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Waste from Plutonium Production

at Hanford

586 sg. miles

« Shrub steppe desert in southeast
WA
* Production period from 1944 to
1987

110,000 tons of nuclear fuel was
processed

 Billions of gallons of liquid waste
produced

« Stored in single-shell and
double-shell tanks

» Discharged to liquid disposal
sites (e.qg., pits, cribs and
trenches)
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Radioiodine in Environment

A Global Perspective of i,

_ e
Source
(kg)

Fuel reprocessing at La Hague (France) 3800 @
Fuel reprocessing Sellafield (UK) 1400 @
Hanford Site 266 ©®
Natural hydrosphere and atmosphere 100 ©
Atmospheric weapons testing 50 (®)
Savannah River Site 32 (d)
Nevada Test Site underground nuclear testing 10 ®)
Chernobyl 1-2 ()
Fukushima 1.2 ©

(@) Hou et al. 2009

(b) Raisbeck and Yiou 1999
(c) Bustad et al. 1983

(d) Kantelo et al. 1990

(e) Houetal. 2013
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Global lodine Cycle
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lodine Inventory in Hanford Waste

[-129 Inventor : : :
y Estimate Discussion and References
Category

Total generated by 49.4 Ci Based on calculation using the 2002 ORIGINZ2 fuel activity

production reactors estimate (Watrous et al. 2002). This estimate is well known
and based on fuel irradiation histories.

Stored in single- 29.0Ci @ Best Basis Inventory (BBI) obtained from the Tank Waste

shell and double- Information Network System (April 23, 2015)

shell tanks (https://twins.labworks.org/twinsdata/default.htm). Significant
uncertainty remains with this estimate.

Discharged to liquid 4.7 Ci From Hanford’s Soil Inventory Model (Corbin et al. 2005).

disposal sites Uncertainty estimates were developed for individual waste
sites that ranged from 20% to almost 400%.

Released to the Unknown Estimates of magnitude of these potential releases are not

atmosphere available. This remains one of the main uncertainties limiting
development of a true mass balance for Hanford 12°I.

Captured by offgas Unknown Devices known as “silver reactors” were used to capture

absorbent devices iodine at chemical separations plants (PUREX, B-Plant, T-

Plant, and REDOX). The 12°l inventory captured in this
manner is not known. Some of these devices remain at the
canyon facilities and some are in solid waste burial grounds.

(&) The BBI underwent a significant update in 2004 (Higley et al. 2004), which reduced the tank inventory estimate from 48.2 to 31.8 Ci based on improved models of separations
processes. This change removed the previous conservative assumption that essentially all of the 129 sent to the separations plants exited those plants in waste streams sent to
tank farms. Subsequent revisions to the BBI have replaced generic estimates for specific waste streams with sample-based estimates from the tanks. June 13, 2017
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lodine-129 Contamination at Hanford

LT Y

1291 js found in two separate plumes
in the 200 Area of Hanford Site
These plumes cover >50 km?; ~3.5
pCi/L (DWS: 1 pCi/L)

127] concentrations are

approximately 200 times higher than
129|

N o
| WMAU &

o SRR e B, N - Hydraulic containment is the current
A= T L g remedial action

Treatment technologies are
unavailable; are complicated by the
geochemistry (alkaline, oxygenic) of
groundwater at Hanford site; 127|
competes for reactants added for
remediation

oA
Aajor Contaminants in the Central Plateau ” I'F
Carbon Tetrachioride (5 yg/ll) Groundwater Interest Areas T e~
[ logine-129 (1 pCiL) (1200-8P S R &
Technetium-99 (800 pCiL) 200-P0
Trium (20,000 pCiL) £1200-0P
I Uranium (30 upL) | C202p 3 :
I Nerate (45 mgiL)  § Basalt Above Water Tadle DR . D e : !
£ Hantora Sae Bouncary (R = : N taag P June 13, 2017 7
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Current Conditions Related to

lodine Speciation at Hanford

« Speciation at 200 Area:
« lodate (10y") is the prevalent
form of iodine, 70.6%
* lodide (I) , 3.6%
* Organo-iodine, 25.8%

« Speciation is significant
because based on chemical
thermodynamics, the
dominant species should be
iodide
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From: Hou et al. 2009
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Conceptual Model

: water and co-contaminant disposal INPUT ,
I inventory and chemistry !
I lodine disposal l' :
L ' recharge

inventory and chemistry g |
: 21 I
|

|

H SOURCE FLUX |

:Reégfi_i‘/%“ Facies: T T Rt A VS KA,

j redox minerals, natural organic matter, I
microbes, carbonate, minerals e :

Co-contaminant flux and
l’ VZ inventory

| b

1 lodine flux and

VZ inventory

S

: Reactive Facies: Hydrologic Elements:
1 redox minerals, water table decline, hydraulic gradient,
I natural organic matter, flow heterogeneity
I
I
I
I

lodine plume flux

and inventory
Water Chemistry Large-Scale Facies Segments:

organic carbon Ringold sediments / Hanford sediments

microbes, carbonate
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Discharge Zone Processes:
natural organic matter,
biotic processes
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Hanford 200-UP-1 lodine Plume

W22-95
W22-48
W22-94
& Was2s
T W22.69

/| 03370
3374 @
® M-016-193 Monitoring 2014 Contaminant Plumes
Wells Completed .
Chromium (48 pg/L
Proposed M-016-0193 = , Uit
®  \Well Locations . lodine-129 (1 pCill)
A  Extraction Well I nNitrate (45 mg/L)
V¥V  Injection Well Technetium-99 (900 pCi/L)

®  Other Existing Wells

7// Waste Site
.| Facility

=== Groundwater Operable
i
!—. Unit Boundary

Roads

Well prefix '299-' and '699-' omitted.

Tritium (20,000 pCi/L)
- Uranium (30 pg/L)

200 400 600 m
1 1 i

T T T 1
500 1,000 1,500 2,000 ft

CHSGW20150605e

O=- -0
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VE11-1
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lodine Speciation in Core of Plume ~ —=~

Depth (ft bls) | Depth (ft 1-129 (pCi/L) | lodate (ng/L) | lodide (pg/L) Nitrate
bwt) (mg/L)
7.59 4.01 2.81 3.55

257.5 79.7

34.09 1.73 17.8 ND 5.31
67.29 1.49 14.5 ND 4.38
97.69 ND 17.1 ND 3.5
127.69 ND 17.6 ND 3.9
177.59 ND 21.8 ND 6.2

197.29 ND 22.4 ND 7.53

June 13, 2017 11



Biogeochemical Processes Controlling Fate 7
Pacific Northwest

and Transport of lodine in Hanford e
Groundwater

Legend

@ sand 1\ Bacteria
D Fines @) Organo-l
- & lodate

@ lodide
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lodine Geochemistry - M
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« Only small fraction of total iodine was exchangeable with KCI
e 0.4106.6%

 Low levels of iodine associated with Fe or Mn Oxides
e 0tol.2%

« Major fraction of iodine was strongly bound to sediments

* Incorporated into CaCO; - 2.9 to 39.4%
« Residual fraction (organic carbon) - 57.1 to 90.6%
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lodine Geochemistry — 7
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Precipitation (Cont.)

0.1M experiments- 250 ppb iodine initial concentration

300
275 - —.
Jeo p" —&
225 A
200 -~
175 -
??;150 - @
GE) 125 1 M
8 100 -
75 A —@— 250 ppb | experiment
50 - —m— CacCl, control
o5 —@— (NH,),CO, control
0 -
-25 - . , , : ; :
0 5 10 15 20 25 30
Time (days)
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lodine Geochemistry — 7
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Precipitation (Cont.)

0.1M experiments- effect of addition time

60

50 -

40
-
2 30-
)
=
3 20

—&— 50 ppb | ("late spike"-spiked after precipitation of calcite)
10 —— 50 ppb | (spiked before precipitation of calcite)
0{ ¢
0 5 10 15 20
Time (days)
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lodine Geochemistry — Precipitation in___ >
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Vadose Zone Sediments

(9552
134
0.007
ug/s
)
2
3]
o]
&
N
™~
N
i
g 047
%
L=
0.2 groundwater

0.5M Mg(N03)2
acetate pH 5
acetate pH 2.3
oxalic acid

0.0-
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Pacific Northwest

lodine Geochemistry - Adsorption

lodide Sorption, Oxidation (50 ug/L)

------ ‘
Iodlde .............
______ “

oxic groundwater D2 A

=
.

46.3 h, no oxidation

iodide (umol/L)
—
T

Kd < 0.01
Iodate )
00 I |."_-.--I--I ----- I--'lllrll -------- I----------I--I-Tr1--I--I---I--|--I--ﬂl | T
0 02 04 06 08 1 12 14

sediment (g)/water (mL)
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Pacific Northwest

lodine Geochemistry — Adsorption 7

(Cont.)

lodate Sorption, Reduction (50 ug/L)

HOS_EIodate

SN, 4 oxic groundwater D3

FEE .. 46.3 h

502_; e Kd =0.90 cm3/g

5 ¥ rate =0.16 nmol/h/g

.= ]

'E 0.1 TR,

= jlodide .. Hgmreen T
e —

0 0.2 0.4 0.6

sediment (g)/water (mL)
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Microbially-Catalyzed lodine Cycling in i,
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the Natural Environment

COo, <

Oxidation
CH.I Oxidation — I
o Volatilization
CH,CH,I
\ CH,CII

105" (+5)

Organic
Matter

—> Organo-I

~— Immobilization

Uptake — Microbe-1

Accumulation
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Installation of Traps in 12°I impacted
groundwater monitoring wells
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1291 Concentrations (pCi/L) as a vl
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50

40

30

(1/10d) uonenuaduod

20

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 2012 2013 2014

Sample Date

1-129 concentrations in wells: 13 (high 1-129; yellow); 15(low 1-129; green); 19
(background 1-129; purple); 70A (high 1-129; black); 70B (low 1-129; Red); and 87
(background 1-129; not visible) over time
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Microbial Diversity from Soils in Traps Deployed in

lodine Contaminated Groundwater - 150 Days

Relative Abundance (%)

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

W Deinococci

® PRR-12
Spartobacteria
Verrucomicrobiae

= Thermotogae

HSIA-4

M Leptospirae

B Gammaproteobacteria

W Betaproteobacteria
Proteobacteria (P)

m vadinHA49

W Pla3

= OM190

mBD7-11

m koll11

= Acetothermia

H ABY1
NKB19 (P)
Gemm-3
Gemm-1

® Clostridia

® Fibrobacteria

M Endomicrobia

I Chloroplast
Thermomicrobia

W TK10

M Ellin6529

® Anaerolineae

mBSV26

W Saprospirae

= Sphingobacteriia

B Cytophagia

B Fimbriimonadia

B Chthonomonadetes

= Aquificae
Rubrobacteria

W Actinobacteria

M Chloracidobacteria

m Solibacteres

H DAOS2

® Acidobacteria-6

B Thaumarchaeota

Pacific Northwest
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W KSB1

WPS-2 (P)

" Pedosphaerae

W Opitutae

mTM7-1

B SBRH58

® SBR1093;VHS-B5-50 (P)
Deltaproteobacteria

® Alphaproteobacteria

W Other

B Planctomycetia

B Phycisphaerae

mCé6

" Planctomycetes (P)

W PBS-25

m7ZB2
Nitrospira
Gemmatimonadetes
Gemm-2

W 3BR-5F

m Bacilli

= FCPU426 (P)
Elusimicrobia

W 4C0d-2

W TK17

W S085

M Chloroflexi

W SJA-28
Chlamydiia
Rhodothermi

" Flavobacteriia

M Bacteroidia

W OS-L
0319-6E2

m Thermoleophilia

W MB-A2-108

W Acidimicrobia

W Sva0725

® Holophagae

= Acidobacteria

W AT-s54

W Unassigned
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lodide is Oxidized to lodine by Multiple 7

Bacterial Species Isolated from Hanford f"w
Groundwater

Strain  Affiliation (accession number)

DVZ18 Pseudomonas sp. PAMC 26822 (KF011696.1)

DVZ21  Arthrobacter ilicis strain ICMP 2608 (NR_104950.1)

Agrobacterium tumefaciens strain IAM 12048
(NR_041396.1)

DVZ24  Pseudomonas mosselii strain CFML 90-83 (NR_024924.1)
DVZ47  Shinella kummerowiae strain CCBAU 25048 (NR_044066.1)

DVZ35

DVZ6  Pseudomonas mosselii strain CFML 90-83 (NR_024924.1)
DVZ2  Bacillus thuringiensis strain IAM 12077 (NR_043403.1)

DVZ29  Enterobacter hormaechei strain 0992-77 (NR_042154.1)
DVZ19  Microbacterium invictum strain DC-200 (NR_042708.1)

June 13, 2017 23
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Bacterial Enzyme Production and Pacific Noriie
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Associated lodide Oxidation

» Bacteria tested demonstrated

1.2 + .
1 different growth rates on
0.8 =¢=DVZ2 glucose
S oc -=-ovzis B Bacteria produced enzymes
5 - known to oxidize iodide
0.4 - 2 =>=DV724 _ ] .
02 "+  ows B lodine production was noted in
0 e e microcosm studies
0 20 40 60 80
350 - Time (hrs) 7.0
) s 6.0
_ 3.00 - 5.0
.% 250 - =——DV7Z2 g 4.0 BTime O
= | ---0vz19 ' B Time 24
2 200 Dvz21 53'0 B Time 48
& 150 - 220
< == DVZ724 g BTime 72
1.00 1 —=Neg =~ 10 W Time 96
0.50 /I—/'\l—-"‘“‘" 0.0 .
T A — RO R AR S
0 20 40 60 80 100 © Q S S &QZ’ &

June 13, 2017 Time (hrs)



The Dominant lodine Species (lodate)

Pacific Northwest
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is Reduced by Hanford Bacteria

—@- Iodate == lodate Control
—— lodide —&— |odide Control
— @ Nitrate — = Nitrate Control

0.20

0.15

0.10

0.05

Nitrate Concentration (mM)

lodide/lodate Concentration (mM)

0.00

0 20 40 60 80 100 120 140 160 180
Time (hrs)
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* Numerous controlling processes evident in Hanford groundwater and
sediments

— Microbial community dominated by Pseudomonads
— lodate co-precipitates with calcite
— lodate is reduced by Hanford sediments

— lodine associated with calcite in vadose zone and saturated zone
sediments

— Evidence of biological oxidation and reduction of iodine species by bacteria
indigenous to Hanford sediments

— NOM sorbs iodate to greater extent than iodide
» Subtle differences between humic acid type
» Microbial activity didn’t appear to affect adsorption

» lodate dominates iodine speciation in 200-UP-1 Groundwater
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Thank You for Your Attention

Pacific Northwest

Questions?
Brady.Lee@pnnl.gov
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