
BAPAZ 1% - Rt Bk A SR - DA IEERK - EYsEYIRE -
et i T BB [ b T S AR B e PR e e et = ] 28

300 Areaififi 5547 0.52 acre (1.35kfh» firjf* Richland b » FREfERLITIHGALY
Imile (1.6 km)- EHFA FIE DAL © SN ESSHINEE SO TS B A tHREAE
FERRFE © 85 A ORI BOEARE - SRS EHET 2 B B s e AR AR i as
Ao BUR M ER BRI AEALTA 2 TEEZ TR U R IR IR AR -
TR <L 296 R A o) S B M EE - 5z dthlE 2 Hanford sitef U PR ZERY
Hurs o [ 29 £y 19674HF 300 areab-Z= (R[&E - & I RIAERA A RS =Y HE 2 rg 0
J I E R B > DR fy 19482 19754 » F TR Fy 1943
75 19754 » B EIEISFE 5 19752 19854F » [t 44HifE A 18 acre (7.29 kA) -
KHERT 410K 2 2M flisn (15522 7570 ) ZE5H N - PHAE 1.8 % 11.4 1 H &7 5 »
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% Washington Closure Hanford (WCHYSAE 28 1Y 1045 #E Hanford site{yef- i Lh
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Rk o RN R HR B REHERR 300 1& 209 ([E i AI1E I 312 R B EY5HT - ik
it EAE N EFE I S R ~ WA SRt A B = 558 20054 DI » #7kR
108 i 5 AL Y K Bk 58 - S A B e S b e u AT & ke 2 51 200areadt 95
JR BRI R s B et (ERDF)FE -

20154 9 AT 300 aredy|liHY 51 ared&isk[olHE 15 » Wi AR AAE#
AR > SRR ERIEAE 5 TR o RAGEE > 3250 R (E B RHY A Bk
g —EkEEERERER(ER SR 324 MEHL TR TEERE)
g —ERHPRAVESE - NeZ Y N TR &5 H - WHETRIGBERHE
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Nuclear Facility D&D Options

Cocoon or In-Situ Disposition (ISD)

Partial D&D Hanford
“C" Reactor Cocoon ‘

Partial D&D Hanford “U" Canyon
In-Situ Disposition (ISD) Option

Ramove Roo! Sections

Loy

B 20 - I IESRFH 2 2

Canister Storage Building

K Basins

Store Fuel

— N
Retrieve Disposal
Fuel Disposel Tran
Load 4 Dryigglga‘gﬁ:’m:vm
Basgets _ur

Clean Fuel

) ‘Eﬁ Dry Fuel ga—
@ Q0 e U S F 5>
- f

Load Multi-Canister
Overpack (MCO) GO1120065.1a
and Cask

21 - Fiide Bk B HEE TSR
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Site of Cold
Vacuum

Drying Facility,

P —

\ K East and
| K West
\Basins

o l[ Site of

we 1 Canister
Storage
Building

T Plant

Low-level
Burial
Grounds

......
pd A

# . Former location of K-East storage basin |

22 - K-East storage basifgH fijlia

Cold Vacuum Drying:
Facility

K-EastReactor -

K- East Basin
'K-W?st Basin

Columbia River
22 ~ K-East storage basiigH % &
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23 ~ 177 PR RS SR e (i ]

No Two Tanks are the Same

= Waste temperatures range from 60 to 160°F
* Highly caustic

= Moderate-to-high radioactivity

* No two tanks have the same waste contents
* Most waste produces some hydrogen

Liquid Observation Well

Camara

Single-Shell Tank = Double-Shell Tank
24 ~ EREE K B TR 1 E]
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Setting The Stage For The “Final Footprint”

1965 ©
“Final Footprint™ represents <2% 1986 @ :fﬁlli::l:m!:mv:‘-:lwl
of the original Hanford Site g::;::::::: Disposal
1 992 Disposal

Future Site Uses
Warking Group: "Use
the Central Plateau
Wisely for Waste
Management”™

2011 D
~ In-Situ Disposal Remedy for
Plutonium Cribs and Trenches

1992 ®

Disposal at Mixed |
‘Waste Trenches 4

2009

1993 @
ERDF: CERCLA-Geneorated Set the “Final
Waste Disposal Footprint™
1999 2007
EPA/Ecology Issue
Comprehensive Land Use Plan = : for Ch o]
of the Hanford 200 Area”

Record of Decision: "Consolidate
IWhite Paper]

Waste Management Operations
an 20 Square Miles in the Ceniral 2 0 O 6 @
R 2005 @ Integrated Disposal Facility:
2002 U Plant Record of Waste Disposal
-Party resp Decision, First Final
A, e Decision Authorizing

SORPAS Ao WESS Loaving Waste in Place

25 ~ 200areafHE g B e it i B R AL [E

* Future
- Expansion

26 ~ KIS B ii(ERDF)
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Columbia river

30~ 20154F 300 areaFiHif% 2= A [
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AREIERIRRHIEGE - BN MR B S SRR A S B8 DA EE T
WHAFAE - AEREEN pH EER TEREEN » £ LB K B e ahit
i - i L2 H Al Hanford site 3383t T /K05 34 i Rl 075547 -

20104 DOE ~ 7&K 175 & PNNL 28 Hanford sitelN 2 1311 {[E %5 HIH: 52 1451F
Sk L JERAE ST - 150 B AT Hanford sitettt N 7K35 s sy FrignfEl 32 - ffE ey
FIFRAY S A I A A 2 BHm EL o 2845 » Bi-129 th ¢ 200 & Xk BFmthae
JFERS [ 33 Ky 20134 100 Kz 300 &5 44 AflE - 100 e 1 32 Rk S e
e - 30016 K BUEIZINEL - 1001 F 2544 K iE-00 U etz it « B @ A E
% » 100-F U 5 A I B R = R LT 554 - 300 254 Ryl S B2 /N
E$8 3 200 @R A2 EER « BEEYIRIEREERF K 177 (B =y
flln S B RE L SRR R S A i R R - [ 34 Ky 20134 2001& 75444
oy ATilE - EE TR S A S T - $5-99 ~ B-129 SRR LTS - TUE
It S ¥ P R 5 -
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35 By 200 W& A &1 A0 255 it S0 R HE OB M BESE Y] - Horp RHER 3 i
SRR R $5-99 ~ $% - H RIS B AR R g 2 iU BT R B FRRAT Y 1188
i J5k(deep vadose zonelth NORKFERNEI LI N R[S By B AT > AT A2
(Vadose Zonelsk 7584 (Zone of Aerationy [i544 EEfFI%S (Zone of Saturation)
o E/KEE (Phreatic Zone)is W HY 4 P 4 f B K el 7K@ (Water Table)) »
EE/DER A REAEE 100 %) 5 iERus /R 21 oK -

36 REEYHIRE HIEPIERCSE RN KRR - IR E -
SR > ARERAEE RAE AT - IR  TRRREE - RO R e - iR
B AR N K o RS e RS T K E A 5 A4 BT R(plume behaviog)
37 55 AR E (source zong) T (AR ARy 5 A B 0 & (plume core
zone)> MAEHSNEFEA A EE 4 E (plume Distal - Zone) HUURE K& Ryl 5 AR
B JSRE R L&Y JSREEGE ] o IR TER 2 B m b aE e -

Hanford site FLEEEEET - BFVISTIEREEYIHVEEIR S  RER EREFE AN
TR S R 2 TIE - dEpk IR KBS B EE 54 - MR FRFRHLY 40
FIRE TG 5% I n R - W% R IRIRAE B e B (ERDFYyK A BT » (H2E)E
B A TGRSR K BURSH LIS S A T RO - DU
REREE B HEY - MdESa & (conceptual site modél] 38) » #EFHLGHEEE
BORITRES 2 Al - ARG R RS - et R SR E B PR AR L E T
[EIRF BRI B AE R B A 2R HEY - B R ER e HIR - AIFFEETE
FEIER T - WS B EE DUERSS IR RO e B B AT H Y © RE AR
¥} Hanford site -3t N /KEG1F MG R ZERE 1 1% H B tHRE{E 5 5RES KA -

HIRE S RSB aE 5 A4 -
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31~ LR /KIS ARTE E

iogine- 129 (DWS = 1 pCalL )
BN Trswm (DWS = 20,000 pCWL)
Carbon Teracriornde (DWGS = S up'Lh

32« Hanford sitelt 7K 52445 fr &
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300 Area \E' l

100-K

100-BC

Area
Area Mﬂ#

b S
Groundwater Contaminants in the River Corridor
- Hexavalent Chromeum (10 pg/L) I | Former Operatonal Boundary

Bl nerate (45 mgL) Bacall Atove Water Table
Bl strontum-S0 (8 pCiL) E = mudt Unit Above Water Table

Trichioroethene (5 pgil) f.a ?. 4
. Tritium (20 000 pCiL) T 1

r
o 1 2m -
- U (30 po) CHEOWIS 1 3SWEa =

33~ 100 K 300 &M /K54 5341

1]

1]

AR
i

/,"\*

- Carpon Tetrachlonde (5 pg/L) Groundwater Interest Arcas
I lodine-129 (1 pCirL) [—3200-8P
Technetium-99 (900 pCuLl) C—_J=z00-PO
Tritum (20,000 pCwL) CJz2o0-upP
Hl Uranium (30 pug/L) ——3200-ZP
N Nitrate (45 mg/L) i |, 1 Site B ¥
\ [ Groundwater Operable Unit
= . = = = S Iy [ - P Arca B ¥
p a s - P ' Basailt Above VVater Table (2013)
H H 3 = 1 MUD Above Water Table (2013)
e BT Y I Al

34~ 200kl /KI5 A AR
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Uranlmn m.mo kgs discharged; ~20 Kgs in
_ ; ter @ 150 X standard; 2,000

Tc-99:110 Ci discharged; ~5-20 Ci. mmm&mwmnhm
'Ib-99- -‘ﬂw ‘remainin deepvadose zone vadosezone

B-BX-BY TankFarms
Key Contaminants

Tc-99
Uranium
1-129
Chromium

T Tank Farm

PUREX Cribs
P

$-SX TankFarms Inner Area
25 K2 Urlnlum.mmdlsdzged;
groundwater; Unknown
mobility and presence indeep.
vadose zone

BC Cribs & Trenches

36~ Fé??%ﬁ’\iiiﬂﬁﬁﬂiu @f@ﬁﬁﬁﬂ‘ Sy
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- : y Plume Core i Plume Distal
Source
y Zone . Zone

MDsource M- MIL3-2 MLD-3

(/—

37~ J754E 1T Fs(plume behaviok|

Expanding
Zone

Contam nant mazs discharge (MD) of

Plume centerling concentration

Current date

Initial Conceptual Model ~ Evaluate Cleanup
End State and
Monitoring Strategy /
/ Characterization

Process
Long-Term Monitoring
Monitoring

38 » L SHEE(CSM)
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BRHTITE > SRR ST S - R A MR K SO I -
A T T MR A (T B A2 (ARG » B IR S P R i S A B 542
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sat THRARE 67T LI 7R <~ BB 208 FH BRI 70 TR B B % (Environmental

Molecular Sciences Laboratory, EM$N}JEE4REEAL(Chinook, HP 2310-Node Linux

Cluster) - i FEH&iHE At 20 4 LA -

Gr DY BRI ROA RIS AVE ] E 7R H R B A U E R R A ~ To et R
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B SR BRI ROKSCRA AR - I 2 1B/ KE RIS ~ PSR EA
WERHREER - aME - SR KRS - RS - EHEYERSE > St
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i 5 $5-99 BB SOSARE S  SOIMEE-129 B 58 /N $8 RN IR B IS 57
B A SEREINE - SFREEAETREEE - e A4+ - HAT Hanford site
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1T Bl /KM T PG 525 M I EfS (Permeable Reactive BarriersyiisE ~ /LB
& YL - REFRREERE - ZREARISEF RS - R
R eh e IR SR BB TR (ESE - NS HEE o B aRofi—i i -

IR ACTHUZ(Soil vapor extraction 4lI[&El 42) > fygt BRI ANGLAIE -1
V= SR 2 BB T o (BRI BT - (8 TR s MR S 5 AR AS 1
i - AT RICER I FEHE - TR HAY o $RER - EiERE FRE
NFEIKAR > AT S ARG KR o I IR SRS SR FAR » A
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B (H A M A TRYIRIRE ST > M eR VB Z B R B IRV B ] ~ AR BN S
LW BASA) -

A:WiE 5k (Bioremediationy (LU AEYMEER EL T A GG A 1 1 - BT
A AR S AR5 > WINVAR S HIRIE s - EEENRAMEYRS
Fnorin > HFREUERE DG HIRRR RO - AURIIMEY) - 2 - e
BRETHZE  DMREMEYINVER - EMSEMEY TSR - 55
IR R AT B E R (AERR) o DU S ) o R R Y
RS A ARA ] — LR RE R E e fE )RR T E e (e LI AR - 2

FIHREFHHD - AEYELARIINIER REA] 7r Rsl%f## (Degradation -
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&t (Mineralization) - £ (Detoxification) K& b (Activation) - [R5 E
AR EREEARY ~ # TKIERZS - BERGRE LY - AVERETRI -

HR IS AE I8 Rt /K g A5 7T T Ry (plume behavion) #4754
JE & (source zone) J5ZL[E {10 & (plume core zone) 524 E#E 4% & (plume Distal
Zone)- Hanford Site 38 GRHESL LIRS AR @ U T HAR » AR 544 H
BRI H BRI SR B - AT BTS2 At 2 sHmELann - (8 41 RS AsE 5
AR > T5ERE F B DR EDE R EEL ~ ZERE AR - B4EUL - {EEEE
IBERE  FSHETLEFEZLUEAZRSCGRIEE ~ HHEEEBIRE - 49
BOBERT  SHREESE T EEDBMALER(LEIUE - EVECEERBIENER
JEEG Ry o

PNNL #5% N B 7 38010 /KB G TT HBH# 15T 2T 7Rl - AERSRREda 7w
FEHZERFSIe(Brusseau et al. 2013) -F5EH%:(Truex et al. 2010) -~ [FfiFpEH
(Dresel et al., 2008, 2015 - (KB E T HA R0 2% R (Zhang et al.
2015)- [-#5EE7E(Truex et al. 2012, 201327 E (L (Truex et al. 2011)~ ¥ %1%
M7 eI (Szecsody et al. 2010a,b, 2012,2014; Zhong eDAKW T ZT 51T - YN
HEITECEAEES » PNNL 52 A& Tim Johnson#E fy i 85 fH &2 1515 0% (Electrical
Resistivity Tomography ERWEHIESSEEAHREEFEEAL - WA LR AR
R = 4B - DAFIIHIE A B T AR G5 I [ Frds 42 2 FHRASE(E » g4
SR AR GIE F RN - UT ¥ 1001& - 2001 ~ 300 & H Fif®E s fi—fE B

rég -
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Baiodcaly sS85 propress Wi

three decision factors and
associated actions.

2. Intermediate
endpoint met?

H Proceed to next step in strategy

3. Remedial
objectives met ?

No

Proceed with closure and
transition to final site status

39 BnE A MiEE

GIS Explore;

40 ~ &R EIRETEEHEAG-PHOENIX
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ARRE%E
(plume distal zone)

i R |

Pt i3 0 B S LB H P % 7B A LR AL
B A2 A% .
PR o s R RIACER R ik
e b | EmKamgmk

ﬁggii gk ik TR AWk
?éﬁi&f{ #ix éﬁﬁﬁg%

BB R

41~ JSHER e

During Soil Vapor Extraction
42~ TIEFRHHUEUEE
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(b)100EREE A EF /T

100ared:fil 2/ Fy O FEIZ S 25 Ho 6 i SRR LU oe iR 22 e v
1 fE#EFT (K East Reactor) 1 (K West Reactof)f {7 iE i Hs T 20194F52 Fk IR
Z2l7{7 - B Reactor Allfr 84 FyffE s EEZUEPH < [HYJEE - 100 & £ 20554 K #E-90
TR ~ BN (EES > 100-F & AR N =R L5554 - AT
SHmEL I Ry R YRR RIS Y 2 i N /KIRIR 2 0m Kop > i DU e Gk e, -
#H-90 & FZETHEIEHAE - A& 33 2 100 K 300 &l N /K 544 3 AflE 7 A1 > $#5-90 I
221 100-N & & 100-BCIE@s /51 » PNNL HEy=1E5E 100-N @i s 7RO E
B2 NHEHRSTERZEERM S -

100-N reactolt 1958 % 19634525 7> 1964 % 1987 4F Rl IE /E (& )
T H A BRI R A B I R ER Sy AR EERLE) - 1991 FIRiG T E G
= o FLERRHL T 138 K N /KAHE-90754% » A 19954F % 20054 [E{% L pump and
treat S5 244 NTHETHY T KEREE » BARERAE-90 FHTOI A 0 8 AJ/Kep - (B
B SR ER AR (A 43) 0 FZFERER TR E-00 IR At 77 -
gk 2 oK HEARINLH pump and treafs % - # PNNL S5iat )
P 7KV RS B2 2 1 S fE S (Permeable Reactive Barriesighi#fi-90 )00 » Hi?
$E-90-ELEHH Ky 29. 140 1001 A S IEVHAH A $E-901% - $HH B AR TE I R f B RS 14 -
LUR 753 A T 7KES R AE -

a2 7K 1 S S R s N /K525 B N B — Rk A ~ Fok AR A
AR FEKIEEE » FEH A A KRR S E S [H B AN AN 28 E N - 2FBIEMER
AT BRI - LRI o T A S HW R B o R SEE A]
Rz FRFITR S ~ JT0Hs S ekt = e i 2 b N /KO Hi A% - FRGE H B VKR T 1]
17 > [ 44 R /KRB R E - $HEBE MR Gh - 58 - #6 - 88 - 85) - ]
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FIFH s & A (hydroxyapatite) ZEE - oi “HibEiE S - AR IKA S SE
VBRI K S G > AT B AR DT -

[l 45 % 100-N & it T /KRS -00 5 4L Bl A S (E 8 F 22 IR s
L el MR SELTRIEM N KT HEAE(E (8 pCilL) - 555 HalE 46 2 100-N i
TR B -00 JE fE i m] A1l ¢ $18-90 L ZEAAAE AT N 2.4 ARE 10.6 AR - &

AT SIS S « BUR T R SE-90 ARSI /K - PNNL AR 85551 T 42
KRR FERG > RIS AE 47 2 100-N @IRES B ERE - 48R4 924
FEA DT R i 4 e 48 -

AT T3 75 Ry e OB S VA - ISR S5 &) Sk 6 —$h(Na2HPO4) Jfi4k
Ff pH 7. 70018 5E H 36 /NRFN R G L URYY) > 2 %R ABLRIEATR - (HEigig o7
figg » $5ik T BBk IE SAREE TS ME(R - 2 AR T B4 B Hif (apatite Cayo(PQy)e(OH)2)
AT

C&" + HPQ” —Cay(PQs)s(OH),
IEIUBY S AR I RAE IV REEY 1 - 1E 3-4 1R B RAE RS o LS ENE S nTHE
It b (apatiteyN 2 $5 5 T-E iU A% 1E 5H-00 Bt - (RIS -apatiteAd) /12285
-apatitef & - Hfif-apatite Y Kspik s » HEMRHE-90 0B EEERE AN © B
WA Cao(POs)e(OH). — Cafo-x) Stk (POs)e(OH)2

49 %5 100-N EEISE-90 75 4Lt FARHCE 1 T 7K1% » 7 H 2 7K 1R R A
PEAETTUR R T R RS - HE-90 J5 B B N KRER - G AR A E
Eh > HEEEEME T 240K % 10.6 3K - #5 PNNL 3at £ R 2 A i ik
AR SE-90 U » H 2SR R A& 50 Fror - $18-90 & 1E S0y #8 AU BT
FEWE AR > TRk 5-30 umZBFL IS SR - B N1 & Bk Iom4s &85 EL 20nm
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$-apatite&S i) - LCHRREE FREHARGEI (300 4F) % - ErRERERL Zr° DUSE R BHER B
ORI BB -

51 7% 100-N$E-90 §X PRBESG1B4E R 1512 92 AR EHIZARE ABUAIF: -
FOAHT£$E-90 JEREE] DIE 1000~100000 pCi/l%Z 10~1000 pCill Hii e =nE
FEHE-00 EHEME A\ EHRLLIER o « MOT#E i iBie s KB & — SR At T K
TR A - AT/ E RSB HE DU A T YRS - (SIS AT {chR4E-90 &
F R B AR I AR Wk G B /K M R FE G Y & > SR & BRT R b - sXBEG 77 AMTAE
YRR RATHURIBE AR, - R BERHIIBIL 92 4 RAVIE /K MER IENG - e R E

7100 A KRB EIERE -

Sr-90 Pump and Treat 1995-2005

* inland to minimize river water capture * not effective for
» water capture good (and nonsorbing *H) Sr-90 (high sorption)

103NRLZ Pump-and- Treat Sysem (Y
Operated a1 !l; Livren o | Well N-ESN-LE

Wodees Cacrure Fiow Lnea
Hzswn=ber 2000 and DOCSIL 1990

. Cevados Wl

Gintas o Fams ard T

L -.----:"v\
I Nasvh v £y iomt
W Vewin Pratesd by 1R
T Sreierw 0 aghe (O
Vel 233)
|t whe el
R e
Parwavtar FUTY e WA DY

* need for near-river in situ treatment (only Sr-90 that will enter river)

43~ 100-N pump and tregf 5

51



116-N-3
LWDF

120-N-1 Parcolation
= Pond and 120-N-2
‘-. Surface Impound:

—~
""'-...,-J

FY2005; Top of Unconfined Agquifer Mg MNA Cross Section

| Columbla River * Sr-90 Monitoring Well \
© ! WWaste Site Extraction Well T L -
#v 100-N Area Boundary Injection Weil * e e e e O

vy e |

45 ~ 100-NH#f 7KK #E-90 )5 H4EH /1A FEIE
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20Sr in 100N River Shoreline

500
f - -
» Sr-90 in aquifer tubes, & *° P g
clams, and wells show £ 200 1000
high conc. location 1000 I 500
olem m W _ o
* Sr-90 in zone of water 1ty | g
table fluctuation and /. . .+ 1o
shallow aquifer I = o
(8 - 35" depth) 7 VA et i .
7 P N i
» Sr-90 profile across T P -
two formations: % == N122 1&°
Hanford Fm. (shallow, high flow) o, ] 3
Ringold Fm. (deep, 3x low flow)  _, 3f s
which requires differing treatment § A %
5 £
. 6
501 oy ¥ e

Treatability
Test Site Area

47 ~ 100-N &g E o T EiE
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Elevation (m)

48 ~ 100-N ZE/K M EREE AR R E]

199-N-67

199-N-122

Apatite permeable
reactive barrier

20 40 60 80 100 120 140 160 180 200 220 240 260 280

Distance (m)

49 ~ 100-N#E-90 754 2 17 /K M S S B~ R ]
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e Sr-90 adsorbs (hrs) to apatite; over months/years incorporates
into apatite crystal structure, then over 100s of years decays

wSr adsorbs ®Srincorporates  decay (10s, 1008 yrs)

(minutes) into apatite t
(months, yrs) %Gy a‘_’:v?”\' wor=> YZr

5-30 um apatite: porous
conglomerate particles close up: 20 nm apatite rods  12% Sr substitution (by 1.3 yr)

2,
;urmnmmmrnnaumw

F A :
| o .«
E’Di 13902808
‘5} * "
i : @
104 g
{ * - *
i L
w % ¥ e Sr%
i 1248708
oy S —
Q 1 2 3 4 5 8, 7 ]
distance from particle edge (um)

50 ~ e hK 0 EE-90 7 i AR pl

— Field Scale Performance

« 15 wells installed along a 300 ft section of
high Sr-90 conc.
« current barrier expansion: additional 600 ft
« 10 years after injections: all wells 85-98%
lower aqueous Sr-90

High Sr-90 Concentration Portion of PRB

et p e e T iFenm Sursiee of Wil

e | - &1 ot of mp=mers pertsrvad w X08
o —
vy '¥_p g
unds b =
- ::.. s pm.
p injection e we
o - L o o i il e e - ——— = ———— —— — = = =g}

1
i el AOE  Gepdl OGO DedtE  es0B Wyl Mgl MeviS  Febid  MayiD Mgl il

51 - 100-N#E-90 4% PRB #4514 45 5
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(\)200EREE AEF /T

200N B AL B Y ~ REEYIR B R B S 177 (E U 1 B i
16 B RSt S TS A TS A th i Ryt RS AIE S T M #5-99- -129 -
PSR VA ~ DU B S BRI SS > KL y1F A2 T ER A1 3% & I8 (deep
vadose zone) {B{5/VELTEEUS M ER K « S AYINAERE 3% - A
TIEREERIEIETTE - PNNL EMFET 2 EM B aE 510l - - T EERIsHAvE ~ +
SETOE - AR~ HIREZE - W EAL « RARE AR MR FEIE (surface barrier)
FWIFERAMT AT 200 &I FEIAIT IR B - ST RIS - SRATSCREE
ARl pE B - DU ST ISR BG AU ~ SRR E ATE Rt R RS — B

& e

TIERASHHEUE FAE 1980 - AT IEFA IR TR EIR A5
RIS ER - REHEH R BERA S ~ S E SN B AR - 200 @A H A
A E O S B AR - FE DR R A N /KA R D H 554 - HpRs
R EAIE 42 Fros o B 52 & Hanford Site 29558 DL I RASHIHUA B A45 R IE -
FRAATHEIUAE Y » o] DAS A K &Y E Lk ghEUHHAR » R K4TA 10-5804
Frey 52y R R - (RE IR SIS S i - S AR RS Y
% > Z 1B AT E 55 R 4R - HORIRRF & TR RS AU AW -
K~ RHAE IS LA E 53 A -

TR AR A Hanford Site #8506 » T BUZ R 38205 TP RY/K 3R
[ > FEILRDIS AW TR ENEGERE S - PNNL FI A LA T B  E
54 AR » RORREENBGZ IR R AR » WA HEE L ERT &Mk -+
Ko B MAH BRI T T et RS &K E 8 < IEA4E R AtE 55 Frr - &R

fEpIR R D - WIS 3% S I Y BEFE & /K & (volumetric moisture conterdfiE > &) -
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IR it PTRASR D T E KR - M EA R B E A BR ER RG4S DU BB A A B
AR ©

BT HImRZERER D LIK oy 2 A - TRl IR BRI (surface barriedk[T;
IFRACBA » B TSHAIE LIRS E) - HATZ PR 20 Fred  Zhangs N &
FAEEROAHB SR - THEEERRITYT 216-B-57 L B R # A RS
(prototype barrier) DATE(RIFERT R & & p B R AT TURHU 5 9% T8 Rt oK ] A
SEEETEY) ~ BIIESEVETE SAY) - Bt AR R 10004 - 148 AT {E Ry MR IZ 3
[R1%t% > EEEMRFFREIREIFEL - BT 1992458 ket TIE » A 19944
SRR BRI TN - SEEE 56 Frr - FIFEE 57 Frs » SRR
2R N AR 2: 1 REE T TEHEE RARGTBEA AR 10: LRI - i TS AR
RHEL ~ NAET - DA NEA - FUREE R E TR R - TR
(5 e 2 BUAERB IS EANIE 58 PR - B2 BIERI B TEREPEAR » 19944 11
HZ 19974 10 AR helalb@ T 3 [k & - B 59 R lEnghs e A K a8 2
B8 - FRZKEE RIS [ 02 A BERRT I » BT B KIS Sk, - fEE KRB
b BB R I K A o I ERTE BRI AT DA R R S 2 R E K B
EHRKA

H1 7 200 I F &A% 1- 215 15 (deep vadose zon@E 7 1004 K » RIUE KT ~
HEALERRRT 1R ~ B/KRA T BB » SR RS RE B R AR
72 NS 7R A BN RES ~ KB BOMREIR R ETTEOE - [E 60 Kyt
TEARE pH FHUB(LEERIE - & pH £y 2-9 0% » BR T pH1E 5 M & s AL iilie el
F PRI URSN » KER e ZM AT L3RR E) - & pH & 1305 » FEAwE

B ORI S EE TR - R EEBEINE - AXS3) PNNL EEEMHEARR

KEEHTE - BREACTEZE TS (SzecsodyE 2010- 2012) - [& 61
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g 7 2 REEM = EEOVEE - R RIEFHEREE - S A 2R EAET
A EEAIZ FLAE P HY IR FLIROK - 4 SR ESAAE ALY 3 2M RS LSRR - bt
FUEURIFESLIEK pH ER 8 d&#E AZRE LITEIRLY pH 11.50 4fE 255
1(Szecsody: 2010A > B » 2012)> Z{&HfAFElRME pH (B & 2 A T ARy A
i S (B 2P B 2) - LA S RV IRGIAG - T pH (EIR B P sl SR AR
i DUBPIBHIRI R > ATk R AR $shbRE (sodium  boltwoodite) = [
WA ~ fedrh ~ RO ~ KA EDURYIRRIE - AE PP ER 3 - REHARE
DU &R UGB AR o] DUE S UB I S A AU | > DUR D $lE 38 P %
it -

62 BEFEATIRPIE S RERE - SoREERIEAR - (£ pH
E 115 FELAE LA KO R ER SIS e 1 - (8 63 /LT R B E AR RRZ
GEARME - BT RE A E SRR - AR AR E SR R TR
SN IO AR AR PR nT A &SR E Y IR SR Eh s AL R (s
(GO - =ORIHKE)  WERRE ARG E £ % > Be R
ZE/ROK o (EREERAMTRREE pH [E] P& A 15 DU A8y B B sUAH R LR -
PNNL A\ B AW E AR REEEAZ R F AL 6 BE 34 - WHUAH AR
WilE 64> "IHIEEAS(EREGREEHMIVEL > AFEEH - EmEREAEALL
P (R RE s Ay » C R EEIE AR GRS - iR & RS ARG 4
H2S TR A5/ D $5-99 R TR RS K il (45 R AN El 65) 1R EH 200 @ EIREAER

AR R R E A TIE -



FY92 FY93 FY94 FYS5 FY96 FY97 FY98 FY98 FY00 FYO1 FY02 FYD3 FY04 FYOS FYO06 FYO7 FYO08 Fy0e

— 80,000
" -~ _ l
M=, === Total Mass Extracted
- + 70,000
500 +
g g 1 50000§
400 o ¢ 2
; 50,0008
=]
< —~
$ | € 0y
= 300 + 1219 | 400005
z : :
g &
'g + 30,000
oot | *
] -—
B x
a ’ 200002
Annual Carbon Tetrachloride Mass Extracted
100 710 | 644 294 | 256| 362 | 173 | 280 216 | 177
kg | ka| kg | ka| ka | kg | kg | kg | kg 1 10000
|
0 | ol St owd and Pou —ame O

1081 1052 1083 1084 1085 1086 1097 1088 1059 1000 1001 1002 1003 1004 1005 10/06 1007 100§ 1009

52« FASHHELERLA Hanford Site Z95#45 . E]

Stage 1 (Early Sources) Stage 2 (Mature Sources) Stage 3 (Aged/Treated Sources)
« During initial SVE operation = After SVE operation for some time « After extensive operation and during
« VOC distributed in both high and low « Majority of mass remaining is more closure evaluation
permeability (K) zones poorly accessible + Small fraction of (poorly accessible) mass
+ Vapor and ground pl P + SVE effectiveness diminished with onset remaining
« SVE highly effective with no mass- of mass-transfer limitations « Concentration very low, with extreme,
transfer limitations non-obvious mass-transfer limitations
= SVE effectiveness limited by accessibility
and mass-transfer constraints

- Extraction VOC Concentration ___
2 _-._ - _.-- - " - or CMD (g/d) Cumulative VOC Removal (kg)

-
-

> Rie -1 ST

Time (yr)
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| Thermistors | | ERT electrodes |

- Open access for
geophysical loggin

8 a
Dictance rom
v o.w-_

4

.09 0.18
ac

55~ HigEZlE A feti e KElE
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[l 56 ~ FREAIIh R T R S E

ETC barrier

Multi-Layered ETC
Barrier

2:1 Basalt Riprap
Side Slope

10:1 Pit-Run Gravel
Side Slope

VoA oA

[ 57 ~ RenAY 5 b i e
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Depth (m)

Access Hoadway

Upper Sik Loam
w [ Pea Gravel Admix 1.0 m Basalt Side Slope
50
1 Neutron Probe
Lower Silt Loam 1.0 m Access Tubes

Basalt Rip Rap 1.5 m

Sand Filter 0.15 m g
Gravel Filter 0.3 m —\\\ > | / \

n Sity Soit

Egpr20882
58 » FabRE K 2 U R R e
[T T

Water Content (m3/m?) 004 006 008 0.1 012 014 016 018 02 022 024 026 028 03 032 034 036
' -

dry moist wet very wet
i

I
|
1
]

Date: 1995- 3-27 Obs

L) I I.; T .I l UL L L I LI l UL L L I LI l L L l LI l L L [ UL LR I L L l L L 'I LN I B [ L)
-12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12
Horizontal Distance (m)

59 - [Pl BRI /K & B2 LIE
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Szecsody et al. 2013
Truex et al. 2014

60 ~ SlCERAEAE pH MHE(LERE E

Step 1 Step 2

partitions to water
95% air
5% NH,

P

61 ~ SR E #ATE
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5% NH;
95% carrier gas

) Carrier gas

pH manipulation zone

U fraction in phase

NH; partitions into water until
5.% NHS?}the water phase reaches
95% carrier gas NH. near equilibrium concentration
5% NH, vapor gives ~3M NH; in water
and raises the pH > 11.5

62~ FREA P S REE

1.0 C7117-28 _
70
= -o=Untreated Sediment
08 260 5% Ammonia Treated 80% of total
-
250
Q
0.6 @
- 40
=
 — !
0.4 u S0
=
2 20 -
=
0.2 3 10 - e 20% of total
s
© 9
%9 Untr. 5% NH3 0 50 100 150 200 250

, Pore Volumes
B Groundwater (mobile in pore water)
Bl on exchange (mobile, sorbed)
N pH 5 acetate (moderately mobile, carbonate rind)
pH 2.3 acetic acid for 1 week (slow release, carbonate)
Bl s8M Nitric acid at 95C (functionally immobile, total)

63~ ZUREIEIRET R IE]
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80 L1eal 1 1 RS S U (o T LA 1 1 U T L TR 1 1 |

Final percent leached

70 -4 - - - Untreated 100 |
----@--- 5% ammonia, shortincubation 59
<- =g === 8% ammonia, 25% C0O2, long incubation 55 /
60 — ----# --- 5% ammonia, long incubation 20 ‘ =
--- @ --- 15% ammonia, longincubation 17 '

50 - : -

30
20 - R L

Cumulative uranium mass in effluent (ug)
NN
o
|
1

BN

10
Pore volume

Results of soil-colummn leaching studies for ammonia-treated sediments and different types of

post-treatment exposure gas (air or carbon dioxide) and time 6 weeks (short incubation) to 3
years (long incubation) prior to leaching with groundwater (adapted from Zhong et al. 2014).

64 FREAKRLIZER K CO27F4s RIE]

no treatment varallel H2S/NH3 sequential H2ZS/NH3

1.0

hase
=
o

&
o

ioninp

0.4

Tc-99 fract

0.0

34 82 151 1978 34 120 418 1328 3869 34 3809
Tc-99 (pCi/g)
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(J1)300EREE A E B /T

300 & T ZESZ AR LS - B B EYHEE I MR EHEE
HEI > RIS RE N 77 T R MK S Sl e 5% - [E 66 £y 1994 K2 200444
TNKShITALE AR ARIE o FRE A TS e R > H B AR
ERFI/KAEAE > RGBS CLIR 4R - B EHERIER N /KE{E 15 A R (ENFEE
T+ & 15 AR) » NEEITE - 52 FA/KERoK A s2 2 » R /KEKAr
RFCEH R E ) FREHEAER G A (FHEAFEBIE - EFKH
TARZKIF CRE Ry % 3F) » 1B A AT HEE th T KB BRI K o g0 T B
HRERRY - [@ 67 Fyrs KA s 2 BhE - [ 68 /% 6 H & 12 A Hh NKShREE
FHIE P RTRIET 6 BB PRUALR KA SR K ) i RS B E » E ] 12
FURRARKAL R - FRERE N SiA H Rt TR | A IEEE) - S
JEHmLLEE -

PNNL Ehp = (F AETIRIEROER] » Joslith MK K el 228 - )
FHRERYER R SR Heth BB FH 5215 B M % (Electrical Resistivity Tomography
(ERT) - #EDUESXIEAERH T /KSCEER - B 69 £ 3001&H 7K fr ERT[@ » 7
iZ i L [EHE T JFHERON - 325 3 (R 2 B R SR AR PR - e HA(EATEE R -
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300 Area Uranium Plume
Exceeding Current Drinking Water Standard 1994 & 2004

Shaded 300 Area Uranium, June 1994

Shaded 300 Area Uranium, June 2004
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serves as
time-delayed
source of

phosphate for

precipitation of
phosphate
minerals
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Polyphosphate addition may be engineered
to control reaction rate, thereby targeting
the horizontal region of sequestration.

‘ I Hanford Gravel/Sand

Ringold Gravel/Sand/Silt
Ringold Overbank Mud

» Rate of hydrolysis s related to
chain length
B Time release - Controllable

kinetics based on polymer
length to yield orthophosphate

B Precludes rapid precipitation
® No measurable decrease in
hydraulic conductivity
» Rate of phosphate mineral

formation is directly related to the
rate of polyphosphate hydrolysis.

B Direct treatment of uranium

® Provides immediate and
long-term control of aqueous
uranium

[E

Polyphosphate Addition
Sorbed Uranium

Fluctuating Woler Level

Lower Ringold Mud

P Injection of soluble polyphosphate
» Lateral plume treatment

» Uranyl phosphate mineral (autunite) formation

B Immediate sequestration

B Not subjectto reversible processes such as reoxidation or desorption

b Apatite formation
B Sorbentfor uranium
B Conversionto autunite
» Enhancement of MNA
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(baseline vs. post-treatment)

Downgradient Wells

(no treatment)
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v injection wells

- surface electrical resistivity electrodes (ERT)

used in two cross sections (blue lines) !

% by Tim Johnson (PNNL) to track infiltration E
- groundwater flow toward the right

(river), U, PO,, and other ions tracked in
wells .
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Northing (m)

Delta Cond. (§/m)

0.000 0.001 0.003 0.004 0.005
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16 hours

high flow area with
faster infiltration

solution infiltrated through half
of vadose zone thr.‘gugh mostarea

9 days

infiltration ends

Mlty decreasing possibly to
- phosphate precipitation

polyPO4 solution in groundwater
*lin L[ ] = .ln

> polyPO4 solution infiltrated half of vadose zone, entering groundwateronly in
southwestern portion (and possibly southeast portion)

> additional poly PO4 injected in groundwater (9 wells)— ERT shows apparent
good coverage (i.e., general even distribution between wells)

» coring needed to evaluate mass of PO4 in sediment and effect on uranium

downgradientaquifer monitoring to evaluate U, PO4, and other ion changes

75 ~ Tl E A ERT [E(48)
73

 J



(+) Hanford siteEREZESH

Hanford sitesg i B HIE+ EI 1- BEAN AE R 2 A2 2 E R
{RaE(PSRP}T& » I T /KIEIETRE - BRI N R E I (WDOH)HY 21T
BEEE) - 47 DOE &g ik Hanford siteR 55 B2 - fEHE G - 3%
B AE AR B P ETT » AR IR s - BN RE A S (D5 /KiiRE
RE - QEATBEHEC B AT T - B EUR BN A EY)
BRI 5 AT Z & RFEIIEE TREEN - RoE - A REHEDL
K AARRISALE R RE EE) - % PSRPEE(E Hanford sitex fpg S iHRIR 5 (=
B KMEFE B E Hanford sitelREREEIHBR HEIREE - W72 00 AR DURE R 1T B A1
EANBHZ S ~ FREFCUEERNIRE -

Hanford sitef£{THHBAER R EHIRT - BROCHERD SHYIAR ~ TSR ~ T5%
RS ~ B EERNME » DB SRS - BRI AR
K~ 13 &) BIEY) - 8% 5HE - B 76 &y Hanford sitezZ @Bl iz Bl
77 By 1-129 22 @B HISE SR [E - {52 Hanford sitefs |- 38 1% [ PR 5 4% 5 #e -
EOAIER N » HEPFFE 11129 R 28 R HIRRAE - [&] 78 £y 2005~2009F 3554 S Ipish
IZAEEHIE - HIEETHISE R (A 2 5] 1000 Ba/Kg $-137 4lE 79 5 SHmbboeH
ENIEESAIEE L E 80 - 2004~2014F B bhan)m] bR RAYERIGE SR E 81 0 A
&3 Hanford sitef2 1y 17 Richland BB &S SR & sy o - BT E7KE
fEEE 740 Ba/L - 4% o 4% B BRI SRANNE 82 $1-90 e A8 S EDHISE SR AE 83 - HHE:

SR A REHw Ee a1 5 SRR -

74



Air Monitoring
Locations

Wind patterns used to citeair
monitoring locations

» Onsite

p Site perimeter
» Distant

» Community

0 4  0kilometers /_,x" Konnewsck
Figure 82.2 Hanford Site-Wide and Offaite Air L Durs MT‘”
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Priest Rapids Dam -
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No significant difference in
concentrations over 10

Figure 7.5,

Tritium Annual Average Concentrations in Columbia River Water
Upstream and Downstream of Hanford Site
X standard deviations, AWQS = ambient water quality standard)
Washingeon State ambient water quality standard for tritium is 20,000 pCi/L (740 Bg/L)
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(+—) Hanford site E 255

PNNL Z2HEAN 2 A& 2 Hanford sitgA #5225 » B3 Mark Freshleygs B\ 75
BT SEANTE A 2651 100 area 200 area 300 area central plateau 100-F reactor
M2 0T - H reactodR it 22 07(F ~ D reactodfith 22071 ~ N reactodi i
Ll F SRR ~ onEi A R 7 (prototype barrier) ~ BREEHF AR BRL
Jit. (ERDF, Environmental Restoration Disposal FaqgilitysLf TAZ R4 41 T (5] 84 4%
BEDERELR) -

8:30 am — Depart PNNL ETB Building

8:45 am — Travel north on Route 4 South, discusia@@00 Area en route

9:30 am — Continue north on Route 2 South and Rditerth past 100-F, 100-H, and
100-D, discussing ISRM barrier. Turn south on RautNorth and drive past 100-N
Area, discussing 100-N apatite barrier

10:00 am — Continue south on Route 4 North, Rolifg &and Route 3 into 200-West
Area. Enter 200-West Area on 20th Street and ooatnorth on Beloit Avenue to the
200-West Pump and Treat

10:45 am — Exit 200-West Area and head east oneRjjudiscussing ERDF en route
11:15 am — Enter 200-East Area on 4th Street antineee north on Baltimore Avenue
to the Hanford Prototype Barrier (HPB) near 12tte&it

11:30 am — Exit 200-East Area on Baltimore Avenné @eturn to PNNL campus on
Route 4 South
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March 16, Wed.

March 17, Thur,
8:30 am-12pm

Tpm-5pm

March 18, Fri.
gam-12pm

1pm-5pm

TOPIC

Badging/Orientation/Introductions - Dawn Wellman, Fred
Zhang

D&D Overview - Wayne Johnson, Paul Bredt, and Mike
Minette

K- Basin Overview - Paul Bredt, Andy Schmidt, Sandy
Fiskum

Review Hanford D&D and K-Basin Literature

Waste Processing Overview - Reid Peterson
« Waste Characterization- Reid Peterson
« (Cs/SrRemoval & Filtration - Phil Schonewill
+ Waste Processing Tour - Reid Peterson
» RPL-Reid Peterson

o APEL-
o Vitrification - John Vienna
o Glass Lab- John Vienna
o Fluid Dynamics (High Bay) - Harold Adkins,
Carl Enderlin, & Mike Minette

Review Hanford Waste Processing and K-Basin Literature
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Location

ETB/2521

ETB
Wenatchee

ETB
Methow 2435

RPL
Plutonium Rm

APEL 67

ETB
Methow 2435



March 21-25

DAY TOPIC Location
March 21, Mon.  Surface Water Remediation - Lara Aston 331
8 am-12pm « Integrated systems-based monitoring- Amoret Bunn Conf Rm 2

» Aquatics Research Lab tour- Tim Linley & Amoret Bunn
« Restoration and Recovery — Lara Aston

1pm-5pm Review Surface Water Restoration Literature ETB
Tieton (2610)

March 22, Tue.  Qverview - Mark Tripleft, Mike Truex, Hope Lee 3

8 am-12pm + Hanford Overview- Mark Triplett Conf Rm 2

* Land Use Strategy — Mark Triplett
Site Investigation — Mike Truex, Hope Lee
o Conceptual Site Model Development
- Modeling - Vicky Freedman
- Geochemical Investigation - Jim Szecsody
Geophysical Characterization - Tim Johnson
« Remediation Strategy Development — Mike Truex, Hope
Lee
Remedy Evaluation - Mike Truex, Hope Lee
Remedy Selection — Mike Truex, Hope Lee
Remedial Action — Mike Truex, Hope Lee
Long-Term Management - Mark Triplett

1pm-5pm Review Hanford and Remediation Guidance Document TBD
Literature

March 23, Wed.  Groundwater Remediation - Hope Lee, Mike Truex
8 am-12pm « Case Study: 100 Area - Jim Szecsody 33
« Case Study: 300 Area - Dawn Wellman/Jim Szecsody ConfRm 2
* Bioremediation - Hope Lee
Soil Remediation - Hope Lee, Mike Truex
« Central Plateau Remediation
o Mass Reduction Techniques
o Flux Reduction Techniques

Monitoring - Mike Truex & Tim Johnson
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DAY

Tpm-5pm

March 24, Thur.

gam-12pm

TOPIC
331 Tour - Hope Lee, Mike Truex, Erk Krogstad

Review Groundwater & Soil Remediation Literature

Hanford Site Tour — Mark Freshley, Hope Lee, Fred Zhang

12:30 - 1:30 pm  Working lunch- Closeout with EH&R Sector

1pm-5pm

March 25, Fri.

9 am-10am

Follow up Discussions and Closeout

EMSL Tour

Follow up Discussions and Closeout
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Location
3
331 room 2

ETB/2521

ETB
Methow Rm

EMSL Tour

ETB
Methow Rm



