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1.0 INTRODUCTION

In support of the 300-FF-1 Operable Unit Remedial Investigation/
Feasibility Study, Pacific Northwest Laboratory (PNL) has performed several
laboratory-scale leach tests and flow-through column adsorption tests to
evaluate the fate and potential mobility of U and selected trace metals
present in 300 Area North Process Pond sediments. These sediments include
both untreated and fines generated from physical soil washing pilot plant
studies from the 300 Area North Process Pond Facility (316-2).

A schematic of one pilot test is shown in Figure 1.1. The laboratory

1 used include the standard Toxicity Characteristic Leach Procedure (TCLP)
batch leach test (40 CFR Part 161, Appendix II), the U.S. Environmental
Protection Agency (EPA) Method 1312 Synthetic Precipitation Leaching Procedure
(EPA 1990), the American Society for Testing and Materials (ASTM) draft
Sequential Batch Extraction of Waste with Acidic Extraction Fluid (ASTM 1994),
a 1:1 batch extract test, and a flow-through column leach test. The effluents
from the ASTM Sequential Batch Extraction leach test were also used, in
sequence, to load a Hanford Site sediment neighboring the Process Pond to

evaluate potential adsorption tendencies for selected metals.

These empirical data on leachability and adsorption will be used in

evaluating cleanup alternatives for contaminated soils in the

300-FF-1 Operable Unit. Alternatives being evaluated include: 1) No Action;
2) institutional controls; 3) excavation and disposal at a solid waste burial
ground (such as the Environmental Restoration Disposal Facility [ERDF]); and
4) excavation, physical soil washing and fines disposal. The results of the
leach testing will also be used to determine whether sediment (bulk or soil
washed fines) removed for disposal require further treatment such as fixation
to meet waste acceptance criteria at the disposé1 facility. In addition to

presenting these data, the report discusses general technical issues, such as
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the stability of Cr(III) versus Cr(VI) in soils, to provide references for
staff who are preparing the 300-FF-1 Phase III Feasibility Study (DOE 1994b).

A significant'amount of data have been collected and published regarding
the 300 Area North Process Pond disposal history, sediment characterization
and laboratory, field, and pilot-scale soil washing testing. A brief synopsis
is provided below. Young et al. (1990) and Young and Fruchter (1991) give
further details on site history; Dennison et al. (1989), Serne et al. (1992),
and Westinghouse Hanford Company (WHC) (1994a) provide additional information
about sediment characterization; and Gerber et al. (1991), U.S. Department of
Energy (DOE) (1994a), and Alternative Remedial Technologies, Inc. (ART 1994,

WHC 1994c) provide information on the soil washing results.

The 300 Area North Process Pond (710 acres) was constructed in late 1948
to function primarily as a percolation pond for fuels fabrication liquid
wastes. The 1iquid wastes contained large quantities of sodium aluminate and
Zr from fuels cladding removal, Cu from bronze fuel canning, and U from the
fuel itself. Disposal of wastes ceased in 1974, and the pond soon dried. The
individual grains in the pond are mainly coarse-grained sediments of glacio-
fluvatile origin, with more than 75% by weight >2 mm. The sediments are
typically considered a gravelly sand with cobbles. Only 1-5% of the sediments
is silt and clay. Near the inlet of the pond, thin layers of whitish and
green material are visible within the profile. These colored materials
contain high levels of aluminum oxyhydroxides and calcium carbonate, and they
are very enriched in Cu and Zr and fairly enriched in other trace metals
and U. Uranium was selected as the key contaminant of concern in the pond
sediments based on preliminary risk analyses. Preliminary soil washing
studies (both laboratory and field) showed that the bulk of the U could be
segregated into the fines with particle sizes <0.425 mm or from <0.150 to
0.075 mm, using attrition scrubbing to further break up agglomerates. Because
no agreed-upon cleanup levels have been negotiated, the washed coarse
materials have not been declared free from future environmental risk. The
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2.0 F"“PLES RECEIVED

Five 4-L (1-gal) plastic buckets of sediments were transferred from the
300 Area North Process Pond and environs to PNL. The samples were labeled A,
B, C, D and Clean. The first four samples were taken on April 14, 1994, from
piles formed during the ART physical separation pilot plant study performed in
spring 1994 (see WHC 1994c). Sample A was the <50-mm composite soil used in
the "non-green" process replication run. Sample C was the <50-mm composite
soil that contained visual signs of the green contaminant-enriched calcium
carbonate. These two samples represent sediments before physical soil washing
that were pre-screened to remove large pebbles, cobbles, and boulders. These
pond sediments were used to generate leaching data for the No-Action
alternative. Based on ART (1994) summary data, the non-green composite feed
sediment, Sample A, differs from existing pond sediment in that 27% of the
sediment has particle sizes >50 mm. For Sample C, 17.5% of the existing pond
material was >50 mm and was removed before pilot-scale soil washing and
shipment to PNL.

Samples B and D came‘from the ART pilot study "fines" sludge cake.
Sample B came from processing non-green composite material during the replica-
tion run, and Sample D came from processing the green carbonate material. The
fines had a particle size < 0.075 mm. The Clean soil sample was sampled by
WHC on May 18, 1994, at a location 9 m (10 yd) north of the north side fence
surrounding the 300 A 1 North Process Pond. Approximately 30.5 cm (1 ft) of
sediment was removed with a shovel and the 4-L (1-gal) sample was taken frdm
the depression. As shown in Section 4.0, this sample may not represent
"clean" natural background 300 Area sediments and will be renamed "Nearby" in
further discussions.

Samples A, C, and Nearby were air-dried and dry-sieved through a
9.5-mm sieve to remove pebbles and coarser material. The larger material
(>9.5 mm) represented 52.1%, 44.1%, and 36.5% by weight of the as-received
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3.0 METHODS

The total metals content of each oven-dried sqmp]e was determined using
energy-dispersive XRF that used two secondary excitation sources, Fe/Ag and
Ag. Aliquots used to perform XRF were ground to <300 mesh (<0.05 mm). Two
standard rock samples, USGS AGV-1 and BCR-1, were processed with the 300 Area
North Process Pond sediments to assure quality control. Known U spikes were
added to BCR-1 to check the recovery of U and to determine accuracy. Matrix
corrections were performed using the backscatter with fundamental parameter
method that allows accurate analyses of "unknown" samples without prior
knowledge of the sample matrix (Arthur and Sanders 1992, Nielson et al. 1982,
and Sanders et al. 1983).

Five leach tests were used to gather information on contaminant fate
using regulatory waste designation protocol as well as more realistic and
site-specific protocol that simulates Hanford environmental conditions. All
five sediment samples were leached using the standard TCLP (Method 1311)

(40 CFR Part 261 Appendix II) and Acid-Rain (Method 1312) (EPA 1990) proto-
cols. Both methods rely upon an 18-hour batch soil contact with a designated
leachant at a solid-to-solution ratio of 1 g:20 ml. The TCLP method uses one
of two extract fluids that simulate municipal landfill leachates. Fluid 1 is
a pH=4.93 sodium acetate buffer, and fluid 2 is a pH=2.88 acetic acid. One of
these extraction fluids is chosen based on the results of soil buffering
capacity testing completed before the TCLP test is perfc ad. | ' sediments
A, B, C, and Nearby, extraction fluid 1 was appropriate, while sediment D
(green run fines) required the harsher extraction fluid 2 because of its
inherent basicity.

Our slightly modified Method 1312 used a less corrosive extrécting solu-
tion of dilute tap water (as opposed to deionized water cited in the EPA
protocol) adjusted to pH=5.00, with 60/40% by weight sulfuric and nitric acid.

This extractant simulates acid rain for the western United States. We used
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using acidified tap water (pH=5.0) instead of deionized water. As mentioned,
this change should have no impact on metals leaching and better simulates
vadose zone pore waters at Hanford. The ASTM procedure calls for 10 sequen-
tial extracts each of a duration of about 18 hours. We performed five extrac-
tions; the first three with durations of about 18 hours each and the last two
with durations of about 70 hours each. This yielded a total extraction time
that was similar to the standard 180-hour duration. We changed extraction
times when it became apparent that the tests had reached an apparent steady
state in leaching after the first three extracts. The change cut the analyt-
ical costs in half but allowed the overall leach time to remain the same as
ASTM protocol. Each of the five sequential extracts was analyzed after
filtration as described for the single-contact leach tests. The excess
sequential extractants were saved and used in column adsorption tests to see
if uncontaminated sediment could readsorb leached contaminants.

A fourth leach test was performed on Sample D. In this test, 176.13 g
of oven-dry material was placed in 176.14 g of simulated acid rain and
contacted for 187 hours. This test was run to evaluate solubility constraints
on the various contaminants. We assumed that the 1:1 solution-to-solid ratio
would not dissolve all the metals out of the soil, whereas the 20:1 solution-
to-solid ratio, used in Methods 1311 and 1312, might dissolve all the contam-
inant and negate the excess solid assumption needed to calculate solubility
controls. In addition to measuring pH and trace metals, major cation and
anion analyses were performed to allow chemical speciation calculations to be
performed to help elucidate the meaning of the empirical data. Major cations
were measured by ICP-MS and ICP, and anions were measured by ion chromato-
graphy, alkalinity titration, and total carbon analyzer.

The final leach test performed occurred after it was discovered that the
Nearby soil sample appears to contain higher than background levels of U and
other trace metals. A column (length=13.3 cm, diameter 4.0 cm, and total
volume 167 cm3) was packed with the <9.5-mm Nearby sediment (275.8 g) and
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The total metal content found in the <9.5-mm composite feeds and Nearby
soil and the <0.075-mm fines collected after physical soil washing are shown
in Tables 4.1 through 4.5. The tables also include soil analyses on similar
but not identical samples from previous field soil washing demonstrations in
the N Process Pond performed by WHC in the summer of 1993 and ART in the
spring of 1994 (WHC 1994c, DOE 1994a). The PNL (this report) and WHC (summer
of 1993) sediments were analyzed on the same XRF instrument by the same
operator using a set protocol. The ART data (spring of 1994) were generated
with a less sophisticated field screening XRF because data were needed rapidly
to allow equipment optimization during each washing campaign. Thus, when
making comparisons, one must remember that the samples analyzed were not
replicate splits but were only from the same inactive, contaminated pond.
Further, the PNL and WHC samples were analyzed by the same protocol and
operator on the same instrument. The ART samples used a different protocol
-and instrument known to have less accuracy but much more rapid turnaround.
Further, the PNL Samples A and C contain only particle sizes <9.5 mm while the
ART samples contain particles <50 mm. For Samples B and D, all analyses
represent fines <0.075 mm. The total chemical analyses are listed by atomic
number. The PNL XRF units can measure elements as light as Al and measures
most heavier elements with a detection 1limit of a few ppm. Only those |
elements that consistently appeared above these 1imits are reported.

Ti""es 4.6 through 4.10 1ist the concentration of selected metals in
18-hour extracts of the five soil samples using the TCLP (Method 1311) and the
simulated acid rain (Method 1312) leach tests. In general, we would expect
the TCLP leach test to remove more transition metals (e.g., Ag, Cd, Cr, Cu,
Fe, Mn, Pb, Zr) and U from the sediments than the weak acid rainwater extract-
ant of the Method 1312 leach test.
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TABLE 4.2. Soil Data for Sample B (ug/g)

Element g(a) ART(®) WHC (©)
Al 88,300 22,200-24,100 91,800
Si 251,000 -- 234,000
p 1500 -- <640
S <740 -- 470
Cl <330 --
K 20,200 -- 18,700
Ca 25,200 -- 23,100
T 6990 -- 7000
v 145 -- 203
Cr - 81 50-59 193
Mn 1304 945-951 1200
Fe : 59,500 34,500-36,000 58,900
Ni 109 76-97 182
Cu 824 714-972 2310
In 139 88-110 185
As 10.7 -- 10.3
Se <2.4 -- <1l.
Br <2.2 -- --
Rb 119.5 -- 108
Sr 257 -- 267
Y 29.4 -- --
Ir 426 -- 971
Nb 14.1 -- --
Mo <2 -- --
Hg <9.3 1.0-1.4 <4
Pb 23.4 24-36 38
Th 8.3 - --
U 38.6 44-55 186

~(a) B = <75 pm fine sludge non green material.
(b) Alternative Remedial Technologies, Inc. (ART 1994).
(c) Westinghouse Hanford Company (DOE 1994a).

4.3






W1 53872377

i e 1

TABLE 4.4. Soil Data for Sample C (ug/g)

Element cle ~ ART®
Al 98,400 10,800
Si 214,000 ' --
p 5000 --
S 1050 --
C1 <350 --
K 10,230 --
Ca 51,100 --
Ti 10,080 --
v 307 --
Cr 382 177
Mn 1114 357
Fe 70,700 - 31,900
Ni 606 223
Cu : 6140 2770
In 194 83
As 14.8 --
Se 3.1 --
Br . 3 --
Rb 39.2 --
Sr 325 --
Y - 33.1 --
ir 2510 --
Nb 7.2 --
Mo : <4.7 --
Hg <12 2.2
Pb 40.1 20
Th 44.9 --

u 756 397

(a) C =<9.5 mm composite green material (feed to
soil washing demo).

(b) Alternative Remedial Technologies, Inc. (ART
1994). '
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TABLE 4.6. Leach Data for Sample A® (ng/ml)

Element TCLP) EpAte)
Na | 77,700 2550
Mg 6840 4610
Al 516 33.1
K 8530 6390
Ca 37,000 30,000
Cr 21.1 8.9
Mn 301 8.8
Fe 120 310
Cu 780 24
As <1 <1
Se | 23.4 5.2
Sr 253 133
Zr 1.4 1.8
Ag <1 <1
cd 2.7 <1
Ba 463 42
Hg <1 <1
T 78 58
Pb <1 <l
U 157 26.3
Ending pH '5.08 7.31

(a) A =<9.5 mm composite soil non-green material
(feed to soil washing demo).

(b) TCLP = Method 1311.

(c) EPA = Method 1312.
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TABLE 4.8. Leach Data for Nearby‘” Soil Sample (ng/ml)

Element TCLP!® EPA(S)

Na 73,500 8830
Mg 9380 4330
Al 261 36.5
K 7880 5680
Ca 135,000 32,500
Cr - 23 1.7
Mn 408 837
Fe 200 190
Cu 28 6.1
As 2.7 4.3
Se <1 4.2
Sr : 494 173
Ir 2.7 1
Ag <1 <1
cd 1.7 1
Ba 1230 46.6
Hg <1 <1
T 56 <1
Pb <1 ’ <1
1 : - 643 - 537
Ending pH 5.23 7.15

(a) Nearby = soil from outside the 300 Area North
Process Pond. '

(b) TCLP = Method 1311.

(c) EPA = Method 1312.
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TABLE 4.10.

W! Wvﬁ
kqh‘l,ﬁ

il

Leach Data for Sample D'*) (ng/ml)

Element TCLP® EPA(®)
Na 12,000 5130
Mg 59,500 6580
Al 259 259
K 8080 8400
Ca 1,230,000 29,000
Cr 50.7 59.7
Mn 679 8.9
Fe 1240 480
Cu 24,600 117
As <1 <1
Se 11 - 3.1
Sr 4480 140
Ir 6. 2.7
Ag 1. <1
Cd 22 1.2
Ba 2940 49
Hg 1 <1
M <1 <1
Pb 8.3 <1
v 8070 1442
Ending pH 5.9 7.3
(a) D = <75 um fine sludge green material.
(b) TCLP = Method 1311.
(c) EPA = Method 1312.
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TABLE 4.11. Sequential Extraction Data for Sample D (ng/ml)

Extract # .
1 2 3 4 5
Cumulative Time (hr)

_Element 18 36.8 55.3 124.6 194.4
Na 5130 5900 2600 2710 2480
Mg 6580 6230 9090 7240 7530
Al 259 249 188 185 150
K 8400 9000 9180 1240 840
Ca 29,000 - 36,400 46,500 54,800 - 58,800
Cr ' 59.7 23 11.2 11.7 6.4
Mn 8.9 9.1 13.3 12.2 9.8
Fe 480(%) 7802 150 63 <10
Cu 117 62 89 ' 34 46
As S 2.2 1.1 6.2 2.1
Se 3.1 7.2 <1 15 <1
Sr 140 120 198 180 201
o 2.7 2.2 . 2.8 1.1 <1
Ag <1 <1 <1 <1 <1
Cd 1.25 1.1 <1 <1 1.2
Ba 49 38.6 81 51.5 59.5
Hg | <1 <1 <1 <l <1
Pb <1 7.8 8 8.3 <1
U 1442 1140 1180 1520 1440
Ending pH 7.3 8.0 7.7 7.1 7.2

(a) Semiquantitative estimate; Fe channel instrument was not performing
adequately.
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TABLE 4.13. Chemical C position of Effluent from Tap Water Flowing Through Nearby Soil Sample

Concentration (see Units) —
Cumulative Pore Volumes of Effluent E:;:
Tap z
Water ‘
Element Units (Inf) _ _l_ 1.4 5.7 14.5 21.7 33.6 48.4 70.8 110 208 250 296 401
Na ppm 2.2 205 70 52 42 34 26 20 13 5 5 4 4
Mg ppm 4.1 24 4 3 3 4 4 4 4 4 3 4 4
Al ppm <0.01 11 0.8 1.4 2.8 2.3 6.4 3.2 1.9 0.05 0.03 0.02 0.02
K ppm 0.9 1.7 3.4 2.7 2.1 2.9 2.3 2.4 2.8 1.0 0.4 0.8 1.0
Ca ppm 25.7 142 <20 <20 <20 <20 <20 <20 <20 31 27 30 30
Cr ppb <2 114 31 7 5 3 1.4 1.8 2.1 <1 6 4 5 4
Mn ppb 4 47 31 24 <1 10 2 10 <1 <1 4 3 1.2 1.6
Fe ppb 30 260 260 54 50 64 75 <50 <50 190 120 220 300
Cu ppb 0.5 170 112 26 39 18 13 8.7 4.9 6.4 3.9 4.9 3.6
As ppb <1 12 16 10 11 11 14 <5 <5 <5 <5 <5 <5
Se ppb <3 e yala) yala) o yalad @) ala) o ga(a) o yala)yala) yala) o gala) o gala) . ,la)
Sr ppb 102 1900 590 114 93 94 102 125 128 149 149 128 138 140
Ba ppb 28 217 126 150 49 50 47 48 41 38 38 34 39 38
Pb ppb <5 13 8 5 10 5 8 4 12 4 4 4 4 4
u ppm <0.05 3.9 8.9 3.9 2.2 1.9 1.5 1.4 1.1 0.8 0.8 0.7 0.6 0.6
pH ) NA 7 NA 8.9 NA 8.6 NA 8.7 NA 8.8 8.6 9.2 8.8 8.8

{(a) NA = not analyzed.













5.0 DISCUSSION

The chemical analyses of the soil samples (see Tab" ; 4.1 to 4.5)
suggest that the 300 Area North Process Pond sediments contain elevated
concentrations of Al, Mn, Fe, Ni, Cu, and Zr, and in the green run material,
P, S, Ca, Cr, Zn, As, Pb, Th, and U are elevated compared to the Nearby soil
sample. Using the background concentrations that were determined with EPA
SW-846 acid extraction procedures as shown in Dennison et al. (1989) and
Table 1-1 of DOE (1993b), one would conclude that the 300 Area North Process
Pond sediments are contaminated with Al, Cr, Mn, Fe, Cu, Zr, U, and V. This

list, excepting V, is quite similar to our findings.

The 300 Area North Process Pond sediments show elevated concentrations
of Al and Zr. These represent dissolved cladding, and during past operations
Cu and Mn were major ingredients in the bronze used in welding the end caps
onto the U fuel pellets. The elevated Ca in the green run sediments reflect
the high calcium carbonate content of the sediment. The elevated ponds
contents in the green matéria] may represent phosphate and sulfate salts. The
enriched levels of the other trace metals (Zn, As, and Pb) may represent minor
components in the metal extrusion, canning, and welding processes performed in
the Fuel Fabrication Facility.

The fine sludges generated from washing the composite soils shdwed only
about two times higher concentrations of trace metals such as Cr, Cu, Ni, Pb,
Zr, d U for the non-¢ 1 replicat. _1 . _n ..J four times higher concentra-
tions for the green calcium carbonate material compared to the bulk composite-
soils that were washed. The fines (samples B and D) actually contain less
iron and manganese than the <9.5-mm composite feed material, which suggests
that Fe and Mn are concentrated in sand-sized material.

The ART data, shown in Tables 4.1 and 4.4, for composite feed material
include particles of up to 50-mm, while our data are for samples in which the
9 ~ 50-mm grains were discarded. Given the general trend for trace metals to
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the simulated rain extracts rose to pH values between 7.2 and 7.9 because of
the significant acid-neutralizing capacity of Hanford soils. The simulated
rain leach tests better represent the probable leaching environment for the
Hanford Site alternatives of "no action" and direct burial of contaminated
fines without additional stabilization into a designated disposal unit such as
ERDF.

As stated, the leach data in Tables 4.6 through 4.10 show that the soils
pass the TCLP criteria for being nonhazardous based on regulatory concentra-
tion limits of the regulated metals As, Ba, Cd, Cr, Pb, Hg, Se, and Ag, which
are 5000; 100,000; 1000; 5000; 5000; 200; 1000, and 5000 ng/ml, respectively.
The TCLP extracts are three orders of magnitude below the regulatory limits
for As, Ag, and Pb; two orders of magnitude below the 1limits for Ba, Cr, Hg
and almost two orders of magnitude below the limits for Cd and Se.

The TCLP data suggest that the 300 Area North Process Pond sediments,
including the "contaminated"” fines, leach only small, incremental quantities
of a few of these regulated metals compared to the Nearby soil sample outside
the pond that may or may not contain representative background levels of the
RCRA regulated metals. The Nearby soil sample appears to contain elevated U
concentrations and may thus be suspect as a background sample.

The data in Table 4.11 show what occurs when the Sample D sediment is
leached repeatedly with fresh batches of simulated rainwater. In general, the
first contact leachant dissolves more material than subsequent batches of
leachant, but there are several elements whose leachate concentration peaks in
later extracts. Metals such as Mg, U, and Ba appear to rise to about the same
concentration in each leachate, suggesting that solubility controls their
release. Other elements show high initial leaching followed by steady
decreases in later extracts (e.g., Cu, Na, Al, K, and Cr). Calcium leaching
appears to increase as the extraction process continues. Again, none of the
RCRA regulated metals approach the concentration limits set forth in the TCLP
test protocol.
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may be discharged to air and to water. We calculated the value for the
isotope 2% only because U in the pond sediment had been separated from its

daughter products, and on a mass basis 238y predominates.

The final column in Table 5.1 lists Primary and Secondary Drinking Water
Standards applicable to public water systems that pipe water to at least
15 service connections or 25 individuals for human consumption. Secondary
drinking water regulations control contaminants that primarily affect
aesthetic qualities. They are not federally enforceable and are intended as
guidelines. Within the Primary Drinking Water Standards, there is a category
maximum contaminant level goals (MCLG). These are nonenforceable health goals
that water supply companies should try to meet for health reasons.

The leachate data reported herein and the groundwater criteria in
Table 5.1 could be used to model the impacts of leachate reaching the under-
lying aquifers at both the final disposal facility of the fines and the
300 North Process Pond should the coarse fractions be left in place after soil
washing.

Based on the rainwater leachate analyses (Tables 4.5 through 4.12), only

U is consistently, and perhaps Cr and Cu in a few instances, are above the
most stringent potential groundwater quality criteria shown in Table 5.1. It
would thus appear that U is the key potential contaminant that leaches from
the sediments. The actual process waters generated in the various ART pilot-
“ale tests (ART 1994, WHC 1994c) from both the non-green and green pond
sediments are compared to the water quality criteria in Table 5.2. The spent
process water from the ART field demonstration contains elevated U and perhaps
Fe in comparison with the water quality criteria. For the spent process water
generated during attrition of the green pond sediments, Cu and U appear
elevated above some of the water quality criteria. The spent process water
generated in the ART field demonstrations was evaporated and residuals added

the fine (0.075 mm) materials destined for transport to a designated burial
facility or further treatment. During further treatability considerations, it
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extract tests, 4% during acid rain leach tests for the non-green sediments,
and 6% for the green sediments. For Cu, the TCLP extracts leach about 4% of
the sediment’s total while the rainwater leaches, at most 0.1%. For Cr, the
TCLP extract leaches at most 1.5%, while rainwater leaches at most 0.6%. TCLP
testing extracts at most 0.1% of the sediment’s total Fe, and rainwater
extracts at most 0.04%. When the green fines are leached with simulated acid
rain at a solid-to-solution ratio of 1:1, only hundredths of a percent of
these elements are released. The percent release data for five elements are
shown in Table 5.3.

The replicate analyses of the Nearby soil sample are shown in Table 4.3.
Two separate samples (71 g) were generated for XRF analyses from the bulk
4-L (1-gal) sample using the cone and quartering technique. The results show
that the Nearby soil sample contains as much, and perhaps more, U than does
the composite soil (Sample A) from within the 300 Area North Process Pond that
was used in the first ART field soil washing campaign. The Nearby soil sample
does appear to contain less Ni, Cu, and Zr than sediment samples from wi''in
the 300 Area North Process Pond. It is thus difficult to determine whether

TABLE 5.3. Percent (%) Metal Release from Various Sediments

Non-Green Non-Green Green :

Composite Fines ~ Composite Green Fines

Acid I Acid_ Acid ' Acid

Element  TCLP - Rain TCLP - Rain TCLP Rain TCLP  Rain
Cu 4.1 0.03 3.3 0.12 4.5 0.02 2.1 0.01

Cr- 1.5 0.6 0.6 0.2 0.2 0.2 0.08 0.09

Fe 0.003 0.008 0.004 0.012 0.014 0.005 0.1 0.04
Se 18.7 4.2 15.8 7.5 4.5 5.8 5.2 1.5
u 18.6 3.1 18.9 7.6 6.2 2.3 3.8 0.7
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that the Nearby soil sample obtained contains evaporites and measurable
quantities of U from natural causes or past 300 Area North Process Pond liquid

disposals.

To ascertain conclusively whether sediments underneath the ponds can
retard contaminants leached from the 300 Area North Process Pond, we would
have to first flush the sediment to remove evaporites and then percolate
contaminated extracts through the flushed soil columns. Such an approach
might allow us to quantify adsorption. Alternatively, we would need to obtain
a true background soil that is not suspect. At present, we can only address
adsorption qualitatively and state that Cr and U adsorption onto the Nearby
sediment is small, if it exists at all, and that Cu adsorption is larger. At
present, we recommend that risk assessment exercises assume no adsorption of
these and other potential contaminants of concern and base risk calculations
on extract concentrations shown in Tables 4.6, 4.7, 4.9-4.12, and 4.14 for the
various remediation alternatives and transport scenarios of interest. Should
risk results with no provision for adsorption identify health consequences,
~ then more detailed laboratory adsorption studies may be warranted to quantify
the influence sorption could apply to long-term contaminant migration. If
risk assessment calculations show that leachate dilution into the aquifer
presents no risks, then further laboratory studies may not be needed. Unfor-
tunately, the standard fiow-through column technique to quantify adsorption
did not succeed for this particular sediment (Nearby soil)-solution (sequen-
tial batch extract) combination, so the importance of )il adsorpt ins

unresolved for the 300-FF-1 operable unit clean-up.

The Cr leach data in Tables 4.6-4.12 suggest that the sediments contain
predominately Cr (III) even though most anthropomorphic Cr release at Hanford
originated as Cr (VI). General soils literature yields a logical explanation.
Rai et al. (1984) explains that Cr (VI) in solution or in soils is stable only
at strongly oxidizing conditions. At most natural Eh-pH conditions, Cr (III)
species predominate (MacNaughton 1977). Soil organic matter and other
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6.0 CONCLUSIONS

The sediments in the 300 Area North Process Pond, especially those that
contain the green and white precipitates, contain elevated levels of Al, Mn,
Fe, Ni, Cu, Zn, Zr, U, and perhaps other transition metals. Neither the feed
composite soils or the fines generated through soil washing exceed TCLP test
limits, one standard method to establish a hazard potential.

Neither TCLP nor various leach tests using simulated rainwater show that
the sediments release significant percentages of these metals. The sediments
themselves would not be classified as an RCRA hazardous waste per TCLP
protocol. Nevertheless, the solution concentrations of soﬁe metals from the
leach tests and actual spent process water from the ART pilot-scale study
approach or exceed some water quality criteria that could be used by regula-
tors. The key element that should be further evaluated by more detailed
groundwater impact analyses is U. For completeness Cu, Cr, and Fe could be
evaluated as they showed elevated concentrations in at least one of the
various leachates or actual spent process waters.

The leach data from the various bench scale tests that used simulated
rainwater are more realistic than the TCLP tests and should be used in any
future groundwater impact analyses. The sequential acid rain leach test
yields the most realistic data for assessing future groundwater impacts, and
the data suggest that U may be controlled by a slightly soluble compound that
. will fix leachate concentrations at a value between 1150 and 1520 ug/L,
depending on the percentage of enriched green sludge in the sediment. Such
concentrations will occur for at least 800 pore volumes of flushing through
the sediment.

Sequentia1‘1each data suggest that other trace metals such as Cu and Cr
will show the greatest release in the first ten pore volumes, and then concen-
trations will steadily decline.
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leach no more than Sample A. The fines removed and transported to a separate
burial ground would leach no more contamination than observed for Sample D.
Some data also are available (WHC 1994b) that show solidification of the soil
washing fine sludge lowers leaching potential at least two orders of magnitude
for mobile contaminants such as U.
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APPENDIX A

RAW XRF DATA

The following seven pages contain the total concentration of selected
metals found in the air-dry samples of the five sediments discussed in this
report. These data were used to construct Tables 4.1 through 4.5.

The samples marked A <9.5 Comp Non-Green and B <150 um Fines Non-Green,
C <9.5 Comp Green, and D <150 um Fine Green are the same as samples A, B, C,
and D described in the text. The samples labeled Clean Soil ART and Clean
Soil (94-8912) are the analyses of two separate aliquots of the soil called
Nearby in the téxt.

Samples USGS AGV-1 and BCR-1 are standard rock samples used to confirm
that the XRF instrument is performing adequately. BCR-1 + X ppm U are stan-
dards spiked with known amounts of U to assure accuracy in the U measurement.
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