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Chromate (hexavalent chromium as CrO,%) is a significant groundwater contaminant at the
U.S. Department of Energy (DOE) Hanford Site in southeastern WA (Poston et al., 2001)
where Pu was produced during WWII and the cold war, and where DOE’s largest inventory
of legacy wastes remain. Chromate in ground water is readily transported through the
Pleistocene-age flood deposits at Hanford, resulting in groundwater contamination plumes
that discharge CrO,*> to the Columbia River, posing risk to spawning salmon and down-
stream potable water supplies. The present work suggests that ca 42% of the Cr known to
be present in the plumes is immobile due to precipitation of relatively insoluble Cr(lll)
phases, abating somewhat the extent of the problem. The balance of chromium in the
plumes occurs as mobile chromate. Defining the chemical and physical forms of the
contaminant, such as is presented here, is the crucial first step to mitigating a contaminant
problem.

Waste Management Area (WMA) S-SX, the focus of this study, is one of 12 high-level waste
tank farms at Hanford. The SX tank farm contains 15 massive, single-shell, high-level
waste tanks, each with 3,785 kL (1,000 kgal) capacity. The SX waste tanks received self-
boiling waste solutions from Hanford’s Reduction-Oxidation (REDOX) Plant in the mid 1950s.
The REDOX process was used to recover Pu from irradiated nuclear fuels. Hexavalent Cr
[Cr(VD] in the form potassium dichromate was used as an oxidant in the REDOX process to
manipulate the valence states of Pu and U. The REDOX wastes were self-boiling, and self-
concentrated from the radioactive decay of short-lived isotopes.

During the 1960s and 1970s nine of the SX _ -
tanks developed leaks as a result of the | Tl Lo SR ROt Sl o
ig ermal load from waste boiling an
the caustic nature of the wastes. One of Temperature (° C) 100
the largest leaks was from SX-108 that dis- :28 V"v‘;’i'gehf{?fa“g;”m 9%
charged 57,760 L of hot, highly concen- Solution density (g/cm?) 2.09
trated REDOX waste to the vadose zone lonic strength 18.02
(i.e., the area of the subsurface above the Primary Chemical Species (mollL)
water table) in 1969. The leaked SX-108 Al(OH)s 336
tank waste (Table 1) contained high N [
concentrations of salt, base, Cr, **Cs", OH" 5.25
99T¢(VII), and other radioactive and chemi- mgsj oas
cal constituents. Hanford personnel or 0.34
collected subsurface samples beneath tank cos” 3.25x10°
SX-108 in 2000 using a sophisticated slant o RS
drilling device to assess the depth distribu- Brcg* 6.51 x 10°

tion and fate of tank waste contaminants.
Some of the retrieved core samples were the most radioactive geomedia ever brought to
the surface at Hanford.
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1969. The Na-NO; was freely | ' udies o
Figure 1. Solute concentration profiles in core samples from the SX-108 borehole, a.) Na and NO,

soluble in Water, but in con- measured by water extraction and reported as pore water concentrations, and b.) water and sorbed
trast, sizable fractions of the Cr reported as mass normalized concentrations. In-situ temperature, ¢.) measured in the nearby

. 41-09-39 borehole. Data from (Serne et al., 2001a, 2001b).
total Cr were sorbed (i.e.
associated with solid sediments) and only extractable in strong acid. The limited solubility
of sorbed Cr, which was higher in the upper regions of the core, implied that it existed in a
precipitated or strongly adsorbed state. Because there was little or no previous evidence for
adsorptive retardation of Cr(VI) in oxic Hanford vadose zone sediments, XAS measurements
were performed at SSRL to define Cr valence in sediment as a basis for establishing a
conceptual model of geochemical reaction.
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Cr K-XANES spectra were measured on eight SX-108 samples (asterisk in Fig. 1) using the
Molecular Environmental Science Beam Line (BL 11-2) (Bargar et al., 2001) or the general
XAFS beamline (BL 4-3) over the energy range 5900 eV to 6350 eV. The samples were
extremely radioactive and contained up to 0.1 mCi/g of **’Cs* (Liu et al., 2003). The
methods of Peterson et al. (1997) were used to analyze the Cr(VI) content of the sediments
from the intensity of the pre-edge feature. The percent Cr(VI) was calculated from the
sample specific pre-edge peak height and positions using the following beamline-specific
calibration curves:

BL 11-2: %Cr(VI) = 102.83(height) — 12.80
BL 4-3: %Cr(VI) = 128.64(height) — 12.77

The Ca“bratlo_n CUrVe  [1apie 2. Results of Cr(VI) determination from XANES “pre-edge” heights.
COI’I’ECﬂy pred|Cted the Sample SSRL Pre-edge Position Normalized Total Cr % Cr(VI)
Cr(vl) pe rcentages of three Beamline (eV) Pre-edge Height (ng/g)
. SX-108 Borehole
blind samples that were 6A 4-3 5993.3 +0.1 0.520 1297 + 149 54
used to test the Callbratlon 7A 11-2 5993.2+0.1 0.367 2098 + 227 25
. 8A 11-2 5993.3+0.1 0.639 1394 53

process. The normalized Cr 9A 43 5993.3+0.1 0.653 931 +40 71
K-XANES spectra of the 13A 43 5993.3+0.1 0.635 565 69

. 14A 4-3 5993.3+0.1 0.583 2090+ 53 62
eight Hanford borehole

i 41-09-39

samples all displayed the 7ABC 112 5993.2 +0.1 0.684 1186 + 61 58
presence of both Cr(VI) and 6AB 11-2 5993.2 + 0.1 0.624 1297 + 149 51

Cr(l1) (Fig. 2, Table 2).
The largest Cr(l1l) concentration [smallest Cr(VI)] was observed in SX-108 Sample 7A,
which had the highest pH and significant mineral alteration resulting from reaction of the




high pH waste with the sediment. In contrast, the highest Cr(VI) concentrations were noted
deep in the core where pH was ambient and where mineral alteration was minimal. These
data indicated that Cr(VI) present initially in the REDOX waste was variably reduced by the
Hanford sediments, and that reduction extent correlated with sediment mineral alteration.

The XANES measurements and others not described
here (Zachara et al., 2004) allowed us to conclude
that ferrous iron (Fe**) was released from the oxic
Hanford sediment by base-induced, heat facilitated
dissolution of Fe(ll)-containing minerals including
biotite (iron-bearing aluminuosilicate clay mineral),
clinoclore (chlorite aluminosilicate), and ilmenite
(FeTiO3). The Fe(ll) so liberated was an effective
reductant of Cr(VI), which then precipitated as an
insoluble Cr(OH): phase or was incorporated within
iron-bearing precipitated phases. This reductive pre-
cipitation reaction apparently occurred after the waste
plume had reached its current configuration and depth.
The results demonstrate that a minimum of 42% of
the total Cr inventory is effectively immobilized as
Cr(l11) precipitates that are unlikely to dissolve appre-
ciably under the low drainage conditions of the
Hanford vadose zone. The remaining Cr(VIl), however,
will be free to migrate to groundwater unless surface
infiltration at the tank farm surface is controlled.
These and other ongoing studies at SSRL on contami-
nated sediments from different Hanford tank farms are
providing key scientific insights on the hazards posed | Figure 2. Normalized Cr K-edge XANES
by such extreme chemical and radioactive materials | spectra of S-SX sediment samples.
and the most effective, long-term environmental man-
agement strategies to deal with them.
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