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Plutonium & DOE Interests

Plutonium is predicted to be insoluble and highly sorbed in
subsurface environment, however:

- early studies showed high groundwater colloidal % (Kaplan et al)

- evidence for far field transport (Kersten et al)
- but, new methods show low colloid association (Dai et al)

If Pu variability can be understood/parameterized:

For remediation

- this allows for design strategies to retard Pu, save time and money,
develop improved models to predict remediation impacts

For stewardship

- this allows for better project management, prediction of off site migration
& improved monitoring practices
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Conceptual diagram of the fate of Pu
released into the subsurface environment
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Fate of Pu is isotope specific and dependent upon ;
temporal changes in groundwater conditions Tagd



Methods matter

In groundwater, Pui exists im multiple chemicall forms/species
(Pu IIT, 1V, V, VI: solution complexes, colloid associations)
and! at concentrations <10° atoms per liter'in different firactions
(=1 0.0003 pCi/kg or 0.001 Bg/ka)

Well'sampling
- mIcre-purge: 150" ml/min; & Monitor groundwater geechemistiy.
- Pl cOnCentration INCreases: > 35X Wlth standard we'II sampylmg (16L/m|n)
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Methods matter CFF system
>1kD to <0.2 um = colloidal

Redox control N, glove bag

= N5 contrels duing sampling
& processmg, immediate in
field processing for colloids
and redox: state

Cross-flow filtration

- calibration; mass balance
CHECKSHON |055 and
CORt@amMINALIoN

4L sample reservoir

(>1kD)
Mass balance (2004)
CFF £ 2-5% Permeate out line
(<1kD)

e Direct well feed
1kD Millipore CFF (1m?2)



Methods matter

= Well sampling
‘rnlcro-odree” 100 rrl/rnln) &
(ROnItor gaocriarmisiry
» * Redox control

- I\, conitrols duririg sasmplinic) &
processmg, Irnenediate o field
0rocassine for colloids zine raco
Siejie

s Cross-flowfiltration

-~ callioration? rriass valarice crigcis
for loss and contamlnatlon

" Attention to blanks/TM clean
methods

- blank levels off 10% atonms/sample

2 Thermal Ionization Mass
Spectrometry.

- dentiiy separate PUNSOtOPES at
environmental levels

Portable clean field lab

PNNL TIMS



SRS F-area Seepage basins
- waste from reactor separation facilities- nitric acid soln.

F-Area Seepage Basins
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Project sampling in 1998 and 2004

Funnel and gate remediation since 2002/2003
Millions liters of sodium hydroxide-sodium blcarbonate soln.
Increase pH from 4 to 6 e
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F-Area Seepage Basins 3
15 0‘\/ %

N Sharp decrease Pu-239 downstream from source

Filtrate Pu-239 (Filtrate <0.2 um)
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239pu = 0.14-0.22 x 106

Well ID
Reproducible data at 10> — 108 atom/L levels
Pu highest in well #2 (near seepage basin) A
Similar in 1998 and 2004 (but not identical) X



O | 239py = 500 x 106 at 16L/min
- Well pumping rate important

Fil Pu-2
|tralle u-239 (Filtrate <0.2 m)
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F-Area Seepage Basins T
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Pu-239 largely <1kD, non-colloidal

colloidal Pu-239

9% 2>°PU 1998! | 2004
colloidal

Wellli®2 | <1% | <1%

Well 3&4 | 3% | 20%

uonoe.

Other sites/same methods
Hanford K-area 10-30%
SRS Pond B 40-75%

Well ID

Significant difference 1998 vs. 2004




F-Area Seepage Basins 3
15 0‘\/ %
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uonoel

076, 25°PL
reduced

19986

2000

Well 1R(2

10~=
15%

1-40%

Wellr 3&4

35-
80%

60=
100%

Other sites/same methods
Hanford K-area 65%
SRS Pond B 70-100%

Fraction reduced higher in wells with higher colloidal %
Variable, but some differences 1998 vs. 2004
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F-Area Seepage Basins 3
15 0‘\/ %

chbo teneral Flow
of Groundwater
Fss.@.(z) Filtrate Pu-239 reduced

o
o 1.0
FSB-78 M (3) e@( -
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0.9
0.8
0.7
0.6
0.5
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0.4
0.3

Fraction reduced
drops from 38%
to 18% after 3
days air exposure




F-Area Seepage Basins T

Source independent controls
- did groundwater geochemistry impact 23°Pu speciation?
1998 sa?pling 2004 sa?pling

i General Flow "¢
of Groundwater
u(2)

N\
FSB-78 M (3) ?&%
*°
o“b
qo<‘° (4) mFsB-79

1998
“freshening”
event

(largeSt In 6 yrs) Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan
b——————— 1998 ——————— 2004 ————|

1998
more oxidized,
lower % colloidal

Water Table Elevation (ft msl)

Note remediation
impacts pH well #4
-lower Pu and

esp. 24Cm in 2004

Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan  FEX

~fe
b— 199 —8M™4——— 2004 —— ()




Small changes to groundwater chemistry greatly
Impact Pu speciation

Pu(V) Kd = 30 mL/g
Pu(IV) Kd = 2000 mL/g

¢ Raiet al. (2001)
O This Study

Eh (volts)

pH decrease from 6 to 5 results in a decrease
solubility by 1 order of magnitude

A



Filtrate Pu-239

Unusual increases in 240Pu/23°Pu ratio downstream
filtrate 240/239
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Well ID

High yield tests & other
reactor products = 0.3-0.4

Global fallout = 0.18
Local SRS = 0.06
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239Pu t V2 = 24,100 yr
240Py t 2= 6,560 yr

Well ID

Local SRS Pu source in background well #1
What is local source of 240Pu?
Preferential transport 240Pu in groundwater? ol



filtrate 240/239

244Curium- produced at SRS in 1960's

Cm-244 filtrate

Plutonium 240/239 atom ratio
w
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5 Cm-

S tl2 = 18.1 yr
=

- Alpha decay to 2*9Pu
-Less particle
reactive than Pu
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Well ID

244Cm concentrations 1-2 orders of magnitude higher than 23°Pu
Increasing 240/239 ratio due to 2%°Pu production from 2*4Cm decay
Less 244Cm in 2004 than 1998- 2 S

K,= 40 mL/g @ pH=4; K, = 15,000 mL/g @ pH=6.7 NS
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F-Area Seepage Basins T

\
Source dependent controls
‘ on 240Pu speciation

colloidal Pu-239 colloidal Pu-240

uonoe.
uonoel

2 3
Well ID

Less colloidal 2*°Pu A,
Less reduced- 1-25% in 1998; 5-55% in 2004 o



filtrate

Source dependent controls
on 240Pu speciation
2004 filtrate 240/239

B oxidized
[0 reduced

Plutonium 240/239 atom ratio

Well ID

Plutonium 240/239 atom ratio

Well ID

40Py produced from 2**Cm decay results in more oxidized forms
Isotope specific differences in apparent Pu mobility
Prior work w/ 239.240py? Other sites- Oak Ridge? "m_:



Summary

Variability in Pu isotope ratios, redox state and colloid
associations attributable to Pu source effects and
groundwater chemistry

Methods matter

- ([Consideranle; efifiort devoeted torimpreving gw: PUrspeciation methoeds
Are colleids important in F-area groundwater for Pu?

- o Z-Purcolleidal abundances (1-20%)

- rapidi decrease in; 22°Pul concentration downstream fromi source; (< 1km)

Impacts of natural groundwater variability and remediation are
seen in Puconcentrations and speciation

- 1998 “Eresheningl Event™ - more, oxidized/lower colloidal 2°Pu
- remediation’ changes to pH result in lower 2#*Cm,, 2>°Pu

230py| differs from %>°Pu

- 20Py found! further dewnstream! firom! seurce than: ~>°Pu

- 2%Cm)| spurce results inf more oxidized/mobile forms off #*°Pu
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Future Needs

Field studies provide important insights into processes that impact
Pu speciation and transport in the subsurface environment
- Continued use/development ofi relialle field methods fiorin-situl SpeCiation
- Need time-series sampling| to; capture seasonal andlepisodic Variability:
- Consider groundwater methods intercomparison, multi-alb “Colloidl cookout™?
- [mprove parameterzation o) colloid reactive transpertimodels

Recent references (used for this presentation)
Methods

Dai et al., 2001 (J. Envir. Rad. v53)

Buesseler et al., 2003 (ES&T v37)

Hassellov: et al., 2006 (Sci. Total Envir., sub.)
Field

Dail et al., 2002 (ES&T, v36)

Dai et al., 2005/ (J. Cont. Hydre:, v76)
Lab

Kaplan et al. 2004, 2006a,b (ES&T, v38) v40)

Powelllet al. 2004, 2005, 2006 (ES&:, v28; v39, v40)
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Well 92D Flow Rate Experiment

4000 8000 12000 16000

A Total
() Filtrate

239Pu (atoms/L x 106)

filtrate

240/239 = 0.149
oxidized
240/239 = 0.156

colloidal
240/239 = 0.055
reduced
240/239 = 0.036
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Well pump rate (ml/min)




reduced Pu-239 colloidal Pu-239

b I | @® 2004
' O 1998
0,

uonoei

Plutonium concentration (106 atoms/L)

Well ID Well ID
reduced Pu-240 colloidal Pu-240

b ® 2004
' O 1998

uoljoel4

Plutonium concentration (1 0° atoms/L)

Well ID Well ID




Groundwater sampling and processing diagram

Well water
In-line multiprobe
(O,, pH, turbidity
etc.)
Cross-flow |

ultrafiltration

Unfiltered

Permeate

Retentate

N, purged and sealed

oxidation
states separation

Pu Isotopic
> composition
with TIMS

4

Oxidized and
reduced forms




