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Summary

‘The objectives of this report and subsequent volumes include describing progress on 1) develop-
ment and optimization of experimental methods to quantify the release of contaminants from solid
wastes and their subsequent interactions with unsaturated sediments, and 2) the creation of empirical
data that become input parameters to performance assessment (PA) analyses for future Hanford Site
disposal units and baseline risk assessments for inactive and existing solid waste disposal units.

For this report, efforts focussed on developing methodologies to evaluate contaminant transport in
Trench 8 (W-5 Burial Ground) sediments under unsaturated (vadose zone) conditions. To accomplish
this task, a series of flow-through column tests were run using standard saturated column systems,
Wierenga unsaturated column systems (both commercial and modified), and the Unsaturated Flow
Apparatus (UFA). The reactants investigated were ”Sr 26U, and 2°U as reactive tracers, and tritium
as a non-reactive tracer.

Results indicate that for moderately unsaturated conditions (volumetric water contents >50% of
saturation), the Wierenga system performed reasonably well such that long water residence times
(50-147 h) were achieved, and reasonably good steady-state flow conditions were maintained. The
major drawbacks in using this system for reactive tracer work included 1) the mablhty to achieve
reproducible and constant moisture content below 50% of saturation, 2) the four to six month time
required to complete a single test, and 3) the propensity for mechanical failure resulting from
laboratory power outages during the prolonged testing period.

- When using the UFA, volumetric saturation levels of =25% ‘were easily achieved and duplicate
tests could be run under the same moisture content conditions within a period of four to six weeks.
Drawbacks to this system included 1) a limitation of 18-20 h maximum water residence time, and
2) a sample collection system which required completely stoppmg the system to collect each pore

volume fraction.

Reactive-contaminant transport results indicate that uranium exhibits lower distribution coefficient
(R values as Trench 8 sediment becomes less saturated. For the saturated column tests, an R, value
for uranium of 2 mL/g was noted, whereas at 29% of saturation, results showed a value closer to
0.6 mL/g, indicating a 70% reduction. Though it has been traditional in Hanford Site PA calculations
to assign an R, value of 0.0 mL/g to uranium, test results indicate that sorption occurred under all test
conditions. Results for strontium in a 0.038 M CaCl, solution also show a slight trend to lower R,
values as moisture content decreases. The average strontium R; was 1.7 mL/g at saturation but
dropped to 0.79 mL/g at 25% saturation, indicating a 54% reduction. Because current PA method-
ology groups R, values into classes of 0, 1, 10, 100, and = 1000, these results should have little impact
on the current PA predictions for contaminant fate at the W-5 Burial Ground. That is, the uranium R,
class will remain at R; = 0 regardless of the moisture content.

Though the PA calculations may be unaffected, these results do provide some interesting questions
related to current assumptions on reactive tracer transport under unsaturated conditions. From the
onset of the tests, it was presumed that the R, would at the very least stay the same if not increase as
_ the systems became more unsaturated. Having obtained results to the contrary, it is recommended that
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further research into this area be performed in order to ensure that the results are not simply an artifact
Zinherent within the test methods, or to identify some physicochemical phenomena not yet understood

that may be contributing to early breakthrough under unsaturated conditions (e.g., differences in uranyl
complexation resulting from changes in O,/CO, fugacity as the gas phase changes during desaturation).
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1.0 Introduction

1.1 Purpose and Objectives

This report documents progress from fiscal year (FY) 92 through July, FY95 on waste-form
release and contaminant/sediment adsorption properties germane to assessing performance/risk of past
and future shallow land burial of defense wastes in Hanford Site sediments. The objectives of this
report include describing progress on 1) development and optimization of experimental methods to
quantify the release of contaminants from solid wastes and their subsequent interactions with
unsaturated sediments, and 2) the creation of empirical data that become input parameters to
performance assessment (PA) analyses for future Hanford Site disposal units and baseline risk
assessments for inactive and existing solid waste disposal units.

To accomplish the task of developing methodologies to evaluate contaminant transport in Trench 8
(W-5 Burial Ground) sediments under unsaturated (vadose zone) conditions, a series of flow-through
column tests was run using standard saturated column systems, Wierenga unsaturated column systems
(both commercial and modified), and the Unsaturated Flow Apparatus (UFA). The reactants investi-
gated were ®Sr, U, and *U as reactive tracers, and *H as a non-reactive tracer. Originally, the
work was funded by two distinct projects, Hanford Site Performance Assessment (HSPA) and Solid
Waste Technology Support (SWTS), both funded through Westinghouse Hanford Company (WHC).
The HSPA project support ended in FY91.

Waste-form release and leachate-sediment interactions are generally quantified by a release rate and
a distribution coefficient, respectively. Release rates are either a constant concentration (solubility-
controlled release), a constant distribution coefficient (desorption-controlled release), an effective
diffusion coefficient (diffusion-controlled release), or a strictly empirical release rate (e.g., fixed
percent/yr). Contaminant-sediment interactions for dissolved species are generally reported as
retardation factors (R, values), defined as the velocity of the groundwater divided by the velocity of the
reactive-contaminant, or as distribution coefficients (R, values), defined as the concentration of
reactive-contaminant in the solid phase divided by the concentration in the liquid phase. Until recently,
quantification methods for R; and R, values have been generally derived from water saturated column
or batch adsorption tests. Other more sophisticated and technically defensible adsorption models exist
but require more detailed measurements than generally performed when collecting R; values. As dis-
cussed in Serne and Wood (1990), such models are not considered practical or feasible in the context of
current HSPA needs.- :

- A specific objective of this work is to support a WHC solid waste performance assessment activity
to simulate the performance of a newly proposed solid, low-level radioactive waste burial ground
located in the currently operated W-5 Burial Ground in 200 West Area. In accordance with DOE
Order 5820.2A, "Radioactive Waste Management," site-specific performance assessments must be
performed. Key elements of the performance assessment include collection of site-specific geologic,
hydrologic, and geochemical data, definition of natural processes and human-intrusion events,
development of appropriate conceptual models, and conduct of computer simulations.
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Within the SWTS project there is special interest with respect to the PA in optimizing experimental
methodology and then collecting data that quantify the release of radionuclides and other contaminants
from solid waste forms as discussed in Volume 1 of this series (Serne et al. 1993). Continuing this
effort, the focus for this volume concerns the development of the ability to quantify subsequent
transport of radionuclides and regulated chemicals through the vadose zone to the unconfined aquifer.
One key goal was to investigate whether leach rates and sediment adsorption reactions are fundamen-
tally different in unsaturated sediments than those within saturated systems. Most laboratory tests
typically use saturated conditions because of the ease in which they can be performed and manipulated.

1.2 Test Methodologies and Contaminants

In FY92-FY95, the primary contaminants studied were Sr* and uranium (VI) as both *°U and
#8U. One Hanford Site sediment from the W-5 Burial Ground site (Trench 8 sediment) was used in
partially saturated adsorption tests. The solutions used were Hanford groundwater for the uranium
tests and 0.038 M CaCl, for the strontium tests. The test methodologies that were developed and
evaluated for partially saturated conditions include:

¢ flow-through column tests of spiked groundwater through Trench 8 sediment under unsaturated
conditions

o unsaturated flow centrifuge tests of spiked groundwater through Trench 8 sediment.
Two tests yet to be performed include:

¢ diffusion tests for selected contaminants solidified in grout placed in sediment under unsaturated
conditions :

e flow-through column and/or centrifuge tests of spiked waste forms embedded in sediment and
leached with simulated pore water under unsaturated conditions.

Data collected from these tests will be used to determine the acceptability of only using results

- from simple saturated batch and column tests to support PA analyses being performed on the proposed
W-5 Burial Ground expansion at the 200 West Area and the Environmental Restoration Disposal
Facility (ERDF) on the Hanford Site.

1.3 Trench 8 Soil Characteristics

As described in Volume 1 (Serne et al. 1993), the <2-mm fraction of Trench 8 sediment used for
tests consisted of 87% sand, 7% silt, and 6% clay-size fractions, having a particle density of 2.70
g/cm®. The in situ sediment-size fractions were determined to be 9.7% gravel, 78.6% sand, 6.3 % silt,
and 5.4% clay. Amorphous hydrous oxide, organic, and carbonate contents for the <2-mm size
fraction were reported as percent by weight as follows: SiO, at 0.03, Al,O, at 0.30, Fe,O, at 0.30,
MnO, at 0.47, CaCO, at 2.00, and organic carbon as 0.19. Semiquantitative mineralogy of a
<2-mm bulk sample showed values (in weight percent) of plagioclase as 26.1, quartz as 43.0,
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K-feldspar as 5.1, hornblende as 1.7, mica(biotite)/illite as 9.1, kaolinite/serpentine as 7.4, chlorite as
0.8, smectite as 3.3, vermiculite as 0.3, hydrous oxides as 1.1, and CaCO, as 2.0. Results from
inductively coupled plasma-mass spectroscopy (ICP-MS) analysis of totally digested sediment showed
uranium and strontium concentrations of 1.6 ppm and 395 ppm, respectively. Under natural
conditions, the exchange sites for Trench 8 sediment were found to be loaded with 91.2% Ca, 8.4%
Mg, 0% Na, and 0.4% K. The total cation exchange capacity was 5.2 + 2.0 meq/100 g.
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2.0 Development of Partially Saturated Soil Column Tests

Laboratory methods for the measurement of solute transport through unsaturated soils have
generally employed specially designed soil columns that enable the user to create a steady-state, vertical
water flux while maintaining a uniform water content throughout the column. The underlying principle
for creating such conditions relies on Darcy s Law:

Jw = -K(¥n)0¢/6z 1)

where:
J, = volume flux of water (m/sec)
¥ = water potential = matric (¥,)+ gravxtanonal (Y =m
K({.,) = conductivity as a function of matric potential = m/sec.

For laboratory tests, the goal is to create a unit gradient condition which is defined as when the
matric potential is consistent throughout the vertical profile of the column and the flow of water is
driven only by gravity. Under this condition, the gravitational potential at any position in the column
is assumed to be equal to the distance from any point along the vertical axis of the column to a
reference location used to define zero gravitational potential. The sign of the gravitational potential is
determined by spatial selection of the reference location (z = 0) and the point in question (z = L). If
the point in question is above the reference location, the gravitational potential is positive. If the point
in question is below the reference location, the gravitational potential is negative. ’

By convention, water flow in the direction of increasing depth is considered positive flow. Within
a column, if the top is labeled as z = 0 and the bottom as z = L, then the downward water flow would
have a positive flux density with a negative gravitational potential. The gravitational gradient would
then be expressed as:

o(Y,p)/oz = -1. )
Rewriting Darcy’s law to include all components results in:

Jo = KlS(ut¥,)/0z]

and then to:

KYw¥u/8z - K(u)(6(Y)/62)
= -K(Yw)d¥a/dz + K(Yu)1) RS,

where the matric component -K(y,,)6¥,/6z is equal to zero when a uniform moisture content exists
throughout the column, and the gravitational component previously expressed as -K(al/m)é(;//‘)/éz
becomes the conductivity as a function of matnc potential K(,,)(1). Thus, under unit gradxent
condmons v

Jv = K(¥w), @

from which we are able to measure ¥, using a tensiometer attached to the soil column.
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2.1 Overview of Application

The objective for this research was to.develop test methodologies that would investigate
contaminant transport under partially saturated (vadose zone) conditions and to compare these results
with results from classical methods used for the determination of contaminant transport under saturated
conditions.

Prior to this work, most adsorption tests that measure R, have been performed under saturated
conditions. Typically, R, values such as those presented in Volume 1 (Serne et al. 1993) are defined as
the concentration of the reactive-contaminant in the solid phase divided by concentration of the
reactive-contaminant in the liquid phase. As a comparison to column test methodologies presented in
this report, R, values from Volume 1 (uranium and ®Sr) were measured in batch tests by placing 1 g of
soil in contact with 30 mL of an aqueous solution spiked with the contaminant of interest. During the
batch tests, small aliquots of solution were removed at different intervals and analyzed for the presence
of the contaminant. The measured values for the contaminant of interest were then incorporated into
the general expression:

R; = (BV - E(V+X))/WE 5)

- where B is the spike concentration in the influent blank, V is the volume of spiked groundwater added,
E is the spike concentration in the effluent solution, X is the excess solution left from unspiked
equilibration washes, and W is the weight of sediment (Relyea et al. 1980; Relyea 1982).

For this report, Ry values were determined by first running a soil column under saturated condi-
tions in order to' measure R, which is defined as the pore velocity of water divided by the linear
transport velocity of the reactive contaminant in solution (Bouwer 1991). Simply expressed as:

R; = VoIV, ©)

where :
Vg = the velocity of groundwater
V, = the velocity of the species.

If none of a particular species is lost to the solid phase, then R; = 0 and R; = 1 for that species.
R; values for this report were determined using column breakthrough curves generated from continually
injecting the contaminant into the column. The actual R; value is the number of pore volumes having
passed through the column at which the effluent/influent ratio reaches C/C, = 0.5, where C = effluent
and C, = influent concentrations. Pore-volume calculations used in this report were equal to the
volumetric water content of the column at any point in time. As an example, under completely
saturated conditions, a pore volume is equal to the sediment porosity multiplied by the empty volume
of the column. By convention, the continual injection test is assumed to yield the R, value when the
concentration of chemical in the effluent solution (C) is 50% of the concentration of the influent
solution (C,).




Having measured the R, value (for a saturated condition), the R, value can be determined by using
the relationship: ' A

R; = 1+[(ob/n)*R,] - @)

where pb is the bulk density of the dry sediment, n is the porosity, and R, is the distribution
coefficient. When using the above equation and solving for Ry:

R, = (Re1)/(ob/n). o 8

An R, value can then be calculated from any saturated column test with a known pb and n. For
unsaturated conditions, the same equations (Equations 7 and 8) can be used if n is replaced by the
volumetric water content (§) which represents the actual content of water moving through the column
and influencing the reacting chemical transport process (Bouwer 1991). Thus

R; = 1+[(pb/6)*R ] ©
Ry = Re1)/(pb/6). (10)

With respect to Equation (9), under unsaturated conditions, as @ decreases, R, should theoretically
increase for a given species. In other words, the residence time between the solute with respect to the
solvent in a column test would be greater under unsaturated conditions relative to saturated conditions
for the same period of time. When using 6 in calculating R, (Equation 10) under unsaturated condi-
tions, all R, values should be the same provided that breakthrough is independent of moisture content.

Past Pacific Northwest Laboratory (PNL) results from tests using saturated columns and batch
adsorption procedures for Hanford Site sediments have provided rather good agreement when
comparing calculated (from R; tests) versus batch Ry values for a variety of contaminants (e.g.,
uranium and strontium), though there is general literature citations that report discrepancies among R
values when comparing column and batch methods. Such differences may be because of the agitation
during the batch method (not present in column method) which could result in the grinding and
eventual dissolution of soil particles. This dissolution may lead to the formation of more surface area
for adsorption, or the release of competing ions that could reduce adsorption.. Sorption kinetics could
also be a consideration for differences in column and batch tests. If the soil and solute contact time is
too short in either of these tests, equilibrium will not be attained and thus the R, value would be biased
low (Relyea et al. 1980; Relyea 1982).

The inherent difficulties in performing saturated tests become compounded when trying to
determine unsaturated R, values. Currently, very few R, or R; values have been determined under
unsaturated conditions. Such limitations for measuring an unsaturated R, using batch tests are the
inability to assure homogeneous mixing of the contaminant solution with sediment, and the difficulty in
extracting solution for analysis at the end of the test.
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2.2 Wierenga Column Description/Methodology

In order to measure unsaturated R, values, Wierenga columns were initially selected based on their
ability to conduct hydraulic conductivity studies on various sediments under unsaturated conditions. By
design, these columns allow for the manipulation of 6, and by using Equation (10), it should theore-

* tically be possible to calculate an unsaturated R;.

Wierenga columns (Wierenga et al. 1986, 1989) are commercially available (Figure 2.1) and use a
vacuum source and stainless steel bubble-pressure plates (commonly rated at 140 cm) at each end to
create unsaturated moisture conditions within the soil. These columns have a volume of 589 cm?® with
a internal diameter of 5 cm and a chamber length of 30 cm. Each column has two tensiometer ports
that also include bubble-pressure plates at the soil interface. Each tensiometer is located 5 cm from the

“column ends to allow measurement of the pore water matric potential and to monitor stability during
operation. '

The general procedure used for the tests required packing a preweighed column with oven-dried
Trench 8 soil and slowly saturating it from bottom to top using a low velocity pump. After several
pore volumes had passed through (requiring 4 to 5 days of operation), the column was then reweighed
to calculate a saturated volumetric water content. Once saturated, the flow was reversed with the
bottom effluent line connected to a fraction collector sealed inside a vacuum chamber.

To obtain an unsaturated condition, both vacuum pressure and influent velocity were adjusted until
a reasonably unsaturated moisture content was achieved. The low velocity pumps selected for the tests
were medical infusion pumps (3M AVI Micro 210A) with an adjustable range of 0.1 to 99 mL/h.
When the system was stable (having no appreciable fluxuation in matric potential), a previously
measured water potential versus water content curve for Trench 8 soil (see Figure 2.2) was used to
estimate the sediment moisture content (Serne et al. 1993). Gravimetric measurements were then
performed to verify the actual moisture content.

One concern while packing each column was to prevent preferential channeling of the influent
solution during operation. Typically in column tests, channeling results from the horizontal or radial
layering of different particle sizes. Under saturated conditions, if the soil is not well sorted, the
influent will move preferentially through areas of greater particle size with higher porosity. To achieve
a uniform bulk density and to prevent stratified layers, columns were packed with a filling apparatus
that consisted of a 66-cm long by 2.54-cm ID PVC pipe with one 4-mm mesh screen on the bottom end
and another 4-mm screen, 10-cm from the bottom (Wierenga 1986). With the apparatus inserted into
the column, soil was slowly poured into the pipe while tamping both the pipe and column at the same
time. After filling, the column was reweighed to determine the bulk density and porosity.




»
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Figure 2.1. Wierenga Column Diagram

25




TRENCH-8 | TRENCH-8

T
@) o
£ VAN CISN’;J%I-I'I‘ISN —l £
_ = N 1.675 ~
P M 0.3348 ™o
Qb3 T ALPHA 0.8257 E marky
s RES WIR 0.0000° Lo z
z SAT WIR 0.4300° =
%’b_ SAT WI'R 00 | o
~ i | o E
—t - o] 40 =
-l -
S0 Slor
T . I
SO\, o O
@) 1—(; Rl A I
Ay = 9 z
- oo
s 2 ,g - MUI(\)I.\.}E:BI\I?O
=2 = ) : = M .30
Lo - \”\ QTO - K SAT 4.7E-002
-~ T @ O =3l fa KMATCH 4.7E-002
- oY O, = [o WTR MATCH 0.1300
IO - B ‘C)_— . ‘ .
"'_l L] ] 1 ’ 1 1] [] ' Ll 1 1 "—i [] 1 [ ' ) v 1] l "8
0.00 Olo 0.30 0.45 0.00 0.15 0.30 010

Water Content (m3/m3) Water Content (m3/m3)

.

Figure 2.2. Comparison of UFA and Water Residence Methods (Serne et al. 1993)

Using the above method, the bulk density for a given column (grams of dry soil/column volume) in
tests ranged from 1.65 to 1.75 g/cm®. To determine the porosny and the pore volume of a given
‘column, the particle density for Trench 8 soil measured in Volume 1 (Serne et al. 1993) at 2.7 g/cm
and the relationship:

n= l - pb/pp : ' - (11
where n is the porosity, pb is the bulk dehsity and pp is the particle density was used. The saturated

pore volume was then determined by multiplying the porosity by the volume of the soil column. From
Equation (11), the individual column porosities ranged from 35% to 39%, resulting in a pore volume
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range from 206 to 230 mL. It should be noted that the saturated volumetric water content (equivalent
to porosity) calculations assumed that the airfilled porosity (pore space which never becomes saturated)
was negligible.- ,

In keeping with the objective to investigate contaminant transport in unsaturated sediments,
Hanford groundwater was selected as the carrier matrix, and uranium was selected as the contaminant
of choice since it is both a contaminant of concern at the Hanford Site and has low sorption properties.
~ Previous batch adsorption tests using uranium (as UOj+) with Trench 8 soil had provided an average
R, value of 2.3 + 1.2 mL/g [see Table 30, Vol 1, (Serne et al. 1993)]. Using this number as a
. reference point with an average bulk density of 1.7 g/cm’, an R, range from 8 to 17.5 and thus a
50% breakthrough to occur at the same pore volumes was expected

2.3 Saturated Column 238 Test 1

Prior to starting the Wierenga unsaturated column tests, a saturated column test was run using
Hanford Site groundwater spiked with 37.3 ppb uranium (as UO3*) in order to establish a base line
breakthrough curve for uranium (Figure 2.3). For this test, a Teflon column with screw cap fittings
having a total volume of 154.5 cm® (diameter to length ratio of 1:3) was used. The operating
parameters are listed in Table A.1 (Appendix A) which included a bulk density of 1.64 g/cm®, a
~ porosity of 40%, and an influent velocity of 5.0 mL/h. The column was initially equilibrated with
unspiked Hanford groundwater by pumping 4 to 5 pore volumes through the system. The uranium
spiked groundwater was then added to the system and the column was left running for over 60 pore
volumes. Analysis of the data indicated breakthrough (C/C, = 0.5) at 9 pore volume which was within
the predicted R, range.

2.4 Wierenga Column Tritium Test

For the initial Wierenga column test, the soil was packed as previously described to a bulk density
of 1.76 g/cm®, a porosity of 35%, a volumetric water content of 21% (59% saturation), and an influent
velocity of 4.0 mL/h. As part of both the pretracer washing and desaturation process, approximately
5 to 6 pore volumes (saturated) of unspiked Hanford Site groundwater were required to pass through
~ the column before reaching the steady-state 21 % volumetric water content. Tritium spiked Hanford
Site groundwater was then used (Figure 2.4 and Table A.2) to verify the operational integrity of the
system. Analysis of the test results indicated a 50% C/C, breakthrough was reached at 1.0 pore
volume which was consistent with the antxcnpated tritium R, value of 1 (R, for tritium = 0).

2.5 Wierenga Column 2°%U Tests

After flushing the same column (tritium column) with 5 pore volumes of uncontaminated
groundwater at the end of the tritium injection, a second test using Hanford Site groundwater spiked
with 39.7 ppb uranium as UO3* was performed. For this test, the same pore water velocity was used
as before, however a 1% increase in the volumetric water content was noted giving a final value of
22%. Predictions indicated that a 50% C/C, breakthrough should have been reached between the sixth
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and eighth pore volume, however the test was terminated prematurely after the sixth pore volume
where a C/C, breakthrough of only 48% was observed (Figure 2.5 and Table A.3). In comparison to
the saturated column, the results from this test were considered reasonable. However, there is some
question related to premature leveling off of the breakthrough curve at the fifth and sixth pore volumes.
Such curve flattening at this point is contrary to the smooth sigmoidal curve typxcally associated with
breakthrough for continuous tracer m_]ectlon

Given the results of the first two Hanford Site groundwater tests (tritium and uranium), two more
unsaturated uranium tests were conducted using the same procedure as previously described including a
5 to 6 pore volume equilibration flushing with clean HGW prior to tracer injection. Using separate
columns, one attempt was made at reproducing the results noted in the first unsaturated uranium test,
while the other column was run at dryer conditions (13% saturation). For uranium tests two and three,
a total of 10 pore volumes of spiked groundwater were allowed to pass through prior to performing
uranium analyses on selected effluent samples. However, during the four to six month test period,
several events such as power outages, building vacuum failures, inadvertent shut down during routine
building maintenance operations, and column O-ring and/or tensiometer septum deterioration occurred.
Subsequently, these events resulted in severe fluctuations of vacuum pressure which in turn

" compromised the confidence of the ability to maintain steady state during their operation. When the
analytical results for uranium concentrations in the effluent were obtained, they exhibited such wide
scatter that both tests were terminated.

2.6 Residence Time Sensitive Saturated Column 38U Tests

One possible explanation for the extremely scattered data in the last two Wierenga column
uranium trials may be the result of the uranium sorption kinetics being influenced by the variability in
residence time caused by the mechanical failures. To evaluate the potential influence of residence time,
we ran three more saturated columns using residence times of 0.6, 5.9, and 60.7 h (Figures 2.6, 2.7,
2.8, and Tables A.4, A.5, A.6). Unlike the previous column tests (both saturated and unsaturated),
these columns were not equilibrated with filtered groundwater, instead the uranium spiked groundwater
was introduced into the system while the columns were still dry. The choice of dry soil was in part
because of results from earlier UFA tests as discussed in Section 3.2, and to determine if uranium
under prolonged residence times may leach from the initially dry soil. From these tests, R, values of
2 for the 0.6 h (2D) and 12 for the 5.9 h (3D) runs were found, but no apparent breakthrough curve
could be determined from the 60.7 h (4D) test.

Results from test 2D appeared consistent with the earlier run UFA tests (Figures 3.1, 3.2, and
Tables A.15, A.16) where breakthrough occurred at 2 and 2.3 pore volumes under similar residence
times (0.6 and 0.5 h, respectively). The results from test 3D also appeared consistent with the earlier
pre-spike equilibrated saturated column (Figure 2.3, Table A.1) which was also run under a similar
residence time. Comparison of these five tests would suggest that sorption kinetics of uranium can be
resident time sensitive.
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For the longest residence time test (4D), breakthrough occurred within the first pore volume,
however the percent C/C, never achieved a value greater than 60% before the test was terminated after
14 pore volumes. The results from this test in comparison to tests 2D and 3D appear rather
inconsistent in both the early breakthrough and flattening of the curve at a value of 50%-60% C/C,
going beyond 14 pore volumes.

To further investigate the potential for natural uranium to leach from the Trench 8 sediment which
naturally contains 1.5 pg/g uranium, two more saturated tests (using Teflon columns) were run with
one using only Hanford Site groundwater having a natural uranium concentration of 5 ug/L, and the
other using deionized/distilled water having no measurable amount of uranium. Both tests were
allowed to run for 8 to 15 pore volumes with a pore volume residence time of 56 h each. Results
(Figures 2.9, 2.10, and Tables A.7, A.8) clearly demonstrate uranium leaching out of the Trench 8
‘sediment in both tests. When using only groundwater, initial results indicate immediate leaching with
values 2.25 to 1.5 times the natural background of the groundwater for the first 2 pore volumes. In
addition, even after 16 pore volumes, the original background concentration wasn’t achieved but
instead continued to leach uranium at a concentration 25% greater than the natural groundwater starting
solution. As for the DI H,O test, there was a substantial initial leaching of 20 to 34 ppb for the first
two pore volumes, but then an immediate drop to 0 ppb by the twelfth pore volume.

~ In consideration of the two desorption tests, the early breakthrough in the 60.7 h test may have
involved a leaching phase during the initial contact of the spiked groundwater with the dry sediment.
Changes in pore water chemistry during the rewetting of dried soil could be effecting the solubility of
the uranium. For example, this rewetting process may temporarily increase the availability of carbo-
nate and subsequently increase the initial solubility of uranium in the form of uranyl carbonates.

The flattening of the curve in test 4D at the 50%-60% C/C, is somewhat more difficult to explain.
Without having performed complete chemical analyses on any of the leachate fractions, a speculative
explanation may be that following the initial leaching of some uranium from the soil, the extremely
slow flow rate allowed for the readsorption of some of the initially removed uranium. Subsequently,
test 4D may be representative of a desorption curve combined with an adsorption curve as a result of
complex uranium sorption kinetics. It was clear from these tests however, that pre-flushing the
columns is an essential step, especially when using low concentrations of reactants that are also
inherently found in the soil.

2.7 Modified Wierenga Column **°U Tests

Because of inherent problems with the standard Wierenga columns, the system was modified with
_ the hope of improving the uranium breakthrough tests. Additionally, we spiked the Hanford Site

groundwater with a U tracer (not naturally found in the environment) at a concentration of 0.7 ppm
in order to ignore potential leaching of natural uranium from the Trench 8 soil which was determined
to contain 1.6 pg/g of natural uranium. The primary modifications to the standard Wierenga column
included a reduction in volume from 589 to 154 cm® (but still maintaining the 1:6 diameter to length
ratio), and replacing the two rubber septum covered tensiometer ports with a single self-sealing Nordel
valve tensiometer port placed centrally in the column. Though reducing the number of tensiometer
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ports affected the ability to determine steady state at both ends of the column, it was believed that such
~ a modification would reduce the potential for air leakage over the prolonged period of a given test.
Steady-state conditions for the modified columns were determined by using gravimetric measurements
during the test along with careful monitoring of the central tensiometer port for changes in the matric
potential.

With the newly modified Wierenga columns, two-more uranium tests were performed using 2U.
For these tests, volumetric water contents of 25% and 17% were achieved which equates to 62% and
'43% saturation, respectively. Both columns were run concurrently for at least 41 days at a flux of
0.5 mL/h until the tests were terminated abruptly during an unscheduled building power outage.
Roughly 15 pore volumes were collected in the 25% test while a total of 23 pore volumes were
collected in the 17% test.. Breakthrough curves (Figures 2.11, 2.12, Tables A.9, A.10) show R; values
~ of approximately 8.1 and 11.2 or their calculated R, values of 1.1 mL/g and 1.1 mL/g, respectively.
In comparison to the expected saturated Ry value of 2.0 mL/g, these results suggest that the distribution
coefficient calculated from the saturated test (Figure 2.3) is too large and over estimates the R, for
unsaturated tests by 45%.

2.8 Modified Wierenga Column %°Sr Tests

Because of the leaching of natural uranium and non-equilibrium adsorption difficulties encountered
during the uranium tests, Sr was selected for testing because of its better characterized sorption
properties. In previous saturated R, batch tests using Trench 8 sediment and Hanford Site ground-
water, the R, for strontium was noted to have a value of 22.97 + 2.69 mL/g. For these tests, an R,
value of 23 ml/g would take too long to complete a breakthrough curve within a reasonable amount of
time, thus strontium sorption was artificially lowered. Using the results reported in Table 31 of
Volume 1 (Serne et al. 1993), a 0.038 M CaCl, carrier solution for strontium was selected. This
carrier solution produces an R, value of 1.02 + 0.64 when contacted with Trench 8 sediments.

For the ¥Sr tests, four columns were prepared of which two were used for unsaturated conditions
(modified Wierenga) and two (standard Teflon) were run at saturated conditions. As with all other
tests, oven dried Trench 8 soil was packed into the columns in the same manner as described in
Section 2.1. The average bulk density for the two unsaturated columns was 1.5 g/cm® and the bulk
density for the two saturated columns was 1.7 g/cm®. The CaCl, solution was prepared by adding
55.49 g of CaCl, into 100 mL of DI H,0 which provided a 5 M stock solution. 30.4 mL of the stock
solution was then added to DI H,O to a final volume of 4.0 L resulting in a final concentration of 0.038
M CaCl,. The last manipulation of this solution required the small addition of 0.1 M NaOH in order to
adjust the pH to 8.3 (similar to groundwater).

All four columns were then saturated with the 0.038 M CaCl, solution for 72 h at a flow rate of
10 mL/h. An estimated 10 to 11 pore volumes passed through each column during the equilibration
period. Desaturation for the two modified Wierenga columns required 41 days to reach steady-state
unit gradient conditions. The saturated columns were also allowed to operate at a reduced flow rate
during the desaturation period. By the time the Sr spike solution was introduced, 18 to 20 pore
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volumes of unspiked solution had passed through each column. The final steady-state volumetric water
content conditions for the four columns were 37% (two saturated), 31%, and 20%. 4 L of fresh

0.038 M CaCl, solution was prepared and pH adjusted as previously described. Approximately 250
uCi of ¥*Sr was then added to the solution to give a final concentration of 0.016 uCi/mL. The *Sr
solution was allowed to equilibrate for three days before being introduced into the columns. All four
columns were allowed to run 22 days during which 15 pore volumes of spiked solution passed through
the sediments.

Breakthrough curves for the four tests indicated R, values of 9.1, 6.9, 10.8, and 8.3 for the two
37%, the 31%, and the 20% volumetric water contents, respectively (Figures 2.13, 2.14, 2.15, 2.16,
and Tables A.11, A.12, A.13, A.14). For the two 37% saturated tests, pore water velocities 0.4 cm/h
and 0.5 cm/h were used having residence times of 28.8 and 23.8 h. For the 31% test, a pore water
velocity of 0.8 cm/h was used resulting in a residence time of 24 h. Finally, the 20% test operating at
a pore water velocity of 1.2 cm/h resulted in a residence time of 16 h. Total mL for the pore volumes
were again calculated as a function of the volumetric water content.

Results from these unsaturated column tests appear to give the same R, value as the original
saturated test (see Section 2.3) and are thus contrary to the expected higher R, values for the
unsaturated conditions predicted by Equation (9). If an average saturated R, value of 8.0 is used in
Equation (10), the resulting R, value would be approximately 1.7 mL/g, and thus the R, values for the
31% and 20% unsaturated tests given a constant R, value should have been closer to values of 13 and
14, respectively, as opposed to the observed values of 10.8 and 8.3. The calculated R, values from the

“unsaturated tests provide values of 2.0 mL/g for the 31% test (72% saturated), and 1.0 mL/g for the
20% test (47% saturated). In comparison, there appears to be no significant difference between the
average saturated test R; value of 1.7 mL/g and the 31% test value of 2.0 mL/g, however there appears
to be a significant drop of 42% when the average saturated value is compared with the 1.0 mL/g R,
value calculated from the 20% test.
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3.0 UFA Contaminant Transport Test

A second method evaluated for creating partially saturated conditions used the UFA (Conca and
Triay 1994). This instrument is able to create unsaturated conditions at steady state by regulating the
combination of centripetal force applied to the sample holder (which in essence is a horizontal column)
and the rate of flux of influent from an infusion pump.

3.1 Overview of Application |

The operating principle behind the UFA is a derivation of Darcy’s law which replacds the
gravitational component with centrifugal force. This relationship can be expressed as:

Y, = -K(¥) [09/ér - por} (12)
where: o
J» = the flux density into the sample
K(¥w) = conductivity as a function of matric potential
r = the radius from the axis of rotation
p = fluid density
w = rotational speed.

At speeds above about 400 rpm, prov1ded that a sufficient ﬂux density exists, B:Lmlﬁr <<< pwzr
and the equation reduces to:

1, = K@alowt] | a3

As with the Wierenga columns, the key factor is creating a steady-state condition by which there is
a uniform moisture content throughout the sample. Such conditions are usually determined by verify-
ing the flux into the system is equal to the flux leaving the system, and the actual moisture content is
determined gravimetrically as a function of position (e.g., thin slices of sediment) at the end of the test.

Using the same principle equations (Equations 6 and 9) as described in Section 2.1 where:
R; =V, /V, =1+ pRy/6 14
retardation factors again can be determined in flow through experinients by using the UFA.

3.2 UFA Description/Methodology

This instrument is essentially an ultra-centrifuge that allows fluid to be pumped into the system
through a rotating seal on the rotor (Figure 3.1). As with the Wierenga columns, a non-pulsating,
medical infusion pump is used to introduce the influent. Unlike the Wierenga columns, centripetal
acceleration is used as the fluid driving force instead of gravity. Another important difference from the
Wierenga columns is the ability to run duplicate tests. The UFA rotor’s rotating seal is designed to
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allow measured flow into two separate cells. These cells are distinguished by one receiving central
flow which occurs as direct injection into the designated cell and the other receiving annular flow
which is the secondary flow path running on the outside of the central injection tube. This secondary
flow is directed to the appropriate port by a dispersion cone near the end of the central mjectlon tube
(Figure 3.1).

. Creating an unsaturated condition at steady state in the UFA requires regulating the combination of
centripetal force applied to the sample holders (which are in essence horizontal columns) and the rate of
flux of influent from the infusion pump. Initially, it is helpful to determine the steady-state parameters
for the target volumetric water content prior to the start of the test. Using a test sediment packed to a
known bulk density, it is possible to perform simple hydraulic conductivity measurements at various
unsaturated moisture conditions until the appropriate test parameters (rpm’s and flow rates to achieve
X% moisture content) have been identified. After the operating parameters have been determined, the
test sediments can be replaced and the actual test is initiated. One major consideration while
establishing the test parameters is to optnmze the residence time of the influent with respect to the
sorption kinetics of the contaminant in question. In essence, the primary goal for this methodology is
to be able to complete the test in a reasonable amount of time in addition to ensuring enough contact
time for a truly representative breakthrough curve to occur.

3.3 UFA 28 Tests

| In past UFA experiments reported in Volume 1 (Serne et al. 1993), initial retardation factors for

- Trench-8 soil with respect to cadmium, cobalt, chromium, cesium, iodine, molybdenum, neodymium,

strontium, and uranium were determined using Hanford Site groundwater spiked with each element to
~ approximately 25 ppb levels, at two levels of unsaturation: 30% volumetric water content (70% of
saturation) and 10% volumetric water content (24 % of saturation) using the UFA. Retardation factors
for chromium, molybdenum, and iodine were near zero in the Trench 8 soil at both water contents,
probably because they are present as the highly mobile species chromate, molybdate, and iodide,
respectively. Retardation factors for cadmium, cobalt, cesium, and neodymium were >200, most
likely because of strong surface sorption of thexr cationic species.

Only uranium in the initial UFA trials exhibited low retardation behavior and was amenable to
study in reasonable time frames (days to a few weeks). Figures 3.2, 3.3, and Tables A.15, A.16 show
breakthrough curves for uranium at two different water contents using Equation 14. In the test run at
30% volumetric water content, breakthrough occurred at 2.0 pore volumes whereas in the 10% test,
breakthrough occurred at 2.3 pore volumes. Both these test were started with dry soil and run at
excepuonally fast residence times (0.6 and 0.5 h, respectively). With these considerations and by
comparison to the saturated uranium column test 2D (Figure 2.6) having a breakthrough at about 2
pore volumes with a residence time of 0.6 h, the overall early breakthrough results were most likely
due to kinetics; that is equilibrium was not achieved.
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3.4 UFA % Tests

As with the modified Wierenga tests, 2U was selected as a reactant for two additional UFA tests.
To reduce kinetic effects, pump flow rate and centrifuge speed were set to obtain the longest residence
time possible while still allowing the simplification necessary for Equation (13) to be valid. For the
two tests shown in Figures 3.4, 3.5, and Tables A.17, A.18, ®°U spiked groundwater at a concentra-
tion of 0.7 ppm was introduced into the system at a flux of 0.5 mL/h with a rotational speed of
1000 rpm resulting in a residence time between 20 and 21 h.

Breakthrough occurred at approximately 10.5 pore volumes for test A (annular injection to the
sample holder) and just slightly less than 10 pore volumes for test C (center injection to the sample
holder) which, for all practical purposes, would be considered reasonably good comparisons. It should
be noted however, that a substantial amount of 2°U passed through test A within the initial pore
volume then dropped almost to zero before increasing again. One explanation for this event could be
that some leakage occurred due an initial O-ring misalignment outside of the inner sample cell sleeve
and this leakage moved directly into the sample collection cup. Leakage bypass of the sample cell was
later stopped once centripetal force reset the O-ring seal.

3.5 UFA Tritium Tests

Prior to the start of the unsaturated #Sr tests, a tritium tracer was used to ensure the operational
integrity (e.g., proper O-ring alignment) of the UFA. 'As with all other ®Sr tests, a 0.038 M solution
of CaCl, was prepared, adjusted to a pH of 8.3, and then used to flush the two UFA cells for several
pore volumes. Once a steady-state volumetric water content of 10% was achieved, a portion of the
initial flush solution spiked with tritium was introduced into the system. Breakthrough curves for both

“cells are presented in Figures 3.6, 3.7, and Tables A.19, A.20. Results from these tests showed
breakthrough at an R; of slightly greater than 1 pore volume which indicated no preferential channeling
or O-ring leakage in the system. At the completion of the tritium tests, the cells were allowed to
continue to flush using unspiked CaCl, until no detectable tritium was present.

3.6 UFA %Sr Tests

- Immediately following the tritium tests, two *Sr tests were initiated while the UFA was still
operating at a 10% volumetric water content. Using the same 0.038 M CaCl, solution only now spiked
with ®8r, the tests were initiated and allowed to run for 30 pore volumes. Results from these tests are -
presented in Figures 3.8, 3.9, and Tables A.21, A.22 and show R, values of 13 and 14, respectively.
Compared to R, values of 1.4 to 1.8 mL/g from the saturated column tests, these latest. UFA results
yield R, values of 0.7 to 0.8 under the unsaturated conditions used in these tests, which is a drop of
50% from the values based on the saturated column tests.

3.5
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4.0 Conclusion

The uranium breakthrough results are summarized in Table 4.1 for both 28U and U using either
the modified Wierenga columns or the UFA systems. The results indicate that under increasingly
unsaturated conditions, the Ry values appear to decrease. One possible explanation for this decrease
may involve insufficient residence time in tests for the uranium to sorb onto the sediment. As a base’
line, Hanford Site groundwater and Trench 8 soil produced distribution coefficients for uranium under
a batch test design of 1.9 + 1.4 mL/g in 5 days of contact and a value of 2.4 + 0.6 mL/g after 44 days
of contact resulting in an average of 2.3 + 1.2 mL/g (Serne et al. 1993). From the R, values obtained
with respect to residence time in the saturated uranium tests, the tests run at residence times of
12.3 and 5.9 h appear to support the batch test results with R, values of 2.0 and 2.7 mL/g,
respectively. The saturated uranium column test with a residence time of 0.6 h however, showed a
substantially lower R, of 0.5 suggesting that uranium sorption kinetics within the test design require a
minimum residence time somewhere above 1 h and less than 6 h to give results consistent with batch
tests. Consequently, Figure 4.1 which is derived from the volumetric water content (represented as
percent saturation) and R, data from Table 4.1 uses a 5.9 h residence time cut-off for plotting R, versus

-percent saturation relationships. The percent volumetric water content values for Figure 4.1 were
normalized to percent saturation by equating the calculated porosity to be 100% in terms of total
possible saturation. - Using the experimental volumetric water content divided by the total possible
saturated volumetric water content, the percent saturation was determined.

Further analysis of the data from Table 4.1 indicates a higher degree of precision in Ry values
obtained from the UFA tests (0.6 and 0.6 mL/g) and modified Wierenga columns (1.1 and 1.1 mL/g)
than that of the standard Teflon column saturated tests (2.0 and 2.7 mL/g).

~ The same analysis of the strontium data in Table 4.2, also shows a trend for lower R, values as
water content decreases. This trend, however, is much less pronounced as shown in Figure 4.2.
~ Under test conditions, it was assumed that an 18 h residence time was reasonably sufficient and thus,
all of the tests were included in the generation of Figure 4.2. As with the uranium tests, it was
apparent that a slightly higher degree of variability in calculated R, values was encountered among our
saturated and unsaturated column tests (1 4-1.8 mL/g and 1.0-2.0 mL/g, respectively) as compared to
unsaturated UFA tests (0.7-0.8 mL/g)

In comparing both strontium and uranium breakthrough data, there appears reasonable evidence to
suggest that soil moisture content may influence the distribution coefficient as calculated using the
rather simplistic equation of R; = 1+((ob/6)*R,). As data indicate, the R, value becomes lower as a
saturated system moves to a less saturated system. This phenomena is contrary to what would be
expected in that breakthrough occurred much sooner than what has been hypothesized by others
(Bouwer 1991; Jardine et al. 1993a,b).. One of the most obvious explanations for our results could
involve preferential flow through both the modified Wierenga and UFA systems. If such conditions
were present, we would have expected early breakthrough when using our tritium tracers which was
not observed. Another possible explanation could involve early breakthrough because of insufficient

4.1
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Table 4.1. Summation of R; and R, Values for Uranium

[ 25U Sat-Col 1
| =% Sat-Col 2D®
| 2*'U Sat-Col 3D

I ™ Unsat-Col 1

| #*U Unsat-UFA 1®
| 28U Unsat-UFA 2@

26U Unsat-Col 2

#6U Unsat UFA 1A
BY Unsat UFA 1C

residence time for either the uranium or strontium. This explanation, however, would be inconsistent
with the residence time data reported in Tables 4.1 and 4.2 from which the saturated tests generally had
shorter residence times than our unsaturated tests. A third possibility may simply be that there is really
no effect and that bias and/or variability among breakthrough curves are observed because of an
insufficient amount of data or an unexamined artifact. A more speculative explanation for the earlier
breakthrough curves under increasingly unsaturated conditions would suggest that as sediments become
more unsaturated, less sediment sites are available for sorption. This assumption may support a
gradient model such that under increasingly unsaturated conditions, flow becomes increasingly

Table 4.2. Summation of R, and R, Values for *Sr

' Volumetric
Residence Velocity Water
Time (h) Content

[ sr sat-Col 1 . : . .
| ssrsat-Col1 | 238 0.5 37% 100% 69 | 14

| =St Unsat-Col 1 235 | 08 31% 7% 10.8 2.0
| St Unsat-Col 2 157 1.2 20% 47% 8.3 1.0

| *Sr Unsat-UFA 1A
| “St Unsat-UFA 1B
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restricted to the meso and, finally, micro pores. Though simple diffusion through the assumed near
surface film of water around all particles should allow for total surface contact over all sediment grains,
solution and solutes may in fact be excluded from reaching micro fissures and point contacts within and

among the grains.

With respect to the PA activities associated with the W-5 Burial Ground, the overall results do not
appear to have any significant impact when considering distribution coefficients for various
contaminants grouped into categories having R, values of 0, 1, 10, 100, and =1000 mL/g. In the
current PA calculations for the W-5 Burial Ground, the R, input parameter for uranium is zero. This
- value appears conservative given that under the most rapid flow rates studied for either saturated or
unsaturated conditions, R, values were noted of 0.5 mL/g and 0.1 mL/g, respectively.

The effects of unsaturated moisture content on the adsorption of strontium in groundwater
contacting Trench 8 sediment, which has had a reported value of R, 22.97 + 2.69 mL/g, no significant
effect on PA calculations would be expected. That is, strontium will remain in the R; = 10 category at
all moisture contents that were studied. The R, as a function of moisture content results however, do
suggest that current efforts in understanding contaminant transport under unsaturated conditions is not
yet complete and further research in this area should be continued.

4.5
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U-238 Saturasted Column Test 1

U-238 Saturated Column iColumn Volume {mi} 154.%
Test Bulk Density (g/cm3) 1.64
Record Book 51472 page 123 |Porosity 0.40
Starting Date 6/29192;53!. Pore Vol. (mi} ) 61.80
Ending Date 8/3/92,Soil Wet Wi [g) 312.20
Influent = Uranium 238 Soil Dry Wi. (g} 253.4
Soil = Trench 8 Moisture Content (%) 23.20
Length (cm) 12.3:Volumetric Water Content (%) 38.06
Dismeter (em) 4:Unsat. Pore Volume {mi} 61.80
. Irfluent Velocity {mih) 5 % of Sztursticn 100.00
- Pore Water Velocity {emMh) 1.00‘Initial Concentration {ppb} 37.3
Residence Time (h} . 12.27 :
Effluent Totat Pore Total U-238
Sample Volume Effluent Volume U-238 CiCo
1D imi} {ml) {sa1) {ppb} {ppt)
Co 37.30 0.14
SA-1 27.25 27.17 0 . 4.8% 0.13
SA-10 26.75 271.70 4 13.20 0.25
SA-20 25.28 543.39 9 18.60 0.50
SA-30 26.81 815.08 13 22.30 0.60
SB-1 27.1% 1058.81 17 24.70 0.66
$8-10 26.81 1331.31 21 27.30 0.73
$B-20 26.76 1603.00 26 28.30 0.76
§B-30 27.20 1874.70 30 30.40 0.82
SC-10 27.60 2146.38 34 31.30 0.84
$C-20 27.42 2418.09 38 32.00 0.86
$C-30 27.63 2689.78 43 33.70 0.80
$D-10 26.54 2961.48 47 33.80 0.81
$D-20 27.49 3233.17 52 33.20 0.8
$D-30 27.00 3504.87 56 32.80 0.88
SE-10 26.62 3776.56 61 36.70 0.98

A.l




Tritium Unsatursted Column Test 1

Tritium Unsaturated Column ‘Column Velume (mi) s8e
Test 1 iBulk Density {g/cm3) 1.76
Record Book 51472 page 91 }Poroshy 0.35
Starting Date 11/25/91;Sat. Pore Vol. imi} 207.38
Ending Date 11727/91 :Soil Wet W1 {g) 1161.03
influent = Hanford Ground Water Soil Dry Wr. {g) 1038.01
spiked with H-3 Moisture Content (%} 11.85
Soil = Trench 8 iVolumexric Water Content (%) 20.88
Length (em) 30 !Unsat. Pore Volume imi} 123.02
Dizmicter lem) € % of Saturesion : 59.32
influent Velocity [mih) 4 jinitia! Concentration {counts) 208310
Pore Water Velocity {cm/h) 0.88
Residence Time (h} 30.76
Sample Effluent Tritium Total Pore CiCo
‘1D Volume CPM/mi Eifluent Volumes o=202310
{mi} Dil= 10X {mi} {unsat) CPWV/mi
S 4.6 498 4 0.03 0.00
6 4.01 560 8 0.07 0.00
7 4.00 4390 12 0.10 - 0.00
8 4.00 480 16 0.13 . 0.00
9 4.02 440 20 0.18 0.00
10 4.02 370 24 0.20 0.00
1 4.03 400 28 0.23 0.00
12 4.03 385 32 0.26 0.00
13 3.9 375 36 0.28 0.00
14 387 . 345 40 0.32 0.00
15 a.78 345 44 0.3% 0.00
16 4.04 aso 48 0.38 0.00
17 4.05 380 52 0.42 0.60
18 3.87 300 56 0.45 0.00
18 382 460 60 0.48 0.00
20 4.06 370 64 0.51 0.00
21 - 4.06 610 68 0.5% 0.00
22 3.98 1655 72 0.58 0.01
23 3.80 3565 76 0.61 0.02
24 4.00 6935 80 0.64 0.03
25 4.08 125835 84 0.68 0.06
26 403 18100 88 0.71 0.08
27 3.85 27905 81 0.74 0.13
28 3.e2 35565 85 0.77 0.17
28 4.11 . 44430 100 0.80 0.21
30 410 54005 104 0.84 0.26
31 4.04 62163 108 0.87 0.30
32 3.85 70902 112 0.90 0.34
33 4.3 88988 116 0.93 0.43
34 3.80 80581 120 0.87 - 0.38
35 - 4.3 94587 124 1.00 - 0.45
k1 4.06 703625 128 1.03 0.50
37 3.86 110679 132 1.06 0.53
38 3.82 116661 135 1.09 0.58
39 4.16 126485 140 113 0.60
40 4.15 129143 144 1.16 0.62
41 4.06 135818 148 1.19 0.65
42 384 142365 152 1.23 0.68
43 3.85 149105 155 1.26 0.7
44 4.18 151834 160 1.29 0.73
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U-238 Unsaturated Column Test 1

U-238 Unsaturated Column :Column Volume {ml} 589
Test 1 iBulk Density {g/em3) 1.76
Record Book 51472 page 81 iPorosity 0.3%
Starting Date 11/27i91 Sai. Pore Vol. (mi} 207.38
Ending Date 2/18/92 Soil Wet We. (g} 1167.43
Influent = Hanford Ground Water ,Soil Dry Wa. {g) 1038.01
spiked with U-238 ’ Moisture Content (%] 12.47
Soil = Trench 8 ;Volumetric Water Content {%) 21.97
Length {em) 30 ‘Unsat. Pore Volume (mli} 128.42
, Dismeter fem) 5'% of Saturation : 62.41
8 Influent Velocity (mi/h) © 4 initisl Concentration {ppb} 39,7
Pore Water Velocity (em/h) 0.93]
Residence Time (h) 32.36:
&
Effluent Total Pore Pore Tota! U-238
Sample Volume Eftluent Velume Volume U-238 CiCo
D {ml} {mi} {unseat} (sat) {ppb) {ppb}
Co 38.7
1 10.73 10.75 0.08 0.05 4.49 0.11
10 10.91 105.81 0.17 0.53 3 4.94 0.12
20 11.03 223.37 0.2% 112 5.41 0.14
30 11.31 340.93 0.34 1.20 6.88 0.17
40 11.23 458.49 0.43 2.28. 8.24 - 0.21
50 11.69 §76.06 0.52 2.88 10.80 0.27
60 11.88 683.62 0.61 3.47 13.70 0.35
70 12 811.18 0.70 4.06 17.20 0.43
80 12.18 828.75 0.80 4.64 17.80 0.45
80 12.58 1046.31 0.88 5.23 19.00 0.48
100 13.5% 1163.87 1.00 5.2 18.00 0.48
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U-238 Satursted Colurmn Test 2D

Test 20

Starting Date
Ending Date

Length (em)

influent = U-238
Soil = Trench B

Diemeter (em}
Influent Velsceity (ml™%)
Pore Water Velocity (em/h)

U-238 Saturated Column

Record Book 53751

page §
3/25/93 Sat. Pore Vol. (ml)

{Colurmn Volume (ml)
iBulk Density (g/ecm3)

Porosity

3/28/93 Soil Wet WA (g}
Soil Dry We.lo}
iMoisture Content {%)

» 12.3  Volumetric Water Content (%}
4‘Unsat. Pore Volume {mil}

eg.¢

18.74 !lnhial Concentration {ppb)

!

% of Ssturetion

1545
1.62
0.40

61.80

312.78
250.98

24.62

40.00

61.80

100.00
34.9

Residence Time (h} 0.62
Effiuent Total Pore Total U-238
Volume Eftluent Volume U-238 CiCo
Ssmple 1D tml) (mil) {sat) {ppb} {ppb}

$1-2 28.89 57.53 - 0.93 124 - 0.3583
$1-4 28.87 115.22 1.86 17.5 0.5014
$1-6 28.€2 173.07 2.80 205 0.5874
$1-8 29.00 231.02 3.27 225 0.6447
$1-10 29.04 282.01 4.68 23.4 0.6705
$1-12 29.08 347.16 562 23.2 0.6648
$1-14 29.07 405.29 8.56 24.4 0.6891 .
£1-16 29.15 463.55 7.50 24.9 0.7135
$1-18 29.14 $21.80 B.44 24.9 0.7135
$1-20 29.16 580.11 8.39 25.7 0.7364
$1.22 29.03 638.19 10.33 255 0.7307
$1-24 28.13 696.44 11.27 26 0.7450
$1-26 28.15 754.71 12.21 26.6 0.7622
$1-28 29.12 813.00 13.16 25.7 0.7364
$1.30 29.17 871.31 14.10 27.8 0.7966
$1-32 28.93 929.08 15.50 27.6 0.7908
§1-34 29.01 987.03 15.87 27.7 0.7937
$1-38 28.96 1045.02 16.91 28.1 0.8052
$1.38 29.05 1103.08 17.85 27.8 0.7966
$1-40 29.04 1161.14 18.79 29.6 0.8481
$1-42 29.10 1218.33 19.73 28.%5 0.8166
$1-44 29.11 1277.56 20.67 29.4 0.8424
$1-46 28.16 1335.84 21.62 29.4 0.8424
$1-48 28.15 1384.17 22.56 29.2 0.8367
$1-50 29.21 1452.59 23.50 29.7

0.8510
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U-238 Saturated Column Test 3D

U-238 Ssturated Column "Column Volume (mi} 154.5
Test 3D iBulk Density {g/em3) 1.68
Record Book 53751 page 8 ‘Porosity 0.38
Starting Date 4/6/93 iSm. Pore Vol. iml} £8.71
Ending Date 41 0/93;503! Wet v (g} 318.25
Influent = U-238 {Soil Dry Wi, (p} - 259.54
Soit = Trench 8 ;Meisture Content (%) 22.62
Length (cm) 12.3{Volumetric Water Content (%) %8.00
Diameter (em) 4:Unsat. Pore Volume (mi) . £8.71
Wlluers Veiocity imih) 10'% of Saruration 100.00
A Pore Water Velocity lem/h) 2.08 linitial Concentration (ppb} 348
Residence Time (h) 5.91 |
Effiuent Total Pore Total U-238
Volume Eifluent Volume U-238 CiCo
Sample ID tm)) {mil} {sat) {ppb) {ppb}

8§21 33.2% 33.25 0.57 7.8 0.2287

$2-2 22.96 56.21 0.96 6.31 0.1808

$2-3 28.33 84.54 .44 - 5.47 0.1567

£2-4 28.60 113.14 1.93 4.7 0.1347

$2-5 28.73 141.87 2.42 4.65 0.1332

$2-6 Z8.82 170.78 2.81 4.23 0.1212

$2-8 28.38 228.19 3.89 468 0.1332

$2-10 28.68 © 285.28 4.86 4.69 | 0.1344

$2-12 28.87 342.84 $.84 5.88 0.1685

$2-14 28.01 400.75 . 6.83 7.26 0.2080

§2.-18 28.16 458.01 7.82 8.01 0.2582

£2.18 28.63 516.07 8.79 10.1 0.2894

§2-20 28.70 £73.37 9.77 13.2 0.3782

§2.22 29.01 631.27 10.7% 15 0.4288

$2.24 29.13 689.57 11.78% 16.9 0.4842

§2-26 23.57 736.16 12.54 19.9 0.5702

$2-28 239 783.83 13.35 224 0.6418

$2-30 18.02 825.41 14.06 26.1 0.7479
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U-238 Satursted Column Test 4D

U-238 Ssturated Column Column Volume (mi) 154.5
Test 4D 1Bulk Density (g/em3) . 1.65
Record Book 53751 pape 23 |Porosity , 0.39
Starting Date 4/16/83,Sst. Pore Vol. imi} 60.26
Ending Date 5720783 ;Soil Wet Wt. (g} 315.59
Influent = U-238 Soil Dry Wa. () 255.33
Soil = Trench 8 Moisture Content (%) 23.60
Length (em) 12.3 iVolumetric Woeter Content (%) 38.00
Dismeter {em} 4 Unsat. Pore Volume (ml) 60.26
infiuent Velocity {ml'h) 1.3,% of Saturstion 120.02
Pore Water Velocity lem/hr) 0.20 initial Concentration {ppb) 30.2
Residence Time (hr) €0.65
) Effluent Total Pore Total U-238
Volume Effiuent Volume U-238 CiCo
Sample 1D {mil} {ml} {sat} {ppb) {ppb}
$3-2 29.53 61.78 1.03 17.1 0.5662
- 834 54.94 147.73 2.45 14 0.4636
$3.6 31.78 164.84 2.74 14.8 0.4934
€3.8 31.04 225.53 3.76 14.6 0.4834
$3-10 25.44 282.90 4.69 15.6 0.5166
§3-12 27.55 337.13 5.5 13.8 0.4570
$3.14 26.28 381.20 €.49 16 0.5298
$3.16 27.03 445.72 7.40 16.1 0.5331
§3-18 26.37 489.60 8.2 15.9 0.5265
$3-20 28.15 £55.20 9. 14.2 0.4702
$3-22 27.56 610.03 10.12 15.4 0.5088
$3-24 - 28.47 €666.13 11.05 13.7 0.4536
$3-26 28.37 722.79 11.89 15.3 0.5066
§3.28 28.39 779.66 12.94 138 0.4603
$3-30 27.58 835.42 13.88 15 0.4867
$3.32 28.04 891.43 14.79 14.2 0.4702
$3-34 26.44 843.25 15.65 15.2 0.5033
$3-36 27.54 097.78 16.56 15.1 0.5000
£3-38 25.50 1051.36 17.45 20.7 0.6854
$3.40 26.91 1104.68 18.33 18.2 0.6026
$3-42 26.36 1158.48 18.22 17.9 0.5827
§3-44 27.27 1212.48 20.12 16.6 0.5487
$3-46 25.66 1265.95 21.01 17 0.5662
$3-48 27.18 1318.60 21.90 16.3 0.5397
$3-50 27.61 1374.51 22.81 15.9 0.5265
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U-238 HGW Dissolution Column Test 1

U-238 HGW Dissolution Coiumn - ;Column Volume (mi) 154.5

Test 1 . iBulk Density {g/em3) 1.74
Record Book 53751 page 27  (Porosity ’ 0.36
Starting Date 3/1/84 :Set. Pore Vol. (mi) 55.68
Ending Date ) 4/3/94 Soil Wet Vvt (g) 324.48
Influent = Hanford Groundwater |Soil Dry Wi, (g} 268.8
Soil = Trench 8 ;Moisture Content {%) 20.71
Length tcm) 12.3 . Volumetric Water Content (%} 36.04
Dismeter fcm) : 4!Unsat. Pore Volume (mi) 55.68
5 influent Velocity imi/h} 1.% of Saturstion 100.09
Pore Water Velocity (em/h) 0.22!|ﬂi‘lill Concentration (ppb} §.258
ResidenceTime (h) $5.70!
Effluent Tota! Pore Total U-238
Volume Etfivent Volume U-238 C/Co
Sample ID {mi) {ml) (sat) {ppb} {ppb}

A-2 23.51 42.22 0.76 11.924 2.2674

A-4 24.93 81.77 1.65 10.372 1.9722

A-6 25.29 142.85 2.57 8.657 1.6461

A-8 2482 1€0.23 3.43 7.e08 1.5208

A-10 25.88 242.10 4.35 7.12 1.3538

A-12 25.50 282.24 5.25 6.293 1.3297

A-14 2419 340.1% 6.1 7.071 1.3446

A-18 25.36 390.66 7.02 6.321 1.2153

A-18 24 .45 440.73 7.82 6.338 1.2054

A-20 30.67 496.73 8.82 6.363 1.2088

A-22 22.24 543.33 8.76 7.9 1.3672

A-24 - 25.3% §92.85 10.65 6.544 1.2443

A-26 24.96 641.67 11.52 6.655 1.2654

A-28 25.27 681.06 12.41 6721 1.278

A-30 23.26 736.74 -13.23 7.114 1.3527

A-32 24.83 785.99 14.12 6.463 1.2289




U-238 Di-H20 Dissolution Column Test 1

\

U-238 Di-H20 Dissolution Column .Column Volume (ml) 154.5
Test 1 iBulk Density {g/em3) 1.7%
Record Book 53751 page 2B ‘Porosity 0.36
Sierting Date 2/18/94 ;Sat. Pore Vol. (ml) 55.32
Ending Date _ 3/25/94 ;Soil Wet Wa. (g) 325.08
Influent = DiH20 pH adjusted 10 8.3 1Soil Dry Wa. {o} 269.76
Soit = Trench 8 !IMoisture Content (%) 20.51
Length (em} 12.3 {Volumetric Water Content (%) 35.81
Diameter {cm) 4 {Unsat. Pore Volume (ml) 55.32
influent Velocity (miih} 1% of Saturation 100.00
Pore Water Velocity icm/h} 0.22 |lnhial Concentration {(ppb) o]
Residence Time th) 55.35: )
Efiuent ~ Total Pore U-238
Volume Eifluent Volume
Sample ID {mil} {mi} (sat) {ppb)
8-2 20.85 37.35 0.68 3.32
B8-4 21.89 78.11 1.41 2.98
8-6 © 23.34 124.30 2.25 1.886
g8 22.91 175.2% 347 1.4
8-10 31.74 229 .98 4.16 - 1.076
B-12 21.82 275.22 4.97 0.871
8-14 23.83 322.05 5.82 0.604
8-16 - 23.75% 367.77 6.65 0.572
B-18 22.08 410.08 7.41 0.498
456.49 8.25 0.331

8-20 23.7%
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U-236 Unsatursted Column Test 1

U-236 Unsaturated Column ;Column Volume {mi) 154.5
Test 1 IBulk Density (g/em3) 1.62
Record Book 53751 page 42 }Potos_itv 0.40
Starting Date 2115194 ;Sat. Pore Vol. {ml) 62.28
Ending Date i . B/18/94:Scil Wet Wi (p) 289.36
influent = Hanford Groundwater ISoil Dry W. (g} 250.84
spiked with U-236 {Moisture Content (%} 15.36
Soil = Trench 8 ‘Volumetric Water Content {%) 24.93
Length (em) 19.2%Unsn. Pore Volume (ml} 38.52
N Dismeter lem} - 3.2, % of Saturation g1 e¢
: Influent Velocity (mi/h} 0.5 linitial Concentration (ppb) 687 968
Pore Water Velocity lem/n) 0.25
Residence Time (h) 77.00|
Eifluent  Tota! Standard Pore Pore Total U-236 Standard
Volume Eitiuent  Effluent Volume Volume U-236 C/Co CiCo
Sample ID {ml) {ml) Volume (unsaz) (sat) {ppbl {ppbl {ppb}
1-1 5.87 5.87 - 858 0.22 0.14 2.3 0.0033 0.0023
1-3 4.88 17.38 8.5 . 0.44 0.27 1.9 0.0027 0.0016
1.5 €.28 28.38 . 8.5 1.10 . 0.68 0.8 0.0011 0.0008
1-9 6.49 53.79 8.5 1.88 1.23 0.7 0.0010 ~ 0.0008
1-11 6.85 66.88 8.5 2.43 1.50 0.5 0.0007 0.0006
1-12 6.56 73.45 8.5 2.65 1.64 0.5 0.0007 0.0006
1-14 6.63 86.76 8.5 3.09 1.91 0.5 0.0007 0.0006
1.18 6.84 83.70 8.5 3.31 2.05 0.5 0.0007 0.0006
1-20 7.31 129.30 85 4.41 2.73 19.5 0.0280 0.0241
1-21 7.27 138.57 85 4.63 2.87 334 0.0478 0.0410
1-22 7.51 144.08 8.5 4.85 3.00 58.8 0.0858 0.0758
1.24 7.72 159.30 8.5 5.30 3.28 117 0.1678  0.1525
1.26 7.90 175.00 85 5.74 3.55 185 0.2654 0.2466
1-28 8.07 180.84 8.5 6.18 382 219 0.3142 0.2885
1-34 4.8% 212.70 8.5 7.50 4.64 561 0.8049 0.4312
1-41 5.60 253.72 8.5 9.05 5.60 638 0.9154 0.6034
1-46 5.78 281.70 85 10.15 6.28 734 1.0531 0.7167
1-81 8.22 311.82 8.5 11.28 6.96 670 0.8613 0.7036
1.6 6.41 344,06 8.5 12.36 7.64 723 1.0373 o0.7821
1-61 6.71 378.59 8.5 13.46 8.33 6C3 0.86%51 0.6833
1-65 7.69 408.23 8.5 14,34 8.87 711 1.0201 0.9225
1-68 4.64 427.82 8.5 15.01 - 9.28 679 0.9742 0.5317

~

A9




U-236 Unsaturated Column Test 2

U-236 Unsaturated Column Column Volume (mi} 1545

Test 2 1Bulk Density (g/em3) 1.63
}Record Book 53751 page 40 IForosity ' 0.40
Starting Date 7/15/94 ;Sat. Pore Vol. (mi) . 62.14
Ending Date 8/18/94 ;Soil Wet Wi (g} | 277.84
influent = Hanford Groundwater iSoit Dry Wa. (g} . 251.21
lspiked with U-236 {Moisture Content (%) 10.64
Soil = Trench 8 ‘Volumetric Water Content (%) 17.30
fLength (em) 5.872Unsm, Pore Volume {m) 26.73
Diametes icm) 4.45 % cf Saturation 4301
Influent Velocity {mi/h) 0.5 llnixial Concentration {ppb) 697 968 )
Pore Water Velocity fem/h) 0.18; ’
fResidence Time (h} 31.45/
Effluent Total Standard Pore Pore Total U-236 Standard
Volume Effluent Effluent Volume - Volume U-236 CCo C/Co
Sample 1D {mi} el Volume “{unsaz) (sat) " lppb) {ppb) -{ppb)
2-9 3.73 17.62 8.5 2.54 1.09 0.5 0.0007 0.0003
2-11 468 25.82 8.5 3.50 1.50 0.601 0.0008 0.0005
217 £.62 £4.85 . BS 5.41 2.33 65.1 0.09834 0.0617
2-18 569 66.29 8.5 6.04 . 2.60 108 0.1564 0.1047
220  5.87 72.16 8.5 6.36 . 2.74 139 0.1884 0.1378
2:22 6.65 84.82 85 7.00 3.0 182 0.2755 . 0.2155
2-28 6.93 98.42 8.5 7.63 3.28 256 0.3673 0.2096
2-28 7.71 127.90 8.5 8.80 3.83 298 0.4275 0.3879
2-46 3.86 159.56 8.5 14.63 6.29 1020 1.4634 0.6649
253 5.04 190.26 8.5 16.85 7.25 800 1.1478 0.6805
2-58 §.84 217.91 8.5 18.44 7.83 814 1.1679 0.8022
2-64 6.20 255.55 8.5 20.35 8.75 681 0.89770 0.7121
2-68 7.38 283.92 8.5 21.62 . 9.30 667 0.9570 0.8309

2-71 4.38 303.20 B.S 22.58 9.7 €88 1.0028 0.5170
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Sr-85 Saturated Column Test 1

Sr-85 Saturated Column iColumn Volume (mi) 1545
Test 1 {Bulk Density lg/em3) 1.7
Record Book 53751 pspe 20  lPorosity 0.37
Starting Dsate 7.‘29/93i’$ax. Pore Vol. (mi) 56.47
Ending Date 8/23/93:Soil Wet Wa. (p} 318.83
Influent = 0.038 M CaCi2 spiked Soil Dry Wa. {g) 263.46
with Sr-85 ’ iMoisture Content {%) 21.43
Soil = Trench B iVolumetric Water Content (%) 36.55
Length (em) 12.3!Unsn. Pore Volume {mi} 56.47
Diameter {em] . 4°% ¢f Sarwration 100.00
influent Velocity (mi/h) 2 Initial Concentration [counts) 0.01608
Pore Water Velocity (em/h) 0.43
Residence Time (h) 28.83
Efficency (dpm/count} 2.82 dpm/ u ci 2220000
Effluent Total Pore
Sample Volume Etfluemt Volume Sr-85 Sr
iD. (1] {ml (saz) Counts wueci/ml C/Co
C-10 8.47 89.83 1.59 502.30 0.0003 0.0188
c-20 8.82 187.86 3.33 3489.10 0.0022 0.1378
C-30 e.84 288.32 5.11 6653.30 0.0042 0.2628
C-40 - 10.04 382.23 . 6.95 $146.10 0.0058 0.3613
C-50 10.32 496.78 8.80 11885.8 0.0075 0.4695
c-60 8.84 802.62 10.67 15257.5 0.0087 0©.6026
c-70 9.86 200.67 12.41 18374.4 0.0117 0.7258
-C-79 10.60 793.64 14.05 19651  0.0925 0.7762
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Sr-85 Ssturated Column Test 2

St-85 Saturated Column
Test 2

Record Book 53751
S1arting Date

Ending Date

Influent = 0.038 M CaCl2 spiked
with Sr-85

Soit = Trench 8

Length {cm)

Dismeter (cm)

Influent Velocity (mi/h)

:Column Volume {ml)
iBulk Density (g/em3)
page 58 lPoroshy
12/15/94 ,Sat. Pore Vol. (ml)
1/6/95 : Soil Wet Wa.(g}
{Soit Dry W. (g}
iMoisture Content (%) .
iVo!umeuic Water Content {%)
12.3!Unset. Pore Volume (ml)
4% ¢f Smurerion
2.4 !lnitial Concentration (counts)

154.5
1.72
0.37

56.80

322.07
264.88

21.54

36.84

$6.80

100.00
20.37

Pore Water Velocity (em/h) 0.52|
Residence Time (h) 23.78)
Etfluent Tota! Pore Sr-85
Sample Voiume Eifivent Yolume ueill Sr-85
D (mi} {rmil) sat} Counts C/iCo
D-4 - 98.36 56.12 0.88 0.00 0
D-8 16.55 107.88 1.88 0.07 0.35
D12 11.54 154.14 2.70 0.30 1.4%
D-16 11.53 9188.75 3.48 1.83 7.82
D-20 11.34 244.90 " 4.29 6.9 33.84
D-22 11.72 268.26 4.70 4.45 21.86
D-24 11.51 291.31 5.10 6.57 32.26
D-28 11.54 338.11 5.92 9.08 £4.61
D-30 11.52 361.086 6.33 8.96 48.89
D-32 11.88 384.75 6.74 9.5% 46.89
D-36 16.58 436.20 7.64 15.13 74.24
D-40 11.52 480.67 8.42 15.05 73.88
D-44 11.56 526.08 8.22 14.29 70.186
D-48 11.24 571.52 10.01 20.78 102.04
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Sr-85 Unsatursted Column Test 1

$r-85 Unssturated Column

;Column Volume (mi} 154.%
Test 1 1Bulk Density lg/cm3) 1.55
Record Book 53751 page 21 [Porosity 0.43
Starting Date " 9/1/93 Set. Pore Vol. iml) 66.18
Ending Date 9/22/93:Soil Wet Wt, (g} 287.33
Influent = 0.038 M Cali2 spiked Soil Dry Wi, (g} 240,24
with Sr-85 Moisture Content (%) 19.60
Soit = Trench 8 :Volumetric Water Content (%) 30.48
Length {emi 19.2 Unsa, Pore Volume (mi) 47.09
Diameter lcm) 3.2.% of Sawrmion 71.16
influent Velocity {mimh) 2 :Initial Concentration (counts) 0.01608
Pore Water Velocity {em/h) 0.821"
tResidence Time (h) 23.583
Efficency (domicount} 2.82 dom/ u ci 2220000
Effluent Total Pore Pore
Sample Volume  Effluent  Volume Volume $r-85 Sr
1D {ml} tml} funsat) {sat) Counts vei/ml C/Co

A-10 10.80 104.20 2.21 1.57 413.40 0.0003 0.0163

A-20 10.83 213.37 453 3.22 322600 0.0020 0.1274

A-30. 11.08 325.62 6.91 4,982 £234.00 0.0052 0.32%82

A-40 11.38 438.29 9.31 6.62 11083.60 0.0070 0.4382

A-50 11.4%5 518.28 11.01 7.83 12745.40 0.0081 0.5034

A-60 10.21 632.08 13.42 8.55 16081.20 0.0102 0.63%6

A-70 11.5% 750.18 15.83 11.34 18874.10 0.0126 . 0.78%0

A-80 12.17 868.03 18.43 13.12 21839.10 0.0138 0.8666

A-87 6.87 845.47 20.08 14.28 22351.70 0.0142 0.882%




$r-85 Unsaturated Column Test 2

Al4

Sr-85 Unsaturated Column Column Volume (ml} 154.5
Test 2 Bulk Density (g/ecm3) 1.54
Record Book 53751 page 20  |Porosity 0.43
Starting Date 8/1/93 Sat. Pore Vol. (ml} 66.22
Ending Date 8/22/93 Soil Wet Wi.ig) 269.85
Influent = 0.038 M CaC12 Soil Dry Wt.(g} 238.39
spiked with Sr-85 Moisture Content (%) 13.20
Soll = Trench 8 Volumetric Water Content (%) 20.36
Length (em) 19.2 Unsst. Pore Volume imi} 31.46
Dismater (cm) 3.2.% of Saturaticn 47.51
influent Velocity (mi/h) 2 jinitial Concentration (counts) 0.01608
Pore Water Velocity (em/h) 1.22
Residence Time (h) 15.72
Efficency tdpm/count) 2.82 dom/u ci 2220000
Effluent Total Pore Pore
Sample Volume Etfivent Volume Volume Sr-85 Sr
D iml) (mil) {unsat) (sat) Counts vei/mi CiCo
B-10 8.74 85.18 2.71 1.29 2153.00 0.0014 0.0850
B8-20 8.05 151.61 4.82 2.28 9032.40 0.0057 0.3568
B8-30 9.43 227.16 7.22 3.43° 11847.3 0.0076 0.4719
8-40 8.78 322.86 10.26 4.88 14042.1 0.0088 0.5546
B-50 10.21 422.80 13.44 6.38 172333 0.0109 0.6807
B-60 10.80 §27.85 16.78 7.87 207805 0.0132 08212
B-70 11.26 637.28 20.26 8962 21928.7 0.0139 0.8661
B-80 11.26 749.01 23.81 11.31 22151.9 0.0141 0.8750
8-84 6.31 781.85 25.17 11.86 219325 0.0138 0.8663
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U-238 Unsaturated UFA Test 1

U-238 Unsaturated UFA {Column Volume (ml) 40.2
Test 1 o {Bulk Density {g/icm3) 1.5%
Record Book N/A iPoroshy 0.43
Stanting Date Sat. Pore Vol. (mi) 17.29
Ending Date Soil Wet Wt. (g) N/A
Influenmt = Hanford Ground Water Soil Dry Wt (g) N/A
spiked with U-238 Moaisture Content (%) N/A
Soil = Trench 8 Volumetric Water Content (%) 30.00
Length {cm) 5:Unsat. Pore Volume {(ml) 12.06
Diameter (cm) 3.5:% of Saturation 69.74
- influent Veiocity imih) 25 Initial Concentration (2pb) 28.03
Pore Water Velocity {em/h) 8.42
Residence Time (h} 0.59
3
Effluent Total 172 Sample Pore Total U-238
Sample Volume Etfivent Effivent Volume U-238 C/Co
1D {m} (mi) (m} Aunsat) {ppdb) {ppb)
Co 28.03
1 1.08 1.05 ©.582 0.04 9.25 0.33
2 2.00 3.05 2.05 0.17 8.03 0.32
a 2.00 7.05 6.05 050 8.83 0.34
6 2.00 11.05 10.05 0.83 8.96 - 0.32
7 2.00 13.08 12.05 1.00 9.88 0.35
8 2.00 15.00 14.00 1.16 10.04 0.37
11 2.00 21.00 20.00 1.66 12.8 0.45
15 2.00 29.00 28.00 2.32 15.1 0.54
21 7.00 46.00 4250 3.52 192 0.68
25 $9.00 £5.00 80.00 e.€3 0.83
30 11.00 141.00 13%5.50 11.24 25.7 0.82
40 10.00 286.00 281.00 23.30 264 0.85
41 38B.55 33.05 0.87




U-238 Unsaturated UFA Test 2

U-238 Unsaturated UFA tColumn Volume (ml} 40.2
Test 2 'Bulk Density (g/em3) 157
Record Book N'A Porosity 0.42
Starting Date N/A. .Sat. Pore Vol. (ml) 16.88
Ending Date N/A Soil Wet Wi. (g) N/A
Influent = Hanford Ground Water Soil Dry Wi, (g) N/A
spiked with U-238 Mioisture Content (%) N/A
Soit = Trench 8 Volumnetric Water Content (%) 10.00
Length (em) 5 Unsst. Pore Volume (mi) 4.02
Diameter {cm) 3.5 % of Saturation 23.82
influent Velocity (mimh) 10 ;initial Concentration (ppb} 27.8
Pore Water Velocity {em/h) 10.11
Residence Time (h} 0.50
Eftivent Total 1/2 Sample Pore Total U-238
Sample Volume Effluent Etfluent Volume U-238 CiCo
s} {mi) {mi) {mi) {unsat) (ppd) (ppd)
Co 22.9
1 0.83 0.3 0.47 0.12 8.20 0.29
2 2.07 3.00 1.00 0.28% 12.40 0.44
4 4.00 8.07 6.07 1.51 13.20 0.34
8 2.00 18.07 17.07 4.25 23.30 0.84
11 8.00 32.07 27.57 6.86 24.80 0.89
14 5.00 47.07 44.57 11.09 24.60 0.88
17 9.00 66.07 61.57 15.32 28.20 1.01

A.l6

-

-




U-236 Unsaturated UFA Test 1

U-236 Unsaturated UFA iCoKumn Volume {mi} 80.88
Test 1 {Bulk Density {g/em3} 1.67
Record Book 53751 page 48 |Porosity 0.38
Starting Date 8/4/94 Sat. Pore Vol. imi} 34.97
Ending Date 8/26/94 1Soil Wet Wi. (g) 162.36
. linflyent = Hanford Groundwater Soil Dry WA. (g) 152.08
spiked with U.236 tMoisture Content (%) 6.76
Soil = Trench 8 : Volumetric \Water Content {%) 11.3%
Length {cm) 5.87|Unset. Pore Volume (ml) 10.28
Dismeter (cm) 4,84 % of Saturation 29 40
- influent Velocity (mi/h) 0.5 {Initis! Concentration {ppb) €97
Pore Water Velocity (cm/h) 0.29
Residence Time th) 20.56
3
Ettivent Total Pore Pore Total U-236
Volume Effluent Volume Volume U-236 C/Co
Sample ID {mil} {mil) {unsal) (sat} {ppb) {ppb}
A-2 10.71 10.71 1.04 0.31 33% 0.48637
A-3 33.77 44.48 4.33 1.27 278 0.3989
A4 11.40 £5.88 5.44 1.60 438 0.0628
A-5 12.06 67.94 6.61 1.94 147 0.2108
A-6 12.02 79.96 7.78 2.29 159 0.2281
A7 - 11.49 91.45 8.80 2.62 223 0.3188
A-8 35.30 0 126.75 12.33 362 373 0.5382
A-9 12.89 139.64 13.58 3.89 487 0.7131
A-10 10.86 150.50 14.64 4.30 505 0.724%
A1 12.21 162.71 15.83 4,65 578 0.8203
A-12 14.45 177.16 17.23 5.07 602 0.8637
A3 31.80 208.96 20.33 5.8 614 0.8808
A-14 10.82 219.68 21.39 6.29 652 0.8354
A-15 11.86 231.74 22.54 - 6.63 €638 0.9154
A-18 358 235.30 22.88 6.73 694 0.8857
A7 2.66 237.96 23.15 6.81 696 0.9986

-y
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U-236 Unsaturated UFA Test 2

A.18.

U-236 Unsatureted UFA iCqumn Volume (mi} 80.88
Test 2 |Bulk Density (g/em3) 1.67
HRecord Book 53751 page 49 Porosity 0.38
Starting Dete B/4/84 |Sat. Pore Vol. (ml) 34.87
Ending Date 8/26/94 {Soil Wet Wa. [p} 163.63
infiluent = Hanford Groundwater Soil Dry WA, {g} 152.27
spiked with U-236 Moisture Content (%) 6.76
Soil = Trench 8 Volumetric Water Content (%) 11.374
Length (em) $.87 !Unsat. Pore Volume (ml) 10.28
Diameter (em) 4.244 % of Saturstion 29.40
Influent Velocity {mifn} 0.5 i initial Concentration lppb) 697
Pore Water Velocity {cm/h) 0.2¢9
Residence Time (h) 20.56
Etfluent Total Pore Pore Total U-236
Volume Etfluem Volume Volume U.236 C/Co
Sample 1D imi} B (M) {unsat) {sat} {ppb} {ppb!}

c-1 16.38 16.38 1.89 0.47 0.8 0.0011

c.2 8.04 25.42 2.47 0.73 0.7 0.0010

c-3 22.09 54.51 5.30 1.66 13.4 0.0182

c-4 9.87 64.48 6.27 1.84 118 0.1693

c-5 10.00 74.48 7.2% 2.13 220 0.3188

c-6 10.71 85.18 8.29 2.44 272 0.3802

c-? 8.50 94.69 -9.21 2.7 317 0.4548

c-8 31.19 125.88 12.25 3.60 445 0.6385

c-9 11.44 137.32 13.35 3.e3 487 0.6887

c-10 8.49 145.81 14.18 417 560 0.8034

C-11 10.78 156.89 15.23 4.48 481 0.6801

C-12 12.27 168.86 16.43 4.83 517 0.7418

C-13 28.08 196.84 19.16 5.63 578 0.8283

C-14 983 206.77 20.11 5.91 51 0.8478%

Cc-1% 10.65 217.42 21.18% 6.22 621 0.8810

c-16 20.53 237.8% 23.15 6.80 585 0.8383

C-17 17.06 255.01 24.81 7.29 596 0.8551

-
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Tritium Unsasturated UFA Test 1

[Trium Unseturated UFA Column Volume (ml) 80.88
Test 1 - Bulk Density {glem3} 1.67
Record Book 53751 page €8 Porosity 0.3%
Stanting Date 2/13/85Sat. Pore Vol. (mi) ) 35.44
Ending Date 2/16/95 ;Soil Wet Wi [g) s 161
infiuent = 0.038 M CaCi2 spiked Soil Dry Wa. (g} 151.96
with H-3 Moisture Content {%) - 5.95
Soil = Trench 8 Volumetric Water Content (%} 8.95
Length (em) 5.87 Unsat, Pore Velume (ml) 9.04
Diameter (cm) 4.44,% of Saturation 25.51
. Influent Velocity (mih} 0.5 linitial Concentration (counts) 34831
Pore Water Velocity {em/h} 0.32
Residence Time (h} 18.08
H
Effluent Tote! Pore H3 % of AD

Sample . Voiume Effluent Volume vei/l H3

1D {mi) vol {unsat) Counts CiCe

A-1 . 0.57 0587 0.08 45.23 0.01

A-2 0.61 1.18 0.13 £48.03 0.01

A3 0.83 2.1 0.23 - 7457 0.02

A4 1.1 3.22 ‘0.36 82.13 0.02

AS 1.1 4.43 0.48 115.37 0.03

A-6 1.86 6.38 0.71 332.83 1 0.10

A7 1.84 .23 0.91 934.05 0.27

A-8 1.38 .61 1.06 1556.74 0.45

A-9 1.02 10.63 1.98 1817.14 0.56

A10 1.43 12.06 1.33 3291.48 0.95

A1 2.76 14.82 1.64 2655.79 0.77

A-12 ;s 1.25 16.07 1.78 3054.55 - 0.88

A13 1.40 12.47 1.93 3108.85 0.80

A-14 5.89 23.36 2.58 3279.03 0.e%

A-15 1.20 24.56 2.72 3503.1 1.01

A.19




Tritium Unsatursted UFA Test 2

[Tritium Unsatursted UFA

A.20

Column Volume {ml) 80.88
Test 2 Bulk Density (g/em3) 1.67
[Record Book 537513 page 68 Porosity 0.38
Starting Date 2/13/95 |Sat. Pore Vel. (ml) 35.44
Ending Date 2/16/95 ;Soil Wet Wr. (p} 161
influent = 0.038 M CaCI2 spiked Soit Dry Wa. (g} 151.85
with H.3 Moisture Content (%) 5.85
Soil = Trench 8 Volumetric Water Content (%) 8.95
hhonth {em} 5.87Unsat. Pore Volume (mi) 2.04
Diamaeter (cm) 4.44% of Saturation 25.51
influent Velocity imi/h) 0.5 [Initial Concentration {counts) 34531
Pore Water Velocity (em/h) 0.32
Residence Time (h) 18.08
Etfluent Total Pore H3 % of AO

Sampie Volume Eéfluent Volumes wei/l H3

1D tmil) vol {unsat) Counts Ci/Co

C.1 0.81 0.57 0.09 47.30 0.01

c-2 0.81 .72 0.19 45.73 0.01

c-3 1.5 .67 . 0.41 45.50 0.01

c-4 1.57 5.24 0.58 53.80 0.02

c-5 1.88 7.12 0.7¢ 160.80 0.05

c-6 3.30 10.42 1.15 812.18 0.26

c-7 2.90 13.32 1.47 2081.46 0.61

c-8 2.23 16.55 1.72 2737.30 0.78

c9 . 1.67 17.22 1.0 1879.02 0.57

€10 2.07 18.28 213 3281.78 0.85

c-11 452 23.81 2.63 3473.10 1.0

c-12 1.73 25.54 2.83 3596.43 1.04

€13 2.06 27.60 3.08 3508.82 1.02

c-14 7.89 35.49 3.83 3572.44 1.03

C-18 0.86 36.35 402 3048.78 0.88

LS
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S$r-85 Unsatursted UFA Test 1

Sr-85 Unsaturated UFA ;Column Volume {mi) 90.88
Test 1 Bulk Density (g/em3) 1.67
Record Book 53751 page 68 Porosity 0.39
Stanting Date 2/24/85 Sst. Pore Vol. {mi) 35.44
Ending Date 3/20/85 {Soil Wet WA {pi 161
infiuent = 0.038 M CaCi2 spiked Soil Dry W (g} 151.96
with S¢-85 Moisture Content (%) 5.9
Soil = Trench 8 Volumetric Water Content (%) 8.85
Length (em) 5.87!Unsst. Pore Volume (ml) 8.04
Diameter {cm) 4.44 % of Saturation 25.51
influent Velocity (mim} 0.5 {Initial Concentration {counts) - 0.01198
Pore Water Velocity lerm/mh) 0.32
Residence Time (h) 18.08
Effluent Total Pore Sr8S
Sample Volume Effluent Volume uci/ml Sr 85
D imi) {ml) {unsat) Counts CiCo

A-8 1.8 58.54 6.48 1.238-04 0.01

A-11 2.10 69.76 7.72 1.80E-04 0.02

A-13 7.83 78.30 8.77 4.98E-04 0.04

A4 2.88 82.18 e.09 1.09E-03 0.08

A-18 30.49 112.67 12.46 -3.24E-03 0.27

A-16 2.45 114.82 12.70 7.04E-03 0.59

A7 1.34 116.16 12.85 - 5.10E-03 0.43

A-18 7.67 123.83 13.70 7.18E-03 0.60

A-18 2.21% 126.04 13.84 7.51E-03 0.63

A-20 1.22 127.26 14.08 6.61E-03 0.55

A-21 7.93 135.19 14.95 7.78E-03 0.65

A-22 2.05 137.24 15.18  8.54£-03 071

A-23 1.66 138.90 15.37 8.42£-03 0.70

A-24 7.66 146.56 16.21 7.49E-03 0.63

A-25 3.22 148.78 18.57 8.B4£-.03 0.74

A-27 2.11 160.19 17.72 8.83E-03 0.71

A-28 1.32 161.51 17.87 1.06E-02 0.89

A-29 3213 193.64 21.42 9.728-03 0.81

A-30 8.50 202.14 22.36 1.30E-02 1.08

A-32 8.83 214,01 23.67 1.07€-02 0.89

A-33 2.17 216.18 23.91 1.35E.02 1.12

A-34 9.24 225.42 24.94 1.10E-02 0.92

A-35 3.3 228.55 25.28 1.10£-02 0.82

A-36 7.87 236.42 26.15 1.098.02 0.81
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Sr-85 Unsaturated UFA Test 2

Sr-85 Unsatursted UFA iColumn Volume (ml} 90.88
Test 2 Bulk Density {p/em3) 1.67
Record Book 53781 pape 68 Porosity 0.38
Starting Date 2/24/95Sst. Pore Vo!l. (ml} 35.44
Ending Dete 3/20/95 [Soit Wet WA. (g} ' 161
influent = 0.038 M CaC!2 spiked Soil Dry Wt. (g) 151.88
with $r-85 . Moisture Content (%) .5.85
Soil = Trench 8 . Volumetric Water Content (%) 9.95
Length (cm) 5.87 |Unsat. Pore Volume (mi) 8.04
Dismeter {em) . 4.44 % of Saturation 25.5%
Influent Velocity {mi/h} 0.5!Initial Concentration (counts) 0.01188 =
Pore Water Velocity {cm/h) 0.32
Residence Time (h) 18.08
Effluent Tota! Pore Sr88
Sampl Volume Effivent Voiume uci/iml Sr B85

1 {mi) {mi) (unsat) Counts C/Ce

c-2 32.34 34.64 3.83 5.438-05 0.00

c-3 1.86 36.50 4.04 8.35E-05 0.01

c-8 8.32 §7.45 6.36 7.548-05 0.01

(o8] 1.83 59.28 6.58 8.51E-08 0.01

c-10 9.45 68.73 7.60 1.40E-04 0.01

c1 2.51 71.248 7.88 3.80E-04 0.03

C-12 1.59 72.83 8.06 4.79E-04 0.04

C-13 7.83 80.76 8.83 7.34E-04 0.06

c-14 3.05 83.81 9.27 8.56E-04 0.08

C-15 31.81 115.62 12.7¢8 3.50E-03 0.2¢8

Cc-16 2.34 117.96 13.058  6.45£.-03 0.54

c7 1.27 119.23 13.19  &8.428-03 0.37

c-18 7.64 - 126.87 14.03 5.61E-03 0.47

c-19 2.47 129.34 14.31 8.47E-03 0.

c-20 1.36 130.70 14.46 7.57£-03 0.63

c-21 7.7 . 138.67 15.34 8 64E-03 0.72

C-23 - 1.43 142.34 15.75 1.01E-02 0.84

c.24 7.97 150.31 16.63  9.55E.03 0.80

c-25 3.50 153.81 17.01 9.31E-03 0.78

c.26 8.12 161.93 17.81 8.16£-03 0.68

c-27 2.2% 164.18 18.16 1.02€-02 0.85

C-28 1.37 165.85 18.31 9.17E-03 0.77

c-29 32.07 187.62 21.86 8.33E-03 0.78

C-30 8.78 206.40 22.83 1.09€-02 0.81

C-31 3.00 209.40 23.16 1.13E-02 0.94

€-32 8.8 218.58 2418 1.108-02 0.92

c.33 0.00 218.58 24.18 1.20£-02 1.00

C-34 e.00 227.58 25.17 1.33£-02 1.11

C-35 3.40 230.98 25.55 1.338-02 1.1

c-38 32.78 273.26 30.31 1.188-02 0.98

A22
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