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Table 6-12. Hydraulic Flow Sensitivity Analysis -

TOTAL PRESSURE HEAD
 DIFFERENCE IN METERS

RUN TESTED PARAMETER A@C15R22 _A_@C_36R22 A@C52R22

0 1c60 0 0 0
1 1le6l K, =K, x .50 (all) +0.156 ~ +0.165  +0.119
2 162 K =K, x.25 (all) +0.300  +0.548 +0.500
3 1e63 K, =K, x2.0 (ali) -0.096 -0.116 -0.085
4  l1c64 K, =K, x 4.0 (all) 0.155 -0.177 0.123
5 1e65 'K, =K, x .50 (all) ~0.040 -0.052 -0.018
6 166 K, =K, x .25 (all) -0.066 -0.077 -0.018
7 - 1e67 K, =K, x2.0 (al) +0.032  +0.023 -0.014
8  1c69 Up Surf. Rech’=0in/yr -0.057  -0.026 -0.003
9  1c70 Up Surf. Rech.’= 4in./yr +0.015  +0.045 +0.036
.10 1¢71 Low Surf. Rech.”x .50 = -0.020 -0.051 ~ -0.050
W11 . 1¢72 Low Surf. Rech.’x2.0  +0.041 = +0.072  +0.099
12 1¢73 Low Surf. Rech.” x 1.5 +0.021  +0.031 +0.049
13 1c74 Low Surf. Rech.’ x .25 ~  -0.031 -0.072 - -0.074
14  1¢75 Porosity’ =Poros. x .25 0 0 0
15 1c76 Porosity’=Poros. x 4.0 0 ) 0 0
16  1c77 K" = K, x .25 (Hanford) +0.258  +0.333 +0.411
17 1c78 K, = K, x .50 (Hanford) +0.112  +0.136 +0.147
18 1c79 K, = K, x 2.0 (Hanford)  -0.096 0.134 -0.120
19 - 1c80 K, =K, x 4.0 (Hanford) -0.174 -0.226 0.185
20 1c81 K, =K, x :25 (Up Ringd) -0.002 -0.020 - -0.020
21 182" K, = K, x .50 (Up Ringd)  -0.005 -0.020 --0.015
22 1c83 K, =K, x 2.0 (Up Ringd) -0.009 0 +0.016
23 1c84 K;’ =K;x 4.0 (Up Ringd) -0.040  +0.009 +0.044
24 1c85 Ky =Ky,x.25Sil)  -0.003  -0.001 -0.001
25 186 Ky =K,x4.0(Sil) - -0.007 -0.003 -0.001
26 . 1c87 K, =K, x.25 (Lo Ringd) +0.037  +0.020 -0.020
27  1c88 K. = Kh x 4.0 (Lo Ringd) - -0.003 +0.008 +0.065

*Base case used: Ky, gusorgy Of 400 - 5000 m/d, Kitoriz. @ingoiqy Of 20 60 m/d,
Kporiz. sy of 0.01 - 0.05 m/d, a horizontal-to-vertical conductivity ratio of 10:1,
porosity of 0.20, storage coefficient of 0.20, upper surface recharge of 1.0E-5 m/d
and lower surface recharge of 1.1E-3 m/d. . Base case elevations were 107.52,
106.42, and 105.32 meters.
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6.4.4.1 Hydraulic Flow Sensitivity. ‘The hydraulics portion of the model was ran
repeatedly with the hydraulic parameters multipied and divided by factors of 2 and 4 to -
determine model sensitivity. For recharge. due to precipitation, the range was only varied
from O to 4 inches per year. For each run, total pressure head deviations from the base case
(calibrated average model) were determmed in Jayer 12 at XY nodes (15,22), (36,22}, and
(52,22). All layers at a given XY node, representing the unconfined aquifer, have
approximately the same total pressure head. Deviations are listed in table 6-12. There was
only slight sensitivity to recharge due to precipitation, vertical hydraulic conductivity, and
seepage (positive flux) into the bottom of the model. The unconfined aquifer pressure heads
were not very sensitive to flux into the model’s lower boundary due to the intervening silt

aquitard, which tends to dampen effects of changes in the lower aquifer. Unconfined aquifer

total pressure heads were not very sensitive to upper surface recharge (precipitation recharge)
because of the high hydraulic conductivities in the uppér part of the unconfined aquifer and
due to the small range of possible precipitation recharge. Of the parameters tested, the
model was most sensitive to changes in horizontal hydranhc conducuvrty ‘This is consistent
with groundwater systems and groundwater models in general.

Model sensitivity to the primary factors mﬂuencmg groundwater fiow velocmes is

described above. A sensitivity analysis on the uncertainty associated with the delineation of

stratigraphic boundaries was not performed mainly due to lack of a reasonable means of -
doing so. However, exact stratigraphic. representauon was not necessary to predict accurate
contaminant travel times or dispersion rates since these are dependent on groundwater veloc-
ities which, in turn, depend mainly on hydraulic conductivities and total pressure head

gradients. The modeling analysis emphasized calibration to observed hydraulic conductivities

and total pressure head gradients, thus emphasizing the accuracy of predicted travel times,

 attenuation rates, and other velocity-dependent processes. Any error introduced by non-exact
stratigraphic boundary definition has Iittle effect on the velocity-dependent processes but has -

a greater effect on volume calculations such as those involved with predlctmg aquifer
response to large scale pumping. Because of this, the greater the pumping rate of any
simulated extraction-treatment scenario, the greater the associated uncertainty in' predrcted
sustainable pumping rates and effects on groundwater gradients, o

Although the grid mesh size was, by convention, adequate for the model applications

in this study, the predxchons of aquifer response to the extraction- ~treatment scenarios would
be improved by increasing mesh: dens1ty near the extraction wells.
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Table 6-13. Comta.mmant Transport Sensmv:lty Analysxs

Parameter

2000

1988 . 1992 .
Varied Max C (ppb) Max C (ppb) - Max C (ppb)
Base Case* 180 80 30
R=115 130 55 15
R =4.0 - 180 80 30
SS = .1 180 80 30
SS§ =4 180 - 80 30
Negr = .1 110 30 3
N = 4 220 130 75
oot = -4 180 80 30
Nagr = -4 180 85 30
Qe = 0 180 80 30
Qi = 4 160 76 28
Qs = .00 220 120 45
Clpans = -3 20 5

0

*Base case used: R = 2.0, 88 = 0.2, 54 = 0.20, g, —023,1;M = 0.20,
Qe = 1.0, am = 0 03 all in meters and days, where apphcable
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6.4.4.2 Contaminant Transport Sensmvlty A oontammant transport sensitivity analysis
was performed in which pertment parameters Were vaned 'within reasonable ranges. Table
6-13 shows predicted maximum TCE concentrations for years 1988, 1992, and 2000 as a
result of simulations using the parameters listed in the first column. The analysis indicated-
the model was most sensitive to effective porosity values, significantly sensitive to. retardation
and dispersivity values, and minimally sensmve to storage and diffusive porosity values.

The contaminant sensitivity analysis assisted in determining ranges of model input -
data sets, used in the analysis to represent unconservative (high attenuation) and conservauve
(low attenuation) simulations. The sensitivity of contaminant transport to a range of
groundwater velocity fields was not tested. Such testing would require multiple calibrations

of the flow portion of the model. The approach used in this analysis was to produce the best -

estimate of the velocity field by cal1bratmg the flow provided to observed data, and then
using this calibrated velor.nty field in the contaminant transport analysis.

6.4.5 Calibration

The hydraulic flow and contaminant transport portions of the model were cahbrated to
observed site data. The purpose of the calibrations was to set model parameters consistent
with site parameters so that model results better simulate actual site conditions. Without
calibration, a model can produce results having httle resemblance to what is observed in the
field. _

6.4.5.1 Hydraulic Flow Calibration. For the hydraulic flow portion of the model, calib-
ration data was chosen from the observed groundwater levels reported in WHC, 1991b.
Three data sets, June 25-27, February 27-March 2, and September 24 to 27, were chosen to
represent the groundwater levels relating to the high-, average-, and low-river stage
conditions. These calibrations were performed in the steady-state mode with boundary
conditions and hydraulic conductivities adjusted until the model simulated the observed
groundwater levels. Figures 6-21 through 6-23 show the observed and calibrated water
surface contours superimposed. Table 6-14 lists the observed, computed, and the resulting
difference for 22 wells in the area of interest. Maximum deviations of the computed from

- the observed elevations consistently occurs at well MW-13 which appears to be screened at a

different depth or to have some other similar cause for its levels being consistently about
0.5 m (1.6 ft) higher than those of MW-14. Most other deviations are less than 0.1 m
(0.3 ft) which indicates reasonably close} ca]i_bratio_ns. -

The simulated river stages and inflowing flux values at the southern boundary were
modified appropriately for each condition. The high-, average-, and low-river stages
represent conditions where the river boundary was higher than 97, 48, and 7 percent of
normally distributed river elevations: During the calibration process, horizontal and vertical
hydraulic conductivities and boundary fluxes were adjusted until reasonable matches between
observed and computed heads were obtained. Table 6-15 shows the calibrated hydraulic
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Table 6-14, Comparison of Observed Groundwater levels and Computed Total

WELL #

399-1-17A
399-3-6
399-3~7
399-3-12
399-4-1
399-4-11
399-5-1 -
399~-6~1

699~827-E14 -
699-829-F12
£92-530~E (MW-10)

699-830~-E(MW-11)

699~530-E15A
699~831~E (MW-08)
699-S31-E (MW~12)
699-531~E (MW-14)
699~831-E(MW~13)
699-S31-E (MW~15)
699-531~E13
699-832~E13A
699~532~E13B
699-534-E (MW~02)

W

P
S
“JITHMIH

Pressure eads for the Iigh, Average, and Low River Stage Model
Calibrations _ '

OBS
neters
104.05

-103.98

103.97

~-103.93

103.87
103.93

104.03
:104.13

103.88

105.42

106.34
106.49

-103.84

107.69
106.22
106.43
107.01
106.37
105.55
105.65

107.70

CALC
meters
104.01
104.01
104.01
104.00
103.99

104.00°

104.08
104.08

'104.02

105.10

106.26
- 106.36

104.09

- 107.56

106.29
106.39
106.39
106.40
105.45
105.45

107.72.

SEPTEMBER 24-27, 1990

DIFF
meters
0.04
0.03
0.04
0.07
0.12
0.06
0.05
0.06

0.14
. 0.32
0.08
0.13
0.25
S 0.12
0.07
0.04
0.62
0.03
0.11
0.21

0.01

FEB 27 ~ MARCH 2,

OBS
meters
104.72
104.67
1G4.67
104.64
104.59
104.63
104.65

104,72

104.58
105.32
106.22
106.37
104,80
107.61
106.09
106.30
106.88
106.24

105.38

105,47
105.55
107.40

107.45

1990

CALC DIFF
meters meters
104.69 0,03
104.70  0.03
i04.70 0.03
104.69 0.05
104.65 -0.06
104,69 0.06
104.75 0.10
104,75 0.03
104.69 0.10
105.32 0.0}
106.31 - 0.09
106,36 0.00
104.74 0.06
107.54 ‘0.07
106.32 0.23
106,37 0.07
106.42 0.45
106.43 .18
105,37 0.01
105.63 0.16
105.85 0.30

0.06

iJUNE

25

OBS
meters

105.
105.
105.
105.
105.
105.
105.
105.

105.
.86

105

106.
.39
65 -

106

105.
107.
106.
106.
106.
106.
106.
106.
106.
107.

‘73

68
66
61
53
59
66

77

52

28

60
16
34
92
28
00
05

08

43

- 27, 1990
CALC DIFF
meters meters
105.65 0.08
105.64 0.04
105.64 0.02
105.62 0.01
105.60 0.07
105.62 0.02
105.65 0.01
105.67 0.10
105.60 0.09
105.80 0.06
106.51 0.23
106.61 0.21
105.57 0.09
107.52 0.08
106.53 0.37
106.57 0.23
106.62 0.30
106.62 0.34
105.97 0.03
106.03 0.02
106.18 0.11

0.04

107.48
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~ Table 6-15. Model Zone Properties

ZONE GEOLOGIC HORIZON. VERTICAL EFFECTIVE DIFFUSIVE  TOTAL STORE
# UNIT HYDRAUL ~ HYDRAUL POROSITY POROSITY POROSITY ~ COEFE.
- CONDUCT. CONDUCT. o .
1 Lower Ringold 20! 12 20, .28 20,28 23, 32 0
{sand/gravel) : S ' . ;
4  Upper Ringold- 80, 3.400 - 20, .28 20, .28 23, 32 C02
{sandigravel] - : : o
5 Upper Ringold 001 o001 20,24 20,24 23, 27 0:2
{silt} " .
7  Hanford 1000. 64 20, 28 20,28 23,32 0.2
{near river) : : : : . : -
8 Hanford - 400. 137 20,28 - 20,28 23, .32 0.2
(HRL vicinity) - | : - -
8  Ringold 006 0008 20,24 20,24 28,27 0.2
(ASH) o - : :
10 Hanford 5000. 50, 20, 28 20,28 23, 32 02

{near river)

! Rydraulic conductivity values are in meters per day.

? The first and second values were used in the unconservative and conservative simufations, respectively.
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- for this estimate, and provides a minimum for COMpArison purposes.
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conductivities. The calibrated Vaiues for the Hanford fon'natlon and middie Ringold -

Formation correspond reasonably well to the pump test results [400 to 520 m/d (1,320 to o~
1,700 ft/d) at SPC and 10 to 72 m/d (33 to 236 ft/d) near the 300 Area]. '

The computed up-gradient influx to the portion of the model above the silt layer
(unconfined aquifer) was 5620 m*/d (1.98E+05 f*/d). Actual groundwater flow into the up-

- gradient boundary of the modeled area was estimated to be 4,600 to 8,000 m*d (1.62E+05

to 2.82E+05 ft*/d) using the upper and lower bounds of the hydmuhc conductivities in table
2-7, a .0021 m/m siope between the Yakima River and the SPC area, a saturated thickness of
7.0 m (23 ft), 2,928 m as the width of the modeled area, and the assumption that three-
fourths of the unconfined thickness is dominated by ngold material and one-fourth
dominated by Hanford material. Influx estimates using the bounds of the conductivities
reported from other studies at, or near, the 1100 Area (tables B-1 to B-6) resulted in influx
estimates from 1 ,240 to 140,000 m®/d (4.38E+05 to 4.94E+06 fi/d).

Sources for up-gradient inflow to the modeled area include recharge from the Yakima
River, aquifer flow beneath the river, irrigation recharge, and precipitation recharge. A
reasonable total recharge estimate could not be made because of the lack of information on,
and the complexity of, the Yakima River/unconfined aquifer relationship. Recharge from up-
gradient irrigation alone was estimated to be up to 1,940 m*/d (0.685E+05 ft*/d). About
4.6E6 m* (1150 acres) of irrigated land, and a net infiltration of .15 m/yr (.5 ft/yr) was used

6.4.5.2 Contaminant Transport Calibration. Contaminant transport parameters were = s
calibrated by matching simulated plume concentrations with observed contaminant levels. :
The model was used to determine an approxzmate source term that corresponds with TCE use

at the site. Discrete spike source terms, with release timing correlating to periods of most:

intense lagoon repair and installation activity, were input to the model that was run iteratively

until dispersion and retardation values produced calculated plumes matching observed

plumes. This process began with an attempt to match the observed plume in a simulation -

having only one source spike in the summer of 1987. This was tried as a starting point _

because the observed data begins with a2 maximum December 1987 reading of 420 ppb as

shown in figure 6-24. The TCE levels in well TW-1 suggest a release occurred between

September and December of 1987, which implies the December levels approximate local

maximums.

By comparing the simulated p]umes shown in figure 6-25, with those drawn from
observed data shown in figure 6-14, it was determined that it was not possible, even with
unreasonable input values, to match the observed data with only one source term occurring in
1987 (the time-series graphs, such as figure 6-25, are 2-dimensional slices of the computed,
3-dimensional contaminant plumes taken at the layer where the plume extends the farthest).
Transport of significant quantities of TCE to the MW-12 area between 1987 and 1990 would
require a source term far exceeding the observed concentrations at TW-1 and TW-9. In _
addition, such transport would require retardation and dispersion coefficients to be -~
constrained to below their reasonable ranges. This assumes the calibrated velocity field is
approximately correct. : :
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One additional source spike was added in 1983, at the next earlier period of increased
TCE use because the simulation with one source spike did not match the observed data. The
result is' shown in figure 6-26. This simulation showed that additional, earlier, TCE
introduction was still required for computed values to match the observed values. With one
additional spike introduced in 1979 (shown in figure 6-27), near the earliest recorded use of
TCE, the simulated values produced a reasonable match to observed values as shown in
figure 6-28(a). Figures 6-28(b) and 6-28(c) show simulated and observed TCE levels at four
locations.

For this simulation, the TCE concentrations attenuated to below 5 ppb by the year
2007 with no concentrations above that level migrating across the George Washington Way
diagonal line. This diagonal line, as shown in figure 6-13 and other figures of this section,
is a construct defined by a straight line beginning at the intersection of George Washington
Way and Horn Rapids Road, then running in a northwest direction along George Washington
Way, and continuing in this same direction beyond the point where George Washington Way
turns due west to eventually intersect with Stevens Drive. This construct defines a
convenient line that is roughly paralie] to the potentiometric contours and perpendicular to
the prevailing groundwater flow (and the path of the contaminant plumes) in this area.
Discussions dealing with the modeled plume migration and remediation scenarios will refer
to this line (George Washington Way diagonal or George Washington Way diagonal line) to
demarcate its movement.

The simulation discussed above is considered unconservative (the computed
contaminant plume is less persistent than is actually the case) because, comparing the 1992
computed and observed plumes, the simulated concentrations in the scurce area appear to be
dissipating faster than is occurring. The parameters used for this condition were: retardation
factor (R) = 2.0, total porosity (n,,) = 0.23, effective porosity (7.5 = 0.20, and
longitudinal and transverse dispersivity factors of 1.0 and 0.03, respectively. Porosity values
are for sand and gravel zones, the silt zone had %, and a 74 of 0.24 and 0.28 assigned
throughout. A conservative simmlation (contaminant plume attenuates slower than actual)
was found through repeated model runs. Results are presented in figure 6-29. The
parameters used for this condition were: retardation factor (R) = 2.53, total porosity (3,
= 0.32, effective porosity (1.4 = 0.28, and longitudinal and transverse dispersivity factors
of 0.3 and 0.01, respectively. For this simulation, the TCE concentrations attenuate to
below 5 ppb by the year 2017 with no concentrations above that level migrating across the
George Washington diagonal line. Because these contaminant transport pararneters were
more conservative, the source terms (figure 6-30) were reduced so the simulation would
match the 1987 to 1992 observed data (i.e., the more conservative transport parameters cause
the simulated plume to remain at higher concentrations longer; so as the parameters become
increasingly conservative, the source must be reduced proportionately in order to match the
observed data). This simulation was the most conservative one found that provided a
reasonable match of the observed data.
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The modeled source term and an estimate of the actual éburce amount were
compared. The model used source amounts of 125 and 91 L (33 and 24 gal) for the

‘unconservative and conservative simulations, respectively. The amount of actual source

material is not documented and is not evident from the observed concentrations in the plume

-~ because of losses due to adsorption, degradation, and dispersion of TCE in concentrations

below detection limits. However, an estimate of the amount of TCE in the groundwater
plume was made by multiplying TCE concentration levels with their corresponding plume
volumes and found to be about 57 to-83 L (15 to 22 gal) for the 1992 data (section 4.7.2).

For the purposes of determining the sensitivity of the modeled results to the
contaminant transport parameters, additional simulations were made with retardation,
dispersion, and porosity values stretched to more conservative degrees with results being
shown in figures H-16 through H-18 in appendix H. These simulations do not match the
1987 1o 1992 observed data well enough to be considered calibrated, but do demonstrate that
the model results are not extremely sensitive to transport parameters. In other words, even
when out-of-range porosity, retardation, and dispersivity values were used, TCE -
concentrations. approached 5 ppb at about the same time (2015 to 2020) as the calibrated
conservative simulation discussed earlier,

. Reported contaminant transport values, for another groundwater modeling study
involving TCE migration at the Fort Lewis, Washington site (USACE, 1990), were:
retardation factor (R) of 3.0, dispersivity factors of 0.75 (e, longitudinal) and 0.075 (e,
transverse), and porosity values () of 0.25. These values compare fairly closely with the
conservative simulation factors of R = 2.55, oy = 0.30, o, = 0.01, and y = .28 to 0.32.
Reported retardation values were assigned to the Hanford and Ringold Formations’ gravel
and sand dep0s1ts the retardatlon for the silt layer was set at 10 because of its low hydraulic
conductivity.

6.4.5.3 Model Uncertainty. The model is a simplified representation of a complex process
(contaminant transport) in a complex setting (varied three-dimensional geology).
Accordingly, uncertainty about how closely the simulations represent actual conditioas is
present. The model contains uncertainty from the lack of detailed definition of the following:
site geology (e.g., hydrofacies boundaries), hydrofacies properties, particularly hydraulic
conductivities, groundwater volume inflows and outflows, contaminant source definition,

plume extent, and contaminant transport properties. The contamijnant source term, although

matching the period of TCE usage at SPC, was extrapolated from posi-1987 data using
reasonable contaminant transport parameters. Actual source amounts and timing were not
known, and the source term used in the model is an approximation. Simplifications
necessary to construct a PORFLOW™ model, such as using- stepped horizontal layers to
represent smooth inclined surfaces and the lack of a free watertable surface, also contribute

‘to uncertainty in the results. The PORFLOW™ software also limited the fateral and vertical

dispersion coefficient to a single value. This would not present a difficulty if lateral and
vertical grid spacing were approximately the same. However, in this model, reasonable
representation of the hydrofacies required close vertical grid spacing, and practical limitations
on model size required wider lateral spacing. The result was that lateral dlspersmn was
somewhat under-predicted in this model. -
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The degree of uncertainty in the simulations cannot be easily quantified because of the
complexity of the model. The sensitivity analysis provides some indication of the relative
influence of the model parameters. Some parameters have a relatively narrow range, thus
Limiting the associated uncertainty. In the calibration process, the best estimates of site
parameters were used while those-with the most uncertainty were adjusted until observed site
conditions were matched by the model. As a result of calibration, the model parameters
were balanced relative to each other. Other combinations could potentially be found that also
produce reasonable simulations of observed conditions. However, there is a limit to how
much model parameters can be adjusted and still achieve calibration. When one parameter of
a calibrated model is adjusted, in order to reestablish the calibration, other parameter(s) must
also be adjusted to compensate. If this were done, the parameters adjusted to compensate
would be moved away from their best estimates and potentially out of reasonable ranges.

This analysis dealt with the uncertainty by using the best estimates of site conditions,
calibrating to observed data and, for contaminant transport, using the most conservative
combination of parameters that still produced a reasonable calibration. Nevertheless, the

- model results contain uncertainty, particularly as a result of lacking data on the source term,

plume extent, and site hydranlic conductivities.

Further sampling rounds, and the installation of monitoring wells between HRL and

- Stevens Drive, will allow for reduced uncertainty in-future analyses.

6.4.6 Model Simulation Results

The calibrated contaminant transport model was used to determine TCE persistence
and mlgratlon extent for the baseline (no active remediation) and for three remediation
scenarios the selection of which was determined by an optimization analysis.

6.4.6.1 Baseline Scenario Results. The migration of TCE was simulated using both the
unconservative and conservative contaminant transport parameters with results shown in

figures 6-28 and 6-29, respectively. These simulation results predict that the TCE plume

will attenuate to below 5 ppb between the years 2007 and 2017 and will not cross the George

Washington Way diagonal line in concentrations above 5 ppb. The maximum predicted

concentration level of TCE reaching the Columbia River will be approximately 1. ppb. Other
potential simulations providing results to the contrary and still matching the observed data
were not found. The analysis assumed no future additional TCE source introduction.

The above results were checked in a simulation that used the conservative parameters

- and ran the high, average, and low river stage boundary conditions in a cyclical series. This.

series followed a pattern so that the average condition was used 50 percent of the time and
the high and low conditions were each used 25 percent of the time. Figure 6-31 shows the
time series plots for this simulation and shows that the results are similar whether or not the
river boundary was set at the average river stage or allowed to fluctuate.
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6.4.6.2 Remediation Scenario Results. The RI/FS study included conmderatlon of
extraction-treatment-infiltration (pump and treat or extraction-infiltration) scenarios which
were the only action remediation scenarios analyzed with the model. A preliminary
optimization of possible site extraction-infiltration scenarios was condicted to select a limited
number of scenarios for further analysis. The results of the optimization simulations are
shown in figure 6-32. The graphed data points represent the dates when maximum plume
concentration dropped below 5 ppb for the pumping rates and well configurations simulated.
The results predict the greatest TCE reductions with the first few wells [between 379 and
1,136 /min (100 and 300 gal/min) total extraction rate] and decreasing reductions thereafter.
Only a small amount of contaminant is reduced for total extraction rates greater than 1,894
Vmin (500 gal/min). This effect occurs because the first well can be located in the most
optimum piace, wells added thereafter could only be placed in increasingly less effective
locations. This, and effects from low permeability areas and the adsorption and desorption
process, preclude a linearly effective extraction of contaminants.

~ Based on the preliminary optimization, three extraction-infiltration scenarios were
identified for further analysis: (1) a single well system extracting 379 I/min (100 gal/min), = -
(2) a three well; T-configuration system extracting 300 gpm, and (3) a 10 well, longitudinally
linear system extracting 3,788 1/min (1000 gal/min). Figure 6-33 shows these three
configurations, each being the most effective configuration for their respective extraction
rates. For each, the treated water is infiltrated, in a near-surface trench, just down-gradient
of the extraction wells. . The model simulated extraction wells screened in the unconfined
aquifer.

The effectiveness of these scenarios was evalnated in two ways: (1) using the
calibrated hydraulic flow portion of the model only, the area of the aquifer captured by the
extraction wells was identified and compared to the observed extent of the plume, and (2)
using the calibrated flow and contaminant transport model functions, the migration of the
plume, with the features of extraction of contaminated water and mﬁln'auon of clean water,
was run in a time-series (trans1ent) mode.

Figure 6-34 shows the predicted capture zones (shaded areas) for the three scenarios.
Comparison of these zones with the 1992 TCE plume shown in figure 6-14, shows that
scenario 1 would capture only the most highly concentrated portion of the plume (levels

“above approximately 35 ppb), scenario 2 would just capture the 5 ppb plume, and scenario 3

would capture the 5 ppb plume and about 100 percent additional water outside the 5 ppb
plume. If scenario 3 were implemented and operated continually until clean-up standards
were achieved, most of the water treated would be already below the TCE MCL. Likewise
for scenario 2, although it captures the current 5 ppb plume almost exactly, after a few years
of operation, its capture zone would also include water with below 5 ppb concentrations.
From an efficiency standpoint, the optimum scenario treats the most highly concentrated
portion of the plume with the untreated portion attenuating to MCL about the same time the
treated portion achieves MCL. The capture zone analysis indicates that the optimum pump
and treat scenario for this site would include wells extracting between 379 and 1,136 1/min
(100 and 300 gal/min) (one to three wells).
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The three extraction-infiltration scenarios were also analyzed in the contaminant
transport mode using the conservative parameters discussed earlier. Figures 6-35 through
6-37 show the time series results. Predicted dates when TCE concentrations are reduced to
below 5 ppb are years 2012, 2008, and 2004 for scenarios 1, 2, and 3, respectively. These
dates compare to the predicted baseline clean-up date of 2017 for the conservative condition.
Simulations were not made using the unconservative transport parameters, but would result in
earlier dates than those above. Table 6-16 lists these results for the baseline and the three
pump and treat scenarios.

As discussed earlier in the sensitivity analysis section, the scenario with the largest
pumping rate also has the largest uncertainty in terms of predicted aquifer response. The
uncertainty results mainly from the relatively steep drawdown near the wells and from
stratigraphic uncertainty. Further simulation, with finer grid mesh density near the extrac-
tion wells, is recommended if more detailed pump and treat designs, beyond the scope of this
RI/FS, are desired.

A rough simulation of nitrate migration predicted nitrate attenuation to below
10 ppm before the year 2005. These results are given in appendix H and were derived using
conservative transport parameters (with no retardation) and the assumption of no future
nitrate source introduction. This simulation was calibrated to the observed nitrate data but
had greater uncertainty than the TCE simulations because of the lack of a reasonable plume
delineation and less information about the source term. Nitrate was considered a
conservative solute and is subject to greater dispersion than TCE. Because of this, and
because the nitrate concentrations are closer to MCL'’s than TCE, nitrate was predicted to
attenuate to MCL’s faster than TCE, both for the baseline and active remediation scenarios.
However, if a remediation scenario included pump and treat for nitrate, the optimum well
placement would be different than those shown in the TCE pump and treat scenarios because
the two plumes do not appear to be aligned.

The results for the baseline scenario are reported as a range, and the results for the
remediation scenarios are reported as expected upper limits, because of the uncertainty
associated with the source terms and the contaminant transport parameters. This uncertainty
was dealt with by setting the conservative condition transport parameters to their maximum
limits while still matching the observed 1987 to 1992 data (i.e., the conservative simulated
contaminant plume was slightly more persistent than the observed plume so that predictions
beyond 1992 are considered expected upper limits). Also, the simulations did not include
biodegradation and volatilization losses, making the results more conservative.

Some predictions of TCE attenuation at other sites, particularly at pump and treat
project sites, have been shown to be overly optimistic due to uncertainty concerning the
amount of TCE available for desorption back into the groundwater. At some sites, the
concentrations resulting from desorption alone leveled off above clean-up levels and are
anticipated to remain so for a long time, implying long operation times and limited effect-
iveness of pump and treat in reaching low target concentration levels (Doty, 1991). This is
not expected to be the case for this site because of the smaller TCE amount and relatively
low concentration levels (50 ppb compared to 1,000 and 10,000 ppb at other sites), and a
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relatively rapid attenuation that does not appear to be leveling off. As discussed earlier, if
current reduction rates in the MW-12 area wells were to continue, the concentrations would
attenuate to 5 ppb by about the year 2000. This simple extrapolation does not account for
the plume movement or the adsorption-desorption relationship over time, but does add to the
credibility of the 2007 to 2017 range predicted by the model that did include these factors.
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Table 6-16. Clean-up Times and Operation Duration fdr the
Baseline and Selected Remediation Scenarios

Predicted
Start of  Treatment  Predicted End Date when
gration Rate.# Wells of Operation Conc. < 5 ppb

1. Baseline Scenario NA NA NA 2007 - 2017
(no active
remediation)
2. Scenario 1 Jan 1995 100 gpm,1 < 2012 < 2012
3. Scenario 2 Jan 1995 300 gpm,3 < 2008 < 2008
4. Scenario 3 Jan 1995 1000 gpm,i0 < 2004 < 2004

! < arrow indicates that the value indicated was a result of a simulation using the
conservative parameters and is a upper limit of the predicted range.
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7.0 IDENTIFICATION AND SCREENING OF REMEDIAL TECHNOLOGIES

The objectives of this section are to identify and screen a range of waste management
technologies. Appropriate technologies should ensure the protection of human health and the
environment and should involve the complete elimination or destruction of hazardous
substances at the site, the reduction of concentrations of hazardous substances to acceptable
health-based levels, prevention of exposure to hazardous substances via engineering or
institutional controis, or some combination of the above. The process for identifying and
screening technologies consists of six steps, which are discussed below (EPA, 1988). -

1) Develop remedial action objectives (RAO’s) specifying contaminants and media of
interest, exposure pathways, and preliminary remediation goals. Preliminary remediation
goals are based on chemical-specific ARAR’s, when available, other pertinent information
(e.g., carcinogenic slope factors), and site-specific, risk-related factors.

2) Develop general response actions for each medium of interest defining
containment, {reatment, excavation, pumping, or other actions that may be taken, singularly-
or in combination, to satisfy the remedial action objectives for the site.

| 3) Identify volumes or areas to which general response actions might be applied,

* taking into account the requzrements for protectiveness as identified in the remedml action

obJectlves and the chemical and physical characterization of the site.

4) Identify and screen technologies applicable to each generai response action and
eliminate those that cannot be technicaily implemented at the site.

5) To the extent possible, identify and evaluate the retained technologies and select
one Tepresentative process for each technology type retained for consideration. These

~ processes are intended to represent the broader range of process options within a general
* technology type.

6) Assemble the representative processes into alternatives that represent a range of
treatment and containment combmatmns as appropnate

7.1 REMEDIAL ACTION OBJECTIVES

RAO’S are site spec1ﬁc goals that define the extent of cleanup necessary to achieve
the specified level of remediation at the site. The RAQ’s include preliminary remediation
goals derived from ARAR’s, the points of compliance, and the restoration timeframe for the
remedial action. These goals are formulated to meet the overall goal of CERCLA, which is
to provide pIOtGCtiOn to overall human health and the environment.

This section describes the RAO’s for the 1100-EM-1 Operable Unit. Contaminants of .

potential concern were identified based on a statistical and risk-based screening process in
site-affected media. The potential for adverse effects to human health and the environment
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were initially identified in the Phase I RI report {DOE-RL-90-18), and are further evaluated
in the BISRA and the BRSRA (appendix K). Findings of these assessments are summarized
below. There are no contaminants that pose risks to ecological receptors that are
dlstmgulshable from the basehne COIldlthIlS (sectlon 5-and appendlx L)

7.1.1 Land Use

A key component in the identification of RAQ’s is the determination of current and
potential future land use at the site.  The current use and long range planning by the city,
county, and Hanford Site planners show the 1100-EM-1 Area as light industrial (appendix I).
Area planners expect that the current land use patterns will remain unchanged as long as the

- Hanford Site exists. If control of the site is relinquished by the Government, land use in the

vicinity of the Operable Unit would be expected to remain unchanged due to the presence of
established commercial and industrial facﬂltles that could be readily utilized by the private
sector. '

DOE recognizes that these long range land use plans are not predlctors of long-term
land use (beyond 20 to 30 years) and should not be used as predictors of land use beyond
reasonable lengths of time nor for land use changes resulting from longer term events (for
example, the potential excessing of 1100-EM-1- OU land after cleanup). DOE maintains that
the current land use is light industrial, and wﬂl contmue such use for the present and near- -

term future, even afier the site is remechated . : 1 :

DOE also recognizes that there is not universal agreement on land use for the 1100~
EM-1 OU, nor for most of the Hanford site. To that end, the Hanford Future Site Users ¥
Working Group (the Workmg Group) was convened in April of 1992 to develop
recommendations concerning the ‘potential use of lands after cleanup. These
recommendations are to be used as input into the Hanford Remedial Actions Environmental
Impact Statement (HRA-EIS) which is not expected to be published until 1995 or later.  The
Working Group issued their report in December 1992 and proposed that the cleanup options
at the 1100 Area be based on eventual non-restncted la.nd use.

'I']:us proposal is in dJIect cont[ast w1th existing land use, planned Iand use by DOE,
and current city/county land use of adjacent land which are all industrial. However, DOE
views this divergence as an opportunity to nnplement a land use strategy at this OU which
will lead to cost effective remedial alternatives protective of human health and the .
environment. This strategy is: (1) that contaminated sites which would exist indefinitely
(beyond any reasonable time for assured institutional control) would be cleaned up for
standards of unrestricted use where practicable, and (2) that institutional controls (such as
land and groundwater restrictions) be implemented for sites associated with low risks where
it can be shown that the contaminant would degrade or attenuate within a reasonable period
of time or, for sites where contaminants would remain in place above unrestricted use
cleanup goals, where it can be shown that meeting the more stringent cieanup goal is not
practicable. For this OU, DOE considers that- a reasonable period of time is that identified
by the Working Group as "as soon as poss1b1e (by 2018)" which coincides with the TPA date
for completion of cleanup actions. This time frame also approximates the upper limit of
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reliability on long range land use plans which’ ﬁave been used by DOE to determine the near-
term s1teuse s PRI R ¢ R

7.1.2 Chemicals and Media of Cim_l_cern

: Risks from soil and groundwater contaminants of concern identified in appendix X are
at levels that exceed the EPA risk threshold and may, therefore, pose a potential threat to
human health. The NCP requires that the overall incremental cancer risk (ICR) at a site not
exceed the range of 1E-06 to 1E-04. The State of Washington’s Model Toxics Control Act
(MTCA) is more stringent and requires that this risk not exceed 1E-06 to 1E-05. For
systemic toxicants or noncarcinogenic contaminants, acceptable exposure levels shalt
represent levels to which the human population may be exposed without adverse effect during
a lifetime or part of a lifetime. This is represented by a hazard quotient (HQ). For sites in
the state of Washington where the cumulative carcinogenic site risk to an individual based on
reasonable maximum exposure for both current and future land use is less than 1E-045, and
the noncarcinogenic HQ is less than 1, action generally is not warranted unless there are
-~ adverse environmental impacts. ' However, if MCL’s or nonzero MCLG’S are exceeded

y act10n generally is warranted (EPA 1991)..

- Two mdependent risk assessments were performed for contaminants of potential
concem at the 1100-EM-1 OU. The BISRA was done to identify the risks due to the existing
and percewed near-term land use at-the OU. The BRSRA was done to identify potential
* risks at the OU due to the long:term uncertainty of future residential land use. Contaminants

., of potential concern (COPC) were identified through risk based screening using the

maximum concentrations of the contaminants found in each subunit. Those contaminants

" identified as hawmg an ICR greater than 1E-06 or a HQ of greater than 1 were then
- Teevaluated using the contaminant concentration represented by the 95% UCL. A

contaminant of concern (COC) was identified as one whose incremental cancer risk was still
greater than 1E-06 or whose hazard quouent was still greater than 1 under any risk- scenario

.- using the 95% UCL.

For soils, overall risks due to exposure via inhalation, ingestion and dermal contact
were calculated. The BISRA identified COC in three subunits while the BRSRA identified
four subunits containing COC. These subunits and a comparison of the COC identified in
each are presented in table 7-1. It should be noted that the garden produce pathway was
evaluated in the BRSRA, however, site risk managers have determined that this pathway
overestimates the reasonable maximum exposure and is highly conservative. Facfors which
influenced this decision are: 1) the uncertainty of the future land use as residential; 2) the -
conservative uptake factors used to estimate concentrations of contaminants in plants; and 3)
the fact that actual subunit soil conditions could effect this uptake. Based on these factors
this pathway was considered unreasonable and risks resulting from this exposure were not
considered as a basis for risk management decisions. '

7-3



-

»Jo T 98eq
I-L SIqel

s
ol
3
i
Bk
Fosrd,
Tt
Tl
i
i

TABLE 7-1. COMPARISON OF CONTAMINANT HAZARD QUOTIENTS (HQ)
AND INCREMENTAL CAN CER RISKS (ICR)

| | ICR Based on 'BISRA_ | ICRBased on BRSRA
Operable Subunit Contaminant Max Conc . 95-percent UCL Max Conc | 95-percent UCL "
| ~ { mQ | 1cR | mQ | r | HQ | R | HQ | IR |
| 11003 | Awemic | - | - - | - | 004 | 9E06 - - |
j ‘I UN-11006 | BEHP | 04 | 3B05 | 03 | 2805 | 51 | 704 | 34 | 4E04 |
| CHlordame | 002 | 4807 | 001 | 4B07 | 03 [ 906 | 02 [ 7B06 “
Ephemeral Pool | Chlordane | ~0.03 6807 | 002 | 4807 | 04 | - | o3 | - |
| o PCB’s o S 6E-05_' = | 2B05 | - | 1B03 [ - '_: 4B-04
HRL |  Amenic | 0.006 | 1806 | 0.001 | 2807 | 0.08 | 2805 | 002 | 4B06 |-
. Beryltum - |0.00007 | 5807 | — .| — | 0001 | 9m06 | 0.0004 | 4E-06
Chromiym | 0.07 | 3B05 | 0005 | 2806 | 09 | 6B05 | 0.07 | 4B06
Lead! - - - -~ | - | | - |
PCB's - | moa| - |smos| - |3mo3| - | 1Em
. TCE? 1 -~ | - « | « | - |4os| - |3gos
Nitate? | - | - ]~ ]~ {1 | o~ | 08 ] -
! Lead was evaluated usmg EPA’s Uptake Biokinetic (UBK)- Model and was deternuned not tO be present at Ievels Whlch would cause adverse human health -
?Jflt:z::zdwater contaminants, _ '
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Review of table 7 1 mdlcates that the BRSRA 1dent1ﬁed COPC’s in the fo]lowmg
subunits: T T :

e 1100-3. . ~ Arsenic

e UN-11006  REHP and Chlordane

. Ephemeral Pool PCB’s

. HRL Arsenic, Beryllium, Chromium, and PCB’s

Arsenic at the 1100-3 subumt w1th an ICR of 9E-06 was dropped from the list of
COPC. This decision was based on the fact that the risk resulted from the ingestion of soil-
with a maximum concentration of 3.4 mg/kg detected in a single near surface sample. All

other sample concentrations of arsenic in this subunit were approximately one-half of that
detected in the maximum and are likely to represent subunit background arsenic

*concentrations. - Given that the estimated risks represent a significant corntribution from

background arsenic in-the soil, nsk managers determined that it was appropriate to exclude -
arsenic from further evaluation.

_ Further evaluauons were madle based on the 95% UCL contaminant concentrations to
determine the COC. All contaminants originally identified as COPC were also determined to
be COC using these values. Chlordane at the UN-1100-6 (Discolored Soil Site) and arsenic,
beryllium, and chromium at the HRL all bad ICR’s within Ecology’s prescribed range of 1E-

+ 06 to 1E-05 (see table 7-1). Site risk managers have determined that the risks from these

contaminants are at an acceptable -level and are protective of human health for the 1100-EM-
1 OU. This determination' was based on a several factors.including:- (1) the risks are

associated with the conservative residential scenario which assumes a land use that is

différent than the current land use and is a source of great uncertainty; (2) there has been
no evidence that these soil contaminants have contributed to the contamination of -
groundwater; and (3) the potential for mlgratlon of these soil contaminants to grouudwater is
minimal (section 7.1.2.1).: The remaining COC in each subunit as determined by the

BRSRA are the same as those identified by the BISRA using 95% UCL contaminant
concentrations. They are:

® UN-1100-6 BEHP
¢ Ephemeral Pool | PCB’S
® HRL PCB’s -
- Friable asbestos ﬁras also found to be dispersed thrbughout HRL. The risk
assessment did not evaluate the risks associated with this contaminant because there are no

published reference doses or carcinogenic potency factors for asbestos. However, releases of

friable asbestos in fugitive dust does pose health risks to onsite workers and RAO’s will be
developed to address this health risk.
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The Phase IT RI has confirmed the presence of groundwater contaminants at the site.
These contaminants do not present any risk to human health under the current and future
industrial land use scenarios for the site because: (1) downgradient users are supplied by

‘Richland’s water distribution system, and (2) the Phase I and II RT determined that the North

Richiand well field is not impacted by the HRL contaminant plume and is not at risk. The
uncontrolled land use future uneertamty assessment using residential exposure indicates a
higher risk than the industrial scenario. However, that risk (3E-05) is within the acceptable
risk range established by the NCP but is hxgher than that prescribed by MTCA.

TCE in groundwater was calculated to have an ICR of 3E-05 for the uncertainty risk
assessment. Generally, where groundwater is a potentlal source of drinking water, clean up
requirements are set at levels which reduce the ICR to 1E-06 or to MCL’s. Becausé of the
uncertain use of the aquifer as a potential source of drinking water in the long-term future,
TCE was identified as a contaminant of concem. 'The hazard quotient (HQ) associated with
nitrate in the groundwater for the uncertainty risk assessment was calculated to be 0.8.
Typically, a contaminant of concern has a HQ of 1°or greater. However, nitrate is present at
levels above-MCL?s making it a contaminant of concern. - The MCL is based on preventing
methemoglobinemia through the ingestion of water containing nitrates in infants under 6
months old. Because the primary risks are to a minority of the population in the évent of -
residential land use, which is associated with much uncertainty, site risk managers have

determined that nitrate is not a risk driver at’ this OU. -If nitrate were the lone groundwater

contaminant, remedial actions addressing it would not be justified under this scenario.-
Nitrate in groundwater is considered a contammant to be addressed only in con]uncuon with™
remedial actions targeted for TCE. - _

A summary of the chem1c:a1s and medla of concern, and the risks assocmted with each
is provided in sectmn 5.0 of tlus report P

713 Exposure Routes

The exposure routes and receptors that may be affected by the currently identified
chemicals of concem are discussed by medlum in the following paragraphs.

7.1.3.1 Soils. Contaminants of concern are identified in surface and near-surface soils of
the three subunits. Primary receptors include people with direct site access and job duties
pertaining to the Discolored Soil Site, HRL,, and the Ephemeral Pool. Receptors could be
exposed through dermal contact, incidental ingestion, or inhalation of fugitive dust.
Additional details on risk and pathway discussions can be found in appendix K.

The Phase II RI study looked at the potential for leaching of soil contaminants from
the HRL soils to the aquifer. As discussed in section 4 of this report, and in further detail in
sections 5.2 and 5.3 of the Phase I RI (DOE/RL-90-18), the potential for mlgranon of
inorganic or organic contaminants is minimal. In summary, this conclusion is based on the
following factors: - the predominantly low concentrations of contaminants in surface and
subsurface soils; the infrequency of detection of the contaminants throughout the site; the low
rainfall due to the desert climate; the low mfiltratxon rate to the groundwater table identified
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in section 6 of this report [approximately between 1.04 and 3.46 cm/year (0.41 and 1.36
in/year)];. the hydrophobic nature of the organic contaminants of concern; the low solubility
of the inorganic contaminants identifiéd as contaminants of concern; depth to the
groundwater table (20 to 25) feet; and the fact that no soil contaminants have been detected
at elevated levels in the groundwater monitoring network at the HRL, some 20 years since its

closure. Based on these facts, this pathway was not considered under ex:stmg land- and
water-use conditions.

7.1.3 -2 Groundwater. Primary exposure routes for groundwater are through the ingestion
of drinking water and the inhalation of contaminants released through the housechold use of

water. However, no known or expected groundwater users presently exist and are un]Jkely
to be present within the next 20 years (appendix J).

7.1.4 Applicable or Relevant and Appropriate Requirements

In addition to the baseline risk assessment, section 121 of the Superfund Amendments

- and Reauthorization Act (SARA) provides a framework for selection of remedial actions and

evaluation of cleanup standards for Superfund sites. This section of the statute sets forth the

- need for appropriate remedial actions, consistent with the National Oil and Hazardous

Substances Pollution Contingency Plan, 40 CFR, part 300 (NCP), that provide a cost-
effective response. Subsection (d) of section 121, generally requires that remedial actions

attain a level or standard of control at least equivalent to ARAR’s promulgaied under Federal
or state laws.

Identification of ARAR’s is done on a site-specific basis and involves a two-part
analysis: first, determining whether a given requirement is applicable; and second, if a given
requirement is not applicable, determining whether it is relevant and appropriate. When the -

analysis determines that a requirement is relevant and appropnate substantive comphance is
the same as if it were apphcable

Applicable standards are those cleanup or control standards and other substantive
environmental protection requirements, criteria, or limitations promulgated under Federal or
state law that specifically address a hazardous substance, poliutant, contaminant, remedial
action location, or other circumstance at a CERCLA site. Relevant and appropriate
standards refer to those cleanup or contro! standards, and other substantive environmental
protection requirements, criteria, or limitations promulgated under Federal or state law that,
while not applicable, address problems or situations sufficiently similar to those encountered
at a CERCLA site that their use is well-suited to the particular site.  Nonpromulgated -
advisories or guidance documents issued by Federal or state governments do not have the
status of potential ARAR’s. However, they are to be considered (TBC) in determmmg the

necessary level of cleanup for protection of human health and the env:ronment The EPA
has identified three categories of ARAR’s:

. Chemical spemﬁc;

. Location specific (e.g., wetland limitations or historical sites); and
® Action specific (e.g., performance and design standards).
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Chemical-specific requirements sét health or risk-based concentration limits or ranges
in various environmental media for specific hazardous ‘substances, pollutants, or
contaminants. These requirements may set protective cleanup levels for the chemicals of
concern in the designated media, or may indicate an acceptable level of discharge (e.g., air
emission or wastewater discharge) where 1t occurs in a remedial act1v1ty

There are a ]mnted number of chenucal—spec:ﬁc reqlurements therefore, it is
frequently necessary to use chemical-specific advisory levels, such as carcinogenic slope
factors or teference doses (RfD’s).  While not ARAR’s, these chemical-specific. adv1s01'y
levels may factor into the: estabhshment of protectwe cleanup goals (EPA, 1988).

Location specific ARAR s are requn'ements based on the physical locanon, suchas a
floodplain, where an action may take place. Based on referenced descriptions, there are no
cultural resource areas such as archaeologic and/or historic sites; no endangered or
threatened species and their critical habitats; nor environmentally important natural resource
areas such as floodplains, wetlands, important farmlands, and/or aquifer recharge zones in
the areas-evaluated. for remedial actions. Therefore, potential Iocation specific ARAR 8
addressing remedial actions at these sxtes are not pertment

Action specific ARAR §-are reqmrements placed on partlcular remedial actions as -
they relate to the management of hazardous wastes. ' Typically these mclude requlrements for
transportation storage, or dlsposal of- haza:dous wastes.

The ARAR s and TBC’s for the operabIe unit are comprehenswely discussed in
appendix M.

.1 5 Prellmmary Remediation Goals (PRG’s)

PRG’s are goals that When achieved will both comply with ARAR’s and result in -
residual risks that fully satisfy the NCP requirements for the protection of human health and
the environment. . Chemical-specific PRG’s establish concentration goals for contaminants in
medias of concern based on the land use at the site. For the 1100-EM-1 Operabie Unit,
chemical-specific PRG concentrations are determined by ARAR’s. Those ARAR’s include-
concentration levels set by Federal or state envn_on_me_ntal regulations. PRG’s for this report -
are either based on MCL’s set under the Safe Drinking Water Act (SDWA) or clean-up -
levels determined under the State of Washington’s Model Toxics Control Act (MTCA).

7.1.5.1 Media Specific PRG’s. PRG’s for the ingestion and dermal contact exposure
pathways for contaminated operable unit soils were derived using the MTCA (WAC)
173-340. For these exposure pathways, the points of compliance for contaminated soil sites
will be throughout the subunit from ground surface to a depth of 15 feet. The migration of
contaminants to surface water or groundwater is not considered an operative pathway and -
PRG’s based on these contaminant migration pathways were not caiculated.
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Selection of the appropnate ARAR’s for the detennmauon of these PRG’s is
discussed in appendix M. Consistent with DOE’s Jand use strategy for this OU, PRG’s for
the Discolored Soil Site and the Ephemeral Pool are based on unrestricted future land use.
This determination was based on the following practicability factors: the relatively small
volume of material contaminated at each site; the availability of technologies which can attain
these cleanup levels; the low risks to remedial workers when instituting these actions; and the’
high probability of achieving unrestricted closure. For the Discolored Soil Site, the MTCA
Method B cleanup goal was determined to be 71 mg/kg for BEHP in soil. For the. .
Ephemeral Pool, because there is only one contaminant of concern, the MTCA Method A
cleanup goal of 1 mg/kg of PCB’s in soil was evaluated.

MTCA Method C was used to determine the PRG of 5.2 mg/kg for PCB’s at the
HRI.. While a consensus as to the long-term future use of the 1100 Area as a whole cannot
be reached, it is very unlikely that the land use at the HRL will be anything but restricted.
This judgement is based on the fact that the PCB hot spot lies within a larger area which was
used as a landfill for construction debris and office wastes. The landfill contains a large
volume of waste with relatively low levels of contamination. It also contains asbestos which

, requires management through long-term institutional controls {access restrictions and

cappmg) Therefore, Method C was considered to be appropnate for this subunit.

- The goals put forth in EPA and MTCA guidance are to return usable groundwaters o
their beneficial uses in a timeframe that is reasonable given the particular circumstances of
the site. PRG’s for groundwater were based on the most stringent of applicable Federal or

«, state requirements, which were determined to be SDWA MCL’s. MCL’s for TCE and

nitrate as nitrogen are 5 ug/l-and 10 mg/l, respectively. The points or alternate points of
compliance with MCL’s will be as determined by EPA and Ecology. Proposed points of

¢ compliance are discussed in section 8.0 as part of the selection of alternative remedies.

Tables 7-2 and 7-3 summarize the PRG’s associated with each media and exposure

==, pathway for the contaminants of concern at each operable subunit.

7.1.5.2 Remediation Timeframe. Scil and groundwater remediation will generally be
accomplished in timeframes that are appropriate for the risks associated with the site. ‘
Promising innovative technologies may require a longer timeframe to implement than more
proven technologies. However, because the immediate site risk is low, innovative
technologies were not screened out on this basis alone. The overall goal is to select a
remediation alternative that will both be effective and that can be implemented in a
reasonable timeframe given the particular circumstances. _
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TABLE 7-2.- RESIDUAL RISKS ASSOCIATED WITH SOIL PRG’s

1

_ PRG Conc Soil Ingestion - ‘Fugitive Dust Dermal E)QPOSﬁre - Contaminant Totals “ Subunit Totals
Operable Subunit Contaminant (mglkg) ; - . ; 2 T
HQ Risk HQ Risk HQ . Risk . HO Risk HQ Risk
UN-1100-6 BEHP S n: 0.013 | 2E-06 - 2E-09 0.002 2807 0015 -} 2806 . |- 0.015 2E-06
| Discofored Soil Site ! : . ' : :
{ Ephemeral Pool PCB's 1 - 1605 ~ | 4p0s - | 2E05 -~ |35 1 - | 3Bos
HRL PCB's 524 -~ 4E-06 - 3E07 - - 4B-06 ~ | sBos 8E-06
Maximum Site Risks 0.015 3E-05
! Residual risk associated with residential sceniario.
* PRG for subsurface soils based on MTCA Methed B. _
3 PRG for subsurface soils based on MTCA Method A Table.
* PR@ for subsurface soils based MTCA Method C,
) ’
"PRG’s (RESIDENTIAL SCEN ARIO)1
: Operable Subunit Contaminant PRG Conc Water Ingesnon Inh&lntlon of Dermal Exposure ) " Contaminant Totals . Suhun':t. Totals
- (mgil Household Release S
HQ " Risk | HQ | . Risk HQ | Risk HQ Risk HQ |  Risk
N siewide TCE 0.005 - 6E-07 1E-06 = - - 2806
Groundwater ' : - . .
Nitrate 10 0.17 - - - - -- 017 | - ‘
: 017 . 2E-06
- e |
; ' Site Totals 17 .| 2B06 I’
:':{G’s for groundwater are based on SDWA MCL's. JJ
. - ., - -
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7.1.6 Soil RAO’s
RAO’s have been identiﬁedtf'o'r tﬁe contaminated near surface aind subsurface soils at
the Discolored Soil Site, the Ephemeral Pool, and HRL based on detected concentrations of
chemicals of concern exceeding ARAR’s. All RAQ’s shall minimize exposure to
contaminated soils during remediation. These specific operable unit RAO’s are:
® UN-1100-6 Subunit (Discolored Soil Site)

a. Prevent the ingestion of and dermal contact with soils having BEHP
concentrations greater than the MTCA B cleanup level of 71 mg/kg.

b.  For remedial actions that leave any contaminant in place above MTCA
B Jevels, provide adequate institutional controis to monitor the site after remediation and to-
prevent: poten’ual future receptor exposure to contaminants. :
¢ Ephemeral Pool

a. Prevent the ingestion of and dermal contact. with soils havmg PCB

b3 -concentratxons greéater than the MTCA A cleanup level of 1 mg/kg.

b. _ For remedial actions that leave any contaminant in place above MTCA
A levels provide adequate institutional controls to monitor the site after remediation and to
prevent potential future receptor exposure to contaminants.
¢ HRL

- a.  Prevent soil ingestion of and dermal contact with soils having PCB’s at
concentrations greater than the MTCA C cleanup level of 5.2 mg/kg.

b. Prevent inhalation of fugitive dust from soils that may contain asbestos
c. For remedial actions that leave any contaminant in place above MTCA
C levels, provide adequate institutional controls to monitor the srce after remediation and to
prevent future receptor exposure to contaminants.

7.1.7 Groundwater RAO’s

For the contaminated groundwater, the following RAO’s based on chemicﬁ:al-speciﬁc
ARAR’s are identified.

a. Minimize exposure to contaminated groundwater through existing
institutional controls and the use of the domestic water supply system.
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b. Attain the SDWA MCL of 5 ug/l for TCE at the designated point of
compliance. The point of comphance is to be defined by EPA and Ecology Momtormg for
compliance will be performed at the defined pomt

c. Protect envnonmental receptors in surface waters by reducing
groundwater contaminant concentrations in the plume to levels that are safe for biological and
human receptors that may be affected at the groundwater dlscharge point to the Columbia
River.

7.1.8 Residual Risks Post-Achievement of PRG’s

Residual risks after meeting PRG’s were calculated based on the uncertain residential
land use scenario for soils at the Discolored Soil Site and the Ephemeral Pool, and the - _
industrial land use. scenario for soils at the HRL. The uncertain residential iand use scenario
was used to determine residual risks for groundwater. These risks are presented in tables 7-2
and 7-3. -Site risks from contaminated soils are reduced from 4E-04 to 2E-06, 4E-05 to 3E-
03, and 5E-05 to 8E-06, for 99.5, 92.5, and 84-percent reductions in incremental cancer risk
at the Discolored Soil Site, the Ephemeral Pool, and HRL, respectively. Groundwater
residual risks were calculated using the uncertain residential scenario. For nitrates,
remediation to the PRG gives a hazard quotient of 0.17 compared to a 95-percent UCL based
hazard quotzent of 0.8. For TCE, the total incremental cancer risk due to inhalation and -
ingestion is reduced from 3E-05 based on the 95—percent UCL to 2E—06 for a 93-percen1:
reduction in risk. N

Not included in these are the potential risks to human health and the environment -
associated with remedial activities at the site. An example would be the remediation of any
soils within the HRL. Because there is a significant presence of asbestos in landfill soils,
fugitive dust poses a health threat to remedial workers. -Any activities conducted must
include the suppression of fugitive dust.

7.2 GENERAL RESPONSE ACTIONS
These paragraphs descnbe general remonse ‘actions that satisfy the remedial action

objectives, with a range of response actions presented for soil and groundwater
contamination. These response actions should ensure the protection of buman health and the

- environment, maintain protection over time, and minimize untreated waste (40 CFR 300).

Each general response action, with appropriate technology and process options, is more fully
evalnated in paragraph 7.3 and section 8.0. The following paragraphs describe the general
response actions, and include 1dent1ﬁcat10n of areas aud volumes of oontammated soﬂs and

groundwater.
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7.2.1 Areal Extent and Volume of Contannnated Mcedla

The,areal extent and volumes of contammaied soil, and the areal extent of and the _
volume of contaminant in groundwater are estimated in the following sections. In the case of
soils, estimates are based on the results of Phase I and II RI soil sampling: It should be
noted that there is a significant amount of uncertainty in any volume calculation which relies
on limited soil sampling results. Further compounding the uncertainty at this operable unit is
the fact that the majonty of samples taken were surface samples; there is very littie
information concemning the depth of the contaminants. - However, because of the insoluble
nature of the contaminants of concern and their presumed origin, contamination is expected
to be confined to near surface soils. The areal extent of contamination at all subunits used in

- the following estimates were conservatively assumed by either setting the boundaries of the

contaminated areas at sample locations at which no contaminant was detected, or by
extrapolating from sample locations at which contaminants were detected to points.at which
the level of contamination was presumed to be zero. ‘For groundwater, the estimates are
based on mode]]mg results that used Phase I and I[ RI groundwater samphng results as input.

7.2.1.1 Extent and Volume of Soil Contan:unatlon Soil contamination is beheved to be
restricted to surface and near surface soils. As discussed in section 4. 0, the origin of the
BEHP at the Discolored Soil Site appears to be the result of one, and possibly several,

. mczdents where containers of liquid organic material were dumped onto the ground. The

origin of the PCB contamination at the Ephemeral Pool is unknown. The PCB contamination
at HRL is believed to have originated either as a release of hydraulic fiuid from heavy
machmery or from an incident where containers of liquids containing PCB’s were dumped.
The extent and volume of these contaminated areas are estimated as follows:

'® TUN-1100-6 subunit (Discolored Soil Site)-—A gnd was established and 15 soil
samples were taken at this site (samples A6141S throngh A6155S on figure 4-3). Of these,
BEHP was only detected in samples A6150S through A6155S. These sample Jocations are
within or in close proximity to the area of the soil discoloration. Because of the transport
mechanisms of BEHP (section 6.0}, the soil contamination is believed to be confined to this
area. A conservative estimate of the areal extent of the contamination is made by
considering the contaminated area to be bounded by the sample points, which did not detect
any BEHP. This area is shown in figure 7-1 and measures 0.07 hectares (0.18 acres).. The
depth to which discolored soils can be distinguished is less than 0.25 m (10 in). Since BEHP
is strongly sorbed to soils, the depth of contamination is not anticipated to extend much past

- this point. Contamination is conservatively assumed to extend from the surface to a. depth of

0.46 m (1.5 ft). The volume of contaminated material is thus calculated to be 340 m®
(440 yd®). | | -

® Ephemeral Pool--Six surface soil samples were taken during the. Phase I RI along

. the bottom of the surface depression that constitutes the Epbemeral Pool (figure 4-7). PCB’s

contamination was detected at only two of these locations (E2 and E3). Because no-PCB’s
contamination was detected at location E4, it is used as the southern most boundary of the
contaminated area.” The northern boundary of the contamination is chosen as the point in the
depression that is equal in elevation to that of E4, which is 122.4 m (401.5 ft) amsl.
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~This point was chosen bécause, under the worst case scenario, it is hypothesized that a pool
‘of PCB contaminated liquid with a uniform surface elevation may have existed. This area is

depicted in figure 7-2 and averages 7.1 m (20 ft) in width and is 93 m (305 ft) long. The
depth of contamination is assumed to be shaflow as the PCB’s should be confined to the fine
sediments. Contamination is assumed to extend from the surface to a depth of 0.46 m (1.5
ft). The volume of contaminated soils associated with this site is 250 m® (340 y&).

® HRI--HRL was investigated in both the Phase I and Phase IT RI’s. These
investigations are summarized in section 3.0. Sampling concentrated on areas of the landfill
known to have been actively used. Because access to the landfill was uncontrolled, it is
difficult to determine what other areas may have been used. As a result of this unknown, the
active area of the landfill is assumed to be bounded by physically undisturbed topological
features. - The outline of this area is shown in figure 7-3 and the area calculated by
planimetry is approximately 10.1 hectares (25 acres). The exception is the southwest portion
of the site that appears to have been used as a source of borrow material. Soil sampling in
this area gave no indication of contamination that is distinguishable from background.

Only one contaminant, PCB, is present at levels that may pose a risk to human health.
The PCB’s are concentrated a:ound boring HRL4 (figures 7-3 and 7-4) from which samples
were analyzed during the Phase I RI. PCB’s (> 1 mg/kg) were detected in soils from the -

surface to a depth of 0.85 m (2.8 ft). Very small concentrations (< 1 mg/kg) of PCB’s

were detected in two samples at depths greater than 1.52 m' (5 ft). Additional surface and
near surface samples were taken during two separate soil sampling events during the Phase II
RI (figure 4-24) in an effort to delineate the areal extent of the contamination. All samples
were taken within an area approximated by a 8.5 m by 8.5 m (28 ft) square centered around

*  HRL-4. -Samples taken during the last sampling event, at the vertices of this square,

contained detectable concentrations of PCB’s.. In order to determine the approximate areal
extent of the contamination, straight line extrapolations were made from the presumed center
of-the boring, along the diagonals of the sampled area, to a point where- PCB concentrations
would be zero. Using the most conservative of these extrapolations, the contaminated area is
estimated to. be bounded by a 17.3 m by 17.3 m (57.75 ft) square centered around HRL-4.
Using 1.52 m (5 ft) as the depth of the contamination gives a volume of 460 o’ (600 yd®).

7.2.2. Extent and Volume of Groundwater Contamination

The source of groundwater contamination at and downgradient of the HRL is believed
to have originated from activities conducted offsite. The present length and width of the
TCE plume is 1.6 km (1 mi) and 0.3 km (0.2 mi), respectively. The estimated volume of
TCE in groundwater is 75-115 L (20-30 gal). This volume does not account for the amount
of TCE which may be adsorbed onto saturated zone soils. The length of the nitrate plume is
2 km (1.3 mi) and its width is 0.8 km (0.5 mi). The TCE and nitrate plumes are shown in
figure 6-12 of section 6.0.
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7.2.3 General Response Actlons for Soils and Groundwater

General response actions for soﬂs and groundwater are classes of actions that will
satisfy either one or more. of the remedial action objectives described in paragraph 7.1.
Appropriate response actions include no action, institutional controls, containment,
excavation/treatment/disposal for soils, extraction/treatment/discharge for groundwater, and
in-situ treatment, all of which may be used alone or in combination. General response
actions have been determined for the Discolored Soil Site, the Ephemeral Pool, HRL, and
the groundwater beneath the HRL, and are discussed in paragraphs 7.2.3.1 through 7.2.3.6.

7.2.3.1 No Action. This alternative is required by the NCP and has been retained for -
baseline comparison with other alternatives. Because no remedial activities would be
implemented, long-term human health and environmental risk for the site would be those
identified in the baseline risk assessments (appendixes X and L). '

7.2.3.2 Institutional Controls. Institutional controls include fencing, posting of signs,
I~ Jand-use restrictions; and other controls that restrict future access to, and use of,
contaminated soils and groundwater. Continued monitoring of air and groundwater quahty
would also be mplemented to assess the migration of contammants offsite.

o 122,33 Contaunment -Containment actions usually mvolve capping contaminated soils with
“““““ a protective barrier, such as clay, concrete, or plastic liners, or isolating contaminated soils
> by placing an in-situ barrier, such as a bentonite slurry wall. These barriers limit

ey infiltration, prevent plants and animals from being exposed to contaminated soils, prevent

~ fugitive dust, and provide long-term stability with relatively low maintenance requirements.

P Containment options for groundwater prevent the further migration of contaminants

" offsite. Typically, this is achieved through the use of vertical barriers such as a bentonite
== slurry wall or by controlling the hydraulic gradient using a series of extraction and injection
~y Wells. Impervious caps are also sometimes used to prevent infiltration and aquifer recharge.

o 7.2.3.4 ExcavatmanrwtmenﬂDlsposal for Soils. Excavauon!treatment/dmposal actions
include excavation and disposal of untreated soils at an offsite landfill; excavation, offsite
contaminant: destruction, immobilization, or other treatment, and disposal at an offsite
landfill; and excavation, onsite contaminant destruction, immobilization, or other treatment,
and onsite disposal. Typical treatment options include biological landfa:nnmg, thlermal
processing, soils washmg/dechlomlauon and stabﬂlzanon/ﬁxaucn

7.2.3.5 Extractloanr&tmentl})lsposal for Groundwater. Extraction wells are used to -
collect contaminated groundwater for treatment. Treatment options consist of physical,
chemical, and biological processes. - Physical treatment processes include carbon adsorption,
air stripping, and reverse osmosis. Chemical oxidation, ultraviolet radiation, irradiation, and
ion exchange are several of the chemical processes. The use of aerobic and/or anaerobic
bacteria to degrade the contaminants are the basis of biological processes. Treated
groundwater is discharged either back into the aquifer through injector wells or discharge
trenches, to storm or sanitary sewers, or directly to surface waters.
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7.2.3.6 In-Situ Treatment. In-situ technology types can include biological, chemical,
physical, and thermal processes. In-situ treatment for soil includes aerobic or anaerobic
biological processes, surfactant soils washing, vapor extraction, chemical oxidation, radio-
frequency heating, stabilization/fixation, and in-situ vitrification. These treatments attempt to
gither destroy, immobilize, physically remove or chemically alter the contammant(s) to. i
minimize harmful nnpacts to the groundwater or surface envn'onment o

For groundwater, in-sitn treatment includes aerobic or anaerobic biological processes,
aeration, heating, and chemical oxidation or reduction. These treatments attempt to destroy,

physically remove, or chemically alter the groundwater to minimize the potent:lal nsks to
human health and the environment. - . :

7.3 IDENTIFICATION AND SCREENING OF REMEDIAL TECHNOLOGIES AND
PROCESS OPTIONS

In thesefpamgraphs, | the universe of potentially applieable technology types and -
process .options are identified. The process options are screened with respect to technical

- implementability, and the candidate list is reduced to reflect oniy those options that can be-

implemented at the site. Site specific information obtained during the Phase I and TI RI is
used as a basis for screening. This information includes contaminant types, concentratrons
and volumes, and site soﬂ and hydrogeologlcal characbenstrcs B

The Phase I- and I FS’s (DOE/RL—QO 32) mrually developed alternatives for remedial”

actions at the Discolored Soil Site and. the HRL. Contamination at the Ephemeral Pool and -

of groundwater beneath the HRL was not addressed. For the Discolored Soil Site, -f-~

* alternatives that were retained included no action, institutional controls, excavation and

treatment by incineration, and in-situ biological treatment.  Forthe HRL, no action,
institutional controls, excavation and treatment by incineration, dechlorination, or -
stabilization, and excavation and offsite disposal were the alternatives retained. - The process
options that comprise these alternatives are reevaluated in this report.

Technology types and process options are selected within each general response action
to satisfy the remedial action objectives for the site. Appropriate technologies were ldentlﬁed_
and screened using the following references: Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERCLA (EPA, 1988), Handbook for
Stabilization/Solidification of Hazardous Waste (BPA, 19864), Guide to Treatment
Technologies for Hazardous Wastes at Superfund Sites (EPA, 1989¢c), Handbook on In-Situ
Treatment of Hazardous Waste-Contaminated Soils (EPA, 1990b), Innovative Trearment
Technologies: Overview and Guide to-Information Sources (EPA, 1991b), Treatment
Technologies Second Edition (GII 1991), and Water Treatment Principles and Deszgn
(IMM, 1985) ,
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7.3.1 Identification and Screemng of Soﬂ Technologus and Proc&ss Options

The initial screening of soﬂl technologm and process optlons is summanzed in table
7-4. Capping is the only technology type retained for the containment general response
action. Other containment alternatives are infeasible because of the extent and depth of the
contamination (specifically at HRL). In-situ thermal treatment is also rejected as a
technology type because of the low volatility of the organic contaminants and the non-
homogenous nature of HRL. A summary of the technology types and process options
retained after m1t1a1 screening is prov1ded in table 7-5.

7.3.2 Identification and Screening of Groundwater Technologies and Process Options

Table 7-6 summarizes the gréuﬁdwater technologies and process options initiaily
screened. Hydraulic gradient control is the only process option retained for the containment
general response action. All other containment options are not feasible due to the areal

-+ extent and depth.of the contaminant plume. In-situ chemical treatment is rejected as a

technology type because chemical treatments are not applicable to the contaminants of
concern or their concentrations, or because of the depth of the aquifer. Table 7-7isa

summary of the groundwater technology types and process options remaining after initial
screenmg

7.4 EVALUATION OF RETAINED PROCESS OPTIONS

In this section, process options that were retained after the initial screening are.
evaluated with respect to effectiveness, implementability, and cost. This evaluation focuses
on the technologies and the general response actions they are intended to satisfy, and not of

- thessite as a whole. A greater emphasis is placed on the effectiveness of the process option,

with implementability and cost receiving less consideration. ‘The goal of this step on the

¥ screening process is fo select a representative process from each technology type to simplify

the development and evaluation of alternatives to be accomplished in subsequent steps.
The effecuveness evaluation cons1ders the followmg

® The abﬂlty of the process option to effectively handle the estimated areas or
volumes of contaminated media in meeting the RAQ’s;

® The risks to human health and the environment during the construction and
implementation phase; and

. The demonstrated ré]iability of the prbcess for the contaminants and conditions
of the site. - S

The technical feasibility of implementing the process options was considered at initial
screening. At this stage, the administrative feasibility of the process options are considered.
The evaluation criteria used includes:
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® - The ability to obtaln the necessary pernnts from the appropnate agencies for -
offsite actions;

L] The ability .to access and use treanﬂent- , storage, and 'disposal services; -

. The avallablhty of skilled workers and proper equlpment to mplement the
technology; and _ , _

. The ab:hty to meet ARAR S.

At this stage cost plays a limifed role in screening of process options. Cost analysis
is made on the basis of engineering judgement. Relative capital and operation and
maintenance (O&M) costs are used in lieu of detailed estimates to compare costs within each
technology type, and processes are evaluaxed as to whether costs are high, medium, or low.

A detailed narrative evaluatmn of each of the process options is provided in the
fo]lowmg paragraphs SRS

7.5 SOIL PROCESS OPTIONS EVALUATION

Remaining process options for the remediation of contammated soils are evaluated in-
the following paragraphs.

7.5.1 No Action

This alternative is reqmred under the National Contingency Plan and is retained for
comparison with other alternatives. Under this alternative, the site soils will not be disturbed
and groundwater monitoring of existing wells in the Hom Rapids Landfill (HRL) would be
continued to determine if potential downward percolation of soil contaminants is affecting
groundwater quality. Groundwater monitoring is considered an "institutional control.” -

This alternative would not be effective in reducing the short- and long-term risks to
human health and the environment. Risks would remain the same as those identified in the
baseline risk assessments. Implementation of the plan would be difficult because applicable
or relevant and appropriate requirements would not be achieved. The cost of this alternative
would be low.

7.5.2 Institutional Controls

Institutional controls are actions which protect human health and the environment and
assure continued effectiveness of a response action. These actions would prevent exposuare to
contaminated soils for onsite workers and would ensure that the contaminants are not
migrating offsite. Access restrictions and long-term momtonng are the institutional controls
considered. . o
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B TABLE 7-4 . '
INITIAL SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS
Page 1 of 6
General Remedial Process Option Description Screening Comments
Response Action Technology Type
No Action None Not Applicable Contaminated soils are left in place with Consideration required by NCP.
no further disturbance of site. ' ' '
Institutional Access Administrative Regulations would be established to restrict  Potentially feasible for all subunits.
Controls Restrictions Controls the use of land in the area of concern.
'Deed Restrictions . Change of ownership deeds would require Potentially feasible for all subunits. -
limitations on future land uses. ' '
Excavation Existing and future landowners would be Potentially feasible for ail subunits.
“J Restrictions restricted in new subsurface construction C
Ny or excavation.
W
Fences Access to contaminated soil sites would be Potentially feasible for all subunits.
' restricted by use of fence.
Monitoring Groundwater | Sample arid test groundwater on a regular Potentially feasible for all subunits, -
Monitoring basis. :

9 Jo 1 o3eq
#-L S1qEL

 9Z6-Ta/HOd



vi-L

g Jo 7 a8eg
- ¥4 PI9EL

TABLE 7-4 (Continued)

INITTAL SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS

Page 2 of 6

General
Response Action

Remedial
Technology Type

Process Option

Description

Screening Comments

Containment

Capping

Horizontal
Barriers

Vertical Barriers

RCRA Cap

- MSWLF Cap

Asbestos Cap -

Options Include:

~'Grout Injection and
-Liners

Options Include:
Slurry Walls, Grout
Curtains, and Sheet
Piling

Cap complying to RCRA standards for
closure of landfills.

. Cap complying to the Washington

Administrative Code (WAC) for closure of
municipal solid waste landfills (MSWLF)
in atid regions.

Cap complying to the code of Federal
regulation for closure of landfills
containing asbestos,

- A horizontal barrier is placed below the .

contaminated soil to prevent migration of
contaminants to groundwater.

A vertical bartier is placed to prevent
contaminants from migrating,

Potentially feasible for all subunits.

Potentially feasible for all subunits.

Potentially feasible for HRL.

. ‘Not feasible due to extent and depth of

contamination' at HRL. Not feasible
due to small volumes of material at the

Discolored Sml Site and Ephemeral

Pool.

Not feasible due to extent of
contamination at HRI.. Not feasible
due to small volumes of material at the
Discolored Soxl Site and Ephemeral
Pool.
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_ TABLE 7-4 (Continued)
INFTIAL SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS
' Page 3 of 6
General Remedial Process Option Description Screening Comments
Response Action  Technology Type
Excavation/ Excavation Earth-Moving Backhoes, loaders, bulldozers, dump Potentially feasible at all subunits.
Treatment/ Equipment trucks, etc. used to excavate and move
Disposal contaminated soil to treatment area if
required. :
Thermal _ Rofary Kiln Slightly iﬂciiﬁed, refractory-lined cylinder Potentially feasible for PCB’s and
Treatment Incinerator used for the controlled combustion of BEHP contaminated soils.

Se-L

9 Jo ¢ o8eg
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Infrared Incinerator

Circulating Fluidized
Bed Incinerator

Low Temperature
Thermal Desorption

Vitrification

organic waste.

Silicon catbide elements are unsed to
generate thermal radiation beyond the red
end of the visible spectrum to combust
organic waste.

Refractory-lined vessel containing a
fiuidized bed of inert, granular, sand-like
material at high temperatures is used to
combust organic waste.

Low temperature treatment to remove -
volatile and semivolatile organic

compounds from soil.

Contaminated soils are fed into a melter

~ which destroys organics and melts

inorganic constituents into a glass pool.

Potentially feasible for PCB's and
BEHP contaminated soils.

Potentially feasible for PCB’s and
BEHP contaminated soils.

Not applicable to PCB’s or BEHP.

Potentially feasible for all subunits.

L9276~ TH/H0T
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TABLE 7-4 (Continued)
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INITIAL SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS

Page 4 of 6
General Remedial Process Option Description Screening Comments
Response Action Technology Type S
Excavation/ Chemical Dechlorination Soils mixed with chemical reactant to Potentially feasible for PCRB’s.
Treatment/ Treatment destroy chlorinated compound such as
Disposal (cont.) PCB’
- Fixation/Stabilization Bxcavated soil is mixed with pozzolanic Potentially feasible. Effectiveness on

- Chemical Oxidation

Physical - Solvent Extraction
Treatment

Supercritical
CO, Extraction

Soil Washing

. materiaf to form leach-resistant blocks.

 Soils treated with ozone or hydrogen

peroxide to oxidize organics,

An organic solvent is used to extract-
organic contaminant from soil.

Organiés are extracted from contamindted
soils by mass transfer to supercritical CO,.

Mechanical processes ‘are used to separate
particles that contain contaminants.

:Not applicable to non-water-soluble

PCB’s and BEHP contaminated smls .
would reqﬂu-e testing. o

PCB’s and BEHP contaminated soils.
Partial degradation byproducts are
toxic.

L9-76-Ta/H0d

Potentially feasible for PCB’s and
BEHP. contaminated soils,

Potentially feasible for PCB’s and
BEHP contaminated soils.

Potentially feasible for PCB’s and
BEHP contaminated soils.
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TABLE 7-4 (Continued) _
INITIAL SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS
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Page 5 of 6
. General Remedial Process Option Description Screening Comunents
Response Action  Technology Type
Excavation/ Biological Aerobic Oxygen-utilizing bacteria destroy Potentially feasible for PCB’s and
Treatment/ Treatment contaminants by oxidation, BEHP contaminated soils.
Disposal (cont.)

Anaerobic Cosubstrate is introduced to stimulate Potentially feasible for PCB’s and
anaerobic bacteria to degrade BEHP contaminated soils.
contaminants.

Disposal Onsite Treated soils exhibiting no hazardous Potentially feasible for all subunits. *
characteristics redeposited onsite. ' '

Offsite Treated soils meeting RCRA BDAT Potentially feasible for all subunits.

: criteria deposited in hazardous waste : '
landfill,
In Situ Thermal Radio Frequency Electrodes are placed in contaminated soils Not feasible ‘due to low volatility of -
Treatment Treatment Heating and radio frequency energy is used to heat PCB’s and BEHP,

In Situ Vitrification

soils and volatilize organics.

Electrodes are placed in contaminated soils

_and resistiire_heating melts soil and forms

stable glass. -

Not feasible for nonhomogenous
landfill soils at HRL. or shallow
contaminated soils at the Discolored
Soil Site and Ephemeral Pool.

L9-76-T/H0A
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TABLE 7-4 (Continued)
INITIAL SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS

Page 6 of 6

Genetral
Response Action

Remedial
Technology Type

Process Option

Description

Screening Comments

In Situ
Treatment
(cont.)

Chemical
Treatment

Phiysical

_Treatment

Biological
Treatment

Fixation/Stabilization

Surfactant Enhanced
Soil Washing

Vacuum -Extraction

Aerobic

Anaerobic

Stabilizing agents are mixed into soils to
immobilize contaminants.

Surfactant solution is percolated through
- soil column to expedite removal of
contaminants.

Vertical and/or:horizontal vents are-used to
extract volatile organic contaminants.

Nutrients and acclimated oxygen-utilizing
bacteria are introduced into soils to

~ stimulate biological degradation of
contaminants.

Cosubstrate and nutrients are introduced to
subsurface and anaerobic bacteria are
stimulated to degrade chlorinated organics.

‘Potentially feasible for all subunits.

Not feasible due to areal extent of
contamination at HRL and small

-volumes of matesial at the Discolored

Soil Site and the Ephemeral Pool.

~Net. feasible due to low volatlhty of
‘PCB’s and BEHP.

Potentialiy feasible for PCB’s and
BEHP contaminated soils.

Potentially feasible for PCB’s and
BEHP contaminated soils. -

L9-T6"TIMA0a
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. TABLE 7-5 S
SOIL PROCESS OPTIONS REMAINING
AFTER INITIAL SCREENING
Pagelof 1
General Response Action Remedial Technology Types Process Options
No Action None Not Applicable
Institutional Controls Access Restrictions Administrative Controls
Deed Restrictions
Excavation Restrictions
Fences
Monitoring Groundwater Monitoring
Containrnent Capping RCRA Cap
MSWLF Cap
Asbestos Cap (HRL only)
Excavation/Treatment/Disposal Excavation Earth-Moving Equipment
Thermal Treatment Rotary Kiln Incinerator
Infrared Incinerator
Circulating Fluid Bed
Incinerator
Vitrification

In Sitm Treatment

Chemical Treatment
Physical Treatment

Biological Treatment
Disposal

Chemical Treatment

Biological Treatment

7-29

Dechlorination (PCB’s
contaminated soils only)
Fixation/Stabilization

Solvent Extraction
Supercritical CO, Extraction
Scil Washing

Aerobic
Anzerobic

Onsite
Offsite

Fixation/Stabilization

Aerobic
Anaerobic

Table 7-5
Page 1 of 1
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TABLE 7-6 :
INITIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS
' ' Page 1 of 10
General Remedial Process Option Description Screening Comments
Response Action  Technology Type '
No Action None Not Applicable Contaminated groundwater will be Consideration required by NCP.
attenvated naturally by dispersion,
diffusion, and dilution. Additionaily,
biochemical reactions may degrade
contaminants.
Institutional Alternate Water Municipal Water Extend existing water supply system to Potentially feasible.
Controls Supplies future users. '
Commerciaily Supply commercially bottled water to Potentially feasible.
Supplied futire users.
Surface .Water Use surface water to supply future users, -Not feasible because there is currently
' a moratorium on new surface water
withdrawals from the Columbia River.
Point of Entry/ Activated Carbon Adsorb contaminants onto activated carbon Potentially feasible only for removal
Point of Use Adsorption by passing water through carbon column. of TCE. '
Treatment
Filtration Not effective for removal of TCE or

Ton Exchange

Reverse Osmosis

Remove suspended solids by straining and

adsorption onto filter media.

Hazardous anions and/or cations are

removed by passing water through ion
exchange resins.

Water is forced through a membrane under -

high pressure to filter out contaminants.

nitrates.
Potentially feasible for removal of

nitrates only.

Potentially feasible, for TCE and
nitrates, '

L{9-T6"T/H0A
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INITIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS

Page 2 of 10

~ General Remedial Process Option
Response Action Technology Type

Description

Screening Comments

Not feasible due to low concentration

Institutional Point of Entry/ Distillation Miscible liquids are separated.
Controls (cont.) Point of Use ' of TCE.
Treatment
(cont.)
Ozonation Ozone used as an oxidant to destroy ‘Not feasible for residential use,

Ultraviolet Radiation

contaminant.

Ultraviolet radiation used to oxidize

Nof feasible for residential use.

contaminant,
Electrodialysis Electric energy is used to transfer ions and Not feasible for residential use.
' anions in water through selective
membranes leaving behind purified water.
Access . Administrative Regulati_dﬁs would be established to restrict Potentially feasible.
Restrictions Controls the use of groundwater in the area of

Deed Restrictions

Fences

concern.

Propeity deeds would include festrictions
on wells. R

A fence around the groundwater plume

. would be installed to restrict access.

Potentially feasible.

Not feasible due to extent of
contamination and potential for further
migration.

L9-T6-TE/EOA
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TABLE 7-6 (Continued)

INITIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS

‘Vertical Barriers

Hydraulic
Gradient Barrier

Horizontal
Barriers

Inciude: Clay and
Soil, Geomembrane,
Asphalt, Concrete,
and Multimedia Caps

Various Options
Inciude: Grout
Curtains, Sheet
Piting, and Slurry
Walls

Hydraulic Gradient
Control

Various Options
Include: Grout
Injection and Liners

contamination to prevent infiltration from
rainwater and further spread of
contaminant plume. Capping options are
only effective in combination with vertical
barriers. . o ' ‘

Vertical walls would be constructed around
the contaminant plume to prevent further
migration. : ' '

Groundwater flow patterns are altered
through use of extraction and recharge
points to prevent migration of the
contaminant plume.

A horizontal barrier is placed below the
contaminated plume to prevent downward
migration.

Page 3 of 10
General Remedial Process Option Description Soreening Comments
Response Action Techiology Type
Institutional Monitoring Monitoring Wells Test groundwater samples on a regular Potentially feasible.
~ Controls (cont.) basis. '
Containment Capping Various Options Cap over areas of groundwater Not feasible due to extent of

contaminant plume.

Not feasible due to extent of
contaminant phime.

Not feasible due to extent of
contaminant plume.

Not feasible due to extent of
contamination.

19-76~Ta/H0A
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TABLE 7-6 (Continued)
INITIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS

Page 4 of 10
* General Remedial Process Option : Description . _ Screening Comments
Response Action  Technology Type '
Confainment Surface Controls Grading Regrade area above contaminated plume to Not feasible due to extent of
(cont.) provide drainage for runoff and reduce contaminant plume,
" infiltration of rainwater. '
Extraction/ Extraction Deep Wells . - Submersible pump used to pump water ‘Potentially feasible.
Treatment/ ) : from a deep well.
Discharge
" Ejector Wells . Medium depth wells are. pumped using a .. Potentially feasible,
: : jet punip. - - ce _ : . _
Well Points Groups of wells.are connected to a - :Not feasible due to depth of aquifer.
: common header pipe or manifold and : :
pumped by suction lift-or vacuium pumps.
Trench Drains Excavated ditch backfilled with coarse Not feasible due to depth of aquifer.
: ' gravel, : ' : : o .
Tile/Perforated Pipe Collection trench excavated, tile or Not feasible due to depth of aquifer.
Drains perforated pipe placed, and trench
' backfilled with coarse gravel.
Infiltration Galleries Horizontally laid screens connected to a - Not feasible due to depth of aquifer.
well to improve extraction capacity. '
O A A

L9-26-TId/H0d



Se-L

01 jo g a8eg
9L 9IqEL

g #% % e e 4 E SR by
[ % @ T H E: ik 22

TABLE 7-6 (Continued) :
INITIAL. SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS

Page 5 of 10
General Remedial Process Option Description Screening Comments
Response Action Technology Type
Extraction/ Extraction Sumps Excavated area to collect water at central Not feasible due to depth of aquifer.
. Treatment/ (cont.) _ location, '
Discharge (cont.)
Enhanced Extraction Extraction/injection process to increase Potentially feasible.
flow to extraction well. ' '
Physical Adsorption Organics adsorbed onto the surface of a Potentially feasible for TCE.
Treatment _ media (activated carbon). o
Air Stripping Mass transfer of VOC from liquid to air in  Potentiaily feasibie for TCE.
a.packed column by mixing high volumes
of air with water. AR
Steam Stripping Mass transfer of VOC from liquid to steam  Potentially feasible for TCE.
in a packed column by mixing high
volumes of steain with water.
Reverse Osmosis Water is forced through a membrane under  Potentially feasible for TCE and
“high pressure to filter out contaminants. nitrates.
Ultrafiltration Liquid is forced throngh a membrane Not feasible due to low molecular
under pressure and large molecular weight weight of TCE and nitrates,

contaminants are filtered out.

L9-76-TA/H0A
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INITIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS
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Page 6 of 10
General Remedial " Process Option Description Screening Comments
Response Action  Technology Type
Extraction/ Physical Electrodialysis Electric energy is used to transfer ions and Potentially feasible for the removal of
Treatment/ Treatment anions in water through selective nitrates.
Discharge (cont.)  {cont.) membranes, leaving behind purified water.
Solvent Extraction Contaminated water is mixed witha Not feasible due to low concentratmn‘
solvent and mass transfer of the of TCE.
contaminant from the 11qu1d to the solvent
occurs. : .
Supercritical Fluid : Supercritical fluid is used to dissolve ~ Not feasible due to low concentration
Bxtraction : ‘organic wastes and extract them from - of TCE.
contammawd water
- Distillation MISGlble liquids are separated Not feasible due to low concentration
' of TCE. :
Freeze Separates contaminated water into separate Not feasible due to low concentration
Crystallization phases by freezing, of TCE.
Coagulation/ Suspended solids are aggregated to Not applicable to TCE or nitrates.
Flocculation facilitate settling.
Dissolved Air Air is forced into the contaminated liquid Not applicable to dissolved -
Flotation under pressure and suspended solids are contaminants.
floated to the water surface.
- /’I- 7‘\\ /= ™,

L9-T6"TH/HOQ
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TABLE 7-6 (Contiriued)

INITIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS

Page 7 of 10

General
Response Action

Remedial
Technology Type

Process Option

Description

Screening Comiments

Extraction/
Treatment/
Discharge (cont.)

LE-L

01 Jo 1 35eg
9-L SIGEL

Physical .
Treatment
{cont.)

Chemical
Treatment

Centrifugation

Evaporation

Chemical Oxidation

Reduction
Hydrolysis
Chernical
Dechlorination

Ultraviolet Radiation/
Photolysis

Irradiation -

Separation p.rocess by which contaminants
are separated from water through rapid
rotation of the water.

The concentration of solutions of
nonvolatile solutes through heéat-induced
vaporization of the water.

An oxidizing agent is mixed into the
contaminated water and the contaminant is
oxidized.

- Metal ions are reduced to soiid form.

Destruction of organic molecules by
adjusting pH to acidic or basic conditions.

High temperatures and pressures used to
remove chlorine atomis from contaminant,

Contaminants aré oxidized using ultrawolet
fadiation or sunlight. :

Chemical reactions are initiated Ey
exposing the contaminated water to gamma
irradiation.

Not applicable to the separation of
TCE or nitrates from water.

Not applicable to TCE or nitrates.

Potentially feasible for TCE.

-Not applicable for TCE or nitrates.

Not applicable due to low
concentration of TCE.

Not applicable to dilute aqueons waste

streams.

Potentially feagible for TCE.

Potentially feasible for TCE.

L9-76-TE/HOA
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TABLE 7-6 (Continued)
INITIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PR()CESS OPTIONS

Page 8 of 10

Remedial Process Option Screening Comments

General Description
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Response Action

Technology Type

Extraction/
Treatment/
Discharge (cont.)

Chemical
Treatment
{cont.)

Biological
Treatment

Sewage
Treatment Plant

Neutralization
Precipitation -
Ton Exchange

Aerobic.

Anaerobic

Onsite Sewage
Treatment Plant

Acidic or basic waters are neutralized by
adding acid or base.

Metals are converted to an msoluble form
and prec1p1tated

Hazardous anions and/or cations are
removed by passmg water through ion
exchange résins.

.Bacteria requiring oxygen for metabolism
-oxidize contaminant in groundwater, -

Bacteria which do not require oxygen_for_
metabolism oxidize contaminants in
groundwater - e

Extracted groundwater pumped to an onsite

sewage treatment plant.

Not applicable to groundwater
contantinated with T'CE or nitrates.

Not applicable to TCE or nitrate - ~
removal,

Potentially feasible for removal of

. ‘nitrates.

Potentially feasible for TCE.

Potentially feasible for TCE and

nitrates.

Not feasible because thers is no onsite
plant,

L9-T6"Td/H0d
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TABLE 7-6 (Continued)

INITIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS

Page 9 of 10
General Remedial Process Option Description Screening Comments
Response Action  Technology Type
Extraction/ Sewage Offsite Sewage Extracted groundwater is treated at a Not feasible due to unwillingness of
Treatment/ Treatment Plant publicly owned sewage treatment plant. local POTW to accept wastewater for

" Discharge (cont.)

In Situ
Treatment

(cont.)

Discharge

Physical

Treatment Plant

Sanitary Sewer

Storm Sewer
Surface Water

Reuse/Recycle

Recharge
Aeration

Heating

Treated water discharged to sanitary sewer

and conveyed to publicly owned treatment
plant.

"Treated water discharged to storm sewer.
Treated water discharged to surface water
(Columbia River).

Treated water reused or recycled onsite.
Treated water recharged into the ground.

Air is pumped into the contaminated.
aquifer in order to volatilize contaminants,

* Contaminants are volatilized through the

addition of heat to the aquifer

various reasons.
Not feasible. Diluted wastewater
could potentially upset offsite sewage

treatment system,

Not feasible because there is no storm
sewer network in this proximity.

Potentially feasible.

Potentially feasible.

Potentially feasible.
Potentially feasible for TCE.

Potentially feasible for TCE.

L9-T6-TH/AOA
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TABLE 7-6 (Continued)

INITIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS

Page 10 of 10

General
Response Action

Remedial
Technology Type

Process Option

Description

Screening Comments

In Sitn
Treatment
{cont.)

0L

[ Jo 01 °8eq
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Physical (cont.)

Chemical

Biological

Treatment Trenches

-Hydrolysis

Oxidation

- Reduction

Nentralization

Aerobic

Anaerobic

Trenches are excavated downgradient of
the coritamination and backfilled with

activated carbon to adsorb the contaminant,

Destruction of organic molecules by

adjusting pH to acidic or basic conditions.

Addltlon of omd;zmg chermcals to aquifer

to: oxidize contaminant.

Addition of chemlcals to aquifer to reduce

metal ions to solid form..

An‘acid or base is added to the aquifer to

neutrahze the groundwater.
Aerobic bacteria oxidize contaminants.

Anaerobic bacteria oxidize contaminants.

Not feasible due to depth of aquifer.

. Not applicable due to low

concentration of TCE.
Not applicable due to depth of aquifer
and inability to adequately mix reagent

and groundwater. -

Not applicable to TCE or nitrates.

- "Not applicabie to groundwater

contaminated with TCE or nitrates.
Potentially feasible for TCE.

Potentlally feasible for TCE and
nitrates,

L9-T6-Td/90d
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: TABLE 7-7
GROUNDWATER PROCESS OPTIONS REMAINING
AFTER INTTIAL SCREENING
Page 1 of 2
General Response Action Remedial Technology Types Process Options
No Action None Not Applicable
Institutional Controls Alternate Water Supplies Municipal Water Commercially
Sapplied
Point of Entry/Point of Use Activated Carbon Adsorption
Treatment Ton Exchange (nitrates only)
Reverse Qsmosis (TCE and
nitrates)
Access Restrictions Administrative Controls
Deed Restrictions
Monitoring Monitoring Wells
Containment ‘None Remaining After Not Applicable
' Screening
Extraction/Treatment/ Extraction Deep Wells
Discharge Ejector Wells
Enhanced Extraction
' Physical Treatment Adsorption (TCE only)
Air Stripping (TCE only)
~ Steam Stripping (TCE only)
Reverse Osmosis (TCE and
nitrates)
Electrodialysis (nitrates only)
Chemical Treatment Cherical Oxidation {(TCE
~ only)
Ultraviolet Radiation/Photolysis
{TCE only)
Jrradiation (TCE only)
Ion Exchange (nifrates only)
Biological Treatment Aerobic (TCE only)
B Anzerobic {TCE and nitrates)
7-41

Table 7-7
Page 1 of 2
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. TABLE 7-1 (Continued) ' .
GROUNDWATER PROCESS OPTIONS REMAINING >~
AFTER INITIAL SCREENING
o Page 2 of 2
General Response Action Remedial Technology Types Process Options
: Extraction/Treaiment/ Discharge Surface Water
Discharge (cont.) ' Reuse/Recycle
. : . Recharge

Tn Situ Treatment ~ Physical _ Aeration (TCE only)

: . . C Heating (TCE only)

Biclogical Aerobic (TCE only)

: Anaerobic (TCE and nitrates)
L
7.42 Table 7-7 . -
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7.5.2.1 Access Restrictions.. Access controls are measures that wounld restrict the access to
or activity in the contaminated areas. - Administrative controls such as land unse zoning could
be utilized to restrict the use of the land. Currently, the 1100-EM-1 Operable Unit is zoned
for industrial use and this land use is anticipated to continue for at least the next 20 years

(appendix J). Administrative controls are retamed as an option for at Ieast the near-term
future. _

Restrictions limiting land use could be attached to deeds if and when the Department
of Energy (DOE) relinquished ownership of parts or all of the sites. Similarly, excavation
restrictions would prevent future land owners from engaging in construction activities that
would disturb the sites. These restrictions are usually not effective because they are difficult
to enforce. Also, they are not implementable because it is the policy of the Federal
government to dispose of only those properties which have unrestricted use. Therefore, each
operable subunit must be fully remediated before it can be disposed of and the need for deed
restrictions would be eliminated. For this reason, deed and excavation resmmons are not
considered further.

Perimeter fencmg at the sites would be effective in restricting pubhc access. and
reducing the potential for exposure. Fencing is readily implementable with moderate capital
and low operation and maintenance (O&M) costs. Fencing is a viable process option which
may be used in combination with other alternatives and is retained for consideration. '

7.5.2.2 Momtoring Monitoring of groundwater may be required whether or not remedial
actions are taken. -This option is used in combination with all remedial alternatives for which

- contaminants Temain onsite and is carried forward to be evaluated in the alternative: selectlon g

precess

%.5.3. Containment

Capping 1s the oniy containment option which is retained after initial scfeenjng..
Becausg of the limited areal extent and volume of the contaminated material at the Discolored

~ Soil Site and the Ephemeral Pool subunits, containment options at these sites were not

considered. Capping is only considered as an option at the HRL subunit. = A final Capping
system would prevent direct contact with soils and emissions of fugitive dust and/or minimize

any. 10ng—term potential for m1grat1011 of hqulds (leachmg poten’ual) thmugh the contammated
soil site.

The Resource Conservatmn and Recovery Act (RCRA) cap requ:rement (EPA 1989d)
is a multi-layered system ‘consisting of: '

. A top layer of at least 60 cm (2 ft) of soil, either vegetaied or
armored at the surface;

. A granular 6r geosjnthetic drainage layer with a hydraulic

transmissivity of no less than 3E-05 cm?/sec (0.0209 ft/day);
and,

7-43
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s A two—component low-permeability layer compnsed of 1) a '
- flexible membrane ]mer installed directly on 2) a compacted L - -

" soil component with an hydraul ilductmty no greater I e
than 1E-07 cm/sec 3 feet in 30 years) ' '

The Washington Admlmstrat:lve Code (W AC) 173-304460 (I.andﬁ]]mg Standards)
allows a municipal solid waste landfill (MSWLF) cap of reduced design for installations in

arid regions such-as Hanford [< 18 cm- (7 mches) rainfall per. year] This cap would cons1st
of:

e  Atop layer of at Ieast 15 cm (6 mches) of soﬂ

L An lmpermeable layer cons1st111g of a 50 mﬁ th1ck
geomembrane.

Installation of either cap would be effective in minimizing infiltration. The RCRA
cap- also provides a.means for collecting water that is able to penetrate the cap. The potential
for leaching of contaminants to the -groundwater would be minimal for either option.

However, the contaminants of concern at the Discolored: Soil Site (BEHP), Ephemeral Pool

(PCB’s), and the HRL (PCB’s) are generally insoluble and are tightly bound to the soil: As
stated in paragraph 7.1.2.1, the existing potential for vadose zone contaminant migrationto -
the aquifer is considered. mmeal Caps designed to limit infiltration are not a remedial -
action objective. Of these two caps, only the MSWLF cap is retained for further evaluanon

in the alternative selection process to prov1de a.conservative contzmlment optlon that ?ﬂ :
addresses uncertainty. s _ X S

An alternate landfill closure option has been used at many sites that contain wide -

- areas of contammated soils at low concentrations, such as found at the HRL. For these
- closures, cover requirements are less stringent because the wastes being contained do not

pose a threat to groundwater. Direct contact and fugitive dust threats can be adequately

. addressed with a soil cover. Long-term management at these sites would include site and

cover maintenance, access controls, land use restrictions, and long-term monitoring. - Af sites
where RCRA requirements for closure are "relevant and approprlate" these hybrid closure
reqmrements can be used (53 FR 51446 and EPA 1988b)

One such optlon that would meet these hybnd closure reqmrements is a cap de51gned
to prevent the emission of fugitive dust containing asbestos from the HRL. For inactive - .
disposal sites contammg asbestos, m_numum cap reqmrements are elther (40 CFR 61) :

1) A compacted 15 cm (6—1nch), non—asbestos—contammg soil cover with.
an established and maintained vegetatlve cover; or

(2) A compacted 60 cm (2—foot), non-asbestos—contalmng soil cover
maintained to prevent exposure to asbestos-containing soil; or

7-44
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(3) A compacted 15 cm (6—mch), non—asbestos—contammg soil cover with
an additional 3-inch layer of non-asbestos-containing crushed rock to prevent
- erosion. .

AII the above options would be effective in minimizing fugitive dust emission. -
Option (1) would not be implementable because of the desert environment. Options (2) and
(3) are both implementable with the cost of each being comparable and moderate. To
simplify future altematlve evaluations, option (2) will be carried forward.

7.54 Excava:ﬁon]Tréﬂfment/Dis_ppsal

The excavation/treatment/disposal general response action encompasses all process
options to remediate: the contaminated soil sites ex situ. These are d;scussed in the followmg
sections. _

7.5.4.1- Excavation. - Excavation of soils for processiﬂg will be done using conventional
earthmoving equipment (backhoes; front-end loaders, dump trucks). Confirmatory samphng
and analyses will be conducted to determine if and when cleanup goals are met and :

- excavation is complete. This method is effective and implementable. A key consideration
. - will be the control of fugitive dust during these operations to prevent short-term risks to

onsite remediation workers. Safety precautions, such as the use of respirators, protective
clothing and the misting of soil for dust control, may be required. Additionally, ambient air
quality monitoring and restrictions on operations during moderate to high wind conditions
may be required. -The cost of the operations may increase substantially based on the level of
protection determined to be protectlve of human health ‘This optlon is retained for further -

:consideration.

~7.5.4.2 Thermal Treatment. Thermal treatment processes use high temperatures o

thermally destroy organic contaminants. Four thermal process, three of which are
mcinerators, were retamed after mmal screenmg and are dlscussed further in the following

paragmphs

7.5.42.1 Incmeranon--Rotary Iuln incinerators are slightly inclined, refractory-lined
cylinders used for the controlled combustion of organic waste under net oxidizing conditions
(EPA, 1991b, and EPA, 1991c). Wastes and auxiliary fuel are fed into the high end of the
kiln and passed through the combustion zone by gravity. Turbulence is created by the
rotation of the combustion chamber and improves burnout of the solids. Organics which may
volatilize and reside in the gases are destroyed in a secondary combustion chamber.

Residunals from this process include ash, flue gases, and brine solutlon from the ash quench,
and wet scrubber.: _

Infrared processing systems use electrical resistance heating elements or indirect fuel-
fired radiant U-tubes to generate thermal radiation beyond the red end of the visible spectrum
(EPA, 1991b and EPA, 1991c). Waste is fed into the combustion chamber by conveyor belt
and exposed to the radiant heat. Exhaust gases are passed through a secondary combustion
chamber. - Residuals are the same as those for the rotary kiln incinerator. .
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Circulating fluidized bed mcmerators use high air velocrtres to suspend and circulate
fuel/waste particles in a refractory-hned combustion vessel (EPA, 1991b and EPA, 1991¢).
Fluidized beds can be operated at Iower teripe tﬁres than other incinerators because the
increased turbulence aids combustion. Flue gas is separated from heavier particles ina
solids separation cyclone. Limestone is used to capmre acid gases, thus ehmmatmg wet

scrubbers and one of the residual process waste streams

The effectrveness of each of these mcmerators in destroymg organic contaminants is
demonstrated by removal efficiencies of greater than 99.9 percent (EPA, 1991). Based on
the 95 percent upper tolerance limit concentrations of 18 ,000 mg/kg BEHP at the Discolored
Soil Site, 15 mg/kg PCB’s at the Ephemeral Pool, and 38 mg/kg PCB’s at the HRL, residual
concentrations in incinerator ash would be 18, < 0.1, and < 0.1 mg/kg, respectively, for
each operable subumt These concentranons are well below the remedial actron objectrves

Rotary kﬂn mcmeratlon is readlly 1mp1ementab1e Soil feed size up to 12 mches in
diameter can readily be handled (EPA, 1991) Size reduction would be required for both the

- fluidized bed-and-infrared units as they require waste feed material to be less than 2 inches in

diameter (EPA, 1991). Soils at the operable subunits typically contain gravels greater than 2
inches in diameter. All processes being equally effective, only the rotary kiln incinerator is
retained because it does not require special handling of feed soils. Because of the small

volume of contaminated material onsite, a small mobile incineration unit is required. Units
which process five tons per day are- avaﬂable at moderate mobx]rzatron and O&M costs.

- Additional costs lnay be requlred for perm1ttmg, comphance momtonng and:for the &
disposal of residuals. Also, the public reaction to onsite incineration has not always been
favorable at other sites and the public may not accept. this process option. The process is
carried forward to be mcorporated into alternatives, however, because it is proven effective -
in destroying the organic contaminants of concern.

7.5.4.2.2 Vitnfication—.—A Joule heated Cera_m_ic melter is used to vitrify soils at temperatures -
up to 1500° C (2700° F). Organic contaminants present in the feed stream are destroyed by
pyrolysis and/or combustion at these high operating temperatures (PNL, 1988). Final system
design can assure effective destruction of BEHP and PCB’s in the soil. Any inorganic
contaminants in soils from the HRL would be incorporated into the glass matrix of the final
product and isolated from the environment upon final disposal. - S :

Waste materials and glass frit are fed into a high-temperature furnace where the -
organics decompose and any residual oxides and ash material melt to form a glass product.
The glass frit typically consists of silica, soda ash, and lime. Contaminated soils are fed
either on top of or below the molten glass surface of the melter. Waste particles undergo
pyrolysis and organics are thermally degraded. Off gases are readily burned in the plenum
space or in a secondary combustion chamber. The molten mixture is discharged into
disposal containers or quenched in water to produce a granular product for bulk disposal
(PNL, 1988)...

- The process is not readﬂy 'implementable _because the teclmology is not yet mobile.
Pacific Northwest Laboratories (PNL) had planned to construct a mobile unit that could
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process five tons of contaminated soils per day but the pro;ect was. suspended (PNL, 1992).
An engineering scale vitrification plant is planned in the 300 Area, which will process 250
kg/day. This system will be permitted to process up to 1,000 kg of waste from any source.
This facility could possibly be used to process a small quantity of these contammated soils as
a demonstration of the effectiveness of the technology. _

If a fixed vitrification plant were operating and readily available, the cost of treatment

‘would be moderate. However, because the technology is not yet on-line, this process option

is not considered further. Vitrification should be revisited in the design phase if the DOE
decides to proceed with a site-wide vitrification plant for the treatment of hazardous waste.

7.5.4.3 Chemiical Treatment--Dechlorination and stabilization/solidification Were the
chemical treatment processes retained after initial screening and are evaluated further here.

7.5.4.3.1 Dechlorination--Chemical dechlorination is the process by which hazardous
chlorinated wastes are destroyed or detoxified by substitution of the contaminant chlorine

-~ atoms with other atoms (predominantly hydrogen). - This process is potentially effective for

the treatment of PCB’s. Contaminatzd soils are heated and mixed with an alkali metal

hydromde—based polyethylene glycol reagent in a mobile batch reactor (EPA, 1991)

Soils are first processed by screemng to remove the large rocks and debris in order to
av01d jamming of the reactor mixer blades. Reagent is then mixed well with the soil in the
Teactor to obtain efficient treatment. The mixture is heated to between 100° and 180° C and
reactions are carried out for 1 to 5 hours dependmg on the type, quantity, and concentration
.of the contaminants. - The treated mixture is then processed in a separator where the reagent
8 removed and recycled (EPA 19910) _

Vaporized water resultmg from the reaction is condensed and co]lected for further
treatment or recycled through the washing process.. Carbon filters are used to capture -
volatile organics that are not condensed. The treated soil is washed and neutralized by the

~ addition of acid, dewatered, and then disposed of "onsite if regulatory requirements are met.

A key process residual that may effect the overall cost of the treatment is the waste
washwater. Typically, this residual contains only trace amounts of contaminants and
reagents, and is expected to meet discharge standards that would aflow it to be discharged to
a publicly-owned treatment works. If the washwater does require treatment, typical methods
are carbon adsorption, chermcal oxidation, blodegradatnon and/or preclprtanon

Field performance data suggests that dechlonnaﬂon is effective in reducmg PCB
concentrations to below 2 parts per million (ppm) in treated soil (EPA, 1991b and EPA,
1990c).. Initial soil concentrations cited were much higher than the PCB concentrations at
the1100-EM-1 Operable Unit. It is expected that by adjusting batch mixing time,
temperature, and reagent ratio, soils can be treated to below the 1 ppm level.

The process is readily implementable with a number of vendors able to provide

treatment units. - Costs are moderate in comparison to other technologies which treat PCB’s
(i.e., incineration). However, information from one vendor suggests that these systems are
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cost effective only when at least 10,000 tons of soil are processed (Galson, 1992). Because
of the limited amount of material to be processed.at the site, _dechllorination as an innovative
and cost-effective technology is not ‘carried forward in the evaluation process. :

7.5.4.3.2 Stabﬂlzat:ton/Sohdlﬁcatlon--Stabﬂ.tzatmn and sohdlﬁcatron processes achieve one
or more of the followmg results (EPA 1986):

e Improve the.hand]mg and phys1ca1 characteristics_ of the waste;

. Decrease the surface area of the waste mass across which
transfer or loss of contaminants can occur; and/or,
L] Limit the solubility of any hazardous constituents of the waste
~such as by pH adjustment or sorption phenomena.

Stabilization limits the solubility or mobility of the contaminants without necessarily
changing the physical characteristic of the waste. The process usually involves the addition

- ofa reagenbthatmmntams the hazardous contammant in its least mobile or to:nc form. -

Solidification produces a solld block of Waste matenal with high structural integrity.
The contaminants are mechanically locked in the solidified matrix. Migration of the
contaminant is limited by the reduction of surface area exposed to the environment and/or by
1s01atmg the contammants by m1croencapsu1at10n

Typically, portland cement and pozzolan matenals (e.g., fly ash) are blended wrth : _‘
contaminated soils to produce a stronger waste/concrete composite. Contaminants are . Rt
contained in the concrete matrix by microencapsulation. Other reagents are also used; :
however, most reagents have been found to be ineffective in immobilizing organic -
constituents (EPA, 1990b). A 1988 evaluation of a proprietary reagent gave inconclusive - .

+ - evidence on its ab1]1ty to immobilize PCB’s (EPA, 1990]3)

Wh]le thJs process option is readﬂy nnplementable at a moderate cost, its .
effectiveness in stabilizing the organic soil contaminants is questionable. The process is
proven to be effective in immobilizing metals. ‘Because leaching of contaminants to the
groundwater aquifer at the HRL is not-a pathway of concern at this site, stabilization/ .
sohdjficanen methods are not pursued further. - : _ _

7 5.4.4 Physrcal Treatment. Physical treatment processes involve the separatlon'of the
contaminant from the soil. Three precess opuons were retamed after initial screenmg and
each is evaluated further here. . .

7.5.4.4.1 Solvent Extraction--In this process, hazardous contaminants are extracted from -
soils using an orgamc solvent. A solvent, which preferentially removes organic 4
contaminants, is mixed with contaminated media, and transfer of the contaminants from the
media to the solvent phase occurs. A change in ‘temperature or pressure is then used to i
separate the contaminant from the solvent. This process is one of waste reduction; o
contaminants are not destroyed but are concentrated in their liquid forms. This concentrate
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will require further treatment. Processed seﬂs can be redeposﬂed onsite if they meet
regulatory criteria.

The process has demonstrated effectiveness in removing PCB’s from sediments at an
efficiency rate of between 84 to 98 percent (EPA, 1991). It should be noted that removal
efficiencies increased with the increase in number of passes made through the reactor, It is
reasonable to expect that 99 percent removal efficiencies can be achieved; however, the costs
associated with this level of treatment will be comparatively high. The effectiveness of the
process on BEHP removal is not proven, but the process is demonstrated to be effective on -
nonhalogenated semivolatile compounds.

The process is readily implementable with a mimber of vendors who are able to
provide treatment units. Special material handhng is reqmred because units can only process
materials 1/8 to 1 inch in diameter.

Because of the many passes requlred to increase removal efficiencies, the matenal

- handling considerations, and the requirement for post treatment of the extract, the cost of .

solvent extraction relative to other treatments for the small amount of contaminated soil is
hlgh For these reasons, solvent extractron is not con51dered further.

—.-2—.5.4.4.2 Suuercrrtzcal CO?2 Extraction—-This extraction process uses supercritical carbon -
dioxide as the solvent to extract organic constituents from soils. The process operates at the
critical temperature and pressure of carbon dioxide. At these conditions, carbon dioxide is at
its critical density. The process is extractive and further treatment of the extract is required
to destroy hazardous contaminants. _

Near the critical point, the density of a supercritical fluid is typically 10° to 107 times
greater than that of the gas at ambient temperatures. By increasing the density, the solvent
strength of the supercritical fluid increases. Because carbon dioxide has a low critical.

~ temperature (31.1°C), extractions are performed at thenna]ly mild conditions and the soil

structure is not destroyed. Also, because carbon dioxide is a gas at room temperature
concentratlon of the extract is srmphﬁed :

Supercritical fluids have higher solute diffusivities than solvents used in conventional
extraction techniques. Thus, removal efficiency is increased. This eliminates the muitiple
passes required in conventional systems. ' _

The Westinghouse Hanford Corporation (WHC) has recently completed initial bench
scale studies evaluating this process (WHC, 1992b). In these studies, contaminated soils
from the UN-1100-6 and from the HRL were used. Preliminary results indicate that BEHP
can be extracted from the UN-1100-6 soil at efficiencies of about 97 percent. While this is
not sufficient to remediate soils to meet Model Toxics Control Act levels, these results are
encouraging. Further bench scale studies that alter either the pressure or temperature under
which the reactions are carried out will be conducted to determine optimal removal
efficiencies. Removal efficiencies for the HRL soils contammg PCB’s were greater than 99
percent. :
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Although this technology 1s not yet available ona full scale for soil remediation, it is
carried forward to the next step in, the process because 1t is an innovative technology.

7.5.4.4.3 Soil Washing--Soil washmg is a volume reductlon process used for pretreatment
The process is applicable to contaminants that are concentrated in the fine fraction of the soil
(silt, clay, and soil organic matter) and to contaminants associated with the coarse soil
fraction (sand and gravel), which are surficial. The goal of this separation process is to
concentrate the contaminants in a smaller volume of material separate from a washed soil

Jproduct. The washed product W]]l meet - cleanup standards and can be redeposited at the

cleamup site.

Many of the unit Pprocesses are common to that of the mineral processmg industry.
Soils are first screened to remove the large debris-(> 2 inches). - Process steps can include
mixing trommels, pug mills, vibrating screens, froth flotation cells, attrition scrubbing
machines, hydrocyclones, screw classifiers, and various dewatering operations (Biotrol,
1992). The soils are mixed with washwaters to remove contaminants from the soil.
Sometimes,organic solvents, chelating compounds, surfactants, acids, or bases are used to
enhance the extraction of the contaminant from. the soil. The soil and washwater are then
separated, and the soil is rinsed with clean water Tesulting in a clean soil as a product.
Suspended soil particles in the washwater are recovered as a sludge by discrete settling using
gravity or by flocculation through the use of a polymer. This.sludge consists of the fine
fraction of the original soil and should contain ‘most of the' contaminants. The shidge is
dewatered and then sent on for further treatment to destroy the contaminants. Processed
washwater is usually recycled after biological or phys1cai treatment.

The soil washing process has proven to be- effectwe in reducmg the volume of soils
contaminated with PCB’s.  Although not directly cited in literature, its effectiveness for
BEHP removal should be sunﬂar Destruction of these contaminants would requlre '
additional treatment. . . ¥ 3

Soil washing wouid be readﬂy implementable for the soils at the 1100-EM-1 sites. -
The technology is available from various vendors, and the process has been seen as favorable
by the public at other sites.

For sites Wlth a small volume of contammated soﬂ the costs of soil washmg are hlgh.
One vendor reports that for sites with less than 10,000:tons of contaminated soils, the
process is not cost effective (Biotrol, 1992). These high costs are only associated with

. volume reduction of the soils and do not take into-account added costs for treatment and

destruction of the contaminant. For these reasons, soil washing is deemed not to be cost
effective at this site and i is not camed forward for fun:her consideration. :

7.5.4.5 Disposal. Both' onsn:e and off51te dJsposal optxons were reta.med after nnual
screening and are evaluated further in the fo]lowmg sectlons :

7.5.4.5.1 Onsite qusngsal—-Onsﬁe dlsposal is considered for all soils treated by onsite

process options. These soils will be subject to the RCRA Land Disposal Restrictions that
require treatment of wastes to the best demonstrated avallable technology (BDAT) levels
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pnor to land disposal. The ability to meet these requlrements is ‘dependent on the treatment
process option chosen. In some instances, as in the use of innovative technologies,

alternative treatment levels may be selected if a treatablhty variance establishing these levels
is obtamed _ S _

The site remediation goal would be to meet BDAT levels and redeposn treated soils at
the respective subunits. The treated soils would then be capped with 2 feet of random fill
material and regraded. This process is effective in handling treated soils and should not
increase risks to. human health or the environment. It is easily implementable, has a-
relauvely low cost, and will be con51dered for mclusmn in the remedial action alternatives. .

7.5.4. 5 2 Offsue Dl sal—-Soﬂs contaminated with BEHP are land banned under the third-

“ third RCRA Land Disposal Restrictions. Offsite disposal of these soils cannot be considered
unless the soils are treated to BDAT levels. The use of a Toxic Substance Control Act
(TSCA)-approved disposal facility is considered for disposal of untreated PCB soils. Under
~ TSCA,, PCB-contaminated soils with concentrations up to 500 ppm may be msposed ofina

- licensed hazardous waste landfill. -

This method is not effective in destroying the contaminant. PCB’s are immobilized
by containerization and the containers are deposited in the landfill. The landfill is built to
specific requirements that prevent future migration of the contaminant. This disposal method -

\ 18 1mp1ementable ‘with an approved facility within 180 miles of the site. - The cost of this

‘disposal option is moderate. This process optlon will be used in the development of
ﬂtemat:wes o

7.5.5 Tn-Situ Treatment

- Stabilization/Solidification is the only in-situ process option retained after initial
screening.  This process is similar to the ex-situ process except that soil cutting and mixing
blades are used to blend soils in situ while stabilizing agents are being injected. Soils to
depths of 9 m (30 ft) can easily be stabilized. The process is proven for the immobilization
of metal soil contaminants; its effectiveness on organic contaminants is not well documented
and treatahlhty studies would be reqmred to determine its abihty to immobilize PCB’s and
BEHP. : _

Deep soil mlxmg augers and pressurized slurry—m] ection systems specifically buﬂt for
this type of work are readily available.. This equipment is most effective where there are
sandy, relatively dry soils. Buried debris and concrete rubble, as might be encountered at
the HRL, significantly hamper the process and may make the use of this technology
infeasible for this site. The cost of the process is moderate.

This process is not carried on for further consideration because it may not easily be
implemented at the HRL and its effectiveness on organic contaminants is uncertain.
Additionally, contaminant migration from the vadose zone to the groundwater has been .
dismissed as an operative pathway making further unmobﬂzzahon of the contammants
unwarranted.
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7.5.6 Blologlcal Treatment .

B1010g10a1 treatment refers to the use of nncroorgamsms to decompose contaminants. ~
This occurs under both aerobic conditions (in the presence of oxygen) and anaerobic
conditions (devoid of oxygen), depending on the nature of the miciobes. Sometimes
decomposition is direct (the microbe consumes the contaminant as & source of carbon or -
other nutrient needed for growth) or the microbe may produce enzy:es that catalyze a
chemical change in the contaminant (cometabolism). The presence cf existing microbes in
the soil, suited to the decomposition of the contaminant, is beneficial. Otherwise, the
microbes that are needed can be genetically derived or isolated in the Iaboratory Regardless
of the microbial origin, treatability studies are conducted to be sure that the desired
decomposition of the contammant can be achleved w1thout the productlon of hazardous
byproducts. L

In order to stimulate the growth of the decomposmg organisms, air and nutrients
(aerobic biodegradation) or methane and nutrients (anacrobic biodegradation), must be

o supplied. »The-quantities of these inducers are determined stoichiometrically.

_ Contaminated soil can be treated in place or excavated and treated at a remote .
W location. . In-situ treatment of contaminated soil promotes and accelerates the naturai - | :
e -  biodegradation process in-the undisturbed soil: - Generally, it consists of a water recirculation: |

system with above-groundwater treatment and conditioning of the infiltration water with -~ = |~
nutrients and an oxygen source. The system is usually: designed to allow uncontaminated e

pe groundwater to enter the zone of contamination, but prevents groundwater from leaving the '~ = |7
- contaminated zone (EPA, October 1991). For small sites containing contaminated soils at _ ~

£ shallow depths, in-situ treatment is not economical. Therefore, in-situ broremedratlon of . |
Y R sorls is not camed forward for further consideration. : : L 1
B Ex-site b1010g1ca1 treatment of contaminated soil includes three general technologies: -

Ty 1) slurry phase, 2) Jand treatment, and 3) contained land solid phase. In the slurry phase, B

- the soil'is excavated, mixed with water; and slurned to the bioreactor where the b1010g1ca1
A conversion takes place. Once treated the soﬂ is dewatered and dlsposed SR T

. Land treatment is also ca]led land farmmg Usmg tlus method, the soil is excavated
and placed in a prepared, lined treatment bed Using standard farm equipment, a large area
can be treated.

Contained sohd phase genera]ly refers to above—ground eompostmg of the soil with
appropnate soil amendments to stJmuIate m1crob1a1 decomposmon of the contammant

There is some evidence that bloremedratron of BEHP may be posmble ‘Waste Siream
Technology (WST) has reported that they have isolated a microbe that can obtain energy for
growth from BEHP (WST, 1992). ‘'WST has also reported that BEHP was among several
contaminants biotreated in situ at.the Pittsburgh Airport in Allegheny County, Pennsylvania. !
Dunng constructlon of the Plttsburgh Axrport expanswn project an abandoned garbage dump h
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was discovered. 'BEHP was among the. contammants of concern at the site. The
concentrations of BEHP were on the order of 1,000 to 2,000 mg/kg. After biotreatment, the
concentrations of BEHP were below the target levels.

The po1tent1a1 effectiveness of bzotreatment on the BEHP at thls Pennsylvauna site is
unclear. There is reason to suggest that dilution by mixing, rather than biotreatment may
explain the reduced concentrations in post treatment samples. The dump area was excavated
and placed in a temporary stockpile where it was biologically treated. Since only. isolated

samples taken at the dump site contained concentrations of BEHP, it is possible that the
BEHP was diluted during excavation, transport, and placement in the stockpile.

The fact that microbes have been isolated that utilize BEHP as their energy source is -
encouraging. A treatability study would be required to confirm that in-situ biotreatment of
BEHP is feasible at the UN-1100-6 site. Bioremediation of BPI—]ZP through landfarmmg
practices is carried forward as an innovative technology.

- Biodegradation of PCB’s in both aercbic and anaerobic realms has been investigated.
Positive results have been achieved in bench scale testing of the biotreatability of PCR’s. In
a series of studies (Unterman ez al., 1988), soil from New York State contaminated with '
Aroclor 1242 (similar to Aroclor 1248) was sampled for biodegradation testing. Resting cell

'studles using the contaminated soil have shown substantial PCB biodegradation (Unterman et

jal. 1988). These studies also included work on:genetically engineered bacteria designed
specifically for biodegradation of Aroclor 1242-contaminated soﬂ Additionally, PCB-
degradmg bactena were Jso]ated

Dechlorination of Aroclor 1242 under anaerobic conditions has been attempted. Atz
project on the upper Hudson River, New York, PCB- (Aroclor 1242) contaminated sediments
were dechlorinated by microorganisms under anaerobic conditions in a bench scale test '
(ATTIC-RMO0468, 1992). Dechlorination occurred primarily from the para and meta

- positions; congeners that were substituted only in the ortho positions were accumulated

(ATTIC-RMO0468, 1992). These dechlorination products are both less toxic and more
readily degraded by aerobic bacteria (ATTIC-RMO00468, 1992). Again, treatability studies
would be required to confirm biodegradation of PCB’s at the 1100 sites is possible.

Successful .PCB degmdation in field studies has not been documented in the literature
surveyed. To date, degradation has only been demonstrated in bench scale studies where
input variables were closely controlled. Although bioremediation of PCB’s in the field is an
emerging technology, it has not been demonstrated and its use is not considered  further here.
7.6 GROUNDWATER PROCESS OPTIONS

Groundwater process optlons remaining after mzhal screenmg are evaluated forther in
the following paragraphs _
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. alternative is required under the NCP to esta

7.6.1 No Actidn

ﬁld be taken on the HRL groundwater and
y dispersion, diffusion, and dilution. This

a baselirie condition to oompare to other
altemattves and will be eonstdered in the deve epment ‘of alternatlves

Under this scenano no remed1a1 actlon
contaminant levels would be natura]ly attenuats

Currently,' there is no use of this groundwater asa drinking water source. Domestic -

water is supplied through the city of Richland distribution network. ' Therefore, there is no

current risk to human health or the environment. Th1s alternative still may not be acceptable

to regulators or the public because contammants are left in place and are not act:lvely
remediated. . . _

7.6.2 Institutional Controls' |

«-Institutional controls are actions that reduce the exposure of receptors to- contaminated
groundwater and that monitor the spread and level of contamination.  Process options were
retained after initial screemng in the four technology types and are evaluated here

7.6. 2.1 Alternate Water Supphes and Pomt of EntrylPom:t of Use Treatment For
domestic consumption, alternate water supplies would be provided through Richland’s
distribution network or by commercially supplied (bottled) water. . Richland’s distribution -
network already serves the current industrial user in the area and can be readily accessed at
low cost. It is the only alternate water supply that wﬂl be carried forward.

Pomt of entry/point of use treatment would be used by domesttc consumers to punfy
water prior to ingestion. - These systems would require maintenance and monitoring to- ensure:
their effectiveness. Again, since Richland’s dlstnbutmn network is avaﬂable these types of
process optlons are not considered. fuxther DNTE _

7.6.2.2 Access Restrictions. Access restnctrons are actlons that would prevent consumptton
of the contaminated water until it is remediated. Administrative controls would consist of
regulations that would require owners to abandon wells or prevent the use of these wells.
These controls are usually difficult to. implement. There are currently no domestic -
consumers downgradient of the contaminated plume ‘and the need for these restrictions is
nonexistent. Deed restrictions could be imposed that would prohibit development of wells by
new owners, upon disposal of the land by DOE.  If this land would come under private
ownership, deed restrictions could be difficult to implement. Deed restrictions are not
pursued further.

Future use and the development of n_ew wells can be controlled by both DOE, who
owns the land, and Ecology, through which water well permits must be attained. These

administrative controls are easily lmplementable and should be used until the groundwater is

remediated. The cost of this optlon is low.
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7.6.2.3 Monitoring. Monitoring wells are valuable in 1dent1fymg the extent, spread, and
concentration of contaminants. Additionally, they are used to evaluate the effectiveness of
the remedial activity. Installation of wells involves standard practices. Initial capital costs,
O&M costs, and sampling and analytical costs are high when compared to other institutional
controls. Monitoring is carried forward to the development of alternatives.

7.6.3 Extraction/Treatment/Discharge

This is the group of active remediation scenarios that would withdraw and treat
contaminants prior to discharge. Extraction is by the use of a variety of wells and well
configurations. Treatment includes physical, chemical, and biological processes. For the
treatment of nitrates several process options are available and are discussed in the sections
that follow. However, because nitrate is not a risk driver at the 1100-EM-1 OU, only one
treatment option will be carried forward into the detailed analysis of alternatives. This is
done to reduce the number of possible alternatives requiring detailed analysis. For the

‘purposes of this FS, the nitrate treatment option selected is intended to represent a -
~technology that has been demonstrated as effective, is implementable, and for Wiluch costs are
. easily quantified. Should groundwater pump and treat be selected as the appropriate remedial
~action, a value engineering study will be conducted in the remedial design phase to -

. Teevaluate nitrate treatment options. Several dascharge scenarios are also evaluaTted

4.6.3.1 Extraction. Deep well pumps have thelr:mlpellers close. enough to the water.
. surface to avoid cavitation. The motor may be at ground Ievel with a long shaft connecting

it to the impellers, or it may be at the bottom of the well, below and directly adjacent to the
impellers. These pumps efficiently move large volumes of water and are effective in -

" ~.aquifers with high hydraulic conductivities. Ejector well pumps are primarily used in -

aguifers with low hydraulic conductivity. They are designed to be operated intermittently
and generally have lower efficiencies than deep well pumps. The HRL aquifer has a high

_hydsaulic conductivity and the use of deep well pumps is most appropnate 'I‘hls extrachon

methvd Wﬂl be used for the development of. altematwev

Iﬁst’a-llahon of well casing and pumps is readlly ]mplementable Initial capital costs
and O&M costs for a deep well pumpmg system are re][atlvely fow. ' -

Enhanced extraction is the process where water is discharged to the aquifer in order .

 to increase its hydraulic gradient and, thus, increase its capacity to flush contaminants. This

procedure is most appropriately used where there is 2 known source area. The contaminants

~ at HRL are widely dispersed and the benefits of th18 method would be minimal. Its use is

not considered further.

7.6.3.2 Physical Treatment. Physical processes involve the separation of the contaminant
from the groundwater. These processes. exploit various physicochemical phenomena to
remove the undesirable constituents. Five physical processes were retained following initial
screening. Each is described and evaluated here. Viable physical processes for the removal
of TCE are compared against each other i in paragraph 7.6.3.2.6.
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7.6.3.2.1 Adsorption—Organics that are refractory and that are difficult to remove by
conventional biological treatment. processes equently. ) removed by adsorption onto an - ;o

active solid surface. Activated ¢: is'the most w1de1y used adsorbent in these processes N
(Eckenfelder, 1989). : -

The underlying principle of ed_sorption is the mass transfer of an organic molecule
from a liquid onto a solid suzface. Adsorption occurs because there are forces that attract the
organics to the solid surface from solution. In the case of activated carbon, the porous

structure of the carbon attracts and holds (adsorbs) the organic contaminant, The

contaminants are attracted either because: 1) they have a low solubility in'the water 2) they

have a greater affinity for the carbon than for the- warer or3)a combmatlon of the two
(G, 1991)

The carbon adsorptlon process usua]ly consists of a series of columns that are packed
with carbon. The contaminated water is passed through the vertical beds with either an -
upward or downward flow. The contaminants are most rapidly and effectively adsorbed by
the carbon elosest. to the inlet of the bed. This carbon is in contact with the highest
concentrations of the contaminated water. As treatment progresses, these carbon sites Iose
their adsorptive capacity and the adsorption zone progresses up or down the column. As this
zone approaches the end of the carbon bed, effluent concentration approaches that of the
influent. This is termed breakthrough. . At this point the carbon bed is spent and no -
additional removat of the contaminant occurs. The carbon bed is then taken off hne and the . :
carbon is regenerated by thermal methods or replaced - _ Lo S

Carbon adsorption is. demonstrated to reduce trichloroethene (TCE) concentrations in- c 7 N
contaminated waters to below 1 ug/L. Systems to handle the range of flows anficipated for - R Y
this site are-available from several vendors. Initial capital costs and annual O&M costs are oA o ’
typically high for these systems when compared to other physrcal processes : - '

7.6.3.2.2 Air -Stnppmg——An stripping is the phys1ca1 process of transfemng a volatile -
organic contaminant (VOC) from water into the air. - This is normally done by passing water
through a packed column countercurrent to a flow of air. The packing is usually an open
structured, chemically inert material (plastic) that is selected to provide high surface areas
that facilitate mass transfer of the contaminant from the water to the gas phase. . This process
is affected by the contact area, the solubility of the contaminant, the diffusivity of the
contaminant in air and ‘water, and the temperature (Eckenfelder, 1989). Besides the -
diffusivity and temperature, these parameters are dependent on the air- and water-flow rates.
and the packing media selected. The efficiency of the process in removing a contaminant is -
directly related to the Henry’s Law constant: of the organic compound and the mass transfer
coefficient of the packing.

- TCE has a Henry’s Law constant of 0.01 atm'm®/gmole. Air stripping is usua]ly
apphcable to contaminants with Henry’s Law constants greater than 0.003 atm'm®/gmole.
Generally the greater the Henry s Law constant, the easier the contaminant is removed from
the liquid phase. : :
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Typically a process unit consists of a cyhndncal tower contarmng packing which
disrupts the flow of the liquid thus renewing the air and water interface. Water is pumped to
the top of the unit and flows countercurrent to a forced draft provided by a blower.”

The system is characterized by high interfacial area compared to the volume of water in the
column. Principal design parameters are the volumetric air flow ratio, the packing type, size
and depth, column diameter, water and air loadmg rates, and the gas pressure drop

One cons1dcrat10n with stnppmg towea;s is-the emission of the stnp_ped VOC’s to the
atmosphere. -VOC’s are designated air pollutants whose emissions are controlled. However, -
because of the low concentration of TCE at the site, attaJmng air quality standards is not
ant1c1pated to be a problem.

Air stripping technology is readlly available from multlple vendors. The process has
been proven to remove TCE to below maximum contaminant levels (MCL’s). The capital
and O&M costs of a stripping system are moderate compared to other physical processes.

7.6.3.2.3 _Steam Stliggin'g--Steam stﬁining is'genera]ljr used to increase the efﬁt:ienc‘:y ofa
stripping process. - Heating of the contaminated water raises the Henry’s Law constant of the
contaminant thus making it more strippable.- TCE is readily stripped at temperatures of

- _.20° C. Steam stripping is an energy intensive process that wouId not be of great benefit for
--use at this site. ‘This process is not conﬂdered further :

7 6.3.2.4 Reverse Osmoms—-Revcrse osmosis (RO) is a membrane process in which

hydrostat]c pressure is used to drive the feedwater through a semipermeable membrane while

‘a major portion of the contaminant remains behmd and is discharged as waste (reject).” The
-process has shown some promise in removing VOC’s, however, removal efficiencies for

, TCE were found to be between 30 and 69 percent (Clark er al., 1984). New membranes are
“ . being developed that may increase these removal efficiencies. o ;

RO is also apphcable to thc removal of mtrates The development of thin filmed
composite spiral wound membranes have made this process cost effective. Additionally, the
reject can be flash evaporated leavmg behind a solid residual that can easily be handled and
disposed. . This has advantages over other nitrate removal processes that have treatment
residuals that are costly to treat (Cu]]1gan, 1992) ‘RO is re:tamed for further conmderatlon
for these reasons. _

7.6.3.2.5 Electrodialysis—Electrodialysis (ED) is 2 membrane process that is usod to transfer
ions from the contaminated water through the membrane, leaving behind a purified water.
Use of ED for removal of organics is not documented in the literature; there is little
documentation on its use solely for nitrate removal. ED processes remove nitrate-nitrogen at
efficiencies of less than 50 percent (Sorg, 1978). Costs for ED processes are typically high
compared to other nitrate removal options. EDis not considered further.

7.6.3.2.6 _Comparison of Physical Processes for TCE Removal-The remaining physical
processes are carbon adsorption and air stripping. Both processes have demonstrated high
removal efficiencies. from 90 to 99 percent. - For the removal of TCE only, air stripping has
proven to be far more economical over a W1de range of influent concentrations and treatment
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flows (Clark et al., 1984). As treatment ﬂows mcrease, the dxfference in capltal costs

between the two processes gets larger because the: carbon-adsorption system miust operate
under high pressures that require.special: essels, for the carbon beds (Westates
Carbon, 1992).. While these systems ‘provide eqmvalent treatment air stnppmg is carried
forward because of the economics. .

7.6.3.3 Chemiml Treatment. Four chemical treatment processes for the treatment of TCE
or nitrates in groundwater were retamed after uutxal screenmg ‘and are evaluated in greater
detail here. . _

7.6.3.3.1 Chemical 0x1dat10n and Ultravrolet [Q!) Radiation--In this process oxidants are
added to contaminated groundwater to oxidize pollutants to terminal end products or to

intermediate products that: are more readily biodegradable or more readily removed by
adsorption. - Common oxidants used are chlorine, ozone, hydrogen peroxide, and potassium
permanganate. Of these, only ozone and hydrogen peroxide are reported to oxidize =~
refractory organic compounds. However under normal conditions, complete degradation of
these: compounds does not occur; and, research has shown that using an additional energy
source in conjunction with these oxidants (i.e;, UV radiation) readily decomposes these
refractory compounds (Eckenfelder, 1689), It is believed that the UV activates the oxidant -
molecule and that it may also activate the organic substrate. The processes described below -
use UV in conjunction with erther ozone or hydrogen peroxide or both. : '

Ozone is usua]ly generated onsite from dry.air or oxygen by a high-voltage electric
discharge. Oxygen usually yields twice the ozone concentration (0.5 to 10 wt percent) as-
air. Ozone oxidation systems typically mix. ozone with the contaminated water in a reaction
chamber. At the same time, the mixture is exposed to UV radiation. - Ozone off gases are -/
treated in a catalytic ozone decomposer and released to the air. The terminal end products of
this reaction are CO, and H,0. Smnlarly, hydrogen peroxide is mlxed with the contaminated

~ water in a reactor and n'radlated with UV hght

In a third omdatton process, ozone and hydrogen peroxrde are added to the
contaminated water in a reactor and the water is subjected to UV light. This process was
demonstrated in the field in 1989 as part of the Superfund Innovative Technology Evaluation
(SITE) program. Results from this demonstration showed that the process removed 98 to 99
percent of the TCE present in the influent groundwater (EPA 1990d). Some of the TCE
removal was due to stripping (10 percent) _

Of the three oxzdatlon processes, the ozone, hydrogen peromde and uv system will
be considered further. The system 1s avallable at moderate caprtal cost O&M for the
system is high.

7.6.3.3.2 Irradratlon--Irradlatton as a means of chemica]ly decomposing organic compounds
has been found to require longer reaction times and by itself, has not been demonstrated w1th
high efficiencies. Irradiation is not cons1dered further

7.6.3.3.3 lon gzgchange--lon exchange systems are comrnouly used in mumc:pal watet
treatment systems for the removal of nitrates. In this process, negatively charged nitrate
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anions are removed by an insoluble,. strong base resin, whlch exchanges other like charged |
anions into the solution. This exchange occurs with no structural changes in the resin.  The
nitrates in solution rapidly diffuse into the network of the resin where exchange occurs.

The exchanged ions proceed by the same path into solution. At some point an ion exchange
equilibrium is reached and the resin must be regenerated (Benefield ez al., 1982).

Various operational modes of ion exchange systems exist. The fixed-bed system is
the most common of these. The eperatmg cycle for a fixed-bed system consists of four
steps: service, backwash, regeneration, and nnse

Fixed—bed systems for_nitra,t_e removal_fby strong base resins are operated in the
upflow or downflow mode for service, and vice versa for regeneration This is known as
countercurrent operatlon Typically for these systems the resin has a high affinity for the
exchanged ion and requires a considerable excess of regenerant to regenerate the resin bed.

The column typically experiences leakage at the staIt of the next service run (Beneﬁeld et
al., 1982}, . _

Ion exchange systems are readlly avaﬂable from a number of water treatment
equipment vendors and are an effective treatment method for pitrate removal. The

operational requirements for handling the strong’ ‘pase regenerant (NaOH), and the column
Tinsate are great, which make the O&M costs for these systems high. Based on a

comparative study for treatment of site. groundwater for nitrate, Teverse osmosis was

‘determined to be the more economical method (Culligan, 1992). While both methods are

equal in effectiveness, ion exchange is dropped from f_urther consideration because of its
higher cost. As stated earlier, a more detailed value engineering study will be performed to
reevaluate nitrate treatment processes during the remedial des1gn if pump and treat scenarios

_are selected.

| 7,635 Dlscharge. Three dlscharge altemauves were retained and are: evaiuated below.

7.6.3.5.1 Surface Water--Dlscharge to the Columbla R1ver would entail the construction of a
1.61 km (1 mile) pipeline. Installation of a gravity-driven system would require extensive
excavation. A pumped system would reduce excayation, but increase O&M costs. This

system would have high initial cap1tal costs when compared to other dlscharge systems and is
not considered further.

7.6.3.5.2 ReuselRecgcle-—After tzeamlent, the water will meet MCL’s and would be
available for reuse or recycle. However, there currently is no demand for water and there is
no expected future demand. Therefore, this chscharge option is not pursued.

7.6.3.5.3 R hm —Subsurface drams cons1st of perforated dlsmbutlon pipes placed in a
trench and surrounded by clean sand. Treated groundwater would be gravity fed or pumped
to the pipes and the system would be sized to ensure that the flow out of each orifice would
be equal to assure even distribution of the d.lscharge After being discharged, the effluent
would percolate through site gravels and eventually would return to the aquifer. This system
is readily implementable and very effective in homogenous aquifers with high permeability
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such as found at the site. The cost ¢ of thlS s_ stemn 1s low compared to other dlscharge 3
systems and is retained for cons1d : tlo' ;

7.6.4 In-Situ' Treatment .

Two physical in-situ treatments. were retained after initial screening and are dlscussed '
below. In-situ biological methods are. dlscussed in pa;ragraph 3.5. :

7.6.4.1 Aeratmn. In-s:tu aeration involves the pumpmg of air into the aquer to induce the
mass transfer of volatile organics to the gas phase. - Typically this is done in vertical wells
that are used as air strippers. Horizontal wells have been used to strip groundwater in situ-
along a leaking pipeline. These systems can only treat limited areas of the plume (souzce or
hot spots) efficiently. - As the areal extent of the plume gets larger and the contaminant more.
dispersed, the number of wells requlred 10 effecuvely treat the area would be cost -
proh1b1t1ve For these reasons this process optlon is not cons1dered further.

.6.4.2 Heatmg In-situ heating would involve the m]ecuon of steam and air into the
aquifer, again to induce the mass transfer of the organic contaminant into the gas phase "The
principal here is that the contaminant is more readily strippable at higher temperatures.

TCE is readily strippable without heating. -This process option is dropped from consideration
for the same reason as was in-situ aeration, which i is that the aIeal extent of the plume is too -

- great to econommally employ th1$ process

7.6.5 Biological Treatment

Biological treatment refers to the use of microorganisms to decompose contaminants.
This occurs both under aerobic conditions (in the presence of oxygen) and anaerobic or
anoxic conditions (devoid of oxygen), depending on the nature of the microbes. Sometimes
decomposition is direct, in that the microbe consumes the contaminant as a source of carbon,
or other nutrient needed for growth. 'Or the microbe may produce enzymes that catalyze a
chemical change in the contaminant (cometabolism). It is beneficial if the microbes needed -
for decomposition already exist in the aquifer (indigenous). Otherwise the microbes that are
needed can be genetically derived or isolated in the laboratory. Regardless of the microbial -
origin, treatability studies are almost aiways conducted to be sure that the desired
decomposition of the contammant can be achleved w1th0ut the production of hazardous
byproducts. : ‘ :

In order to stimulate the growth of the decomposing organisms, air and nutrients
(acrobic) or methane and nutrients (anaerobic), must be supplied. The quantities of these
inducers are determined stoichiometrically. When biological treatment is conducted in situ,
these materials are injected into the aquifer. A dilemma that is almost always faced in in-situ
treatment is the potential for fouling the injection well. The microorganisms tend to flourish.
at the injection point resulting in clogged injectors and/or aquifer pores. Amother problem
encountered is-that the contaminant is forced away from the injection point, as the aquifer -
makes room for the injected materials.
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Ex-situ treatment requires that-the aqulfer be pumped treated and then re-injected.
Ex-sitn biological treatment is performed in a bioreactor. Similar to in-situ treatment, the
inducers are injected into the reactor, which provides adequate mixing and detention time for
decomposition of the contaminant to occur. Sludge is produced in the process.

Consequently sludge handling facilities must be considered in the ex-situ scenatio.

In-situ biological treatment of TCE under aerobic conditions shows some promise.
Research has determined that TCE can be completely mineralized to carbon dioxide, water,
and chlorine in an aerobic environment. Aerobic processes require the presence of an
inducing compound (an aromatic compound such as toluene or phenol), which may not be

- present. TCE is epoxidated by the enzyme methane monooxygenase, emitted by

methylotrophic bacteria as they consume methane for energy (Russell ez al., 1992).
Epoxidated TCE is very unstable, so hydrohzatlon to various by-products is tapid :
(half life = 12 seconds in phosphate buffer w1th pH 7.7) (Miller and Guengerich, 1982).

One_concem in an aerobic in-sifn scenario is that the methane needed o stlm_ulaxe the -
methylotrophs may be inhibitory to the TCE epoxidation (Russell er al., 1992). Potentially,

only a pomon of the TCE would be epomdated before bemg transported away in a flow
situation. _

i Decompomt:on of TCE under anaerobic COIldltI(mS is descnbed as reductive.
dehalogenation. Under anaerobic conditions, TCE can function as an electron sink and is
readily reduced by electrons (or reducing equivalents) formed as a result of the metabolism
(oxidation) of the organic electron donors by members of the methanogenic consortia (Russell
et al., 1990/91). By introducing electron donors into the contaminated environment, TCE.
can be reduced. However, in the absence of adequate oxidizable organic compounds (e.g.,
toluene), there is the potential to produce dichloroethylene and vinyl chloride (Bouwer and
McCarty, 1983, and Bouwer ez al., 1981). Dichlorocthylene is a suspected carcinogen and
vinyl chloride is a known carcinogen. Therefore, if in-situ biological treatment in the
anaerobic realm was selected, careful monitoring would be required to ensure that these
compounds, partxculaﬂy vmyl chioride are not produced

‘Based on the dlscussmn above, blologma]ly treating TCE is not recommended at this
time. - Aithough evidence indicates that TCE can be biologicaily destroyed (cometabolized in
an aerobic environment; reduced in an anaerobic _environment), the practicality of providing
the needed nutrients and inducers necessary for biological treatment in an in-situ environment
is uncertain. Further, the inducers necessary for biological treatment, such as toluene or
phenol in an aerobic environment, and toluene or acetone in an anaerobic environment, are
themselves toxic. These organic contaminants are not present in the groundwater at this site,
and injecting them for removal of TCE is not recommended. Also, in the anaerobic
environment, there is potential to produce dlchloroethylene and vinyl chloride as by-products
(Russell er al., 1990/91; Bouwer and McCarty, 1983; Bouwer et al., 1981). As noted
above, dlchloroethyl_ene is a suspected carcinogen and vinyl chloride is a known carcinogen.

Nitrate is reduced by a process known as denitrification. Denitrification is

accomplished by facultative anaerobic microorganisms in an anoxic environment (Metcalf and
Eddy, 1991). Denitrification is a two step process: 1) the conversion of nitrate to nitrite,
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and 2) production of nitric oxide, mtrous oxide and mtrogen gas The last three compounds
are gaseous compounds that can be released 1 the_atmosphere

An ex-situ demonstratlon pIOJect at. Hanford ‘was. performed to investigate
denitrification of nitrates (Brouns et al., 1991). Both a contimious stirred-tank bioreactor and
a fluidized bed bioreactor were used in the pilot scale test. Results of the study indicate that
microorganisms native to the Hanford site are capable of reducing nitrates to below the
drinking water standard when supplied with an electron donor such as acetate (Broun, ef al.,
1991). In-situ denitrification is being investigated. A pilot scale study has been initiated at
Hanford but no results have been reported to. date '

The use of biological treatment for in-situ treatment of nitrates is still experimental. -
An organic inducer would be required to stimulate denitrification. Ex-situ treatment has been
investigated with positive results. Should the aquifer be treated ‘ex situ, bioremediation of -
nitrate may be possible. A pilot test has been completed at Hanford using both continuous
stirred tank and fluidized bed reactors (Broun et al., 1991). Both reactors were able to

- reduce-the: influent nitrate concentration to below -the drinking water standard (10 mg/L), -

with the fluidized bed reactor showmg the best results. . However, biological denitrification
has several undesirable features. First, the process requires careful control to prevent
bacterial and organic inducer breakthrough Commonly the inducer itself is a hazardous
chemical and even though low concentrations would be needed, system failure could result in
the discharge of this substance to the environment. - Secondly, the biological mass takes
considerable time to develop and stabilize; system upsets in which this mass is lost would -

-cause extended shutdowns of the system. For these reasons, biological nitrate removal is not

considered further for the purposes of this FS.. Should pump and treat be selected as the -
remedial action, this promising technology will be reevaluated Wlth other nitrate removal
methods to determme the most cost effectwe process

7.7 SUMMARY

Summaries of the evaluations of soil and groundwater process options are provided in
tables 7-8 and 7-10. The process options remaining. after this screening evaluation are
presented in tables 7-9 and 7-11 for soils and groundwater, respectively. For soils,
applicability of the process option to each specific subunit is also noted. The next step is to

assemble the retained technologies into remedial action alternatives representing a range of

treatment aud containment combmatlons This is presented in section 8.
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TABLE 7-8 . .. ...
SUMMARY EVALUATION OF SOIL )CESS OPTIONS
Page 1 of 6
General Remedial Process Option Effectiveness Implementability ~ Relative Used to
Response Action Technology Type Cost Develop
Alternatives?
No Action None Not Applicable Health risks for Basily implemented, but - Yes for ail
industrial land vse would  ARAR’s would not be subunits.
remain the same, met and this option may :
- Contaminants are not be acceptable to the
persistent and would regulators or public.
remain ongite. ‘
JInstitational -Access Administrative Land use can be Existing zoning and land  Low capital. Yes for all
Controls Restrictions Controls controlled in the near- use plans are in place Low O&M. subunits,
term future (20 years). -and.currently are being
- - Risks to:public remain .. ;implemented.
- the.same. unless site is ' :
_-remediated.
Deed New owners could still Not implementable Low capital. No
Restrictions be exposed to because Government Low O&M.,
: contaminated soils if will not dispose of land
they remain in place. ‘which is contaminated.
Excavation Ovmers could still This restriction would be  Low capital. No
Restrictions excavate in contaminated  difficult to enforce if Low O&M.
‘soils which remain in land use changes.
place, -
Fences Access to contaminated Easily implemented. Moderate Yes for all
: sites would be restricted. capital. subunits.
Contaminated soils Low O&M.

19-76-Ta/AOd
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TABLE 7-8 (Continued)
SUMMARY EVALUATION OF SOIL PROCESS OPTIONS
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Page 2 of 6
General Remedial Process Option Effectiveness Impi;f;mentability Relative Used to
Response Action  Technology Type - o Cost Develop
Alternatives?
Monitoring Groundwater Valuable to document Easily implemented. High capital.  Yes

Monitoring conditions and monitor : ‘ High O&M.

: releases. Does not A
reduce risks.

Containment Capping 'RCRA Cap Effective bartier to Possible.clay source High capital.  No
prevent infiltration and nearby. Easily Low O&M.
-prevent fugitive dust. ~implemented.

WAC Cap EffeétiVe'banrier to Easily implemented. High capital.  Yes at HRL
prevent infiltration and o B .Low O&M. only.
prevent fugitive dust. -

Asbestos Cap Does not prevent Easily implemented. Moderate Yes at HRL
infiltration. Effective in capital. only.
prevention of fugitive Low O&M.
dust, '

Excavation/ Excavation Earth-Moving - Effectiveness methods Easily implemented. Moderate Yes for all

Treatment/ Equipment for excavation and. Operators may require capital. subunits,

Disposal ' : hauling of contaminated protective clothing and Moderate '
soils, respirators. Q&M.

L9-T6-T/H0d



€9-L

9 Jo ¢ 98eg
8-L 9[qe],

=

Fe L F
A

T
i

L4
o
L

iy

TABLE 7-8 (Continued)

443

SUMMARY EVALUATION OF SOIL PROCESS OPTIONS

Page 3 of 6
General Remedial Process Option Effectiveness Implementability Relative Used to
Response Action  Technology Type Cost Develop
Alternatives?
Excavation/ Thermal Rotary Kiln Effective in destroying Onsite and offsite Moderate "Yes for PCBs
Treatment/ Treatment Incinerator organic contaminants. technology readily capital, and BEHP
Disposal (cont.) available. May require Moderate contaminated
some special material O&M. soils.
handling. Permits will
be required for onsite
processing.
Infrared Effective in destroying Onsite and offsite Moderate No
Incinerator organic contaminants. technology readily capital.
available. Will require Moderate
special material O&M.
handling. Permits will :
be required for onsite
processing.
Circulating Fluid = Effective in destroying Onsite and offsite Moderate No
Bed Incinerator organic contaminants. technology readily capital,
available. Will require Moderate
special material O&M.
bandling.  Permits will )
be required for onsite
processing.
Vitrification Effective in destroying Technology not readily Moderate No
' organic contaminants. available. capital.
' ' Moderate
O&M.
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TABLE 7-8 (Continued)

SUMMARY EVALUATION OF SOIL PROCESS OPTIONS

Page 4 of 6
General Remedial Process Option - Effectiveness Implémentability - Relative Used to
Response Action  Technology Type ' : T ' Cost Develop
Alternatives?
Excavation/ Chemical Dechlorination Effective in Technology available. Moderate No
" 'Freatment/ Treatment -dechlorinating PCB’s, Large quantities - capital.
Disposal (cont.) (> 10,000 tons) requited = High O&M.
for cost effectiveness.
Stabilization/ Effectiveness in Readily implementable -‘Moderate ‘No
- Solidification stabilizing organic soil with a-number of “capital,
- contaminants is not well stabilizing reagents Moderate
“proven. available, ‘Treatability ‘O&M.
tests required. :
Physical Solvent - - Removal efficiencies for . - Readily implementable. High capital. No
Treatment - Extraction 'PCB’s between 84 to 98 Special handling " High O&M. -
: - - percent.. Not proven for - - - considerations. 'Extract .
‘BEHP but likely to be must be recycled or
effective. treated.. Requires
multiple treatment
passes.
Supercritical CO,  Has proven effective in Full scale technology not  No costs Yes for PCB’s
Extraction bench scale studies for yet developed for HTW available. and BEHP
removal. of organics. remediation, Extract contaminated
must be recycled or soils.
treated.
‘/ - ™
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- TABLE 7-8 (Continued)

SUMMARY EVALUATION OF SOIL PROCESS OPTIONS

Page 5 of 6
General Remedial Process Option Effectiveness Implementability Relative Used to
Response Action  Technology Type Cost Develop
Alternatives?
Excavation/ Physical Soil Washing Effective in reducing Readily implementable. High capital. No
Treatment/ Treatment ' contaminated soil Large quantities High O&M.
Disposal (cont.) (cont.) volumes, (> 10,000 tons) required
for cost effectiveness.
Regidual soils require -
additional treatment.
Biological Aserobic No field demonstrated Readily implementable. Moderate Yes for BEHP
Treatment remediation of PCB’s. Would require capital. contaminated
Biodegradation of BEHP treatability study. May Moderate soils only.
reported but not not be able to achieve O&M.
conclusive, BDAT standards.
Anaerobic Bench scale studies have Would require High capital. No
demonstrated treatability studies, High O&M.
degradation of PCB’s. Reactors for anaerobic
No field results. conditions would be
required.
Dispozal Onsite Disposal Effective for disposal of Readily implementable. Low capital. Yes for treated
o . treated soils which meet Low O&M. soils from all
the BDAT requirements subunits.
for land disposal.
Offisite Disposal Effective for disposal of Readily implementable Moderate Yes for
' PCB contaminated soils. with facility in close capital. disposal of
No reduction in toxicity proximity. No O&M. untreated
woulkd be achigved. PCB’s contam-
- inated soils.

" 19-76-Ta/EOd
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SUMMARY EVALUATION OF SOIL PROCESS OPTIONS

‘Page 6 of 6
General Remedial Process Option Effectiveness Impléementability Relative Used to
Response Action Technology Type ' ' : Cost Develop
' Alternatives?
In Situ Chehﬁcal - Stabilization/ Effectiveness in Readily implementable Moderate No
Treatment Treatment Solidification stabilizing organic technology. Debris and capital.
contaminants is not well concrete at HRL will Low O&M.
proven. pose problems,
Biological ~Aerobic - No field demonistrated R_eadiiy imblementable. -~ Low capital, No
Treatment remediation on PCB’s. - Would require Moderate
. Biodegradation 6f BEHP - - treatability studies. O&M.
‘reported but not :Ability-to-maintain
-conclusive. [favorable conditions for
' microorganisms is
difficult, = -
Anaerobic Bench 'scale'sfudiés have . Maintenance of - Moderate No
demonstrated . anaerobic conditions in capital.
degradation of PCB’s, field would be difficult. Moderate
No field results. ' O&M.
£ 7N

L9-T6 TE/H0A



DOE/RL-92-67

TABLE 7-9 .

SOIL PROCESS OPTIONS REMAINING

AFTER EVALUATICN CF PROCESS OPTIONS

Pagelof 1
General Response Action Remedial Technology Types Process Options
No Action None Not Applicable
Institutional Controls Access Restrictions Adﬁ:inistrative Controls
Fences
Monitoring Groundwater Monitoring
Containment éapping WAC Cap (HRL only)
Asbestos Cap (HRIL, only)
Exca;va‘ci011:’Tre:atmelzlj;/'Dis;:oos'alj Excavation Earth-Moving Equipﬁlent
Thermal Treatment Rotary Kiln Incinerator
Chemical Treatment None Remaining
Physical Treatment Supereritical CO, Extraction
Biological Treatment Aezrobic (for Discélored Soil
Site)
biwosd Onsite (for treated soils)
Offsite (for untreated soils)
In Sitn Treatment ;Chemical Treatment None Remaining
7-69
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units, May be an
inconvenience to users.

9% 129330449
TABLE 7-10
SUMMARY EVALUATION OF GROUNDWATER PRCCESS OPTIONS _
' Page 1 of 7
General Remedial Process Option Effectiveness Implementability Relative Used to
Response Action  Technology Type : _ - Cost Develop
Alternatives?
No Action None Not Applicable There is no current risk Easily implemented. - Yes
to human health because 'This alternative may not
domestic water is be acceptable to
supplied through the city  regulators or the public.
of Richland’s -
distribution network.
-The quality of the
groundwater is not
‘improved.
Institutional Alternate Water Municipal Water Health risks to receptors The city of Richiand Low capital.
Controls Supplies " are eliminated because currently supplies Low O&M.
all industrial and domestic and industrial
domestic users are users downgradient of
supplied through the the plume. Distribution
nxunicipality. ' network already in
place.
Commercially Health risks are Easily implementable. Low capital,
Supplied eliminated because May bean Low O&M.
domestic users drink inconvenience to users. '
bottled water. :
Point of Entry/ Various (see Effective in treating Easily implemented. Moderate
Point of Use ‘Table 7-5) water at the point of use Would require capital.
Treatment ' ' to below MCL’s. maintenance of treatment  High O&M.
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TABLE 7-10 (Continued)

N
£}
o

SUMMARY EVALUATION OF GROUNDWATER PROCESS OPTIONS

Page 2 of 7
General Remedial Process Option Effectiveness Implémentability Relative Used to
Response Action  Technology Type ' - Cost Develop
' Alternatives?
Institutional Access Administrative Effective in restricting Easily implemented. Low capital.-  Yes
Controls (cont.) Restrictions Controls future well drilling. No Both DOE and Ecology ‘Low O&M.
' reduction in contaminant can restrict well drilling,
concentrations.
Deed Effective i preventing "Difficult to-implemént if Low capital. " No
* Restrictions -~ futore well drilling. No  -land comes under Low O&M.
~reduction’in contaminant - private ownership.
~ -concetitrations. - : :
" Monitoring . Monitoring Effective in identifying - - ~Easily-implemented. “Highcapital.  Yes
Wells ‘the extent, spread, and ' ' ‘High' O&M.
concentration of the
contaminant plume. No
reduction in contaminant
concentrations.
Containment None Remaining Not Applicable w—— - - ——
After Initial
Screening
Extraction/. Extraction Deep Wells Effective in pumping Easily implemented. High capital. - Yes
Treatment/ ' large volumes of High O&M.
Discharge groundwater from

aquifers with high
hydraulic conductivities.

L9-T6"TI/A0d
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TABLE 7-10 (Continued)
SUMMARY EVALUATION OF GROUNDWATER PROCESS OPTIONS

strippable in normal air
stripping processes.

Page 3 of 7
“General Remedial Process Option Effectiveness Implementability Relative Used to
esponse Action  Technology Type ’ Cost Develop
Alternatives?
*Bxtraction/ Extraction Ejector Wells Effective for intermittent  Easily implemented. High capital.  No
. Treatment/ (cont.) pumping of aquifers ' : High O&M.
Discharge (cont.) with low hydraulic
conductivities.
Enhanced Effective in flushing Easily implemented. High capital. = No
Extraction contaminants at a known Injected water must meet  High O&M.
source area. ARAR. '
Physical Adsorption Effective in removing Equipment available High capital.  No
Treatment otfganic contaminants from multiple vendors. High O&M.,
from groundwater to Large flow systems -
‘below MCL’s, require special
- containment vessels.
Air Stripping Effective in removing Equipment available Moderate Yes for TCE
organic contaminants from multipie vendors. capital. only.
from groundwater to TCE emissions may be a  Moderate
below MCL’s, congcern. O&M.
Steam Stiipping Effective in removing Equipment available. High capital. No
organic conitaminants Requires large energy Moderate
that are not readily input, O&M.
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TABLE 7-10 (Continued)

& g
W

SUMMARY EVALUATION OF GROUNDWATER PROCESS OPTIONS

Page 4 of 7
General Remedial Process Option Effectiveness Implementability Relative Used to
Response Action Technology Type Cost Develop
Alternatives?
Extraction/ Physical Reverse Osmosis Not effective in - Bquipment readily High capital. - Yes for
Treatment/ Treatment . removing TCE. available. Must treat or High O&M. nitrates only,
Discharge {cont.)  (cont.) Effective in reducing dispose of brine.
nitrate concentrations o '
below MCL’s.
:" Electrodialysis . Not effective for “Equipment readily High capital. No
' removal of TCE., available. -~ - High O&M.
-»Removal-efficiencies for - e
.- nitrates-are léss-than
50%.
- Chemical - Chemical Effective in. oxidizing . Equipment readily - High capital. - Yes for TCE
Treatment - Oxidation organic contaminants to available, High O&M. only. '
terminal end products S
. usually CO,and H,0.
Ultraviolet Effective when used in Equipment readily Moderate Yes for TCE
Radiation/ conjunction with- available. Influent water  capital. only.
Photolysis chemical oxidation to must have low turbidity. High O&M.
destroy organic - :
contaminants.
:‘ Irradiation Not effective by itself in Requires long reaction Moderate No
%5 treating organic times. capital,
' contaminants. : High O&M.

L9-T6"T4/H0A
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TABLE 7-10 {Continued)
SUMMARY EVALUATION OF GROUNDWATER PROCESS OPTIONS
Page 5 of 7
General Remedial Process Option Effectiveness Implementability Relative Used to
Response Action  Technology Type Cost Develop
Alternatives?
Extraction/ Chemical Ion Exchange Effective for treatment Equipment readily High capital,  No
Treatment/ Treatment ' of nifrates to below available, Regenerant High O&M.
Discharge {(cont.) (cont.) MCL’s. Not effective requires treatment and
in treating TCE. disposal. -
Biological Aerobic Studies have shown that Enasily implemented. High capital.  No
Treatment TCE can be treated Would require the High O&M.
' effectively, introduction of organic
inducers to stimulate
\] process which may not
A be acceptable to
“ regulators.
Anaerobic Effective in reducing Basily implemented. High capital.  No
TCE and nitrate Interiediaie byproducts High O&M.
concentrations. (vinyl chloride) have '
greater risk to humans.
Organic inducers are
required to stimulate
process, _
Discharge Surface Water - Effective for discharge - Easily implemented. . High capital. No
' of treated groundwater. " Would require NPDES Low O&M.

L3o g ofeg
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permit. Pipeline would
traverse two major
arterials.: o
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TABLE 7-10 (Continved)
SUMMARY EVALUATION OF GROUNDWATER PROCESS OPTIONS

Page 6 of 7
General Remedial Process Option Effectiveness Implementability Relative Used to
Response Action  Technelogy Type ' ' Cost Develop
Alternatives?
Extraction/ Discharge (cont.)  Reuse/Recycle Effective for supplying Easily implemented. No  Moderate No
Treatment/ treated water to end ~ end users exist. capital.
Discharge (cont.) users. Moderate
O&M.
Recharge Effective for discharge - Easily impiemented. - Moderate Yes
' ~of treated groundwater. - - Must meet groundwater capital,
o treatment standards, Moderate
O&M.
In Situ Physical - Aeration - Effective in volatilizing . Difficult to implement " High capital. No -
Treatment Treatment -orgahics to the gas for large contaminant High O&M.
-phase. Contaminant is -plumes.
- not destroyed but '
transferred to separate
phase for treatmeit.
Heating Effective in volatilizing Difficult to implement High capital. No
organics which are not for large contaminant High O&M.
easily volatilized by the plumes. Requires * S
injection of air. Does significant energy input.
not destroy, but
transfers contaminants to
separate phase for
treatment.
AN
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TABLE 7-10 (Continued)
SUMMARY EVALUATION OF GROUNDWATER PROCESS OPTIONS

Page 7 of 7
General Remedial Process Option Effectiveness Implementability Relative Used to
Response Action  Technology Type Cost Develop
Alternatives?

In Situ Biological Aerobic Studies have shown that Would require High capital.  No
Treatment Treatment TCE can be treated supplements of oxygen, High O&M.
{cont.) effectively. nutrients, and organic

stimolant, Difficult to
treat large plumes.

Anaerobic Effective in reducing Would require High capital.  No
TCE and nitrate supplements of nutrients High O&M.
concentrations, and organic stimulant.

Difficult to treat large
plumes.
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TABLE 7-11

GROUNDWATER PROCESS OPTIONS REMAINING

AFTER EVALUATION OF PROCESS OPTIONS

Pagelof 1
General Response Action Remedial Technology Types Process Options
No Action None Not Applicable
Institutional Controls Alternate Water Supplies Maunicipal Water
Point of Entry/Point of Use None
Treatment
Access Restrictions Administrative Controls
Monitoring Monitoring Wells
Containment None Remaining After Not Applicable
Screening
Extraction/Treatment/ Extraction Deep Wells
Discharge
Physical Treatment Air Stripping (TCE only)
Reverse Osmosis (nitrate only)
Chemical Treatment Chemical Oxidation (TCE
orly)
Ultraviolet Radiation/Photolysis
(TCE only)
Biological Treatment None
Discharge Recharge
In Situ Treatment Physical None
Biological None
779 Table 7-11

Page 1 of 1
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8.0 DEVELOPMENT AND SCREENING OF AL TERNATIVES

In this section, the retained process options are assembled into remedial action
alternatives that offer varied degrees of treatment for the contaminated media at the site. -
The assembied alternatives are then evaluated and screened The remannng alternatives are
analyzed in detail in seetlon 9.0.

8.1 PROCESS OVERVIEW

Alternatives are initialty developed to meet a set of remedial action objectives for
each medium of interest. The goal of this process is to assemble a wide range of response
actions that achieve different degrees of cleanup, treat different volumes of the contaminated
media, and achieve the cleanup in different timeframes. These alternatives should include
appropriate containment and treatment options. '

At this point in the process, alternatives are defined in sufficient detail to allow for
the differentiation of each with respect to effectiveness, implementability, and cost. Also,
volumes of media to be treated are well defined. The following information will be
developed, as appropriate, for the various technology processes used in an aiternative:

° Size and configuratien of onsite extraction and treatment systems;

°« '][‘uneframe in which treatment, containment, or remcval goals can be
achieved;

® Rates or ﬂows of treatment;

L Spatial requlrements for constructing treatment or containment technolog1es or
for stagmg consiruction materials or excavated soil or waste;

L Distances for disposal technologies; and
o Required permits for actions and imposed limitations.

The assembled alternatives are next screened using three broad criteria: effectiveness,
mplementabﬂﬂy, and cost. These criteria are defined as follows (EPA, 1988a):

®  Effectiveness Evaluation--Each altemanve is evaluated as to its
effectiveness in providing protection and the reductions in
toxicity, mobility, or volume that it will achieve. Both long-
and short-term components of effectiveness should be evaluated;
long-term referring to the period after the remedial action is
complete, and short-term referring to the construction and
implementation period. Reduction of toxicity, mobility, or
volume refers to changes in one or more characteristics of the
hazardous substances or contaminated media by the use of

8-1
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ireatment that: decreases the mherent threats or risks associated
with the hazardous material. ~

e  Implementability Eva_luatlon_——]mplementabi]ity, as a measure of
both the technical and administrative feasibility of constructing,
operating, and maintaining a remedial action alternative, is used -
during this screening to evaluate the Pprocess options w1th respect
to the conditions at the 1100-EM-1 Operable subunits.

Technical feasibility refers to the ability to construct, reliably -
operate, and meet technology-spemfic regulations for process

_ options until a remedial action is complete. Administrative
feasibility refers to the: abﬂlty to obtain approvals from the = -
appropriate entities, the avaﬁabﬂrty of treatment, storage, or
disposal services and capacity, and the requirements for, and
availability of, specific eqmpment and technical specialists.

- ®u#Cost-Evaluation--Both capital and operanon and maintenance
(O&M) costs are considered. ‘This evaluation will include those
Q&M costs that will be incurred as. long as necessary, even after
the initial remedial action is complete Potential future - .
‘remediation costs are considered to the extent that they can be
defined. .Present worth analys1s should be used during this -
screening to evaluate expenditures that occur over different time
periods. In this way, costs for different actions are compared
on the basis of a smg]c ﬁgure for each alternative.

Appendix N contains detailed cost estimates for the initial capital construction costsaof
each of the alternatives, Capital costs presented in the following paragraphs are taken from

- these estimates. ere-cycle O&M costs are estimated based on utility usage and historical -

costs supplied by various equipment vendors ‘These costs are reflected by a present worth
cost using a annual discount rate of 5 percent used over the lifetime of the altematrve

There are several factors whxch may contubute to the uncertamty of the costs
presented. In the case of soils, uncertainty. in volume estimates due to limited sampling data
could greatly influence costs. Quantity estimates in this report were based on conservative
parameters. For groundwater, there.are substantlai aamual O&M costs associated with the
treatment of nitrates. Because nitrate is transported through the aquifer at rates much faster

- than TCE, nitrate levels in groundwater will probably fall below MCL’s much sooner than

levels for TCE. Substantial savings could be realized by turning off those components of the
treatment system that specifically address nitrate removal Life-cycle costs presented in this
report may be overstated, as the entire treatment tlmn was assumed to operate throughout the
remedial action. S . .
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8.2  SOIL REMEDIAL ACTION ALTERNATIVES -

Section 7.0 identified the viable process options for the specific contaminants in the
contaminated media. Due to the small volume of contaminated soil at each subunit, the
alternatives presented here address all contaminated soil rather than that of each subunit.
Since treatment by one technology means one set of mobilization and set up costs, the net
result is a reduction in cost per unit of treated soil. The mobilization and set up costs for
two or three separate technologies would greatly increase these unit costs. Thus, economies
of scale will dictate the actions taken at this operable unit and alternatives have been
developed accordingly.

Soil reredial action alternatives are assembled from the various process | options to
present a range of treatment alternatives. These are represented by alternatives $-0 through
S-5D in table 8-1. Alterpatives with the same first two descriptors are similar except that the

~ amount of material to be treated or the containment method are changed. Common

components of each alternative are first described and evaluated, then the features which

‘make each altemanve unique, are described and evaluated against the screening criteria.

82.1 Common Components

i Common components of each of the alternatives are discussed in the following
paragraphs.

$.2.1.1 Institutional Controls. Institutional controls would consist of maintaining the
current industrial land use, and restricting access and continuing gr(mnd'water monitoring .
hydraulically downgradient of sites on which contaminants remain in place. These controls

¢ would be both technically and administratively implementable. The cost of these controls

would vary according to the cleanup level achieved and would be evaluated with Tespect to
each alternative. For purposes of alternative comparison, it is assumed that the no action
alternative would require continued monitoring of all presently monitored wells over the next
30 years. Using historical costs of $52,150 per monitoring round, this has an estimated life-
cycle present worth of $802,000. For all other alternatives, removal or treatment options are
assumed to obtain cleanup levels that facilitate clean closure, therefore, wells spec1fica11y
installed to monitor releases from these remediated sites would no longer require sampling
and the only monitoring requirements would be for the HRL." Pro-rated costs for this
reduced monitoring effort are estimated at $40,500 per annual sampling event. This has an
estimated life-cycle present worth of $623,000 over 30 years.

8.2.1.2 Removal of PCB’s at HRL. Ten of the twenty—one proposed. alternatives include
the removal of all the PCB’s contaminated soils, approximately 460 m® (600 yd®), at the ;
identified hot spot at the HRL. As documented in section 7.0, a number of process options
exist that would efficiently destroy the PCB’s.in soil to below required cleanup Ievels.
Alternatives S-1A , S-1C, S-5A and S-5C include excavation and offsite disposal of these
soils in a Toxic Substance Control Act (TSCA) permitted facility run by Chemical Waste
Management Incorporated in Arlington, Oregon, approximately 145 km (90 miles) away.
The excavated area would be regraded and covered with clean soil. - Onsite incineration is the

8-3
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TABLE 8-1, SOIL REMEDIAL ACTION ALTERNATIVES
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treatment technology used in alternatives S-2A and S-2C for thé treatment of these soils. A
small mobile incinerator capable of processing 4.5 metric tons (5-tons) of contaminated soil
per day would be used (see paragraph 8.2.4 for additional details). Treated soils would be
returned to the subunit and the area would be regraded and covered. Alternatives S-3A and
S-3C include offsite incineration at a hazardous waste incinerator operated by Chemical
Waste Management Incorporated located in Port Arthur, Texas, approximately 2,100 km
(1,300 mi) away. Treated soils would be disposed of in the facility’s ash disposal landfiil.
The excavation would be regraded and covered with soil. Supercritical CO, extraction would
be the treatment method used for alternatives S-4A and S-4C. Contaminant would be
extracted from the soils using CO, at a supercritical state which increases its solvating
properties (section 7.0 and paragraph 8.2.6.1). Treated soils would be returned to the
subunit and the area would be regraded and covered with clean soil.

Costs associated with the HRL PCR’s removal are $448,000 for alternatives S-1A,
S-1C, S-5A and S-5C, which would use offsite disposal. Treatment of these soils utilizing
onsite incineration, alternatives S-2A and S-2C, would cost $1,514,000. A cost of .

- $2,679,000 is. associated -with the treatment of these soils at an offsite incinerator for

alternatives S-3A and S-3C. No costs were calculated for treatment of HRL soils in
alternatives S-4A and S-4C because supercritical CO, emactmn is an innovative technology
and cost parameters are not yet ava:lable

. Initial evaluanon of these costs show that they are not pr0h1b1t1ve However when
couphng these options with the capping options considered for all remedial alternatives at the
HRL (except the no action), remedial costs are substantial. As stated in paragraph 7.1.1,
DOE considers it very unlikely that the land use at the HRL will be anything but restricted.
Also, the potential for migration of contaminants from the vadose zone to the groundwater
aquifer is considered minimal (paragraph 7.1.3.1). Because capping and institutional control
will reduce receptor exposure to the PCB’s contaminated soil, further analysis was conducted
to evaluate the effectiveness in removing these soils in terms of both risk reduction-and cost.

Three relationships were evaluated; incremental cancer risk versus volume of soil

. removed; percent reduction in risk versus soil volume removed; and percent risk reduction
~versus total cost. The incremental cancer risk was calculated for the maximum contaminant

level which would remain after a cleanup goal was achieved based on industrial risk
assessment assumptions. - Cleanup goals were set at 100 mg/kg corresponding to a no action
alternative; 50 mg/kg corresponding to a level at which TSCA requirements would no longer
be applicable to remaining contaminants; 38 mg/kg corresponding to the 95% UCL
calculated for HRL. PCB’s contaminated soils; 25 mg/kg corresponding ¢o the upper bound
cleanup level in EPA’s guidance for PCB’s cleannp (EPA, 1990a); 5.2 mg/kg corresponding
to the MTCA Method C cleanup goal; and 1 mg/kg corresponding to 2 MTCA Method A
cleanup goal.- The percent reduction in risk was calculated by taking the difference between
the successive incremental cancer risk values corresponding to each cleanup goal, and
dividing by the total reduction in risk possible at the site (i.e., the risk reduction associated
with remediating from 100 mg/kg down to 1 mg/kg). The extent of contamination was
calcnlated by estimating the areal extent of the contamination between cleamip goals by

- extrapolation from the maximum sample concentration at each sampling location. Volumes

were calculated by estimating the depth of excavation required to attain each cleanup goal

35
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and multiplying by the associated areas. Total cost reflects only the cost for excavation and
treatment of the soils at the site and as. such, is used only to define cost trends. A graphical
comparison of these parameters.is shown in figure 8-1 and a discussion of each follows:

¢ Risk versus Soil Volume--Incremental cancer risk is reduced one order of
magnitude from 10 to the 10° by removing the first 24 m® (31 yd®) of contaminated
soil which corresponds to the estimated volume of material above the 50 mg/kg -
cleanup goal. An additional 202 m* (265 yds) must be removed to decrease the risk
to the 10 range which represents the attainment of the MTCA C goal of 5.2 mg/kg. .
Further cleanup to the MTCA: A goal of 1 mg/kg requires the removal of an -
'addtuonal 233 m® (304 yd® which reduces the rigk, although the order of magmtude .
remains at 105, N . _

® Percent Reduction in Risk versus Soil Volume--Fifty percent of the reduction in
risk is derived from the removal of the first 24 m* (31 yd®) of contaminated soil above
50 mg/kg. An additional 46-percent reduction in risk is achieved if the MTCA C
..goal is. met and 202 m? (265 yd®) more soil is removed. Removing 233 m® (304 yd®)
more soil to meet the MTCA A standard only achleves an addittonal 4~percent
reduction in risk. : _ :

® Percent Reduction in Risk versus Total Cost--The costs to achieve a 50-percent
reduction in risk is relatively low for all alternatives and corresponds to the cleanup
of soils above 50 mg/kg PCB’s. - These costs increase at a slightly higher rate in -~
proportion to the percent reduction in risk when considering cleanup goals between -
50 and 5.2 mg/kg PCB’s. Costs increase dlsproporuonately with respect to nsk
reduction when clcamng up to: the most strmgent gcal

Based on these compansons it Would be most’ effecuve to remove the first 24 m® -
(31 yd® of soil from the PCB’s hot spot at the HRL. A 50-percent reduction in-risk would
be achieved at a fraction of the cost assoc1ated with a MTCA A or C cleanup goal.
Incremental cancer risks would be reduced to between 10* to 10°, When this action is taken
in addition to the proposed capping of the landfill with access and institutional control, the
risks to potential receptors would be fulther rcduced ' _

. Therefore, the removal of a]l the PCB’s contammated soil at the HRL is dropped
from further consideration and alternatives $-1A, S-1C, S-2A, $-2C, S-3A, S-3C, S-4A,
S-4C, S-5A and S-5C are ehmmated PCB’s contammated soils above 50 mg/kg: wx]l be
removed and will be considered a part of all capping options. The method of treatment will
be the same used for PCB’s contaminated soils at the Ephemeral Pool for each specific -
alternative. Figure 8-2 depicts the HRL PCB’s "hot spot” and shows the approximated areal
extent of the soil contaminated with greater than 50 mg/kg PCB’s. The anticipated - -
excavation depth is 0.91 m (3 ft). Costs associated with the various treatment methods are -
$95,000, $165,000 and $226,000 for offsite disposal, onsite incineration, and offsite '
incineration, respectively. There are no costs available for supercritical CO; extraction.

8.2.1.3 Containment at the HRL. Of the remaining 11 akternatives, 10 include some sort
of capping option at HRL. The first would be a cap option designed in accordance with

8-6
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WAC 173-304-460 for the closure of mumc1pal and sohd waste Iandﬁﬂs (MSWLF cap) in
arid regions. As described in section 7.0, this would be an impermeable cap which exceeds
the remedial action objectives for the subunit. This capping option was retained for
evaluation to establish a baseline containment action that addresses uncertainty at the subunit.
The second containment option would be a cap designed for the closure of inactive asbestos-
disposal sites under 40 CFR 61. Each is described and evaluated below. The capping
options also include the limited removal of the HRL PCB’s discussed in paragraph 8.2.1.2

and the removal and dlsposal or recychng of exposed mscarded tires whxch are present in the
landfill.

8.2.1.3.1 Description of the MSWLF Cap--The MSWLF cap would consist of a minimum

‘of 15 cm (6 in) of topsoil over a 50-mil polyvinyl chloride (PVC) geomembrane. The cap

would be placed over the 10.1 hectare (25 acre) area, which is estimated to be the extent of
the actively used landfill. The cap would be designed to have a minimum 2-percent drainage
slope to facilitate surface runoff. Because of the width of the landfill, intermediate drainage

~_ swales would be used to intercept this runoff. At these swales, 10 cm (4 in) diameter -
_perforated pipe would be used for surface drainage collection and the intercepted runoff

would be carried past the extent of the cap into a dram field where it would be allowed to
percolate through the vadose Zone.

The construction of the cap would requn'e apprommately 86,500 m’® (113, 000 yd3) of
random fill materiai to be used in preparing an adequately sloped subgrade. Placement of
the first 15 cm (6 in) of material would require special construction practices to prevent the
exposure of remedial workers to possible asbestos-containing fugitive dust. ‘A 15 cm (6'in)
geomembrane bedding layer consisting of 2.54 cm (1 in) minus material would be placed on
top of the random fill. Next, 87,900 m? (105,000 y&) of geomembrine would be placed and -
covered with 15 cm (6 in) of topsoil. The capped area would be reseeded to establish a -
vegetative cover and 1.83 km (6000 ft) of perimeter fence would be constructed to restrict
access:to the site. Appropriate warning signs would be posted to inform the public that the
area is a past landfill site-that contains asbestos material. It is assumed that all earthwork
materials would be obtained from offsite sources within a 16 km (10 mi) radivs of HRL.

8.2.1.3.2 Evaluation of the MSWLF Cap--The MSWLE cap would be effective in
preventing surface water intrusion into the landfill area and in preventing the migration of
fugitive dust. Fencing around the landfill area would restrict access and would Himit the
potential of exposure to receptors. Contaminant volume and toxicity would not be reduced
under this option; mobility of contaminated fugitive dust would be eliminated and the low
potential for contaminant migration from the vadose zone to the groundwater would be
reduced further. It should be noted that this action goes substantially beyond the RAO’s for
HRL, which are to prevent the ingestion of and dermal contact with PCB-contaminated soils, -
and to prevent the migration of fugitive dust containing asbestos. Short-term risks
associated with the construction of the cap would be minimal and the long-term risks are
substantially reduced. The long-term effectiveness of the cap would be dependent on the
chemical and weather resistant properties of the geomembrane and would need tobe -
periodically evaluated. The impact to the environment would be minimal as potential animal
habitat would be disturbed during construction but would be enhanced by the placement of
topsoil and a vegetative cover at the completion of cap placement.
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This option would be easxly implemented. Constructlon of the cap would involve
common methods used in industry, - Earth materials are read:ly available near the site. " There
are a multitude of suppliers of geomembrangs and numerous contractors who are qualified in .
the special methods required for their installation.. Occupational Safety and Health :
Administration (OSHA) guidelines would have to be followed to protect workers from
asbestos hazards until the initial cover layer was placed over the site. :

The estlmaxed initial capltal cost for tlns optlon is $5 445,000. O&M costs would
involve periodic walkovers and visual evaluation of the cap system during its life, fence
maintenance, and the maintenance of the surface drainage system. These cosis are assumed
to be negligible when considered over the lifetime-of the cap. Additional annual costs would
result. from groundwater momtormg as descnbed in paragraph 8. 3 ...

8.2.1.3.3 Descnptlon of the Asbestos Cap--The asbestos cap would be constructed by
placing 37,100 m® (48,500 yd) of clean: random fill material over the 10.1 hectare (25 acre)
site which is estimated to be the area actrvely used as the landfill. Forty-five cm (18 in) of

. random-filkamaterial would be placed uniformly-over the site following existing contours; no

effort would be made to direct surface runoff off of the cap area. Placement of the first

* 15 cm (6 in) layer of this material would require the use of special construction practices to -

limit the exposure of remedial workers to fugitive dust. - An additional 15 cm (6 in) topsoil -
layer would then be placed and seeded to dryland.grasses. Total cap thickness would be

60 cm (2 ft): Access to the landfill area would be restricted by constructing 1.83 km (6,000

ft) of perimeter fence. Appropnate warning signs would be placed to nottfy the pub]1c that
the area was used as a landﬁ]l and that 1t contains asbestos

8.2.1.3.4 Evaluauon of the Asbestos CaD--Placement of the cap would meet. the RAO of
preventing the migration of fugitive dust from the landfill.. Construction of a perimeter fence:
would restrict site access and, therefore, the potentral exposure to receptors would be -

e reduced, 'Contaminant volume and toxicity would remain unchanged. Site risks would be -~

reduced because there would be a significant reduction in the mobility of the asbestos.
Because PCB’s sorbed to soils have limited mobility within the vadose zone, a permeable cap-
system does not increase site risks. Because special construction practices would be .
employed during initial placement of the fill, short-term risks to remedial workers would be
minimal, As discussed in section 7.0, this cap conforms to the "hybrid":closure - :
requrrements a]lowed by EPA at landﬁll srtes Wlﬂ'l low levels of contammatlon

Placement of the cap would mvolve standard earthwork practlces and materials that
are readily available within a 16 km (10 mi) radius of the site. OSHA standards would have’

~ to be followed until the initial cover layer was placed over the site to protect onsrte workers

from asbestos hazards. This optlon would be easxly mplemented

An initial construction capltai cost of $2 131 000 is estlmated for thrs opﬂon o&M
costs specific to the cap would include periodic walkovers and evaluation of the cap, and
fence maintenance. These costs are assumed to be negligible over the life of the cap.-

Yearly groundwater sampling and analysrs would be required because contannnants would be —
left in place. These costs are prov1ded in paragraph 8 3 1.1 above
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8.2.1.4 Offsite Disposal of Ephemeral Pool PCB’s Four of the remaining options
consider excavating the PCB’s contaminated soil at the Ephemeral Pool and disposing of -
them in the TSCA permitted facility run by Chemlcal Waste Management Incorporated in
Arhngton Oregon, approximately 145 km (90 mi) away. Under this option, approximately
250 m® (340 yd®) of contaminated soil would be removed and disposed of. Front end loaders
would be used for excavation and hauling wounid be by Department of Transportation (DOT)
approved hazardous waste haulers. The contaminated material would be hauled in bulk in -
approximately 28 ton truckloads. Removal of material would be in phases with confirmatory
testing conducted between each phase. The RAOQ for this site is to remove all material to
below the MTCA cleanup Jevel of 1 mg/kg and to background levels if practicable.  If this
RAO was not achieved, or if any PCB’s remain onsite (> 1 mg/kg) after the removal of 250
m® of material, additional soils would be removed until cleanup levels are met. If cleanup to
background levels was achieved, the site would be closed without restrictions. At the

completion of the removal action the site would be regraded and covered with 15 cm (6 in)
of clean random fill matenal

‘This: option would reduce the mobility of PCB contaminated material at the site
through removal actions; the volume and toxicity would not be reduced. Placement in a-
permitted offsite facility would ensure that controls are in place to prevent releases to the
environment. The remedial action would be easily implemented as it requires basic earth
moving equipment, DOT licensed haulers, and offsite landfili capacity, all of which are
readily available. The short-term risks to remedial workers would be minimal as precautions
would be taken to preclude worker exposure to contaminated material. If any PCB’s remain -
onsite, access restrictions would prevent long-term exposure to onsite workers thus reducing

The costs for this option are based on the assumptlon that the site would be-

remediated to background levels by removing a maximum of 250 m® of material. The
-estimated initial capital cost of this -action is $356 000. There wouid be no O&M CcOSts

associated w1th clean closure.

8.2.1.5 Confirmatory Samplmg and Analysis. In order to determme if all contammated
soil above cleanup standards is removed, or to determine if contaminant residuals in treated
soil meet cleanup standards, confirmatory sampling and analySIS would be performed.
Sampling and analysis costs are included as part of each remedial alternative that follows.

8.2.2 Alternative S-0 (No Action)

§.2.2.1 Description of Alternative. This alternative is required by the NCP to establish a
baseline condition to which other alternatives can be compared. Under this alternative, no -
action would be taken to remediate any of the contaminated soil sites. The current
monitoring program would be revised to require annual sampling only over the next.

30 years. During this period, if sample analysis indicates that conditions at the site are
deteriorating, the program would be reevaluated. If at the end of 30 years, conditions at the
site are unchanged or are improved, the monitoring program would be discontinued.
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8.2.2.2 Evaluation of Alternative. -This alternative would not reduce the toxicity, mobility,
or volume of the contaminated media. - If the ¢urrent land use patterns of the site remain the
same, the maximum incremental cancer risk of 5E-5 and hazard index of 0.3 for an onsite
worker, as determined in appendix K based on the 95-percent UCL., would still exist. These

- levels are within the acceptable range set forth in' the NCP but are slightly higher than those

set forth in MTCA. As stated in appendix L, there are no risks to ecological receptors from
the contaminants present that are d15t1ngu1shable from the baseline conditions, -

There are no technical reqmrements for -ﬂ_le unplementatmn of this alternative.
Administratively, there may be some opposition to leaving contaminants in place by
regulatory agencies and the public.. The costs-of this alternative wouid be those associated
with continued site-wide monitoring as 1dent1fied1n paragraph 8.2.1.1. '
$.2.3 Alternative S-1B and S-1D

8.2.3.1 -Description of Alternatwes Thesé alternatives consider the use of bioremediation

- for the BEHP contaminated soil at the Discolored Soil Site, removal and offsite disposal of -

the PCB’s contaminated soil at the Ephemeral Pool, and either an asbestos cap (S-1A) ora
MSWLF cap (S-1D) at HRL. . Contaminated soil at the HRL above 50 mg/kg PCB’s would
be disposed of offsite. ‘Bioremediation would-be through the method of landfarming. A '
diked treatment area approximately 30.5 m by 36.6 m (100 ft by 120 ) would be
constructed onsite and lined with an 1mperv10us geomembrane. The contaminated soil,
estimated to be a maximum of 340 m’ (440 yd®), would be excavated and placed into the-
treatment area. A sprinkler system would deliver a mixture of water, nutrients, and :
microorganisms, specifically cultured for their ability to degrade BEHP, to the soils @
approximately twice a week. - The soils-would be tilled after each application of this mzxture .
to provide additional mixing and aeration. Excess water would be collected and recycled. A

~ bioreactor would be required onsite to culture the microorganisms. " It was assumed that

bioremediation would be conducted for 36 weeks a year with a suspension of operations
during the colder winter months, which mh1b1t bacterial growth and respiration. The entire
remediation process was assumed to take 2 years: However, this is a crude estimate and the -
actual time would be better estimated after treatabﬂlty testing. After remediation, the soils
would be placed back at the Discolored Soil Site and the area would be regraded and covered
with 15 cm (6 in) of topsoil assuming that it meets the Land Disposal Restriction (LDR) Best
Demonstrated Available Technology (BDAT) requirement of no more than 28 mg/kg of
BEHP. If this requirement was not met, a land d1sposa1 treatabﬂ:ty variance would be
petitioned for.

8.2.3.2 Effectiveness of Alternatives. .The effectiveness of bioremediation on BEHP soils -
is pot well documented. At one site, BEHP in soils was reduced from 700 mg/kg to a-few
parts per million (WST, 1992).. However, even with a treatment efficiency of 99 percent,
for soils with a 95-percent UCL of 18,000 mg/kg, this treatment would not reduce -
contaminant levels to below the MTCA cleanup goal of 71 mg/kg. Treatability studies
would better define the actual treatment levels that may be achieved. Therefore, it is
difficult to predict the levels to which toxicity would be reduced. - Unless the soils are
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remediated to background levels, whlch is lmhkely, there would be no reduction in volume
or mobility. R

Landfarming would be an easily implemented treatment method. Initial construction
of the facility would be simple. O&M would be somewhat difficult due to the sensitivity of
the bacterial colonies, however, this would be overcome by initial operator trammg The
facility would have to meet RCRA guidelines for land treatment units.

The injtial capital cost for each aItemauve, including offs1te d13posa1 of the Ephemeral
Pool PCB’s: soil and capping of HRL is estimated at $4,202,000 for alternative S-1B and at
$7,516,000 for alternative S-1D. These costs include the anticipated 2-year O&M costs of
the landfarming operation. The life cycle present. worth costs of annual momtor.mg were
identified in paragraph 8.3.1.1.

8.2.4 Alternatives S-2B and S-2D

8.2.4.1 Description of Alternative. These alternatives would use onsite incineration and
disposal for the destruction of PCB’s and BEHP at the Ephemeral Pool and the UN-1100-6
subunits, respectively.  Alternative S-2B would use a cap designed for asbestos containment
while, alternative S-2D would use a MSWLF cap at the HRL. Contaminated soﬂ at the HRL
above 50 mg/kg PCB’s would also be incinerated onsite.

Onsite incineration would be accomphshed by using a small mobile incinerator

‘capable of processing approximately 4.5 metric tons (5-tons) of contaminated soil per day.

Between the two operable subunits there would be approximately 1,100 metric tons (1,210

. tons) of contaminated soils.to be processed Rotary kiln technology would be used to

process materials as big as 5 cm(2 in) in diameter. Electricity would be used to power the
combustion source. Combustion off gases would be treated to meet air quality standards for
emissions through use of a secondary combustion chamber and wet scrubbers. Ashes would
be quenched with water and the quench water would be recirculated. After incineration, the

. ash would be placed back at the operable subunit and the area would be regladed and

covered with 15 cm (6 in) of topsoil.

_ Matena]s would be excavated using standard equlpment for earthwork. Conﬁrmatory
testmg would be conducted to ensure that all contaminated soils above cleanup levels are
removed. A 30.5-m (100-ft) graded square pad would be required to house the incinerator. -
The pad would be located in an area that is central to the operable subunits. Precautions

would be taken to ensure that matenal would not be spﬂled when transporting it from the site
to the incinerator.

8.2.4.2 Evaluation of Alternatives. Incineration has been proven to be effective with
09.9 percent destruction efficiencies for PCB’s and BEHP (EPA, 1991b). This option would
reduce contaminant levels to below the MTCA requirements of 1 mg/kg for PCB’s and '
71 mg/kg for BEHP. Add1mIla]1y, the LDR BDAT of 28 mg/kg for BEHP can be met..

- This method would significantly reduce the toxicity of the soils. The volume of soils would

be slightly reduced, while the mobility of the contaminants that remain after incineration
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would stay the same. Soils redeposned after proccssmg are Ilkely to have some residual

contaminants, however, these Would be minimal and: shoirid not prohibit the delisting of the
sites.

- Mobile incinerator technology would be reachly ..a.vailable making these altemaﬁvés
easy to implement technicaily. Administratively, acquiring the approvais to operate the

_incinerator may be difficult due to public opposition. - A test bum may be required to ensure

that air emissions criteria are met and to evaluate the ash charactenst:lcs

Specific evaluatlon of the cappmg options are as described above. Costs for these
alternatives including the O&M costs for the incinerator and the cappmg costs for HRL, are
estimated to be $5,801,000 and $9,115,000 for alternatives $-2B and S-2D, respectwely '
There would be no costs associated Wlth O&M after incineration is complete '

8.2. 5 Alternatlves S-SB and S—3D

et -\r SR

- 8.2.5. 1 D&scrlptlon of Alternatives. In these altematlves offsite incineration to destroy

contaminants in subunit soils would be chosen as the remedial action. - Approximately
1,100 metric tons (1,210 tons) of contaminated soils from the UN-1100-6 and Ephemeral
Pool subunits would be excavated:and- slupped to an offsite incinerator. DOT licensed

. hazardous waste haulers would carry the contaminated soils in bulk truck loads of

18.2 metric tons (20 tons) to the Chemical Waste Management Incorporated RCRA licensed
facility in Port Arthur, Texas, approximately 2,100 km (1,300 mi) away. After incineration,
the ash would be dlsposed of in this facility’s ash disposal landfill. Post action sampling and
analyses of remaining subunit soils would be required to confirm the level of cleanup. At -

the completion of the removal action, the site ' would be regraded and covered with 15 cm %"

(6 in) of clean random fill: - These alternatives would require either an asbestos cap - -
(alternative S-3B) or a MSWLF cap (alternative S-3D) as the containment option at HRL.

An additional 45 metric tons (50 tons) of soﬂ from the HRL (> 50 mg/kg PCB’s) would be

shipped to the mcmemtor

8.2.5.2 Evaluatmn of Alternatlves. The cappmg components of these altemanves were
described previously. The efficiency of this option would be the same as that achieved for
onsite incineration. In addition to reducing toxicity, this option reduces contaminant mobility
because soils are removed from the site, treated; and placed in a controlied landfill. The
volume of material would be slightly reduced in the mcmeratmn process. .

There is both adequate mcmeratxon and transportatlon capacity to easﬂy mplement
this alternative. Also, the public would be less ]Jkely to oppose treating and disposing of the
soils offsite in an already penmtted fac111ty

The estimated cost of altematlve S 3B mcludmg the asbestos cap for HRL is
$6,325,000. A cost of $9,639,000, which includes the MSWLF cap at HRL, is estimated
for alternative S-3D. - Life-cycle present worth and annual monitoring costs were 1dent1ﬁed in
paragraph 8.3.1.1. There would be no O&M costs associated with these alternatives.
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8.2.6 Alternatives S-4B and S-4D .

8.2.6.1  Description of Alternatives. Treatment for the Discolored Soil Site and Ephemeral
Pool soils are accomplished through the use of supercritical CO, extraction under these.
alternatives. Again, alternative S-4B includes the asbestos cap at the HRL, and alternative
S-4D includes the MSWLF cap, both of which have been previously described. HRL soils
contaminated with PCB’s above 50 mg/kg would also be treated through this process. This
treatment technology has been retained to this point because it is innovative in nature and
bench scale studies have shown promising results. Although this application is commonly
used commercially for the decaffeination of coffee, equipment has not yet been developed for
the decontamination of soil. The process is described in detail in section 7.0. Conceptually,
contaminated soils would be fed into a reactor in which it would be subjected to a constant
flow of supercritical CO, for a certain period of time determined through treatability testing.
The treated soil would have the majority of contaminants removed and could possibly be
redeposited at the sites. The extract would be brought back to ambient pressure and '
temperature and the CO, would return to its gaseous state. The remaining liquid would be
free product of either PCB’s or BEHP that could either be recycled or detoxified through
some other treatment process. - B o

8:2.6.2 Evaluation of Alternatives. Bench scale studies recently performed (WHC, 1992)
ou ‘contaminated soils from both the Discolored Soil Site and the HRL site have shown
G7-percent and 99-percent removal efficiencies through this process :for BEHP and PCB’s,
respectively. Improved efficiencies may be possible by altering the temperature or pressure
used in the process. Further bench scale studies will concentrate on these patameters to
determine the most optlmal extraction condmons

: Because this technology is only emerging, there is no equipment available to
implement this treatment method. While bench scale tests have shown positive results, the
actual design of material handting and process equipment has not been refined for the

.. processing of soils. It is difficult to predict when the technology would even be available at

a pilot scale. Because of the uncertain timeframe in its continued development, this

“technology is dropped from further consideration as a remedial alternative. However,

because of the positive bench scale results, DOE will pursue the development of this
technology for use in other areas at the Hanford site. This option should be reconsidered for
this QU if development of this technology progresses ﬁgmﬁeantly in the near future.

8.2.7 Alfernatives S-5B and S-5D

8.2.7.1 Description of Alternatives. These alternatives would treat 619 metric tons
(682 tons) of contaminated Discolored Soil Site soils using offsite incineration, dispose of
250 m® (340 yd® of Ephemeral Pool soils in an offsite landfiil, and use the asbestos cap

(alternative S-5B) or the MSWLF cap (alternative S-5D) at HRL. Additionally, PCB-

contaminated soil above 50 mg/kg would be disposed of offsite.

8.2.7.2 Evaluation of Alternativeo. As previously discussed, offsite incineration for the
treatment of BEHP soils would be effective in reducing contaminant toxicity and mobility.

815



DOE/RL-92-67

Disposal of PCB contaminated soils in a TSCA landfill does not reduce volume or toxicity,
however, mobility would be controlled through containment measures instituted by the
facility. These options would reduce long-term exposure to onsite workers by removing
contaminated materials. . As indicated, these options would be easily implemented. The
estimated initial capital cost of alternative S-5B is $5,336,000. Alternative S-5D is estimated
to have an initial capital cost of $8,65_O-,000. There are no O&M costs associated with this
alterpative. The yearly groundwater sampling and analyses cost and the life-cycle present
worth cost, assuming clean closure of the Discolored Soil Site and Ephemeral Pool srtes
would be as descrrbed in paragraph 8. 3 1.1 for the 30 year period.

8.2.8 Summary of Remedral Alternatwe Costs

A summary of the reta;med remedlal action altemative costs is provided in table 8-2.-
The detailed evaluation of these alternatives w1]1 be performed in sectlon 9.0.

83 GROUNDWATER REMEDIAL Acr_r__oN ALTERNATIVES

The remaining groundwater process options are assembled to present a range of
treatment alternatives. These are represented by alternatives GW-0 through GW-4B in -
table 8-3. Alternatives with the same first three descriptions are similar except that the
treatment method for TCE differs.. All pump -and treat alternatives include the treatment of
nitrates. 'As discussed in earlier sections, the treatment of nitrates is secondary to that for -
TCE. For this reason, only one nitrate treatment method is evaluated. Should pump and
treat be selected as the remedial alternative, nitrate treatment methods will be re-evaluated
during the remedial design. Common features. of alternatives are first described and
gvaluated. Finally, complete ah'ematrves are described and evaluated agamst the screenmg
criteria. o -

8.3.1 Proposed Point of Comphance and Indrcator Contammant

An mtegral part of any groundwater remedral action is the establishment of a point of :
compliance (POC) at which the contaminants of concermn must meet ARAR’s. For ground-.
water at HRL, the George Washington Way diagonal, as described in section 6.0 (see figure
6-25) is proposed as the POC. The reasons for this proposal are: the diagonal is a
conveniently oriented construct that is easily identified and is within DOE property
boundaries; from modeling results, the outer edge of the TCE plume which is above MCL’s
* is approximately 600 m (2,000 f£) upgradient of the proposed POC; and the 300 Area is

approximately 300 m (1,000 ft) downgradrent of the POC at its nearest peint prov1dmg a
buffer zone between the two areas :

The risks from groundwater at this site are a result of TCE contamination when
calculated using the uncertain residential land use scenario. Even under this conservative
scenario, nitrate contamination does not pose a significant risk.. As discussed in section 7.0,
the presence of nitrate alone in the groundwater at the reported levels would not trigger
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TABLE 8-2. SOIL REMEDIAL ALTERNATIVE COSTS

$0 S-1B S-1D S-2B §2D S3B $3D S-5B S-5D J‘

! Alternative

Capital

Cost $0 $3,579,000 $6,893,000 { $5,178,000 | $8,492,000 | $5,702,000 | $9,016,000 | .$4,713,000 | $8,027,000

o | -
Monitoring $52,150 $40,500 $40,500 $40,500 -$40,500 $40,500 $40,500 - $40,500 $40,500

Cost

Lifecycle
Present ' o ' -
$623,000 | $623,000 | $623.000 | $623,000 | $623,000 - ’ :

'L9-i€ii§1féloq

Worth of $302,000 $623,000 $623,000 $623,000

Annual
Costs'

Total

Present .
Worth $802,000 $4,202,000 $7,516,000 ) $5,801,000 $9,115,000 $6,325,000 $9,639,000 $5,336,000 | $8,650,000

Costs

! 30 year life.
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PROCESS OPTION

TABLE 8-3. GROUNDWATER REMEDIAL ACTION ALTERNATIVES

GW-0

GW-1

GW-2A

GW-2B

GW-3A

GW-3B

GW-4A

GW-4B

- No Action

I Institutional Controls

® Monitoring -

e Points of Compliance with
- Contingency Plan '

‘Extraction-Infiltration

@ : Scenario 1

® Scenario 2

® Scenario 3

TCE Treatment

® Air Stripping

® Chemical/UV Oxidation

Nitrate Treatment

® Reverse Osmosis
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remedial actions. Therefore, TCE is proposed as the nndlcator contaminant and the site
would be out of compliance when TCE levels above MCL’s are detected at the POC.

As noted in section 6.0, nitrate has greater dispersion than TCE, which accounts for the
bigger nitrate plume. It is not unreasonable to assume that nitrates (possibly above MCL’s)
would be detected at the proposed POC well in advance of TCE.

8.3.2 Common Components

The components that are common to a number of alternatives are described in the
following paragraphs

'8.3.2.1 Institutional Controls. Institutional controls would consist of maintaining the

existing land use, preventing the drilling of consumptive wells, and supplying future users
through Richland’s existing municipal distribution system. These controls would be both -
technically and administratively implementable. The costs of these controls would be
minimal. -Additionaily, yearly groundwater sampling and analysis would be required until
such time as contaminant levels equal background. For this evaluation, groundwater
monitoring is assumed to be continued for 30 years for each alternative. The annual cost of
sampling and analysis. associated with the monitoring of HRL plume is estimated at $40,500,
which corresponds to a life-cycle present worth of $623,000. It should be noted that these
are the same monitoring wells used for the evaluation of releases from the contaminated soil
sites. Therefore, to preclude accounting for these costs twice, they have not been considered

as part of the giroundwater altematlve costs as they have a]ready been considered in the so:l
alternatives.

'8.3.2.2 Extraction-Infiltration Scenario 1. Under this scenario groundwater would be

pumped at a rate of 0.38 m*/min (100 gpm) through one extraction well. The extracted
water would be treated and then would be distribuied to an infiltration system consisting of
61 m (200 ft) of 31 cm (12 in) diameter perforated pipe from which the treated water would
be recharged into the ground. The extraction well would be approximately 18.3 m (60 ft)

~deep. The bottom 6.1 m (20 ft) would be screened. A 5 horsepower(hp)-pump would be

used to push the water through 92 m (300 ft) of 8 cm (3 in) diameter pipe to the head of the -
treatment train. = After treatment, the water would be pumped from 2 sump to the recharge

system using a 1/2 hp pump A general locatlon of the We]l and recharge trench is shown in
figure 6-33. :

It is estimated that the plume would be remediated to below the MCL by the year
2012 under this pumping scenario. Capital costs are associated with the well, pumpmg, and

piping networks. O&M costs are required mainly for power and occasional pump servicing.
These costs are included in the evaluations to follow.

8.3.2.3 Extraction-Infiltration Scenario 2. Three wells each being pumped at a rate of
0.38 m®/min (100 gpm) each, for a combined total of 1.14 m*/min (300 gpm), are the basis
of this extraction scheme. Each well would be 18.3 m (60 ft) deep and would be screened
over the bottom 6.1 m (20 ff). The water would be pamped by 5 hp pumps throngh 8 to
10 cm (3 to 4 in) diameter transmission line to the head of the treatment train. A total of
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495 m (1,625 ft) of pipeline is required. -After treatment, the effluent would be collected in
a sump and a.3 hp pump would be used to discharge the effluent to a 183 m (600 ft) long
infiltration trench containing 31 ¢m (12 in) diameter perforated pipe. The approximate

locations of the wells and the recharge trench for this scheme are shown in figure 6-33.

Under this scenario, the contaminated plume would be remediated to below MCL’s by
the year 2008. Capital costs are based on the installation of new wells and the transmission
piping system. O&M costs reflect the cost of annual monitoring and occasional pump
maintenance. Evaluations that follow mclude these costs.

8.3.24 Extractlon-lnﬁltratmn Scenario 3. ’_I‘lus scenario represents the most aggressive
pumping scenario considered. Ten wells, each extracting at a rate of 0.38 m*/min

(100 gpm), for a total of 3.79 m’*/min (1,000 gpm), would be installed. Each well would be
equipped with a 7.5 hp pump. The water would be conveyed through a 8 to 20 cm (3 to

8 in) diameter transmission line to the head of the treatment train. Approximately

725 meters (2,375 ft) of transmission pipeline would be requ:red After treatment, the -
effluent would be collected in a sump and then pumped using a 20 hp pump to the infiltration

~ system. - The infiltration system consists of 610 m (2,000 ft) of 31-cm- (12-in)-diameter

perforated pipe in a trench that Would be 305 m long by 6 1 m wide (1,000 ft by 20 ft).

. Altematlves employmg extractzon-mﬁltratlon scenario 3 (GW-4A and GW-4B) are
predmted to remediate the aquifer in the least amount of time (9 years). However, as stated
in section 6.0,. 100 percent additional water outside the 5 ppb TCE plume would be captured
and treated. Preliminary estimates indicate that treatment of this clean water more than
doubles the costs of alternatives utilizing extraction-infiltration scenario 2 (GW-3A and
GW-3B).and only reduces the remediation timeframe by 4 years. The capture zone analy51s
performed in section 6.0 indicates. that the optimum pump and treat scenario would include:.
wells extracting between 0.38 and 1.14 m*/min (100 and 300 gpm). For these reasons,
alternatives GW-4A and GW-4B are dropped from further consaderatmn

8. 3 2.5 Addltmnal Momtormg Wel]s In a]l altemauv&s (exoept GW-0, the no-action .
alternative), six additional wells would be installed i in order that the contaminant plume can
be more effectively monitored. Three wells would be installed just west of and paralle]l to
the proposed POC. Three other wells would be instafled at locations to be determined
downgradient of HRL. The depth of these wells ‘would be approximately 18.3 m (60 ft).
Wells shall be cased using 10.2 cm (4 in) diameter stainless steel. The bottom 6.1 m (20 ft)
of the well shail be screened with a 10-slot stainless steel well screen. The initial capital
costs of the additional wells is estimated at $685,000. Annual sampling and analyses costs
for these additional wells would be $24,300. Llfe—cycle present- worth costs would vary
according to the estimated life of the pro;ect

8.3.3 Alternative GW-0
8.3.3.1 Description of Alternatlve. “This is: the "no action” altematlve required by the NCP

for the purpose of estabhshmg a baseline remediation scenario to which all other alternatives
can be compared. Under this alternative, no active measures would be undertaken to -
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remediate the TCE and nitrates in the: groundwater A Iong-term monitoring program would
be implemented to characterize the mlgratlon of contaminants. over time. Existing '
administrative controls would remain in place

8332 Evaluatmn of Alternative. It is estimated that the groundwater contaminants in the
plume would naturally attenuate to below MCL’s by the year 2017 and that no TCE above
MCL’s would cross the George Washington Way diagonal . Because there are no’
downgradient users, there would be no additional risks to humans during this remediation
timeframe. This option does not reduce contaminant volume or mobility. Toxicity would be
reduced through dispersion and dilution. Technically, this alternative would be easily -
implemented. Administratively, there may be some concern with leaving contaminants in
place. The costs associated with this alternative are those required for yearly groundwater
monitoring. There are no capital costs associated with this alternauve

834 Alternaltlve GW-1

834.1 Descrnptmn of Alternatwe This alternative would be similar to Alternative GW-0
in that no active remedial action would be taken initiaily. Instead, six new monitoring wells

- will be installed and a point of compliance would be established along a line just west of and

parallel to George Washington Way. Three of the new monitoring wells would be installed
along this line and would provide information on contaminant migration to this point. In
addition, a contingency plan would be developed in the event that’ TCE at levels above
MCL’s were detected at these wells.

8.3.4.2 Evaluation of Alternative. Under the most conservative groundwater modeling
scenario, TCE at levels above MCL’s do not migrate past The George Washington Way
diagonal and naturaily attenuate by the year 2017. Establishing the diagonal as a POC within
the DOE site boundary, provides some insurance if the actual conditions differ from those
modelled. If TCE above MCL’s is detected at any of the three new wells along the
diagonal,a contingency plan can be initiated. As in the no action scenario, there are no
additional risks to human health during the anticipated remediation timeframe because there
are no downgradient groundwater users. This alternative would be easy to implement
technically and, administratively, may be better accepted because a contingency plan would
be in place to trigger an appropriate response should conditions warrant. The costs of this
alternative include the construction of six additional monitoring wells, and the yearly
sampling and analysis required for monitoring. The initial capital cost and the present worth
life-cycle costs of this alternative are estimated at $1,059,000. This assumes that no
remedial action would be necessary in the future based on modeling results.

8.3.5 Alternatives GW-2A Through GW-3B
8.3.5.1 Description of Alternatives. These alternatives would treat various flow rates of
extracted groundwater using two separate treatment trains. Alternatives GW-2A and GW-3A

treat 0.38 and 1.14 m*/min (100 and 300 gpm) flows, respectively, using air stripping for
treatment of TCE and reverse osmosis for the treatment of nitrates. Alternatives _GW-ZB and
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GW-3B use an ultraviolet (UV)/oxuiatlon system to treat TCE and reverse osmosis for the
treatment of nitrates at these- same: respeetivé: ﬂows _

8.3.5.1.1 Pretreatment Units—-At the head end of each process train, high flow multl—medla

- filters would remove sediments from the groundwater. This would prevent fouling of the air

stripping media and of the osmotic membrane. Filters or a combination of filters are -
available. to .meet the proposed design flows (Culligan, 1992). Filters have been sized for-
flow rates of 0.28 m*min-m? (7 gpm/f). The filiers would require periodic backwashing to

‘remove accumulated sediments. Because of the low turb1d1ty of the groundwater, it is

anticipated that backwashing would only be required a maximum of twice daily. Backwash
flow. rates are .80 m*/min (210 gpm) for each filter used. One filter is required for the -
.38 m*/min (100 gpm) system and two are requu'ed for the 1.14.m*/min (300 gpm) system,
Backwash cycles are 13 minutes in duration. Settling tanks of 50 m® (4,000 gal) and 100 m*
(8,000 gal) would be used to settle solids. The tanks are sized so that one-third of their

- capacity is reserved for sludge storage. It is anticipated that these tanks have adequate

capacity to store all sludge generated over the lifetime of the pump and treat systems. At the
conclusion: of .operations, this sludge would require treatment prior to disposal. Overflow
from the sett]mg tanks would be. pumped back to. the head of the system for treatment.

8.3.5.1.2 Air Smgpers-—Alr stnppers are commonly used for the removal of TCE from -
groundwater. As described in section 7.0, stripping-makes use of TCE’s favorable Henry’s = -
Law Constant. - Air would be passed countercurrent to water flow and the volatile organic -
contaminant would be transferred from the liquid pbase to the gas phase. ' Air stripping units
for the various flow rates would have the following design parameters (Hydro Group, 1992)
Strippers are used in Altemattves GW-3A, GW—4A and GW-SA. :

P_armneter 0 38 mglmm L1 m3lm1n
Height = 7.63m (5 ft) - 7.63m Q5 )
Diameter | 06lm@fy 122 m @4 8)
Packing Height ~ 457m (158 - 457m (15 £
Blotverl Sizé _ 1 hp ) o _ 3 hp

All umts would be constructed of structural a]nmmum and would be free standmg

8.3.5.1.3 gy/o:u@on Units—The. UV/o;udatmn process is descnbed in section 7.0 and - -
applies to the treatment of TCE (alternatives GW-2B and GW-3B). Typical processes would
mix the contaminated water with ozone and hydrogen peroxide in a reaction chamber. This
mixture would then be irradiated with UV light. Off gases would be treated in a catalytic

~ ozone decomposer and then released to the air. Units, or a combination of units, are

available to treat the range of design flows (ULTROX, 1992). :System components would .
consist of an oxidation reactor, ozone generator, compressor, air dryer, air filter, hydrogen
perox1de feed system, a vapor treatment umt and assomated programmable logic controls.
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For the respective flow rates, 12.7 and 45 4 kﬂograms (kg) [28 and 100 pounds (lbs)] of
ozone would need to be generated per day - .

8.3.5.1.4 Reverse Osmosis—Reverse osmosis is chosen as the process option to remove
nitrates to below MCL’s. As described in section 7.0, hydrostatic pressure would be used to
drive feedwater through a sempermeable membrane while a major portion of the
contaminant content would remain behind and would be discharged as waste. This waste
discharge would then be flash evaporated, leaving behind residue, which could easily be
disposed of. Units, or a combination of units, are available to treat the range of flows
proposed (Culligan, 1992).. Standard systems would feature a thin-film composite spiral-
wound-reverse osmosis membrane, fiberglass membrane housings, panel mounted and in-line
instruments for monitoring of system performance, and a water quality monitor. These
systems are assumed to operate with a 75-percent recovery rate

8.3.5.2 Evaluation of Alternatives. Each of these alternatives Would be effective in
reducing the contaminant levels in the groundwater to below MCL’s. Air stripping would

_transfer the TCE- to the gas phase‘and would not reduce the overall volume or toxicity of the

TCE. Mobility would be transferred from the liquid phase to the gas phase. Emissions of
TCE to the atmosphere are not considered to be a substantial health risk at this site. TCE
emissions for the proposed treatment rates are estimated to be 52.6 and 157.7 grams/day
(0:12 and 0.35 lbs/day) based on the average TCE concentrations from eight rounds of
sampling. Because TCE concentrations have been falling with each successive sampling
round, this estimate is conservative. TCE would also degrade in the atmosphere after several
«days. The process would be easily implemented with a number of vendors available who can
supply units. Administratively, obtaining approval for direct release of emissions to the
atmosphere should not be difficult due to the low inherent nsks

The UV/ oxidation system would destroy the TCE and convert it to CQ, and water.
The system would effectively reduce TCE concentrations to below MCL’s. Volume,
mobility, and toxicity of the contaminant would all be reduced. There is only one known
vendor of this system, however, obtaining equipment should not pose a problem. -
Administratively, obtaining approval for the use of this system should not be a concern.

: Reverse osmosis has proven effective in removing nitrates to below MCL’s.
Residuals from this process are easily disposed of. Volume would not be reduced, but
toxicity and mobility are reduced as nitrate would remain as a constituent of a solid residue.
This technology is readily available and would be easily implemented with a number of
available equipment suppliers. There should be no admmlstratlve obstacle in using this
technology '

. Initial capital costs have been estimated and are summarized in table 8-4. Vendor
gquotes for all equipment were obtained. O&M costs are based on pumping, chemical, and

" energy requirements. Where possible, costs were obtained from the vendor, othermse costs

are approximate values

‘Costs of all other retained altematwes are also summarized in table 8-4. Detailed
evaluation of these alternatives will be conducted in section 9.0.
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TABLE 8-4. GROUNDWATER REMEDIAL ALTERNATIVE COSTS!

GW-12

GW-2B* _ '

GW-3A4

Altemative GW-0? GW-2A3 - GW-3B*
Capital Cost $0 $685,0Q0. . $1,536,000 $2,072,000 $3,557,000 $4;228',000
" Annual O&M . _ S o . -
Cost %0 . 50 - $232,000 ©-$238,000. - $481,000 . $514,000
Annual _

~ | Monitoring for - - L L _ c N

{ Six* Additional - $0 $24,300  $24,300 - $24,300 - $24,300 $24,300
Weils _ ' s - e ' :
foecyclc Present
‘Worth Cost of . E _ o SR
Anntual Costs™ $0 $374,000 -$2,890,000 $2,957,000 © $4,747,000 . $5,057,000
Total Present :
Worth Costs ° $0 $1,059,000° $5,11_1~,o‘oo : - $5,714,000 $s,939,000 :

$9,970,000

considered for sonl altematlves

? 30-year life.

3 17-year life.

4 13-year life.

! Annual sampling and analysns cost of $40 500 for etustmg wells are not included in these costs; they were previously

AR
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9.0 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES

The candidate remedial altemaﬁves are evaluated in detail in this section. The
evaluation criteria used in this analysis are discussed in paragraph 9.2. Detailed descriptions
of the alternatives were provided in section 8.0. After each alternative is individually
assessed against these criteria, a comparative analysis is made to evaluate the relative
performance cf each alternative in relation to the specific evaluation criteria.

9.1 EVALUATION CRITERIA

Each alternative is evaluated against nine criteria. They are: the overall protection of
human health and the environment; comphance with ARAR’s; long-term effectiveness and
permanence; reduction of toxicity, mobility, or volume through treatment; short-term
effectiveness; implementability; cost; state acceptance; and community acceptance. The first
two are considered "threshold criteria” and relate to statutory requirements. The next five
are considered "balancing criteria” and consider a number of subcriteria to allow a more
thorough analysis and evaluation. State and community acceptance are appropriately
reviewed during the receipt of public comment and the development of the proposed plan.
Evaluation of these two criteria are beyond the scope of this report. The criteria and

subcriteria are those described in FS guidance (EPA, 1989) and are briefly summarized
below.

9.1.1 Criterion 1--Overall Protection of Human Health and the Environment

This evaluation criterion provides a final check to assess whether each alternative

* meets the requirements that it is protective of human health and the environment. The -

overall assessment of protection draws on the assessments conducted under other evaluation

criteria, especially Iong-term effectiveness and permanence, short-term effecuveness and
compliance with ARAR’s.

This evaluation will focus on how an altemative achieves protection over time and
how site risks are reduced. The analysis considers how each source of contamination is to be
eliminated, reduced, or controlled for each alternative.

9.1.2 Criterion 2--Compliance with ARAR’s

This evaluation criterion is used to determine whether each alternative will meet the
Federal and state ARAR’s that have been identified. The analysis will summarize the
requirements that are applicable or relevant and appropriate to the altemative and will
describe how each is met. The following is addressed for the detailed analysis of ARAR’s:
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° Comphance w1th chemmal-spemﬁc ARAR S}

. Comphance w1th acﬂon—spemﬁc ARAR s; and

o Comphance with Iocauon-spwﬁc ARAR 8.

9.1.3 Criterion 5——Long—Term Effectiveness and Permanence

The evaluation of alternatives under this cﬁteﬁon addresses the results of a remedial
action in terms of the risks remaining at the site after response objectives have been met.
The primary focus of this evaluation is the extent and effectiveness of the controls that may

be required to manage the risk posed by treatment res1dua1s and/or untreated wastes. The
following sub-criteria are addressed: : _ :

¢ Magnifude of residual risk;
. Adequacy of cont;'ols;, and o

o _.'Re]iabi]ity of controls.

9.1.4 Criterion 4--Reduction of Toxicity, Mobility, or Volume Through Treatment

This evaluation criterion addresses both the Federal and state statutory preference. fer
selectmg remedial actions that employ treatment technologies that permanently and
icantly reduce toxicity,- mobﬂ1ty, or volume of the hazardous substance as their i
pnnc1pal element. ‘This preference is satisfied when treatment is used to reduce the principai
threats at a site through the destruction of toxic contaminants, reduction of the total mass of

toxic contaminants, irreversible reduction in contaminant mobility, or reductlon in total
volume of contaminated media. -

. The evaluation focuses on the follow:ng spemﬂc factors for a particu]ax remedml
alternative: _

° The treatment processes the remedy w111 employ, and the
materials they will treat;

. The amount of hazardous materials that wﬂl be destroyed or
- treated, mchldmg how the pnnc:pal threat(s) will be addressed

® - The degree to whwh the. treatment will be meversmle

. The type and quantity of treatment resmuals that will remain;
and
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Whether the alternative would satlsfy the statutory preference
for treatment as a principal element.

9.1.5 Criterion 5--Short-Term Effectivertess

This evaluation criterion addresses the effects of the alternative during the
construction and implementation phase until remedial response objectives are met (e.2., a
cleanup target has been met), as well as the speed with which risks posed by the site are
addressed. Alternatives are evaluated with respect to their effects on human health and the
environment during implementation of the remedial action. The following factors will be

addressed:

Protection of the conimunity during remedial actions;
Protection of workers during remedial actions; -
Environmental impacts; and -

Time until remedial action objectives are met.

9.1.6 Criterion 6--Implementability

The implementability criterion addresses the technical and administrative feasibility of
implementing an alternative and the availability of various services and matena]s required
dunng its implementation. The following factors are analyzed:

Techmical feasibility including construction and operation, -
reliability of technology, and the ease of 1mdertahng addmonal
remedial action;

Admlmstratlve feambﬂlty, and
Availability of services and materials mcludmg offsite storage

and freatment capacity, and the avaﬂablhty of equipment,
services, and personnel.

9.1.7 Cntenon 7-—Cost

The cost of each alternative is presented including estimated capital, annual costs, and
present worth costs. The accuracy of all costs are within the plus 50-percent to minus 30-
percent range specified in EPA guidance. Capital cosis include the direct costs of
equipment, Iabor, and materials necessary to install remedial alternatives. Anmual costs are
post-construction costs necessary to ensure effectiveness of the remedial action. Present
worth costs are calculated to evaluate expenditures that occur over different time periods by
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discounting all future costs and annual costs to a common base year. For this report a

discount rate of 5 percent was used to determme present.. worth costs. Detailed costs are
presented in section 8.0 with backup provided in appendlx N.

t 9.1.8 Criterion 8--State Acceptance

State acceptance is assessed based on the evaluatlon of the techmcal and

-.administrative issues and concerns that state regulatory agencies have regarding each of the

alternatives. This criterion will be addressed i in the Record of Decision (ROD) once
comments on the RI/FS and the proposed plan are received. o

9.1.9 Criterion 9--Community Acceptance :

This assessment evaluates the issues and concerns the public may have regarding each
of the aiternatives. As with state acceptance, this criterion will be addressed in the Record
of Decision once comments on the RI/FS. and proposed plan are received.

92 EVALUATION OF SOIL REMEDIAL ALTERNATIVES
The remaining soil remedial alternatives are evaluated against the seven criteria that

are possible to address at this time in the following paragraphs. At the conclusion of these
individual evaluations-a comparative analysis is made. A detailed- descnptlon of each

alternative is provided in paragraph 8.2..

9.2.1 Alternative S-0 (No Action)

Under this alternative, 1o action would be taken to remediate the site actively and
annual monitoring of existing downgradient welis would be nnplemented

9.2.1.1 Criterion 1--Overall Protection of Human Health and the Envnronment The
remedial action objectives for all the sites would not be satisfied. Continued exposure to
contaminated soil by industrial onsite workers would be possible. Maximum site ICR to
industriat workers is 5E-05 and the maximum HI is 0.3. For the uncertain long-term
residential land use scenario, the maximum ICR is 4E-04 and the HI is 3.4 assuming that
land use at the HRL remains restricted.

9.2.1.2 Criterion 2--Compliance w1th ARAR’s. MTCA cieanup levels wou]d not be

- achieved by this alternative.

9.2.1.3 Criterion 3—-Long-Term Effect:weness and Permanence Residual risks would be
as stated above., Groundwater monitoring would be a reliable and adequate control to. .
determine if contaminants are migrating offsite. Continued industrial land use would ensure
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that potential exposure would be limited to onsite workers however there is uncertainty as
to industrial land use in the long-term future. e _

9.2.1.4 Criterion 4—'-_Reduction of Toxicity, Mobility, or Volume Through Treatment.
There would be no reduction in the toxicity, mobility, or volume of the contaminants under
this alternative.

9.2.1.5 Criterion 5--Short-Term Effectiveness. Because no active remedial éctions would
be undertaken there would be no short-term risks to remedial workers or the pubhc There
would be no impacts to the: envn'onment due to constructmn or operation.

9.2.1.6 Criterion 6--Implementability. This altemanve would be easily implemented.

Monitoring wculd be conducted using established procedures. No perm1ts special
equipment, or specialists would be required. -

92.1.7 Cntemon 7--Cost. The present worth cost of this altemnative is estimated at
$802,000. S

9.2.2 Alternative S-1B

: Under this alternative soils at the Discolored Soil Site would be bioremediated, PCB-
contaminated soil from the Ephemeral Pool would be removed and disposed of offsite, and
HRL would be capped for the containment of asbestos. The PCB-contaminated soil above
50 mg/kg will also be disposed of offsite. Additionally, anpual groundwater monitoring is
conducted, access would be restricted to sites on which contaminants remain, and the current
land use would be continued.

9.2.2.1 Criterion 1--;0verall Protection of Human Health and the Environment. Afl of
the remedial action objectives would be satisfied by this alternative. Potential receptor
exposure to contaminated materials would be significantly reduced by either reducing the

- toxicity of the contaminants through bioremediation, removal of the contaminants offsite, or

through the combined effects of containment and access restrictions.

9222 Criterion‘ ZuCompliance Wiﬂl ARAR’s. Achievement of MTCA cleanup Ievels
may not be possible for the bioremediation of BEHP at the Discolored Soil Site. - Also, the
operation of this facility would need to comply with RCRA requirements. A land disposal
variance would have to be petitioned for if these soils did not meet RCRA Land Disposal
Restriction Best Demonstrated Achievable Technology requirements prior to land disposal.

Achievement of MTCA cleamup levels would be attained at the Ephemeral Pool.
Materials would be disposed of in a TSCA approved facility and transported- according to
DOT regulations.

MTCA cleanup levels for PCB’s would not be achieved at HRL; however, the

removal of the highly contaminated soils, containment, continued monitoring, and access
restrictions would reduce exposure to the contaminant and would comply with Ecology’s
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requirements for actions involving containment. The asbestos cap would comply with the
requirement for capping inactive landfills containing asbestos. - Installation of a soil cap -
would be consistent with the EPA policy for closure of landfilis containing contaminants at
low concentrations. - Warning signs would alert the pubhc to the potentlal hazards of the

- landfill as required.

9.2.2.3 Criterion 3--Long-Term Effectiveness and Permanence, Cleanup to the MTCA
levels at the Discolored Soil Site and Ephemeral Pool subunits would reduce residual risks at .
those sites to the E-6 range and below. If bioremediation of the Discolored Soil Site soils
does not reduce contaminant levels to below MTCA goals, risks would be higher and
additional actions (removal, treatment, and/or containment) may be required. Risks from the
PCB’s at HRL would be reduced to the E-5 range assuming a restricted land use. Capping
and restricting access at this site would be adequate and reliable controls which would also
significantly reduce the potential for exposure.. Continued yearly downgradient monitoring

would determine if contaminants are- mlgratmg offs1te and if add1t10na1 remedial measures
would be necessary. . :

9.2.24 Criterion 4--Reduction of Toxicity, Mobility, or Volume Through Treatment.
The toxicity of the bioremediated Discolored Soil Site soil would be reduced under this

alternative. Because residuals of the contammant would still exist, volume and mobility
would remain the same. - .

Offsite disposal of the PCB—contaminated soil at the Ephemeral Pool and the HRL
would reduce the mobility of the contaminant onsite. Disposal in a controlled TSCA facﬂ1ty
would limit the mobility of the contaminant offs1te The volume and tomclty of the -
contaminated soil would be unchanged. =

The asbestos cap would not reduce either the toxicity, mobility, or volume of PCB— o
contaminated soil -at HRL. The mobxhty of fugltlve dust conta]mng asbestos would be
reduced. _

9.2.2.5 Criterion 5—Short-Term Effectiveness.‘ - There would not be any short—term risks
to the community during the implementation phase of this alternative. Control measures
would be taken to control fugitive dust as part of any remedial action. Remedial workers
would be required to wear protective coveralis to protect against dermal exposure. At HRL,
special construction practices mcludmg dust suppressmn would be utilized to prevent worker
exposure to asbestos :

During remedlanon there would be some disruption of the environment due to
earthmoving activities. However, after the sites are remediated, the areas would be regraded

to restore the land to near original conditions. At HRL, topsoil would be provided and the

area would be seeded to dryland grass to provide future habitat for birds and small

- mammals.

Bioremediation of the Discolored Soil Site is: estimated to require about 2 years from
the start of onsite activities. This remediation timeframe is not well constructed aad can be
better established after treatability studies are conducted. The removal action at the
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Ephemeral Pool and HRL can be completed w1thm 3 months of beginning site work. S1x
months would be required to complete the capping and installation of the fence at HRL.

9.2.2.6 Implementability. Bioremediation is a commonly used technology that requires no
special equipment. Initial operator training would be required to establish procedures for
culturing the microorganisms and for supplementing and aerating the soil. Confirmatory
testing would be required to determine when cleanup levels are achieved. If this treatment
cannot achieve cleanup objectives, other methods described in this report can be readily
instituted.

Removal of PCB’s to an offsite facility would also be easy to implement. Excavation
of material would be by using conventional earthmoving equipment. Confirmatery testing
would be conducted to ensure that all material above the cleanup level is removed. An
approved TSCA facility with more than sufficient capacity is located at Artington, Oregon,
approximately 145 km (90 miles) away. A number of hcensed DOT hazardous waste haulers
are available who could transport this matenal

Construction of a cap to contain asbestos would require only conventlonal earthwork
practices. [Earth materials for fill are avaﬂable Wlthm a 16 I-km (10—m11e) radius of the site.
No spec1a1 permits would be: requu‘ed

9.2.2.7 Cost. The total present worth cost of this alternative is estimated at $4,202,000.

9.2.3 Alternative S-1D

This alternative would be similar to alternative S-1B except that a cap designed in

-accordance with WAC 173-304 would be used instead of the asbestos cap Consequently,

the evaluation that follows only con31ders this dlfference

9.2.3.1 Criterion 1-Overall Protect_mn of _Human Health and the Environment. .The

~. use of a WAC cap in this alternative would satisfy the remedial action objectives. Potential
_Teceptor exposure to contaminants would be mgmﬁcanﬂy reduced through the cappmg of the

site and the unposmon of access restrictions.

9.2.3.2 Criterion 2—-Compliance with ARAR’s. Again, MTCA cleanup levels for PCB’s
would not be achieved at HRL, however, exposure to the contaminant would be significantly
reduced and the action would comply with Ecology’s requirements for actions involving
containment. The WAC cap conforms to state requirements for capping of landfills in arid
climates. Warning signs would alert the public to the potential hazards of the landfill as -
required.

9.2.3.3 Criterion 3--Long-Term Effectiveness and Permanence. - Removal of the PCB-
contaminated soil above 50 mg/kg reduces the ICR to the E-5 range assuming restricted land
use. Capping and access restrictions would also significantly reduce the likelihood of -
exposure and would be adequate and reliable controls. Continued annual monitoring of
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downgradient wells would be used to evaluate the cap and to. determme if addmonal
measures ‘would be necessary. s .

9.2.3.4 Criterion 4--Reduction of Toxicity, Mobility, or Volume Through Treatment.
The cap would not reduce the volume or toxicity of the PCB’s. “The cap would be
impermeable thus infiliration would be reduced. This should further reduce the already

- limited mobility of the PCB’s. The mobﬂlty of fugxuve dust contalmng asbestos would be

reduced.

9.2.3.5 Criterion 5--Short-Term Effectiveness. Construction of the cap would not pose a
risk to the community. Special precautions would be taken to control fugitive dust that may
contain asbestos to protect remedial workers. -Construction would disturb-10.1 hectares

(25 acres), that may currently be inbabited by: wildlife. A topsoil cover seeded to dryland
grass would be installed to provide: habitat after construction is complete. Construction of
the WAC cap would be completed within 6 months of startmg work at the 31te

9.2.3.6 -Criterion 6—Implementability. The cap would be constructed using conventional
practices and should be easily implemented. Geomembranes would be available from
multiple vendors and there are a number of contractors that are qualified in their installation.
Earth fill materials are readily available within a 16. l-km (10-mile) radius. No special: -
pernnts would be requlred for construcuon

9.2.3. 7 Crlterlon 7--Cost. The tom.l present worth cost of this alternative is estimated at
$7,516,000.

9,2.4 Alternative S-2B

This alternative considers the use of onsite incineration for the destruction of
contaminants at the Discolored Soil Site and Ephemeral Pool subunits. Remedial action at
HRL consists of capping for the containment of asbestos and the use of access restrictions.
The capping option was evaluated as part of a previous alternative and is not reviewed here.
Additionally, PCB-contaminated soil above 50 mg/kg will also be incinerated onsite. Annual
downgradient groundwater monitoring would be employed to-evaluate remedial actions,

9.2.4.1 Criterion 1--Overall Protection of ‘Human Health and the Environment. ‘
Remedial action objectives would be met through this alternative. - At the Ephemeral Pool
and the Discolored Soil Site, residual risks would be reduced to less than E-6 if cleanup
levels are obtained; no residual risks from these contaminants would remain if clean closure
is obtained. -At the HRL, residual risks would be reduced to the E-5 range assummg
restricted use. :

9.2.4.2 Criterion 2-—-Compliance with ARAR’s. The ARAR for MTCA cleanup levels
would be met under this alternative at the Discolored Soil Site and Ephemeral Pool. - MTCA
cleanup levels would not be achieved at the HRL bui the alternative would comply with
Ecology’s requirements for sites using containment. The onsite incineration facility would be
required to meet RCRA standards for mcmeranon faczhnes and also to meet regional air
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quality standards. Ash from the process would have kttle resxdual contaminant and should
meet requirements to allow replacement at the subunits.

9.2.4.3 Criterion 3--Long-Term Effectiveness and Permanence. There should be little or
no residual risks associated with remediation of this site as indicated above at the Discolored
Soil Site and Ephemeral Pool. Risks from PCB’s at the HRL would be reduced to the E-5
range. If contaminants above background remain, annual momtonng would provide rehable '
controls to establish if subsequent releases occur. _

9.2.4.4 Criterion 4-Reduction of Toxicity, Mobility, or Volume Threugh Treatment.
Toxicity of the contaminants would be significantly reduced as these processes typically have
99.9 percent destruction removal efficiencies. Incineration of soils would not reduce volume
substantially. Mobﬂlty of the remaining residuals Would remain the same.

9.2.4.5 Criterion 5—-Short-Term Effectiveness. There should be no- risk to the commumty
during remediation if the incinerator is operating properly. Air quality would be monitored

- and the operation would not proceed if emissions do not meet standards. Remedial workers

would require protective clothing to prevent dermal contact. Impacts. to the environment
would consist of the excavation of contaminated materials and the construction of a pad to
house incineration facilities. After remediation these areas would be regraded to return the
site to near original conditions. : '

9.2.4.6 Criterion 6—-Implementability. Vendors are available to supply onsite incineration

facilities that have proven effectiveness in remediating soils with similar contaminants.

Operation of the incinerator would typicaily be done by vendor supplied operators. - Ashes
can be tested to determine if cleanup goals are being met. The incinerator must meet the
requirements of RCRA and be approved by state agencies in accordance with the TPA.

9.2.4.7 Criterion 7--Cost. The present worth total cost of this alternative is estumated at
$5,801,000. . __ _

9.2.5 Alternative S-.2]j

This alternative is similar to alternative S-2B except that a WAC cap is employed for
the containment at HRL. Evaluation of the first six criteria has previously been presented in-

the above discussions. -The only criterion that dlffers is the present Worth total cost which is
estimated at $9,115,000. _

92.6 Alternative S-3B

‘This remedial alternative utilizes incineration at an offsite facility for the remediation
of the Discolored Soil Site and Ephemeral Pool contaminated soils in conjunction with a cap
for asbestos containment and access restrictions at HRL, Capping and access restrictions at
HRL were previously considered and are not evaluated further here. Contaminated soils -

9-9
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above 50 mg/kg at the I-IRL will also be incinerated offsite. Groundwater samphng would be
conducted annually to momtor the effecuvene:ss of the remedial actions. :

9.2.6.1 Criterion 1--Overall Protection of _Hu_man Health and the Environment. This

- alternative would meet the site-wide remedial action objectives. Risks to human health from
these specific contaminants would be reduced to below 1E-06 if MTCA cleanup levels are

obtained and eliminated if the site attains clean closure at the Discolored Soil Site and
Ephemeral Pool. Assuming a restncted land use at the HRL, risks will be reduced to the
E-5 range.

9.2.6.2 Crltenon Z—Comphance Wlﬂl ARAR’s. All ARAR S would be met at the
Discolored Soil Site and Ephemeral Pool. MTCA cleanup goals would not be achieved at -
the HRL but the alternative would comply with Ecology’s requirements for actions involving -
containment. The contaminated material would be hauled by a licensed DOT hazardous
waste hauler.. The receiving facility would have a: penmt to operate a RCRA fa.cﬂ:ty Ash
disposal would be in an RCRA—approved fac;hty B o

. V‘ J-’:

9.2.6. 3 Crltenon 3-Long-Term Effectlveness and Permanence Long—term risks, as'

indicated above, would be significantly reduced through this action at the Discolored Soil
Site and Ephemeral Pool. Risks at the HRL are reduced to the E-5 range. If contaminant
residuals do remain, momtormg of groundwater would provide adequate controls to measure
the effectiveness of the action.

9.2.6.4 Criterion 4—Reductlon of Toxicity, Mobility, or Volume Through Treatment. ‘\
Contaminant toxicity would be reduced due to the high destruction removal efficiencies .+ >
associated with this process option. If residuals remain; their mobility would be unaffected

Volume would be only slightly reduced through the incineration of soils:

9.2.6.5 -Crite_rion 5--Short-Term Effectiveness. There would be no risks to the'community
from the offsite incineration alternative. . Risks to remedial workers would be minimized by
requiring the use of protective clothing to prevent dermal exposure. Excavation of the
contaminated material would disturb the relat:wely small sites. Post remediation activities
would include regrading to return the area to near original conditions. The two subumits.
would be remedJated within 3 months of commencmg s1te activities.

9.2.6.6 Cntermn 6-Implementab1]1ty Th1s altematlve would be easily mlplemented A
commercial incinerator is available in Port Arthur, Texas, approximately 2,100 km (1,300
miles) away. This incinerator accepts contaminated soils and has adequate capacity.
Excavation of material would be by conventional equipment and transportation is teadily
available through a number of licensed haulers. There would be no administrative
requirements for onsite activities. Conﬁrmatory testing would be used to determine when
cleanup levels are achieved.

6-10



et

DOE/RL 92 67
9.2.6.7 Crltermn 7--Cost. The total present worth cost of this altemanve is $6,325, 000
92,7 Alternatlve S—3D :
' This alternative uses a WAC cap as the containment option at the HRL in lien of the
cap for asbestos containment thus distinguishing it from alternative S-3B. Evaluations of all
the components that comprise this option have been discussed in previous sections. Cost is

the only criterion that differs and the total present worth costs of this alternative is estimated
at $9,639,000.

9.2.8 Alternative S-5B

 ‘This alternative is a hybrid altemative that utilizes offsite incineration for the -
Discolored Soil Site soils contaminated with BEHP and, offsite disposal for the PCB’s

. contaminated soils of the Ephemeral Pool. A cap for asbestos containment would be used at

the HRL along ‘with removal and offsite disposal of PCB-contaminated soil above 50 mg/kg,
access restrictions, and continued annual groundwater monitoring. Each of these components
were previously discussed and are not evaluated further. The present worth total cost of this
altemanve is estimated at $5,336,000.

9.2.9 Alternative S-5D

_ Like Alternative S-5B, offsite incineration for Discolored Soil Site soils and offsite
disposal for Ephemeral Pool soils would be utilized. This option, however, employs a WAC
cap at HRL, along with removal and offsite disposal of PCB-contaminated soil above
50 mg/kg, access restrictions, and continued annual groundwater monitoring. The present -

- worth total costs of this altemnative is estimated at $8,650,000.

9.2.10 Comparative Analysis

-In the following analysis, the alternatives are evaluated in relation to one another for
each of the evaluation criteria. The purpose of this analysis is to identify the relative
advantages and disadvantages of each alternative.

9.2.10.1 Criterion 1—-Overall Protection of Human Health and the Environment. All
the alternatives would meet the remedial action objectives established at the site with the
exception of alternative S-0. Protection of human health would be provided by reducing the
risks associated with the dermal contact and ingestion pathways. Alternatives S-1B, $-1D,
S-3B, and S-5D achieve protection by a combination of {reatment, removal, and disposal,
and containment options. Alternatives S-2B, S-2D, S-3B, and S-3D achieve protection by
the same technology, incineration, except that the method (onsite or offsite) differs.
Containment at HRL would be through one of two capping options.
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9.2.10.2 Criterion 2-Compliance with ARAR’s. All actions except alterpative S-0 have
the potential of meeting ARAR’s, For alternative S-0, MTCA cleanup levels would not be
attained. Bioremediation may be Tess effective in reducmg BEHP levels in alternatives S-1B
and S-1D. The efficiency of cleanup would need to be determined in order to evaluate if
MTCA cleanup levels can be met. ‘Capping and treatment of the PCB-contaminated soils
greater than 50 mg/kg at HRL Would not address MTCA cleanup levels, however, capping -
of landfills containing contaminants at low concentrations is consistent with EPA policy and .
these actions would comply with Ecology’s requirements for sites involving containment.

9.2.10.3 Criterion 3--Long-Term Effectiveness and Permanence. Altemat:wes S-ZB,
S-2D, $-3B, and S-3D offer the highest degrees of long-term permanence because these
alternatives use treatment methods that permanently reduce toxicity at the Discolored Soil
Site and Ephemeral Pool subunits, For Alternatives $-2B and S-2D, soils containing
residuals would be disposed of onsite. Alternatives S-SB and S-5D also have high degrees of
long-term permanence because contaminants would be either destroyed or removed offsite to
a controlled facility. Alternatives S-1B and S-1D have the potential for long-term
permanence if.contaminants could be degraded to. below cleanup levels. Otherwise,

 additional remedial actions may be necessary No long—term maintenance would be requn-ed )

at these subunits.

The capping options would require periodic evaluauon and maintenance to preserve
their integrity. The asbestos cap would maintain its functionality provided that the asbestos
material remains covered. Functlonahty of the WAC cap would be maintained as long as the.
geomembrane remains covered and is not Tuptured. This cap option has the added benefit of
reducing infiltration into the landfill area. Long-term monitoring would ensure that releases-.
from HRL would not be occurring and would be critical for evaluating effectiveness. The
reduction in exposure to receptors relies. on malntammg access restrictions and current land
uses. , -

Alternative S-0 would not reduce any residual site risks.

9.2.10.4 Criterion 4-Reduction of Toxicity, Mobility, or Volume Through Treatment.

Toxicity would be reduced through alternatives $-2B, S-2D, S-3B, and S-3D. Alternatives

S-1B, S-1D, S-5B, and S-5D reduce tox1c1ty for BEHP contammated soils at the Dlscolored
Soil Site only.

Onsite mobility would be reduced through alternatives S-1B, S-1D, $-3B, S-3D,
S-5B, and S-5D by removing materials offsite. However, mobilities of the contaminants at -
offsite facilities remain the same even though they may be controlled. '

Alternatives utihzmg incineration reduce soﬂ vo]umes very littie. A]I other
alternatives do not reduce volume . _

Cappmg options reduce the moblhty of fugmve dust that may contain contaminants.

Mobility of contaminants in the vadose zone remain the same (practically immobile)
although, the WAC cap reduces infiltration that potentially could further reduce mobility.

9-12



DOE(RL 92—67

Alternative $-0 would not reduce the tox1c1ty, mob:hty, or volume of contaminated
soils. '

9.2.10.5 Criterion 5--Short-Term Effectiveness. All alternatives present relatively low
risks to the community during implementation. Some fugitive dust emissions from cap
construction activities would be anticipated although precautions would be taken to reduce
these to protect both remedial workers and the community. Risks to remedial workers for all
other alternatives would be reduced by using protective clothing.

The onsite biological treatment option for alternatives S-1B and S-1D is estimated to

- require approximately 2 years to complete. The onsite incineration option of alternatives

S$-2B and S-2D is estimated to take less than 1 year to complete. All offsite treatment
options would be accomplished within 3 months of initiating field activities. The capping

options in each of the altematlves would be constructed within 6 months of initiating field -
activities.

9.2.10.6 Criterion 6--Implementab1hty All alternatives would be technically easy to
implement.  Alternatives S-1B and S-1D reqmre some operator training and knowledge of the
process. Alternatives S-2B and S-2D require the mobﬂ]zatlon set up, and trial testing of the
incinerator to ensure that apphcable standards would be met. Operating personnel would be
supphed by the vendor. The capping options would only require typical construction
practices using readily available materials. Offsite disposal or treatment facilities considered
in alternatives S-1B, S-1D, S-3B, S-3D, $-5B, and S-5D all have adequate capacity to _
receive these materials. Also, there are numerous licensed haulers who would be able to
ransport these materials. : '

9.2.10.7 Criterion 7—Cost. The no action alternative has the east total present worth
costs. These costs are associated with annual groundwater monitoring for the next 30 years.
O&M costs for all remaining alternatives would be the same because total cleanup of the

. Discolored Soil Site and Ephemeral Pool subunits is assumed and the only costs would be

associated with the yearly monitoring of wells downgradient of HRL. Options that use the
asbestos cap at HRL would be less costly than those that use the WAC cap. Alternatives that

‘use a combination of treatment for soils at the UN-1100-6 subunit and offsite disposal of the

soils from the Ephemeral Pool subunit would be less costly than alternatives that utilize
either onsite or offsite incineration. A summary of estimated costs is presented in table 8-2.

9.2.10.8 Smhmary of Soil Remedial Alternatives Evaluation. Table 9-1 is a summary of

the evaluation of groundwater altematlves versus the seven criteria against which they were
evaluated. _

9.3 EVALUATION OF GROUNDWATER REI\/IEDIAL ALTERNATIVES

The remaining groundwater remedial. alternatives are evaluated against the seven
criteria that are possible to address at this time in the following sections. A comparative
analysis is made at the conclusion of these individual evaluations. A detailed description of
each alternative is provided in paragraph 8.3. -
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TABLE 9-1.. EVALUATION OF SOIL REMEDIAL ALTERNATIVES

CERCLA S-0 S-1B S-1D S-2B S2D |1 S3B | S$3D | $5B | $-5D
CRITERIA No Action ' ' ! -
Overall Protection LM M/H M/H M/H M/H M/H MH | MWH _ M/H
Compliance with L MH | ME | ME | H | MH | H M/H H
ARAR’s | ' i . _
Long-Term L M/H H M/H H M/H H M/H H -
Effectiveness and : L
Permanence | h _
Reduction of o . e -
Toxicity, Mobility, L LM M M I MH - M M/H M - M/H.
Volume _ ' _ o ~ ' B _
Short-Term LM MH | MH | MH | MH | H H H H

h Effectiveness_ ' ' o

" Implementability H H H H H H H H H

I Cost (Present Worth) $802K $4,202K | $7,516K | $5,801K | $9,115K | $6,325K | $9,639K | $5,336K | $8,650K:
Thousands of Dollars ' - ' o SN o '
L = Low--Does not meet all elements of the Criterion adequately
‘M = Medium--Does meet all elements of the Criterion adequately
H = High--Meets all of the elements of the Criterion to a high degree -

N o -

L9-T6-Td/20d



DOE/RL-92-67
9.3.1° Alternative GW-0 |

No active remedial measures would be undertaken under this alternative. Annual
groundwater monitoring would be implemented to evaluate the migration of contaminants
over time. -Exiting administrative controls that specify land use and restrict well drilting for
consumptive purposes would remain in place. New facilities Would receive water supplled
through the City of Rlchland’s d1stnbut10n network.

9.3.1.1 Criterion 1-Overall Protectmn of Human Health and the Envu‘onment Thls
alternative would meet the remedial action objectives of the site. Overall risks to human
heaith would be minimal because there are no current receptors. Continued use of the _
institutional controls would prevent future exposure. This alternative leaves contamination in

place, that allows for further migratﬁon of the plume. However, groundwater modeling

results have estimated that at no point in time would groundwater with TCE above MCL’s
cross the George Washington Way diagonal.

9.3.1.2. Crltenon 2--Compliance with ARAR’s. This alternative would attain SDWA
MCL’s by the year 2017 through natural attenzation as estlmated by groundwater modehng -
No other ARAR’s apply to this alternative. = -

9.3.1.3 Criterion 3—-Long-Term Effectiveness and Permanence.  After natural attenuation
‘to below MCL'’s is complete, the long term residual incremental cancer risk would be

reduced to 1E-6 for TCE and the bazard quotient for nitrates would be 0.17. Groundwater
monitoring would be a reliable control to determme the rate and concentration of plume

mlgratmn

N 9.3.1.4 Criterion 4—Reduction of Toxmxty, Mobility, or Volume Through Treatment.
* The toxicity of contaminants would be reduced through the effects of diffusion, dispersion,

dilution, and blodegmdanon Mob:hty and volume would remain the same.

9.3.1.5 Criterion 5——Short—Term Effectlven&ss. There would be no addnwnal risks to the
community, environment, or remedial workers because no action will be taken. Assuming a-
common start date for all alternatives in the year 1995, the most conservative modeling
estimate is that natural attenuation to below MCL’s would be complete in 22 years.

9.3.1.6 Criterion G-Implementabﬂlty This alternative would be easily imﬁlemented The

annual groundwater monitoring would be conducted undler proceduxes a]ready estabhshed for-
this site. :

9.3.1.7 -Criterinn 7—Cost. - There wouid be no costs associated With this alternative.

9.3.2 Alternative GW-I
This alternative would be similar to the no action alternative except thai points of

compliance would be established on a line just west and parallel to George Washington Way..
Three monitoring wells would be installed along this line to monitor the plume migration.
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An additional three wells will be installed down-gradient of the HRL. A contingency plan
would be implemented if TCE above MCL’s s detected at any of these wells.

9.3.2.1 Criterion 1--Overall Protectlon of Human Health and the Envlronment Site

~ remedial action objectives would be accomplished under this alternative.: Maintenance of

institutional controls would ensure that there would be no receptors of the groundwater, thus -
making the risks to-human heaith minimal. Again, contamination would be left in place and
would be allowed to migrate. However, natural attenuation of the entire plume to below
MCL’s would be expected by the year 2017.. . -

9.3.2.2 Criterion 2—-Comp11ance with ARAR s. This altematlve Would oomply w1th
SDWA MCL’S when attenuation is complete. . ,

9.3.2.3___. Cntenon 3--L0ng-Term Effect_xveness and Permanence. The residual incremental
cancer risk associated with attenuation to MCL’s would be 1E-6 and the hazard quotient
would be 0.17. Groundwater monitoring would be a reliable control to determine if
attenuation is complete.- Natural attenuation is genera}ly recommended when warranted
because of site-specific conditions, e.g., where groundwater is unlikely to be used in the
foreseeable future and, therefore, can be remediated over an-extended period of time, or"
where natural attenuation is expected to reduce the concentration of contaminants in the
groundwater to the remedlatlon goals ina reasonable time frame (55 FR 8734 and EPA
1988&d). . :

9.3.2.4 Criterion 4~Reduction of Toxicity, Mobi]_ity, or Volume -Thmugh' Treatmentf.
There would be no reduction in contaminant volume or mobility under this alternative.
Contammant toxicity would be reduced through dlspemon, dlffumon, and dﬂutlon

9.3.2.5 Criterion 5—-Short-Term Effectweness “There- would be no- addmonal risks to' the '

g community or environment due to this action. Risks to remedial workers associated with

monitoring well instaliation would also be low. There is no transfer of contaminants from
one media to another, There is no transport of contaminants or disposal at another site.
Natural attenuation to MCL’s would be. expected to be complete in 22 years under the most
conservative modehng estimate. -

9.3.2.6 Cntenon 6--Implementab1hty Th13 a.ltemauve would be techmcaily easy to
implement with the only new construction consisting of well development. Obtaining
regulatory approval for setting the points of compliance and leaving contaminants in place
would be required. Annual groundwater monitoring would reliably evaluate the effects of
natural attenuation throughout the remediation timeframe. If TCE above the MCL is
detected at the points of compliance, a contmgency plan would be implemented to assure an
appropriate response. -

9.3,2.7 Criterion 7--Cost. The total present worth cost of this alternative is estimated at
$1,059,000, which assumes that natural attenuation would occur as modelled and that no
additional remedial action would be necessary. This cost includes the capital cost of we]l
construction and annuai momtonng cost over a 30-year penod
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9.3.3 Alternative GW-2A

Groundwater would be actively remediated under this scenario. An extraction rate of
0.38 m*/min (100 gpm) would be used. Groundwater would be treated by air stripping (to
remove TCE) and by reverse osmosis (to remove nitrates) to reduce contaminant levels to
below MCL’s. Effluent from the treatment train would be recha:ged' through an infiltration
trench. Current institutional controls would remain in place and six additional monitoring
wells would be installed.

9.3.3.1 Criterion 1--Overall Protection of Human Health and the Environment. This
alternative meets. the remedial action objectives for the site. Risks to human health would be
minimal because there are no current or potential consumptive users of the groundwater.
Remediation to below MCL’s would be expected by the year 2012,

93.32 Criterion 2-.-Camplianoe with ARAR’s. The groundwater would be remediated to
SDWA MCL’s. TCE emissions from the air smpper Would not be e:qwected to be above
levels that require treatment.

9.3.3.3 Criterion 3--Long-Term Effectiveness and Permanence. Remediation to MCL'’s
reduces the site incremental cancer risk to below 1E-6 and the hazard quotient to 0.17.

However, it should be noted that while case studies have shown pump and treat options to be )

effective in controlling contaminant migration, it is less effective in cleaning up an aquifer to
MCL’s (Doty, 1991 and paragraph 6.4.6.2). Groundwater monitoring would provide reliable

.controls to assess the effectiveness of the remedial action. Maintenance WouId be required

for pumps and treatment units to ensure thelr proper operat:lon

9.3 3.4 Cntenon 4—Reductlen of Toxnclty, Mobility, or Volume Through Treatment.
This extraction scenario would only capture the portion of the TCE contaminant plume above
35 ppb. The rest of the plume would be aliowed to migrate and naturally attenuate. Upon
transfer of the TCE to the gas phase by. stnppmg, its mobility would be increased.

However, TCE would degrade naturally in the atmosphere after a number of days :

leewlse, only_ a portion of the mtrate plume would be captured and the remainder
would be allowed to attenuate naturally. There would be no reduction of nitrate volume.
However, toxicity and mobility would be reduced because nitrate would be contained in the
solid residue rr::mammg after treatment. :

9.3.3.5 Criterion 5--Short-Term Effectiveness. The risks associated with TCE emissions
to the community and environment would be minimal because of the low emission rate and
the fact that there -are no residential areas in-close proximity. Risks to workers installing
wells and the extraction system and operating the system would be low. There would be
minor dlel.Ipthl’l of the environment for construction activities.

. Remediation under this scepario would be expected to take 17 years. The
environment would be minimally impacted by construction activities.
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9.3.3.6 Criterion 6—-bnplementability. This alternative would be implemented easily. - The
required equipment, materials, and construction: techniques are common to mdustry The
treatment units should reliably meet remedmtmn goals

9.3.3.7 Crltermn 7—Cost. The total present worth cost for this alternative,. including -
additional momtonng wells and yearly samp]mg, is: $5 111 000

9.3.4 Alternative GW-2B

‘This altematlve ‘would be snmlar to alternauve GW-2A except that a UV/ Ox1dat10n o
treatment unit would be used in lieu of an air stnpper for TCE treatment. :

9.3.4.1 Criterion 1~Overall Protection of Human Health and the Enmonment ThlS
alternative meets the remedial action objectives for the site. Risks to human health would be
minimal because there are no current or potential consumptive users of the groundwater.
Remediation to below MCL’s would be expected by the year 2012.

9.3.4.2 Criterion 2--Compliance with ARAR’s. SDWA MCL’s would be met under this .
alternative. No other ARAR s were 1dent1ﬁed s

93.4.3 Crlterlon 3-—Long-Term Effectlvenoss and Permanence Remedlatlon to MCL’_

reduces the site incremental cancer risk to below 'E-6 and the hazard quotient to 0.17.
However, it should be noted that while case studies have shown pump and treat options to be
effective in controlling contaminant migration, it is less effective in cleaning up an aquifér to:
MCL’s. Groundwater monitoring would provide reliable controls to assess the effectiveness:
of the remedial action. Maintenance would be requu‘ed for pumps and treatment umts to E
ensure their proper operanon . :

9.3.4.4 Criterion’ 4--Reductmn of Tox1c1ty, Moblllty, or Volume Threugh Treatment. :

This treatment scheme would destroy TCE and thus would reduce its volume. Again, only
the portion of the plume above 35 ppb would be captured using this extractlon scenario.  The

remainder of the plume would be allowed to naturally attenuate.

There would be no reductlon in mtrate volume toxicity and mobility would be
reduced because nitrate exists in a solid state after treatment. Like TCE, only a portion of

the nitrate plume would be captured and the remainder would be left to naturally attenuate.

9.3.4.5 Criterion 5--Short-Term Effectiveness.- There would be minimal risks to the
community and remedial workers during the implementation of this alternative. The
environment would be slightly impacted by construction activities. It is estimated that the -
plume would be remediated to below MCL’s in 17 years. - o

9.3.4.6 Criterion 6--Implementability. The treatment units required for this alternative

-would be available from vendors, and construction of the facilities requires only common

practices. The treatment process would require review from the regulators and no dlfﬁculues
are anticipated. Therefore, this altematwe should be easily implemented.
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9.3.4.7 Criterion.7--Cost. The total present worth cost of this altematwe is $5 714 000
The costs of institutional controls are incloded.

9.3.5 Alernative GW-3A

. Under this alternative, groundwater would be extracted at a rate of 1.14 m*/min
(300 gpm) through three extraction wells. The water would be treated through a treatment

train similar to that of alternative GW-2A, except that it would be sized for the larger flow.
Six additional monitoring Wells would be installed and existing institutional controls remain
in place.

9.3.5.1 Criterion 1--Overall Protection of Human Health and the Environment. This
alternative meets the remedial action objectives for the site. Risks to human health would be
minimal because there are no current or potential consumptive users of the grounldwater '
Remediation to below MCL’s would be expected by the year 2008.

9. 3.5 2 Criterion Z—Comphance with- ARAR S. The groundwater would be remedmted to
SDWA MCL’s. . TCE emissions from the air stnpper wouid not be expected to be above
levels that require treatment. : ‘

9.‘3.5 3 Criterion 3--Long-Term Effectiveness and Permanence. Remediation to MCL’s

“reduces the site incremental cancer risk to below 1E-6 and the hazard quotient to 0.17.

However, it should be noted that while case studies have shown pump and treat options to be
effective in controlling contaminant migration, it is less effective in cleaning up an aquifer to-
MCL’s. Groundwater monitoring would provide reliable controls to assess the effectiveness

 of the remedial action. Maintenance would be reqmred for pumps and treatment units to

ensure their proper operation.

9.3.5.4 Criterion 4-Reduction of Toxicity, Mobility, or Volume Through Treatment.

‘This extraction scheme captures the portion of the TCE plume that would be above the 5 ppb

MCL. The remaining contaminants would be allowed to migrate and attenuate naturally. -
TCE mobility would be increased when it is stripped and transferred to the gas phase.
However, TCE would degrade in the atmosphere after only a few days.

This alternative also would capture a larger portion of the nitrate plume. That portion
that would not be captured would be allowed to migrate and naturally attenuate. There
would be no reduction of nitrate volume. However, toXicity and mobility would be reduced -

-because nitrate would be contained in the solid residue remaining after treatment.

9.3 5.5 Criterion 5--Short-Term Effectlveness The risks to the community and :
environment associated with TCE emissions would be minimal because of the low emission. .
rate and the fact that there would be no residential areas in close proximity. Risks to
workers installing wells and the extraction system and operatmg the system would be low.

Remediation under this scenario would be expected to take i3 years. The
environment would be minimally impacted by construction activities.
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9.3.5.6 Criterion 6--Implementability. This alternatlve would be easily implemented. The
treatment system would attain.the MCL goals ;Equipment, material, and skilled labor are all

readily available. Review of the treatment process would be done by the regulators and

approval should not be difficult.

9.3.5.7 Criterion 7--Cost. The total present worth cost of this alternative is est:mated at
$8,989,000. This eost includes the cost.of mstltutronal controls : '

' 9.3.6 Alternative GW-3B

Use of a UV/Oxidation treatment unit for TCE replaces the air stripping unit in
alternative GW-3A to- dlstmgutsh this altematlve :

9.3.6.1 Criterion 1-Overall Protection of Human Health and the Environment. Risks
to human health would be minimal because there would be no current or potential
consumptive: users of the groundwater. -Remediation to below MCL’s would be expected by

‘the year 2008. Therefore, this alternattve meets s1te remedial actron objectwes

9.3.6. 2 Criterion 2—-Comp11ance Wlth ARAR S. SDWA MCL’s would be met under thls

treatment alternative. No other ARAR’s were 1dent1ﬁed

9.3.6.3 Cnterlon 3-—Inng-Term Effectlveness and Permanence. Site incremental cancer
risks would be reduced to 1E-6 and the hazard quotient would be reduced to 0.17 when
MCL’s are attained. However, it should be noted that while case studies have shown pump»;

~-and treat options to be effective in controlling contaminant migration, it is less effective in =
cleaning up an aquifer to MCL’s. Maintenance would be requued for pumps and. treatment%f*
units to ensure their proper operation. Groundwater monitoring would provide - reliable - -

controls to assess the effectlveness of the remed1a1 actron

9.3.6.4 Crrterxon 4—-Reduct10n of Tox1c1ty, Mobllrty, or Volume Through Treatment
This. treatment scheme destroys TCE and thus: reduces its volume. Again, only the portion
of the plume above 5 ppb would be capfured using this extraction scenano The remamder

of the plume would be allowed to attenuate naturally. -

- There would be no reductlon in mitrate volume; toxicity and mobility would be
reduced because nitrate exists in a solid state after treatment. Like TCE; only a portion of -
‘the nitrate plume would be captured and the remamder would be 1eft to attenuate naturally

9.3.6.5 Criterion S—Short-Term Effectiveness. There would be mlmmal risk to the
community and remedial workers during the implementation of this alternative. The
environment would be slightly impacted by construction activities. It is estlmated that the
plume would be remediated to below MCL’s in 13 years. - .

9.3.6.6 Criterion 6--Imp1ementab111ty. Tlus alternat1ve would be easﬂy nnplemented ’I'he

treatment system would attain the MCL goals Equtpment matenal and skilled labor wouid
all be readily avatlable :
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9.3.6.7 Criterion 7—-Cost. The total present worth cost of thzs a]tematlve mcludmg
institutional controls, is estimated at $9,970,000.

9.3.7 Comparative Analysis

- The purpose of this analysis is to identify the relative advantages and disadvantages of
each alternative. The alternatives are evaluated in relation to one another for each of the
evaluation criteria in the paragraphs that follow.

9.3.7.1 Criterion 1--Overall Protection of Human Health and the Environment. All
alternatives protect human health and the environment by attaining the site RAQ’s for
groundwater. There would be no cuzrent users of the groundwater and the continued use of
institutional controls would ensure that consumptive use of the aquer would not occur until
remediation to below MCL’s would be complete.

9372 Criterion 2--'Coﬁ1pliance with ARAR’s. All alternatives attain the SDWA MCL’s

of 5 pg/L for TCE and 10 mg/L for nitrate as nitrogen although the time required to reach
these goals differs slightly. Alternatives GW-2A and GW-3A would produce TCE air
emissions, however, these quantities of TCE Ieleased would be small and do not requxre

: regulauon

9.3.7.3 Criterion 3--Long-Term Effectiveness and Permanence. Alternatives GW-2B and
GW-3B physically destroy a portion of the TCE and use natural attenuation to remediate the -
rest of the plume thus achieving the highest degree of permanence. All alternatives reduce
the site incremental cancer risks to below 1E-06.and the hazard quotient to 0.17.

Alternatives GW-0 and GW-1 use natural attenuation to meet the MCL’s. Alternatives

. GW-2A and GW-2B transfer a portion of the TCE to the gas phase and use natural .

attenuation to remediate the rest of the plume. TCE would be naturaily degraded in the
atmosphere under these alternatives.

Alternatives GW-2A, GW-2B, GA-3A, and GW-3B require maintenance of the pumps
and treatment trains thronghout the remediation timeframe. All alternatives rely on annual
groundwater monitoring to evaluate their effectiveness. Continued land use restrictions
ensure that there would be no users of the groundwater

9.3. 7 4 Criterion 4--Reduct10n of Toxicity, Moblhty,. or Volume Through Treatment..
Alternatives GW-0 and GW-1 reduce toxicity through natural attenuation.  Alternatives - -

GW-2A, GW-2B, GW-3A, and GW-3B Ieduce tomc1ty through treatment and natural -
attenuation. -

Alternatives GW-2B and GW-3B would be the only aiternatives that actively destroy
TCE and reduce contaminant volumes. Alternatives GW-2A and GW-3A additionally rely
on the natural degradation of TCE in the atmosphere to reduce volume of the contaminant.

TCE mobility would not be reduced under any alternative. In fact, TCE mobility
would be increased by transfer to the gas phase under alternatives GW-2A and GW-3A.
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Nitrate mobﬂ:lty would be reduced under all options that ut111ze treatment trains because 1t
would be incorporated in a solid: res1due after‘ treaj:ment '

9.3.7.5 Criterion 5--Short-Term Effectiveness. Ail alternatives present low remedial risks
to the community and to onsite remedial workers with GW-0 and GW-1 presenting the lowest
risk because contaminants are not extracted and, therefore, there is no potential for exposure.
Emissions from the air strippers of alternatives GW-2A and GW-3A would be relatively low.
The site would be distant from the commumty, therefore posmg minimal risk of exposure to
emissions. :

Alternatives GW-0 and GW-1 would remediate the site in 22 years. Alternatives
GW-2A and GW-2B would remediate the site in. 17 years. It would take an estimated -

13 years to remediate the site under alternatives GW-3A and GW-3B.

9.3.7.6 Criterion 6--Implementability. All alternatives would be easy to implement -
technically. Alternatives GW-2A, GW-2B, GW-3A, and GW-3B require treatment units that
would be .available from multiple vendors. These alternatives also require that the processes
be reviewed and approved by regulators. AII altemanves would employ standard
construction practmes

9.3.7.7 Criterion 7-Cost. .Altemati\.fe GW-O is .the least co'stly.' It is assumed that -

“alternative GW-1 would not require additional remedial action in the future and it is

estimated to be less costly than alternatives which actively treat the groundwater.
Alternatives that treat 0.38 m*/min (100 gpm) would be less costly than those that treat

1.14 m*/min (300 gpm). For alternatives treating the same flows, those that use air strlppmg
for TCE removal would be less costly than those utilizing UV/Oxidation for the destructlon
of TCE. A summary of these costs s presented in table 8-4. :

9.3.7.8 Summary of Groundwater Remedial Alternatrves Evaluatlon. Table 9-2 is a"
summary of the evaluation of groundwaxer alternatives versus the seven criteria against which
they were evaluated

9.4 SUMMARY

. The next step in the RI/FS process is to assemble a comprehensive site remediation
plan that addresses all the contaminated soil at each operable subunit and the groundwater at

‘the HRL. This plan would combinea soil remedial alternative with a groundwater remedial

alternative. Any number of comprehensive plans. could be formed. From this group of
comprehensive plans, one will be selected as the preferred alternative and will be put forth as
the proposed plan,
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TABLE 9-2. EVALUATION OF GROUNDWATER REMEDIAL ALTERNATIVES
CERCLA W-0 GW-1 GW-2A GW-2B GW-3A GW-3B
CRITERIA No Action Monitor Airstrip UV/0x Airstrip UV/0x
100 GPM 100 GPM 300 GPM 300 GPM
Overall M M M M M M
Protection _
Compliance with ARAR’s M M M M M M _
Long-Term M M M M M M
Effectiveness and Permanence is
Shost-Term M M M M M M |
Effectiveness '
- || Reduction of Toxicity, M M M -M/H M M/H

| Mobility, Volume : |

'[ Tmplementability 5§ H H H H H

I Cost (Present Worth) $0 $1,059K $5,111K $5,714K $8,980K $9,970K
Thousands of Dollars

L= Low--Does not meet all elements of the Criterion adequately
M = Medium--Does meet all elements of the Criterion adequately
H = High--Meets all of the elements of the Criterion to a high degree

" 19-26-TH/AOA
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