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» Radionuclide characteristics related to remediation

» Considering end states and attenuation in remedy
decisions

» Remedy selection and implementation



Radionuclide Characteristics =

AAAAAAAAAAAAAAAAAA

(Friend or Foe)

» Half-life
M Shorter is better (when exposure is controlled)
® Sr-90 or tritium compared to uranium, [-129, or Tc-99

» Mobility (sorption)
B Very low mobility generally good

B Medium or high mobility - depends on the situation

® Attenuated transport can be helpful (vadose zone
contamination) or problematic (P&T)

® Secondary sources are problematic unless balanced by
attenuation



Radionuclide Characteristics =

AAAAAAAAAAAAAAAAAA

(Friend or Foe)

» Biogeochemical interactions
M Helpful

® Uranium and Sr-90 interactions with phosphate
® Uranium silicate precipitates

B Mixed

® Uranium and [-129 (and Cr) interactions with carbonate
¢ Depends on location/extent

® [-129 species transformation

¢ Depends on change in mobility and potential for attenuation/
sequestration

® Uranium and Tc-99 redox
¢ Depends on setting and role in a remedy
B No interactions
@ tritium
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ST SRy

pH 2

pH 13
pHS
pH 9.5
pH 8
pH 8

@ Phosphate

Q Carbonate @ Uranium carbonate precipitate U Uranium
@ silicate @ Na-boltwoodite (uranium silicate) precipitate

@ Uranium phosphate precipitate e jons

pH 8

Szecsody et al. 2013
Truex et al. 2014 S
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» The Conceptual Site Model helps us decide:
B Friend or foe for risk and transport
B Friend or foe for remediation

: water and co-contaminant disposal INPUT
| inventory and chemistry !
1 lodine disposal L :
: mventory and chemistry recharge |
1

‘T' e N .. WI;LL. — ]

Reactive Facies:
,redox minerals, natural organic matter,

S, carbonate erals
d by dlsposal mistry

Co-contamlnant flux and

¢ VZ inventory ¢
p | g
lodine flux and

VZ mventory - e Processes:

ii - - _—-_-_--_—-_——__—-__, L » - nlcma“er

Reactive Facies: Hydrologic Elements:
redox minerals, water table decline, hydraullc gradient,

Iodme plume flux

_ and inventory — >
Water Chemistry Large-Scale Facies Segments:

organic carbon Ringold sediments / Hanford sediments

1

1

1

microbes, carbonate :

1
1
1
: natural organic matter, flow heterogeneity
1
1
1

Truex et al. 2017a
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Considering End States and Attenuation ... .
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in Remedy Selection

Systems-Based Assessment

: Conceptual MNA-style investigation Refined
Site Data B transport
] sses) Conceptual Model
Source |
Terms Assess risk and
appropriate end state

Remedial Strategy

Minimal impact 0 Full remedy

remedy

Enhancements and
targeted actions
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» Attenuation and transport processes are important to
consider for remediation decisions in the vadose zone and
groundwater

B important for both remedy selection and remedy
Implementation

» Remedy technology decisions consider the intersection of
M radionuclide characteristics
M the target problem
B remedy functionality
B remediation objective



Hanford Background Pacific Northwest

Proudly Operated by Battelle Since 1965

Irradiate Fuel Elements

Chemical Separations

 Washinglon State
- Departmenl of Fish and
LS Widife Managed Land

Prest
iy Manufacture Fuel Elements
Plutonium Finishing « ===\ & |53 o AT e

Hanfard Site

[ U.S Fish & Wiksife Service Managed Land N\
] Dopanmaes of Enetgy Managed Land s g ORE L

Washimgton State Department of Fish
andd Wik Managed Land

= = National Mcoumnant Boundary
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200 West Area
\

200-ZP-1

———————

Sitewide Groundwater Contaminants

" carbon Tetrachloride (5 pg/l) [l Uranium (30 o)

I Hexavalent Chromium (10 ug/L) | Trichloroethene (5 Wg/L)

I Hexavalent Chromium (48 pg/L) | | Former Operational Area

- Cyanide (200 pglL) Groundwater Operational Unit Boundary

- lodine-129 (1 pCi/L) D Groundwater Interest Area Boundary

I nitrate (45 mgiL) ' Basalt Above Water Table

- Strontium-90 (8 pCiiL) E Ringeld Mud Unit Above Water Table

Tochmwiam-09 (300 peat) 0 1 2 3 4 5hm {

- Tritium (20,000 pCill) = e—————

letiscvizorecvioz 6572017 2 . ’ o

DOE 2017 10



Central Plateau: Deep Vadose Zone =
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Uranium: 10,000 kgs discharged; ~20
Kgs in groundwater @ 150 X
Tc-99: 110 Ci discharged; ~5-20 Ci standard; ~2,000 Kgs in mobile state
Tc-99: ~40 Ci discharged; remain in deep vadose zone and remain in deep vadose zone

Groundwater @ ~ 100 X \ /

standard .
BY Cribs B-BX-BY Tank Farms

Key Contaminants
Tc-99
Uranium
1-129
Chromium

T Tank Farm

PUREX Cribs
S-SX Tank Farms I nner Area —

25 Km?2

Uranium: 75,000 Kgs
discharged; Minimal
breakthrough to
groundwater; Unknown
mobility and presence in

BC Cribs & Trenches deep vadose zone

Tc-99: ~40 Ci discharged;

Uranium: 36,000 Kgs discharged;
G dwat ~100 X ; ’ L
st;(:‘udnarga ere Minimal breakthrough to Tc-99: 410 Ci discharged; No
groundwater; Unknown breakthrough to groundwater;
mobility and presence in deep Most mass between 30 - 50

vadose zone meters below surface 1
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|
: water and co-contaminant disposal INPUT I
: \l,inventory and chemistry I
I Contaminant disposal ‘L '
I inventory and chemistry recharge :
1 AAR :
: I
1 \VZ Hydrology Factors SOURCE FLUX :
|
|
: Reactive Facies: |
j redox minerals, natural organic matter, I
I microbes, carbonate, minerals '
limpacted by disposalichemistry :
|
I |
I Co-contaminant flux and :
' VZ inventory |
: ) | .
I Contaminant flux and I
I VZ inventory I Discharge Zone Processes:
_————— $_ ————————————————————— I natural organic matter,
IL PLUME BEHAVIOR ': biotic processes
| Reactive Facies: Hydrologic Elements: I
I redox minerals, water table decline, hydraulic gradient, I
1 hatural organic matter, flow heterogeneity Plume flux I
, 1
: microbes, carbonate and inventory o |
| Water Chemistry Large-Scale Facies Segments:
|

organic carbon Ringold sediments / Hanford sediments



Attenuation

-

Infiltration Infiltration

g Fine-grained V
\ 4 Layer Sicpersion

!
",‘——-ﬂ—————'
Source

Perched Wate’

v a nd ' Lateral spre 3d and

st Natural Attenuatlon

Caplllary Break

Groundwater Flow *
~___Groundwater - Plume

Adapted from Dresel et al. 2011
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MNA in Groundwater

N -— I

Source Source Natural Attenuation
Flux Capacity

accumulatiol ' in fine
grained sedi nents.

Flux to Resulting

MNA for Vadose Zone/ Groundwater Systems

—rd

Source Source Natural Attenuation
\ Flux | Capacity

Vadose Zone
Natural Attenuation

Truex and Carroll 2013
Truex et. al 2015a

Oostrom et al., 2016 i
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» \What do we need to know?

M Vadose Zone
® Quantify vadose zone contaminant flux to groundwater
® Determine where and what type of mitigation is needed
B Groundwater

® Quantify plume dynamics and secondary source
characteristics

® Exit strategy for P&T
¢ Transition to MNA

B Coupled System

® Assess continuing and long-term sources not related to
current plumes

15
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200 West Area
\

200-ZP-1

———————

Sitewide Groundwater Contaminants

" carbon Tetrachloride (5 pg/l) [l Uranium (30 o)

I Hexavalent Chromium (10 ug/L) | Trichloroethene (5 Wg/L)

I Hexavalent Chromium (48 pg/L) | | Former Operational Area

- Cyanide (200 pglL) Groundwater Operational Unit Boundary

- lodine-129 (1 pCi/L) D Groundwater Interest Area Boundary

I nitrate (45 mgiL) ' Basalt Above Water Table

- Strontium-90 (8 pCiiL) E Ringeld Mud Unit Above Water Table

Tochmwiam-09 (300 peat) 0 1 2 3 4 5hm {

- Tritium (20,000 pCill) = e—————

letiscvizorecvioz 6572017 2 . ’ o

DOE 2017 16



Central Plateau: Deep Vadose Zone =
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Uranium: 10,000 kgs discharged; ~20
Kgs in groundwater @ 150 X
Tc-99: 110 Ci discharged; ~5-20 Ci standard; ~2,000 Kgs in mobile state
Tc-99: ~40 Ci discharged; remain in deep vadose zone and remain in deep vadose zone

Groundwater @ ~ 100 X \ /

standard .
BY Cribs B-BX-BY Tank Farms

Key Contaminants
Tc-99
Uranium
1-129
Chromium

T Tank Farm

PUREX Cribs
S-SX Tank Farms I nner Area —

25 Km?2

Uranium: 75,000 Kgs
discharged; Minimal
breakthrough to
groundwater; Unknown
mobility and presence in

BC Cribs & Trenches deep vadose zone

Tc-99: ~40 Ci discharged;

Uranium: 36,000 Kgs discharged;
G dwat ~100 X ; ’ L
st;(:‘udnarga ere Minimal breakthrough to Tc-99: 410 Ci discharged; No
groundwater; Unknown breakthrough to groundwater;
mobility and presence in deep Most mass between 30 - 50

vadose zone meters below surface 17



Attenuation and transport processes Pacific Nortiwest

» Processes
B Hydraulic attenuation
H Adsorption
M Transformation
B Sequestration

» Ramifications
B Temporal profile of source flux and concentrations
B Inventory of mobile contaminants
B Spatial distribution information
B Plume dynamics

18



Attenuation and transport processes Pacific Nortiwest
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» Vadose zone attenuation/transport SAP

B Target sampling and analysis for
® Important hydrologic units
® Representative contaminant discharges
® Problematic waste sites
B Define analyses based on national guidance for
attenuation tailored to site needs
® COC and primary biogeochemistry
® Sequential extractions and other indicator diagnostics

® Leaching or batch Kd studies to support estimating
transport parameters

® Hydraulic/physical properties where needed to support
model configuration

19



Uranium pg/g

lodine pg/g

Reaction and Mobility — Vadose Zone

Uranium in Sequential Extractions

T19 T1916C T19 T25 Ss9 S9
14C CCUc 138" 14C 8Cc 20C
304 CCUz Ringold H2/CCU H1/H2 (duplicates)
H2
2.0 extract
phase:
1 B groundwater  aqueous
W 0.5MCaClz  adsorbed
O acetate pHS  partial CaC03
O acetate pH23 ] caco3
104 D oxalicacid Fe oxides
W 8MHNO3, 95C silicates, phosph.

Borehole /Formation

Total lodine in Sequential Extractions

T19 Ti916C T19 T25 s9 s9
14C CCUc 138" 14C 8C 20C
Cccuz Ringold H2/CCU  H1/H2 (duplicates)
H2
08
087 extract
phase:
B groundwater aqueous
M 05MCaCl2  adsorbed
047 O acetate pHS  partCaC0s3
D acetate pH2.3 311 CaCOs3
3 oxalic acid Fe oxides
M 8M HNO3, 95C Si;, POd-
02 8M HNOs extraction nof analyzed

0.0

Borehole/Formation

Truex et al. 2017b
Szecsody et al. 2017

Uranium pg/g

lodine pg/g

Uranium Leached in 1-D Columns

T19 T19 T25 T25 s9 T19 s9
14C 16C 14C 14C 8C 138" ﬂ)zc
20l €CUz  ccyc H2/CCU H2/CCU H1/H2  Ringold
204
1.0—-
0.0
Borehole/Formation
Total lodine Leached in 1-D Columns
10
T19 T19 T25 T25 59 T19 s9
14C 16C 14C 14C 8C 138 20C
ccuz ccue H2/CCU HZ/CCU H1/HZ  Ringold  H2
081
064
041
024
o_o_=!_g;

Borehole /Formation

0.015

=
<
-
(=)

g Tc99 (ug/g) §
=3
"

0.000

C9552 (9552 (9552 (9487 (9487 230" 13D (9487
104'13C 134'

Pacific Northwest
NATIONAL LABORATORY
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Tc-99 Pre-Leach Sequential Extractions

9488

194' 13 (duplicates)  58.2° 219’

17C 2D 36C
extract
phase:
M groundwater  agueous
W 05MCaCl2  adsorbed

M acetate pH5  partial CaC03
Lacetate pH 23 all CaC03
B oxalic acid Fe oxides

l B 8MHNO3,95C Gjjicates, phosph.

Borehole/Formation
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Distribution and Mobility

depth [ft)

Szecsody et al. 2010

o
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7000
1 I A
Non-Mobile

5000 H_P_r?ﬁr__\_/%_'_r!_v_?nter_vﬁ _________________________________________

e “TMobile T
%
X
, ”
&
b 11 1) . et
£
=]
c Non-Mobile
o
=

2000 o -~ S - - - - - - - -~~~ ne e e

Deep VZ Inventory <
(w/i90' of groundwater)
L0 R B
Mobile
TVadose
Zone
0

GW
1 Current GW Inventory

1000

Serne et al. 2010
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Carbonate interactions
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» Uranium, iodate, and chromate co-precipitates with calcite

- e » ;
2
ol S\ ye e PE » .
. ] 4 & » ’ 4 #
£ B "I S B s en - il x
Jim McKinley PNNL EEEE EMSL 10pm JEOL 8/21/2014
X 950 20.0kV COMPO NOR WD 11.0mm 17:42:07

Cr-calcite observed in a Hanford field sediment
Truex et al. 2015b 29
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Evaluation of VZ Transport Pacifc Northwest,
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» Contaminant Distribution
B Geophysical logging
® Spectral gamma log
® Neutron moisture log
B Geophysics
® Electrical Resistivity Tomography

Hanford B-Complex ERT Image

Oblique View

B-Trenches

contaminant

BXTanks. | Plmes Mo,
feb/e

N BY-Tapks

BY-Cribs

B-Tanks
Tile

\ ,
137200 Q>\Fleld / 573800

137400 contaminant
‘ plumes

(¢)
%, i

o
) 137600 573400

20 A5 10
Log 10 Conductivity (S/m)

Johnson and Wellman 2013; https://e4d.pnnl.gov/ 24



Pacific Northwest

Reaction and Mobility - Groundwater

U-238 Pre-Leach Sequential Extractions

| W22-14 W19-123 W21-3  W19-116 30-60,C9602 376"
Lo Co#11 9567 - C9415 (9412 duplicates
© 258 284" 317" 296’

extract phase:

| “8’1'1115 B groundwater aqueous
08| 283" M 0.5M CaCl2 adsorbed
[ acetate pH5  partial CaC0O3
[ acetate pH 2.3 all CaCO3
_ [ oxalic acid Fe oxides
= 06 W 8M HNO3, 95C silicates, phosph.
a
x
S 06 U-238 Leached Mass
S o4 | W22-14 W19-123 w19.115 W21-3 W19-116 30-60
- C9411 (9567 C9415 C9412 (€9602
317" 296' 376"

=]
S

U-238 (ug/g)
(=]
~nN

o
(=]

0.2
| . am— ) M leached by 100 pore vol.
Well, Borehole

0.0
Well, Borehole

Lee et al. 2017

Diminish plume

Control/Reduce Source
Attenuation

Attenuatio
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Uranium source zone

o

Pacific Northwest
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» Periodically rewetted zone

300 Area Process Trenches -
Eastern Trench (Western not shown)

Backfilled in 1999

Original
'I'rl':gnch
Dimensions

VIS SIS I IS TS

Contaminated
Vad Zone

——pp Groundwater Flow '
into 300 Area Yy

Vadose Zone becomes Saturated Zone of leaching br
during high river stages which higher than normal
remobliizes uranium contamination water table

7
. ,
4

Soil removal during
ERA (1991) and later

backfilled (1999)
Columbla
River
Vv High River Stage
Reversed Flow
«—— during High River
Stage
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Geochemical stabilization — periodically L
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» Phosphate treatment for uranium

I I T | I I T I T I | I
400 run time (h) 1200 1600
pore volumes 450

40

5 Cumulative U Leached Mass (ug) .
> ] sredmeeett?
Z30- vl
= sosssmmere®® 3

- untreated seees 2
220 A2 s £ =
8- Lt 2 : 7
—_— 5 . S = 2 =
S . %, 74 (=) =] AA
€10 » 3 - s WA“

_ = - i
5 s PO4-treated = Admumadd
” i“nj—““mm““‘“‘b“ o

0 T T I | ‘
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Technology evaluation T T
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» Treatability tests and assessments
B Determine technology in relation to
@ radionuclide characteristics
@ the target problem
® remedy functionality
® remediation objectives
» Examples
B Soil flushing
B Surface barriers/desiccation
B Uranium sequestration

28
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urface Barrier and desiccation

» Effect of drainage

Elevation (m}

120

160 200

Distance (m}

Truex et al. 2017c
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Geochemical stabilization — vadose zone ™t
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» Ammonia gas for uranium sequestration

Step 1 Step 2 Step 3 70

injectNH; and increase pH dissolve minerals precipitate and bind U 60

Almost all NH ——5% Ammonia Treated };;@’0/080% of total
3
partitions to water 50
95% |\ /
40
5% NH; /
30 ﬁo/
20
v

0,
10 - —ee—e 20% of total

—o=Untreated Sediment

Cumulative uranium leached (jg)

0 50 100 150 200 250
Pore Volumes

31
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Remedy Implementation st

AAAAAAAAAAAAAAAAAA

» VVadose zone remediation target
B \Where
B What chemical form
B How much flux reduction

» Diminishing plumes
B How much is needed
B Secondary or continuing sources

» Transition to MNA
» Current plumes versus long-term sources

32



Remedy Implementation iR
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» Adaptive Site Management

B National Research Council

HITRC
® Remediation Management of Complex Sites
® http://rmcs-1.itrcweb.org/

» Exit Strategies (P&T)
B http://bioprocess.pnnl.gov/Pump-and-Treat.htm

M Truex et al. (2015¢c, 2017d)

» Monitoring
M Objectives based

B Performance metrics
B Transition for long-term s




Pacific Nor\t:\fes(t/
Hanford 100-N Area Sr-90

p—
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» Only near-river strontium is a risk to the river
» Monitoring linked to remedy approach

199-N-67
140
130
199-N-122
120 'l
E
€110 /‘
§ I Hanford gravel sand cobbles [l Ringold gravel sand
2 1 00 Apatlte "~ Hanford sand gravel ~ Ringold sand
- permea ble Hanford sand [ Ringold gravel sand
- = I Hanford gravel sand B Ringold mud
90 reactive barrier

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

Distance (m)



Conclusions Pacific Northwest
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» Attenuation and transport processes are important in
remedy selection and implementation

» Remedy technology decisions consider the intersection of
M radionuclide characteristics
M the target problem
B remedy functionality
B remediation objective
» Remedy implementation should consider
B Adaptive site management
M Exit strategies
B Monitoring strategies
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