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Notice

This report has been prepared for the Air Force by CH2M HILL for the purpose of aiding in the
implementation of a final remedial action plan under the Air Force Instaliation Restoration Program
(IRP). Because the report relates to actual or possible releases of potentially hazardous substances, its
release prior to an Air Force final decision on remedial action may be in the public’s interest. The limited
objectives of this report and the ongoing nature of the IRP, along with the evolving knowledge of site
conditions and chemical effects on the environment and health, must be considered when evaluating this
report, since subsequent facts may become known that may make this report premature or inaccurate.
Acceptance of this report in performance of the contract under which it is prepared does not mean that
the Air Force adopts the conclusions, recommendations, or other views expressed herein, which are those
of the contractor only and do not necessarily reflect the official position of the Air Force.
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TECHNICAL MEMORANDUM J CKMHIL

PREPARED FOR: McClellan Air Force Base
DATE: May 12, 1994

SUBJECT: Groundwater Model Development
Groundwater OU RI/FS Report
Delivery Order No. 5066

PROJECT: SAC28722.66.GW

As a convenience to the reader, all oversize figures (11" x 17" or larger)
have been located at the end of the appendix.

Introduction

This technical memorandum describes the construction, calibration, and application of
the groundwater flow model developed to evaluate remedial action alternatives at
McClellan Air Force Base (McClellan AFB). The objectives of the modeling effort
and the uncertainties and limitations of using a numerical model to simulate a com-
plex physical system are also discussed.

Modeling Objectives

A numerical groundwater flow model was developed as an analytical tool to assist in
the development of extraction well networks to contain and remediate contaminated
groundwater at McClellan AFB. The specific objectives of the modeling effort are as
follows:

° Evaluate the total extraction rate required to contain various target
volumes of contaminated groundwater

o Demonstrate that groundwater containment is a viable remedial alterna-
tive for contaminated groundwater at McClellan AFB

. Estimate the response of the groundwater system to potential remedial
actions

Additional questions that were addressed during the course of the modeling effort
include:

RDD10012CSF.WPS (GW RIFS) J-1 6/23/94




. The quantity of extracted groundwater requiring treatment
| . The impact of end-use injection on the containment system

Numerical modeling was chosen as the appropriate tool for this task because it has
the capability to represent multidimensional flow in a heterogeneous system with less
conceptual idealization than is required by other analytical techniques. However, it
was recognized from the outset that there will always be some uncertainty in the
hydrogeologic understanding of the site and that the modeling analysis can only pro-
vide approximate answers to the items previously discussed. The process of develop-
ing a numerical model of a complex physical system requires that simplifying assump-
tions be made to reflect the uncertainties in the definition of the site characteristics.
Site characteristics that are routinely simplified for the purpose of numerical analysis
are the spatial variability of aquifer properties, the spatial distribution of contamina-
tion, and the temporal variation in recharge and groundwater pumping.

The use of a groundwater flow model to develop extraction network designs neces-
sarily makes the resulting extraction networks subject to these same uncertainties. At
McClellan AFB, the most significant uncertainties in the site characteristics used to
construct the groundwater model include:

o The geometry of the monitoring zones undergoing remediation

o The spatial distribution of aquifer properties across the site

. The spatial distribution of contamination

. Future hydrologic conditions that may alter the effectiveness of the

extraction system

This technical memorandum provides a summary of the numerical modeling proce-
dures and results as they pertain to the previously listed objectives.

' Site Conceptual Model and Model Construction

The first step in the analytical process is to identify the essential features of the site
hydrologic system that must be included in the conceptual model and to determine
how the essential features can be represented in the numerical analysis. This proce-
. dure results in the development of a site conceptual model, which then forms the
‘ framework for construction of the numerical model. This section discusses the char-
acteristics of the model code, essential quantitative aspects of the conceptual model
that were included in the numerical model, and the procedures used to construct the
numerical model. For further detail regarding the complete site conceptual model,
) refer to Chapter 4 of the RI/FS Report. '

RDD10012CSF.WPS (GW RIFS) J-2 6/23/94




Groundwater Model Code Description and Selection

The groundwater flow model prepared for this project is a multilayer finite element
model that can be run as a steady-state or transient system. The code for the model
is Micro-Fem, an integrated groundwater modeling package developed in the
Netherlands (Hemker, 1988). Micro-Fem runs on any PC with EGA or VGA
graphics. The present version handles up to 16 aquifers and a maximum number of
nodes between 1,000 and 4,000 on a PC with 590 Kb user-available RAM, depending
on the number of layers in the simulated system. When extended memory is available
on 80386- or 80486-based microcomputers, models up to 12,500 nodes (25,000
elements) can be designed. The package consists of several programs: two finite
element mesh generators, a calculation module for steady-state flow and one for tran-
sient flow, a combined pre- and postprocessor called FeModel, a three-dimensional
particle tracking program and some additional utilities. It is capable of modeling
saturated, single-density groundwater flow in layered systems. Horizontal flow is
considered in each layer, as is vertical flow between adjacent layers. A layered
aquifer or different aquifers in a multiple-aquifer system can be modeled in this way.

The mesh generation routine is described in Lo, 1985. The band-width reduction
technique is based on the approach of Gibbs et. al., 1976.

Programs called FemCalc (steady-state) and FemCat (trar “*=nt) perform the calcula-
tions for solving the flow equations by means of a finite elt.nent technique with linear
basis functions for the horizontal flow components and through a finite- difference
scheme for the flow between adjacent layers. The system of equations is solved
iteratively, using the method of successive over-relaxation (SOR) with automatic
adjustment of the relaxation factor. The progress of calculations is shown on the
screen by head improvements and residual water balance errors. The automatic
stopping criterion can be overruled by the user.

The Micro-Fem model was chosen for use at McClellan AFB for several reasons
outlined below:

. The finite element approach allowed the construction of a model grid
that covered 100 square miles while maintaining node spacings as small
as 75 feet in areas where groundwater extraction is simulated.

° Micro-Fem includes a three dimensional particle tracking utility that is
ideal to evaluate capture in the stratified aquifer system at McClellan

. The graphical user interface allows rapid assignment of aquifer parame-

ters to model nodes, and allows proofing of assigned values by graphical
means

RDD10012CSF.WPS (GW RIFS) J-3 612394




Finite Element Mesh Delineation and Boundary Conditions
Model Grid

The numerical model developed for McClellan AFB was developed in accordance
with the site conceptual model discussed in Chapter 4 of the RI/FS report. The
Micro-Fem groundwater model was constructed as a four-layer model using a com-
putational finite element mesh of 11,510 nodes and 22,894 elements. Figure J-1
shows the general layout of the model grid which consists of a central area of
extremely fine node spacing (75 ft) that transitions out to the model boundaries with
constantly increasing node spacing. The total modeled area is approximately 100 mi?,
centered on McClellan AFB. The node spacing ranges from 75 to 2,000 feet, with
smaller elements constructed in areas of observed contamination. High node density
in areas of suspected and confirmed contamination allows improved definition ¢
spatial hydraulic head distribution created by extraction well pumping. Along w :
improved definition in the hydraulic head field comes more reliable particle track...,
analysis and better estimation of the extent of capture for a particular extraction
wellfield.

Boundary Conditions

' Boundary conditions define the interactions between heads located within the
modeled area and groundwater conditions outside the model area. The boundary
condition on the lateral boundaries are fixed head boundaries in all four layers, ‘
assigned based on observed regional 1992 groundwater levels compiled by }
Sacramento County (Figure J-2). These boundary conditions account for the influence
of regional groundwater conditions on the modeled area. The upper boundary is a
prescribed flux boundary, with a specified recharge rate. At model nodes represent-
ing A-zone extraction wells, the recharge rate applied to the ground surface is
subtracted from the extraction rate of the well. The lower boundary for this model is
assigned as a no-flow boundary, corresponding to the base of the Mherten Formation
which represents the base of the water bearing sediments in the lower Sacramento
Valley.

Conceptual Model Description and Parameter Selection

The essential features of the hydrologic system at McClellan AFB included in the
numerical model] are:

Monitoring Zone A

Monitoring Zone B

Monitoring Zone C

The Regional Aquifer

Base Extraction and Supply Wells
Existing Base extraction wells

RDD10012CSF.WP$ (GW RIFS) J-4 6/23/94
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. Regional Groundwater Production
o Recharge of Precipitation to the Groundwater System

A description of how each of the conceptual model components was incorporated
into the numerical groundwater model is provided below.

Monitoring Zone A

The A monitoring zone is defined in the numerical model to be consistent with the
characteristics discussed in Chapter 4. The aquifer was simulated as an unconfined
aquifer with the transmissivity distribution shown in Figure J-3. These values are
based on the results of aquifer testing presented in the PGOURI and summarized in
Tables J-1 and J-2. This transmissivity distribution was digitized as shown, gridded
using the Golden Software SURFER computer program to create a 100 by 100 data
field, and imported into Micro-Fem. The transmissivity value at each grid point was
assigned to the nearest Micro-Fem node, and data values were averaged if more than
one data point was assigned to an individual model node. A linear interpolation
scheme included within Micro-Fem was then used to assign transmissivity values to
any remaining model nodes without an associated transmissivity value. This gridding
routine was only performed at locations on, and in the vicinity of McClellan AFB
where transmissivity estimates were available from pumping tests. At areas distant
from McClellan, an average transmissivity value for the zone was assumed to extend
to the model boundaries. The vertical leakance between layers was assigned based on
the local transmissivity estimate at each node and the layer thicknesses at that partic-
ular location. The layer thicknesses used in the simulations were calculated based on
the structural contour maps for the base elevations for each zone presented in the
PGOURI (Section 3, Figures 3-29 through 3-31).

The bottom elevation and groundwater levels in Monitoring Zone A are extremely
critical to the development of the A-zone extraction well alternatives. This is due to
the fact that portions of the A-zone west of the runway have a limited saturated
thickness, and wells completed in the A-zone will produce little water. Containment
of contaminated groundwater in these areas will require a greater density of extrac-
tion wells because of the limited pumping capacity of each individual well. The thick-
ness of the A-zone was determined by subtracting the elevations of the base of the A-
zone from the 1993 A-zone groundwater elevations (Figure 4-35). A more detailed
mathematical description of the calculation of vertical leakance values is presented
below.

RDD10012CSF.WPS (GW RIFS) J-6 6/23/94
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" Table J-0
Summary of Single Well Aquifer Testing
McClellan AFB
Transmissivity (gpd/ft) Average Values
Papadopulos- Theis
Cooper Recovery
Well ID ou Method Jacob Method Method T (gpd/ft) K (fvd)
A Monitoring Zone
MW-1061 A 1100 2500 5600 4100 3
MW-175 A 7220 12900 28100 20500 166
MW-186 A 900 600 1500 1100 10
MW-206 C 5900 16300 13600 15000 100
T vwaes A 500 6600 6600 6600 65
MW-222 A 300 300 100 200 2
B Monltoring Zone
MW-1059 A 800 3800 4200 4000 53
MW-1062 A 4700 12500 12400 12400 170
MW-176 A 1000 7300 12800 12800 130
MW-179 A 5000 9600 5500 5500 100
MW-195 E 2100 10100 16900 16900 180
MW-198 A 2800 6900 15800 15800 217
MW-204 A 2500 20400 11700 11700 215
MW-207 c 1900 9500 7900 7900 129
MW-211 A 2800 11700 9500 9500 140
MW-223 A 1100 6300 11800 11800 120
MW-225 A 1700 10000 6700 6700 112
C Monltoring Zone
MW-1060 A 1800 6200 4700 5500 73
MW-1063 A 4600 20400 18700 19600 262
MW-174 A 2400 7900 4000 6000 93
MW-177 A 7500 24000 20600 22300 300
MW-180 A 1800 5600 4000 4800 63
I MW-187 A 14200 87000 32200 59600 770
§ MW-19 E 3200 14900 12400 13700 180
| MW-199 A 16300 67500 58200 62900 823
MW-205 A 5700 1600 3500 2600 3
MW-208 c 3900 8000 N/C 8000 134
Notes: B
N/C - Not Calculated
Source: Tabies 3-3, 34, and 3-5 of the PGOURI (RADIAN, 1993)
RDD10012CSF.WPS (GW RI/FS) J-8 6/23/94




Table J-2
Summary of Multiple Well Aqaifer Testing
— 4&
Transmissivity (gpd/ft) Storage Coefficient
Monitoring Range
ovu Contractor Zone Range Average Average
D CH2ZM HILL A 17500 t0 28,600 | 16500 | 9.0x10% 10 8.2x10°3 N/A
D CH2M HILL B 2,300 10 19,300 8,800 310 to 1.1x1073 8x104
D McLaren AB 7,000 to 19,000 N/A 5x164 t0 9.1x10°3 N/A
c Radian (1986) AB 7,700 to 8,600 8000 | 1.3x10% 10 6.2x104 3x104
c Radian (1986) C 7,600 to 15,000 12000 | 1.6x10%t1087%105 | 1.6x104
c Radian (1990) AB 5,700 10 6,900 6,300 371x10% 10 1.5x104 | 2.6x107
C Radian (1991) C 4,150 10 5,100 4,600 1104 10 &x104 4.5x1074
c Radian (1990) B 9,700 10 10,100 9,900 7.5x104 10 8.8x104 | 8.1x10%
C Radian (1990) c 108001012100 | 11,000 | 23x10% w2103 | 130103
L C EG&G Idaho A 3,000 to 10,000 6,500 sx1074 sx1074
-
Note:
N/A = Information not available.
Soutrces:

Transmissivity and Storage Coefficient Estimates: (Preliminary GW OU RI Table 3-9) Radian, 1992

CH2M HILL Aquifer Test Data and Interpretation: (CH2M HILL, 1984)

Radian Aquifer Test Data and Interpretation: (Preliminary GW OU RI-Appendix E, Radian, 1992)

EG&G and McLaren Aquifer Test Data Not Independently Evaluated

Monitoring Zone B

Monitoring zone B was simulated as a confined, leaky, aquifer. The transmissivity dis-
tribution used in the modeling simulations for monitoring zone B are presented in
Figure J-4. The information contained on this figure was digitized, gridded, and
assigned to model nodes using the methodology described above for the A-zone.
Vertical leakance values were also determined in a similar manner. The thickness of
the B-zone was calculated by subtracting the base elevation of the B-zone presented
in the PGOURI (Section 3, Figure 3-30) from the base elevations of the A-zone
presented in the same document.

Monitoring Zone C

Monitoring zone C was simulated as a confined, leaky, aquifer. The transmissivity
distribution used in the modeling simulations for monitoring zone C are presented in
Figure J-5. The information contained on this figure was digitized, gridded, and
assigned to model nodes using the methodology described above for the A-zone.
Vertical leakance values were also determined in a similar manner. The thickness of
the C-zone was calculated by subtracting the base elevation of the C-zone presented
in the PGOURI (Section 3, Figure 3-31) from the base elevations of the B-zone
presented in the same document.

RDD10012CSF.WPS (GW RIFS) J-9 672394
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Regional Aquifer

The regional aquifer was modeled as a confined, leaky aquifer system. The main
source of information regarding the aquifer properties of the regional aquifer was the
regional groundwater model developed for this area by S.S. Papadopolus in 1987.
AFORTRAN computer program was developed to read the Papadopulos model input
files and extract the hydraulic parameters needed for Micro-Fem. The regional
aquifer, as defined here, represents the entire aquifer thickness in the Sacramento
area from the water table to the base of the water bearing aquifer (defined as the
base of the Mherten formation). The upper three layers of the groundwater model
(the A,B, and C Monitoring Zones) do extend to the model boundaries, but their low
transmissivities are overwhelmed by the transmissivity of the regional aquifer, and
they do not significantly impact groundwater flow. The vertical leakance between the
C-zone and the regional aquifer was calculated using a method identical to that
described above. Due to the great thickness of the regional aquifer compared to
monitoring zone C, the hydraulic conductivity of the regional aquifer dominated this
leakance calculation. The assumed hydraulic conductivity distribution of the regional
aquifer is presented in Figure J-6. The assumed thickness distribution of the regional
aquifer was also obtained from the Papadopulos model.

Vertical Leakance

The conceptual model of groundwater flow includes leakage upward and downward.
This was incorporated by specifying a leakage term between layers. Value of this
parameter is a function of the conductance of each layer, which is a function of aver-
age vertical hydraulic conductivity between layers and the thickness of the layers.

The vertical leakance was computed with the help of the MicroFem computing cap-
abilities using the following equation:

VC = ll(dllkyl+d2/ky2) (1)
where:
Vvc = the vertical conductance between Layer 1 and Layer 2
d, = the thickness of Layer 1
k, the vertical hydraulic conductivity of Layer 1
d, the thickness of Layer 2
k, the vertical hydraulic conductivity of Layer 2

The value of the vertical hydraulic conductivity (k,) was assumed to be 10 percent of
horizontal hydraulic conductivity to satisfy an anisotropy ratio of 1 to 10.

RDD10012CSF.WPS (GW RI/FS) J-12 6/23/94
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Regional Production Wells

The regional groundwater production data were included in the calibrated S.S.
Papadopolus model and these were directly imported into the Micro-Fem model.
Comparison of the distribution of regional groundwater production included in the
Papadopuos model with the information presented in Appendix N indicate that all of
the major pumping wells in the vicinity of the Base were incorporated in the
Papadopulos data set (See Appendix N for the locations of these pumping centers).

Base Extraction and Supply Wells

Base well pumping for BW-10, BW-18, and BW-29 was included in the groundwater
model based on average annual pumping rates for 1992 obtained from the Metcalf &
Eddy Quarterly Monitoring Reports. The assumed pumping rates for the operating
Base wells was 270 gpm, 975 gpm, and 375 gpm for Base wells BW-10, BW-18, and
BW-29 respectively. Existing Base extraction well pumping was also included in the
model, using average pumping rates for 1992, based on Radian Quarterly Production
Well Data for McClellan AFB. Table J-3 presents the assumed average pumping
rates for the Base extraction wells at McClellan.

Table J-3
Summary of Existing Groundwater Extraction
McClellan AFB
Avg Pumping Rate
Well Name OU Location Monitoring Zone (1992)- gpm
EW-73 ouUuD A/B 20.5
EwW-83 ouUD A/B 6.1
EwW-84 ouUD A/B 6.5
EwW-85 ouD AB 11.7
EW-86 oubD A/B 12.2
EwW-87 ouUD A/B 123
EW-137 oucC B 7.7
EW-140 oucC B 254
EwW-141 oucC C 17.2
EW-14 ouC B 19.2
EW-233 OUB A 52
EW-234 OUB A 1.6
EW.-246 OUB A N/A
EW-63 OUB B N/A
EW-247 OUB C N/A
Notes: -
I N/A - lnfonnatigl not available
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Recharge of Precipitation

The actual recharge of precipitation to the groundwater system varies spatially based
on land use, drainage patterns, and urbanization. The initial assumption used in the
groundwater model was a uniform distribution of recharge of 2.5 inches per year.
This values represents approximately 15 percent of the annual rainfall at McClellan
AFB. This values was adjusted by +/- 25 percent to improve the accuracy of the
calibration.

Calibration and Sensitivity Analysis

Model calibration is an interactive process in which certain model parameters are
adjusted to produce predicted groundwater elevations that closely match observed
conditions. Usually, the parameters adjusted are those that have not been accurately
measured in the field and that can have a strong influence on the simulation results.
The objective of the calibration process was to achieve a run that produced simulated
water levels that closely matched the calibration head target. The results of the cali-
bration process for the McClellan model suggest that minor adjustments of the
recharge rate were sufficient to achieve agreement between the simulated heads in
the upper three aquifers at the site and the observed water levels in site monitoring
wells. Slightly higher recharge rates (up to 25%) were necessary in the northern
portions of the Base and slightly lower values (up to 25%) were necessary in the
southern portions of the Base. Calibration was quite accurate in the central portions
of the Base using the initially assigned value. These results are consistent with the
presence of open space in the northern portions of the Base allowing recharge, and
the relatively heavy urbanization in the southern portions of the Base preventing it. It
is acknowledged that this is not a unique solution to matching observed water levels,
and that other parameters could be adjusted to obtain similar results. Regional
aquifer parameters were obtained from a previously calibrated numerical model, so
they were not considered a calibration parameter.

Water Level Calibration
The following criteria were used for calibration:

. The model should yield the same water level distribution configuration
observed at the site.

° The model should accurately predict the cone of depression at known
pumping well locations

. The model should accurately predict the overall gradient within the
model domain.
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Calibration Summary

This section summarizes the results of the calibration process for the groundwater
model used to evaluate remedial options at McClellan AFB. All of the methods used
to quantify the state of calibration of the model rely on some form of comparison
between simulated groundwater levels and the water levels measured in monitoring
wells in January 1993. The data set used for these comparisons is the water levels
measured in 194 monitoring wells across the site; 97 A-zone wells, 63 B-Zone wells,
and 34 C-zone wells. Wells with screens in the transition between zones were
assigned to the higher aquifer for the purposes of data comparison. Extraction wells
were omitted from this comparison as the well efficiency of each extraction well will
influence the measured groundwater levels in the well, while the simulated water
levels reflect an assumed 100 percent well efficiency.

Table J-4 presents the simulated and actual water level for all of the calibration wells
at the site, along with the magnitude of the residuals. The average residual between
the simulated and actual water levels is 1.2 feet. Figure J-7 presents this same infor-
mation in graphical form. An perfect match between simulated and observed values
would generate a line with a slope of 1.0 as indicated on the figure. The best fit line
through the data set is also presented on this figure for comparison. This comparison
indicates that in the lowest water level ranges (i.e., the southern part of the Base), the
model predicts slightly higher water levels than those observed. In the higher water
level ranges (the northern portions of the Base) the model predicts slightly lower
water levels than those observed.

Another way of quantifying the error between the simulated and observed water
levels is through the used of a histogram analysis of the water level residuals. The
results of this analysis are summarized in Figure J-8 and Table J-S. This evaluation
indicates that at 78 percent of the wells, simulated water levels are within two feet of
actuals, and in 98 percent of the wells, simulated water levels are within four feet of
the observed. The final three wells have simulated water levels that are within four
to six feet of the observed.

A final presentation method of the state of calibration is to compare the simulated
groundwater contours with the measured water levels. Figures J-9 through J-11 show
these comparisons for the A-zone, B-zone, and C-zone, respectively. The same trends
described above can be seen on these figures. Predicted water levels on the south
end of the base are slightly high, and predicted water levels on the north end are
slightly low. However, the overall accuracy of the simulated water levels, and ground-
water flow directions, are more than adequate to meet the objectives of this ground-
water modeling effort.
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Table J-4

o Simulated versus Observed Water Levels - Revised Calibration
McClellan AFB Groundwater Model
Observed Simulated Observed
Zone Well Water Level | Water Level | less Simulated
A |[MW-10 -38.59 -36.7 -1.89
A |MW-1002 -36.75 -35.3 -1.45
A IMW-1004 -36.23 | -35 -1.23
A MW-1005 -36.05 -34.6 -1.45
A  |MW-1009 -35.25 -34.5 -0.75
A |MW-1014 -40.29 -40.1 -0.19
A [MW-1015 -46.04 428 -3.24
A |MW-1016 -44.26 -44.5 0.24
A |MW-1020 -45.21 -43.2 -2.01
A  [MW-1021 -46.87 -47.5 0.63
A |MW-1026 -35.08 -35 -0.08
A  |MW-1044 -46.29 -46.3 0.01
A [MW-1054 -46.49 -44.4 -2.09
A |MW-1064 -35.77 -34.1 -1.67
A [MW-1069 -46.44 -42.8 -3.64
A  |MW-107 -36.09 -353 -0.79
A |MW-11 -37.78 -36.1 -1.68
A MW-110 -37.06 -349 -2.16
A MW-111 -37.35 -35 -2.35
A |MW-115 -39.35 =372 -2.15
A [MW-12 -38.06 -36.5 -1.56
A |MW-123 -42.22 -40.7 -1.52
A [MW-128 -38.15 -38.3 0.15
A [MW-129 -38.48 -38.3 -0.18
A |MW-131 -39.18 -39.3 0.12
A [MW-135 -41.81 -40.1 -1.71
A |MW-139 -40.13 -40.1 -0.03
A [MW-14 -38.41 -36.7 -1.71
A [MW-145 -44.12 -43 -1.12
A [MW-15 -38.2 -36.5 -1.7
A [MW-150 -46.21 -45.5 -0.71
A |MW-153 -44.15 -47.2 3.05
A |MW-155 -44 86 -45.1 0.24
A MW-157 -43.55 -46.6 3.05
A [MW-158 -43.64 -45.9 2.26
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Table J-4

Simulated versus Observed Water Levels - Revised Calibration
McClellan AFB Groundwater Model

RDD/DP/C:\GW\calsum. xis

Observed Simulated Observed
Zone Well Water Level Water Level | less Simulated
A |MW-159 -43.01 -44.1 1.09
A MW-160 -35.12 -35.7 0.58
A |MW-164 -42.36 -41.8 -0.56
A [MW-169 -31.97 =334 1.43
A |MW-172 =335 -345 1
A |MW-175 -41.1 -40.7 -0.4
A |MW-182 -40.34 -39.5 -0.84
A |MW-185 -33.17 -343 1.13
A |MW-186 -38.03 -38.1 0.07
A |MW-188 -36.57 -35.9 -0.67
A MW-191 -42.62 -42.5 -0.12
A [MW-197 -36.3 -36.7 04
A |MW-200 -44 21 -46.7 2.49
A MW-202 -33.53 -34.3 0.77
A [MW-203 -36.35 -36.5 0.15
A |MW-206 -38.17 -38.5 0.33
A [MW-209 -36.3 -36.7 04
A [MW-212 -31.64 -33.7 2.06
A |MW-214 -41.05 41.2 0.15
A |[MW-217 -45.46 -475 2.04
A [MW-21D -37.47 -37 -0.47
A [MWwW-222 -34.71 -35.5 0.79
A |MW-224 -33.02 -33.9 0.88
A [MW-226 -32.21 -33.4 1.19
A [MWwW-228 -32.34 -34.1 1.76
A IMW.235 -43.23 452 1.97
A |P4iW-236 -43.5 -45.4 1.9
A |MW-25D -40.03 -40 -0.03
A |MW-28D -34.22 -35.9 1.68
A [|MW-33S -38.04 -38 -0.04
A |MW4i1S -43.27 -46.4 3.13
A |MW-44S -36.73 -36.2 -0.53
A |MW-60 -37.57 -36.5 -1.07
A [MW-61 -39.61 -39 -0.61
A MW-62 -36.37 -36.2 -0.17




| Table J-4
b Simulated versus Observed Water Levels - Revised Calibration
McClellan AFB Groundwater Model

RDD/DP/C:\GW\calsum. xis

Observed Simulated Observed
Zone Well Water Level Water Level less Simulated
A |MW-65 -42.89 -44 1.11
A |[MW-7 -44.74 -45.1 0.36
A [MW-12 -38.62 -36.5 2.12
A |MW-75 -38.13 -38 -0.13
A |MWw-88 -36.97 -36 -0.97
A |MW-89 -37.86 -36.5 136
A |MW-90 -37.67 -36.4 -1.27
A |MW-91 -37.37 -36.2 -1.17
A |MW-92 -37.12 -36 -1.12
A [MW-1000 -45.28 -43.2 -2.08
A |MW-1003 -36.24 -35 -1.24
A |MW-1010 -35.69 342 -1.49
A |[MW-1034 -40.41 -36 -4.41
A [MW-1042 -36.01 -33.9 2.11
A [MW-108 -36.41 354 -1.01
A [MW-113 -37.91 -35.1 -2.81
A |MW-124 -42.09 -42 -0.09
A |[MW-126 -41.77 4138 0.03
A |MW-38D -38.14 -36.1 -2.04
A |MW-52 -37.16 -35.6 -1.56
A |MWwW-53 -38.71 -36 2.71
A [MW-54 -38.07 -36.9 -1.17
A |MWw-55 -38.95 -36.6 235
A |MW-57 -38.23 -36.5 -1.73
A |MW-70 -37.63 -36 -1.63
A [MW-74 3757 -36 -1.57
A |MW-76 372 -36.1 -1.1
B |[MW-1001 -35.74 -34.9 -0.84
B |[MW-1022 -50.89 -51.2 0.31
B |MW-1027 -35.47 353 -0.17
B |MW-1028 -34.95 353 0.35
B |MW-1038 -38.06 -38.1 0.04
B |MW-104 -35.96 -35 -0.96
B |MW-1045 -47.4 -46.7 0.7
B |[MW-105 -35.55 355 -0.05
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Table J-4
Simulated versus Observed Water Levels - Revised Calibration
McClellan AFB Groundwater Model
Observed Simulated Observed
Zone Well Water Level Water Level | less Simulated
B |MW-1050 -46.52 -42.7 -3.82
B |MW-1055 -46.8 -45 -1.8
B [MW-1059 -34 -35.2 1.2
B |MW-1062 -37.82 -379 0.08
B |[MW-1065 -31.92 -34.7 2.78
B |MW-1066 -31.9 =347 28
B |MW-1068 -31.93 -34.7 2.77
B |MW-109 -36.6 -35.5 -1.1
B |MW-112 -37.66 -35.2 -2.46
B [MW-118 -42.52 -42.2 -0.32
B . IMW-130 -39.91 -41.8 1.89
B |MW-134 -41.35 -40.7 -0.65
B |[MW-142 -40.39 -40.8 041
B |MW-143 -39.09 -39.2 0.11
B |MW-146 -44.23 -43 -1.23
B |MW-151 -47.03 -459 -1.13
B [MW-156 -46.11 -46.3 0.19
B |MW-165 -42.55 -42.2 -0.35
B |[MW-173 -34.28 -359 1.62
B MW-176 -41.35 -41.3 -0.05
B |[MW-179 -32.56 -35.2 2.64
B |MW-183 -40.66 -39.6 -1.06
B |[MW-189 -36.68 -36 -0.68
B |MW-18D -34.36 -35.6 1.24
B |MW-192 -43.13 -42.7 -0.43
B |MW-195 -32.93 -35 2.07
B |MW-198 -37.95 -37.8 -0.15
B [MW-19D -36.73 -36 -0.73
B [MW-201 -46.21 472 0.99
B |MW-204 -37.43 -37.5 0.07
B [MW-207 -39.05 -39.1 0.05
B |MW-20D -37.49 -36.9 -0.59
B [MW-211 -31.96 -353 334
B |MW-213 -31.68 -34.8 3.12
B |MW-215 -40.95 -41.2 0.25
RDD/DP/C:\GWicalsum.xis
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Table J-4

McClellan AFB Groundwater Model

Simulated versus Observed Water Levels - Revised Calibration

RDDVDP/C:\GWoalsumn. xis

Observed Simulated Observed
Zone Well Water Level | Water Level | less Simulated
B [MW-218 -473 -475 0.2
B |MW-220 -41.05 -40.4 -0.65
B |MW-223 -35.13 -36.3 1.17
B |[MW-225 -33.48 -355 2.02
B |MW-227 -32.14 -35.6 3.46
B |MW-229 -33.53 -35.6 2.07
B |MW-22D -38.6 -39.6 1
B |MWwW-23D -48 45 -479 -0.55
B [|MW-24D -43 81 -42 -1.81
B |MW-26D -38.57 -39 043
B |MW-27D -35.28 -36.7 1.42
B |MW-29D -33.11 =355 2.39
B |MW-51 -37.26 -36.7 -0.56
B |[MW-58 -36.8 -35.9 -0.9
B |MW-59 -37.02 -36.3 -0.72
B |MW-63 -46.11 -46 -0.11
B |MW-64 -47.7 -47.6 -0.1
B |MW-66 -50.88 -49.6 -1.28
B IMW-71 -3423 -35.8 1.57
B |MW-69 -38.67 -38.6 -0.07
C |MW-1046 -48.62 -49.7 1.08
C [MW-1051 -46.71 -42.7 -4.01
C [MW-1056 -47.84 -44.6 -3.24
C |MW-1060 -34.22 -36.7 248
C |MW-1063 -37.97 -38.8 0.83
C [MW-119 -41.78 -42.3 0.52
C MW-122 -41.65 423 0.65
C |MW-125 -40.5 -413 0.8
C |MW-127 -41.54 -41.8 0.26
C MW-132 -47.25 -46.7 -0.55
C [MW-133 414 -40.4 -1
C |MW-136 -39.88 -39.6 -0.28
C |MW-138 -39.36 -39.2 -0.16
C [MW-147 -44 21 425 -1.71
C MW-152 -48.64 -46.2 244

- ————




Table J-4
Simulated versus Observed Water Levels - Revised Calibration
McClellan AFB Groundwater Model

Observed Simulated Observed
Zone Well Water Level Water Level less Simulated
C |MW-154 -47.1 -47.8 0.7
C |MWw-161 -36.05 =375 1.45
C |MW-166 -42.02 -42.3 0.28
C |MW-171 -32.17 -36.9 473
C |MW-174 -34 41 -36.9 249
C |MW-177 -41.23 -41.3 0.07
C |MW-180 -33.11 -36.2 3.09
C [MWwW-181 -40.18 -40.3 0.12
C |MWw-184 -40.35 -39.7 -0.65
C |MW-187 -39.1 -39.5 04
C |MW-190 -36.76 -36.2 -0.56
C |MW-193 -42.23 -42.8 0.57
C |MW-199 -37.99 -38.5 0.51
C |MW-205 -37.56 -38.2 0.64
C [MWwW-208 -39.29 -38.6 -0.69
C |MW-216 -40.67 -40.9 0.23
C |MWw-219 -48.93 -50.7 1.77
C |Mw-221 -41.57 -40.7 -0.87
C |MWw-148 -41.97 -42.5 0.53

———————
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Table J-§
Results of Histogram Analysis
Water Level
Difference Fregquency Cumulative Percent
0to2 152 78.35
2to 4 39 98.45
i 4106 3 100.00
| 6108 _ 0 100.00
Sensitivity Analysis

Sensitivity analysis is frequently used to study the sensitivity of model resuits to
changes in input parameters. This is done, even though the model is well calibrated,
because it is recognized that the calibration may not be unique. There may be more
than one combination of parameters that produces equally good agreement between
simulation results and field measurements. The normal procedure for sensitivity
analysis is to vary individual input parameters, such as transmissivity, and to observe
the amount of resulting variation in simulation results. The resulting information may
help quantify the degree of uncertainty associated with the model resuits.

At McClellan AFB, the model parameters that have the greatest uncertainty are the
transmissivities of the four model layers and the vertical conductance between layers.
A total of 14 model runs were made to study the impact of varying the model trans-
missivities and vertical leakances on the calibrated heads and capture zones. The
model was run using transmissivity and vertical leakance values equal to 50 percent
and 200 percent of the calibration value, respectively. Table J-6 presents predicted
head values for each model layer at 8 nodes for the basic calibration run and the
additional 14 sensitivity analysis runs. The assumed conditions for each of the 14
sensitivity simulations are described below (Table J-7):

The results of these simulations showed no significant impact on the calibrated heads,
along with a negligible increase/decrease in the volume of water requiring extraction
when 50 percent and 200 percent of the calibrated transmissivity was used. The
results also showed that when the transmissivity value used in the model was reduced
to half the calibration value, Monitoring Zone A was not able to sustain the with-
drawal rate in several areas. The results of this sensitivity analysis indicate that a
reasonable degree of parameter uncertainty and error associated with parameter
estimation does not unreasonably impact model predictions.
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Conditions

1 The transmissivity of layer 4 (regional aquifer) was double the calibrated value for this
run while all other parameters were held constant.

2 The transmissivity of layer 4 (regional aquifer) was reduced to half the calibrated value
for this run while all other parameters were held constant.

3 The transmissivity of layer 3 was double the calibrated value for this run while all other
parameters were held constant.

4 The transmissivity of layer 4 (regional aquifer) was reduced to half the calibrated value
for this run while all other parameters were held constant.

5 The transmissivity of layer 2 was double the calibrated value for this run while all other
parameters were held constant.

6 The transmissivity of layer 2 was reduced to half the calibrated value for this run while
all other parameters were held constant.

7 The transmissivity of layer 1 was double the calibrated value for this run while all other

| parameters were held constant.

8 The transmissivity of layer 1 was reduced to half the calibrated value for this run while
all other parameters were held constant.

9 The Leakance between layer 3 and layer 4 was double the calibrated value for this run
while all other parameters were held constant.

10 The Leakance between layer 3 and layer 4 was reduced to half the calibrated value for
this run while all other parameters were held constant.

11 The Leakance between layer 3 and layer 2 was double the calibrated value for this run
while all other parameters were held constant.

12 The Leakance between layer 3 and layer 2 was reduced to half the calibrated value for
this run while all other parameters were held constant.

I13

The Leakance between layer 1 and layer 2 was double the calibrated value for this run
while all other parameters were held constant,

14 The leakance between layer 1 and layer 2 was reduced to half the calibrated value for
this run while all other parameters were held constant.

Simulation of Containment Scenarios

The following section describes the simulations performed to develop the extraction
well networks required to contain a particular remedial action target volume.

Three target volumes were considered for containment:

Containment of all contaminated groundwater above background VOC
concentrations (0.5 ug/)
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. Containment of all contaminated groundwater exceeding a federal or
state MCL
) . Containment of all contaminated groundwater that poses a 10 or

greater risk

Three containment scenarios were investigated for each remedial action target

volume:
. Basic containment with high contaminant concentrations isolated in the
current hot spot areas
. Containment with injection of treated groundwater to speed cleanup of
the hot spots
. Containment with end-use injection into the regional aquifer

Target volumes have been defined based on where groundwater contamination levels
exceed federal MCLs, where risk from groundwater contamination exceeds an
additional 10 cancer risk, and where contamination levels exceed the assumed back-
ground concentration for VOCs (0.5 ug/).

It was assumed in the scenario simulations that the groundwater elevations across the
site would remain constant during the course of remediation. If regional water levels
continue to decline, the saturated thickness of certain portions of Monitoring Zone A
may become extremely small or the sediments may become completely dewatered. If
this occurs, remediation by extraction wells will become impossible. The areas most
susceptible to dewatering lie east of the runway in OU A and are shown on

Figure J-12.

Operational Strategy

The strategy used in developing the extraction alternatives contained the following
main elements:

. Each extraction system must completely contain the specified target
volume, and most contamination is captured in the aquifer where it
resides.

. A limited quantity of contamination is allowed to move between

aquifers as long as the location where contaminants enter the receptor
aquifer lies inside the target volume for that aquifer.

. In no case is contamination allowed to leave a contaminated aquifer
and enter an adjacent aquifer outside of the specified target volume.
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Containment Criteria

The definition of groundwater containment used in the extraction alternatives is that a
flow line started at any location within the target volume, at any depth in the aquifer,
moves toward and into an extraction well. Flow lines for each alternative started at
the perimeter of the target volume in each monitoring zone are presented in the fol-
lowing sections. These figures show the movement of groundwater from the boun-
daries of the target volumes into the groundwater extraction wells. It is apparent
from these figures that all contaminated groundwater within the target volumes even-
tually moves to, and is removed by, the extraction wells. Also apparent is that a
majority of the contaminated groundwater is extracted in the monitoring zone in
which it resides.

Another significant characteristic of all extraction networks is that the highly contami-
nated portions of Monitoring Zone A (hot spots) are isolated independently and
removed by dedicated extraction wells. This was done to isolate groundwater with
concentrations as high as 1,000 times the concentrations observed in other portions of
the plume. These areas are also locations where dense nonaqueous-phase liquids
(DNAPLs) are suspected to reside. It is advantageous to remove DNAPL-based
contamination near the source area as opposed to inducing this high concentration
contamination to flow through areas of the aquifer with much lower contaminant
concentrations. Five areas of extremely high groundwater concentrations have been
identified in Monitoring Zone A. These locations are shown in Figure J-13. It is also
noted on this figure that the boundaries of the hot spot target areas were modified
slightly when input to the groundwater model. This was necessary as the target areas
must be defined by existing model nodes, and nodes were not always available in the
exact locations of the hot spot boundaries. When the estimated boundary fell
between two model nodes, the outer node was selected to ensure that the eniire hot
spot was contained by the proposed extraction wells.

Alternatives Evaluation

The alternatives evaluated are grouped according to common elements contained in
them. The first set of extraction alternatives consists of basic containment of each of
the target volumes described, with hot spot extraction by designated wells. The next
set of extraction alternatives is the basic containment alternatives, coupled with injec-
tion end use of the treated groundwater. It was necessary to quantitatively evaluate
injection of the treatment plant effluent into the regional aquifer to demonstrate that
the injection will not alter the hydraulic conditions enough to compromise the
containment of the extraction network designs. The final set of evaluations investi-
gate the potential for strategic placement of injection wells surrounding the hot spot
contamination areas so that the flushing of the hot spots can be augmented with
reinjected treated groundwater.

A comparison of average time per pore volume flushed with and without hot spot
injection is provided in Table J-8.
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Table J-8
Comparison of Average Time per Pore Volume Flushed
with and without Hot Spot Injection

| Time Per Pore Volume (yrs)

Hot Spot Location Without Injection With Injection
OU A - North L1 0.8

| OU A - South 09 0.4
ou B L5 0.5
oucC 1.0 0.4
ouD 4.7 L7
Note: Flow times based on assumptions of the groundwater model
and an effective porosity of 0.15.

the groundwater model also apply to this evaluation.

marized as follows:
° The No-Action Alternative with BW-18 abandoned.

. Containment of the background target volume.

injection surrounding contamination hot spots.

RDD10012CSF.WPS (GW RUFS) J-32

The results of the groundwater modeling analysis were used to investigate the
potential benefit of reinjecting treated groundwater on the perimeter of the hot spot
extraction systems. The potential benefit of reinjecting the treated groundwater is to
increase the available drawdown in the vicinity of the hot spot extraction wells,

, increasing the sustainable pumping rate in the extraction wells. This evaluation
assumed that the quantity of water extracted from the hot spots for containment
would be reinjected into the A zone through injection wells located around the
perimeter of the hot spots. These assumed injection well locations are included on
the well location maps presented for the alternatives including hot spot injection.

The assumed pumping rate of the hot spot extraction wells was then allowed to
double. The resulting water levels under these increased pumping rates were

? evaluated with respect to the base of the A zc~e. The results suggest that the higher
extraction rates are sustainable in all but one ot the extraction wells located in the
southern OU A hot spot. The extraction rate of this well was increased by 75 percent
to ensure that a minimum of 3 feet of available drawdown remained during extrac-
tion. These results apply to all of the hot spot injection alternatives, independent of
the target volume assumed. It should be noted that because these predictions are
based on the results of the modeling analysis, all of the assumptions used to construct

The extraction alternatives evaluated using the groundwater flow model are sum-

o Containment of the background target volume with treated groundwater




. Containment of the background target volume with injection of treated
groundwater into the regional aquifer through an injection well located
northwest of the runway.

o Containment of the 10 incremental cancer risk target volume.

o Containment of the 10® incremental cancer risk target volume with
treated groundwater injection surrounding contamination hot spots.

o Containment of the 10 incremental cancer risk target volume with
injection of treated groundwater into the regional aquifer through an
injection well located northwest of the runway.

. Containment of the MCL target volume.

o Containment of the MCL target volume with treated groundwater inje-
ction surrounding contamination hot spots.

o Containment of the MCL target volume with injection of treated
groundwater into the regional aquifer through an injection well located
northwest of the runway.

Background Target Volume

The background target volume comprises groundwater where VOCs have been
detected above 0.5 ug/l. The extent of this target volume in Monitoring Zones A, B,
and C is shown in Figures J-14 through J-16, respectively. Included on these figures is
the number of extraction wells that are required to contain the associated target
volume, in conformance with the operational strategies. The extraction well locations
were determined based on the groundwater flow directions, target volumes, and
vertical hydraulic gradients. A small number of wells was simulated initially, and
additional wells were added to capture portions of the target volume that were
moving downward or outward past the simulated extraction wells. The well locations
were adjusted until the entire target volume was captured. The groundwater injection
wells surrounding the hot spots shown in Figure J-14 only apply to alternatives includ-
ing hot spot injection. The number of extraction wells required for containment of
each monitoring zone, and the extraction rate of high concentration versus low
concentration contaminated groundwater is summarized in Table J-9. The pumping
capacity of each extraction well was assumed to be 10, 15, and 20 gpm in Monitoring
Zones A, B, and C, respectively. This is based or actual pumping rates observed
from existing extraction wells at the Base. The only exception to this rule is in areas
of Monitoring Zone A with limited saturated thickness. Wells in these areas were
limited to a pumping rate that resulted in drawdown of 75 percent of the initial
saturated thickness. Existing extraction wells were simulated at pumping rates that
reflect current operation.
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Summary of Groundwater Modeling Runs
Containment of Target Volume with Isolated Hot Spot Containment

Table J-9

Monitoring Zone
B C Per OU
No. Q No. Q No. Q No. Q

Operable Unit Wells | (gpm) | Wells | (zpm) | Wells | (gpm) | Wells | (gpm)
Background Target Volume®
OUAadOUG 62 390 15 220 ) 100 82 710
OU B/C & Offsite T2 700 12 190 15 310 99 1,200
ouD 7 40 7 60 0 0 14 100
Totals 141 1,130 34 470 20 410 195 2,010
Risk Target Volume®
ou A 55 340 1 170 4 80 70 590
OU B/C & Offsite 4“4 430 12 190 s 100 61 720
ouD 7 40 7 60 0 0 14 100
Totals 106 810 30 420 9 180 145 1,410
MCL Target Volume®
OUAand OUG 50 280 10 150 1 20 61 450
OU B/C 34 340 10 150 4 80 48 570
ouD 7 40 6 30 0 0 13 70
Totals 91 660 26 330 5 100 122 1,090
Hot Spot Flows (Basic Containment and End-Use Injection)
ou A 6 30 N/A N/A N/A N/A 6 30
OU B/C 10 90 N/A N/A N/A N/A 10 90
ouUD 5 68 N/A N/A N/A N/A 5 68
Totals 21 188 N/A N/A N/A N/A 21 188
Hot Spot Flows (Hot Spot Injection) — Extraction Flows
OUA 6 60 N/A N/A N/A N/A 6 60
OU B/C 10 180 N/A N/A N/A N/A 10 180
oubD 5 136 N/A N/A N/A N/A 5 136
Totals 21 376 N/A N/A N/A N/A 21 376
Hot Spot Flows (Hot Spot Injection) — Injection Flows
OUA 6 30 N/A N/A N/A N/A 6 30
0ouU B/C 11 120 N/A N/A N/A N/A 11 120
oubD 5 80 N/A N/A N/A N/A 5 80
Totals _22 230 N/A N/A N/A N/A 22 230

3These flows include existing Base extraction and hot spot fiows for basic containment and end-use

injection options.

Note:
N/A = Not applicable.
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Figures J-17 through J-19 present the groundwater pathlines for the basic contain-
ment alternative. These pathlines originate from the target area boundaries in
Monitoring Zones A, B, and C, and confirm that groundwater contained in the target
volume is moving toward, and eventually removed by, the extraction system. Figures
J-20 through J-22 show similar flow lines for the basic containment alternative with
hot spot flushing by injection of treated groundwater. The locations of the ground-
water injection wells near the hot spots are presented on Figures J-14 through J-16.
Figure J-23 through J-25 show the estimated pathlines for the basic containment
alternative combined with injection end use of all treated groundwater into the
regional aquifer. The injection location is assumed to be adjacent to the northern
end of the runway as shown on Figures J-14 through J-16.

10 Incremental Cancer Risk

The 10 incremental cancer risk target volume includes all areas where the cumula-
tive cancer risk posed by groundwater contamination exceed 1 in 10,000. Figures J-26
through J-28 include the locations of extraction wells required to contain this target
volume. The groundwater injection wells surrounding the hot spots shown in

Figure J-26 only apply to alternatives including hot spot injection. The number of
extraction wells and approximate flushing rates are summarized in Table J-9. The
assumed extraction well pumping capacities for each zone are identical to those
assumed for the background target volumes.

Figures J-29 through J-31 present the groundwater pathlines for the basic contain-
ment alternative. These pathlines originate from the target area boundaries in
Monitoring Zones A, B, and C, and confirm that groundwater contained in the target
volume is moving toward, and eventually removed by, the extraction system. Fig-
ures J-32 through J-34 show similar flow lines for the basic containment alternative
with hot spot flushing by injection of treated groundwater. Figure J-35 through J-37
show the estimated pathlines for the basic containment alternative combined with
injection end use of all treated groundwater into the regional aquifer.

MCL Target Volumes

The MCL target volumes comprise all groundwater that contains any contaminant
above the federal or state MCL. Figures J-38 through J-40 include the extraction well
locations required to contain this target volume. The groundwater injection wells
surrounding the hot spots shown in Figure J-38 only apply to alternatives including
hot spot injection. The results of the simulations performed assuming this target
volume, including pumping rates and flushing time estimates, are summarized in
Table J-9.
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Figures J-41 through J-43 present the groundwater pathlines for the basic contain-
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Figures J-41 through J-43 present the groundwater pathlines for the basic contain-
ment alternative. These pathlines originate from the target area boundaries in
Monitoring Zones A, B, and C, and confirm that groundwater contained in the target
volume is moving toward, and eventually removed by, the extraction system.

Figures J-44 through J-46 show similar flow lines for the basic containment alternative
with hot spot flushing by injection of treated groundwater. Figure J-47 through J-49
show the estimated pathlines for the basic containment alternative combined with
injection end use of all treated groundwater into the regional aquifer.

No-Action Alternative

The No-Action Alternative was investigated to develop a baseline set of conditions
with which to measure the benefit that any additional groundwater remedial action
will have on conditions at the Base. In this simulation, BW-18 was assumed to be
abandoned because state agencies and the U.S. EPA have expressed concern that this
well is a potential conduit for cross-contamination between aquifers and should be
abandoned. Existing extraction wells currently operating at the Base were included in
this simulation. Predicted groundwater elevations under this alternative, existing
extraction well locations, and target volumes for a particular aquifer are shown in
Figures J-50 through J-52. It is apparent from these figures that contamination in ail
of the aquifers would continue to migrate to the south-southwest and threaten
groundwater production wells downgradient. Predicted vertical gradients from this
simulation are predominantly downward over the Base area, indicating that contami-
nation will also move downward into deeper aquifers as it continues to move to the
south and southwest.

Modeling Limitations

The simulations performed in the modeling analysis were steady-state. The use of a
steady state model is appropriate as the objective of the groundwater modeling effort
is to evaluate the long-term performance of an extraction system at containing and
extracting contaminated groundwater.

The predicted heads are based on efficiencies of 100 percent for both extraction and
injection wells. The actual efficiency of the wells may be substantially lower than 100
percent, with the injection well efficiencies lower than that of the extraction wells.
However, well efficiency was accounted for in the simulations by restricting the avail-
able drawdown in the extraction wells to 75 percent of the saturated thickness.
Additional head rise in the injection wells due to well inefficiency was not a concern
as site water levels are approximately 100 feet below ground surface.

The actual performance of the extraction system may be influenced by changes in
future hydrologic conditions. “This is an uncertainty impossible to resolve at this time
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because it is dependent on future activities near the Base such as groundwater pro-
duction practices and natural and artificial groundwater recharge. The influence that
rising water levels will have on the extraction network is to require increased pumping
rates from the extraction wells to achieve the same level of containment. If water
levels decline significantly, certain portions of the monitoring zones will dewater, and
contamination will have to be removed by alternative means.
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Delivery Order No. 5066

PROJECT: SWE28722.66.FS

Introduction

The goals of this technical memorandum are to identify the contaminants of concern
(COCGs), to estimate the extent of contamination, and to estimate the mass of COCs
in the groundwater. The quantity and spacial distribution of contaminant mass
influences the method of remediation. For example, contaminant mass influences the
priority of each required remedial action. The mix of contaminants influences
treatment options. The quantity and type of contaminant influences the length of
time required for remediation.

A detailed discussion of the nature and extent of contamination, as well as the
methodology used in the delineation of the target areas for extraction and remedial
action options, is presented in Chapter 4, Conceptual Model of the GW OU RI/FS
report and will not be discussed in this technical memorandum.

Identification of Contaminants of Concern

The COCs were selected by examining the summary statistics from the Groundwater
Sampling and Analysis Program (GSAP) maintained by Radian Corporation by
identifying the primary risk drivers and by studying the spatial distribution of
contaminant concentrations above MCLs. TCE, cis-1,2-DCE, PCE, 1,2-DCA,
1,1,1-TCA, and 1,1-DCE have been selected as COCs for performing mass estimates
for the following reasons:

° They are the most frequently detected VOCs and are frequently
detected above MCLs.

o They are risk drivers. At present groundwater concentrations, these
contaminants posed hazards to human health.

o The areal extent of these contaminants is widespread.

RDD10012E21.WPS (GW RI/FS) K-1 6/23/94




The identification of COCs is necessary in defining the contamination problem and in
evaluating the different facets of solutions, such as treatment options and length of
time required for remediation.

Frequency of Detection

Most recent VOC samples collected during or after 1988 for all wells were used to
calculate the summary statistics presented in Table K-1. TCE, cis-1,2-DCE, PCE, and
1,2-DCA have clearly been detected above MCLs more often than the other VOCs.
Chloroform, carbon tetrachloride, and methylene ciloride have been frequently
detected, but only rarely above MCLs.

The data set presented in Section 4.6.1 was reviewed to select the COCs. The water
quality trends of wells that have been sampled in the past 2 years was examined in
conjunction with data from wells that had not been sampled as recently to extrapolate
current groundwater conditions. The frequency of detects and the mean sampling
result time series for TCE, PCE, cis-1,2-DCE, 1,2-DCA, 1,1,1-TCA, and 1,1-DCE are
presented in Figure K-1.

For most contaminants, the frequency of detections has been increasing with time, but
their maximum and mean concentrations have been decreasing. This may be the
result of the following:

. Because of regional, Base, and extraction well pumpage, contaminant
plumes have been migrating.

° Contaminant mass has been removed by extraction wells installed for
remedial actions.

. Several wells that have been sampled consistently at non-detect levels
have been dropped from the monitoring program.

. New wells have been added to the program to further define the
plumes. This has led to the addition of numerous wells in relatively low
groundwater contamination areas.

Hence, compounds have been detected in more sampled wells, but at lower
concentrations.

Some discrepancy may be noted with the maximum nondetected reporting limit when
compared to the detected values. The reporting limit was raised because of sample
dilutions. Sample dilutions are necessary when there is a high concentration of one
or more compounds in the given sample. The reporting limit is increased as a
function of the dilutions, and all compounds are reported at the values detected in
the final dilution and qualified using the final reporting limit value. Procedures to
keep the reporting limits at or below MCLs, for contaminants with MCLs, are
included in the Basewide RI/FS QAPP Update (Radian, 1994).
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Risk Drivers

In addition to being frequently detected above MCLs, TCE, PCE, 1,2-DCA,
1,1,1-TCA, and 1,1-DCE have been identified as primary risk drivers based on mean
estimates of increased lifetime cancer risks or hazard quotients in Appendix B, Risk
Assessment Methodology. Chloroform, methylene chloride, and carbon tetrachloride
were also identified as risk drivers, but are not COCs in determining the extent of
target areas for the following reasons (based on 1992 sampling):

° Chloroform was never detected above MCLs.

* Less than 2.4 percent of all methylene chloride results were above
MCLs. In addition, methylene chloride is a common laboratory contam-
inant; samples with associated blank contamination were not rejected
from the risk assessment and therefore it is likely that a portion of the
methylene chloride detects reflect laboratory contamination rather than
groundwater contamination.

o Less than 0.4 percent of all carbon tetrachloride results were above
MClLs.

While cis-1,2-DCE was not identified as a risk driver by the risk assessment, it was
detected in 26 percent of the samples collected. Cis-1,2-DCE had a mean
concentration of 3.5 g/l and is considered to be equivalent to total 1,2-DCE as trans-
1,2-DCE was not detected. Since the extent of this contaminant appears to be
widespread, cis-1,2-DCE was selected as a COC. 1,1,1-TCA was also selected
although it was only detected in approximately 6 percent of the samples. 1,1,1-TCA
had a mean concentration of 10.3 ug/l and was considered to be a prevalent
contaminant.

Areal Extent of Contamination

TCE is the most frequently detected contaminant and the most widespread. For this
reason, the extent of VOC contaminant migration, and consequently the extent of the
target volumes described in Chapter 4, the Conceptual Model, was based on the
extent of observed TCE contamination. The approximate areal extent of the TCE,
PCE, cis-1,2-DCE, 1,2-DCA, 1,1,1-TCA, and 1,1-DCE in each zone are presented in
Figures K-2, K-3, and K-4. The mass of the COCs in these zones were calculated and
are presented in the VOC Mass Estimate section of this technical memorandum.

Delineation of the Extent of Contamination
The location of the source areas, time of contaminant release, contaminant transport

properties, and groundwater flow directions all influence the extent of VOC
contamination at the Base.
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Water quality data from 279 wells and borings were used to approximate the extent
of contamination, to estimate VOC mass and to generate target volumes. The data
set used is presented in Table 4-9.

The data set representing current groundwater conditions was assembled and used to
estimate the extent of contamination, VOC mass, and target volumes. Only 161 wells
were sampled within the last 2 years. Hence, water quality trends of all other wells
were examined to extrapolate to current groundwater conditions. The following steps
were taken in assembling the data set:

Water quality data collected from the newly installed OU A and OU D
wells were incorporated into the data set. MW-38D was also sampled
for the OU D RI and was included in the data set; it was last sampled
in June 1985. Risk values were not calculated for these wells.

For wells in the data base, the most recent result for each well sampled
during 1992 or 1993 collected was incorporated into the data set.
Sampling performed within the last 2 years is considered representative
of current conditions. Risk values were calculated for these wells.

For wells in the data base that were last sampled during 1988 to 1991,
their data trends were examined to approximate what current water
quality concentrations might be. These wells were divided into three
categories:

- Wells that were consistently nondetect: In most cases,
these wells were not sampled after 1991 because
concentrations were consistently nondetect. Hence for
consistently nondetect wells, the most recent nondetect
result was used. Risk values were calculated for these
wells.

- Wells with fluctuating concentrations: Fourth quarter
1993 results for three weeks with fluctuating concen-
trations, MW-131, MW-165 and MW-211, were available
in from the data summary report and were incorporated
into the data set. Average concentrations were calculated
and incorporated into the data set for three wells,
MW-131, MW-166, and MW-21S; these wells experienced
fluctuating concentrations but were not sampled during
the fourth quarter of 1993. Risk values were not
calculated for these six wells.

RDD10012E21.WPS (GW RIFS) K-9 6/23/94




- Wells with increasing or decreasing concentrations:
Concentrations in MW-120 were consistently declining. It
was last sampied in July 1989 at nondetectable levels for
prevalent contaminants, therefore that sample record and
the risk associated was incorporated in the data set.
Concentration in MW-44s were increasing therefore the
most recent record and risk value in the data base was
used.

o Newly installed wells that were sampled in the fourth quarter of 1993:
Results for MW-282, MW-283, MW-284, MW-285, MW-286, MW-287,
MW-288, and MW-999 were taken from the fourth quarter data
summary report. Risk values were not calculated for these wells.

The interpretation of the VOC extent of contamination in a particular monitoring
zone is a function of the monitoring network. VOC concentration isopleths are
known with certainty in regions where the monitoring network is dense (e.g., in the A
zone of OU D). In regions where there are fewer monitoring wells, and thus less
data spatially, the delineation of the extent of contamination is based on proximity to
source areas and groundwater flow directions. This is the case in all zones of OUs G
and H. Generally, well networks are more dense in areas of high concentration and
less dense in areas of low concentration.

Background level target volumes were established based on the data set described
above and are presented in Chapter 4. Contaminant mass was calculated only in the
background target volume.

VOC Mass Estimates

This section discusses the methodology used to estimate the mass of the COCs dis-
solved in groundwater and sorbed to the soil matrix. The mass of free product was
not considered in this calculation because the presence of NAPLs in the groundwater
system has not been confirmed and insufficient data exist to estimate the mass of
DNAPL that may exist.

The mass of each COC dissolved in groundwater or sorbed to the aquifer matrix was
determined by calculating the mass within each contaminant isopleth. A linear
isotherm relating contaminant concentrations in solution to concentrations sorbed to
soil were assumed. The mass of the COCs as well as the volume of aquifer that these
contaminants currently occupy is presented in this technical memorandum. This
section will discuss the estimation of VOC mass in the groundwater system followed
by the assumptions made and the methodology followed to perform these
calculations.

RDD10012E21. WP5 (GW RI/FS) K-10 62394




Mass of VOCs and Volume of Contaminated Aquifer

TCE is the most prevalent COC by mass and by contaminated aquifer volume,
followed by PCE. Approximately 67 percent of the COC mass is attributable to TCE.
Sixty-two percent of that TCE mass exists in Monitoring Zone A. Table K-2 presents
the estimated mass of the COCs in each monitoring zone and the estimated volume
of contaminated aquifer that each COC occupies. TCE is the most widespread
contaminant spatially; and with few exceptions, all other COCs exist in areas where
TCE also exists.

The mass of each COC by monitoring zone of each OU is presented in Table K-3.
The distribution of the COC mass in each zone of each OU is summarized in
Figures K-5, K-6, K-7, K-8, K-9, and K-10. The mass of contaminants in Monitoring
Zone C of OU D was not calculated because monitoring wells do not exist in
Monitoring Zone C in OU D. Mass in Monitoring Zones D and E of OU B/C were
not calculated because the D and E zone wells are located in a north-south line, and
it was not possible to determine the east-west extent of contamination.

Cumulative mass versus cumulative volume of each COC is compared in

Figures K-11, K-12, K-13, K-14, K-15, and K-16. Comparison of cumulative mass
versus cumulative volume show that the mass of contaminants per volume of aquifer
in the high concentration areas are significantly higher than the mass of contaminants
per volume of aquifer in the low concentration areas. The highest mass exists in the
smallest volumes associated with regions of high concentrations (>500 xg/).
Conversely, the regions of low concentrations (<1 xg/l) make up large volumes of
aquifer, but contain little mass. This difference is significant because the
characteristics of the groundwater extracted from each area will be different and may
require different treatment technologies to achieve remedial cleanup goals. Total
groundwater extraction from the limited areas where concentrations are greater than
300 ug/l would be relatively small, but the influent concentrations from these areas
would be high. Conversely, total groundwater extraction from regions where
concentrations are less than 1 ug/l would be high, but the influent concentrations from
these areas would be low.

Assumptions

On the basis of transport mechanisms, contaminant concentration and contaminant
properties, the concentrations of contaminants in the subsurface are constantly
changing. Therefore, to perform VOC mass estimates, the following assumptions will
be made:

o Contaminants in solution (groundwater and porewater) are in equili-
brium with contaminants sorbed to the aquifer matrix.

. The concentration of a VOC sorbed to soil is linearly related to the
concentration of a VOC in solution (i.e., linear sorption isotherms).

RDD10012E21.WPS (GW RIFS) K-11 6/23/94
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Table K-2

Mass of COCs and Volume of Contaminated Aquifer By Zone
Groundwater Operable Unit

Zone Percent
of Total
COCs A B C Total Mass
TCE
Mass (kg) 7,900 400 170 8,500
Percent of Total Mass 62 31 13 67
Volume (million ft3) 2,200 1,300 1,000 4,600
Percent of Total Volume | 48 29 23
PCE
Mass (kg) 760 33 -- 790
Percent of Total Mass 6 0.26 - 6.2
Volume (million ft3) 180 250 - 420
Percent of Total Volume | 42 58 -
1,1,1.TCA
Mass (kg) 250 0.45 45 260
Percent of Total Mass 2.0 0 0.04 20
Volume (million ft3) 97 20 210 330
Percent of Total Volume | 30 6 64
Cis-1,2-DCE
Mass (kg) 170 43 34 250
Percent of Total Mass 1.0 0.00 0.00 2.0
Volume (million ft3) 1,100 510 550 2,200
Percent of Total Volume | 51 23 25
1,2-DCA
Mass (kg) 18 9.5 0.060 27
Percent of Total Mass 0.14 0.070 0.00 0.21
Volume (million ft%) 130 830 8.6 970
Percent of Total Volume | 13 86 1.0
1,1-DCE
Mass (kg) 2,900 1.5 0.63 2,900
Percent of Total Mass 23 0.01 0.01 23
Volume (million ft3) 360 86 46 490
Percent of Total Volume | 73 18 9.0
-
Total Mass of COCs 12,000 490 210 13,000 100
RDD1001364D.WP5 K-12
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The following assumptions regarding the physical groundwater system were made in
performing the mass estimates:

Porosity = 0.48

Water saturation = 100 percent

Saturated water content by weight = 0.34
Dry bulk density = 1.4 g/cm®

Percent of organic carbon, f,_ = 0.30 percent
Wet bulk density = 1.9 g/cmog

The thicknesses of the aquifer zones were calculated in the following manner by using
the bottoms of Monitoring Zones A, B, and C presented in the PGOURI (Radian,

. 1992):
i . The thickness of the A zone was calculated from the difference between
f the January 1993 water levels and the bottom of the A zone.
o The thickness of the B zone was calculated from the difference between
the bottom of the A zone and the bottom of the B zone.
o The thickness of the C zone is calculated from the difference between

the bottom of the B zone and the bottom of the C zone.

The thickness of these zones varies Basewide and significantly affects the volume of
the contaminated aquifer and subsequently the estimation of VOC mass.

Methodology

The following section presents the equations that govern the distribution of con-
} taminant mass between the aqueous and sorbed phases.

The concentration of sorbed contaminants is related to the concentration of contami-
nants in solution by the following relationship:

C, = K,xC,
where

mass contaminant
mass soil

mass contaminant

vol water

C, is the concentration sorbed to soil in

C,, is the concentration in water in

! K, is the partition coefficient = K F,,

RDD10012E21.WPS (GW RIFS) K-25 672394
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Table K-4 presents the partition coefficients used in the mass estimates.

Table K-4
Parameters Used in Mass Estimate Calculations

tot

vocC (cm®/gram (%)
TCE 126 0.30 0.378
cis-1,2-DCE 32 0.30 0.096
1,2-DCA 14 0.30 0.042

PCE 661 0.30 1.98

1,1,1-TCA 151 0.30 0.453
0.195

1,1-DCE 65 0.30
Source: U.S. EPA, 1990.

The mass of contaminants in solution and sorbed to the soil are related to the volume
of matrix and the contaminant concentration in that matrix in the following manner:

Mass Sorbed:
Ms = C.t Msoil
-K,C, Vmpw(l‘n)

Mass in Groundwater:

Mw = Cw VW
= Cy Vepuiter 1P

where:
P,y is the wet bulk density of the soil
p,, is the density of water at 60° F

n = water filled porosity of aquifer

Therefore, the total mass of contaminant in a volume of contaminated aquifer is

defined by:

RDD10012E21.WPS (GW RIFS) K-26




Mass Total:

M +M

L w

K,C, aquier Psoil (1-m) +n C, VM’ P.

—
]

The maximum COC concentration measured at each well between January 1988 to
January 1993 were used to calculate the mass estimates. The mass and volume of
contaminated aquifer in each of the following contours was estimated to be 0.5, 1, 5,
10, 50, 100, 500, 1,000, and 10,000 ug/l. The outer boundary contour, set at a value of
O, was determined by the background level target volumes previously determined for
each zone. The mass of TCE, cis-1,2-DCE, PCE, 1,2-DCA, 1,1,1-TCA, and 1,1-DCE
between each contour and the associated volume of aquifer between each contour are
presented in Table K-5. The average contaminant concentration between each
contour interval was used to determine the mass within the contours. The cumulative
mass versus volume graphs in Figures K-11, K-12, K-13, K-14, K-15, and K-16
summarize the mass/volume relationship based on these calculations. For example,
the first da:u point represents the mass and volume within the 10,000 xg/1 contour;
the second data point represents the summation of the mass and volume within the

¢ 10,000 ug/1 contour and the 1,000 to 10,000 ug/l contour.

The GSAP results for the VOCs of concern for all McClellan AFB monitoring wells
are presented in Table K-6.
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Table K-6
VOC GSAP Concentrations up to Third Quarter 1993 Sampling Pertod
Location Risk for Opershie
| D Log Date 12-DCA 1,1-DCE ¢1,3-DCE PCE 1,11-TCA TCE vC Pathways Unit Zams |
MW-0004 31-Mar-82 0 0 0 0 0| 0! 0 G ATF
MW-0004 02-Oct-84 0 G | ATF
MW.0006 30-Mar-82 ) 0 0 0 24 0 749E-06 B | A
MW_-0006 01-0ct-34 0 B A
MW-0006 13-Jun-85 0 0 0 0 86.2 0l " 269E-05 B A
MW-0007 17-Mar-82 0 0 0 0 30 0 9.36E-06 B A
MW-0007 29-Mar-82 0 0 0 0 29 0 9.05E-06 B A
MW-0007 21-Sep-84 0 B A
MW.0007 31-May-85 0 0 0 0 38.2 ) 1.93E-05 B A
MW-0007 28-Apr-89 0 0 0 0 26 0 1.09E-05 B A
MW.0007 04-Aug-89 0 0 0 0 29 0 9.05E-06 B A
MW-0007 04-Aug-39 0.5 0 0 0 30 0 9.05E-06 B A
MW-0007 11-Dec-89 0 0 0 ) 36 0 1.36E-05 B A
MW-0007 11-Dec-89 1.3 0 0 0 45 0 1.36E-05 B A
MW-0007 07-Feb-90 0 0 0 2.8 47 0 1.47E-05 B 1A
MW-0007 25-Apr-90 0 0 0 0 41 ) 1.66E-05 B | A
MW-0007 25-Ape-90 0.5 0 0 0 40 0 1.66E-05 B A
MW-0007 02-Jul-90 0.26 ) 0 0 36 0 1.38E-C5 B A
MW.0007 29-0c1-90 0 0 0 0 30 0 1.14E-05 B A
MW.0007 10-Jan-91 0.48 0 0.46 0.25 23 0 1.72E-05 B A
MW-0007 10-Jan-91 0.77 0 0.99 ) 39 0 1.72E-05 B A
MW-0007 01-May-91 ) 0 0 0 31 0 9.68E-06 B A
MW-0007 01-Aug-91 0.45 0 0 0 24 0 1.02E-05 B A
MW-0007 01-Aug-91 0.74 0 0 0 23 0 1.02E-05 B A
MW-0007 09-0a-91 0.83 0 0 0 26 0 1.70E-05 B A
MW.0007 29-Jan-92 0.78 0 0 0 39 0 1.99E-05 B A
[MW-0007 23-Jul-92 0.76 0 19 0 0 19 0 9.69E-06 B A
MW.0007 19-0ct-92 0.54 36 13 ) 0 20 0 1.06E-05 B A
MW-0007 26-Jan-93 0.34 0 13 0 0 21 0 1.18E.05 B A
Mm 26-Jan-93 0.4 0 16 0 0 24 0 1.18E-05 B A
MW_0007 09-Apr-93 0.33 0 16 0 0 28 0 2.58E-05 B A
MW-0007 21-Jul-93 0.456 0 13.20 0 0 21 ) 1.93E-05 B A
MW-0008 31-Mar-82 ¢ 0 ] 0 61 0 1.90E-05 A A
MW-0009 31-Mx-82 0 0 o 0 0 0 0 A A
MW_-0009 28-Apr-82 0 0 0 0 225 0 1.88E-04 A A
MW-0009 30-Sep-84 0 A A
MW-0009 16-Jun-85 0.2 0.4 0 0 134 0 9.52E-05 A A
MW-0010 30-Mar-82 17 500 0 0 140 0 8.03E-05 D | A
MW-0010 20-Jun-85 94.7 1500 649 327 826 0 5 56E-04 D A
MW-0010 26-Oct-87 330 1100 ) 21 910| 810 222602 D A
MW-0010 07-Apr-88 390 910 24 36 1500 | 400 1.18E-02 D A
MW-0010 22-Jul-88 410 1400 0 0 2100 360 1.10E-02 D A
MW-0010 20-Oct-88 270 1000 ) 23 1600 100 3.71E-03 D A
MW.-0010 25-Jan-39 270 900 ) ) 1300 73 291E-03 D A
MW-0010 25-Apr-89 320 450 ) 12 810 51 2.28E-03 D A
MW_0010 04-Aug-89 280 590 0 0 1100 49 2.24E-03 D A
29-Dec-89 7000 370 0 0 1300 0 1.54E-02 D A
21-Feb-90 250 350 0 30 780 0 7.82E-04 D A
27-Apr-90 200 550 0 0 1000 0 7.82E-04 D A
27-Apr-90 200 730 0 0 1100 0 7.82E-04 D A
30-Apr-91 210 370 0 0 790 0 6.99E-04 D A
24-Jul-92 110 250 ) ) 0 400 0 3.64E04] D A |
06-Apr-93 120 170 0 0 0 390 0 8.64E-04 D A
30-Mar-82 0 19300 10 4300 2100 20 2.02E-03 D A
18-Aug-82 0 63000 0 12000 5000 0 1.56E-03 D A
19-Sep-34 0 D A
20-Jun-85 0 64300 2480 18100 11900 0 7.54E-03 D A
77-0c-87 0 40000 0 6900 5600 () 4.48E-03 D A
06-Apr-88 86 17000 25 3800 6200, 13 2.81E-03 D A
25-Jul-88 0 20000 0 2700 2900 0 4.05E-04 D A
31-Jan-89 0 19000 0 5600 2900 ) 9.05E-04 D A
§:\users\de_zumwal'woog \TABLEK-6. XLS Page 1 of 60 05/11/94




Table K-6
VOC GSAP Concentrations up to Third Quarter 1993 Sampling Period
Location Risk for Operable
D Log Date 1,2-DCA 1,1.DCE ¢-1,2-DCE PCE L,L1-TCA TCE vC Pathways Cnit Zone
[MW-0011 27-Apc-89 0 14000 0 2100 2000 0 6.24E04, D | A
MW-0011 04-Aug-89 0 17000 0 2800 2800 0 8.74E-04] D | A
’ MW-0011 04-Aug-89 0 17000 0 2900 3000 0 §.74E-04 D A
MW-0011 28-Dec-89 0 20000 ) 3400 3200 0 9.99E-04 D A
MW-0011 22-Feb-90 0 17000 0 3700 3900 0 1.22E-03 D A
MW-0011 22.Feb-90 0 21000 0 4400 3000 0 1.22E-03 D A
MW-0011 11-May-90 0 27000 0 3900 5000 0 1.56E-03 D A
MW-001 { 01-May-91 5.31E-04 D A
MW-0011 01-May-91 0 12000 0 990 1700 ) S31E-04 D A
MW-0011 28-Jul-93 0 13600 0 ) 1290 1400 0 1.00E-03 D A
MW-0012 29-Apr-82 0 4200 70 2700 930 0 3.80E-04 [5) A
MW-0012 18-Aug-82 0 2500 18 520 160 0 7.30E-05 D A
MW-0012 20-Sep-84 ] D A
MW-0012 19-Jun-85 0 25500 1260 12400 1210 0 5.39E-03 D A
MW-0012 23-0ct-87 0 11000 280 3200 4700 0 1.83E-03 D A
MW-0012 07-Ape-88 0 3400 200 1200 2500 0 1.04E-03 D A
MW-0012 26-Jul-88 0 22000 610 4500 6900 0 2.93E-03 D A
MW-0012 21-0c1-88 0 4000 70 590 1200 0 4.64E-04 D A
MW-0012 25-Jan-89 ) 2600 38 360 590 0 233E-04 D A
MW-0012 27-Apr-89 0 2600 0 370 600 0 1.87E-04 D A
MW-0017 04-Aug-89 0 5700 270 840 1400 0 7.83E-04 D A
MW-0012 38-Dec-89 ) 3800 ) 1600 2300 0 7.18E-04 D A
MW-0012 20-Fob-9 ) 7800 140 860 1400 0 6.16E-04 D A
MW-0012 . 17-Ape.90 0 2300 9 470 1200 ) 495E-04 D A
[MW-0012 24-Jut 91 0 3700 0 0 720 ) 2.25E-04 D A
X MW-0012 19-0a-92 0 6100 0 0 470 1100 0 4.64E-04 D A
MW-0012 20-Jul-93 ) 6610 0 0 0 976 ) 7.26E-04 D A
MW-0013 30-Mar-82 0 1100 20 300 1470 50 2.01E-03 D A
MW-0013 18-Aug-82 0 780 0 68 230 0 7.18E-05 D A
MW-0014 30-Mar-82 ° 4600 ) 8700 5800 25 3.25E-03 D A
MW-0014 18-Aug-82 ) 17000 0 2300 11000 0 3.43E-03 D . | A
MW-0014 20-Sep-84 0 D A
MW-0014 19-Jun-85 2790 22600 0 22800 26600 0 1.97E-02 D A
MW-0014 26-0ct-87 0 260 0 350 350 0 1.09E-04 D A
MW-0014 06-Apr-88 36 5700 76 3100 6500 1.4 2.17E-03 D A
MW-0014 22-Jul-88 0 13000 0 5500 11000 0 3.43E-03 D A
MW-0014 20-0t-88 0 4400 0 3200 3800 0 1.19E-03 D A
MW-0014 26-Jan-89 34 2600 0 2600 3100 ) 1.35E-03 D A
MW-0014 26-Apr-89 0 2900 ) 1100 1500 0 5.08E-04 D A
MW-0014 04-Aug-89 0 2300 ) 1600 1400 0 4.37E-04 D A
MW-0014 28-Dec-89 0 3400 ) 2900 2400 0 749E-04 D A
MW-0014 21-Feb-90 ) 1800 0 1700 1900 0 5.93E-04 D A
MW.-0014 11-May-90 0 3700 0 1900 5000 0 1.56E-03 D A
MW-0014 30-Jul-91 0 4300 0 3700 3700 ) 1.15E-03 D A
MW.-0014 26-Ja0-93 ) 2100 ) 0 1100 1700 ) 5.32E-04 D A
MW.0014 06-Apr-93 0 2100 ) 0 1200 2100 ) 1.49E-03 D A
MW-0014 06-Apr-93 ) 2400 0 0 1300 2300 0 149E-03 D A
MW-0015 29-Ape-82 0 5980 0 2200 2800 0 3.58E-03 D A
MW.00135 15-Aug-82 0 9600 ) 2500 3000 ) 1.01E-03 D A
MW.-0015 18-Sep-84 1.88E-02 D A
MW-0015 16-Jun-85 0 16500 0 4100 18000 0 5.98E-03 D A
MW-0015 26-Oct-87 0 1500 0 180 1000 0 3.12E-04 D A
MW-0015 06-Apr-88 6.8 83 0 110 550 1.5 2.29E-04 D A
MW-0015 22-Jul-88 5.6 800 ) 110 590 0 1.96E-04 D A
MW-0015 20-0ct-88 0 350 ¢ 320 570 0 1.78E-04 D A
MW-0015§ 25-7an-89 0 580 ) 170 340 0 1.06E-04 D A
MW-0015 26-Apr-89 59 230 0 19 140 0 S 64E-05 D A
MW-0015 03-Aug-89 0 520 0 130 310 ) 9.68E-05 D A
MW-001$ 28 Dec-89 0 360 0 360 630 0 1.97E-04 D A
[MW-0015 15-Feb-90 0 470 0 140 320 ) 9.99E-05 D A
MW-0015 07-May-90 0 2100 0 670 1400 0 4.37E-04 D A
§:\wsers\da\j_zumwalwong \TABLEK-6.XLS Page 2 0f 60 05/1154
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Table K-6
. VOC GSAP Concentrations up to Third Quarter 1993 Sampling Period
Risk for Opersble
Log Date 12-DCA 1,1-DCE «1,3-DCE PCE 1,LI-TCA TCE ve Pathways Unit Zaome
07-May-90 0 2300 0 700 1300 0| 437/E04 D A
19-Jul-91 0 550 0 310 430 0 1.34E-04 D A
13-Jan-93 0 320 ) 0 170 310 0 9.68E-05 D A
28-Jul-93 0 151 0 0 6.71 82.10 0 5.45E-05 D A
16-Jun-82 0 0 0 0 0 ) 0 F AB
17-Aug-82 0 ) ) ) ) 0 0 F AB
24-Sep-34 0 F AB
14-Jun-85 0 0 0 0 0 0 ) F AB
16-Jun-82 0 0 0 ) 0 0 ) F A
17-Aug-82 0 10 0 ) 10 0 3.12E-06 F A
26-Sep-34 0 F A
30-May-85 0 0 0 0 0 ) 4.98E-07 F A
16-Jun-82 0 0 0 ) ) 0 0 F AB
17-Aug-82 0 ) 0 0 0 0 0 F AB
26-Sep-84 0 F AB
30-May-85 0 ) ) ) 0 0 0 F AB
14-May-87 0 0 0 0 0 0 0 F AB
11-Aug-87 0 0 0 0 0 0 ) F AB
22-Oct-87 0.33 0.32 0 ) 0.39 ) 8.32E-07 F AB
37-Jan-88 0 0 0 0 0 0 0 E AB
08-Ape-88 0 0 0 ) 0 0 0 F AB
21-Jul-88 0 0 0 0 0 0 0 F AB
18-Oct-88 ) ) 0 ) 0 0 0 F AB
27-Dec-89 0 0 0 0 ) 0 0 F AB
30-Jul-90 0 0 0.27 0 0 ) 3.46E-07 F AB
! 16-Jul-91 0 0 0 0 0 0 1.56E-07 F AB
16-Jun-82 0 ) ) 0 0 0 0 F A
17-Aug-82 0 0 0 0 0 ) 0 F A
13-Sep-84 ) F A
05-Jun-85 ) ) 0 0 0 0 0 F A
15-Jun-82 0 0 0 0 0 0 0 E B
16-Aug-82 0 ) 0 0 ) 0 0 E B
25-Sep-34 0 E B
14-Jun-85 0 0 0 ) ) 0 ) E B
28-Mur-86 0 0 0 0 0 0 3.85E-06 E B
01-Oct-86 0 0 ) 0 0 0 3.31E07 E B
12-Jan-87 ) 0 0 ) ) o 0 E B
29-Ape-87 0 0 0 0 0 ) 0 E B
11-Aug-87 0 0 0 0 0 0 ) E B
08-Oct-87 0 0 0 0 ) 0 0 E B
22-Jan-88 0 ) 0 0 0 0 1.32E-07 E B
27-Ape-88 0 ) 0 ) 0 0 0 E B
18-Jul-88 ) 0 0 0 0 0 1.59E-07 E B
10-0c-88 0 ) 0 0 0 ) 0 E B
12-0ct-89 0 0 0 0 0 ) 1.72E07 E B
30-Jul-90 0 0 ) 0 0 0 0 E B
25-Jub-91 0 0 0 0 0 0 0 E B
10-Oct-91 0 0 ) ) 0 0 ) E B
06-Feb-92 0 0 0 0 0 0 0 E B
15-Jun-82 0 0 0 0 0 ) 0 E A
16-Aug-82 0 0 0 0 0 0 0 E A
29-Sep-84 0 E A
‘ 06-Jun-85 0 0 0 0 1.1 0 343E-07 E A
, 28-Apr-82 0 0 0 0 0 ) 0 D B
. 16-Aug-82 ) 0 0 ) 0 0 0 D B
09-Aug-83 0 3.6 0 0 0 0 2.65E-06 D B
13-Sep-84 ) D B
, 16-Jun-85 0 ) 0 0 0 0 0 D B
26-Oct-87 0 0 0 ) 0 0 2.08E-07 D B
o 08-Apr-88 0 0.25 0 0 0 0 0 D B
21-0c-88 0 ) 0 0 0 0 ) D B
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Table K-6

VOC GSAP Concentrations ap to Third Quarter 1993 Sampling Period

Location Riskfor | Operable
i3] Log Date 1,2-DCA 1,1-DCE ¢1,2-DCE PCE LL1-TCA TCE vC Pathways Unit Zome
MW-0019D | 1l-Jan-90 0 0 0 0.28 0 0 0 D B
MW-0019D | 28-Feb-90 0 0 0 0 0 [ 1.1SE-06] D B
MW-0019D | 30-Apr-90 ] 0 ] 0 0 0 0 D B
MW-0019D | 10-Oct-90 ) ) 0 ) 0 0 ) D B
MW-0019D | 24-Jul-91 0 0 ) 0 0 0 0 D B
[MW.0019D | 27-Jac-93 [} 1.6 0 0 2.7 29 0 9.05E-07 D B
MW-0019S | 16-Aug-82 ) 0 0 ) 0 ) 0 D A
MW-0019S | 09-Aug-83 ) 7 3.3 0 0 0 646E-06] D A
MW-0019S | 14-Sep-84 0 D A
IMW-0019S | 14-Jus-85 0 0.9 0 0 3.3 0 1.34E-06 D A
MW-0019S | 16-0ct-86 ] 1.2 0 0 8.2 ) 2.56E-06] D A
MW-0020D | 28-Apr-82 0 0 0 0 0 0 0 C B
MW-0020D0 | 11-Aug-82 ) 0 ) 0 0 0 0 c B
MW-0020D | 19-Sep-84 0 c B
MW-0020D | 18-Jun-85 0 ) 0 0 0 [} 0 c B
MW-0020D | 27-Oct-36 ) ) 0 ] 0 0 0 c B
MW-0020D | 29-Jan-87 0 0 0 ) 0 ) 0 c B
MW-0020D | 05-May-87 ) 0 0 0 ) 0 ) C B
MW-0020D | 28-Jul-87 0 ] 0 0 0 0 ) C B
MW-0020D | 12-0a-87 0 ) 0 ) 0 0 0 c B
MW-0020D | 22-Jan-88 0 0 ) 0 0 0 ) c B
MW-0020D | 11-Apr-88 ] 0 0 ) 0 0 0 c B
MW-0020D | 13-Jul-88 0 ] ] 0 ) 0 ] C B
MW-0020D | 07-Oct-88 0 ) 0 0 0 0 ) C B
MW-0020D | 23-Jan-89 0 0 0 0 ] ) 0 C B
MW-0020D | 11-Apr-89 0 0 0 ) 0 0 0 C B
MW-0020D | 14-Jul-89 0 0 0 ) 0 0 0 C B
MW-0020D | 09-Oct-89 0 ) 0 ] 0 ) ) C B
MW-0020D | 23-Jan-90 ) 0 0 042 ) 0 0 c B
MW-0020D | 11-Ape-90 ) [ 0 0 o 0 0 c B
MW-0020D | 12-Jul-90 0 ) 0 0 0.3 0 9.36E-08] C B
MW-00Z0D | 10-Jan-91 ) ) ) 0 0 0 ] C B
MW-0020D | 26-Jul-91 ) ] 0 0 0 0 ) C B
IMW-0020D | 19-Apr-93 0 0 ] 0 0 0 0 ) C B
MW-0020S | 25-May-82 0 0 0 ) 0 0 1.09E-04] C A
MW-0020S | 11-Aug-82 0 ) ) 0 0 0 0 c A
MW-0020S | 30-Sep-84 0 C A
MW-00205 | 03-Jun-85 ) ) 0 32 23 ) 718E-07, C A
MW-00208S | 27-0a-86 0 0.35 04 0.91 o 0 S12E07] C A
MW002ID | 15-Jun-82 0 (] 0 ] 0 ) 0 c A
MW-0021D | 17-Sep-84 0 C A
MW0021D | 03-Jun-85 0 0 0 0 038 0 250E07] C A
[MW-0021D | 19-Mar-86 0 0 0 ) 0 0 ) C A
MW-0021D | 30-Sep-86 0 0 0 0 0 0 0 C A
MW-0021D | 21-Jan-87 ) ) 0 0 0 0 0 C A
[MW-0021D_ | 01-May-87 ) 0 ) 0 0 ) 0 C A
MW.0021D | 14-Aug-87 0 ) [ 0 0 0 0 C A
MW-0021D | 17-Oct-87 ) 0 0 0 ) 0 ] C A
MW-0021D | 25-Jan-88 0 0 ) ) 0 ) 0 C A
MW-0021D_| 13-Apr-83 0 () [} o 0 0 0 C A
[MW.0021D | 18-Jul-88 0 0 ) ) ) [ ) C A
[MW-002ID_ | 18-Oct-88 0 ) 0 0 0 0 0 ] A
MW-0021D | 23-Jan-89 0 0 0 0 0 0 0 c A
MW-002ID | 18-Apr-89 ) 0 0 0 ) 0 ) c A
[MW-0021D | 17-Jul-89 0 0 0 0 0 0 0 C A
MW-0021D | 16-Dec-89 ) ) 0 0 0 0 0 C A
[MW-0021D [ 31-Jan-90 ) 0 0 ) 0 0 0 C A
[MW-0021D | 13-Apr-90 0 ) ) ) 0 0 0 C A
MW-002ID | 12-Jul-90 (] ) ) ] 0.36 0 1.12E07| C A
[MW-0021D | _15-Oct-90 0 0 0 0 0 0 0] C A
MW.0021D | 10-Jan-91 0 C A
§:\usars\da\j_sumwaiwong\TABLEK-6.XLS Page 4 of 60 05/1194




o~

L —————— AN i - .

Table K-6

VOC GSAP Concentrations up to Third Quarter 1993 Sampling Period

Log Date

1,2-DCA

1,1-DCE

¢-1,2-DCE

PCE

LL1-TCA

TCE

vC

Risk for
Pathways

d

22-Jul-91

[~

o

o

0

o

2.28E-07

15-Jun-82

o

o

o

0

o

o

13-Aug-82

(=

(-]

(]

0

o

17-Sep-84

20-Jun-85

2.1

6.55E-07

19-Mar-86

0.2

6.52E-07

30-Sep-86

e
=

0.99

7.14E-07

30-Jan-87

14-Aug-87

1.9

5.93E-07

17-Oct-87

0.4

2.97E-07

25-Jan-88

0.48

3.62E-07

13-Apc-88

0.57

3.63E-07

26-Jul-88

1.1

6.61E-07

21-Oct-88

0.77
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o|o|ojo|cio|o|o|o|o|o|ole

26-Jan-90

ojo|ojo|olo|olo|elolololo|alt
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0.4

o
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o
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21-Jan-83
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Table K-6

VOC GSAP Concentrations up to Third Quarter 1993 Sampling Period

Location Rikfor | Opwabie
1) Log Dats 12-DCA LIDCE | «12-DCE PCE LLI-TCA TcE VC | Pathweys Unit | Zome
MW-0023D | 09-Jan-91 0 0 ] 0 0 ) 1.8SE07] B B
IMW-0023D | O4-Feb-91 0 B B
MW-0023D | O1-Aug-91 0 0 ) 0 0 ) ) B B
MW-0023D | 07-Oat-91 0 0 0 0 0 ) 0 B B
MW-0023D | 14-Ian92 ) ) 0 0 0.27 0 843E08] B B
MW-0023D | 06-Jul-92 0 0 0 0 0 0 0 ) B B
MW-0023D | 07-Oct-92 0 0 0 0 0 0 [} 0 B B
MW-0023D | 07-Jan-93 0 0 ) ) 0 0 ) [} B B
MW-0023D | 21-Jui-93 0 0 0 0 0 0 0 ) B B
MW-0023S | 28-Apr-82 ) 0 ) ° 0 0 0 B A
MW-0023S | 13-Aug-82 0 ) 0 0 ] 0 ) B A
MW-0023S | 29-Sep-84 0 B A
MW-0023S | 03-Jua-85 0 0 0 0 27 0 4.15E-06 B A
MW-0024D | 28-Apr-82 0 0 0 ) 0 ) 0 B B
'MW-0024D | 12-Aug-82 0 ) 0 0 0 (] 0 B B
MW-0024D | 27-Sep-84 [} B B
[MW.0024D | 07-Jun-8S 0 0 [} ) ) ) ) B B
MW-0024D | 20-Mar-86 0 0 ) 0 0 0 0 B B
IMW-0024D | 22-Tan-87 0 0 0 0 0 0 0 B B
MW-0024D_| 05-May-87 0 0 0 0 0 0 o B B
MW.0024D | 13-Aug-87 ) 0 0 0 0 ) 0 B B
MW-0024D | 19-Jan-88 0 ) 0 0 0 0 0 B B
MW-0024D | 21-Apr-88 ] 0 0 0 0 0 0 B B
MW-0024D | 12-Jul-88 0 0 ) 0 0 0 0 B B
MW-0024D | 05-Oct-88 ) 0 0 0 ] 0 0 B B
MW-0024D | 13-Jan-89 0 0 0 0.25 0 0 1.35E-07| B B
MW-0024D | 11-Ape-89 0 0 ) 0 0 0 0 B B
MW-024D | 18Jul-89 0 ) ) ) ) ) 0 B B
IMW-0024D | 20-Dec-89 0 0 0 ) ) 0 0 B B
MW-0024D | 16-Jan-90 0 ) ) 0 0 0 0 B B
MW-0024D | 20-Apr-90 0 0 ) 0 0 0 0 B B
MW-0024D | 15-0ct-90 ) 0 ) ) 0 ) ) B B
MW-0024D | 09-May-91 ] ) 0 ) 0 ) ) B B
MW-0024D | 21-Jul-93 0.17 0 0 ) 0 [ ° 8.50E-07 B B
MW-G024S | 28-Apr-82 0 0 0 ) ) 0 0 B A
MW-0024S | 12-Aug-82 0 ) 0 0 0 ) ) B A
IMW_0024S | 12-Sep-84 0 B A
MW-0024S | 02-Jus-85 0 0 0 0 0 0 0 B A
MW-025D | 15-Jun-82 0 ) 0 0 0 0 ] B A
[MW-0025D | 12-Aug-82 ) 0 ) 0 0 0 ) B A
MW-0025D | 25-Sep-84 0 B A
MW-0025D | I3-Jun-85 ) 0 0 0 29 ) 9.05E-07 B A
MW-0025D | 21-0ct-88 0.15 ) 0 ) 1.2 ] 1.00E-06] B A
MW-0025D | 24-Jan-89 0.24 ) 0 ) 1.1 ) 1.30E-06] B A
MW-0025D | 24-Jaa-89 0.24 0 ] ) 1.2 ) 1.30E-06] B A
MW-0025D | 24-Ape-89 0.34 0 0 0 1 0 160E-06] B A
MW-0025D | Ol-Aug-89 0 ) ) ) 0.8 [} 2.50E-07 B A
MW-0025D | 0l-Aug-89 0 ) 0 ) 23 0 250E07| B A
'MW-0025D | 29-Dec-89 ) ) ) ) 1.6 0 4.99E-07 B A
MW-0025D | 31-Jaa-90 0 (] ) 0 2.8 0 1.97E-06 B A
MW-0025D | 10-Apr-90 0.25 0 0 ) 12 ) 205E-06] B A
MW-002SD | 0290 0 0 0 0 59 0 435E06] B A
MW-0025D | 10-Oct-90 ) 0 0 0 0.4 0 1.37E-07] B A
MW-002SD | 10-Jaa-91 0.25 ) ) ) 1 0 1.73E06] B A
MW00Z5D | 08-Ape-91 0.2 0 0 0 1.5 0 1.56E-06] B A
MW-0025D | 17-Fel-91 0 0 ) ) 1.1 ) 3.43E07 B A
MW-0025D | 21-Jut93 0 0 0.58 0 0 0.67 ) 140E-06] B A
MW-0025S | 15-lua-82 ) 0 ) 0 50 0 1.56E-05] B A
MW-0025S | 12-Aug-82 ) 0 ) 0 ) ) 0 B A
MW-0025S | 29-Sep-84 ) B A
MW-00258 | 30-May-83 ) o 0 ) 24 ) 749E-07] B A
$'ser\de\_numwalwoeg TABLEK-6.XLS Page 6 of 60 051194
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Table K-6
VOC GSAP Concentrations up to Third Quarter 1993 Sampling Period
Lecation Risk for Opersble
1)) Log Dete 1,2-DCA 1,1-DCE «12-DCE PCE LLI-TCA TCE vC Puthways Uit Zame
MW-0026D | 28-Apr-82 0 0 0 0 0 0 0 A B
_T_ym 11-Aug-82 0 0 0 ) ) ) 0 A B
MW-0026D | 27-Sep-84 0 A B
MW-0026D | 18-Jun-85 ) 3.8 0 26 8.7 0 603E06] A B
MW.0026D | 25-Oct-88 0 0 0 ) 8.1 ) 3ASE-06] A B
'MW-0026D | 23-Jan-89 ) 0 (] 0 22 [} 1.O0E-0S] A )
MW-0026D | 26-Apr-89 0 0 0 0 20 ) 1.06E-05] A B
IMW-0026D | 26-Apr-89 0 ) 0 0 22 0 1.06E05, A B
MW-0026D | Ol-Aug-89 0 ] 0 0 34 ) 1.I4E0S| A B
04-Jan-90 0 0 0 ) a2 0 221E05 A B
04-Jan-90 0 0 0 0 [5) 0 221E-05| A B
31-Jaa-90 ) () 0 0 a4 0 137E05] A B
31-7aa-90 ) 0 0 ] () 0 137E05] A B
19-Ape-90 0 0 0 0 65 0 237E05| A B
1-Tul-90 0 ) 0 0 71 0 263E-05] A B
10-0ct-90 0 ) 0 0 7 0 235E05| A B
11-Jan-91 0 ) ) ) 41 ) T.S8E-05| A B
06-May-91 0 ) [} 0 “ ) 1.69E-05] A B
18-Tul-91 ) 0 (] ) 69 0 2.15E05| A B
08-Jan-93 0 ) ) 0 0 37 ) 1.15E-05| A B
08-Jan-93 ) 0 0 ] 0 a7 0 1.ISE0S| A B
16-Tun-82 0 ) ) ° ) ) 0 A A
11-Aug-82 0 ) ] [} 0 0 ° A A
29-Sep-84 0 A A
02-Jun-85 V] 4] 0 6.5 213 o 1.15E-05 A A
28-Apc-32 0 ) ) ) ) 0 ° A B
12-Aug-82 ) ] 0 0 0 0 0 A B
01-Oct-84 0 A B
30-May-85 0 0 0 0 4.6 0 1.44E-06 A B
13-May-87 (1] 0 0 0 195 0 1.79E-04 A B
11-Aug-87 ) 0 0 0 71 0 828E05| A B
T1-Aug-87 0 0 0 0 76 ) 828E-05| A B
22-0ct-87 0.69 ) ) ) 39 0 ST9E0S| A B
22-0-87 0.74 0 0 0 20 ) S79E-05] A B
26-Jan-88 041 0 0 ) 35 0 4.12E05| A B
08-Apr-38 0.98 0 0 0 56 ) T39E05] A B
20-Tul-88 0 0 ) 0 S6 0 34TE0S| A B
20-Jul-88 0.88 0 ) 0 91 ) 347E-05| A B
24-0c1-88 0.5 ] 0 0 67 0 649E05] A B
MW-0027D | 09-Aug-89 0 ) ) 0 87 0 736E05] A B
MW-0027D | 18-Dec-39 0 ) 0 0 110 0 722E05] A B
MW-002TD | 18-Dec-89 0 ) [ 0 150 ) 722E05] A B
MW-0027D | 20-Apr-90 1.9 0 0.98 0 0 233E-05] A B
MW-002/D | 18-Jul-90 0 0 ) ) 41 0 1.74E05] A B
MW-0027D | 19-0ct-90 ) 0 0 ) 63 0 238E-05] A B
MW-0027D | 10-Jaa-91 0.64 () ()] 0 52 0 282E-05| A B
MW-0027D | 09-May-91 0 [) 0 ] 75 0 336E05| A B
MW-0027D | 09-May-91 23 ) 0 0 74 0 336E05] A B
MW-0027D | 18-Jul-91 0.84 ) 0 0 7 ) 240E-05] A B
MWO02ZTD | 08-Jan-9) 14 0 al 0 ) 26 0 1.13E-04] A B
MW-0027D | O8-Jan-93 1.6 ) 0 ] 35 0 L.I3E04| A B
MW-0027S | 28-Apr-82 0 0 0 ° 0 0 0 A A
MW-0027S | 12-Aug-82 0 0 0 0 15 0 4.68E-06] A A
MW-002'S | 12-Sep-84 0 A A
MW-0027S | 05-Jus-85 ) 0 ] 0 634 0 44SE03| A A
MW-0024D | 16-Jua-82 0 [) 0 0 0 0 0 A A
MW-028D | 17-Aug-82 0 0 0 0 0 0 ) A A
MW-0024D | 26Sep-84 0 A A
MW-002iD | 16-Jun-85 0 6.5 0 2.5 8.9 0 2.78E-06] A A
MW-0024D | 15-May-87 0 ] 0 0 0 0 0 A A
MW.0028D | 07-Aug-87 0 0 0 0 0 0 0 A A
s weas\de_zumrwal'woag TABLEK-6.XLS Page 7of 60 0S/1194
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Table K-6
VOC GSAP Concentrations up to Third Quarter 1993 Sampling Period
Location : RikSor | Opersbie
D Lag Date 1,2-DCA 1,1-DCE «12-DCE PCE LLI-TCA TCE vC Pathways Uait Zone
MW-0028D | 23-Oct-87 0 (] 0 0 0 0 ) A A
[MW-0028D | 27-Jan-88 ) 0 (] 0 0 0 0 A A
MW-0028D | 13-Apr88 0 ] 0 0 0 0 0 A A
MW-0028D | 21-Jul-88 0 0 0 0 0 0 ° A A
MW-0028D | 13-Oct-88 ] ] (] 0 0 ° 0 A A
[MW0028D | 23-Jan-39 0 0 0 0 0 0 0 A A
[MWo0028D | 12-Ape-89 0 ) 0 0 0 0 0] A A
MW-0028D | 28-Jul-89 0 0 0 ) 0 0 ° A A
MW-0028D | 19-Dec-89 ) ) 0 ) ) 0 45TE0T| A A
[MW-0028D | 24-Jan-90 ° 0 ) ) 0 0 0 A A
MW-0028D | 24-Apr-90 0 (] 0 0 0 0 893E08| A A
MW-.0028D | 16-0c-90 0 0 0 0 0 0 0 A A
IMW-0028D | 10-May-91 ] 0 0 0 0 ) ) A A
MW-0028D | 16-Apr-93 0 0 0 0 0 0 0 0 A A
'MW-0028S | 16-Jun-82 0 0 0 0 0 [} 0 A A
[MW-0029D | 28-Apr-82 0 0 () 0 0 0 0 H B
[MW-0029D | 16-Aug-82 ] 0 0 ) 10 ) 3.12E06, H B
[MW-0029D | 01-Oct-84 ° H B
[MW-0029D_| 17-Jun-85 0 ] 0 0 ) ) 0 H B
MW-0029D | 03-Apr-86 0 0 0 0 ] 0 S60E-05| H B
[MW-0029D | 01-Oct-86 ] ) 0 ) [} 0 0 H B
[MW-0029D | 15-Jan-87 0 (] 0 ) ) 0 0 H B
[MW-0029D | 29-Apr-87 0 0 0 0 0 (] ° H B
IMW-0029D | 12-Aug-87 0 ) 0 ) 0 ] 0 H B
MW-0029D | 24-Oct.87 0 0 0 0 0 0 0 H B
MW-0029D | 19-Jan-88 0 0 0 ° ] ] ) H B
MW-0029D | 12-Apr-88 0 0 0 0 o o 0 H B
. [MW-0029D | 12-Jul-88 0 ] 0 ) 0 0 0 H B
VW 13-0ct-88 0 0 ) ) ) ° 0 H B
18-Dec-89 0 0 0 0 0 0 0 H B
19-0ct-90 ) 0 0 0 o 0 0 H B
28-Apr-82 0 ) 0 0 0 0 0 H A
16-Aug-82 0 ] 0 0 10 ] 3.12E06] H A
16-Jun-82 0 0 0 0 0 0 S40E-04] A A
17-Aug-82 0 ) 0 ) 10 0 3.12E06] A A
18-Sep-34 0 A A
13-Jun-85 0 0 0 0 ) A A
16-Jun-82 0 0 0 0 0 0 S40E04) C A
17-Aug-82 0 (] 0 10 0 3.12E06] C A
25-Sep-34 0 C A
11-Jun-85 0 ) ] ) ) 0 ° c A
28-Mar-86 0 0 ° ° 0 0 132807] C A
22-aa-87 ] 0 0 ) ) 0 ) C A
29-Ape-87 0 0 0 0 0 0 0 C A
12-Aug-87 ) (] 0 0 0 ] 0 C A
27-0ct-87 0 ) 0 0 0 0 0 C A
27-1an-88 0 ) 0 0 0 0 0 C A
13-Apc-88 0 ) 0 0 0 0 0 c A
29-Sep-82 ) 0 0 0 2000 ° 631E04| C A
07-Jun-85 0 0 0 0 21500 0 704E-03] C A
07-Jus-85 ) 0 ) 0 22600 0 7T04E03] C A
30-0c1-86 62 26 0 ) 25000 | 2.9 8.14E03] C A
29-Jan-87 79 4.6 9.8 0.27 27000 18 738803 C A
29-Ian-87 88 al 0 ) 22000 10 738E03] C A
‘ 16-Apr-87 100 0 8.7 0.49 25000 10 8.38E03] C A
16-Apr-87 110 0 [X] 0.27 24000 1 838E03] C A
' 31-Jul-87 0 0 0 0 52000 0] 140E02[ C A
31-Jul-87 ) 0 0 280 45000 0 140E02] C A
17-Sop-87 140 3.5 6.9 45 20000 ] 5.1 684E03] C A
, 26-0ct-87 0 0 0 0 35000 0| 109E02] C A
08-ian-88 [) 0 0 ) 22000 0 686E03| C A
o §'\usens\de_numwalwosg TABLEK-6.XLS Page8of60 0S/114




Table K-6
VOC GSAP Cencentrations up to Third Quarter 1993 Sampling Period

Location Risk for
1] Leg Dane 1L3DCA L1-DCE «1,2-DCE rcE LLI-TCA e ve Pathways
MW.0033S | 25-Apr-38 450 1.1 26 1.4 26000 49 9.37E-03
MW-0033S | 21-Jul-88 ) 0 0 ) 28000 0 1.20E-02
MW-0033S 21-Jul-88 0 0 0 ) 38000 0 1.20E-02
MW0033S | 18-Oc-88 400 0 0 0 27000 0 9.27E-03
MW-0033S | 11-Jan-89 200 0 0 0 17000 0 $.73E-03
MW-0033S | 08-Apr-89 ) 0 0 0 17000 0 5.30E-03
MW-00335 | 25-Jul-89 [ 0 0 ) 12000 ) 3.74E-03
MW-0033S | 13-Dec-39 0 0 0 0 12000 0 3.74E-03
MW.0033S | 29-Jas-90 0 ) ) 0 12000 0 3.74E-03
MW-0033S | 26-Ape-90 0 0 0 0 26000 0 8.10E-03
MW-0036S | 29-Sep-82 0 0 0 0 5 0 1.56E-06
MW-0036S | 17-Sep-84 0
MW-0036S | 06-Jua-85 0 0 0 0 29 0 9.0SE-07
MW-0036S | 14-Apr-87 0
MW-0036S | 16-Apr-87 ) 0 0 0 3.4 0 2.10E-06
MW0036S | 16-Ape-87 0 0 0.3 0 3.7 0 2.10E-06
MW-0036S 30-Jul-87 ) 0 0 0 53 0 2.11E-06
MW-0036S | 21-Oct-87 0 0 0.35 0 1.8 0 1.71E-06
MW-0036S | 13-Jan-88 0 0.24 0 ) 1.9 0 $.93E-07
MW-0036S | 11-Apr-88 0 0 0 0 2.5 0 1.12E-06
MW_00365 | [1-Apr-88 0 0 0 0 26 0 1.12E-06
MW-0036S | 25-Oct-88 0 0 0 0 1.3 0 5.62E-07
MW-0037 28-Sep-82 0 0 0 0 ) 0 0
MW.0038D | 27-Sep 32 ) 500 0 55 30 0 1.61E-05
MW-0038D | 09-Aug-33 0 570 28 120 52 0 5.89E-05
MW-0038D | 27-Ou-83 100 2000 32 170 140 | 420 1.15E-02
MW.0038D | 14-Sep84 4.98E-04
’ MW-0038D | 19-Jus-8S 300 11500 260 1870 206 | 2230 5.88E-02
MW-0039S | 14-Sep-82 0 0 0 0 0 0 0
MW-0040S | 29-Sep-82 0 0 0 0 5 0 1.56E-06
MW-0040S | 30-Sep-84 0
MW-0040S | 02-Jun-85 0 ) 0 0 190 0 1.72E-08
MW-0041S | 14-Sep-82 0 5 0 0 20 0 6.24E-06

MW-0041S | 24-Sep-84 )

>>>>>>>>v>>>>>>>>>>>>>>>>>>>>>>>>>;;;;g>>>>>>>>>>>>>>>>>>>>>>>i‘

MW-0041S | 10-Jun-85 ) 0 3.3 23 232 0 1.15E-0

MW-0041S | 13-Mar-86 0 0 0.6 0 20 ] 8.86E-06

MW-0041S | 18-Nov-85 0 0 ) 0 Y] 0 1.54E-08

’ MW-0041S | 18-Nov-86 0 0 0.18 ()] a4 0 1.54E-05
MW-0041S | 15-Jan-87 ) ] 0 0 37 0 1.29E-08

MW-004IS | 24-AprS7 0.99 0 0.75 0 91 0 3.66E-05

MW-0041S | 05-Aug-87 0 0 0 0 130 0| 4.19E-08

MW-0041S | 20-Oct-87 0 0 0 0 100 0 3.43E-03

MW-0041S | 20-Oct.87 ) 0 ) 0 110 0 34308

MW-0041S | 26Jan88 [ 0 6.2 0 140 0| S29E0S

MW-0041S | 183-Apc-83 ) ] 10 0 220 0 8.21E-03

MW-0041S | 13-Ful-88 ) 0 0 0 1100 0 343E-04

MW-0041S | 13-Jul-38 0 ) « ] 870 0 343508

MW-0041S | 07-0a-88 ) 0 370 0 2960 0 1.38E-03

MW-0041S | 16-1as-89 ) [ 240 ] 3400 0 1.37E-03

MW-0041S | 11-Apr-89 ] ] 150 0 2700 0 1.03E-03

MWO04IS | 25-hk-89 ) 0 230 0 2500 0 1.07E-03

MW-0041S | 17-0x-89 0 0 200 0 3500 0 1.35E-03

MW0041S | 17-0a-89 ) 0 320 0 (] ) 1.35E-03

MW-0041S | 12-Jan-90 (] 0 130 0 1800 0] 7128604

4 MW.O0041S | 13-Ape90 0 0 70 0 1500] 0] S3SE04
’ MW-0041S | 15-Jui-90 0 0 S8 0 1000 0 3.86E-04
MW-0041S | 16-0xt.90 0 0 ] 0 780 0 2.43E-04

{3 |MWO04IS | 11-Taa91 0 0 T 0 970 0] 394E-04

L7 [MW-0041S [ 30-Jul-91 0 0 21 0 720 0| 267E04

MW-0041S | 30-Jui-91 ) 0 21 (] 770 0] 267E-04

MW-0041S | 10-0c-91 0 (] 19 ] 370 0 1.40E-04
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Table K-6
VOC GSAP Ceacentrations up to Third Quarter 1993 Sampling Period
Lecation Risk for Operable

D Leg Date Li-DCE | er2.DCE PCE LLI-TCA TcE VC | Puthways Usit | Zome
MW-0041S | 20Jan-92 0 0 93 0 760 0 2.STE-04 B A
[MW0041S | O6-Tul-92 [} ) 0 1 0 520 0 1.76E-04] B A
r MW-0041S | 07-0a.92 0 0 0 0 0 520 0 1.62E-04] B A
'MW-0041S | 07-Jaa-93 ) 0 0 16 0 460 0 1.64E-04 B A
IMW-0041S | 16-Apr-93 ] 0 0 a2 0 360 0| 409E04] B A
[MW-0041S | 16-Apr-93 0 ) ) 35 ) 390 0| 409E04| B A
; [MW-0041S | 27-Jul-93 (] 0 23.80 0 0 299 0 205E-04] B A
) MW-0042S | 27-Sep-82 [ 0 0 0 0 0 0 B A
, [MW-0042S | 28Sep 4 0 B | A
| [MW-0042S | 02 Jun-85 0 0 0 0 (] 0 2.18E07| B A
! MW.0042S | 02-Jun-85 0 ] 0 0 0.7 0 2.18E071] B A
[MW-0043S | 14-Sep-82 0 ) 0 0 [) 0 0 B A
(MW-0043S | 13-Sep84 0 B A
‘ MW-0043S | 31-May-8S 0 [} 0 0 0 0 ) B A
MW-0044S | 13-Sep-82 0 30 0 ) 10 (] 3.12E06] C A
MW-0044S | 21-Sep-84 0 C A
( MW-0044S | 21-Maxr-86 ) 0 0 ) ) 0 ) C A
, MW-00M4S | 17-Sep-86 0 0.55 0 0 0 ° 0 C A
IMW-0044S | 12-Jan-87 ) 0 0 0 0 ° 0 C A
MW-0044S | 03-Feb-87 0 C A
[MW-0044S | 06-May-87 ) 0 ) 0 0 0 0 C A
MW-0044S | 13-Aug-87 ) 35 0 0 0 0 ] c A
MW-0044S | 23-0c-87 ° 33 [ 0 04 ) 125607 € A
MW-00M4S | 22-7an-88 0 33 ) 0 0.63 0 197E-07] C A
MW.0044S | 26-Apr-88 ° 28 (] 0 05 ) 1.56E-07] C A
r MW-00M4S | 20-Jul-88 0 48 0 [ 0.95 0 297607 C A
[MW-0044S | 06-0ct-88 0 35 ) 0 0.69 0 68701 C A
MW-0044S | 06-0ct-88 0 56 0 0 22 [} 687E07| C A
MW00HS | 137aa-89 0 4.7 ) ) 11 0 343E-07 ] A
MW-0044S | 17-Ape-89 0 29 (] 0 0.73 ) 228607 C A
MW-0044S | 14-Jul-89 0 6 0 ) 1.3 ] 406E07] C A
[MW-0044S | 13-Dec-89 ) 55 0 0 1.6 ) 4.99E-07 C A
MW-0044S | 13-Dec-89 ) 6.6 0 0 2.2 0| 499E07| C A
[MW-0044S | 30-7an-90 0 44 (] 0 0 ] C A
MW-0044S | 09-Apr-90 ) 6 ) 0 1.6 0| 499E07| C A
b IMW-0044S | 09-Apr-90 0 6.8 0 0 2 0] 499E07] C A
MW-0044S | 18Jul-90 0 36 [} 0 1.8 0 $S62E07| C A
MW-0044S | 15-0c1-90 0 [ 0 0 12 0 1TSE07] € A
;Mi-oo«s 30-Jaa-91 0 52 0 (] 1.8 (] S62E07| C A
MW-0044S | 09-May-91 ] 7.1 0 0 23 ] 1.35E06] C A
MW-0044S | 13-Aug91 0 5.1 043 0 16] 0] SSTEGS| C A
MW-0045S | 14-Sep-82 0 [ 0 0 0 ) ) C A
[MW.0045S | 19-Sep-84 0 C A
[MW-00433 | O4-Tua-25 0 0 0 0 4.1 0| 128606 C A
MW00+"S | 29-Sep82 0 [} 0 0 0 6.62E06| A A
[MW-0046S | 29-Sep-84 [) A A
MW-0046S | 03-Jus-85 0 ) 0 ) 2.7 0 843E07] A A
MW-0047S | 29-Sep-82 ) o 0 0 [ 0 0 B A
MW-0047S_ | 01-Oct-84 ) B A
[MW-0047S | O4-Jua-23 0 ) 0 0 0 0 ] B A

MW-0049S | 25-5:p-82 ) ) 0 ) ] 0 0 A

MW-0049S | 25-Jul-8s 0 ) 0 0 0 ) 0 A

MW-00498 | O1-May-89 ) ) 0 0 0 0 [ A
MW-0051 22-Nov-36 0 ) ] () ] 0 1.54E06] D B
) MW-0051 14Jaa-87 0 0 0 0 0 0 0 D B
) MW-0051 23-Ape-87 0 0 0 ) 0 0 ) D B
MW-0051 03-Aug-87 0 0 0 0 0 0 0 D B
MW-0051 15-Oct-87 0 0 ) () 0 0 3.11E07 D B
MW-0051 11-lan-88 ) ) 0 0 0 ] 0 D B
MW-0051 06-Agr-38 0 0 ) ] 0 0 0 D B
MW-0051 07-Jul-88 0 ) 0 0 0 0 0 D B
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Table K-6
VOC GSAP Cencentrations ap 1o Third Quarter 1993 Sampling Period
Lecation Risk for Oparshie

D Log Date 1.3DCA LDCE | e13-DCE PCE LLLTCA e VC | Pathweys Unit | Zome
[MW-0081 | 070288 ) 0 o ) 0 0 5 D B
[MWOBT | 06Tt 0 0 0 0 oo o[ D |8
MW-0051 18-Apr-89 0 0 0 0 0 ) 0 D B
[MW-0051 27-1ui-89 o 0 ) 0 ) 0 ) D B
[MW-0051 12-0ct-89 ) ) 0 ) 0.37 0 1.I1SE-07 D B
IMW-0051 12-1a-90 ) () 0 0 0 0 0 D B
IMW-0051 17-ul-90 ) 0 0 ) 0 0 ) D B
MW-0051 10-Tul-91 ) 0 0 0 0 0 0 D B
MW-0051 06-Apr-93 ) 0 0 ) ) 0 0 ) D B
MW-0052 24-Nov-86 0 0 0 ) ) o ) D AB
'MW-0052 29-Jan-87 0 0 0 0 2.1 0 765E-07 D AB
MW-0052 11-May-87 0 ) ) ) 0 ° 0 D AB
MW-0052 27-hul-87 ) ) 0 ) ) ° 0 D AB
Ew-oosz 16-0ct-87 ) 0 0 ) 0 0 0 D AB
L_M'!-OOSZ 07-Jan-88 ) 0 0 ) 0 ] 0 D AB
MW-0052 07-Ape-83 ) ) 0 0 0 0 0 D AB
MW-0052 05-Jul-88 0 ] 0 0 0 ° 0 D AB
MW-0052 18-Oct-88 ) (] 0 ] 0 0 0 D AB
[MW-0052 18-Jan-89 ) ) 0 0 0 0 0 D AB
MW-0052 03-Apr-89 0 0 [ 0 0 0 ) D AB
MW-0052 19-7ui-89 0 0 ) ) 0 0 ) D AB
[MW-0052 05-Oct-89 0 0 o 0 ) ) 0 D AB
MW-0052 23-Tan-90 0 0 0 ) 0 0 ) D AB
MW-0052 23-Jui-90 ) 0 0 ] 0 0 ° D AB
MW-0052 24-Apr-91 0 0 ° ) ) 0 ) D AB
MW-0052 07-lui-92 0 0 0 () ) ) ) 0 D AB
MW-0052 23-Jul-93 0 0 0 0 0 ] ) 0 D AB
MW-0053 21-Nov-86 0 0 0 0 ) ) 0 D AB
MW-0053 20-Jan-87 0 ) 0 0 0 0 0 D AB
MW-0053 | O8-May-87 0 0 0 0 0 0 0 D AD
MW-0053 28-Jul-87 [ 21 0 ) 0 0 394E07] D AB
MW-0053 21-0ct-87 0 13 0.27 29 34 ] 141E06] D AB
MW-0053 06-Jan-88 0 8.7 0.16 1.3 23 0 923E07| D AB
MW-0053 07-Apr-88 ) 2.5 ) 0.22 0.32 ) 999E.08] D AB
MW-0053 05-Jul-88 0 12 0.22 1.3 29 0 1.19E06] D AB
MW-0053 | O4-May-89 0 0 0 ) 0.49 0 153807 D AB
'MW-0053 18-Jul-89 0 0 0 0 023 0 7.18E-08 D AB
MW-0053 04-Jan-90 ) ) ° ) ° [ ) D AB
MW-0053 18-7an-90 ) 0 ) 1.2 0 ] ] D AB
MW-0053 11-Apr-90 0 0 0 ) 0 ] 0 D AB
[MW-0053 | 09-May-91 0 ) ) 0 0 ) ] D AB
MW-0033 21-Jul-92 162E07| D AB
MW_-0053 21-Jul-92 ) 2.8 0 0 ) 0.52 ) 162E07| D AB
MW-0053 22-Ax-93 ) 1.10 0 ° ) 0.32 ) 203E07] D AB
MW-0054 20-Nov-86 39 430 a1 9 9| 1200 3.4E02, D AB
MW-0054 15-Tan-87 14 171 ) 0 39| 1224 3.19E02] D AB
MW-0054 21-Ap-87 0 52 0 ) 0| 180 4T3E03] D AB
MW-0054 27-Apr-87 ) 52 0 ) 0] 190 4T3E03| D AB
MW-0034 10-Aug-87 ) 1 0 0 0 17 369E04| D AB
MW-0054 10-Aug-87 0.23 3.9 [ ) 0 14 369E04| D AB
MW-0054 19-Oct-§7 1 19 ° 0.3 1.8 39 1.06E-03 D AB
[MW-0054 | 15-0a-87 12 2 0 0.58 17| 40| 106E03] D AB
MW-0054 06-Jea-38 0.16 3.5 ) 0 14| 36 132E04] D AB
MW-0054__| 06Jan88 0.07 %) 0 0 14 3 132E04] D AB
MW-0054 06-Apr-88 0 0.36 0 0 0 0 ) D AB
MW-0054 11-Tul-88 1 100 0 0.46 73| 29 825805 D AB
[MW-0054 14-0ct- 83 0 0 0 ) ° 0 0 D AB
[MW-0054 17-Taa-89 0 0 ) ) ) ) 0 D AB
MW-0054 03-Apr-89 ) 0 ) 0 ] 0 ) D AB
[MW-0054 26-1ur-89 0 0 0 0 0 0 0 D AB
[MW00s4 | 05-0a-89 0 (] 0 0 0 0 0 D AB
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Table K-6
VOC GSAP Concentrations wp to Third Quarter 1993 Sampling Period

Lecation Rikfor | Operable
D Leg Date 12.DCA LILDCE | «12DCE PCE LLI-TCA TCE ve | Puhway Umit | Zame
[MW-0054 24-Jan-90 0 0 0 ) 0 0 0 D AB
MW-0054 17-Ape-90 0 2.1 0 0 0| 046 121E-05 D AB
[ MW.0054 | 02-May-91 ) 0 ) 0 ) ) ) D AB
MW.0054 21-Jul-92 0 0 0 0 0 0.34 0 1066-07] D AB
[MW.0054 07-Ape-93 0 0 ) 0 [} 0 0 0 D AB
Ev?-ooss 22-Nov-86 29 210 13 5 110 0.34 1.33E-04 D AB
[MW-0053 05-Jan-87 29 160 46 a1 70| 0.3 9.67E-05 D AB
MW-0055 20-Apr-87 0.7 310 38 58 29 ) 7.25E-05 D AB
MW 0055 20-Apx-87 0.93 110 47 69 33 ) 725E-05 D AB
MW-0085 1>Aug-87 0 130 0 71 37 0 1.1SE-05 D AB
MW.0055 14-0ct-87 ) 18 79 17 6.9 0 1.23E-05 D AB
MW-0055 1i-Ja-88 1.1 33 6.8 10 i1 ) 1.45E-05 D AB
MW-0055 08-Apr-88 0.27 11 2.8 5.8 42 0 S48E-06 D AB
MW.0053 08-Apr-88 0.34 13 3 5.2 46 ) S48E-06 D AB
[MW-0055 11-Jul-88 0.6 31 0.8 03 10 0 S.44E-06 D AB
MW-0055 11-Jul-88 0.96 S1 1.7 2.8 18 ) S44E06| D AB
IMW_-0055 04-Oct-83 14 60 15 2.6 14 0 9.39E-06 D AB
MW-0053 04-Oct-88 .S 3] 14 29 14 ) 9.39E-06 D AB
MW.0055 06-Jan-89 ) &l 14 39 14 0 2.23E-06 D AB
MW-0055 04-Apr-89 0 46 1.6 35 1.5 0 2.52E-06 D AB
MW-0055 27-Tul-89 (] 79 1.8 1.9 23 [} 3.02E-06 D AB
MW-0055 27-Tul-89 ) 86 1.9 1.9 32 0 3.02E-06 D AB
MW.-0055 10-Oct-89 0.28 13 1.2 1.6 27 ° 2.98E-06 D AB
MW.0055 10-0cx-89 0.31 14 12 1.6 29 ) 2.98E-06 D AB
MW.0055 15-Jan-90 0.11 3.9 0 3 1.8 0 1.22E-05 D AB
3 MW-0055 16-Ape-90 0 35 14 2.6 28 0 2.6TE-06 D AB
MW.0055 03-Jul-90 0 58 1.3 22 3 ) 4.17E-06 D AB
@ws 31-0c.90 ) 29 0.97 0 03 ) 1.34E-06 D AB
MW-0055 2i-Jan-91 0 3 0.64 0.93 0.98 0 1.I3E-06] D AB
MW.0055 21-Jan-91 ) 32 0.73 0.99 1.1 ) 1.13E-06 D AB
'MW-0055 19 Ape-91 0 2.8 0.72 ) 2 ] 1.55E06] D AB
24-Tul-91 ) 2.9 o.11 0 1.2 0 5.1SE-07 D AB
24-Jul-91 0 33 0.14 0 1.2 0 5.15E-07 D AB
12-Jan-93 ) ) ) 0.4 ) ry’ ) 1.68E-06 D AB
19-Nov-86 0 23 [ 0 25 0 7.80E-07 D AB
} 13-Jan-87 0 13 0 0.88 14 0 4.3TE-06 D AB
28-Ape-87 ) 0 ) ) ) 0 0 D AB
30-Jul-87 0 16 0 0 0 0 3.94E-07 D AB
12-0a.87 ) 1.2 0 0 0.58 0 1.81E-07 D AB
08-Jan-88 0 36 ) ) 23 ) 718E-07 D AB
22-Apr-88 ) 0.31 0 ) 0 ) 0 D AB
06-Jul-88 0 0 ) ) 0 ) ) D AB
12-0c-83 ) 0.36 0 0 0.35 0 1.09E-07 D AB
09-7an-89 0 0 ) ) ) 0 0 D AB
19-Apr-89 0 0 0 0 0 0 0 D AB
0i-Ang-89 0 0 0 ) 0 0 0 D AB
05-0Oct-89 0 0 0 0 0 0 0 D AB
25-1an-90 0 1.1 ] ¢ 0 1.41E-06 D AB
13-Apt-90 0 0 13 0 ) 0 1.66E-06 D AB
05-Jul-90 0 0 0 0 0.24 0 749E08] D AB
12-0a-90 0 0 ) ) ) () 0 D AB
29-Jan-91 0 0 0 0 0.39 ) 122E07] D AB
22-Ape91 0 0 0 0 0.26 ) 8.12E-08) D AB
31-Jul91 0 0 0 0 0 ] ) D AB
27-1a893 0 ) 0 0 0 ) 0 ) D AB
21-Nov-86 0 1.7 0 0.36 062 1.3 3.44E-05 D B
19-Tan-87 0 29 0 21 1.2 0 13707 D B
19-Jan-87 ) 33 0 24 14 0 43707 D B
30-Apr-87 0 0 0 23 1.5 ) 4.68E-07 D B
06-Aug-37 0 0 0 ) 0 0 0 D B
13-0ct-87 0 0 ) 0 ) ) ) D B
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Table K-6
VOC GSAP Cencentrations up to Third Quarter 1993 Sampling Period
Location Risk for Operahie

D Log Date 1,1-DCE «1,3-DCE PCE 1,L1-TCA TCE vC Pathways Unmit Zons
MW-0058 11-Jan-88 0 0.27 0 0.25 ) 0 0 D B
MW-0038 06-Apr-38 ) 0.55 0 0 0.24 0 341E07, D B
MW-0058 07-Jul-88 ) 0.14 ] [ o 0 ) D B
[MW-0058 | 17-0ct.88 0 0 0 0 0 0 0 ) B
MW-0058 09-Jan-89 0 o.11 ] 0.33 0 ) 0 D B
MW-0058 O4-Apr-89 0 0.28 0 04 ) 0 0 D B
MW-0058 27-Tul-89 0 0 ) 0 ] ] 0 D B
MW-0058 02-Jas-90 ) ) ) ] 0 0 1.27E07] D B
'MW-0058 2272090 0 0 0 (] 0 ] 0 D B
MW-0058 16-Ape-90 0 0.42 0 ] 047 ) 147607 D B
MW-0038 26-7ul-90 0 ) 0.18 0 0 0 230E07| D B
MW-0058 17-0ct-90 0 ) 0 0 0 (] 0 D B
MW-0058 17-Tan-91 0 0 0 0 0 ) 0 D B
MW-0058 29-Ape91 0 ) 0 0 0 ) 0 D B
MW-0058 23-Jul-91 ) ) 0 ] 0 0 [ D B
MW-0058 22-1an-93 ) 0 0 ° [) ) 0 0 D B
MW-0059 02-Apr-86 0 11 0 11 12 0 423E-06] D B
MW-0059 18-Nov-86 0 270 0.1 19 290 ) 200E-04) D B
MW-0059 12-Jan-87 0 58 0 53 T 0 222E05| D B
MW-0059 12-Jan-87 0 99 0 8.1 108 0 222E05] D B
MW-0059 21-Apr-87 0 47 (4] 32 38 0 1.19E-05 D B
IMW_0059 21-Ape-87 0 50 0 33 40 0 1.19E-05 D B
[MW-0059 10-Aug-87 0 13 0 0.9 i1 0 4.24E-06 D B
MW.-0059 10-Aug-87 0 9 0 1 13 0 4.24E06] D B
MW-0059 09-Oct-87 0 15 0 ] 62 0 194E06] D B
MW-0059 08-Jan-88 0 3.1 0 0.21 23 0 71807 D B
MW-0059 08-Apr-88 0 0.53 (] 0 0.49 0 1.53E07] D B
MW-0059 06-Tui-88 0 ) ] 0 ) 0 ) D B
MW_-0059 11-Oct-88 ) 0 0 0 023 0 718E-08] D B
MW.0059 05-Jan-39 0 0.11 (1] 1] 0 0 0 D B
MW-0059 04-Apr-89 0 0 0 0 0 0 o D B
MW-0059 | O1-Aug-89 0 ) ] 0 ) 0 0 D B
MW-0059 10-Oct-89 0 0 0 ] 0 0 0 D B
[MW-0059 24-1an-90 0 ) 23 03 o 0 295E06] D B
MW-0059 12-Apr-90 0 ) ) 0 ) ) ) D B
IMW-0059 06-Jul-90 0 0 0 0 0 0 8.30E08] D B
[MW-0059 | 07-Nov-90 0 ) ) 0 0 0 1.99E07| D B
MW-0059 23-Tan-91 0 ) ) 0 ) 0 0 D B
13-May-91 0 ) 0 0 0 ) 0 D B

10-Tuk-92 0 ) 0 0 0 ) ) 0 D B

20-Tul-93 ) 0 0 0 0 ) 0 446E07] D B

28-0ct-86 0 0 ) 0 ) 0 0 C A

13-Jan-87 0 0 ] 0 0 ) 0 C A

24-Apr-87 0 0 ) 0 0 0 0 C A

13-Aug-87 0 0 ) 0 ) 0 0 C A

25-0ct-87 0 0 0 0 0 ) ) C A

22-Tan-83 0 0 ] 0 0 ) 0 ] A

18-Apr-88 0 0 ) 0 0 ) 0 C A

20-Jul-83 0 0 0 0 0 ) 0 C A

10-Oct-83 0 0 0 [) 0 0 0 C A

13-Tan-89 0 0 0 ] 0 0 ) C A

T1-Ape-89 0 0 0 [ ) 0 ] C A

17-uk-89 0 0 0 0 ) ) 0 C A

05-Oc1-89 0 () 0 0 0 0 0 C A

30-Jan-90 0 0 0 0 0 0 C A

12-Apr-90 0 0 0 0 ) ) 0 C A

16-0c-90 0 0 0 ) 0 0 T.O4E07]  C A

17-Tui-91 0 0 ) ] 0 0 0 C A

19-Max-36 0 0 0 0 (X] (] 968E07| C A

01-Dec-86 0 4] (4] 0 74 0 2.31E-06 C A

29-Jan-87 0 ) ) ) 22 ) 708E06] C A
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Table K-6

VOC GSAP Concentrations ap to Third Quarter 1993 Sampling Period

Lecation Risk for Opershle
D Log Date L2-DCA LI.DCE | e12-DCE PCE LLI-TCA TCE vC | Ppahways Unit | Zow

[MW.0061 | 07-May-87 ) 0 0 0 15 0 468E06] C A
MW-0061 07-Aug-87 ) 0 ) ] 4 ] 437E06] C A
MW-0061 13-Oct-87 o 0 0 ° [K) 0 1.6SE06] C A
MW-0061 19-Tan-88 ) ) 0 0 23 ) 1.34E-06] C A
MW-0061 22-Ape-88 0 0 0 ) 52 ) 162E06] C A
MW-0061 20-Jul-88 0 0 0 0 79 [} 24TE06]  C A
MW 07-Oct-88 0 ) 0 0 14 ) 4.3TE06 T A
20-Jas-89 0 0 0 ) 14 ) 437TE06] C A

12-Apr-39 0 0 ) 0 72 ) 225E06] C A

12-Apc-89 0 0 0 0 76 0 225E06] C A

01-Aug-89 0 ) ) [} 9.8 0 3.06E08] C A

05-Jan-90 0 ° ] [} 13 0 4.06E-06] C A

07-Aug-90 0 ) 0 ) 24 0 T49E06] C A

25-0ct-91 ) 0 0 ) 27 0 843E06] C A

26-7a0-93 ) 0 0 0.32 [} 36 ) 1.16E05| C A

26-Ape-88 0 0 0 ) [Y7] 0 137E07] C A

26-Jul-88 0 0 ) 0 1.3 0 406E07] C A

07-0ct-88 0 0 0 ) 0.39 0 122E07] C A

11-Jan-89 (] 0 0 ) 0.46 0 144E07] C A

11-Apr-89 0 ) 0 0 0.74 0 231E07] C A

28Jul-89 0 0 ) ] 0.6 ] 187E07| C A

13-Dec-89 0 0 ) 0 0.79 0 247E01]  C A

23-Jan-90 ) 0 0 0 1.2 0 3.75E07]  C A

23-Jan-90 ) (] 0 0.31 .1 ) 37507 C A

11-Apr-90 ) 0 0 0 0.92 ] 287E07| C A

1&7ul-90 0 [) 0.26 0 0.98 0 6.39E07| C A

16-0ct-90 0 0 0 0 0.6 ) 197E07] C A

01-Feb-91 ) ) 0 ) 0.72 0 225807 C A

23-Ape-91 0 0 0 ) 1.2 0 375801 C A

02-Aug-91 ) 0 (] ) 1 0 3.12807] C A

26-Jul-93 ) 0 2.87 0 0 2.62 (] 1.66E-06| C A

02-Apr-86 04 ) ) ° 36 0 1.33E05] B B

02-Ape-86 0.4 0 0 ) 30 ) 1.33E-05{ B B

25-Nov-86 0 0.24 0 0 24 0 6.S1E06| B B

25-Nov-86 0 0.25 0 0 20 [) 651E06] B B

27-jan-87 ) 0 (] 0 41 ) 1.28E-05| B B

11-May-87 ) ) ) ] 210 0 6.5SE-05| B B

14-Aug-87 ) ) [) ) 190 0 S9IE0S| B B

22-0ct.87 ) 0 0 0 52 0 1.62E05| B B

23.Jan-88 0.78 0.76 0 0 69 0 239E05]| B B

15-Apr-88 0 ) ) 0 4“4 0 1.37E-05| B B

15-Jul-88 0.69 0 ) 0 91 (] 299E05| B B

07-0t-88 0 0 ] 0 58 0 1.81E05] B B

19-Jan-89 0.77 ) (] 0 (1] [) 203E05| B B

19-Tan-89 1.3 0 (] ° 59 [) 203E-05| B B

13-Apr-89 0.91 0 ) 0 74 0 259E-05| B B

13-Apc-89 1 0 ) ] 76 ] 2.59E-05| B B

06-7ul-39 1.3 0.6 ) 0 35 ) 146E-05| B B

11-0c-89 0.84 0 0 0 75 0 267E05| B B

11-0ct-89 1.2 ) 0 0 100 0 26TE05| B B

16-7a8-90 ) ) ° 52 110 0 343E05| B B

26-Apr-90 1.1 0 () ) 110 ] 391E0S| B B

07-Aug-90 0 0 ) ) 56 ) 1.75E05| B B

07-Aug-90 0 ) 0 0 75 0 1.75E05| B B

06-Nov-90 ° 0 0 0 33 1.03E05| B B

15-Taa-91 ° 0 0 0 45 ) 140E-05| B B

08-May-91 0 0 0 0 57 ) 1.78E05] B B

08-May-91 0 () ) 0 69 0 1.78E-05] B B

08-Aug-91 0 ) ) ) 56 0 17505 B B

22-0c-91 ) 0 0 ) 34 ] LOSE-05| B B

22-0091 0 0 ) ) 36 0 1.06E05| B B
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Table K-6

VOC GSAP Concentrations ap to Third Quarter 1993 Sampling Period

Risk for Operable
Log Date 13-DCA 1,1-DCE «12-DCE PCE LLI-TCA TCE vC Puthways Unit Zome
05-Fob-92 0.89 0 0 ) 74 0 2.87E-08 B B
20-Jul-92 0.3 0 16 0 0 47 0 1.53E-05 B B
22-0a-92 0 0 11 0 0 05 0 4.68E-06 B B
28-Jan-93 0 [ 15 0 0 40 0 1.25E-0% B B
26-Oct-88 0 0 0 0 0 0 0 B B
24-Jan-89 0 [ i} 0 0 0 0 B [)
24-Apr-89 0 0 0 0 0 0 0 B B
18-Jul-89 0 0 0 0 0 0 0 B B
15-Dec-89 0 0 0 0 0.2 0 6.24E-08 B B
13-Feb-90 0 0 0 0 0 0 0 B B
24-Apr-90 0 0 0 0 0 0 0 B B
05-0ct-90 0 0 0 0 0 0 0 B B
12-Aug-91 0 0 i} 0 0 0 0 B B
14-Oct-91 0 0 0 0 ) 0 0 B B
30-Jan-92 0 B B
26-Feb-92 0 0 0 0 0.99 0 3.09E-07 B B
24-1ul-92 0 0 0 0 0 2.1 0 6.55E-07 B B
22-0c1-92 0 0 0 0 0 0.74 0 2.31E07 B B
12-Jan-93 0 0 0 0 0 0.81 0 2.53E-07 B B
27-lul-93 0 0 0 0 1.66 0.583 0 6.9TE-07 B B
26-Apr-89 0 ) 0.78 0 s8 0 1.91E05 B A
18-Jul-89 0 0 0.28 0 16 0 3.13E-05 B A
18-Jul-89 0 0 1.3 0 95 0 3.13E-05 B A
15-Dec-89 0 0 1.8 0 110 0 3.66E-05 B A
28-Feb-90 0 0 0 0 95 0 2.97E-0S B A
02-May-90 [} 0 0 0 120 0 1.28E-06 B A
02-May-90 0 0 1 0 0 1.28E-06 B A
06-Aug-90 0 0 0 0 120 0 3.75E-05 B A
18-Dec-90 0 0 1.7 0 100 0 3.34E-05 B A
04-Feb-91 0 0 1.6 0 82 0 2.76E-05 B A
09-Apr-91 0 0 0 0 32 0 2.56E-05 B A
02-Aug-91 0 0 0 0 53 0 1.65E-05 B A
11-0ct-91 0 0 0.82 0 47 0 1.57TE-05 B A
25-Apr-89 0 0 0 0 0 ¢ 0 B B
26-Jul-89 0 0 0 0 0.7 0 2.18E-07 B B
19-Dec-89 0 0 0 0 0 0 3.74E-07 B B
19-Fob-90 0 0 0 0 0 0 3.94E-07 B B
12-May-90 0 0 0 0 3.3 0 1.03E-06 B B
07-Aug-90 0 0 0 0 1) 0 1.04E-07 B B
15-0Oct-90 0 0 0 0 0 0 0 B B
05-Feb-91 0 0 0 0 0.31 0 9.68E-08 B B
29-Apr-91 0 0 0 0 8.5 0 2.65E-06 B B
08-Aug-91 0 0 0 0 0 0 0 B B
08-0Oct-91 0 () 0 0 1.4 0 4.3TE-07 B B
04-Feb-92 0 0 0 0 0.57 0 1.78E-07 B B
28-Jul-92 0 B B
21-0ct-92 0 [’} 0 0 0 11 0 3.43E07 B B
18-Jan-93 0 0 0 0 0 1 0 3.12E-07 B B
20-Mar-86 0 0 0 0 0 0 0 A A
17-0ct-36 0 0 0 0 0 0 0 A A
23-Jan-87 0 0 0 0 0 0 0 A A
06-May-87 0 0 i} 0 0 0 0 A A
15-Aug-87 0 0 0 0 0 0 0 A A
20-Oct-87 0 0 0 0 0 0 0 A A
26-Jan-38 0 0 0 [ 0 7} 0 A A
26-Ape-88 0 0 0 0 0 0 0 A A
15-Jul-88 [1] 0 0 0 0 0 0 A A
11-Oct-88 0 0 0 0 0 0 0 A A
03-J20-90 0 0 0 0 0 0 0 A A
02-May-90 0 0 0 0 0 0 0 A A
13- May-87 0 0 0 0 0 0 0 A A
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Table K-6
VOC GSAP Concentrations up to Third Quarter 1993 Sampling Period
Location Risk for Operable

D Log Date 1,2-DCA L1-DCE ¢1,2-DCE PCE 1,L1-TCA TCE vC Pathways Unit Zowe
(MW-0068 | O7-Aug-87 0 0 0 0 0 0 0 A A
MW-0068 23.0ct-87 0 0 0 0 0 0 0 A A
MW-0068 25-Jan-88 0 0 0 0 0 0 0 A A
MW-0068 08-Apr-88 0 ° ° 0 0 0 0 A A
MW-0068 20-Jul-88 0 ) ] 0 0 ) 0 A A
MW-0068 25-Oct-88 0 0 0 0 0 0 0 A A
MW-0068 11-Dec-89 ) 0 0 0 0 0 147E07| A A
MW-0068 | OI-May-90 0 0 0 0 0 0 0 A A
MW-0068 30-0ct-90 0 0 0 0 0 0 152607 A A
MW-0068 | 09-May-91 0 0 0 0 0 0 0 A A
MW-0068 22-Apr-93 0 0 0 0 [} 0 0 0 A A
MW-0069 | 25-Nov-86 0 0.1 0 ) 065 0 335E07| A BC
MW-0069 28-Jan-87 0 0 0 0 0 0 0 A BC
MW-0069 13-May-87 0 0 0 0 0 0 0 A BC
MW-0069 | Ol-Aug-87 0 0 0 0 0 0 1.9E07] A BC
MW-0069 30-0a-87 0 0 0 0 0 0 0 A BC
MW-0069 23-Jan-88 0 0 0 0 i} 0 0 A BC
MW-0069 19-Apr-88 0 0 0 0 0 0 ) A BC
MW-0069 13-Jul-88 ° 0 0 0 0 0 ° A BC
MW-0069 05-Oct-88 ) 0 0 0 ° 0 ) A BC
MW-0069 12-Dec-89 ) 0 0 0 0 0 191E07] A BC
MW-0069 | O1-Aug-90 ) 0 0.54 0 0 0 691E-07] A BC
MW-0069 31-Jan91 0 0 ) 0 0 0 8.73E07T] A BC
MW-0069 12-Aug-91 0 0 0 0 0 0 1.89E06] A BC
MW-0069 15-Jan-93 o ° 0 0 0 12 0 3.32E.06] A BC
MW-0070 29-Jan-87 ° 0 ) 0 0 0 ° D AB
MW.0070 | 12-May-87 0 ) 0 0 0 0 ) D AB
MW-0070 14-Aug-87 0 ) 0 0 0719 ) 247E07] D AB
MW-0070 16-0ct-87 0 0.27 ) 0 0 ) 0 D AB
MW-0070 07-Jan-88 ° 0.25 ° 0 0 0 0 D AB
MW-0070 21-Ape-88 0 0 0 ) 0 0 0 D AB
MW-0070 05-Tul-88 0 0 0 0 0 0 0 D AB
MW-0070 13-Oct-88 0 0 [} 0 0 0 ) D AB
MW-0070 05-Jan-89 0 .11 0 0 0 0 0 D AB
MW-0070 05-Apr-89 ° 0 0 0 0 0 ) D AB
MW-0070 28-Jul-89 0 0 ) 0 0 ) 0 D AB
MW-0070 09-Oct-89 0 0 0 0 0 ) 0 D AB
MW-0070 25-Jan-90 ) 0 0 0 0 ) D AB
MW-0070 18-Jan-91 0 0 ) ] 0 ) 1.I0E07| D AB
MW-0070 16-Ja0-92 0 0 0 0 0 0 ) D AB
MW-0071 22-Apr-88 0 0.1 ) 0 0.7 0 987E07| A B
'MW-0071 20-Jul-88 ) 0 0 0 0.71 0| 9.10E07 A B
MW-0071 27-0ct-88 0 o.11 0 0 0.74 0 6.15E07|, A B
MW-0u71 30-Jan-89 0 0 0 0 0.59 [} 89E0T| A B
MW-00T1 25-Apr-89 0 0.18 0 0 13 0 1.86E06| A B
MW.0071 20-Tul-89 0 0 0 0 2 [} 248E-06] A B
[MW-0071 02-Jan-90 ] ) 0 0 26 0 293E-06] A B
MW-0071 02-Jan-90 ) 0 ) 0 238 0 293E06] A B
MW-0071 02-Feb-90 0 0 ] 0 3.5 0 1.09E-06] A B
MW-0071 | O1-May-90 ° 03 ) 0 37 0 407E-06] A B
MW-0071 12-7ul-90 0 0 0 0 10 ) 723E06] A B
(MW-0071 30-0ct-90 0 0 ) 0 26 0 2.53E06| A B
MW-0071 29-Jas-91 0 0.36 0 0 33 0 394E-06] A B
MW-0071 13-May-91 0 0.77 0 0 58 ] 684E06| A B
MW-0071 13-Aug-91 0 1.2 0 0 9.6 0 1.76E05] A B
MW-0071 21-7an-93 0.5 34 1.9 0 0 18 0 338E-05| A B
MW.0072 | 08-May-87 28 350 o 59 410 a1 127E03] D A
MW.0072 14-Aug-87 140 1900 0 43 1200 0 616E-04] D A
MW-0072 20-0ct-87 36 320 0 7 580 0 366E04] D A
[ MW-0072 08-Jas-88 140 930 0 T 370 0 573E04] D A
MW-0072 11-Apr-88 210 800 0 17 1000 0 764E04] D A
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Table K-6

VOC GSAP Concentrations up to Third Quarter 1993 Sampling Period

Risk for Opershie
Log Date 1,2-DCA 11-DCE ¢13-DCE PCE LL1-TCA TCE vC Pathways Uit Zome
21-Jul-88 120 500 0 0 820 0 S.14E-04| D A
21-Jul-88 120 790 0 31 850 [} S.14E-04] D A
13-Oct-88 80 460 0 24 660 0 3.78E-04] D A
06-Jan-89 130 370 )] 12 550 0 4.52E04 D A
05-Apr-89 110 100 0 11 300 ) 3.30E-04) D A
05-Ape-89 110 280 0 0 580 ) 3.30E-04] D A
17-Jul-89 120 280 0 ] 530 ) 424E-04] D A
10-0ct-89 150 530 0 10 780 0 SG66E-04] D A
10-Oct-89 160 510 0 12 790 0 SG6E-04| D A
20-Feb-90 140 260 () 15 700 ) 5.20E-04 D A
10-Apr-90 92 150 0 (] 340 0 3.04E-04] D A
0i-May-91 58 90 0 0 210 0 1.90E-04] D A
2%-jul-92 1.82E04] D A
23-hl-92 60 88 16 0 0 170 0 1.82E-04] D A
23 Jul-93 37.90 $8.30 2.43 0 0 246 ) 3.58E04] D A
27-Ape-88 0 14 0 0 11 0 3.32E06] D AB
27-Ape-88 0.29 12 0 0 33 0 3.22E-06] D AB
26-Jul-88 0.2 12 0 0 4.6 ) 1.37E-06] D AB
26-Oct-88 0 11 0 ] 4.7 0] 147E06] D AB
26-Oct-88 () 12 ] ] 54 0 147E-06] D AB
03-May-89 0 0.96 0 0 0 0 ) D AB
24-Jul-89 0.15 10 0 0 55 ) 204E-06] D AB
14-Dec-89 0 11 ) ] 6.7 0 222E06] D AB
14-Dec-89 0 12 0 0 71 0 222E06] D AB
27-Fcb-90 ) 9.8 0 0 48 0 1.50E-06] D AB
02-May-90 ] 5.6 ) 0 34 0 1.06E-06] D AB
13-Jul-90 0.13 9.5 0 0 a 0 1.55E-06] D AB
13-1ui-90 0.17 12 0 0 3.8 o 1.55E-06] D AB
31-0ct-90 ) 6.5 0 0 19 0 $93E-07] D AB
29-Jan-91 ) 36 0 0 3 0 936E-07| D AB
10-May-91 [} 44 0 0 2.9 ) 90SE07, D AB
12-Aug-91 0 2.9 0 0 3 0 9.36E07] D AB
28-Jan-93 0.21 33 ) ) ] 2.9 0 136E-06] D AB
21-Apr-88 0 0 0 0 17 0 531E-06] C A
20-jul-83 ) 0 0 0 26 [ 3.12E-06] C A
2§-0ct-88 0 0 0 0 20 0 624E-06] C A
25-7an-89 0 0 0 0.29 12 0 375606 C A
25-Apr-39 ) 0 0 0 17 0 S31E-06] C A
24-Jul-89 0 o ) 0.24 23 0 718E-06] C A
11-Dec-89 0 ) 0 0 34 ) 1.06E-05 C A
11-Dec-89 0 0 0 0 38 0 1.06E05] C A
05-Fob-90 ) 0 17 ) (%] 0 235E-05| C A
01-May-90 0 ) 0 ) 15 ) 1.31B-05 C A
01-May-90 ) 0 0 0 a2 0 131E05] C A
05-1ui-90 0 0 0 0 29 0 905E06] C A
31-0ct-90 0 0 ) 0 49 ) 1L.2E05] C A
31-0ct-90 0 ) 0 0 55 0 1.12E05| C A
29-Jan-91 0 0 0 0 76 0 2378-05| C A
10-May-91 0 0 0 () 98 0 3.06E05] C A
12-Aog-91 ) ) 0 0 79 0 250E-05] C A
12-Aug-91 0 ) 0 0 80 0 2 S0E-05 C A
27-0a-92 0 0 13 0 0 390 0 122E04f C A
28-Apr-88 14 200 0.14 0.61 3.6 1.4 431E05] D AB
21-ul-88 0 43 0 0 0 0 0 D AB
27-0ct-88 0.37 EX) 0 0 0.6 0 984E-07| D AB
27-0ct-88 0.38 39 0 0 0.71 ] 98E0T| D AB
03-Msy-89 0 9.9 0 ) 49 0 1.53E-06] D AB
24-Jul-89 0 0.74 0 0 0 ) 0 D AB
24-Jul-39 0 1.6 0 0.41 0 0 ) D AB
14-Dec-89 0 0 0 0 ) 0 3.11E07] D AB
28-Feb-90 0 0.29 ) 0 0 ] 0 D AB
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Table K-6

VOC GSAP Concentrations up to Third Quarter 1993 Sampling Period

Zome

Operable
Uni

D

D
D

D
D

Risk for
Pathways

5.40E-07

1.02E-07

1.43E-07

3.09E-06
3.09E-06
4.06E-06
5.62E-06
2.09E-06

vC

0

0
0

0
0
0
0
0

9.5

9.9
13
18

6.7

1,,1-TCA

1.3

0.17

«1,2-DCE

1,1-DCE

0.24

1.5

1.1

0.75
0.97

1.1
2.5
6.2

9.4

16

130
220
210

1.6
0.52
0.21

13
14
14

8.1

1,2-DCA

Log Date

05-Apr-90
06-Jul-90
05-Nov-90

28-Jan-91
13-May-91

15-Aug-91
29-Jan-93
06-Jan-87

13-Aug-87
2]-Jan-88
11-Apr-88
08-Jul-88
13-Oct-88
17-Jan-89
05-Apr-89
19-Jul-89
11-Oct-89
25-Jan-90
09-Apr-90
31-Oct-90
25-Jul-91
25-Jan-93
22-Jul-93
06-Jan-37
04-May-87

13-Aug-87
21-0ct-87

11-7an-88
15-Apr-88
08 Jul-88
06-0t-88

16-Jan-89
04-Apr-89

11-Jul-89

29-Jan-90

06-Jul-92
05-Apr-93
20-Jan-87
04-May-87

13-Aug-87

12-Oct-87

20-Jan-88
11-Apr-88
14-Jul-88

11-Oct-88

16-Jan-89

11-Jul-89
30-Ape-91
4-Jul-92

20-Jan-87
21-Ape-87

28-Jul-87

12-Oct-87

[MW-0076

e —

MW-0076
MW-0076

MW-0076
MW-0076

MW-0076
MW-0076
MW-0088

MW-0088 04-May-87

[MW-0088
MW-0088
MW-0088
MW-0088
MW-0088
MW-0088
MW-0068
MW-0088
MW-0088
MW-0088
MW-0088
MW-0088
MW-0088
MW-0088
MW-0088
MW-0089
MW-0089
MW-0089
MW-0089
MW-0089
MW-0089
MW-0089
MW-0089
MW-0089
MW-0089
| MW-0089

MW-0089 04-Oct-89
MW.-0089

MW-0089 | 02-May-91
MW-0069
MW-0089
MW-0090
MW-0090
MW-0090
MW-0090
MW-0090
MW-0090
MW-0090
MW-0090
MW-0090

MW-0090 04-Oct-39

MW-0090
MW-0090

MW-0091
MW-0091
MW-0091
MW-0091
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Table K-6

VOC GSAP Concentrations up to Third Quarter 1993 Sampling Period

Location Risk for Operahle
1] Log Date 12-DCA LI-DCE | el2.DCE PCE 1,L1-TCA TCE Ve | Pathwap Unit | Zome
'MW-0091 12-0a.37 0 3.3 0 ] 64 0 2.09E06] D A
[MW-0091 21-Ja0-88 0 13 0 0 66 ) 106E06] D A
18-Apr-88 0 0.65 0 0 76 0| 237E06] D A
20.7ui-88 ] 12 0 ) 69 ) 2.15E06] D A
05-0c1-88 0 0.74 0 0 38 0 L.I9E06| D A
13-Tan-89 0 3.2 0 0 49 0 164E06] D A
12-Ape-89 0 0 0 3 0| 936E0T] D A
24-Jul-89 ] 3 0 0 38 0 1.I9E06] D A
14-Dec-89 0 88 0 0 59 ) 1.84E-06] D A
17-1a-90 ° 3 0 0 54 ) 169E-06| D A
G1-May-90 ] 13 ) 0 11 ° 3.43E06] D A
27-Tul-90 0 74 0 0 36 ) T12E06, D A
27-Jul-90 0 31 [ 0 53 0 LI2E06| D A
30-Apr-91 [) 2 0 [ 28 ° 874E01] D A
30-Ape.91 [} 33 0 0 ) 0 8.74E07] D A
07-Jul-92 ) 73 o 0 0 21 0 6S5E07, D A
20-Jul-93 0 94.90 0 0 10.60 0 0 215E06] D A
30-Jan-87 0 0 0 ) 62 0 194E06] D A
21-Apr-87 0 0 0 0 7.9 0 247E06] D A
28-Jul-87 0 ° 0 [ 94 ° 193E06] D A
26-0a-87 0 0 0 0 37 0 L.I9E06] D A
26-Oct-87 0 0 0 0 38 0 LI9E06| D A
21-Jan-88 0 0 ) 0 37 0 137E06] D A
21-Jan-88 0 0 0 0 a4 0 137E06] D A
12-Apc-88 ) 0 0 0 ryl 0 128E06] D A
21-Jul-88 ) 0 0 0 38 0 1.19606] D A
05-Oct-38 ) ) 0 0 3.2 0 101E06]| D A
17-Jan-89 0 ° 0 ) 27 0 343E0T] D A
20-Ape-89 0 ) 0 0 19 ) $93E07| D A
24-Jul-89 0 ) 0 0 29 ) 9.05E07] D A
16-0ct-89 ° 0 0 0 37 ) L15E06] D A
17-an-90 0 ) 0 ) 3 0 936E07] D A
17-1an-90 0 0 0 0.22 23 0 936E01| D A
09-Apr-90 0 ° 0 0 14 0| 437E07] D A
27-1u1-90 0 ) 0 0 1.3 0 301E06| D A
15-0ct-90 ° 0 0 0 047 0 147E07) D A
13-Dec-90 ° D A
22-Jan-91 [} 0 ] 0 14 0| 437E07| D A
11-Jul-91 0 0 0 o 0.79 0 I47E07T| D A
14-7an-93 ° 0 0 0 0 0 0 0 D A
21-Dec-85 0 0 0 [} ) 0 ° G BC
27-Feb-86 ) 0 ° ] 0 0| 484E07 G BC
16-Sep-86 0 0 ) 0 0 ) 0 G BC
09-Jan-87 ) ) 0 0 0 0 0 G BC
17-Ape-67 ) 0 0 ° ) ° 0 G BC
07-Aug-87 o 0 0 0 0 0 0 G BC
19-Oct-87 ) 0 0 0 ) ] 0 G BC
22-Jan-88 ) ] ) ) ) 0 0 G BC
14-Apr-88 0 0 0 [} 0 0 0 G BC
19-7ui-88 0 ) 0 ) ) 0 0 G BC
11-Oct-88 0 0 0 0 0 ° 0 G BC
29-Doc-89 0 0 ° 0 0 (] 0 G BC
22-0c%-90 0 ) 0 0 0 0 0 G BC
10-0a-91 o 0 0 0 0 ) (] G BC
16-1aa-92 0 ° 0 0 0 0 0 G BC
13-0a.92 ) 0 0 0 0 0 0 0 G BC
18-Nov-83 [} 0 ) 0 o 0 0 G A
05-Mar-86 0 0 0 0 0 ) ) G A
16-Sep-86 [} 0 0 0 0 0 0 G A
09-Jan-87 () ) 0 0 0 0 0 G A
17-Apr-87 0 0 0 0 ) 0 ] G A
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Table K-6
VOC GSAP Concentrations wp to Third Quarter 1993 Sampling Period

Lecation Risk for Operable
D Log Dets 12-DCA 1,1-DCE «1L,2-DCE PCE LLI-TCA TCE vC Pathways Unit Zame
MW-0101 | 05-Aug-87 0 0 0 0 0 0 0 G A
MW-0101 19-0ct-87 0 0 ) 0 0 ) ) G A
[MW-0101 22-Jan-88 ) 0 0 ) ) ) 0 G A
'MW-0101 14-Apr-88 0 ) 0 ] 0 ) 0 G A
[MW-0101 19-Jul-88 0 ) 0 0 0 0 ) G A
'MW-G101 11-0ct-88 0 0 ) 0 0 ) ) G A
MW-0101 29-Dec-89 ) 0 0 0 ) ) 0 G A
MW-0101 22-0ct-90 ) ] 0 0 0 0 0 G A
[MW-0101 10-Oct-91 0 0 0 0 0 0 0 G A
E’w—omx 21-Jaa-92 0 0 ) 0 ) ) 0 G A
MW-0101 06-Jul-92 ] 0 ) ) 0 0 ) ) G A
MW-0101 13-0a-92 ] 0 0 ] 0 0 0 0 G A
MW-010] 18Jan-93 0 0 ) 0 ) ] 0 0 G A
MW-0101 22-7ul-93 0 0 ) ) ) 0 0 0 G A
MW-0102 O4-Nov-85 0 0 ) ) 0 0 ) G A
MW-0102 | 05-Nov-85 0 G A
MW-0102 11-Mar-86 0 0 0 0 0 0 3.74E07| G A
[MW-0102 05-Jan-87 0 ) 0 ) ) 0 ) G A
[MW-0102 22-Apr-87 ) 0 0 0 0 0 0 G A
MW-0102 07-Aug-87 ) ) 0 ° 0 ) 0 G A
'MW-0102 19-0ct-87 0 0 0 ) ) 0 0 G A
MW-0102 20-Jan-88 ] 0 ) ) 0 ) 0 G A
MW-0102 25.Apr-88 0 ) 0 0 0 0 ] G A
MW-0102 12-Tul-88 ) ) ) ) 0 ° 0 G A
MW-0102 04-Oct-88 ) ) ) ) ° ° 0 G A
MW-0102 11-Oct-89 0 0 ) ) 0 ) ) G A
' IMW-0102 30-Jul-90 0 G A
MW-0102 04-Dec-90 ] 0 0 ) ° 0 ) G A
MW-0102 18-Jul-91 ) ) 0 ] 0 0 0 G A
MW-0102 15-Apr-93 ) ) ) 0 0 ° ) 0 G A
[MW-0103 20-Dec-85 ] 0 0 0 ] 0 8.106-05 G B
MW-0103 11-Mar-86 [ 0 ) ) 0 0 0 G B
MW-0103 09-Jan-87 ) 0 0 0 0 0 0 G B
MW-0103 22-Ape-87 ) [} 0 0 0 ) 0 G B
MW-0103 O4-Aug-87 0 ) ) 0 0 0 0 G B
MW-0103 19-0ct-87 ) 0 ) 0 [ ) 0 G B
MW-0103 20-Ja0-88 ) 0 ) 0 ] 0 ) G B
MW-0103 25-Apr-88 ) ) ) ) 0 0 0 G B
MW-0103 12-Tul-88 ) 0 0 ) 0 0 ) G B
MW-0103 04-Oct-88 0 0 ° 0 0 ) 0 G B
MW-0103 12-0ct-89 0 0 0 0 0 ) 0 G B
MW-0103 20-Jul-90 0 0 73 o 34 0 94SE-05| G B
[MW-0103 29.0t-90 ] 0 0 ) 0 ) ) G B
[MW-0103 18-Jul-91 ) 0 0 0 (] 0 ) G B
[MW-0103 26-Jul93 0 0 0 0 0 1.22 0 930E-07] G B
[MW-0104 15-Dec-85 0 ) 0 ) ) 0 2.18E06] D B
MW-0104 26-Mx-36 ) ° 0 0 ) ) 1.81E04] D B
MW-0104 28-Jan-87 0 ) ) 0 0 0 ) D B
[MW5104 11-May-87 ) ) ) 0 (] ] 0 D B
MW-0104 31-Jul-87 ) ) 0 ) 0 ) 0 D B
MW-0104 | 21-0a-87 0 0 0 0 0 0 0| D B
MW-0104 21-Jan-88 0 0 0 0 0 ) ) D B
[MW-0i04 11-Apr-83 0 0 0 ) ) 0 0 D B
: [MW-0104 08-Jul-88 ] [ ] 0 0 0 0 D B
, [MW-0104 12-0c1-88 ) 0 ) ) 0 0 0 D B
' MW-0104 20-Jas-99 0 ) ) 0 ° 0 ) D B
[MW-0104 | 0-May-8 0 0 0 0 0 0 0] D B
[MW-0104 27-1ul-89 0 0 0 ) ) 0 ) D B
. MW-0104 14-Dec-89 0 0 0 ) ) 0 ) D B
. [MW-0104 | 30-7aa-90 0 0 0 0 0| 105E0s] D B
G [MW-0104 | 02-Aug-90 0 0 0 0 0 0 243E-06] D B

g
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Table K-6
VOC GSAP Concentrations ap te Third Quarter 1993 Sampling Period

Zeme

Opershie
Unit

D

D

D

Risk far

Pathways

1.92E-07

4.5TE-05
8.72E-05

1.04E-07
2.70E-07

1.12E-07

1.T0E-07

2.70B-07

vC

0

0
0

0
0

0

0

0

0.3

LL1-TCA

0.31

«12-DCR

1L,1-DCE

22-Jan-91

11-Jul-91

19-0c1-92

27-Mx-86
07-Jan-87

11-Aug-87
23-0ct-87
22-Jan-88

26-Apx-38

19-Jul-38

17-Jan-89
10-Ape-89
31-Jul-89

1

14-Dec-89

12-Jan-90
01-May-90

29-0ct-90

16-Jul-91

19-0ct-92

21-Nov-85

Mar-86
05-Jan-87
21-Apr-87
28-Jul-87
09-Oct-87

25-Jan-88
18-Ape-88

13-Jul-88

05-Oct-88
27-Dec-89

07-Nov-85
01-Ape-86
07-Jan-87
23-Ape-87
30-Jul-87
12-0ct-87

14-Jan-88
18-Ape-88
27-Deoc-35
07-Jan-87

30-Jul-87

14-Jan-88

15-Ape-88

16-Oct-92

MW-0104
MW-0104
MW.-0104

MW-0105
MW-0105

0105

MW-0105

:

MW-0105
MW-0105
MW.0105
MW-0105

MW.-0105
ﬂ-OIOS
MW-0105
MW-0105

MW-0105
IMW-0105
MW-0105
MW-0105
MW.-0105

—

MW.0106
MW-0106

MW.0106
MW-0106
'MW.0106
MW-0106
MW-0106

IMW-0106

A

MW-0106
IMW-0106
MW-0106
MW-0107
[MW_0107
MW.0107

MW-0107
=

MW-0107

MW-0107

(MW-0107

MW-0107

051154
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Table K-6
VOC GSAP Concentirations ap to Third Quartsr 1993 Sampling Peried
Lecation Riskfor | Opwreble
D 5 Dute 1,3-DCA 1,1-DCE «1,2-DCE ICE 1,L1-TCA R vC Pathways Unit Zome
[Mwo109 | 160x.87 ) ) ) 0 0 ) ] C B
'MW-0109 14-Jan-68 0 0 [} 0 0 ) 0 C B
[MW-0109 18Apr-88 0 0 0 0 0 (] 0 C B
'MW-0109 12-Tul-88 0 0 0 0 ) 0 0 ] B
MW-0109 05-Oct-88 ) ) 0 0 ) 0 0 C B
[MW-0109 06-0ct-89 0 0 0 0.64 0 0 0 C B
[MW-0109 24-Jul-90 0 [) 0.38 0 ) 0 487E07| C B
[MW-0109 22-Jul91 0 ) 0 0 ) 0 9.34E-08] C B
[MW-0109 16-0a-92 0 ) 0 0 0 0 0 0 C B
[MW-0110 06-Nov-85 0 0 0 0 0 ) 0 C A
[MW-0110 I1-Mxr-86 0 0 ) 0 ) ° 3.11E06] C A
[MW-0110 05-Jan-87 ) 0 0 0 0 0 ) c A
MW-0110 23-Apr-87 ° 0 ) 0 ] ) 0 c A
MW-0110 29-Tul-87 0 ) ) ) 0 ) 436E07] C A
[MW-0110 21-0a-87 0 0 ) ) 0 ) 0 C A
MW-0110 18-Jan-88 0 ) 0 0 (] 0 0 C A
MW-0110 26-Apr-88 0 0 ) ) 0 ) 0 C A
[MW-0110 25-1ul-38 0 ) 0 0 0 0 0 C A
MW-0110 12-0c-88 ) ) ) 0 ] 0 [} C A
MW-0110 27-Dec-89 0 ) ] ) 0 0 0 C A
MW-0110 | Ol-Aug-90 0 0 ) ) 0 0 0 C A
MW-0110 25-Jul-91 ) 0 0 ) ) 0 0 c A
'MW-0110 30-7ul-93 0 ° ) 0 0 0 ° ) C A
IMW-0111 06-Nov-85 0 0 0 0 0 ) 0 C A
(MW-0111 03-Apr-86 0 ) ) 0 0.2 ) 936E-08] C A
. IMW-0111 03-Apr-36 0 0 0 0 0.3 0 9.36E-08] C A
(MW-o111 22-Sep-86 0 ) 0 ) 0.3 (] 9.36E-08]| C A
[Mw-ot11 09-Jan-87 0 0 0 ) 0 0 0 C A
MW-O111 23-Apr-87 ) ° 0 ) 11 0 343E07] C A
MW-0111 29-Jul-87 ) 0 0 ) ) 0 208E07| C A
'MW-0111 19-0ct-87 0 ° 0 ) 0.39 0 122E07] C A
MW-0111 15-Jan-88 0.12 ) 0 0 0.83 0 SI7E07| C A
[MW-0111 26-Apr-88 0.1 0 [) 0 .1 0 559E07| C A
MW-0111 12-Jul-88 0.17 0 0 0 14 0 1.28E06] C A
(MW-0111 15-Dec-89 0 0 ) ) 3.8 0 2.19E06] C A
MW-0111 19-Apr-90 0.15 0 0 ) 2.5 0 197E-06] C A
MW-OI11 19-Apr-90 0.19 0 ) ) 28 0 197E-06] C A
[MW-0111 29-0ct-90 0.56 0 0 ] 2.8 0 292E-06] C A
'MW-0111 19-Apr-91 0.6 0 ) 0 4.5 0 3.99E06] C A
MW-0111 21-Apr-93 0 0 0.60 ) ) 8.40 0 S33E-06] C A
IMW-0111 21-Apr-93 ) 0 0.80 ) ) 1.30 0 $33E-06] C A
IMW-0I11 02-Avg-93 0 0 1.24 0 0 2.91 0 1.85E-06] C A
(MW 20-Doc-$5 0 0 0 0 ° ] 540B-05| C B
02-Ape-36 0 0 ) 0 ° 0 249E06] C B
22-Sep-86 0 ) ) 0 ° ] 43SE-06] C B
09-Jan-87 0 ) ) 0 ) 0 0 C B
2A4-Ape-$7 0 0 ° 0 0 0 0 C B
20-Jul-87 0 0 ) 0 ) ) 291E07] C B
19087 0 0 0 0 ° 0 0 C B
15-Tan-88 0 0 0 ] 0 0 0 C B
26-Apr-88 0 ) 0 ° ) ) 0 C B
11-Jul-88 ) ) 0 ) ° 0 0 C B
K 15-Dec-89 ) 0 ) 0 ) 0 0 C B
: 18-Apr-90 0 0 0 0 ) 0 872E-08] C B
' 18-Faa91 ) C B
' 09-Jan-87 0 0 0 0 0 0 0 C AB
2A4-Apr-87 0 0 0 0 0 ) 0 C AB ‘
| 29.Juk-87 ) ) 0 0 0 0 ) C AB )
] 19-0c-87 0 0 0 0 0 0 0 C AB
, 15-Jaa-88 ) 0 0 ) (] 0 0 C AB
o 26-Apr-48 0 0 0 0 0 0 [} C AB
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Table K-6

VOC GSAP Coucentrations up to Third Quarter 1993 Sampling Period

——

Risk for Opershie
Leg Dote 13-0CA LIDCE | c12-DCE rCE LLI-TCA TCE VC | Pathweys Unit | Zeme
11-Jul-88 0 0 0 0 0 ) 0 C AB
18-Doc-89 0 0 0 0 ° 0 0 C AB
18-Apr-90 0 ] 1 0 0.65 ° 148E-06]  C AB
05-Nov-90 0 ° 0 ) 0 0 ] C AB
26-Jul-91 0 ] 0 [ ) ) 0 < AB
11-Nov-85 0 ) 0 0 ) 0 ] C A
02-0c1-86 ) () 0 0 0.21 ) 290E-06] C A
13Jaa-87 0 ) 0 0 ) 0 0 C A
21-Ape-87 0 0 ) ° 0 0 0 c A
12-Aug-87 0 0 0 (] 0 0 0 c A
15-Oct-87 0 0 (] 0 0 ) 2.70E01] C A
12-Tul-88 ] ) 0 0 0 0 0 C A
10-Oct-88 ] 0 0 ) 0 0 ) C A
20-Apr-89 ] ) ) 0 ) ) 0 C A
19-Dec-85 () 0 0 0 0 0 141E04] C A
06-Mar-86 ° ) ) 0 ) ) 242801 C A
19-Tan-87 ) 0 ) 0 0 0 ) C A
20-Ape-87 0 0 0 0 0 0 [) C A
27-Jul-87 ° 0 0 0 ) ) ) C A
08-Oct-87 0 0 0 0 0 ) 0 C A
07-Jan-88 ) 0 0 0 0 0 ) C A
22-Apc-88 [) ) 0 ) ) ) 0 C A
18-Jul-88 ] ) 0 ) ) 0 ) C A
03-Oct-88 0 0 0 0 0 0 0 C A
16-Jan-89 0 0 0 [) ) ) 0 C A
20-Apr-89 0 0 () 0 0 0 0 C A
28-Jul-89 0 ] 0 ) 0 ) o c A
11-0ct-89 0 ) ) ) 0.21 0 6.55E-08] C A
18-Tan-90 0 ) ) 0 ° ) 0 C A
79-0-90 [} 0 0 0 ) 0 [} C A
11-Nov-35 ) ) 0 0 ) 0 ) B A
28-Feb-86 0 ) 0.2 0 0 0 498E07| B A
26-S0p-86 ) ) 0.23 0 0 0 827E07] B A
14-Jan-87 0 0 0 0 0 0 0 B A
27-Apc-87 ) ) 047 0 0 ) 6mE07| B A
IMW0116 | 03-Aug-87 0 0 025 0 0 o 4%E0I] B A
09-Oct-87 0 ) ) 0 0 ) 0 B A
13-Jan-88 ) 0 0.12 0 0 ° 1.54E07] B A
11-Apr-88 0 0 0.17 0 0 0 2.18E07] B A
06-Jul-88 0 ] ) 0 ) ) (] B A
10-Oct-88 0 0 ) 0 0 0 ) B A
11-0ct-89 0 0 0 0 0 ° 0 B A
04-Mar-86 0 B A
20-Apr-86 0.2 0 ) ) 17 0 653E06| B A
20-0ct-86 ) 0 0 0 19 0 883E06| B A
20-0ct-86 1 0 0 ) 21 ) 8.33E06) B A
25-Mar-36 ) ) 0 0 ) 0 0 B B
71-0ct-86 0 0 0 0 1 ) 1.STE06| B B
05-Mx-36 0 ) ) 0 0 0 ) B c
04-Mar-36 0 B A
20-Ape-86 02 ] 0 0 24 ) 951E-06] B A
13-0ct-86 0 ) 0 ] 20 0 863E06| B A
20-Jan-87 0 0 0 ) 17.35 ) 722606 B A
20-Jan-87 0 0 0 [) 19.32 0 722E06] B A
0-Ap$7 0 0 0 0 25 0 8.82E06] B A
08-Ang-87 0 [ 0 ] 26 [ 902606 B A
220087 0.29 0 0 0 93 0 419E06] B A
23188 0.19 0 0 ) 88 0 3.61E-06] B A
13-Ape-83 0.24 0 ) 0 12 0 SO0E-06] B A
11-7ul-38 0 0 ) 0 12 ° 3.75606] B A
11-Tui 88 0.15 0 0 [} 9.1 ) 3.75E-06] B A
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Table K-6
YOC GSAP Concentrations '-'» to Third Quarter 1993 Sampling Period
Locatien ’ Risk for Operable
+__ ID Log Dete 12-DCA L1-DCE «L3-DCE rCE 1,L1-TCA TCE vC Pathways Unit Zome
MW-0120 12-0ct-88 0 0 0 ) 6.2 0 2.17E-06 B A
MW-0120 10-Jan-89 0 0 0 [} 51 0 224E06 B A
[ [MW-0120 10-7a0-89 0.15 0 0 0 49 0| 224E06] B A
[MW-0120 14-Ape-89 0.15 0 0 0 4.5 0 223E06] B A
'MW-0120 11-Jul-89 0 0 0 0 0 0 0 B A
MW-0121 26-Fob-86 0 0 0 o 0.2 0 3.04E07| B AD
MW-0121 23-Jan-87 0 ) 0 0 0 [} 0 B AB
MW-0121 35-Apr-87 0 0 ) 0 ° 0 ° B Y]
MW-0121 | Ol-Aug-87 0 [} 0 0 0 ) 0 B AD
MW-0121 22-0c1-87 ° 0 ) 0 ° 0 0 B AB
[MW-0121 23-Jan-88 0 0 0 0 ) ) 0 B AB
MW-0121 20-Ape-88 0 0 0 ) 0 ° 0 B AB
MW-0121 11-Jul-88 0 0 ) [ 0 ° ) B AB
IMW-0121 19-Oct-88 0 0 ° 0 0 0 0 B AB
{MW-0121 13-Tan-89 ) 0 ) 0 ) 0 0 B AB
MW-0121 20-Apr.89 0 0 0 0.2 ° 0 996E-08] B AB
MW-0121 07-Jul-89 0 [ 0 0 0 0 ° B AB
MW-0121 16-0ct-39 0 [} 0 ) 0 0 0 B AB
MW-0121 15-Jan-90 0 0 ] 0.47 0 ) 0 B AB
MW-0121 27-Apr-90 0 [ ) 0 0 ] 0 B AB
MW-0121 06-Aug-90 o] . 0 0 ) 0 0 208E07, B AB
MW-0121 05-Nov-90 ] 9 o ] 0 0 199E07] B AB
MW-0121 30-Jan-91 0 (] ° 0 0 0 ° B AB
MW-0121 24-Jul91 0 0 0 0 ° o 0 B AB
MW-0122 36-Fob-86 ) 0 ) 0 0 0 243E07] B C
p MW-0122 26-Jan-87 0 0 0 0 o 0 0 B ¢
MW-0122 | 07-May-37 0 0 0 0 ° 0 0 B T
MW-0122 | 08-Aug87 ) 0 0 0 0 0 0 B C
MW-0122 22-0c-87 ) 0 0 0 0 0 0 B C
MW-0122 23Jan 88 0 0 0 0 0 ° 0 B C
MW-0122 19-Apr.38 0 (] ° ) ) 0 ) B C
MW-0122 18-Jul-88 0 0 0 0 ) ° 0 B c
MW-0122 12-0ct-88 0 0 0 0 ] 0 0 B C
[MW-0122 10-Jan-89 0 0 0 0 ) ) ) B C
MW-0122 T4-Apr-89 0 [ ° 0 ) ) 0 B c
MW-0122 07-Tul-89 ° [] 0 (] 0 0 0 B C
MW-0122 12-Dec-89 ° 0 0 0 0 ) 228E01] B c
'MW-0123 25-Max-86 0 B A
IMW-0123 04-Apr-36 0 0 0 [} 3.1 0 250E06] B A
[MW0123 | 21086 ) 0 ° 0 71 0| 366E06| B A
Ew-om 75-Feb-86 0 0 ) 05 0 ° 795E07| B AB
MW-0125 25-Feb-86 0 ] 0 0 o ° 242E01| B C
MW-0126 | 03-Mar-86 ) 0 0 0 0 ° 623E07] B AB
[MW-0127 04-Mar-86 0 0 0 0 0 ) 540E-07 B C
MW-0127__| 24-0a-86 0 0 0.13 0 13 0| 59807 B C
MW-0128 | 05-Dec-86 <1 57 0 ) 41000 0 129802 C A
MW-0128 16-Jan-87 0 0 0 0 28200 0 8.78E03] C A
MW-0128 16-Apr-87 56 ] 23 0 55000 0 866E03| C A
6 ° 19 0 27000 ° 866E-03| C A
0 ] 0 0 68000 0 211E02] C A
7s 55 0 0 36000 | 1.2 1.15E02] C A
0 ] 0 ] 27000 0 841E-03] C A
4 ) 7] 0 ) 19000 ) 92803 C A
) 0 0 0 27000 0 841B03| C A
; 0 0 0 ) 34000 0 1.40E-02 C A
) ) 0 0 45000 0 140E02] C A
) (] ] 0 22000 o 636E03| C A
0 0 ° ) 17000 ] S4TE03| C A
0 ) 0 0 11000 0 3.74E03] C A
. (] 0 ] ] 12000 0 3.J4E03] C A
0 o 0 [ 26000 0 8.10E03| C A
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Table K-6

VOC GSAP Concentrations up te Third Quarter 1993 Sampling Period

Risk for Opershie
Leg Date 1,3-DCA 1,1-DCE ¢-1,2-DCE IrCE LL1.-TCA TCE vC Pathways Umit Zane
06-Oct-89 0 0 0 0 18000 ) S61E03 C A
30-Jan-90 0 0 ] 0 20000 0 6.23E-03 C A
30-Jan-90 0 0 0 0 21000 0 623E-03] C A
13-Ape-90 0 ) 0 0 0 0 C A
19-Jul-90 ) 0 16000 ) 42000 0 33sE02] C A
04-Dec-90 0 0 0 0 12000 0 374E-03] C A
07-Tan-91 0 0 0 0 33000 0 [03E0Z] C A
26-Tui-91 0 ) 0 0 15000 0 468E.03] C A
26-Juk-91 0 0 0 0 16000 0 468E03] C A
15-0c-92 0 ) 0 0 0 11000 0 3.43E03 C A
05-Dec-86 0 0 0 0 130 0 4.06E-05 C A
16-Jan-87 0 ) 0 ) 10 0 3.12E06] C A
15-Ape-87 0 ] ] ) 43 ) 1.50E-05| C A
12-Aug-87 0 0 0 ] 610 0 190E-04] C A
23.0ct-87 ) 0 0 [ as 0 1.40E-05 C A
13-Tan-88 ) 0 ] ) 11 0 343E06] C A
12-Apc-88 0 0 0 0 27 0 §43E-06] C A
12-Jul-88 0 0 0 ) 220 0 687E-05] C A
10-0cx-88 0 ) ° 0 93 0 290E05] C A
12-Jan-89 0 0 ) ) 140 0 $31E05| C A
12-Tan-89 0 0 (] 23 170 0 S31E-08 C A
20-Apr-89 ) ) 0 ) 410 ) 128E04] C A
20-Tul-89 ) o 0 ) 140 ) 4.37E-08 C A
06-Oct-89 0 0 0 ° 140 0 4.37E-08 C A
19-Jan-90 ) ° 0 0 290 0 90SE-05| C A
13-Apr-90 ) 0 0 0 530 0 1.65E-04 C A
20-Jul-90 ) ) 86 0 680 0 3.22E04] C A
20-lul-90 ) 0 2500 0 560 ) 3.22E04] C A
10-Oct-90 0 0 ) 0 1500 ) 468E04| C A
07-Jan-91 ] ) 0 ) 1400 0 43TE04| C A
18-Apr-91 ) 0 [} 0 7400 0 7T49E-04| C A
26-Jui-91 0 ) ) 0 2800 0 8.74E-04] C A
15-0a-92 0 0 0 0 ) 3800 ) 1LISE03] C A
13-Nov-86 ) 3.2 ) 0.97 26 0 8.12E07] C B
16-Jan-87 0 2 0 0.8 1.9 0 593E-07] C B
15-Apr-87 0 6.1 0 13 32 0 1.57E-06]  C B
29-7u-87 0 78 0 0 4 0 1.25E-06]  C B
29-Jul-87 ) [X3 ) 1.2 4 ) 125E-06] C B
27-0ct-87 ) 23 0 0.93 1.1 ) 65IE07| C B
27-0ct-87 0 2.5 0 0.85 1.2 ) 6.53E-07 C B
13-Tan-88 0 29 0 0.61 2 [ 101E06] C B
12-Apr-88 0 2.7 ) 0.51 22 0 9.52807] C B
12-Jul-88 ] 2.7 ) ) 15 0 468E07] C B
12-Jul-88 ) 3 ) 0.7 22 0 468E07] C B
10-0ct-88 0 19 0 0.61 15 ) 720607 C B
10-0ct-88 0 2 0 047 3.7 0 7206071 C B
12-an-89 0 28 ) 0.78 2.7 0 1.37E-06] C B
10-Ape-89 ) 1 0 027 23 ) 1.04E06] C B
20-Jul-89 ) 1 0.18 0.22 26 0 T40E-06] C B
13-Dec-89 ) ) 0 0 38 0 1.50E-06] C B
13-Dec-89 0 0.57 0 0.24 a1 0 1.50E-06] C B
19-Tan-90 0 0 0.11 0.2 34 0 147E06] C B
12-Apr-90 ) 0.33 0 0 1.8 ) $562E07] C B
19-Jul-90 ) 0 (X ) 42 ) 9.09E-06] C B
09-Oc1-90 0 0 0 0 1.5 0 468E-071] C B
09-Tan-91 0 0.34 0 ) 1.3 0 S6SEGT| - C B
09-Jaa-91 0 0.5 0 0 16 0 S6SE07| C B
18-Apr91 ) 0 0 0 1 0 3.12E07] C B
29-Tal-91 ) 0 0 ) 1.6 ) 499E07| C B
15092 0 ) 0.58 0 0 2.7 ) SA3E07 C B
19-Nov-26 ) 0 0 0 27 ) $65E-06] C A
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Table K-6
VOC GSAP Concestrations up to Third Quarter 1993 Sampling Period
Lecation Riskfor | Operable
D Lag Date 12-DCA 1L1-0CE | elL2DCE rcE LLLTC » TCE ve | Puhweps Unit | Zame
Mwoo131 19-Nov-86 0 0 0 0.78 29 0| 8.65E-06) C A
MW-0131 19-Jan-87 0 0 0 0 19 0 S93E06| C A
1 [MW-0131 28 Apc-87 0 0 0 0.24 30 0 936E-06] C A
MW0I131 | 07-Aug-87 0 0 0 0 120 0 373E05] € A
MW-0131 14-0ct-87 0 0 0 0 40 0 125E05] C A
MW-0131 14-0ct-87 0 0 0 0 55 0 125E05] C A
MW-0131 19-Tan-88 0.31 0 0 0 32 0 LIIE0S| C A
MW.-0131 13-Apr-88 0.45 0 0 0 52 0 1.78E05| C A
MW-0131 13-Jul-88 0 0 0 ] 83 0| 259E05] C A
MW-0131 13-Jul-88 1.1 0 0 0 9 0 259E05| C A
[MW-0131 04-0ct-88 0 0 0 0 72 0| 225605] C A
MW-0131 12-Jan-89 0.82 0 0 ] 90 0| 325E05] C A
MW-0131 11-Ape-89 0 0 0 0 97 0 3.16E05| C A
MW.-0131 4Jul-89 0 0 0 0 27 0| 922806 C A
MW-0131 26-Tan-90 0 0 0 0 49 0 153E05] C A
MW_0131 26-Ape-90 0 0 0 0 50 0 1.70E05| C A
MW-0131 19-7ul-90 0 0 (] 0 49 0 165E05] C A
IMW-0131 16-0ct-90 0 0 0 0 16 0 499E.06] C A
MW-0131 09-Jaa-91 ) 0 0 0 16 0] S44E06] C A
[MW-0131 23-Apr-91 0 0 0 0 25 0| 872606, C A
MW-0131 30-Tul-91 0 26 0 95 120 0 375E05| C A
MW-0132 | 24-Nov-86 0.7 0.33 0 ) 90 0| 303E05| B C
MW-0132 21-Tan-87 0 0 0 0 62 0 194E05| B C
MW-0132 | 15-May-87 ] 0 0 0 100 0 312E05] B C
MW-0132 | 15May-87 0 0 0 0 110 0 312505 B c
i MW-0132 29-1ul-87 0 0 0 0 110 0 343E05| B C
MW.0132 24-0ct-87 0 0 0 0 130 0 350E05{ B C
IMW-0132 24-0c-87 0.3 0.32 0 0 110 0 3.50E-05| B <
MW.0132 22-Jan-88 0.9 0.48 [ 0 77 0| 260E05] B C
IMW-0132 20-Apr-88 ) ) 9 0 47 0 1.60E-05 B C
IMW-0132 18-7ul-88 0 0 0 0 85 0| 265605, B C
MW-0132 18-Jul-88 0.57 0 ] 0 87 0 265E05] B C
IMW-0132 13-Oct-88 0.55 0 ] 0 %0 0 3.14E05] B C
[MW-0132 13-0c1-88 0.79 0 0 0 95 0 31405, B C
MW-0132 16-Jan-89 1.2 0 (] 0 90 0 320605 B T
! MW-0132 17-Ape-89 2 0 0 0 62 0 321E05| B C
MW-0132 17-Ape-89 3 0 0 0 75 0 3.21E05] B T
MW.0132 06-Jui-89 0.75 0 0 0 55 0 195E05] B C
MW-0132 11-0c-89 1.2 0 0 0 90 0 328605 B C
MW-0132 17-1an-90 0 0 0 0 130 0| 451E05| B C
[MW-0132 17-Jan-90 2 0 0 0 120 0| 45IE05| B C
MW-0132 25 Apc-90 0.68 0 3.2 0 130 0| 461505 B C
MW-0132 20-Jul-90 0 0 87 0 230 0 1.83E-04] B C
MW-0132 | 01-Nov-90 0 0 0 0 91 0| 284E05| B T
MW-0132 30-lan-91 0 0 0 0 73 0 248E05| B C
MW-0132 | 06-May-91 0 0 0 0 59 0 1.84E05| B C
MW-0132 | 06-May-91 0 0 0 0 69 0 L.84E05| B C
MW-0132 17-Jul-91 13 (] 0 0 86 0 334E05] B C
MW-0132 07-0a-91 0 0 0 0 77 0| 240E05| B C
MW-0132 05-Feb-92 ) 0 0 0 37 0 339E05| B C
[MW-0132 05-Feb-92 0 0 0 0 100 0 339605 B C
MW-0132 2292 0 B C
J MW0132 | 15-Aug92 0 0 23 0 0 36 0| 1I18E05| B C
MW-0132 19-0a-92 1.1 0 ] 0 0 63 0| 265605 B C
MW0132__| 27-Taa93 0.51 0 16 0 0 48 0] 178E0S| B C
MW-0132 | 06-Aug-93 0 0 12.10 0 0 3 0| 255605 B C
MW0132 | 06-Aug-93 0.65 0 9.76 ) 1.31 35 0| 255605 B C
MW-0133 03-Feb-83 0 0 0 ) 0 ) 0 B C
MW-0133 14-Apc-83 0 0 0 0 0 0 0 B C
MW-0133 11-Jui 38 0 ] 0 0 0 0 0 B T
' MW-0133 06-0ct-88 1) 0 0 0 0 0 0 B C
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Table K-6
VOC GSAP Concentrations wp to Third Quarter 1993 Sampling Period
Location Risk for Operable
D Lag Date 1,2-DCA 1L1-DCE «1.2-DCE PCE 1L,L1-TCA ™ vC Pathways Unit Lame
'MW-0133 19-Jan-89 ) ) ] 0 0 0 0 B T
MW-0133 07-Apr-89 0 0 0 ) 0 0 ) B C
MW-0133 10-Tul-89 ) 0 ) 0 0 0 0 B C
MW-0133 12-Oct-89 0 0 ) ) 0 0 ° B C
MW-0133 22-Jan-90 0 0 ) 34 ° 0 0 B C
MW-0133 10-Apr-90 ) [ 0 0 0 ° 0 B c
MW-0133 19-1ui-90 0 0 0.71 ) o ) 9.09E-07 B c
MW-0133 08-Oct-90 ° ] 0 ) 0 0 0 B C
MW-0133 16-Jas-91 0 ) 0 0 ) 0 0 B c
[MW-0133 15-Jui-o1 0 0 0 0 ) 0 0 B C
[MW-0133 14-0a-92 0 0 0 ] 0 ) 0 ) B c
IMW-0134 08-Feb-38 0 0 0 0 0 ) ) B B
MW-0134 14-Apr-88 0 0 0 0 0.75 0 234E07] B B
MW-0134 11-Jul-88 0 0 ) 0 29 0 905E07] B B
MW-0134 06-Oct-38 0 0 0 0 25 0 7.80E07] B B
IMW-0134 16-7an-89 0 ) 0 0 29 0 90SE07| B B
MW-0134 07-Apr-89 ° 0 0 0 33 ) 103E-06] B B
MW.-0134 16-Tul-89 ) 0 ) 0 32 0 999E07| B B
MW-0134 12-01-89 ) 0 0 ) 45 0 140E-06| B B
MW-0134 15-1an-90 ) 0 0 0 29 0 9.0SE07] B B
(MW-0134 11-Apr-90 0 0 0 0 238 0 8.74E-07 B B
(MW-0134 19-Tui-90 0 0 32 0 99 0 441E-05 B B
[MW-0134 09-Oct-90 0 0 0 0 39 0 1.37E-06 B B
MW-0134 09-0ct-90 ) ) 0 0 ry) 0 137E06] B B
MW-0134 16-Jan-91 0 0 ) 0 28 0 8.74E07] B B
IMW-0134 08-Ape-91 0 0 0 0 4.1 0 1.28E-06 B B
[MW.0134 15-Tul-91 0 ) 0 0 1.9 ] $93E07] B B
MW.0135 08-Feb-88 0.74 0 ) 0 30 0 1.22E-05 B A
'MW-0135 14-Apr-88 0.95 0 0 o 26 [ 1.18E-05 B A
MW-0135 11-Tul-88 0.46 o 0 ) 27 0 11505 B A
'MW-0135 08-Nov-88 0.39 0 0 ) 25 0 1.02E-05] B A
MW.-0135 16-Tan-89 045 0 ) ° 25 0 999E-06] B A
MW-0135 O7-Apr-89 03 ) 0 ) 15 0 637E-06] B A
MW-0135 11-Jul-89 0.22 ) 0 0 17 0 711E06] B A
MW-0135 11-Jul-89 0.24 0 ) o 19 0 7.11E-06] B A
MW-0135 13-Oct-89 0.54 0 ° o 24 0 1.01E-05 B A
MW-0135 23-7a0-90 1 ] 0 ) 19 0 9.29E-06] B A
@135 22-7a8-90 25 0 96 0 23 0 929E-06| B A
MW-0135 10-Apr-90 049 ) 0 o ) 251E06] B A
MW-0135 03-7ul-90 0.13 ) 0 0 18 0 6.J6E-06| B A
IMW-0135 08-Oct-90 0 0 0 0 18 0 562E06] B A
Ew-ous 16-Tan-91 0.22 0 0 ) 16 ) S63E06] B A
MW-0135 16-Tan-91 0.25 ° ) 0 15 0 S63E06] B A
MW-0135 08-Apr-91 048 ) ) [ 20 ) $59E-06] B A
MW-0135 15-Tul91 0 0 0 ) 7] 0 3.43E06] B A
'MW-0135 15-Tul-91 ) 0 ) ) 12 0 343E06] B A
'MW_0135 13092 ] ) 16 0 0 87 0 2.72E06] B A
MW-0135 15-Apr-93 0 0 1.60 ) 0 9.20 0 1.33E05| B A
MW-0135 15-Ape-93 0.27 0 1.90 ° 0 12 0 1.33E03] B A
MW-0136 10-Mar-88 0 0 0 0 230 0 7.18E-08 C C
MW-0136 25-Ape-88 0 0 () 0 230 0 7.18E05] C c
MW-0136 14-Jul-83 ) 0 0 0 470 ) 147TE04| C C
MW-0136 10-0ct-88 0 0 ) 0 260 0 S.12E08] C C
[MW-0136 10-0ct-88 0 ) 0 0 360 (] S12E05| C C
'MW-0136 26.Jaa-89 0 (] 0 0 230 0 7.18E05] C C
MW-0136 21-Apr-89 0 0 0 0 390 ] 12E04] C C
", [MW-0136 25Tul 89 ) 0 0 0 130 0 40SE05] C C
! [MW-0136 17-0ct-89 0 0 0 (] 170 0 S31E05] C C
MW-0136 30-Jan-90 ) 0 0 0 690 ) 215804f C C
. MW.0136 21-Ap-90 ) 0 ) 0 140 0 43TE0S| C C
MW_-0136 06-Aug-90 0 ) 0 0 100 ) 393E05] C C
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Table K-6
. VOC GSAP Cencentrations up t0 Third Quarter 1993 Sampiling Period
Lecation Rikfor | Operabie
m Lag Date 1,2-DCA LLDCE | et2DCE PCE LLI-TCA TCE ve Pathways Unit | Zeme
MW-0136 | 06-Aug-90 0 0 39 ] 110 0] 393N C C
[MW-0136 02-Nov-90 0 0 0 0 72 0 2.25E-05 C c
MW-0136 04-Feb-91 0 0 0 0 55 0 1.72E-05 C C
[MW-0136 17-May-91 ) ) ) 0 31 0 9.68E-06 C C
[MW-0136 31-Jul-91 0 0 0 ) 49 0 1.59E-05 C C
MW-0136 14-0ct-92 0.28 ) .5 0 0 38 0 1.25E-05 C c
MW-0138 11-Mar-88 ) ) 0 ) 0 0 0 C c
MW-0138 22-Apc-38 ] 0 ] 0 0 0 [} C ]
MW-0138 14-Jul-88 () (] ] 0 0 0 0 c C
MW-0138 07-Oct-88 ) 0 0 0 ) 0 ) C C
w_w-om 12-Jan-89 ) 0 ) 0 0 0 ) C c
MW-0138 12-Ape-39 ) 0 0 ) ) 0 ) C C
MW-0138 05-Jul-89 0 0 ) 0 ] 0 0 c C
MW-0138 20-Dec-89 0 0 ) 0.25 0 0 0 c c
MW-0138 29-Jan-90 0 0 0 0 0 0 ) C C
MW-0138 30-Ape-90 0 ) 0 ) 0 ) ) C C
MW-0138 25-Jul-90 0 0 0.37 0 0 0 4.74E-07 C C
MW-0138 05-Nov-90 0 0 0 0 0 c 0 C C
MW-0138 24-Jan-91 0 0 0 ) 0 0 0 C C
MW-0138 31-Jul-91 0 0 ) ° ] 0 0 C C
[MW-0138 14-0ct-92 0 0 ) 0 0 0 0 0 C C
MW-0139 09-Feb-88 1.8 1 0 0 89 0 3.31E-08 B A
IMW-0139 19-Apr-88 [) 0 0 ] 74 0 2.31E-05 B A
MW-0139 08-Jul-88 ) 0 0 ) 83 0 2.59E-05 B A
MW-0139 14-Oct-88 ) 0 0 ) 63 ) 1.97E-05 B A
MW139 16-Jan-89 19 0 ) 22 100 0 3.74E-05 B A
MW-0139 08-Ape-89 0 11 ) 0 30 0 2.50E-05 B A
MW-0139 18-Jul-89 1.7 0 ) 0 0 6.44E-06 B A
MW-0139 06-Oct-89 0 0 0 0 95 o 3.26E-05 B A
MW-0139 06-0ct-89 17 0 ) (] 92 0 3.26E05 B A
MW-0139 26-Jan-90 ) 0 0 o 110 ) 343E-05 B A
MW-0139 26-Apr-90 0.89 0 0 ) 130 ) 4.33E-05 B A
MW-0139 25-Jul-90 0 0 0 0 85 0 2.65E-05 B A
MW-0139 02-Nov-90 ) 0 ] 0 100 0 3.12E05 B A
MW-0139 04-Dec-90 0 B A
MW-0139 15-Tan-91 0 ) 0 0 74 0 231E-05 B A
MW-0139 22-Ape-91 0 0 0 ) 13 ) 2.68E-05 B A
MW-0139 22-Apr91 1.7 0 0 0 48 0 2.68E-05 B A
MW-0139 16-Jul-91 0 0 0 0 83 0 2.59E-05 B A
MW-0139 13-0a.92 0 0 35 ) 0 120 ) 3,75E-05 B A
MW-0139 29-Jul-93 ) 0 32.5 [) ) 130 0 1.03E-04 B A
MW-0142 09-Feb-38 ) 0 0 0 0 ) 0 B B
MW-0142 26-Ape-88 0 0 0 0 0 ) 0 B B
MW-0142 18-Oct-88 0 0 0 0 [ 0 ) B B
MW-0142 18-Tan-89 0 0 0 0 ) 0 ) B B
MW-0142 08-Apr-89 [ 0 ) 0 0 ) 0 B B
MW-0142 25-7ul-89 ) 0 ° ] 0 ) 0 B B
MW-0142 13-Dec-89 0 ) 0 ) 0 0 0 B B
MW-0142 29-Tan-90 0 ) 0 0 0 0 0 B B
MW-0142 27-Ape-90 0 ) 0 0 ) 0 ) B B
MW-0142 02-Aug-90 0 ) 0 0 0 0 0 B B
MW-0142 24-Tan-91 i) 0 0 0 0 ) 0 B B
MW0142 | 03-May-91 ) 0 0 0 0 0 0 B B
MW-0142 13-Jul92 ) ) 0 ) 0 0 0 0 B B
MW-0143 10-Feb-88 0 ) ) 0 0 0 0 C B
[MW-0143 26-Apr-88 0 0 0 0 ) 0 0 C B
MW-0143 21-ful-88 0 ) 0 0 0 0 ) C B
MW-0143 05-0ct-38 0 0 0 ) 0 0 0 C B
MW-0143 18Tan-89 0 ) 0 ) 0 0 0 C B
MW-0143 11-Ape-39 0 0 0 ) 0 ) ) C B
MW-0143 28-Jul-89 0 0 ) ) (] 0 0 C B
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Table K-6

VOC GSAP Coacentrations wp to Third Quarter 1993 Sampling Period

Location Risk far | Opareble
D Log Date 12-DCA LI-DCE | «12-DCE PCE LLL-TCA TCE VC | Pathwags Unit | Zeme
(MW-0143 17-Oct-89 0 0 0 0 0 0 0 C B
(MW-0143 16-Jan-90 0 0 ] ] 0 0 0 C B
MW-0143 27-Ap-90 o 0 0 0 0 ] 1.70E-07] C B
IMW-0143 | 08-Aug-90 0 0 0 0 0 0 0 C B
MW-0143 28-Jan-91 ) ) 0 0 ) ) ) C B
[MW-0143 | 07-May-91 ) 0 0 0 0 0 0 C B
MW-0143 17-Jul-92 0 0 ] ) ) 0 0 ) C B
MW-0143 19-7ul-93 ) 0 0 0 0 0 ° 0 C B
MW-0145 24-Mar-89 0 0 0 0 1.3 0 3.06E-07 B A
MW-0145 31-Jul-89 ) 0 0 ) 0 0 1.32E-07 B A
MW-0145 02-Jan-90 0 ) 0 0 21 ) 6.5SE-07 B A
MW.0145 25-7an-90 ) 0 0 0 1.9 ) $593E07| B A
MW-0143 25-Apr-90 ) ) 0 ] 1.8 0 5.62E-07 B A
MW-0145 | 02-Aug-90 ] 0 0 ] 29 0 9.0SE-07 B A
MW.0145 | 02-Nov-90 ) 0 0 0 LS ° 268E07] B A
MW-0145 25-Jan-91 0 0 ) 0 24 0 1.12E06| B A
MW-0145 | 03-May-91 ) 0 0 0 2.2 0 687607 B A
MW.0145 17-Tul-91 ° ) ) 0 19 0 S93E07 B A
MW-0145 08-Apr-93 ) 0| 0.3199999% 0 0 1 0 6.35E-07 B A
MW-0145 19-7ul-93 | 0.38600001 0 [ 0.36199999 0 0 | 1.23000002 0 2.75E06] B A
MW-0146 74-Mar-89 ° 0 0 ) 0 0 0 B B
MW-0146 11-Tul-89 ) 0 ) (] 0 ) 0 B B
IMW_0146 21-Dec-89 0 0 0 0 0 ) 0 B B
MW-0146 06-Feb-90 0 0 0 0 ° 0 0 B B
MW-0146 | 08-May-90 0 ) 0 0 0 0 0 B B
E-om 30-0ct-90 ) 0 0 0 0 0 0 B B
MW-0146 | 03-May-91 ] ° 0 ] 0 0 ] B B
MW-0146 21-Jul-93 ) 0 0 0 0 0 ) 0 B B
MW-0147 20-Mar-89 ) ) 0 ° [ 0 0 B C
(MW-0147 11-Tui-89 ) ) 0 0 [ 0 0 B C
MW.-0147 21-Dec-89 ) 0 0 0 0 0 ) B C
MW-0147 06-Feb-90 0 ) ) 0 ) 0 0 B c
MW-0i47 | 09-May-90 ° 0 ) 0 ) ] 0 B C
IMW-0147 23-0ct-90 0 0 0 ) 0 0 0 B C
MW-0147 | 03-May-91 0 0 0 0 ) 0 ) B C
MW-0148 30-Mar-89 0 0 0 0 8.7 0 321E06] B cD
MW-0148 06-Apr-39 ) ) 0 0 72 0 225E06] B D
IMW.-0148 07-Jul-89 ) 0 0 0 53 0 1.87E06] B D
MW_0148 07-Jul-89 0 0 ) ] 3 0 1.87E-06| B D
MW-0148 19-0ct-89 0 0 0 0 7.6 0 2.77E06] B cD
MW-0148 22-Dec-89 ) 0 0 ] 6.8 [} 2.12E06] B cD
[MW-0148 07-Feb-90 ° ] ) 0.39 12 0 240E06| B CcD
MW-0148 | 01-May-90 0.14 0 0 0 8.6 0 328E-06] B CD
MW-0148 30-Jul-90 ) ) 0 ) 0.65 0 203E07| B D
MW-0148 08-0ct-90 0 ) 0 0 6.8 ] 228E-06] B CD
MW.-0148 08-0ct-90 ) 0 0 ) 13 0 228E06] B CD
[MW.0148 23-Jan-91 0 ] 0 0 7 0 229E06] B D
MW-0148 | 01-May-91 0 0 0 [ 14 0 43E06] B CD
MW.- 01-Aug-91 0 0 0 0 11 0| 474506 B cD
04-Oct-91 0 0 0 0 12 ) 3.75E-06] B cD
27-Jan-92 ) ) 0 0 15 ) 468E06] B D
21-Iaa 92 0 (] 0 3 15 ) 468E-06| B D
14-Jul-92 ) 0 r} ) 0 13 0 406E06| B D
08-Oct-92 ) 0 a7 0 0 8.8 ) 2.75E06] B D
12-Ja-93 0 0 23 0 0 9.1 0 284E06] B cD
21-Jul-93 0.37 0 265 0 0 9.73 0 8.06E06| B cD
25-Apr-89 0 ) 0 ) 0.23 ) 7.18E08) B D
12-Jul-89 (] 0 0 0 0.34 0 1.06807| B D
22-Dec-89 0 0 0 0 0.7l ° 222807 B D
07-Feb-90 0 ) 0 ) 0.98 0 3.06E-07 B D
10-May-90 0 0 ) 0 1 ] 3.12E07| B D
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Table K-6

VOC GSAP Concentrations up to Third Quarter 1993 Sampling Perlod

Location Risk for Operable

ID Log Date 1,2-DCA 1,1-DCE ¢-1,2-DCE PCE 1,LI-TCA TCE vC Pathways Unit Zome
[MW-0149 02-Jul-90 0 0 0 0 12 0 3ISE07| B | D
MW-0149 22-0a-90 ) ) 0 ) 0.83 ) 985E07, B D
MW-0149 09-Jan-91 0 0 0 0 6.2 0 3.06E-06 B D
MW-0149 09-Jan-91 0 0.24 0.13 0.48 73 0 3.06E-06 B | D
MW-0149 01-May-91 0 0 0 0 37 0 1.15E-06 3 IS
MW.0149 01-Aug-91 0 0 0 0 14 0 4.37E-07 B | D
MW-0149 04-Oct-91 0 0 0 0 L7 0 S31E-07 B ' D
MW-0149 27-Jan-92 0 0 0 ) 0.54 0 1.69E-07 B D
MW-0149 22-Jul-92 ) ) 0 ) 0 22 0 6.87E-07 B D
MW-0149 09-0at-92 0 0 0 0 0 0.73 ) 2.28E-07 B D
MW-C145 19-Jan-93 0 0 0 0 0 0.68 ) 2.12E-07 B D
MW-0149 08-Ape-93 0 0 0 ) 0 0.38 0 2.48E-07 B D
MW-0149 08-Ape-93 0 0 0 0 0 0.39 ) 2.48E-07 B D
MW-0150 24-Mar-89 0 0 0 0 0 0 0 B A
MW-0150 14-Jul-89 ) ) 18 0 0 0 2.30E-05 B A
MW-0150 20-Dec-89 0 0 11 0.32 0 ) 1.49E-05 B A
MW-0150 22-Feb-90 0 0 2.5 0 ) 0 3.20E-06 B a
MW-0150 14-May-90 ) 0 0.52 0 0 ) 2.65E-06 B A
MW-0150 14-May-90 0 0 0.54 0 ) 0 2.65E-06 B A
MW-0150 06-Jul-90 0 0 0 0 0.25 ) 9.87E-07 B A
MW-0150 11-0ct-90 0 0 [ 0 0 ) 0 B A
MW-0150 31-Jan-91 0 0 1.6 0 ) 0 3.16E-06 B A
MW-0150 10-May-91 ) 0 28 ) 0.51 ) 3.74E-06 B A
MW-0150 11-Jul-91 0 ] 2.6 0 0 0 6.60E-06 B A
MW-0150 18-0ct-91 0 0 0 0 0 0 ) B A
MW-0150 29-Jan-92 0 0 0.59 0 0 0 3.16E-06 B A
MW-0150 20-Jul-92 0 ) ) 0 0 ) J 1.85E-06 B A
MW-0150 05-0at-92 6.2TE-07 B A
MW-0130 05-0ct-92 0 0 0 0.49 0 0 ) 6.27E-07 B A
MW-0150 08-Jan-93 ) 0 0 0.2 0 0 0 2.56E-07 B A
MW-0150 08-Jan-93 0 0 ) 0.43 () 0 0 2.56E-07 B A
MW-0150 09-Apr-93 0 0 ) 1.30 0.55 ) 0 3.81E-06 B A
MW-0150 02-Aug-93 0 0 0 0.14 0 0 0 4.6TE-06 B A
MW-0151 20-Mur-89 0 ) 0 0 0 0 0 B B
MW-0151 13-Jul-89 0 0 9.9 0 ) 0 1.27E-05 B B
MW-0151 19-Dec-89 0 ) 0 0 0 ) 0 ) B
MW-0151 08-Feb-90 0 0 6.1 0 ) ) 7.81E-06 B B
MW-0151 23.Apr-90 0 ) 0 0 0 0 B B
MW_-0151 16-Jui-90 0 0 0.31 ) 74 0 2.71E-06 B B
MW_-0151 15-0c1-90 ) 0 0 0 ) ) ) B B
MW-0151 31-Jan-91 ) 0 0.83 0 ) 0 1.06E-06 B B
MW-0151 05-Apr-91 ) 0 0.53 0 0 0 6.19E-07 B B
MW-0151 10-Tul-91 0 0 0.47 0 ) 0 6.02E-07 B B
MW-0151 21-0a-51 0 0 0 0 0 0 0 B B
MW-0151 29-Tan-92 0 0 0 0 0 0 ) B B
MW-0151 05-0ct-92 0 0 ) ) 0 0 0 0 B B
[MW-o151 09-Apr-93 0 0 0 7.90 0 ) 0| 231E-05| B B
MW-0152 17-Mar-89 0 0 ) 0 0 ) 0 B C
MW-0152 14-Jul-89 0 ) 12 0 ) ) 1.54E-06 B C
MW-0152 20-Dec-5% 0 0 0 0 0 0 0 B C
MW-0152 08-Feb-90 0 0 ) 0 0 ) 0 B C
MW-0152 14-May-90 0 0 0 ) 0.26 0 8.12E-08 B C
MW.0152 13-Tul-90 0 ) 0 0 18 ) 5.62E-06 B C
MW-0152 03-0ct-90 ] A 0 0 ] 0 0 B C
MW-0152 07-Jaa-91 0 ) 0 ) ) ) 0 B C
MW-0152 05-Apr-91 0 0 0 0 0 0 0 B C
MW-0152 29-Jul-91 0 0 0 0 ) 0 0 B C
MW-0152 07-0ct-91 0 ) ) 0 0 ) 0 B C
MW-0152 29-1an-92 0 0 ) 0 0 0 0 B C
MW-0152 20-Juk-92 0.37 0 ) 0 ) 0 0 2.00E-05 B C
MW-0152 05-0c-92 ) ) 0 ) ] 0 ] 0 B C
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Table K-6
VOC GSAP Concentrations up to Third Quarter 1993 Sampling Period
Location Risk for Operable
) Log Dats 12-DCA L1-DCE | «1l2-DCE PCE LLI-TCA TCE ve | Puhwep Unit | Zome
MW-0152 08-Jan-93 0 ) 0 0 ] ) 0 ) B C
MW-0152 05-Apr-93 0 0 0 ) ) [ ) ) B C
MW-0152 27-li-93 0 0 ] 0 [ 0 ) 0 B c
MW-0153 | 05-May-89 ) 0 ] 0 12 0 4.80E-06 B A
MW-0153 13-Tul-89 0 0 0.76 ) 10 0 4.5TE-06 B A
MW-0153 20-Dec-89 0 ) 44 0 IE] 0 2.22E-05 B A
MW.-0153 20-Dec-89 0 ) 4.7 0 52 0 2.22E-05 B A
MW-0153 21-Feb-90 0 0 6.5 0 150 0 $.SIE-05 B A
MW.-0153 21-Feb-90 0 0 9.8 0 140 0 5.SIE-05 B A
MW-0153 | 02-May-90 0 0 EX) ) 62 0 2.54E-05 B A
MW-0153 27-Tul-90 ) 0 11 0 130 0 9.92E-05 B A
MW-0153 27-1ul-90 0 0 53 0 97 ) 9.92E-05 B A
MW-0153 22-0ct-90 0 0 0 ] 45 0 1.40E-05 B A
MW-0153 22-Tan-91 ) ) 3.7 ) 70 ° 2.66E-05 B A
[MW.0153 | 01-May-91 0 0 0.36 0 23 0 8.28E-06 B A
MW-0153 06-Aug-91 ] 0 43 ) 97 ) 3.70E-05 B A
IMW-0153 21-0a.91 0 0 0.12 0 12 0 4.13E-06 B A
MW-0153 21-Oct-91 0 ) 0.74 ) 14 0 4.13E06] B A
MW-0153 22-Tan-92 0 ) 0.48 0 17 0 764E-06 B A
MW-0153 14-Tul-92 0 0 6 71 0 110 0 S.65E-05 B A
MW-0153 14-7ul-92 0 0 76 10 ) 140 0 S6SE05| B A
MW-0153 21-0ct.92 ) ) 13 21 ] 170 ) 8.26E-05 B A
[MW-0153 08-Jan-93 0 ) 0 13 ) 180 ) 7.28E-05 B A
MW-0153 08-Jan-93 0 ) ) 17 0 220 ) 7.28E-05 B A
MW-0153 09-Apr-93 ) 0 5.5 4.70 0 56 ° 4.93E-05 B A
MW-0153 29-Jul-93 ) 0 6.39 15.90 0 155 0 1.46E-04 B A
MW-0154 | OI-May-89 0 ) 0 0 0 0 ° B C
MW-0154 19-Tul-89 ) 0 0 ) 027 ° S43E-08 B C
MW-0154 20-Dec-89 0 0 0.72 0 0.89 ) 1.37E-06 B C
MW-0154 08-Feb-90 ) ) 0 0 0.83 0 2.59E-07 B C
MW.0154 | 08-May-90 ) 0 1.7 [} 0.57 0 2.35E-06 B c
MW-0154 19-Tul-90 0 ) 8.7 0 0.93 0 L.ISE-05| B C
MW-0154 03-0ct-90 0 ) 0 ) 0 0 0 B C
MW.0154 23-Jan-91 0 ) 0 0 0.56 0 8.04E-07 B C
MW-0154 25-Apr-91 0 ) 0 0 1.3 0 3.06E-07 B c
MW.0154 05-Aug-91 0 ) ) 0 24 0 749E-07 B C
MW.0154 18-0ct-91 0 0 ) 0 1.4 0 4.37E-07 B c
MW.0154 30-Jan-92 0 ) ) ) 41 ) 3.93E-06 B C
[MW-0154 14-Tul-92 0 ) 0.65 0 0 5.1 0 3.80E-06 B C
MW-0154 20-0ct-92 0 [ 1 ) 0 EX) ) 4.70E-06 B C
MW.0154 14-Jan-93 0 0 ) ) ° 4.4 [} 647E-06 B C
MW-0154 29-Jul-93 0 0 0 0 0 3.17 0 201E06] B C
MW.0155 14-Sep-89 ) ) 0 ) a8 0 1.50E-05 B A
MW.0155 10-Oct-89 ] B A
IMW.0155 07-Feb-90 ) 0 0 ) 0 0 1.12E-07 B A
MW-0155 14-May-90 1.3 0 ) ) 0 6.24E-06 B A
MW-0L55 06-Jul-90 024 0 0 0 22 0 8.36E06] B A
MW-0155 30-0ct-90 ) 0 ) ) 38 ) 1.I9E-05| B A
MW.-0155 30-Jan-91 0.28 0 ) 0 28 0 1.01E-05 B A
MW.0155 24-Apr-91 0.69 0 0 0 26 0 1.26E-05 B A
MW.0155 01-Aug-91 0.95 ) ) 0 32 0 1.78E05] B A
[MW-0155 07-0a-91 0.99 0 ) 0 33 ) 3.02E-05 B A
'MW-0155 24-Jan-92 0 0 0 0 36 0 1.76E-05 B A
(MW-0155 4-Jan-92 0.72 0 0 ) 40 0 1.76E05] B A
MW.0153 20-Jul-92 0.74 0 18 0 0 18 ) 9.20E-06] B A
MW-0155 06-0ct-92 0.76 0 19 0 0 28 ) 1.55E-05| B A
=~ |MW-0155 12-Tan-93 0.61 0 13 ) ) 19 0 1.12E05] B A
MW-0155 12-Tan-93 0.63 ) 14 ) 0 24 0 1.12E-05 B A
MW_-0155 09-Apr-93 0.44 [ 15 0 0 25 0 248E-05 B A
MW.-0155 28-Jul-93 ) ) 16.80 ) ) 29.70 0 2.64E-05 B A
MW.0156 14-Sep-89 () 0 ° 0 78 0 243E-05 B B
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Table K-6
VOC GSAP Concentrations up (o Third Quarter 1993 Sampling Period
Location Risk for Oparsble
D Log Dets 12-DCA LIDCE | e12-DCE PCE 1,L1-TCA TCE vC Pathways Unit | Zome
[MW.0156 | 26-Feb-90 0 0 0 0 100 ) 3.12E05] B B
MW-0156 14-May-90 12 ) 0 ) 92 ] 3.13E.05 B B
MW-0156 02-Aug-90 ° 0 0 0 150 0 4.68E-05 B B
'MW-0156 29-0ct-90 0 0 0 ) 94 0 2.93E08 B B
MW-0156 29-0ct-90 0 ) 0 0 100 0 2.93E-05 B B
[MW-0156 15-Tan-91 0 0 ) 0 120 0 3.75E-05 B B
MW-0156 29-Ape-9t 0 0 ) 0 130 0 4.06E-03 B B
MW-0156 29-Ape-91 [ 0 0 0 250 0 4.06E-05 B B
MW-0156 01-Aug-91 0 0 0 ) 110 ) 343E05 B B
MW-0156 09-Oct-91 0 0 0 ) 110 0 6.09E-05 B B
IMW-0156 22-Ian-92 0 0 0 0 180 0 6.73E-05 B B
MW-0156 08-Jul-92 0 B B
MW-0156 08-Oct-92 0 0 64 0 ) 81 0 2.53E05 B B
MW-0156 27-Jan-93 0.98 0 38 ) 0 93 0 3.39E05 B B
MW-0156 19-Ape-93 0 g 25 0 0 85 0 6.29E-05 B B
MW-0156 19-Apr-93 0 0 29 0 0 99 0 6.29E-05 B B
MW-0156 29-Jul-93 0 0 38.10 0 0 114 ) 7.38E-05 B B
MW-0157 21-Sep-89 0 0 390 0 4800 0 2.00E-03 B A
MW-0157 19-Feb-90 0 0 1400 0 5400 0 348E.0) B A
MW-0157 19-Mar-90 ) 0 1100 0 7700 0 3.83E-03 B A
MW-0157 20-Apr-90 0 0 1400 0 8000 0 3.29E.03 B A
MW-0157 05-Jul-90 ] 0 740 0 7700 0 3.35E-03 B Y
MW-0157 05-Jul-90 ) 170 380 0 5800 ] 3.35E03 B A
MW-0157 30-0ct-90 ) 0 700 ) 6000 0 2.77E-03 B A
MW-0157 07-Jan-91 0 ) 700 0 6000 0 2.7TTE-03 B A
' MW-0157 | 08-May-91 ) 0 ° ) 30 0 9.36E-06 B A
MW-0157 06-Aug-91 0 0 250 0 3900 0 1.54E-03 B A
(MW-0157 21-0ct-91 0 0 150 0 2500 ] 9.72E-04 B A
MW-0157 21-Oct-91 0 0 180 ) 2300 ) 9.72E-04 B A
MW-0157 30-Jan-92 ) 0 50 ) 2300 0 9.10E-04 B A
MW-0157 28-Jul-92 0 0 0 110 [} 740 0 372E-04 B A
MW-0157 22-0ct-92 0 0 0 70 0 650 0 2.93E-04 B A
MW-0157 14-Tan93 ) 0 0 26 0 460 ) 2.96E-04 B A
MW-0157 14-Jan-93 ) 0 0 68 ) 670 ] 2.96E-04 B A
MW-0157 29-Jul-93 0 0 0 86.20 484 664 ) 6.82E04 B A
MW-0158 05-Oct-89 4.15E-04 B A
MW-0158 05-Ocx-89 0 0 80 0 1000 0 4.15E-04 B A
MW-0158 13-Feb-90 ) [} 210 29 1500 ) T42E04 B A
MW-0158 17-Apr-90 0 ] 320 0 0 4.10E-04 B A
MW-0158 12-Jul-90 0 0 ) [ 7700 0 2.69E-03 B A
MW-0158 23-0ct-90 0 0 60 ) 6800 ) 2.20E-03 B A
MW-0158 22-Jan-91 0 B A
MW-0158 | 08-May-91 0 0 390 0 3700 0 3.85E-03 B A
MW-01358 11-Jul-91 0 0 1100 0 6900 ) 3.56E-03 B A
MW-0158 08-Oct-91 0 ) 430 0 7300 0 4.00E-03 B A
MW-0158 08-Oct-91 ) 0 690 0 10000 ) 4.00E-03 B A
Ewmss 23-Jan-92 ) B A
MW-0158 26-Feb-92 0 0 400 0 2700 0 1.35E-03 B A
IMW.0158 17-Tul-92 ) ) 28 190 0 1300 ) 6.49E-04 B A
[MW-0158 22-0-92 0 0 58 68 0 430 ) 221E-04 B A
MW-0158 14-Jan-93 0 0 13 110 0 950 ] 4.375-04 B A
MW-0158 03-Aug-93 ) 0 15.90 50.70 0 467 0 4.50E-04 B A
. MW-0159 28-Dec-89 0 0 1.3 0 85 0 3.34E-05 B A
’ MW-0159 11-May-90 1.1 ) 0 0 140 0 4.61E-05 B A
' MW-0159 05-Jul-90 ) 1] 29 0 540 0 4.59E-04 B A
IMW-0159 07-Nov-90 0 0 0 0 103 0 2.64E-05 B A
[MW-0159 07-Nov-90 2.7 0 0 0 66 0 2.64E-05 B A
MW0159 | 07-Tan-91 14 0 5 0 10| 0| 487E05| B A
MW-0159 05-Age-91 1.6 ) 39 0 35 0 3.10E-05 ) A
, MW-0159 02-Aug-91 2.1 0 0.12 ) s ) 345E-05 B A
MW-0159 25-Oct-91 22 0 12 0 67 0 3.11E-05 B A
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Tabie K-6
. VOC GSAP Concestrations wp to Third Quarter 1993 Sumpling Pertod
Lecation Risk for Opersble

™ Log Daie 1,3-DCA 11-pck® | e13DCE PCE 1,L1-TCA ™R VC | Putwan Usit | Zome
MW.0159 31-Jan-92 ) 0 ) 0 120 0 SA4SE0S B A
MW-0159 3-Jan-92 21 0 29 0 110 0 S45E-05| B A
MW-0159 17-Jul-92 1.1 ) 5% s 0 110 0 SOSE-05| B A
IMW-0159 09-Oct-92 2.6 ) 77 10 0 110 0 641E0S B A
[MW-0159 14-7a0-93 S49E05] B A
MWOIS9 | 14-Jas-93 0 [} 42 6.3 G 150 ) S49E0S| B A
MW-0150 | 03-Aug.93 ] 0 38.70 325 0 263 0 272504 B A
Mﬂl@ 11-Oct-89 ) ] 0 0 36 0 SOAE06] A A
MW-0160 11-0-89 0 [ (] 0 Y 0 S64E06] A A
ﬁuwmso 16-0c-§9 [} A A
[MW-0160 17-1an-90 0 0 0 0 13 0 L.ISEG5| A A
IMW-0160 20-Mar-90 0 ) 0 0 21 0 1.64E-05 A A
MW-0160 | 12-May-90 0.34 0 0 0 27 ° 222605 A A
MW-0160 | 08-Aug-90 0 ] ] 0 31 ) 2.14E05] A A
MW-0i60 | 08-Aug90 1.1 0 0 0 29 0 2.14E-05] A A
MW-0160 16-0ct-90 1.7 ) 0 0 23 0 177E-05] A A
MW-0160 08-Jan-91 23 0.85 24 0.58 56 ) 157TE05] A A
MW-0160 25 Ape 91 3.1 0 0 0 54 ) 409E-05] A A
MW-0160 25-Apr-91 34 0 0 0 61 0 409E-05| A A
MW.-0160 09-Jul-91 24 ) 0 ) 80 0 SO3E05| A A
MW-0160 21.0c1-92 6.5 6.6 43 0 0 72 0 434E05] A A
[MW-0161 06-Oct-89 0 0 0 0 0 ] ) A C
MW-0161 11-0-89 0 0 0 ] 0 0 ) A c
MW.0161 16-0c1-89 0 A C
MW-0161 22-Dec-89 ) ) 0 0 0 0 0 A C
MW-0i61 16-May-90 ] 0 0 ] ) ) ) A C
MW-0161 30-7ul-90 ] 0 0 0 0 [ 0 A C
MW-0161 08-Jan-91 ) 0 0 ) 0.22 0 687E08) A C
MW-0161 06-Aug-91 0 0 0 ] 0.26 0 8.12E08] A C
MW-0161 26-Jul-93 ) 0 0 0 ) 0.75 ) T7ME01| A C
MW-0i61 26-Jul-93 0 0 ] 0 0 0.97 [ TNE0T] A C
MW-0162 04-Dec-89 0 0 0 0.37 39 0 1.22E05| B D
MW-0162 04-Dec-89 ) 039 0 ) 26 )] 122E05] B D
MW-0162 | 20-Ma-90 ) 0 0 0.63 9.8 0 3.35E06| B D
MW-0162 20-Mar.90 0 0 0.48 019 6.5 ) 335E06] B D
MW0162 | 06-Aug 90 ) 0.65 0 0.52 ) ) 148E06] B D
MW-0162 | 06-Aug-90 0.74 0 ] ) 27 3 148E06| B D
MW-0162 30-0ct-90 ) 0 ) 0 18 ) $62E-06] B D
MW-0162 | 08-May-91 ) 0 0 0 9.1 0 284E06] B D
MW-0162 07-Jul-92 ) 0 0.99 0 0 74 ) 231E06] B D
MW-0162 27-Tul.93 () 0 0 3.18 0 18.30 ) 213805 B D
MW-0163 25-Jan-90 ° ) 0 ) 73 0 228E-06] B D
MW-0163 24-Ape-90 ] 0 ] ) 6.5 0 3.09E06] B D
MW-0163 24-Apt-90 0 0 ) [ 99 ] 309606 B D
07-Aug-90 0 0 0 0 74 ] 231E06] B D
23-0c1.90 ] 0 ) 0 7 0 2.18E.06] B D
2372091 0 B D
22 Tul91 0 0 0 0 3.4 ) 262E06] B D
27.Jan-93 0 ) 0.69 ) 0 [X] ) 172E06] B D
07-Nov-89 0 0 0 0 23 0 9.19E06| B A
76-Jun-90 0.16 ) 0 ] 12 ) $28E-06] B A
30-0c1.90 0 0 0 a5 14 ) 437E06| B A
4 ian-91 0.3 1.2 047 0.46 17 0 655E06] B A
09-Apr-91 045 17 0 0 13 ) 662E-06] B A
29-Jui-91 0 0 0 0 13 0 684E06| B A
29-Jui-91 0.47 ) 0 ) 13 ) 684E06] B A
19-Apr-93 0.15 0.82 10 0 0 17 ) 161E-05] B A
19-Apr-93 0.31 1.30 10 ) 0 16 0 1.61E05, B A
08-Nov-89 0 ) 0 ] 170 0 S78E05| B B
26-Jun-90 0 ) 0 0 61 0 216605, B ]
26-Jun-90 ) ] ) 0 % 0 2.16E05| B B
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| Table K-6
VOC GSAP Cancentrations up to Third Quarter 1993 Sampling Perled
Tocatien RikSor | Oporable
| D Log Date 12-DCA L1-0cE | elancE PCE LLLTCA TCE VC | Pathway Unit | Zeme
MW-0168 18.0ct-90 ¢ ] ] ) 140 0 S36E05| B B
i MW-0165 09-Apr-91 0 0 0 0 160 0 S1SE05| B B
. MW0166 | 06-Nov-89 ) 0 0 ] 100 ] 3.12605] B <
MW-0166 27-Tun-90 0 [X] 0 0 180 ] S62E05| B c
MW-0166 25-00-90 [} 0 0 [ 130 0 406E0S| B C
MW-0166 T4-Tan01 0 ) 0 0 120 0 375605 B C
MW-0166 | 09-Apr-91 0 [} 0 0 120 0 315605 B c
MW-0166 0% Apr-91 0 0 0 [ 130 0 375E-05] B c
MW-0166 30-Jul-91 1.1 0 0 [ 100 [ 356E05| B C
MW-0167 15-Dec-89 ) ) ) ] 79 0 247E05] B D
MW-0167 11-7ul-90 073 0 0 ] 82 0 272E05| B D
MW-0167 24-00-90 0 [ (] 0 66 ] 206E05] B D
IMW-0167 18-Jan-01 0 ) 0 ] 53 ] 1.65E-05| B D
MW-0167 09-Apr-91 0 0 0 0 67 0 209E05| B D
MW-0167 30-Jul-91 0.77 0 0 0 57 0 1.94E05] B D
MW-0167 19-Apr93 0.36 ) 11 0 0 28 0 196E05] B D
MW-0168 15-Jan-90 ] ] [ 0 70 0 196E05] B D
MW-0168 1972090 082 [ 0 0 57 [ 196E05] B D
MW-0168 10-Apr-90 ] ¢ 0 0 52 0 1.62E05] B D
MW-0168 25-0ct-90 0 0 ] ] 0.28 0 8.74E08] B D
MW-0169 03-Jan-90 ) ] [ ] 15 ] 468E07] A A
MW-0169 28-5ep-90 ) 0 0 o 2.2 () 687E07| A A
MW-0169 08-Jan91 0 (] 0 0 9.3 0 36IE06] A A
MW-0169 | O8-Apr9l ] (] ] 0 79 0 247E-06] A A
MW-0169 | 05-Aug-91 0 ] 0 0 s 0 136E06] A A
. MW-0169 | 30-Jan-92 o A A
MW-0169 25-Feb92 0 [) 0 o 0 0 471E06| A A
IMW-0169 20.Jul-92 ) ) ) 0 0 27 0 S43E07| A A
MW-0169 20-Tul92 0 0 ) 0 ] 39 0 S43E07] A A
MW-0169 12.00.92 [} ] ) 0 0 33 0 103E06] A A
MW-0169 12.0a.92 ] ] 0 0 (] Y] 0 1.03E06] A A
MW-0160 19-Jan-93 0 0 0 0.25 ) 7.3 ) 2.60E-06] A A
MW-0160 | 06-Apr93 0 ) 0 0 ° 6.70 0 325E-06] A A
MW-0169 | 06-Ape-93 ] 0 ] 0 0 6.80 0 425E06] A A
MW0169 | 04-Aug-93 0 ] o 0 0 217 0 2.65E06] A A
, MW-0170 05-7an-90 ) 0 0 0 0 0 [] A B
MWO0170 | 11-May-90 ) ) 0 ° 0 0 0 A B
. MW-0170 23-Jul-90 [ (] 0 ] ) 0 0 A B
i MW-0170 08-Jan-91 ) ) ] 0 ) () 3.30E-08) A B
MW-0170 | 05-Aug-91 0 () [ ] ] 0 0 Y B
MW-0170 14-0ct.91 0 ° o ] 0 ] 967E07 A B
. MW-0170 30-Jan-92 0 A B
MW-0170 25-Feb-92 0 ) ] 0 0 ] 0 A B
MW-0170 | 08-Apr-93 ] 0 0 0 0 ] 0 ° A B
MW-0171 22-Dec-89 0 0 0 0 0 0 0 A [
MW-0171 14-May-90 (] 0 o ° 0 0 ] A C
[MW-0171 77-Jul-90 0 ) 0 0 0 0 0 A C
MW-0171 08-Apr-91 ) ] ) ) 0 0 () A C
MW-0171 03-Feb-92 0 0 0 0 ) ) 0 A C
" MW-017T__| 120092 0 0 0 0 0 0 0 o] A c
09-Feb-90 ] 600 0 ] 15000 0 6.36E03| A A
30-Mn-90 (] 0 0 0 20000 0 120602] A A
30-Mae-90 0 0 ] 0 21000 0 120E02] A A
E 133190 ) 0 0 ) 14000 o 1eE®R| A A
! 13-Jul-90 0 2000 ) ] 26000 0 TA9E-02] A A
11-Tan91 0 490 0 0 10000 ] 707E03] A A
11-Jan-91 60 300 120 0 16000 0 707603, A A
30-Apt-91 0 0 ) ] 15000 ) 830803 A A
09-Aug-91 0 ° ] 7] 15000 ] 7.33E03] A A
09-Aug-S1 0 0 0 [ 17000 0 733E03) A A
' 23-1an-90 (] ° 0 0 12 0 297605 A B
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Table K-6
VOC GSAP Concantrations wp 10 Third Quarter 1993 Sampling Period
Lecation Risk for Operable
(D Log Date 13-DCA 1.1DCE | c13-DCE rcr LLI-TCA TCE VC | Putwep [
MW.0173 | 09-May-90 0.14 0.44 0 0 0 T.70E-05| A B
(MW-0173 18-Ju)-90 0.37 0 0 0 25 0 5.08E-05 A | B
MW-0173 16-0c1-90 0 0 0 0 52 0 6.35E-05| A B
MW-0173 09-Jan-91 ) 1.8 0 0 9 0 9TIE0S| A B
MW-0173 09-Jan-91 0 1.8 0 0 99 0 971E05| A B
(MW-0I73 | 08-May-91 ) ) 0 ) 140 0 43TE05| A B
MW-0173 | 06-Aug-91 0 0 (] 0 a8 0 461E05| A B
MW-0173 29-jul-93 ] 0 ° 0 0 257 [} 3.70E04] A B
MW-0174 19-Dec-89 0 0 0 ) 0.7 0 2.18E071] A ¢
'MW-0174 03-May-90 0 [ 0 0 0 0 0 A C
(MW-0174 | 06-Aug-90 0 0 ) 0 ) 0 o A C
MW-0174 16-01-90 0 0 0 0 0 ) 0 A c
MW-0174 25-Jan-91 ) A C
MW-0174 | 07-May-91 0 0 0 0 6.2 0 194E-06] A C
MW-0174 | 06-Aug91 0 0 0 o 2.1 0 1.38E-06] A C
MW-0174 13-Apr-93 ] o 0 0 0 077 0 489E07] A C
MW-0175 26.0c-89 0 0 ) 0 0 0 ) ° A A
MWO175 | 01-May-90 0 ° 0 0 0 0 0 A A
MW-0175 12-7ul-90 0 0 0 [} 045 0 140E-07| A A
MW-0175 10-0c-90 ° 0l 0 0 0 ) 0 A A
MW-0175 09-Jan-91 ] 0 0 0 0 0 0 A A
MW-0175 05-Ape-91 0 0 0 0 ° o 0 A A
MW-0175 02-Aug-91 0 0 0 0 0 0 0 A A
IMW-0175 11-0ct-91 0 0 ) 0 ° ) 532506 A A
MW-0175 28Jan-92 0 ) 13 0 3z 0 266E06] A A
MW-0175 14-0ct-92 ° ) 0 0 0 ) 0 0 A A
MW-0175 08-Apr-93 0 0 0 ) 0 0 [} ° A A
(MW -0176 26-0c1-89 0 A B
MW-0176 26-0ct-89 0 0 ) 0 0 0 [ 0 A B
MW-0176 | O1-May-90 0 0 0 0 0 0 ° A B
MW-0176 | Ol-Aug-90 0 ° 0 0 0 ) 0 A B
MW-0176 09-Jan-91 0 0 0 0 0 [ 0 A B
(MW-0176 24-Jul-91 (] v 0 0 0 0 242E07| A B
MW-0176 11-0ct-91 0 0 0 0 ° 0 242E06] A B
MW-0176 03-Feb-92 ] 0 [ 16 14 0| 437E07] A B
MW-0176 17-luk92 ] 0 0 0 0.54 ) 0 0 A B
MW-0176 14-0ct-92 0 0 0 0 0 0.89 ) 278E07] A B
MW-0176 11-Jaa-93 0 0 0 ) 0 0 0 0 A B
MW-0176 08-Apr-93 ] 0 0 ) 0 0.60 0 38IE07| A B
MW-0177 26-Jan-90 0 0 0 0 0 0 0 A c
MW0177 27-Ape-950 0 0 ] 0 0 0 ° A C
MW-0177 10-7ul-90 ° 0 0 0 ry] 0 14TE06] A C
MW-0177 | Ol-Aug-91 0 0 0 ] 0 0 0 A c
MW-0177 07-Oct-S1 ] 0 0 0 0.2 0 324E06| A C
MW-0177 29-Jaa-92 0 0 0 0 ° 0 0 A C
MW-0177 24-Tul-92 0 A c
MW-0177 24-Jul-92 0 ° 0 0 0 ) ) 0 A C
MW-0177 140092 0 0 0 0 0 0 0 0 A C
MW-0177 19-Tan-93 0 A c
MW-0177 19-Jan-93 0 ) ) 0 0 0 0 0 A C
MW-0178 17-1a-90 0 0 0 ° 60 0 456E-05| A A
IMW-0178 30-Mar-90 0 0 0 ) 66 0 2.06E-05 A A
[MW-0178 16-5ul-90 0 ) 078 0 91 [ 722E05| A A
MW-0178__| 06.Nov-50 0 0 ) 0 68 ] 454E0S| A A
[MW-0178__| 06-Nov-50 0 (] 0.55 0 35 0 4S4E05| A A
MW-0178 05-Feb-91 0 0 ) 0 71 0 8.89E05| A A
MWO178 | 23-Ape91 0 0 0 76 0| 863E05| A A
MW-0178 23-Apr91 0 0 0 90 ) 363E05| A A
MW0178 | 07-Aug-91 0 0 ° 130 0 148E04] A A
[MW-0178 13-Apr-93 0 0 0 0 0 89 0 251E04] A A
IMW-0179 09-788-90 ) 0 ) 0 ° 0 ) A B
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Table K-6
VOC GSAP Concentrations sp to Third Quarter 1993 Sumpling Period
Location Riskfor | Opershie

D Log Dete 13-DCA LI-DCE | «LI-DCE PCE 1LLI-TCA TCE VC | Pethway Unit | Zome
[MW.0179 | 02-May-90 ] ) 0 0 0 0 0 A B
MW-0179 06-1ul-90 ) 0 0.21 0 0 ] 269E07] A B
'MW-0179 18-0c2.90 0 ) 0 ) 0 0 0 A B
[MW-0179 15-Jan-91 0 ) 0 [} 0.32 0 999E08] A B
MW-0179 | 07-May-91 0 0 0 0 0 0 ) A B
MW-0179 07-Aug-91 0 0 ) 0 25 ) 780E07| A B
MW-0179 13-Ape-93 0 0 0 0 0 ) ) 0 A B
'MW.0180 11-Jan-90 0 0 0 0 0 0 0 A C
MW-0180 | 03-May-90 ) 0 0 ) 0 0 0 A C
MW-0180 | 07-Nov-90 ) ] ] 0 ) 0 0 A C
MW-0180 25 Tan-91 0 ) 0 0 0 0 ) A C
IMW.0180 | 07-Aug-91 0 ) 0 0 59 ) 1.84E06] A C
MW-0181 20-Doc-89 ) ) 0 ) ] ) 0 B C
[MW0181 28-Sep-90 0 0 ) 0 [} 0 0 B C
MW-0181 05-Jan-91 0 ) ) 0 0 ) 0 B C
MW-0181 25-Jul-91 0 ) 0 ) ) 0 ) B c
MW.-0181 28-Jap-93 0 0 0 0 ) 0.63 ) 197607 B c
MW-0182 15-Fob-90 0 0 0 0 34 ) 1.06E06| B A
MW-0182 23-Mar-90 ] ) v ) EX] ) 1.58E06] B A
MW-0182 13-Tul-90 0.12 0 )] 0 31 ) 1.09E-05| B A
MW-0182 09-Nov-90 0 0 0 ] 31 0 968E07| B A
MW.-0182 17-Tan-91 0.1 0 0 0 45 0 1.82E06| B A
IMW-0182 15-Apr-91 042 0 0 0 ry] 0 2.28E06] B A
MW-0182 11-Jul-91 0 ) 0 ) 34 ) 1.12E06] B A
MW.0182 11-Tul-91 0 0 (] 0 3.6 0 1.12E06] B A
MW-0183 13-Feb-90 ) ) ) 0.31 ) 0 ] B B
MW.-0183 22-Mx-90 0 0 ) 0 33 ) 1.03E-06 B B
MW.-0183 19-Tul-90 0 ) 38 0 2 0 S49E-06| B B
IMW-0183 17-0ct-90 0 0 0 0 [ 0 0 B B
MW-0183 17-Ian-91 0 0.42 0 0.24 14 0 710E06] B B
MW.0183 19-Apr-91 ) 0 0 ) 0.68 ) 2.12E07 B B
MW.0183 25-1ul-91 0 B B
MW-0183 25-Jul-91 ) 0 [) ) 0 ) ° B B
MW.-0183 26-Jan-93 0 ) ) ] ) 0 0 0 B B
MW-0184 06-Feb-90 0 ) 0 ) ] 0 0 B C
[MW-0184 22-Mx-90 ) 0 ) 0 ° 0 0 B C
MW.0184 16-7u1-90 0 0 ) 0 2 0 6.24E07] B C
MW.0184 17-0cs-90 0 o 0 0 ) 0 0 B C
MW-0184 28-Jas-91 ] 0 ) 0 0 1.55E07| B C
MW-0184 19-Apr-o1 ) ) ) 0 0 ) B C
MW.-0184 24-Tul-91 ) 0 0 ) ) ) 0 B C
[MW-0185 22-Feb-90 0 0 ] [} 1.1 ) 343E07| H A
MW-0185 12-1un-90 0 ) 0 0 65 ) 2.17E06| H A
MW.0185 18-0ct-90 ) ) 0 ) 32 0 999E07] H A
MW-018S 05-Feb91 0 0 ) 0 3 0 936E07| H A
MW 0185 | 05-May-91 0 ) ] 0 43 0 1.34E06| H A
MW.OI8S 20-Tul-92 0 ) 43 0 ) 23 0 718E07| H A
MW.-0185 13-Apr-93 0 0 2.10 [} 0 EX] 0 222E06] H A
[MW-0186 09-Apr-90 ) ) 0 ) 0 221E06] A A
[MW.0186 11-7un-90 ) 0 0 0 38 ) 140E-05| A A
MW-0186 04-Dec-90 0 0 0 0 29 ) 1.08E-05] A A
MW-0186 04-Dec-90 ) ) 0 0 37 0 1.08E-05| A A
[MW-0186 05-Feb-91 0 0 0 0 24 0 1.27E-05] A A
[MW-0136 | 08-May-91 ) ) 0 0 “ () 2.10E05] A A
MW0136 | 03-Aug-S1 ] 0 0 0 rY) 0 222505 A A
MW-0187 07-Mar-90 0 0 0 0.99 0 ) 0 A C
MW.0187 22-7un-90 0 0 ) 0 ) ) 0 A C
[MW-0187 12-0ct-90 ) ) ) 0 0 0 0 A C
[ MW-0187 04-Feb-91 0 0 0 0 ) ) 112E07] A C
[MW-0187 | 03-May-91 0 0 0 ) 0 0 0 A C
MW.-0187 05-Aug-91 0 ) 0 ) ) 0 0 A C
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Table K-6
VOC GSAP Concentrations sp te Third Quarter 1993 Sampling Period
Location Risk for Operable
m Log Date 13-DCA 11-DCE | ~12DCE e LLLTCA TcE vC | Pethwap Unit | Zeme
[MW.0187 | 23-Ape93 0 0 0 | 0.31999999 0 | 1.60000002 (] 195E06] A C
MW-0188 | 23-Mar-90 0 0 0 0 03 0 200E07 C A
MW-0188 11-Jun-90 0 0 0 0 0.46 0 324E06] C A
[MW-0188 12-0ct-90 0 0 0 0 ) ) 0 C A
'MW-0188 23-Jan-S1 0 0 0 0 9 ) $91E-08 C A
[MW-0188 18- Ape-91 0 0 0 0 0 ) 43E07] C A
[MW-0188 30-Jul-91 0 0 ] 2 2.6 0 8.12E07] € A
MW-0188 15 Jan-93 0 0 ) ) 0 1 0 3.12E07]  C A
[MW-0189 17-Apr-90 0 0 ) 0 0 0 0 C B
MW-0189 21-Jun-90 0 0.37 0 0 ) 0 0 c B
[MW-0189 22-0c1-90 0 0 0 0 ) ) ) C B
[MW-0189 16-Jan-91 0 0 0 0 0 0 1.0SE-07 C B
IMW-0189 29-Jul-91 0 ) ) 0 0 0 ) [§ B
MW-0189 21-Apr-93 0 ) 0 | 8.60000038 ) 30 0 4428051 C B
MW-0190 19-Mar-90 0 ] 0 0 [ 0 1.57E-06] C C
IMW-0190 22-0a-90 ) 0 0 0 0 0 ° C C
[MW-0190 29-Tul-91 ) 0 0 0 0 (] 0 C C
MW-0191 02-Mar-90 0 0 0 0 0 0 0 B A
MW-0191 | 12-Jun-90 0 0 0 0 0 0 o] B A
MW-0191 19-0ct-90 0 0 ) ) 0 ) 919807, B A
MW-0191 15-Jan-91 0 041 0.76 0.23 53 0 263E-06| B A
MW.0191 | 02-May-91 0 0 0 0 ) 0 532E07| B A
'MW-0191 05-Aug-91 0 0 0 0 3.7 ) 3.07E06] B A
MW0191 12-Apr-93 0 0 ) 0.13 0 0.75 ] 8STE07| B A
MW-0192 27-Feb-90 ] 0 0 ) 0 (] 0 B B
MW.-0192 18-Jun-90 0 0 ) 0 ) 0 0 B B
MW-0192 19-0c1-90 ) 0.34 0 ) ) (] 9.19E07] B B
MW.0192 15-1an-91 ) B B
MW-0192 09-Apr-91 0 0 0 ) 0.57 ) 1.78E-07| B B
MW-0192 | 05-Aug-91 0 ) ) ) ) 0 ) B [)
MW-0192 15-Apr-93 0 0 ) 0 0 0 0 0 B B
MW-0193 20-Feb-90 0 0 0 0 0 ) 0 B C
MW.-0193 18-Jun-90 0 ) 0 0 0 0 ) B c
MW-0193 22-0a-90 0 ) 0 0 ) 0 943E07| B C
MW-0193 04-Feb-91 ] B c
MW-0193 | 05-Aug-91 0 ) 0 ° 0 0 6.29E-07 B C
MW-0193 21-Apr-93 0 ) ) 0 ) ) ) ) B c
MW-0194 29-Mar-90 0 0 ° 0 0 0 ] G A
MW-0194 27-Sep-90 0 G A
[MW-0194 12-Dec-90 0 0 0 ) ) 0 0 G A
MW_-0194 24-5an-91 0 ) ) 0 0 0 144E-07] G A
MW-0194 19-Apr-91 ) ) 0 ° ] 0 ) G A
MW-0194 14-Apr-93 ) 0 ) 0.39 ) 8.10 0 6.29E06] G A
MW-0195 28-Mar-90 ) [ 0 0 0 0 0 G B
MW.-0195 15-7un-90 0 0 0 0 0 ) 0 G B
MW-0195 180ct-90 0 0 ] 0 0 0 0 G B
MW-0195 22-Apr-93 0 0 ) 140 0 1.80 0 S24E-06| G B
MW-0196 26-Mar-90 0 ) ) ) 0 0 0 G C
MW-0196 15-7un-90 0 0 ) ) 0 0 o G C
[MW0196 | 18-0a-90 0 0 0 0 0 0 o G C
MW-0196 28-Jul-93 0 07 ) ) 0.98 1.53 0 1.23E-06] G C
MW_-0197 05-Apr-90 0 0 ] 0 ) ) ) A A
@-om 13-Fun-90 0 0 0 0 0 0 ) A A
MW-0197 | 01-Nov-90 0 0 ) 0 0 ) ) A A
[MW-0197 18-Taa-91 ) 13 03 28 6.8 ) 3.09E-06| A A
MW-0197 | O1-May-91 ) A A
, [MW-0197 | 0i-May-91 0 ] 0 ) ) ) 0 A A
{ [MwW-0197 06-Aug-91 0 0 0 0 0 0 0 A A
MW.-0197 13-0c-92 0 0 ) 0 (] 0 ) ] A A
MW-0197 15-Apr-93 ) 0 ) 0.75 0 6.40 ) 6.26E-06, A A
MW0197 | Od-Aug-93 0 ] ) 0 ) 0 ) 0 A A
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Table K-6
VOC GSAP Concentrations up to Third Quarter 1993 Sampling Period
Location Riskfr | Operable
1)) Log Dete 12-DCA 11-DCE | el2DCE PCE LL1-TCA TCE ve Pathweys Unit | Zame
[MW-0198 16-Apr-90 0 0 0 0 0 0 ] A B
'MW.-0198 13-7un-90 0 0 ) 0 ) 0 0 A B
MW-0198 02-Nov-90 0 0 0 0 0 0 0 A B
[MW-0198 18-Jan-91 ) 3.8 0 1.7 1.8 0 5.62E-07 A B
'MW-0198 25-Apr-91 0 ) ] 0 0.6 0 1.87E-07 A B
MW-0198 05-Tul-91 0 ) 0 ) 0 0 0 A B
MW-0198 09-Jul-91 0 ) ) 0.96 0 0 0 A B
MW-0198 15-Apr-93 ] 0 0 0 0 1.30 0 8.26E-07 A B
MW-0199 12-Ape-90 0 0 0 0 0 0 0 A C
MW-0199 14-Jus-90 ) 0 0 0 0 0 ) A C
MW-0199 01-Nov-90 ) 0 0 0 0 0 0 A C
MW-0199 30-Jan-91 0 0 0 0 ) 0 0 A C
MW-0199 09-Aug-91 0 0 0 0 2.5 0 7.80E-07 A C
MW-0199 20-0c1-92 0 0 0 0 ) 0 0 0 A C
MW-0199 15-Apr-93 0 [} [ ] ) 0 0 ) A C
MW-0200 19-Ape-90 0 0 0 0 24 0| 7491E07 B A
MW-0200 28-Jun-90 0.21 ) 0 0 78 ) 4.11E-06 B A
MW-0200 02-Nov-90 0 ) ] 0 4 0 1.25E-06 B A
MW-0200 08-Jan-91 03 ) 0.65 0 8.1 0 4.89E-06 B A
MW.0200 22-Ape91 0.63 ) 0 0 12 0 7.62E-06 B A
MW-0200 | 06-Aug-91 ) 0 0 0 9.5 0 $.21E-06 B A
[MW-0200 10-0ct-91 12 ) 0 0 6.7 ) 6.31E-06 B A
MW-0200 24-Tan-92 0.54 0 ) ] 13 0 7.74E-06 B A
MW-0200 21 ul92 0.78 0 19 0 0 9.1 ] 7.04E-06 B A
MW-0200 19-0ct-92 0.46 0 14 0 0 10 0 7.7SE-06 B A
MW-0200 19-0a-92 0.59 0 3 0 0 93 0 7.75E-06 B A
MW-0200 15-Tan-93 0.36 ) 16 335 0 27 0 1.48E-08 B A
MW-0200 06-Apr-93 0.33 0 10 048 0 7] ) 1.56E-05 B A
MW-0200 | O4-Aug-93 0.32 ) 17.60 0 0 15.80 0 1.95E-05 B A
MW-0201 09-Mar-90 0 0 ) 0 0 0 1.16E07 B B
MW-0201 05-Feb-91 0 0 ] ) 0 0 ] B B
MW-0201 05-Aug-91 (] 0 0 ) 0 ) 0 B B
MW-0201 05-Apr-93 0 0 0 0 0 0.71 0 4.51E07 B B
MW-0202 08-Oct-90 ) 0 ] ) 0 0 0 A A
MW-0202 08-0ct-90 0 0.28 [} 0 ) 0 0 A A
MW-0202 19-0Oct-90 0 ) ) 0 0 0 0 A A
MW-0202 | 02-May-91 0 ) ) 0 ) 0 0 A A
'MW-0203 02-Apr-90 0 0 0 0 13 0 4.3TE-06 A A
MW-0203 02-Ape-90 0 ) 0 0 14 0 4.3TE-06 A A
MW-0203 12-Jun-90 ) 0 0 0 36 0 1.12E-05 A A
'MW-0203 17-0c1-90 ) ) (] 0 21 0 6.55E-06 A A
MW-0203 16-Jan-91 0 [ (] 0 26 0 8.12E-06 A A
[MW-0203 18-Apr-91 0 0 0 0 33 0 200E-05] A A
MW-0203 18-Apr91 ) 0 0 0 64 0 2.00E-05 A A
MW-0203 09-Jul-91 ° 0 0 0 19 0 5.93E-06 A A
MW-0204 06-Ape-90 0 0 0 0 0.39 [} 1.22E-07 A B
MW-0204 19-Jus-90 0 0 0 0 0.79 0 1.53E-06 A B
MW-0204 17-0ct-90 0 ) 0 0 ) ) 0 A B
MW-0204 16-Jan-91 0 0 0 0 16 0 6.11E-07 A B
MW-0204 18-Apr-91 0 ) 0 0 0.38 0 1.19E-07 A B
MW.0204 09-Jul-91 0 0 0 0 0 0 ) A B
MW-0204 24-1ul-92 ) [} 0 (] 0 ] [) ] A B
MW-0204 21-Jaa-93 0 0 0 [} 0 0.65 ) 2.03E-07 A B
MW-0204 04-Aug-93 0 0 0 ) 0 0.51 0 3.23E-07 A B
MW-0205 03-Apr-90 ) 0 ) 0 ) 0 0 0 A C
MW-0205 19-Jun-90 0 0 0 0 19 ) 3.01E-06 A C
MW.0205 17-0c1-90 0 0 ] 0 0 0 ) A C
MW-0205 04-Feb-91 () 0 ) 0 0 ) 2.26E-07 A C
MW-0205 18-Apr-91 0 0 0 0 0 ) 1.I4E06] A C
MW-0208 07-Aug-91 ) 0 0 0 0 0 0 A C
MW-0205 04-Aug-93 0 0 0 ) ) ) ] ) A C
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Table K-6

VOC GSAP Concentrations up te Third Quarter 1993 Sampling Period

Lecation Risk for Operable
11 Lag Date 13-DCA 1,1-DCE «13-DCE PCE LLAI-TCA TCE vC Pathways Usit Zowe
[MW0206 | OI-Feb-90 0 0 0 0 1.5 0 468E07] € A
MW-0206 21-Mar-90 0 0 0 ) 6.3 0 258E06] C A
MW-0206 16-7ul-90 0 0 ] ] 22 0 726E06] C A
MW-0206 26-0ct-90 0 0 0 0 4 0 125E-06 C A
MW-0206 16-Jas-91 0.3 ) 0 0 52 0 2.08E06] C A
MW-0206 16-Jan-91 0.14 o 0 0 53 0 2.08E06]  C A
MW-0206 | 24-Apr91 0 0 0 0 63 0 296E06] C A
MW-0206 | 09-Aug-91 0 ) 0 ] 75 0 2.34E-06] C A
MW-0206 | 06-Feb-92 0.42 0 0 (] 33 0 S88E-06] C A
MW-0206 27-Feb-92 0 c A
MW-0206 10-7ul-92 0.23 0 36 0 ° a7 0 196E-06] C A
MW-0206 21-Jan-93 0 0 2.5 0 ° 31 0 968E07] C A
[MW.0206 | 03-Aug-93 0 ) 143 0 0 2.0 0 252E06] C A
MW-0207 02-Feb-90 0 0 0 0 o 0 0 C B
MW-0207 | 21-Mar-90 0 0 0 ] 0.63 0 778E07]  C B
MW-0207 | 06-Aug-90 0 0 0 0 0.95 0 312E01]  C B
MW-0207 | 06-Aug-90 ] 0 0 0 1 0 3.12E07] C B
MW-0207 25-0c1-90 0 [} 0 0 0.63 0 197E07] € B
MW-0207 22-Tan-91 0 [ 0 ] 0 0 0 C B
MW-0207 2A-Apr-91 0 0 0 ] [ 0 0 C B
IMW-0207 25-Tul-91 ) 0 0 0 0 0 0 C B
MW-0208 30-Jan-90 0 0 ] 0 2 0 377606 C C
MW-0208 | 21-Max-90 ° ] 0 0 26 0 8.12E07| C ¢
MW-0208 16-7ul-90 0 o 0 0 27 ) 101E-06;  C (&
MW-0208 26-0c-90 0 0 0 0 2.8 0 8.74E07| C C
MW-0208 22-Jan-91 ] 0 ] 0 14 ] 43701 C C
MW-0208 25 Apr-91 0 0 0 0 2.2 0 2.5TE06] C C
MW-0208 25-Jul-91 0 0 0 0 23 0 718E07| C C
IMW-0208 | 02-Aug-93 0 ) 0 0 0 1.63 ) 194E06] C c
MW-0209 20-Sep- 90 r 0 0 0 0 125E04] A A
MW-0209 30-Tan-91 0 0 0 ] 2300 ] 763E-04] A A
MW-0209 23-Apr-91 0 ) 0 0 2400 0 86IE04| A A
MW-0209 | 05-Aug-9i 0 0 0 0 3000 ] 936E-04, A A
MW0210 | 06-Jun-90 0 0 0 0 3 ° 192E05] A A
MW-0210 | 04-Sep-90 1.66E-05] A A
MW-0210 | 04-5cp90 0 0.54 ) ) 0.75 0 166E-03] A A
[MW-0210 31-Jan-91 0 (] 0 0 .1 o 224E08| A A
MW-0210 | 02-May-91 0 ] 0 ] 37 0 1.7SE-05| A A
MW-0210 | 02-May-91 0 0.76 0 0 a1 0 1.15E05| A A
MW.0210 | O7-Aug9i 0 0 0 0 76 0 3SIE0S| A A
MW-0210 | 22-Apr-93 ] ) ) 9 0 21 0 9.06E-05| A A
MW-0210 | 06-Aug-93 0.68 0 0 0.64 0 6.85 0 450E05 A A
MW-0211 05-Jun-90 ] 0 0 0 0 0 0 A B
[MW-0211 04-Sep-90 0 0 0 ) ) 0 0 A B
MW-0211 31-Jan-91 0 0 0 0 0.51 0 1.39E06] A B
MW0211 | 02-May-91 ) 0 0 0 1 0 1.23E-06] A B
MW.0211 | 07-Aug-91 0 0 0 ] 0 0 0 A B
MW-0212 | 29-Aug-90 0 0 0.36 0 0 ] 5.10E-06| A A
MW-0212 12-0t-90 0 0 0 0 o 0 0 A A
MW.0212 05-Feb-91 0 0 0 ] 0 0 962E-07] A A
MW-0212 | 22-Ape91 ° 0 0.6 0.87 5.5 0 3.12E08| A A
(MW-0212 07-Ape-93 0 0 0 (] 0 0 ) 34TE06] A A
E_'w-ozts 08-Jun-90 0 0 0 0 0 0 0 A B
MW-0213 04-Sep-90 ) ) 0 0 [ ] ) A B
MW-0213 30-Jan-91 0 ) 0 ] ) 0 1.7AE07| A B
MW-0213 23-Apr91 ] 0 0 ] (] ° 0 A B
[MW-0213 10-Jul-92 ) 0 ) 0 0 0 0 0 A B
MW-0213 |22 5ul-93 0 0 0 0 0 0 0 o A B
MW.0214 | 30-May-90 0.15 0 0 0 74 0 381E-06| B A
[MW-0214 | 31-Aug-90 0 0 ) 0 79 0| 261E08] B A
(MW0214 | 31-Aug-90 ] ] ] ] 3.1 ©| 261E06] B A
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Table K-6
VOC GSAP Concentrations wp to Third Quarter 1993 Sampling Period
Locatien Rikfor | Oparsble

D Log D 1,2-DCA LI.-DCE | e12DCE PCE LLI-TCA TcE vC | Pahwep Uit | Zame
[MW.0214 | 02-Nov-90 0 0 ) 0.34 11 0| 4I16E06| B A
MW-0214 24-Jan-91 0 0 ° 0 6.6 0 331E06] B A
MW0214 | 06-May-91 0 0 0 0 6.8 0 2.12E06] B A
IMW-0214 | 06-May-91 0 0 0.23 ) 6.6 0 112606, B A
MW-0214 19-Jul-91 0.11 0 ) 0 15 0 796E06] B A
IMW-0214 13-0a-92 0.18 0 12 0 0 8 0 288E-06] B A
MW-0214 12-Apr-93 [} 0 1 0.31 0 7.60 0 912E06] B A
MW-0217 | 25-May-90 0 0 0 0 54 0 2.18E05| B A
MW-0217 21-Aug-90 0.85 ] ° 0 21 0 1.0SE05| B A
MW-0217 | OI-Nov-90 ] 0 0 0 38 0 LO9E-05| B A
MW-0217 29-Jaa-91 0.36 0 0 0 32 0 1.24E05 B A
MW-0217 29-Jag-91 0.36 0.49 0.1 ) 25 ) 1.24E05] B A
MW-0217 | 07-May-91 ) ) ) 0 35 0 1.53E-08 B A
MW-0217 10-Jul-91 1.1 0 0.7 [} 50 0 2.34E05| B A
MW-0217 08-0ct-91 0 0 0 0 53 ) 165E-05] B A
MW-0217 08-0ct-91 0 0 0 0 56 0 1.65E05| B A
MW-0217 24-1an-92 ) B A
MW-0217 25-Feb-92 (] 0 ) 0 50 0 267E-05| B A
MW-0217 22-Jul-92 ] B A
MW-0217 20-Aug-92 1.9 ° 37 24 0 57 0 2.50E-05] B A
MW-0217 20-0c1-92 1.1 0 37 22 [} 63 0 294E05] B A
MW-0217 15-1a2-93 ° 0 25 ) 0 ry 0 242E05] B A
(MW-0217 15-Tan-93 0.52 ] 25 0.24 0 38 0 242E05| B A
MW-0217 21-Apc-93 ] 0 17 0 0 33 ) 3.36E05| B A
MW-0217 23-Jul-93 0.21 0 29.10 1.98 0 7540 0 628E05] B A
MW-0218 | 23-May.90 [ ) 0 ) 1.6 0 a99E07| B B
MW-0218 21-Aug-90 0 B B
MW-0218 11-Sep-90 0 ] 0 0 2 0 624E07] B B
'MW-0218 09-Nov-90 0 0 ) ) 13 ) 406E07| B B
MW-0218 14 Jan-91 0 ) 0 0 1.8 ) S62E-071] B B
MW-0218 19-Apr-91 0 0 ) 0 2.8 ) 8.74E07| B B
MW-0218 31-Jul 91 ° 0 0 0 1.2 ) 3.7SE07| B B
MW-0218 14-0ct-91 0 0 0 14 1.6 ) 499E07| B B
MW-0218 30-Jan-92 0 0 0 ) 2.6 0 8.12E07] B B
MW-0218 20-Aug-92 ) 0 28 0 0 14 ) 295E06] B B
MW-0218 20-0ct-92 0 0 3 0 ) 1.5 0 468E07] B B
MW-0218 15-Jan-93 ) 0 s 0 0 23 0 780E07] B B
MW-0218 18-Jan-93 0 B B
MW-0218 21-Apr93 0 0 1.10 0 ) 7 0 445E06] B B
MW-0218 23-Jul-93 ) 0 0.62 0 0 1.5 0 749E07] B B
MW-0218 23-3ul93 ) 0 0.67 [} 0 1.18 0 T49E07| B B
MW-0219 | 22-May-90 0.32 ) ) ) 54 0 1.75E05] B c
MW-0219 17-Aug-90 ) ) 0 0 26 ) 8.12E06| B C
MW-0219 08-Nov-90 0 0 [ 0 26 0 8.12E06] B C
MW-0219 31-Jan-91 0.23 ) ) 0 27 ° 1.04E05| B C
MW-0219 31-Jan91 025 0 0.12 ) 29 0 1.04E-05] B C
MW-0219 | 09-May-91 0 0 0 0 21 ) 65SE-06| B C
MW-0219 31-Jul-91 047 ) 0 0 20 0 725E06] B C
MW-0219 09-0ct-91 0 0 0 0 33 0 1.03E05| B C
MW-0219 30-Tan-92 0 [} ) 0 19 0 S9IE06| B C
MW-0219 22-Jul92 0 B C
[MW-0219 20-Aug-92 0.74 0 57 0.6 ) 9.6 0 6.75E06] B C
MW-0219 20-0c1.92 3.03E06] B C
MW-0219 20.0c1.92 0.29 0 48 0 0 7.3 0 303E-06] B c
MW-0219 15-Tan-93 0 0 1.5 ) 0 55 ) 1.72E06] B C
MW-0219 23-Jul-93 0 ) 641 0 1.02 18 0 1.14E05] B C
MW-0220 | 26-Jul-50 0 0 0 0 0 0| LI4E06| B B
MW-0220 26-Jul-90 0 ) 0.89 0 0 0 L14E06| B B
MW-0220 13-Sep-90 0 0 ° ) 0 0 0 B B
MW-0220 31-Jan91 (] 0 ] 0 54 ) 182E06] B B
MW-0220 19-Ape-91 0 0 0 0 0 ) 0 B B
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Toble K-6
VOC GSAP Concentrations wp to Third Quarter 1993 Sampling Period
Locatien Risk fr | Operable

D Log Date 1,2-DCA 1,1-DCE «1,3-DCE PCE LL1-TCA TCE vC Pathways Uit Zame
[MW-0220 | 05-Aug-91 0 0 0 0 0 0 () B B
MW020 | 04-Aug-93 0 0 0 0 0 0 0 ) B B
MW-0221 13-Nov-90 0 0 0 0 0 0 0 B C
MW-0221 30-Nov-90 0 ] 0 0 0 0 0 B C
MW-0221 30-Tan-91 0 0 0 0 0 0] 708E08] B | C
MW.0221 06-Aug-91 0 0 0 0 0 0 0 B | C
(MW-0221 12-Apr-93 0 0 0 v 0 0 0 0 B C
MW.0222 29-Jua-90 0 0 0 0 0 0| 67407 A A
MW-0222 29-Tun-90 0 0 0 0 0.53 0| 674E07] A A
MW-0222 | 31-Aug-90 0 0 0 0 0 0 0 A A
MW.022 | 09-Nov-90 0 0 (] 0 0 0 0 A A
MW0222 23-Jan-91 0 0 0 0 0 0 0 A A
MW.0222 | 10-May-91 0 0 0 0 25 0 312E06] A A
MW-0222 | 10-May-91 0 0 0 0 26 0 312E06] A A
MW-0222 | 06-Aug-91 0 0 0 0 13 0 161E05] A A
MW-0222 05-Feb-92 0 0 0 0 13 0| 406E07] A A
MW-0222 12-Apr-93 0 0 0.5 0 0 3.70 0 1.14E05| A A
MW022 | 05-Aug93 0 0 3.97 0 0 20.60 0 478E05| A A
MW-0223 27-Jun-90 0 0 0 0 0 0 0 A B
MW0223 | 31-Aug-90 0 0 0 0 ) 0 0 A B
MW-0223 | 08-Nov-90 0 0 0 0 0 0 0 A B
MW-0223 10-Jul-91 0 0 0 0 0 0 0 A B
MW-0223 03-Jul-92 0 0 0 0 0 0 0 ] A B
MW0223 | 05-Aug-93 0 0 0 0 0 0 0 261E05| A B
MW.0224 09-Jul-90 0 0 0 0 3400 () 142603 A A
MW-0224 05-Sep-90 10 0.34 5.1 0 8100 0| 296E03] A A
MW-0224 24-Jan91 0 0 0 0 9300 0 3ITE03| A A
MW-0224 24-Apc-91 0 0 0 0 8200 0 313E03] A A
MW-0224 | 07-Aug91 0 0 ] 0 15000 0| 46803 A A
MW-0224 | 07-Aug91 0 0 0 0 19000 0| 468503 A A
MW-0224 19-Aug-92 0 0 520 0 0 9600 0 3.09E03] A A
MW.0224 19-Aug-92 0 0 570 0 0 9900 0 309E03] A A
MW-0224 13-Apr93 0 0 210 0 0 14000 0 S87E03| A A
MW-0225 03-Jul-90 0 0 0 0 0 0 0 A B
MW-0225 05-Sep-90 0 0 0.54 0 262 0 9.19E05| A B
MW-0225 29-Jan-91 0 0 0.17 0 11 0 SS9E06] A B
MW-0225 24-Apr91 0 0 0 0 29 0| 90SE06] A B
MW-0225 | 07-Aug91 336E05| A B
MW0225 | 07-Aug-91 0 0 0 0 36 (] 336E05| A B
MW-0225 08-Jul-92 0 0 0 0 0 32 0 999E06] A B
MW-0225 | 05-Aug93 0 0 0 0 0 515 0 408E05] A B
MW-0226 10.Sep-90 0 0 0 0 0 0 0 H A
MW-0226 08-0ct-90 0 0 0 ] ] 0 0 H A
MW.0226 15-Jan-91 0 0 0 0 0 0 0 H A
MW-0226 | 22-Ape9l 0 0 0 0 0 0 0 H A
MW-026 22.Jul-92 0 H A
MW.0226 19-Aug-92 0 0 0 0 0 73 ] 296E-06] H A
MW-0226 16-Apr-93 0 0 0 0.29 0 75 0 S6IE06| H A
MW-0227 18-Sep-90 0 0 0 0 0 0 0 H B
MW-0227 09-0ct-90 0 0 0 0 0 0 8.10E07] H B
MW-027 | O4-Feb-91 0 0 0 0 0 [ 708E08] H B
MW-0227 | 01-May-91 0 0 0 0 0.33 ) 1.03E07| H B
MW.0227 09-Jul-92 (] 0 ] 0 0 0 ) 0 H B
MW-0227 28-Jul-93 [] 0 0 0 0 0 (] 0 H B
MW-0228 03-0ct-90 76 21 0 0 1.2 0 243E05| A A
MW-0228 19-0c1-90 17 11 0 0 6.9 0 STSE05| A A
MW-028 | O1.Feb9l 2.9 2 0 0 2.1 0 1.M4E05| A A
MW.0228 | 22-Apr-91 a4 a7 0 0 4 0 181E05] A A
MW-028 | 07-Aug-91 15 19 0 0 50 0| 661E05| A A
MW-0228 28-Jul-92 42 4 0 0.94 0 52 0 1.00604) A A
MW-028 28 Tul92 43 44 0 0.21 0 6.6 0 LOOEO4| A A
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Table K-6
VOC GSAP Concentrations wp to Third Quarter 1993 Sampling Period
Lecation Risk for Operable
D Log Date 1,2-DCA L1-DCE -1,2-DCE PCE LL1-TCA TCE vC Pathways Unit Zome
'MW.0228 16-Ape-93 18 8.80 0.40 0.21 0 14 0 LISE-GA| A A
[MW-0228 05-Aug-93 30.10 2.80 ) ) 0 1.74 ) 1.72E-04 A A
MW-028 | 05-Aug-93 30.5 ] 0 0 0 2.17 0 1.72E-04] A A
MW-0229 26-50p-90 0 0 0 0 0 0 0 A B
MW-0229 04-Jan-91 0 043 ) 0 0.68 0 212601 A B
MW-029 | 13-May-91 0 0 0.42 0 0 0 S38E-07] A B
IMW-0229 | 07-Aug-91 0 0 ) 0 30 0 10TE05| A B
MW-0229 28-Jul-92 ] 0 0 0 0 0.41 0 128E-07] A B
MW-0229 16-Apr-93 0 0 0 0 0 0.46 ] 2926807 A B
MW-0230 18-0ct-90 0 0 0 [} 0 0 ) B E
MW-0230 | 13-Nov-90 (] 0 0 0 0 0 ) B E
MW-0230 | 03-May-91 0 0 0 0 0 0 0 B E
MW-0230 15-1ul-92 0 ° 0 0 ] 0 0 0 B E
MW-0230 16-Apr-93 [} 0 0 0 0 0 0 0 B E
MW-0231 26-Jun-90 0 0 0 0 0.22 0 166E07] B E
MW-0231 05-Sep-90 ] 0 ° 0 1.1 0 343E07] B E
MW-0231 18-Jan-91 0 .1 0 0 0.82 0 256507 B E
MW-0231 | 09-Aug-91 ] ] 0 0 1.7 0 S31E07] B E
MW-0232 21-Jun-90 ° 0 0 0 0 ] [ B E
MW-0232 02-0ct-90 0 0 0 0 0 ] 0 B E
MW-0232 | 03-May-91 0 0 ) 0 0 0 0 B E
MW-0235 | 08-Aug-91 0 0 420 0 2900 [} 144E03| B A
MW-0235 10-0ct-91 (] 0 750 0 2800 0 183E-03] B A
MW-0235 28-Jan-92 0 0 1800 0 9900 0 S39E-03] B A
MW-0235 21-Jul-92 ] 0 0 1800 ] 5500 0| 402E03] B A
MW-0235 21-Apr-93 0 ] 0 2100 0 9500 0 1.22E02] B A
MW-0236 | 08-Aug-91 0 (] 33 ] 2500 0 822E04] B A
MW.0236 10.0ct-91 0 0 47 0 830 0 SO6E04| B A
MW-0236 10-0a-91 ] 0 78 0 1300 0 SO06E-04] B A
MW-0236 06-Feb-92 0 0 210 0 2300 0| 987E04 B A
MW-0236 21-Tul-92 0 0 0 130 ] 900 0 44TE04] B A
MW-0236 21-0c.92 0 0 0 37 0 840 0 381E04] B A
MW-0236 15-Jan-93 0 0 ] 72 0 1100 0 436E04 B A
MW-0236 | 04-Aug-93 [ 0 0 104 0 1120 0 1.02E03] B A
MW-1000 12-Dec-85 0 ] ) 0 0 0 169E-06] B AB
MW-1000 | 07-Mar-86 ] 0 0 0 0 0 0 B AD
MW-1000 03-0c1-86 0 0 .11 0.3 0 2.34E01] B AB
MW-1000 13-Jan-87 ] 0 0 0 0 0 [ B AB
MW-1000 27-Apc-87 0 0 o 0 0.94 0 293E07] B AB
MW-1000 | O1-Aug-87 0 0 ) 0 0.86 0 SB0E07| B AB
MW-1000 08-Oct-87 0 0 0 0 0 0 0 B AB
MW-1000 13-Jan-88 0 ] ) ° 0 0 0 B AB
MW-1000 | 20-Apr-88 ] 0 ) 0 0 0 0 B AB
MW-1000 04-Oct-88 0 0 0 0 0 0 0 B AB
MW-1000 09-Jan-89 (] 0 0 0 0 0 0 B AB |
MW-1000 12-Apr-89 0 ] 0 0 0 0 ] B AB
MW-1000 | 02-Aug-89 0 0 0 0 0 ] 0 B AB
MW-1000 13-0ct-89 0 0 0 0 0 0 ] B AB
MW- 1000 19-Fob-00 0 0 0 0 0 0] 436E07| B AB
'MW-1000 | 03-Aug-90 0 0 0 0 0 0 0 B AB
[MW-1000 23-Jaa-91 0 ] 9 0 0 ) 982E-08)| B AB
MW-1000 | 0%-Apr-91 0 0 0 0 o 0 0 B AB
MW- 1000 15-0a-91 0 [} ) [} 0 ] 0 B AD
. MW-1000 13-7ul-92 (] [] ) 0 0 ] 0 0 B AB
MW-1000 14Jan-93 0 ] 0 ) 0 0 0 0 B AB
: IMW-1000 | 06-Aug-93 0 [] 0 0 0 0 ) 0 B AB
MW-1001 18-Dec-85 0 0 0 0 0 0 644E-05| D B
'MW-1001 O4-Apr-36 0 0 [ 0 0 0 3.74E06] D B
MW-1001 26-Jan-87 0 (] ° 0 0 0 0 D B
MW-1001 | 08-May-87 0 0 0 0 0 0 0 D B
. 'MW-1001 08-Aug-87 0 [) ) ) ) 0 0 D B
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Table K-6
. VOC GSAP Concentrations wp to Third Quarter 1993 Sampling Period
Lecation Risk for Operabie
1)) Lag Dete 1.3-DCA LI-DCE | «12DCE PCE LLI-TCA TCE VC | Pathweps Coit | Zome
[MW-1001 05-0-87 1) 0 0 0 0 ) 0 D B
MW-1001 20-Jan-88 0 0 0 0 0 0 0 D B
MW-1001 ZT-Apr-88 0 ] 0 0 ] 0 0 D B
MW-1001 22-Jul-88 0 0 0 0 0 0 0 D B
IMW-1001 18-0ct-38 0 0 [} 0 0 0 0 D B
MW-1001 17-Jan-89 0 0 0 0 0 0 0 D B
MW-1001 13-Ape-89 0 0 0 0 0 0 0 D B
MW-1001 03-Aug-89 0 0 0 0 0 ) 0 D B
MW-1001 10-0ct-89 0 0 0 0 0 [} 0 D | B
MW-1001 31-Jan-90 o 0 0 0 0 0 0 D | B
MW-1001 25-Jul-90 0 0 0 0 0 ) 0 D B
MW-1001 08-Jan-91 0 0 0 ] 0 0 0 D B |
MW-1001 09-Jul-91 0 0 0 0 0 0 ) D B
MW-1001 06-0c1-92 ) 0 0 0 0 0 0 0 D B
[MW- 1001 07-Apr-93 0 (] 0 0 0 0 0 0 D B
MW-1002 | 07-Nov-85 ] 24 0 0 1 0 343E07, D A
MW-1002 02-Apr-36 0 09 (] 0 0.9 0 S46E07] D A
MW-1002 02-Apc-36 0 i 0 0 0.9 0 S46E07] D A
MW-1002 25-Sep-36 0 33 ) ° 17 ° 1.59E-06] D A
MW-1002 04-Feb-87 ) 0 0 0 ) 0 0 D A
MW-1002 | O4-May-87 0 0 0 0 12 ) 3.7SE07] D A
MW-1002 | 08-Aug-87 0 1.8 0 042 0 ) 0 D A
(MW-1002 | 15-0.87 o 0.98 0 0 03z 0| 48007 D A
MW-1002 21-Ja0-88 0 0.96 0 0 0.39 0 648E-07| D A
MW-1002 27-Ape-38 () 0 0 0 0.31 0 229E07] D A
MW-1002 19-Jul-88 0 0.66 o 0 0.29 o 9.05E-08] D A
MW-1002 [7-0ct-88 0 04 ) 0 0.25 0 730E-08)] D A
MW-1002 13-Jan-89 ] 0.49 0 0 0.46 0 14E07] D A
MW-1002 19-Ape-29 ) 0.16 0 0 0.22 0 687E-08]| D A
MW-1002 24-Jul-89 ° 03 0 0 ) 0 0 D Y
MW-1002 19-Dec-89 ° [ 0 6 0 ) 3.53E07] D A
MW-1002 17-1a0-90 0 0 0 0 ) 0 o D A
MW-1002 10-Ape-90 ) o ) 0 ) 0 0 D A
MW-1002 02-Aug-90 ) 0 0 0 0 0 0 D A
MW-1003 18-Dec-85 ° ) 0 0 ) o 0 D AB
MW-1003 18-Mar-86 0 0 0 0 0 0 727E07] D AB
MW-1003 15-0ct-86 0 0.16 0 0 0 0 332E06] D AB
MW-1003 23-720-87 0 0 ) 0 0 0 0 ) AB
MW-1003 | 08-May-87 0 0 0 0 0 0 0 D AB
MW-1003 08-Aug-37 0 0 0 0 0 0 0 D AB
MW-1003 09-0ct-87 0 ) ° 0 ) ) 0 D AB
MW-1003 20-Jan-88 0 ° 0 0 0 0 o D AB
[MW-1003 27-Apr-88 ) 0 ) o 0 0 ) D AB
MW-1003 22-Jul-38 [} [} 0 0 0 0 0 D AB
'MW-1003 18-0ct.88 ) 0 0 ) 0 0 0 D AB
IMW-1003 17-720-39 ) 0 ) 0 0 0 0 D AB
MW-1003 13-Apr-39 0 0 0 0 0 0 0 D AB
MW-1003 07-Aug-89 0 0 0 0 0 0 0 D AB
MW-1003 10-0ct-89 0 0 0 0 0 0 0 D AB
MW-1003 31-Jan-90 0 0 0 0 0 ° 582E07] D AB
MW.1003 25-Jul-50 ) 0 0 0 0 ) 3.76E06] D AB
MW-1003 08-Jan-91 ) ) ] 0 0 ) 0 D AB
MW-1003 09-Jul-91 0 ) 0 0 o 0 0 D AB
MW-1003 06-01-92 0 0 0 0 0 ° 0 0 D AB
MW-1004 18-Dec 88 ] 120 0 21 14 0 449E06| D A
MW-1004 18-Mar-86 0.7 5 0 3.2 3 0 645E-06) D A
. [MW-1004 29-Sep-86 0 91 0 1.5 23 0 1.2E05] D A
' @1004 29-Sep-86 1.9 100 [ 14 26 0 1.22E-05 D A
MW-1004 26-Tan-87 0 62 0 1.7 i3 0 6.10E-06] D A
IMW-1004 | 08-May-87 0 160 0 0 27 0 843E-06| D A
}ﬁ'w-mm 08-Aug 87 ) 150 ] 0 34 0 749E06] D A
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Table K-6
VOC GSAP Concentrations up to Third Quarter 1993 Sampling Period
Lecation Risk for Operable
1D Log Date 1,2-DCA 1,1-DCE ¢-1,2-DCE PCE 1,L1-TCA TCE yC Pathways Unit Zone
[MW-1004 09-Oct-87 0.19 41 0 0.9 6.2 0. 395E06; D A
MW-1004 09-Oct-87 0.88 40 0 11 7.2 0] 395E06¢ D A
r MW-1004 20-Jan-88 04 23 0 0.6 3.6 0 1.98E-06] D A
MW-1004 27-Apc-88 0 15 i 0 0 32 0 9.99E-07; D T A
MW-1004 27-Apr-88 0.26 16 0 0 24 0 999071 D T A
MW-1004 22-Jul-88 0.25 12 0 0 22 0 1.23E060 D | A
MW-1004 18-Oct-88 0.2 14 0 0 24 0 1.18E-06] D A
MW-1004 17-Jan-89 0.22 7 0 0 13 0 8.80E-07] D A
MW-1004 13-Apr-89 0 0 0.28 0.86 0 268E07] D A
MW-1004 | 02-Aug-89 0 53 0 0 0.74 0 231E07 D A
MW-1004 10-0ct-89 0 4.2 0 0 0.83 0 159E-07] D A
MW-1004 31-Jan-90 0 0 0 043 0 134E07] D A
MW-1004 31-Jan-90 0 0 0 0 0.74 0 1.4E07] D A
MW-1004 09-Apr-30 0 1.3 0 0 0.3 0 9.36E08) D A
MW-1004 25-3ul-50 0 0 0 0 0.36 0 1.73E-06] D A
MW-1004 17-Oct-90 0 0.79 0 0 0 0 0 D A
MW-1004 08-Jan-91 0 0.78 0 0 0.52 0 1.62E07] D A
MW-1004 | 09-May-91 0 0 0 0 0 0 0 D A
MW-1004 09-Jul-91 0 0 0 0 0 0 0 D A
MW-1004 20-Jan-92 0 0 0 0 0 g 9.13E-08] D A
MW-1004 06-0ct-92 0 0 0 0 0 0 0 0 D A
MW-1005 17-Dec-85 5 160 0 16 100 0 4.60E-05] D A
MW-1003 14-Mar-86 9.1 36 0.1 5.6 47 0 364E-05] D A
MW-1005 25-Sep-86 13 110 0.33 76 [ 043 734E05] D A
MW-1005 25-Sep-86 14 110 0.32 80 041 734E-05 D A
MW-1005 09-Jan-87 5.7 100 0.21 2.6 59 0 330E05] D A
MW-1005 09-Jan-87 57 102 0.18 0 s4[ o 3130E-05| D A
MW-1005 16-Apr-87 6 160 0.26 3.3 53 0 298E0S| D A
MW-1005 16-Apr-87 7.9 140 0.37 43 95 0 298E-05] D A
MW-1005 | 31-Jul-87 0 270 0 2.3 77 0 240EVS] D | A
MW-1005 1 31-Jul-87 0 280 0 0 86 0 240E-05] D A
MW-1005 15-Oct-87 3.8 77 0 0 22 0 1..8E-05] D A
MW-1005 15-02-87 5.1 79 0 0 22 0 1.78E-05{ D A
MW.-1005 19-Jan-88 2 51 0 0 15 0 9.11IE-06s! D A
MW-1005 19-Jan-88 22 58 0 0 14 0 9.11E06) D [ A
MW-1005 27-Apr-88 1.4 36 0 0 10 0 6.14E-06] D A
MW-1005 19-Jul-88 1 33 g 5.1 9.7 0 7.36E06) D A
MW-1005 19-Jul-88 2.1 32 0 1.1 9.1 0 7.36E-06] D A
MW.-1005 17-Oct-88 0 32 0 0 9.7 0 343E06] D | A
MW-1005 17-Oct-88 0 33 o 0 11 ] 343806 D A
MW-1005 13-Jan-89 0.64 21 0 0.29 52 0 3.00E-06] D A
MW-1005 20-Apr-39 0.96 14.5 0 0.36 32 0 3.28E06] D A
MW-1005 20-Apr-89 1 13 0 0.27 3.6 0 3.28E06] D A
MW-1005 02-Aug-89 0 3.9 0 0 0.8 9 250E-07] D A
MW-1005 19-Dec-89 0 11 0 0 3 0 9.36E-07] D A
MW-1005 01-Feb-90 0.32 11 0 0 3.1 0 1.66E-06| D A
MW-1005 24-Apr-90 0.37 28 0 0 58 0 261E06] D A
MW-1005 03-Aug-90 0 9.2 0 0 29 0 905E-07| D A
MW-1005 24-0at-90 0.26 6.9 0 0 1.7 0 1.09E-06| D A
MW-1005 25-Jan-91 0 5.1 0 0 1.6 0 499E07] D A
MW-1005 25-Jan-91 0 5.2 0 0 1.8 0 49E07] D A
MW-1005 10-May-91 0.43 7.5 0 0 22 0 1.61E-06) D A
MW-1005 29-Jul-91 0.25 3.5 0 0 1.2 0 9.13E07] D A
MW-1005 24-Jan-92 0 0 0 0 1.5 0 468E07, D A
MW-1005 24-Jan-92 0 6.6 0 2.5 1.9 0 468E-07 D A
MW.-1009 19-Dec-85 0 0 0 0 o 0 0 D A
MW-1009 21-Mar-86 0 0 0 0 0 0 0 D A
MW-1009 03-Feb-87 0 0 0 0 0 0 0 D A
MW.1009 17-Apc-87 0 0 0 0 0 0 0 D A
MW.1009 31-Jul-87 0 0 0 0 ° 0 0 D A
MW-1009 15-Oct-87 0 0 o 0 0 0 2.28E07 D A
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Table K-6
VOC GSAP Concentrations ap to Third Quarter 1993 Sampling Period
Location Rink for Operable
D Log Date 1,2-DCA LI.DCE | «12DCE PCE LLI-TCA TCE VC | Pathways Uit | Zome
[MW-1009 | 18-Jan-88 0 0 0 0 0 0 0! D A
MW-1009 19-Apr-88 0 0 0 0 0 0 0, D A
MW-1009 26-Jul-88 0 0 0 0 0 0 0 D A
MW-1009 12-Oct-88 0 0 0 0 0 0 0 D A
MW-1009 03-Jan-90 ] 0 0 0 0 0 0 D A
MW-1009 | 07-May-91 0 0 0 0 0 0 0 D A
MW-1009 15-Jul-92 0 0 0 0 0 0 0 0 D A
MW-1010 08-Apr-86 0 0 0 0 0 0 Z49E-06] D AB
MW-1010 13-Jan-87 0 0 0 0 0 0 0 D AB
MW-1010 | 04-May-87 0 0 0 0 0 0 0 D AB
MW-1010 31-Jul-87 0 0 0 0 0 0 0 D AB
MW-1010 15-0ct-87 0 0 0 0 0 0 0 D AB
MW-1010 18-Jan-88 0 0 0 0 ] 0 0 D AB
MW-1010 25-Apr-88 0 0 0 0 ] ] 0 D AB
MW-1010 19-Jul-88 0 0 0 0 0 0 0 D AB
MW-1010 12-Oct-88 0 0 0 0 0 0 0 D AB
MW-1010 03-Jan-90 0 0 0 0 0 0 ] D AB
MW-1010 26-0ct-90 [ [ 0 0 0 0 0 D AB
MW-1010 16-0a-91 0 0 0 0 0 0 0 D AB
MW-1010 19-Jan-93 0 0 0 0 0 0 0 0 D AB
MW-1011 05-Nov-85 0 0 0 0 0 0 0 B A
MW-10i1 27-Max-86 0 0 0 0 0 0 1.64E06| B A
MW-1011 06-0c1-86 0 [ 0 0 0 0 2.28E-06] B A
MW-1011 06-Jan-87 0 0 0 0 0 0 0 B A
MW-1011 27-Apr-87 0 [} 0 0 [} 0 0 B A
MW-1011 05-Aug-87 () [ ) 0 0 0 0 B A
MW-1011 22-0ct-87 0 0 0 0.25 0 0 0 B A
MW-1011 25-Tan 88 [ 0 0 0 0 0 0 B A
MW-1011 22-Apr-88 0 0 0 ] 0 0 0 B A
MW-1011 15-Jul-88 0 0 0 0 [ ] ] B A
MW-1011 04-0ct-88 0 0 0 ) 0 0 0 B A
MW_i011 02-Jan-90 0 0 0 0 0 0 0 B A
MW-1012 15-Nov-85 0 0 0 0 0 0 0 F A
MW-1012 | 06-Mar-86 0 0 0 0.2 0 0 0 F A
MW-1012 23Jan-87 0 0 0 0 0 0 0 F A
MW-1012 | 05-May-87 0 [ 0 q 0 0 0 F A
MW-1012 27-Jul-87 0 0 0 0 0 0 0 F A
IMW-1012 26-Oat-§7 ] 0 0 0.28 ] ) 0 F A
MW-1012 21-Tan-88 (] [ 0 ) 0 0 0 F A
MW-1012 20-Apr-88 0 0 0 0 0 ] 0 F A
MW.1012 26-Jul-38 0 0 0 0 0 0 ° F A
MW-1012 17-Oct-88 0 0 0 [ 0 0 0 F A
MW-1012 09-Jan-90 0 0 0 0 0 0 0 F A
MW-1012 26-0c-90 0 (] 0 0 0 0 0 F A
MW-1012 23-0a-91 0 0 0 0 0 0 0 F A
MW-1013 12-Nov-85 0 0 0 0 0 0 0 B A
MW-1013 11-Mar-86 0 0 0 0 [ 0 0 B A
MW-1013 07-Oct-86 0 0 0 [ 0 0| 477805 B A
MW-1013 15-Tan-87 0 0 0 0 0 0 0 B A
IMW-1013 20-Apc-37 0 0 0 0 0 0 0 B A
MW-1013 | 03-Aug-87 0 0 0 0 0 0 0 B A
MW-1013 22-0c-87 0 0 0 0 0 0 0 B A
MW-1013 19-Jan-88 0 0 0 0 0 0 0 B A
MW-1013 22-Apr-88 0 0 0 0 0 0 0 B A
MW-1013 15-Jul-88 0 0 0 0 0 0 0 B A
MW-1013 11-0ct-88 0 0 0 0 0 0 0 B A
MW-1013 18 Jan-89 0 0 ] ] [} 0 0 B A
MW-1013 20-Ape-89 0 0 0 0 0 0 0 B A
MW-1014 14-Nov-85 0 0 0 0 0 0 0 A A
MW.1014 12-Mar-86 0 0 ) 0 0 0 0 A A
MW-1014 16-Jan-87 0 0 0 0 0 0 0 A A
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Table K-6
VOC GSAP Concentrations up to Third Quarter 1993 Sampling Period
Location Risk for | Operable
D Log Date 1,2-DCA 1,1-DCE ¢-1,3-DCE PCE 1,L,1-TCA TCE vC Pathways Unmit Zone
MW-1014 27-Apc-87 0 0 0 0 0 0 0 A A
MW-1014 01-Aug-87 0 0 0 0 0 0 145E07 A A
MW-1014 26-Oct-.87 0 0 0 0 0 0 0 A A
MW-1014 25-Jan-83 0 0 0 0 0 0 0 A A
MW-1014 27-Ape-88 ) ] 0 0 0 0 0 A A
MW-1014 19-Jul-88 0 ) 0 0 ] 0 ) A A
MW-1014 27-0ct-88 0 0 0 0 0 0 0 A A
MW-1014 24-Tan-89 0 ] 0 ) 0 0 0 A A
MW-1014 27-Ape-89 0 ) 0 0 0 0 0 A A
MW-1015 14-Dec-85 0 0 0 0 0 0 2.18E-06 B A
MW-1015 25-Mar-86 0 0 0 0 0 0 0 B A
MW-1015 07-0ct-86 ) 0 0.1 0 ) 0 4.16E06] B A
MW-1015 14-Jan-87 0 0 0 0 0 0 0 B A
MW-1015 04-May-87 ) 0 ) 0 0 ] ) B A
MW-1015 01-Aug-87 0 0 0 ] 0 0 0 B A
MW-1015 17-Oct-87 0 ) ) 0 0 0 0 B A
MW-1015 19-Tan-88 0 0 ) 0 0 0 0 B A
MW-1015 22-Apr-83 ) 0 ) 0 0 0 0 B A
MW-1015 15-7ul-88 0 0 ) 0 0 0 0 B A
MW-1015 11-Oct-88 0 0 ) ] 0 0 0 B A
MW-1015 10-Jan-89 ) 0 ) 0 ] 0 0 B A
MW-1015 06-Apr-89 ) 0 0 ) ) 0 0 B A
MW-1015 31-Jul-89 0 0 ) 0 0 ) 0 B A
MW-1015 16-Dec-89 0 0 0 0 0 0 0 B A
MW-1015 26-1a0-90 ) 0 o 0 0 0 0 B A
, MW-1015 23-Apr-90 0 0 0 0 0 0 0 B A
MW-1015 01-Nov-90 0 0 0 0 0 0 0 B A
MW-1015 28-Jan-91 ] B A
MW-1015 10-May-91 ) 0 0 ) 0 0 ) B A
MW-1015 21-0a-91 0 0 ) 0 0 0 0 B A
MW-1015 21-Jan-92 0 0 ) 0 0 0 o B A
MW-1015 05-0c1-92 0 B A
MW-1015 05-0at-92 0 ) 0 ) ) 0 0 0 B A
MW-1015 30-7ul-93 ) 0 ) ) ) 0 0 0 B A
MW-1016 14-Nov-85 0 0 ) 0 ] 0 0 B A
MW.1016 12-Mx-86 ) 0 0 ) 0 0 0 B A
MW-1016 07-0ct-86 ) 0 0 0 0 0 1.46E-07 B A
MW-1016 16-Jan-87 0 0 ) 0 ) ) 0 B A
MW-1016 07-May-87 ) ) ) ) 0 0 4.3TE07 B A
MW-1016 01-Aug-§7 ) 0 0 ) 0 0 2.28E-07 B A
MW-1016 16-Oct-87 ) v 0 0 0 ) ) B A
MW-1016 12-Jan-88 0 ) 0 ) 0 0 ] B A
MW.1016 26-Ape-88 0 [} ) 0 0 0 0 B A
MW-1016 19 "ui-88 ) 0 0 0 0 ) ) B A
MW.1016 12-0ct-88 ) 0 0 ) ) 0 1.31E06] B A
MW-1016 11-Jan-89 ) 0 0 ) 0 0 1.93E-07 B A
MW-1016 10-Apr-89 ) ) 0 0 0 0 0 B A
MW-1016 26-Jul-89 0 ) 0 0 ) 0 225607 B A
MW.-1016 13-0ct-89 0 0 0 ) 0 0 982E07] B A
MW-1016 26-Jan-90 0 0 0 0 0 0 0 B A
MW-1016 23-Apr-90 0 0 0.2 0 0 ) 2.56E-07 B A
MW-1016 02-Aug-90 ) 0 0 0 ) ] 265E-06] B A
) MW-1016 01-Nov-90 0 0 0 0 0 0 ) B A
. MW-1016 23 Jan91 0 0 ) 0 0 ) 0 B A
' [MW-1016 03-May-91 0 0 0 0 0 0 0 B A
' MW-1016 22-Tul-91 0 ) ) 0 0 0 0 B A
MW.1016 14-0a-91 0 0 0 0 0 0 0 B A
MW-1016 21-7an-92 ) ) 0 0 )} 0 0 B A
' MW-1016 05-0c2-92 ) ) 0 ) 0 0 0 ) B A
‘ MW.-1017 08-Nov-85 0 0 ) 0 0 0 0 C A
' [MW-1017 18-Mar-86 0 0 0 0 ) 0 0 C A
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Table K-6
VOC GSAP Concentrations up to Third Quarter 1993 Sampling Pertod
Location Risk for Opersbie
D Log Date 1,2-DCA 1,1-.DCE <-1,2-DCE PCE LL,1.TCA TCE vC Pathways Umit Zome
'MW-1017 20-Jan-87 0 0 0 0 0 0 0 c . A
MW-.1017 20-Ape-87 0 0 0 0 L] 0 (4] o { A
MW-1017 28-Jul-87 ) [} 0 0 0 0 ) < | A
MW.1017 17.0ct-87 0 0 0 0 0 0 0 C | A
MW-1017 21-Jan-88 0 ] ) 0 o] o ) c | A
MW-1017 20-Apr-88 [] 0 ] o 0 0 ] c_ | A
@-wn 12-Jul-88 0 0 0 0 ) 0 ) c | A
MW-1017 13-0t-88 ] 0 0 0 0| 0 ) C A
MW-1017 09-Jan-90 0 ) 0 0 ) 0 ) T A
MW-1017 10-Apr-90 0 ] ] ¢ 0] ) ) C A
MW-1018 18-Nov-85 0 0 0 0 07| 0 2.18E07] C A
MW-1018 12-Mu-86 ) 0 ] 0 07 ) 15IE07] C A
MW-1018 23-Sep-86 0 0 0 0 094 0 SI9E07] C A
MW-1018 04-Feb-87 ] ) 0 ) ) 0 0 C A
MW-1018 | O1-May-87 0 0 0 0 1.7 0 $31E07] C A
MW-1018 | Od-Aug-87 ) 0 0 ) 14 0 437E07] C A
MW-1018 08-Oct-87 ) 0 0 0 0.57 ) 350E-07] C A
MW-1018 14-Jan-88 ) 0 0 0 0.54 (] 301E07] C A
MW-1018 13-Ape-88 ) 0 0 0 06 0 187E07] C A
MW-1018 23-Jul-88 0 0 0 0 0.58 | 0 3.66E07] C A
MW-1018 20-0ct-88 0 0 0 0 0.56 0 175607 C A
MW-1018 20-0ci-88 ) 0 0 0 0.58 0 17SE07] C A
MW-1018 03-Jan-90 0 ) 0 0 0.64 0 200E-07| C A
MW-1018 06-Apr-90 0 0 0 0 647 0 147E-07| C A
MW-1018 17-Jan-91 0 C A
MW-1018 09-Apr-91 0 ) 0 0 0.66 0 2.06E-07] C A
MW-1018 241292 ) C A
MW.1018 26-Feb-92 0 0 ) ) 0 0 () C A
MW-1018 15-Ap-93 ) ) ) 0 0 ) 0 [} C A
MW-1019 19.Dec-85 ) ) 0 ) 0.5 0 4.73E06] D A
MW-1019 08-Apr-86 ) 0 0.4 0.2 2 ) 189E-06] D A
MW-1019 24-Scp-86 ) 0 0 0 1.6 0 107E04] D A
MW-1019 05-Jan-87 0 ) 0.22 [ 13 ) 913E607] D A
MW-1019 20-Apr-87 0 ) 1.1 0 26 0 263E06] D A
MW-1019 20-Apr-87 0 ) 1.1 0 37 0 263E06] D A
MW-1019 | 07-Aug-87 0 0 12 0.68 r 0 279E-06| D A
MW-1019 21-0ct-87 0.13 0 .1 0.26 .5 0 251E-06] D A
MW-1019 25-7an-83 0 0.1 0.53 0 1.3 0 171E06] D A
MW-1019 25-Tan-88 ) o.11 0.61 0 1.7 0 171E06] D A
MW-1019 22-Apc-38 0 0 0.43 0 1.3 ] T12E06] D A
MW-1019 11-Jul-88 0 0 0.3 0 13 0 1.26E06] D A
[MW-1019 12-0ct-88 0 0 0.55 0 1.1 0 1.52E-06 D A
MW-1019 18-Jan-89 0 ] 05 ) 1.2 ) 1.17E06] D A
MW-1019 19-Apr-89 0 0 0.6 0 1.1 0 143E06] D A
MW-1019 19-Apr-89 0 o 0.64 ) 1.2 0 143E06] D A
IMW-1019 28-Jul-89 0 0 0 0 1.2 0 375E-07] D A
IMW-1019 21-Dec-89 0 0 0.33 0 1.5 ) 1.88E-06] D A
MW-1019 21-Dec-89 0 0 0.87 ) 1.7 0 188E-06] D A
(MW-1019 01-Feb-90 0 ) 1 0 2.1 ) 1.94E06] D A
MW-1019 06-Apc-90 0 0 1.1 0 2.5 0 237E06| D A
MW-1019 | 03-Aug-90 ) 0 0.6 ] 1.3 0 1.1TE06] D A
MW-1019 24-0t-90 0 0 0 0 14 0 431E07] D A
IMW.1019 22-Jan-91 0 ) 0.52 0 1 0 978607 D A
22-Jaa-91 0 0 0.59 0 14 0 978E07| D A
08-Apr-9]. 0 0 0.49 0 26 0 144E06] D A
11-Tul-91 0 0 0.53 ) 1.5 0 1ISE06] D A
-~ 04-Oct-91 0 0 0.32 0 12 ) 784E07| D A
2i-Jan-92 0 ) 0.38 0 1.7 0 274E06| D A
20-Oc1.92 0 ) ) ) ) 0.24 0 780E-08)] D A
20-0c1-92 0 0 [ ) 0 0.25 0 780E-08) D A
18-7an-93 ) ) (] 0 ) 0.54 0 1.69E07| D A
- \usare\da\j_mumwal\wong\TABLEK-6.XLS Page 47 of 60 051194




Table K-6

VOC GSAP Cencentrations wp to Third Quarter 1993 Sampling Period

Location Risks for Operabie
1) Log Dete 12-DCA 1,1-DCE «1,3-DCE PCE LLI-TCA TCE vC Pathways Unit Zone
MW-1019 19-Apr-93 0 0 0 0 0 0.37 0 235607 D A
MW-1019 20-Jul-93 0 0 0 0 0 0.58 ) 3.71E-07 D [ A
MW-1020 08-Nov-85 0 0 0 0 0 0 0 B A
MW-1020 07-Mar-86 0 0 0 0 0 0 0 B A
MW-1020 03-Oct-86 0 0 0.16 0 0 2.05E-07 B A
MW-1020 13-Jan-87 0 0 0 0 0 0 0 B A
MW-1020 30-Ape-87 ) 0 0 0 0.3 0 9.36E-08 B A
MW-1020 01-Aug-87 [ 0 0 0 ) 0 2.28E-07 B A
MW-1020 08-Oc1-87 0 0 [}} 0 0 0 0 B A
MW-1020 13-Jan-88 0 0 0 0 [ [} 0 B A
MW-1020 18-Apc-88 0 0 0 0 0 0 0 B A
MW-1020 15-Jul-88 0 0 0 0.26 0 0 0 B A
MW-1020 18-Jan-89 0 0 0 0 0.32 ) 9.99E-08 B A
MW-1020 10-Apr-89 0 0 0 0 0.23 0 7.18E-08 B A
MW-1020 26-Jul-89 0 0 [} 0 0.31 0 9.68E-08 B A
MW-1020 13-0Oct-89 0 0 0 ° 0 0 1.59E-07 B A
MW-1020 01-Feb-90 0 0 | 0 0 0.43 ) 1.34E-07 B A
MW-1020 06-Apr-90 0 ) 0 0 0 0 0 B A
MW-1020 03-Aug-90 0 0 0 0 [} 0 0 B A
MW-1020 01-Nov-90 0 0 | 0 0 0 0 0 B A
MW.1020 15-Jan-91 0 0 [ 0 0 0 0 0 B A
MW-1020 09-Apr-91 0 0 0 0 0 0 0 B A
MW-1020 19-7ul-91 0 0 ) 0 ) 0 0 B A
MW_1020 150a-91 0 0 0 0 0 0 0 B A
MW-1020 13-Jul-92 0 0 0 0 0 0 0 0 B A
MW.-1020 08-Jan-93 0 0 0 0 0 0 0 ) B A
MW-1021 07-Nov-86 [] ) 2.8 0 57 0 2.17E-05 B A
MW.1021 26-Jan-87 0 0 0 ) 32 0 1.29E-05 B A
'MW-1021 27-Apc87 0 0 56 0 57 0 2.78E-05 B A
MW-1021 03-Aug-87 0 0 27 0 46 0 1.78E-05 B A
MW-1021 27-Oct-87 [1] 0 0.8 0 17 0 6.33E-06 B A
MW-1021 19-Jan-88 0 0 1.3 0 11 0 5.35E-06 B A
MW-1021 21-Ape-88 0 0 12 0 14 0 591E-06 B A
MW-1021 19-Jul-88 0 0 1.8 0 18 0 8.19E-06 B A
MW-1021 11-Oct-88 0 0 14 0 10 0 557E-06 B A
MW-1021 11-0ct-88 0 0 1.5 ) 11 0 $.57E-06 B A
MW-1021 19-Jan-89 0 0 14 0 15 [\} 6.78E-06 B A
MW-1021 10-Apr-89 0 0 1 0 8.5 0 4.58E-06 B A
MW-1021 10-Apr-89 0 0 1.1 0 9.3 0 4.58E-06 B A
MW-1021 25-Jul-89 0 0 2 0 14 ) 7.13E-06 B A
MW-1021 21-Dec-89 0 0 0 0 15 0 1.61E-05 B A
MW.1021 01-Feb-90 [ ) 0.77 0 12 0 5.69E-06 B A
MW-1021 01-Feb-90 0 0 0.84 0 13 0 5.69E-06 B A
MW-1021 A4-Apr-90 0 0 14 ) 18 0 7.68E-06 B A
MW-1021 02-Aug-90 0 0 14 0 17 0 7.85E-06 B A
IMW-1021 23-0ct-90 0 0 13 0 13 0 5.72E-06 B A
MW-1021 25-Jan-91 0 0 0.39 0 14 0 2.94E-06 B A
MW-1021 25-Jaa-91 0 0 0.41 0 10 0 2.94E-06 B A
MW.1021 26-Apr-91 0 0 0.59 ) 12 0 4.50E-06 B A
MW.1021 01-Aug-91 0 0 0 0 11 0 3.43E-06 B A
MW-1021 18-0t-91 0 0 [} 0 6.7 0 2.09E-06 B A
MW-1021 18-0ct-91 0 0 0 0 71 0 2.09E-06 B A
IMW_-1021 16-J1an-92 0 0 0.42 0 11 0 4.719E-06 B A
MW-1021 14 Jul-92 0 0 2.5 0.45 0 9.3 0 3.48E-06 B A
MW-1021 21-Jan-93 ) 0 0 0 0 33 0 1.03E-06 B A
MW-1021 20-Apr-93 [J 0 1.90 [ 0 6.20 0 6.34E-06 B A
MW-1021 28 Jul 93 0 0 2.84 0 0.65 9.99 0 6.73E-06 B A
MW.1022 07-Nov-86 0 [} 0.54 0 13 0 $.40E-06 B B
MW.1022 23-Jas-87 0 0 0.57 0 0 0 2.13E-05 B B
MW.1022 27-Apc-87 0 0 1 0 20 0 7.65E-06 B B
MW.-1022 03-Aug-87 0 0 0.77 0 21 0 7.34E-06 B B
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Tabie K-6
VOC GSAP Concentrations up te Third Quarter 1993 Sampling Period
Location Risk for Opersble
D Leog Date 1,2-DCA 1,1-DCE «1,2-DCE PCE LL1-TCA CE vC Pathways Unmit Zone
MW-1022 20-Oct-87 0 ) . 0 0 9.4 0 2.93E.06 B B
MW-1022 19-Tan-88 0 ) 0.36 0 48 ° 2.12E06] B B
MW-1022 21-Apc-88 0 0 0.56 0 12 0 446E06] B B
[MW-1022 19-Jul-88 0 0 ] 0 6.1 ) 1.90E-06 B B
MW-1022 19-Jul-88 0 0 0.63 0 9.7 0 190E06] B B
[MW-1022 21-0c1-88 ) 0 0.61 0 10 ) 3.94E-06 B B
IMW-1022 21-Oct-88 0 0 0.64 ) 10 0 3.94E-06 B B
MW-1022 19-Jan-89 0 ) 08 0 10 0 416E06| B B
MW-1022 19-1an-89 0 ] 0.81 0 9.1 0 416E06] B B
MW-1022 10-Ape-89 0 0 0.5 0 52 0 266E06] B B
MW-1022 25-Jul-89 ) ) 1.2 0 38 0 44E0S| B B
MW-1022 03-Ja-90 ) 0 031 0 57 0 2.18E06] B B
[MW-1022 01-Fob-90 ) 0 0 59 0 1.84E-06 B B
MW-1022 23-Ape-90 ] 0 0.78 0 12 ) 490E06] B B
MW-1022 | 02-Aug-90 0 ) 0.92 0 16 0 6.17E06] B B
MW-1022 23-0ct.90 ) ) .1 0 1t 0 484E06] B B
MW-1022 25-Jan-91 0 ° 0.44 ) 94 0 368E06] B B
MW-1022 26-Apr-91 0 0 0.48 0 12 0 436E06] B B |
MW.1022 | O1-Aug91 0 ) 0.27 0 9.8 0 340E06] B B
MW-1022 18-0ct-91 ) 0 0 0 72 0 225E06] B B
MW-1022 21-J20-92 ) ) 0.36 ) 13 0 SSAE06| B B
MW-1022 14192 0 0 1.1 049 0 10 0 3.75E06] B B
MW-1022 08-Oct.92 ) 0 .8 0.51 0 73 0 298E06] B B
MW-1022 08-0ct-92 0 0 F] 0.52 0 74 ) 298E06] B B
MW-1022 21-Jan-93 0 0 0 0 ) 85 0 165E06] B B
MW-1022 28-Jul-93 0 [} 0.60 ° 0 9.27 0 649E06| B B
MW-1023 04-Nov-86 0 0 0 0 0 0 ) B A
MW-1023 19-Jan-87 0 0 ) 0 0 0 0 B A
MW-1023 15-Ape-87 0 0 ) 0 0 0 ° B A
MW-1023 11-Aug-87 0 0 0 0 ] 0 0 B A
MW-1023 22-0ct-87 0 0 0 0 ) 0 0 B A
MW-1023 13-Jan-88 ) 0 0 0 0 ° ) B A
MW-1023 15-Apc-88 0 0 ) 0 ) 0 0 B A
MW-1023 08-Jul-88 ) ) 0 0 0 ) ) B A
MW-1023 05-Oct-88 0 0 0 o 0 ) 0 B A
MW-1023 11-1an-89 0 0 0 0 0 0 0 B A
MW-1023 07-Apr-89 0 0 0 0 0 0 0 B A
MW-1023 03-Aug-89 0 0 0 0 ) 0 0 B A
[MW-1023 22-Dec-89 ) 0 0 ) ° ) 2.28E-07 B A
MW-1023 18-128-90 0 ) 0 ) 0 ° B A
MW-1023 20-Apr-90 ) ) ) 0 ) 0 0 B A
MW-1023 11-0ct-90 0 0 ) 0 F) ° 0 B A
MW-1023 07-Jan-91 ) B A
MW-1023 19-Jul-91 0 0 0 0 0 ) 1.4E07| B A
MW-1023 17-0ct-91 ) 0 0 0 0 0 0 B A
MW-1023 14-Jan-92 0 0 ) 0 0 0 ° B A
MW-1023 05-0c-92 0 ) 0 ) 0 0 0 0 B A
MW.1024 | O+Nov-86 0 0 0 0 0 0 ) B A
MW-1024 19-Jan-87 (] (] 0 0 0 ) [} B A
MW-1024 15-Apr-87 0 0 ) 0 0 0 ) B A
MW 1024 11-Aug-87 ) 0 0 0 0 0 0 B A
MW-1024 15-0ct-87 0 ] 0 ) 0 0 ) B A
MW-1024 12-Jan-88 0 ) 0 0 0 0 0 B A
(MW-104 15-Apr-88 0 0 0 0 0 0 ) B A
M_W_:IOM 08-Jul-38 0 0 0 0 0 0 0 B A
MW-1024 05-Oct-88 ) ) 0 0 ) ) 0 B A
IMW-1024 10-Tan-89 0 0 0 ) 0 ) ) B A
MW-10
MW-1024 07-Apr-89 0 ) 0 0 0 0 o B A
MW 1024 21-ui-89 0 0 0 0 0 0 0 B A
MW-1024 12-Oct-89 0 0 ) 0 ) ° 0 B A
MW-1024 18-Jaa-90 0 ) 0 0.54 0 0 0 B A
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Table K-6
VOC GSAP Coacentrations up to Third Quarter 1993 Sampling Period

Location Riskfor | Operable
ID Log Daie 1,2-DCA 1,1-DCE «1,2-DCE PCE LLI-TCA TCE vC Pathways Unmit Zome
'MW-1024 19-Apr-90 0 0 0 0 0 0 0 B A
(MW-1024 03-Aug90 0 0 0 0 ] 0 0 B A
MW-1024 11-0ct-90 0 ) 0 0 0 0 )} B A
MW-1024 07-Jan-91 0 ) 0 0 0 0 141E07] B A
MW-1024 01-Feb-91 0 B A
MW-1024 19-Jul-91 0 0 0 0 0 0 0 B A
MW-1024 04-Oct-91 0 0 0 0 0 0 0 B A
MW-1024 17-Jan-92 ] 0 0 ) 0 0 0 B A
MW-1024 14-Jul-92 0 0 ) ° ) ) 0 0 B A
MW-1024 18-7an-93 ) 0 ] 0 0 ) 0 ) B A
MW-1025 03-Nov-86 0 0 0 0 ) ] ) B B
MW-1025 19-Jan-87 0 0 ) 0 0 0 ) B B
MW-1025 15-Ape-87 ) 0 0 0 0 0 0 B B
MW-1025 T1-Aug-87 ] 0 ) 0 0 0 0 B B
MW-1025 15-Oct-87 ) 0 0 0 0 ] 0 B B
MW-1025 12-Jan-88 (] 0 0 0 0 0 ) B B
MW-1025 15-Apc-88 ] 0 0 0 [} 0 0 B B
MW-1025 08-Jul-§8 [} 0 0 0 0 ] [ B B
MW-1025 05-Oct-88 0 0 0 ° o 0 0 B B
MW-1025 10-Jan-89 [} 0 [} ) 0 0 0 B B
MW-1025 07-Ape-89 ] 0 0 0 0 0 0 B B
MW-1025 21-Jul-89 0 ) ) 0 ) 0 ] B B
MW-1025 12-0c1-39 0 0 ) 042 0 0 0 B B
MW-1025 18-Jan-90 0 ) ] 0.47 ) 0 ) B B
MW-1025 19-Apr-90 ) 0 ) 0 ] 0 0 B B
MW-1025 03-Aug-90 0 0 ) [} ) 0 0 B B
MW-1025 11-0ct-90 0 ) ) ) 0 0 0 B B
MW-1025 07-Jan-91 0 B B
MW-1025 | 07-May-91 0 0 0 ) 0 0 0 B B
MW.1025 19-Tul-91 0 ° 0 0 0 0 0 B B
MW-1025 04-0ct-91 0 0 0 0 0 0 ) B B
MW.1025 14-Jan-92 0 0 0 0 0 0 ] B B
MW-1025 14-Jui-92 0 0 0 ) 0 0 ] 0 B B
MW-1025 05-0ct-92 0 0 ) 0 0 ° 0 0 B B
[MW-1025 13-Jan-93 0 0 0 0 0 0 ) 0 B B
MW-1026 05-Nov-86 ] 0 0 ] 0 0 0 D A
MW-1026 14-Jan-87 0 0 ) ) 0 0 ) D A
MW-1026 17-Ape-87 0 ) 0 0 0 0 332E07| D A
MW-1026 05-Aug-87 0 0 0 ° ) 0 [ D A
MW-1026 14-Oct-87 0 0 ° 0 0 ] ) D A
MW-1026 15-JTan-88 0 0 (] 0 0 0 0 D A
MW-1026 18-Apx-88 0 0 (] 0 0 0 0 D A
MW-1026 13-Tul-88 0 0 ] [] (] 0 0 D A
MW-1026 10-0Oct-88 0 ° 0 ) 0 0 0 D A
MW-1026 04-Jan-90 0 ) 0 0 0 0 0 D A
MW-1026 18-0a2-90 0 ) 0 0 ) ] 0 D A
MW-1026 22-0a-91 0 ) 0.54 0 8.1 0 3.22E06] D A
MW-1026 24-lul-92 0 ) 0 1.3 0 5.7 0 344E06] D A
MW-1026 21-Jan-93 [) ) ] 0 0 0.34 ] 1.06E07| D A
MW-1027 25-Nov-86 0 0 0 ) 0 0 400E06] D B
(MW-1027 14-Tan-87 ) 0 0 ) ) 0 ) D B
(MW-1027 17-Ape-87 ) ° ) 0 ) ) ) D B
MW-1027 | 05-Aug-37 ) 0 0 0 0 0 0 D B
MW 14-0ct.87 0 0 0 0 0 ] 0 D B
15Taa-88 0 ) 0 0 ) 0 (] D B

18-Ape-83 0 ) 0 ] 0 0 ] D B

13-Jul-83 0 ) 0 0 0 0 ) D B

10-0ct-38 0 0 0 (] 0 0 0 D B

13-Nov-89 0 0 0 03 ) 0 ] D B

18-0a-90 (] ) 0 ) 0 0 ) D B

23091 0 0 0 ) ) 0 [ D B
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Table K-6
VOC GSAP Concentrations sp 10 Third Quarter 1993 Sampling Pertod
Locstion Rk for | Operabie
D Log Date 1,2-DCA 1,1-DCE «-1.2-DCE PCE LL1.TCA TCE vc Pathways Unmit Zome

[MW-1027 21-Jan-93 0 0 0 0 0 0 0 0 D B
MW-1028__| 07-Aug-87 0 0 0 0 0 0] &3E08) D | B
MW-1028 14-0ct-87 0 0 0 ) 0 o 0 D B
IMW-1028 15-Jan-88 0 0 0 o 0 0 ) D B
MW-1028 18-Apr-88 0 0 0 0 0 ) ) D B
MW-1028 13-Tul-88 ) ) 0 0 0 0 ° D B
MW-1028 16-Oct-88 0 0 0 0 0 0 0 D B
MW-1028 04-Jan-90 0 0 0 ) 0 0 0 [5) B
MW-1028 18-0ct-90 0 0 0 0 0 0 0 D B
'MW-1028 24-0ct-91 0 0 0 0 ) 0 0 D B
MW-1028 15-1a0-92 0 0 0 0 0 0 0 D B
MW-1028 15-Jul-92 0 0 0 0 0 ) ° ) D B
MW-1028 21-Jan-93 ° [ 0 a 0 0 ) 0 D B
MW-1029 11-Nov-86 ) 0.17 0 0 11 0 J4E0T D | A
MW-1029 11-Nov-86 ) 0.19 ) 0 1 0 343E07| D A
MW-1029 08-Jan-87 0 0 0 0 078 0 243807, D | A
MW-1029 08-Jan-87 0 0 0 ° 0.85 0 143807] D A
MW-1029 29-Apr-87 0 ) 0 ] 3 0| 936E07 D A
MW-1029 | 07-Aug-87 0 0 0 0 a3 0 143E06] D A
MW-1029 12-0ct-87 ° ) ) 0 1.4 0] 967E07] D A
MW-1029 12087 0 ) ) ) 1.8 0| 96/E0T] D A
MW-1029 18-Jan-88 0 0 0 0 1.7 ° 862E07| D A
MW-1029 14-Apr-88 0 0.1 0 0 18 0| 7.34E07, D A
MW-1029 03-0ct-88 )} 0 0 0.61 19 0 S93E07] D A
MW-1029 16-0ct-89 o1 0 0 0 ) 0 154E06] D A
MW-1029 09-Apr-90 0 0 0 0 a1 ) 186E06] D A
MW-1029 09-Apr-90 0 0 0 0 46 0 186E-06) D A
MW-1029 23-0a-90 0 0 0 ) 27 ) S43E07] D A
MW-1029 05-Apr-91 0 0 0 0 1.8 0 562E07] D A
'MW-1029 27-Tan-92 ) 0 0 0.68 38 ) 226E-06] D A
MW-1030 08-Jan-87 0 0 0 0 0 0 0 D B
MW-1030 29-Apr-87 0 0 0 0 0 0 0 D B
MW-1030 | O7-Aug-87 0 ) 0 0 0 ° 339E07] D B
MW-1030 12-0ct-87 0 0 ° 0 ) 0 0 D B
MW-1030 7-Jan-88 0 0 0 0 ) 0 0 D B
MW-1030 14-Apr-88 0 o 0 ) 0 ] ) 5) B
MW-1030 16-0c1-89 ) 0 0 0 0 0 0 D B
MW-1030 23090 ° 0 0 0 0 0 ) D B
MW-1030 05-Apr-91 [} 0 [} 0 0 0 ) D B
MW-1030 15-Jan-92 0 0 0 0 0 ) 102E07] D B
IMW-1031 18-Nov-80 0 0 0 0 0 ) 0 D B
MW-1031 08 Jan-87 0 0 0 ° 0 0 ) D B
MW-1031 29-Apr-87 o ) ) 0 0 ) 0 D B
MW-1031 10-Aug-87 0 ) 0 ) 0 0 ° D B
MW-1031 12-0a-87 ] 0 0 ) 0 0 ° D B
MW-1031 17-Ian-88 [} 0 0 0 0 0 ° D B
MW-1031 14-Apr-88 0 [ 0 0 0 0 0 D B
[MW-1031 04-Oct-88 0 [ 0 0 0 ] 0 D B
MW-1031 16-0c-89 0 0 0 0 ) 0 0 D B
IMW.1031 23-0ct.90 ] 0 0 0 0 0 0 D B
[MW-1031 17-0-91 ] (] 0 0 0 0 0 D B
MW-1032 19-Nov-86 0 0 0 0 0 0 0 ] B
MW.1032 13-Ian-87 0 0 0 0 0 0 o] C B
[MW.1032 | O1-May-87 (] 0 0 ] 0 0 0 C B
IMW-1032 | Od-Aug-87 (] 0 0 0 0 0 1.89E07 C B
MW.1032 09-0ct-87 0 ) 0 0 0 01 996E08] C B

. [MW.i032 14-Jan-88 0 0 0 ] 0 0 0 c B

- [MW-1032 13-Apr-88 0 0 0 0 ) 0 0 c B
MW.1032 14-Jul-88 0 0 0 0 ) ) 0 C B
MW.1032 20-0ct-58 0 0 0 0 ) 0 0 c B
MW.1032 03-Ja8-90 0 0 0 ] ) 0 ) C B

§'users\dayj_pumwalwng (T ABLEK-6.XLS Page S1 o 60 051154




Tabie K-6
VOC GSAP Concentrations up to Third Quarter 1993 Sampling Period
Location Risk for | Operabie
D Leg Date 12-DCA LI-DCE | e12-DCE PCE LLI-TCA TCE vC Pathways Cuit | Zeme
[MW-1032 10-Apr-90 0 0 0 0 0 0 0, C B
[MW-1032 29-Jaa-91 ol ¢ B
MW-1032 13-May-91 0 0 ) 0 ) 0 0 c | B
MW-1032 17-Jan-92 ) 0 ] 0 0 0 ) C B
MW-1022 17-7ul-92 0 ] 0 0 0 0 0 1.58E-06 c | B
MW-1033 08-Jan-87 0 0 0 0 0 0 0 B | A
MW-1033 28-Apr-87 0 0 ) 0 0 0 0 B . A
MW-1033 10-Aug-87 0 0 0 0 0 0 0 B | A
MW-1033 13-Oct-87 0 0 0 0 0 0 0 B A
MW-1033 12-7an-88 0 0 ) ) 0 0 ) B A
MW-1033 15-Apr-88 0 0 0 0 0 0 0 B A
MW-1033 13-Jul-88 0 0 ) 0 0 0 0 B A
MW-1033 14-Oct-88 ) 0 0 [} 0 0 ) B A
MW-1034 08-Jan-87 0 0 0 0 0 ) ) B AB
MW-1034 28-Ape-87 0 ] ) 0 0 0 0 B AB
MW-1034 10-Aug-87 ) 0 0 0 0 ) 0 B AB
MW-1034 13-Oct-87 ) 0 02 0 ) 0 2.56E-07 B AB
MW-1034 12-Jan-88 ) ) ) ) 0 0 0 B AB
MW-1034 15-Apr-88 0 ) 0 0 0 0 0 B AB
MW-1034 13-Jul-88 0 0 0 0 0 ) 0 B AB
MW-1034 14-0ct-88 [} 0 ) 0 0 0 0 B AB
MW-1034 04-Jaz-90 0 0 ) 0 0 0 0 B AB
MW-1034 20-Apr-90 ) 0 0.28 0 ] 0 3.59E-07 B AB
MW-1034 26-Ape-91 0 ] 0 0 0 0 0 B AB
MW.1035 08-Jan-87 0 0 0 0 ] 0 ) B B
MW-1035 28 Apr-87 0 [ 0 0 ] 0 0 B B
MW-1035 10-Aug-87 ) ) 0 ) 0 0 0 B B
MW-1035 13-0ct-87 0 0 0 0 0 ) 0 B B
MW-1035 12-Jan-88 0 ) 0 0 0 ) 0 B B
MW-1035 15-Apr-88 0 0 0 0 0 0 0 B B
MW-1035 13-Jul-88 0 0 ()] 0 ° ) 0 B B
IMW-1035 14-01-88 0 0 ) 0 ] 0 0 B B
MW-1035 13-Oct-89 ] [} 0 0 0 0 ) B B
MW-1035 09-Apr-90 0 0 ] 0 ] 0 0 B B
MW-1035 26-Apr91 0 0 0 0 0 0 0 B B
MW-1035 28-Jul-92 ) 0 0 ) 0 0 ) 0 B B
MW-1036 19-Nov-86 ] 0 ) 0 0.86 0 4.67E-07 C A
MW-1036 16-Jan-87 ) ) 0 0 0.63 ) 1.97E-07 C A
MW-1036 23-Apr-87 ) ) ) 0 1.2 0 3.75E07] C A
MW-1036 06-Aug-87 0 0 0 0 0 0 0 c A
MW-1036 21-0ct-87 0.12 0 0 0 0.55 ) 6.20E-07 C A
MW-1036 21-0c-87 0.14 0 ) 0 0.51 0 6.20E-07 C A
'MW-1036 14-Jas-88 ) 0 0 0 0.25 0 9.99E-08 C A
MW-1036 14-Jan-88 ) [ 0 0 0.32 ) 9.99E-08 C A
MW-1036 22-Ape-88 ) 0 ) 0 04 ] 1.25E-07 C A
MW-1036 22-Jul-88 0 0 0 0 0.36 0 1.12E-07 c A
MW-1036 05-Jan-90 0 ) ) 0 0 ) ) C A
MW-1036 06-Ape-90 0 ) 0 ] ] 0 0 C A
MW-1036 02-May-91 0 ) ) 0 0 0 0 C A
MW-1037 31-0c1-86 0 0 ) 0 0 0 o A A
MW-1037 15-Taa-87 0 ) ) 0 0 0 0 A A
[MW-1037 07-May-87 ) ) ) 0 0 0 0 A A
[MW-1037 12-Aug-87 0 0 0 ) ) ) ) A A
MW_1037 13-Oct-87 0 0 0 0 0 ) 0 A A
MW-1037 | i5Tsat8 0 0 0 0 6] 0 0] A | A
MW-1037 18-Ape-88 0 0 ) 0 ) 0 ) A A
(MW-1037 14-Jul-88 0 0 0 0 0 0 0 A A
MW-1037 06-Oct-38 0 0 ) 0 0 0 ) A A
MW-1037 | 11-aa-89 0 0 0 0 0 0 0| A A
MW.1037 05-Apr-89 0 0 0 ) 0 0 ) A A
[MW-1037 12-Jul-89 0 0 0 0 0 0 0 A A
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Table K-6
. VOC GSAP Cancentrations up to Third Quarter 1993 Sampling Period
Lecatien Risk for Operahie
1) Leg Dae 12-DCA LI-DCE | e12-BCE PCE LLI-TCA TcE VC | Pathways Unit | Zome

'MW.1037 22-Dec-89 ) 0 0 0 ] 0 2.70E07| A | A
[ MW-1037 19-1a0-90 0 0 0 0 0 0 0 A A
MW-1037 31-Jul-%0 0 0 0 0 0 0 0 A T A
MW.-1037 01-May-91 0 0 0 0 0 0 0 A | A
MW-1037 14-0ct-91 0 0 0 0 0 0 0 A A
MW-1037 Z1-uk92 0 0 0 0 0 0 ) 0 A A
MW-1037 20-Tan-93 0 0 0 0 0 0 ) 0 A A
MW-1037 30-Jul-93 0 ] [} 0 ) ) ° 0 A A
MW-1038 20-Nov-86 [ 0 0 [} 14 0 1.07E06] A B
[MW-1038 15-Tan-87 ) 0 0 0 0 0 0 A B
'MW-1038 30-Ape-87 0 0 0 0 0 0 0 A B
MW-1038 04-Aug-87 0 0 0 0 0 0 0 A B
MW-1038 13-0c-87 ) ) ) ) 0 0 0 A B
MW-1038 15-Jan-88 o ) 0 [} 0 ) 0 A B
MW-1038 18-Apr-88 ° ) 0 0 0 0 0 A B
MW-1038 14-Jul-88 0 0 ° 0 0 o 0 A B
MW-1038 06-0ct-88 0 [} 0 ) 0 0 0 A B
MW-1038 11-Jan-89 ) 0 0 0 0 ) 0 A B
MW-1038 05-Apr-89 ) 0 0 0 0 0 0 A B
MW-1038 12-Jul-89 0 [} 0 0 0 0 0 A B
MW-1038 11-0ct-89 0 0 ) ) 0 0 ° A B
MW-1038 19-Jan-90 0 0 0 o 0 0 0 A B
MW-1038 31-Jul-90 ) 0 [} 0 0 [} ) A B
MW-1038 | 01-May-91 0 0 0 ) 0 ) 0 A B
. MW-1038 14-0ct-91 ] ° 0 ) 0 o a A B
'MW-1038 20-Jan-93 0 [} 0 0 0 ) 0 ) A B
MW-1039 20-Nov-86 0 ) 0 ) 0 ) ‘. A C
MW-1039 15-7an-87 0 0 0 ) 0 0 ) A C
MW-1039 30-Apr-87 ) [} 0 0 0 o 0 A C
MW-1039 03-Aug-87 0 0 0 0 0 0 0 A C
MW-1039 13-Oct-87 ] ) 0 0 0 0 0 A C
MW-1039 27-Jan-88 0 0.75 0 0 0 C 0 A C
MW-1039 18-Apr-88 0 [} ) ) 0 0 0 N C
[MW-1039 14-Jul-88 0 0 0 0 0 0 0 A C
} MW-1039 06-Oct-88 0 ) 0 0 0 0 0 A C
MW-1039 11-Jan-89 ° 0 ) 0 0 0 0 A C
[MW-1039 05-Apr-89 0 0 0 0 0 0 0 A C
MW-1039 12-Jul-89 0 ) 0 0 0 0 0 A c
MW-1039 21-Dec-89 0 [} 0 0 0 ° ) A C
MW-1039 19-7an-90 0 0 0 0 ° 0 A C
MW-1039 31-Jul-90 ) ) 0 0 0 0 o A C
MW-1039 | 01-May-91 0 ) 0 0 0 0 0 A C
MW-1039 14-Oct-91 0 0 0 ) 0 o 0 A c
MW-1039 20-73a-93 ] ) 0 0 0 ° 0 0 A C
MW-1040 17-Nov-86 ] 0 0 0 0 ) 0 G C
MW-1040 21-Jan-87 0 0 ) 0 0 0 ) G C
MW-1040 | 05-May-87 0 0 0 0 0 0 0 G C
MW. 1040 27-Jul-87 ] 0 0 ) 0 ° [} G C
MW-1040 20-0ct-87 ) ) ) 0 0 ° ) G C
20-Jan-48 0 0 0 0 ) 0 0 G C

25-Ape-88 0 0 0 0 0 0 ] G c

20-Jul-88 0 ) 0 0 0 0 0 G C

17-0ct-88 0 0 0 0 ) 0 0 G C

16-Dec-89 0 0 ° 0 0 ) 0 G C

24-0ct-90 0 0 0 0 0 0 1.22E07] G C

220491 0 ) 0 0 0 0 ] G c

14-Nov-36 0 0 0 0 1 0 499E06] D A

14-Nov-86 ) ) ) 0 16 0 499E-06f D A

22-Taa-87 0 0 0 [} 0 0 ] D A

06-May-37 ) 0 0 0 0 0 0 D A

06-Aug-87 ) 0 0 0 ) ) 0 D A
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Table K-6

VOC GSAP Coucentrations up to Third Quarter 1993 Sampling Period

Lecation Risk for Oparable

13] Log Daie 1.2-DCA 1.1-DCE ¢-1,3-DCE PCE LLI-TCA TCE vC Pathways Unmit Zowe
MW-1041 14-0ct-87 0 0 ) ) ) 0 0 D A
MW-1041 18-Jan-88 0 0 0 0 [ 0 0 D A
MW-1041 19-Apr-88 0 0 0 0 0 ) 0 D A
MW-10¢1 15-Jul-88 0 0 ) ) 0 0 0 D A
MW-1041 19-0ct-88 ) 0 0 0 0 0 0 D A
MW-1041 03-J22-90 0 0 0 0 0 0 ) D A
MW-1041 22.:0ct-90 0 0 0 [} 0 0 0 D A
MW-1041 15-0a-91 0 ) ° 0 0 0 0 D A
MW-10¢1 11-28-93 ) 0 0 ) 0 0 ° 0 D A
MW-1042 | 21-Nov-86 0 0 0 0 0.41 0 128E07] D AB
MW-1042 22Ja0 87 0 0 0 0 0 0 0 D AB
MW-1042 | 06-May-87 0 0 0 0 ] 0 0 D AB
MW-1042 | 06-Aug-87 0 ) 0 0 0 0 0 D AB
MW-1042 14-0ct-87 0 0 0 0 ) 0 0 D AB
MW-1042 18-Jan-88 ) 0 0 0 0 0 o D AB
MW-1042 19-Ape-88 0 ) o 0 0 0 0 D AB
MW-1042 15-Tul-88 0 0 0 0 0 ) ) D AB
MW-1042 19-0ct.88 0 0 ) 0 0 0 0 D AB
MW-1042 16-0ct-89 0 )] ° 0 0 ) 0 D AB
MW-1042 22-0-90 0 0 0 0 ) 0 0 D AB
MW-1042 16-0at-91 [} 0 0 0 0 0 0 D AB
MW-1042 11-Ja0-93 0 0 0 ] 0 0 0 ) D AB
MW-1043 | ZI-Nov-86 ) ) 0 0 o ) 0 D B
MW-1043 22-Jan-87 0 ) 0 0 0 0 0 D B
MW-1043 | 06-May-87 0 0 ) ) ° 0 ° h) B
MW-1043 | 06-Aug-87 0 0 0 0 ) 0 0 D B
MW-1043 14-0ct-87 ) 0 ) 0 0 0 ) 3} B
MW-1043 18-Jan-88 ) ° 0 [ 0 ) 0 D B
MW-1043 19-Apc-38 ° [ ] 0 0 0 0 D B
MW-1043 15 Jul-88 0 0 0 0 o 0 ) D B
MW-1043 19-0ct.88 0 0 0 0 ) 0 0 D B
MW-1043 16-0t-89 0 0 0 ) 0 0 ) D B
MW-1043 22.0-90 ° 0 0 0 0 ) 0 ) B
MW-1043 16-0a.91 0 0 0 0 0 0 0 D B
MW-1043 11-J22.93 0 ) ° 0 0 0 0 ) D B
MW-1034 08-Apr-89 0 0 0 ) 32 0 978E-06] B A
MW-1044 31-Jul-89 0 1.5 0.19 0 ° 0 141E05| B A
[MW-1044 18-Dec-89 0 0 0 0 a1 [ 1.78E-05 B A
MW-1044 26-7a0-90 ° 0 ) 0 33 0 L.IIE0S| B A
MW_1044 26-7a-90 ) ) 0 0 3.7 0 LIIEO5| B A
MW-1044 24-Apr-90 0 12 0.36 0 46 ) SS3E05| B A
MW-1044 17-Tul90 ° [ 0 0 2.9 ) 196E05| B A
MW-104 | O1-Nov.90 0 0 0 0 3.5 ) 1.59E05| B A
[MW-1044 28-Jan-91 0 ) 0 0 2.1 0 227E-05 B A
MW-1044 2872091 0 0 0 0 24 ) 227E0S| B A
MW-1044 10-May-91 0 ° 0 0 36 ) 358E05| B A
MW-1044 30-Jul-91 0 0 0 0 2.5 ) 1.32E05] B A
MW-1044 180at-91 ) ) 0 0 34 ) 861E06| D A
MW-1044 17-Jaa-92 0 0 0 0 74 0 125605 B A
MW-1064 08-0a-92 0 0 r} ) 0 r} ) 6.02E06] B A
MW-1044 26.Ja0-93 0 0 13 0 0 36 ) 828E06] B A
MW-1044 19-Apr-93 0 0 0.93 ) 0 4.30 0 1.26E05] B A
[MW-1064 | 05-Aug:93 (] ) 0.52 0 ) 1.78 0 S15E06] B A
[MW-1043 06-Ape-89 ] ] ) 0 34 ) 106E06| B B
MW-1045 10-Tul-89 ) 0 0 0 12 0 68/E07| B B
[MW-1043 12-Jul-89 ) 0 0 0 2.3 0 7.18E07] B B
[MW-1045 09-0ct-89 0 0 ) 0 5 0 181E06] B B
MW-1045 09-Oct-89 ) ) 0 [ 58 ) 1.81E06] B B
[MW-1045 | 12Feb90 0 0 0 o 4] Ol 135608 B B
MW-1043 10-May-90 0 0 ] 0 84 ) 262E06] B B
MW-1045 | 300,90 ) 0 ) 0 99 tT 309606 B B
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Table K-6
VOC GSAP Concentrations up to Third Quarter 1993 Sampling Period
Location Risk for | Opecable
___ D l.!ld. 1,2-DCA 1,1-DCE <1,2-DCE PCE 1,L1-TCA TCE vC "'ﬂ Unit Zame
MW-1045 11-Feb-91 ) 0 0 0 92 0 2.87E-06 B | B
[MW-1045 01-May-91 0 0 0 ) 20 ) 6.24E-06 B | B
MW-1045 24-Jul-91 ) 0 0 0 27 0 843E06] B | B
[Mw-1645 17-Oct-91 0.74 ) ) ) 20 0 1.84E-08 B | B
MW.-1045 04-Fob-92 0.47 0 0 0 36 0 1.40E-05 B B
MW-1045 13-ui92 04 0 11 0 0 34 0 1.18E-05] B B
MW-1045 07-0ct-92 0.43 0 13 0 0 2 ) 141E-08 B B
MW-1045 11-Jan-93 ° 0 i1 ] 0 I 0 3.12E06, B B
MW-1045 11-Jan-93 ) 0 32 0 ] 10 0 3.12E-06 B B
IMW-1045 05-Aug-93 0 0 2.64 0 0 8.72 0 554E-06 B B
MW-1046 30-Mar-89 0.25 0.26 0 0 21 0 7.82E-06 B c
MW-1046 30-Mar-89 03 0.19 0 ) 23 0 7826-06] B C
MW-1046 06-Apr-89 0.33 ) ) 0 30 ) 1.01E-05 B [
MW-1046 10-Jul-89 0 0.26 [} 0 17 0 6.32E-06] B c
MW-1046 10-7ul-89 0.18 0 0 0 18 0 6.32E-06| B C
MW-1046 09-0ct-89 0.17 0.12 [ 0 20 0 702E-06] B C
MW-1046 14-Feb-90 0 0 0 0.35 20 0 681E-06] B c
MW-1046 14-May-90 0 0 ) 0 14 0 437E06] B C
MW-1046 31-Jul-90 ) 0 0 0 19 0 S93E06] B C
'MW-1046 19-Oct-90 0 ) [} 0 10 0 3.12E-06 B C
[MW-1046 01-Feb-91 0 0 ) 0 83 0 2.59E-06 B c
MW-1046 | 09-May-91 0 0 0 0 73 ) 256E-06] B C
MW-1046 | 09-May-91 0 0 ) ) 82 0 2 56E-06 B c
MW-1046 24-1ul-91 ) 0 0 0 6.8 0 212E06] B C
MW-1046 24-Oct-91 0 ) ) 0 76 0 2.37E-06 B C
MW-1046 03-Feb-92 ) 0 ) ° 11 0 343E06] B C
IMW-1046 03-Feb.92 0 0 0 0 12 0 343E06] B C
MW-1046 13-Jul92 ) (] 1.9 ) ) 64 0 200E-06] B c
'MW-1046 07-0ct-92 0 0 1.8 ) 0 6.2 ) 1.94E-06] B C
MW-1046 11-Jan-93 0 0 0 0 ) 1.7 0 S3IE07| B C
MW-1046 05-Aug-93 0 0 1.23 ) 0 4.06 0 2.58E-06] B c
MW-1047 06-Apx-89 0 0 0 0 0 0 0 B D
MW-1047 21-Apr-89 0 0 ) 0 031 0 9GSE-08]| B D
MW-1047 19-Jul-89 0 0 0 0 B 0 0 B D
MW-1047 06-0ct-89 0 0 0 ) 0 0 B D
(MW-1047 | 14-Feb-90 ) 0 0 0 v 0 0 B )
[MW-1047 | 03-May-90 ) 0 ) 0 ) 0 0 B D
MW-1047 05-Nov-90 0 0 0 0 ) 0 ) B D
IMW-1047 16-Jan-91 0 0 0 0 ° 0 0 B D
MW-1047 | 02-May-91 ) 0 ) 0 0 ] 7 68E-06 B D
MW_1047 24-Jul-91 ) ) 0 ) ) 0 0 B D
IMW-1047 11-0ct-91 0 0 ) 0 0 0 S80E-06| B D
MW-1047 31-Jaa-92 ) 0 ) 0 0 0 0 B D
MW-1047 13-ll92 ) ) 0 0 0 0 ] 0 B D
MW-1047 07-0c.92 0 0 0 ) 0 0 ) 0 B D
MW-1047 11-Jan-93 ) [) 0 0 0 0 ) 0 B D
MW-1047 | 03-Aug-93 ) 0 0 0 0 0 0 ) B D
MW-1048 19-Apr-89 0 0 0 0 0.36 ) L.I2E07] B D
IMW-1048 21-Ap-39 0 0 [ 0 0 0 0 B D
MW-1048 17-Jul-89 ) 0 ) 0 ° 0 0 B D
IMW-1048 05-0t-89 0 0 0 0 0 ) 0 B D
MW-1048 15-Feb-90 ) ) ) 0 0 (] 0 B D
MW-1048 | O4-May-90 0 0 ) ) ) 0 0 B D
MW-1048 23-0c1.90 0 0 0 0 ) 0 0 B D
[MW-i048 30-Ape-91 ) 0 ) 0 ° 0 ] B D
[MW-1048 11-0ct-91 0 0 ) 0 0 0 ) B D
MW-1048 31-Tan-92 0 0 0 0 ] 0 0 B D
(MW-1049 AU-Ape-89 0.2 0 ) 0 7 0 2.91E-06 B A
MW-1049 20-Jul-89 0 ) 0 ) 75 0 249E06) B A
MW-1049 15-Dec-89 ) 0 ) ) 835 0 165606 B A
MW-1049 09-Feb-90 0.14 0 0 0 13 0 444E06] B A
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Table K-6
VOC GSAP Concentrations up to Third Quarter 1993 Sampling Period
Location Risk for Operable

D Log Date 1.2-DCA 1,1-DCE ¢-1,2-DCE PCE LL1-TCA TCE vC Pathways Unit Zame
(MW-1049 15-May-90 0.13 0 0.12 0 18 0 649E-06| B A
MW-1049 03-Aug-90 0 0 0 0 12 0] 35E06] B A
MW-1049 09-Nov-90 0 0 0 0 7.9 0 24TE-06] B | A
MW-1049 10-Jan-91 0.13 0 0.17 0 9.6 0 372E-06 B A
MW-1049 08-May-91 0 0 0 0 13 0,  4.26E-06 B | A
MW-1049 08-May-91 0 0 0.26 0 12 0 426E06 B T A
MW-1049 23-Jul-91 0.21 0 ) 0 11 0 3.89E-06 B A
MW-1049 08-Oct-91 0 0 0 0 11 0 3.25E-05 B A
MW-1049 31-Jan-92 0 [} ) 0 14 0]  S.60E-06 B A
MW-1049 28-Jul-92 0 0 4.6 0 0 11 0] 343E06] B A
MW-1049 16-0ct:92 0 0 35 0 0 8.1 0 2.53E-06 B A
MW-1049 16-0ct-92 0 0 3.6 0 0 8.6 0 2.53E-06 B A
MW-1049 22-Jan-93 0 ) 23 0 0 6.7 ) 2.47TE-06 B A
MW-1049 22-Jan-93 0 0 2.6 0 0 79 0 2.47E-06 B A
MW-1049 20-Apr93 0 0 240 0 0 6.90 0 4.38E-06 B A
MW-1049 02-Aug-93 0 0 3.44 0 0 10 0 6.35E-06 B A
MW-1050 24-Apr-89 0 0 0 0 1 ) 3.12E-07 B B
MW-1050 26-Jul-89 5} 0 0 0 1.6 0]  4.99E-07 B B
MW-1050 08-Nov-89 0 0 0 0 1.7 ) 1.38E-06 B ' B
MW-1050 27-Dec-89 0 0 ) 0 1.1 ) 3.43E-07 B | B
MW-1050 09-Feb-90 0 0 0 0.35 0 0 B | B
MW-1050 15-May-90 0 ) 0 0 1.2 0 8.38E-07 B B
MW-1050 15-May-90 ) 0 0.24 0.26 1.7 0 8.38E-07 B B
MW-1050 02-Aug-90 0 ) 0 0 3 0 9.36E-07 B B
MW-1050 04-Oct-90 0 0 0 0 0.54 ) 1.69E-07 B B
MW-1050 05-Nov-90 ) B B
MW-1050 10-Jan-91 0 0 ) 0 36 0 1.12E-06 B B
MW-1050 29-Apr-91 0 0 0 0 1.8 0 5.62E-07 B B
MW-1050 23-Jul-91 0 0 0 0 4.9 0 1.53E-06 B B
MW-1050 09-Oct-91 0 0 0 0 4.9 0|  7.09E-06 B B
MW-1050 23-Jan-92 0 0 0 0 2.4 0 7.49E-07 B B
MW-1050 09-Jul-92 0 0 1.4 0 ) 4.4 0| 1.37E-06 B B
MW-1050 16-0ct-92 0 ) 1.9 ) 0 5.3 0 1.65E-06 B | B
MW-1050 22-Jan-93 0 0 0.47 0 0 2.6 0 8.12E-07 B B
MW-1050 02-Aug-93 0 ) 0.65 ) 0 275 ) 2.63E-06 B B
MW-1050 02-Aug-93 0 0 0.80 0.123 0 2.94 0 2.63E-06 B B
MW-1051 08-Apr-89 0 0 0 ) 0 0 0 B C
MW-1051 21-Jul-89 0 0 0 0 ) 0 ) B C
MW-1051 27-Dec-89 0 0 0 0 0.31 0 9.68E-08 B C
MW-1051 09-Feb-90 0 0 0.41 047 2 0 1.15E-06 B C
MW-1051 15-May-90 0 0 0.45 0 i.6 0]  1.08E-06 B C
MW-1051 08-Aug-90 0 0 0 0 1.5 0 4.68E-07 B C
MW.1051 19-0Oct-90 0 0 0 0 0 0] 484E07 B C |
MW-1051 14-Jan-91 2.56E-07 B C
MW.-1051 14-Jan-91 0 0 ) 0 0.82 0 2.56E-07 B C
MW-1051 06-May-91 0 0 0 0 ) 0 0 B c
IMW-1051 23-Jul-91 0 0 0 0 4 0 3.67E-06 B C
MW.1051 09-Oct-91 6.87E-07 B c
MW-1051 09-Oct-91 0 0 0 0 2.2 0 6.87TE-07 B C
MW.-1051 03-Feb-92 0 0 ) 0 0.57 0 1.78E-07 B C
IMW- 1051 23-Jul-92 0 ) 22 0 0 1.9 0 $.93E-07 B C
MW.-1051 16-0c1-92 0 0 2 0 0 56 0 1.75E-06 B C
MW.-1051 22.Jan-93 0 0 0 0 0 0 0 0 B C
MW-1051 20-Ape-93 0 ) 0.52 0 0 1.60 0 1.02E-06 B C
MW-1051 02-Aug-93 0 0 212 0 2.20 142 0 S.11E-06 B C
IMW-1052 17-Apr-89 0 ) 0 0 0 0 ) B D
MW.1052 21-Jul-89 0 0 0 0 0 0 0 B D
MW-1052 21-Dec-89 0 0 0 0 0 0 0 B D
MW-1052 12-Feb-90 0 0 ) 0 0 0 0 B D
MW-1052 08-Aug-90 0 0 ) 0 0 0 0 B D
MW-1052 14-Jan-91 0 0 0 0 0 0 0 B D
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Table K-6
VOC GSAP Coacentratioas op (o Third Quarter 1993 Sampling Period
Location Risk for Opersbie
[11] Log Dase 1,1-DCA 1,1-DCE ¢-1,2-DCE PCE 1,L1.-TCA TCE ve Pathways Unit Zome
MW.1052 23-Jul-91 0 0 0 0 0. 0, 0 B D
MW-1052 09-Oct-91 0 0 0 0 0] 0! 0: B D
MW-1052 04-Feb-92 0 0 0 0 0! 0 0’ B "D
MW-1052 23-Jul-92 0 0 0 0 0 0 0 o B D |
MW-1052 16-0ct-92 0 0 0 0 0 o' 0] 0 B D
MW-1052 22-Jan-93 0 0 0 ) ) 0. 07 0] B D
MW-1052 02-Aug-93 0 0 0 0 0 0 0] o7 B ' D
MW.-1053 15-Sep-89 0 0 0 0 0’ 0] 0 B A
MW-1053 23-Feb-90 0 0 0 0 0.66 0 206070 B | A
MW-1053 15-May-90 0 0 0 0 0.99 0 3.09E-07 B A
MW-1053 18-Jul-90 0 0 0 0 1.7 0 5.31E-07 B LA
MW-1053 08-Nov-90 [i 0 0 0 0 0 0 B | A
MW-1053 01-Feb-91 0 ¢ 0 0 0.22 0 231E-07 B LA
MW-1053 10-May-91 0 0 0 0 1 ) 3.12E-07 B A
MW-1053 08-Aug-91 0 0 0 0 2.1 0! 655E07 B A
MW-1053 04-Oct-91 0 0 0 0 0.68 0| 2.12E-07 B | A
MW-1053 31-Jan-92 0 0 0 0 0.95 0 297E-07 B A
MW-10353 27-1ul-92 0 0 0 0 0 0.43 0 1.34E-07 B A
MW-1053 15-Oct-92 0 [) ) 0 0 4.7 0 147E-06 B A
MW-1053 25-Jan-93 0 0 0 0 0 0.23 0 7I8E-080 B | A
MW-1053 13-Ape-93 0 0 0 0 0 0 ) ) B A
MW-1053 03-Aug-93 ) 0 0 0 0 0 0 0 B . A
MW-1054 03-Oct-89 0 0 0.17 0 1.1 0 8.13E-07 B | A
MW-1054 16-May-90 0 0 0 ) 0.98 0 3.06E-07 B | A
MW-1054 18-Jul-90 0 0 0 0 1.4 0 4.37E-97 B | A
MW-1054 07-Nov-90 0 0 0 0 0 0 7.01E-07 B ' A
MW.-1054 01-Feb-91 2.12E-07 B | A
MW-1054 01-Feb-91 0 0 0 ) 0.68 0 2.12E-07 B | A
MW-1054 23-Apr-91 ) 0 0 0 0.83 0 2.59E-07 B A
MW-1054 17-Jul-91 ) 0 0 0 0.96 0 3.00E-07 B | A
MW-1054 08-0ct-91 0 0 0 ) 0.68 ) 6.74E-06 B A
MW-1054 04-Feb-92 ol 0 0 0 1.5 ) 1.38E-06 B A
MW-1054 27-Jul-92 0 0 0 0 0 1.1 ) 3.43E-07 B A
MW-1054 15-Oct-92 2.93E-07 B | A
MW-1054 15-0ct-92 0 0 ) 0 0 0.94 0 2.93E-07 B | A
MW-1054 20-Apr-93 0 0 ) 0 0 0.32 0 2.03E-07 B | A
MW-1054 30-Jul-93 ) 0 0 0 0 037 ) 2.34E-07 B A
MW-1055 06-Oct-89 0 0 ) 0 ) ) 0 B B
MW-1055 16-May-90 0 0 0 ) 0 0 0 B B
MW-1055 03-Aug-90 0 0 0.5 0 0 0 6.40E-07 B B
MW-1055 31-Oct-90 0 0 0 0 0 0 0 B B
MW.1055 22-Jan-91 ) 0 0 0 0 0 5.25E-07 B B
MW-1055 23.Apr-91 0 0 ) 0 0 0 0 B B
MW-1055 31-Jul-91 0 0 0 0 ) 0 1.69E-06 B B
MW-1055 09-Oct-91 0 B B
MW-1055 09-0Oct-91 0 0 0 0 0 ) 0 B B
MW.1055 28-Jan-92 ) 0 ) 0 0 0 0 B B
MW-1055 27-Jul-92 0 ) 0 ) ) 0 0 0 B B
MW-1055 15-0ct-92 0 0 0 ) 0 0 0 0 B B
MW-1055 30-Jul-93 0 0 0 0 0 0 0 0 B B
MW-1056 27-Dec-89 0 0 0 0 44 0 1.75E-06 B C
MW-1056 27-Dec-89 0 0 0 0 4.6 0 1.756-06 B C
MW.-1056 16-May-90 0 0 0 [\ 2 0 6.24E-07 B C
MW-1056 07-Aug-90 0 0 0 0 27 0 843E-07 B C
[MW-1056 31-0ct-90 0 0 0 0 2.5 ) 7.80E07] B C
MW-1056 21-Jan-91 0 0 0 0 38 0 1.19E-06 B C
MW-1056 23 Apr-91 0 0 0 0 3.9 0 1.22E-06 B C
-[MW-1056 31-Jul-91 0 0 0 0 27 0 1.83E-06 B C
MW.1056 08-0Oct-91 0 0 0 0 22 0 6.87E-07 B C
MW-1056 28-Jan-92 0 0 0 ) 2.6 0 8.12E-07 B C
[MW_1056 2792 0 0 0 0 0 15 0| 468E07 B C
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Table K-6
. VOC GSAP Concentrations wp to Third Quarter 1993 Sampling Period
Location Risk for Opersble
D Log Dae 1,2-DCA 1,1-DCE «1,2-DCE PCE LL1-TCA TCE vC Pathways Unit Zome
IMW-1056 15-0ct.92 0 0 0 0 i} 1.8 0 S62E01| B T
MW-1056 30-Jul-93 0 0 0 0 ) 0.74 0 469E07| B c
MW-1057 27-Sep-89 ] 0 0 0 0 0 8S51E08] B D
[MW-1057 10-May-90 0 (] 0 0 ° 0 0 B D
MW-1057 | 08-Aug-90 0 0 0 0 0 0 0 B D
MW-1057 2173091 0 0 0 0 0 0 0 B D
MW-1057 18-Jul-91 0 0 0 0 ) 0 198E06] B D
MW-1057 08-Oct-91 0 0 0 ) ) ) ) B D
MW-1057 03-Feb-92 0 0 0 0 0 0 0 B D
MW-1057 27-Jul-92 ) 0 ) 0 ] 0.49 0 1.53E07] B D
MW-1057 15-0a-92 0 ) 0 ) 0 0.79 ) 247607, B D
MW-1057 20-Ape-93 [} 0 0 ] ) 0 0 0 B D
MW-1057 30-Jul-93 0 0 0 0 0 ) 0 ] B D
MW-1058 18-Oct-89 0 0 0 0 0 0 ) 0 A A
MW-1058 08-Feb-90 0 ) 0 0 18 0 S62E01| A A
MW-1058 19-Apr-90 0 0 0 0 0 0 1.J6E06| A A
MW-1058 18-Jul-90 ] [} ) )] [ 0 0 A A
MW-1058 25-0ct-90 0 0 0 ] ) 0 ) A A
MW-1058 11-Jan-91 0 ) 0.41 0.52 2.9 0 1.94E-06] A A
MW-1058 10-May-91 0 ) 0 ] 0.51 0 159E07] A A
MW-1058 | 08-Aug91 [} 0 ) ) 25 0 198E-06] A A
MW-1058 16-0ct-91 ° 0 0 0 0 0 0 A A
MW-1058 31-Jan-92 . ) ) 0 0 ) 0 0 A A
MW-1058 23-Jul-92 ) 0 0 0.44 ) 1.2 ) 938E-07| A A
IMW-1058 23-Tul92 0 0 0 0.52 0 15 0 938E07| A A
MW-1058 06-Oct.92 0 0 0 ) 0 0 0 0 A A
MW-1058 25-Jan-93 0 ) 0 ) ) 0.26 0 8.12E08] A A
MW-1058 07-Apc93 ) ° ) 0 0 0 0 0 A A
MW.1058 | 03-Aug93 0 0 ) 0 [} 0.68 0 a30E07| A A
MW-1059 17-0ct-89 ) 0 0 0 [} ) 0 0 A B
MW-1059 23-Mar-90 ) ) 0 ) 0 0 ] A B
MW-1059 17-Jul-90 0 ° 0 0 ) 0 0 A B
MW-1059 11-Jan-91 0 0 ) 0 0.94 ) 293807 A B
MW-1059 | 08-Aug-91 ) 0 0 ) 0.5 0 1.56E07| A B
MW-1059 15-0ct-91 0 0 0 0 0 0 0 A B
MW-1059 28-Jan-92 ) 0 0 0 0 0 ) A B
MW-1059 09-Jul-92 0 ] 0 0 ) 0 0 0 A B
MW-1059 06-Oct-92 0 0 0 0 0 ) 0 ) A B
'MW-1059 25-Jan-93 0 0 0 0 0 0 ) 0 A B
[MW-1059 03-Aug-93 0 0 0 ) 0 0 0 0 A B
MW-1060 16-0ct-89 ) 0 ] 0 0 [ 0 0 A C
MW-1060 15-Mar-90 ) ) 0 ] ) ° ) A C
MW-1060 17-1ul-90 0 ] ) ) 0.29 0 9.05E-08| A C
MW-1060 26-0ct-90 ) ) 0 0 0 0 [} A C
MW-1060 11-Jan-91 ) 0 0.28 0 1.4 ) 796E-07| A C
MW-1060 | 02-May-91 ) ) ) ) 0 0 0 A C
MW-1060 | 08-Aug-91 ) 0 0 ) % 0 468E07] A C
[MW-1060 | 16091 0 0 0 0 0 0 0] A C
MW-1060 28-Ja0-92 0 0 ) [] 0 0 0 A C
MW-1060 23-1ul-92 0 0 0 0 ) ) 0 147TE07] A c
MW-1060 23-Jul-92 0 0 [) 0 0 047 0 147E07| A C
MW-1060 06-Oct.92 ) 0 0 0 0 ) ° 0 A C
[MW-1060 25-1an-93 0 ) 0 0 0 0 0 0 A c
[MW-1060 05-Apr-93 0 ) 0 ) 0 2.70 ) 1.71E06] A C
MW.1060 | 03-Aug-93 0 0 0 0 0 0 ) 0 A C
[MW-1061 16-Mar-90 ) 0 0 0 ) 0 0 A A
MW-1061 14-Tun-90 0 0 0 0 0 ) 0 A A
MW-1061 26-0ct.90 0 0 0 0 0 ) 0 A A
MW-1061 29-Jan-91 0 0 0.13 (] 0.25 0 LO2E06| A A
MW-1061 02-May-91 0 ] 0 ) 0 ) 0 A A
MW-1061 17-0c-91 0 0 0 0 ) ) 1.04E-06] A A
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Table K-6
VOC GSAP Concentrations up to Third Quarter 1993 Sampiing Period
Location Risk for Operable
D Lt!lhh 12-DCA 1,1-DCE «1,2.DCE PCE LL1-TCA TCE vC Pathways Unit Zone

MW-1061 03-Feb-92 0 4.3 0 ry) 3 0 936E-07| A A
MW-1061 23-Ape-93 0 0 0 0.85 0 0.68 0 2.92E-06 A A
MW-1061 05-Aug-93 0 0 0 0 0 0 0 )} A A
MW-1062 14-Mar-90 0 0 ) 0 0 0 0 A B

MW-1062 20-Jun-90 0 0 0 ) 0 0 0 A B
MW-1062 29-0ct-90 0 0 0 )] 0 0 0 A B
MW-1062 | 02-May-91 0 0 0 0 0 0 0 A B
MW-1062 17-Oct-91 [} 0 0 0 0 0 0 A B
MW-1062 29-Jan-92 0 ) 0 0.84 0.85 0 265E07| A B
MW-1062 12-0at-92 ) 0 0 ) ) 0 0 0 A B
MW-1062 05-Aug-93 0 0 0 0 0 0 ) 0 A B
MW-1063 13-Mar-90 0 0 0 0 0 0 0 A C
MW-1063 20-Jun-90 ) 0 0 0 0 ] ] A C
MW-1063 29-0ct-90 ) 0 ) 0 0 ) 0 A C
MW-1063 | 02-May-91 0 0 0 0 ) 0 0 A C
MW-1063 17-0a-91 ) 0 0 0 0 0 0 A c
MW-1063 31-Jan-92 ) [} 0 0 0 0 0 A C
MW-1063 22-Jul-92 0 0 0 0 ) 0 0 0 A C
MW-1063 12-0at-92 0 0 0 0 0 0 0 0 A C
MW-1063 26-Jan-93 0 0 ) 0 0 0 0 0 A C
MW-1064 | 08-May-90 0 0 0 0 0 0 0 D A
MW-1064 28-Jun-90 0 0 0 0 [} 0 0 D A
MW-1064 09-Nov-90 ) 13 0.26 1.5 22 0 167E-06] D A
MW-1064 30-Jan-91 ) 0 0 0 0 0 0 D A
MW-1064 22-Ape91 0 D A
MW-1064 22-Apr-91 0 0 ) 0 0 0 0 D A
MW-1064 23-0ct-91 0 0 0 0 0 0 0 D A
MW-1064 20-Jan-93 0 0 0 ) ) 0 0 0 D A
MW-1065 20-Aug-90 0 0 4 0 0.34 ) 602E06] A B
MW-1065 11-Sep-90 0 0 2.6 0 0 0 3.6TE06] A B
MW-1065 28-Jan-91 0 0 2.7 0 0 0 438E-06] A B
MW-1065 29-Ape-91 ) 0 3.7 [ 0.99 0 637E-06] A B
MW-1065 15-Tul-91 9.80E07, A B
MW-1065 15-Tul-91 0 0 0 [) 0 ) 9.80E-07] A B
MW-1065 15-0a-91 ) 0 0.8 0 0 0 231E06] A B
MW-1065 15-Tul-92 ] 0 1.3 2.2 0 0 0 3.94E06] A B
MW-1065 15-Tul-92 ) 0 1.3 2.3 0 0 0 3.94E-06] A B
MW-1065 20-Jan-93 205E-06] A B
MW-1065 20-Jan-93 0 0 0.65 1.6 0 0 0 205606 A B
MW-1065 04-Aug-93 0 ) 0.92 1.59 0 0.463 0 6.25E-06] A B
MW-1066 28-Aug-90 ) 0 E; ) ) ) 693E-06] A B
MW-1066 28-Aug-90 0 0 6.1 ) 0 0 693E-06] A B
MW-1066 28-Sep-90 0 0 56 ) 0 ] 749E-06] A B
MW-1066 01-Feb-91 0 0 3.9 0 0.26 0 S40E-06] A B
MW-1066 23-Apr-91 0 0 2.7 0 13 0 372E06] A B
MW-1066 15-1ul91 0 0 5.7 0 0.43 0 8.37TE-06| A B
MW-1066 15-0ct-91 0 0 28 [} 0 0 3.59E06] A B
MW-1066 15-jul-92 0 0 4.1 48 0 0.5 0 732606 A B
MW-1066 20-Jan-93 0 0 0.59 1.5 0 0 0 1.92606] A B
MW-1067 14-Aug-90 ) [} 0 ) 0 0 0 A A
MW-1067 13-Sep-90 0 ) ) 0 ) 0 6.18E-06] A A
IMW-1067 05-Feb-91 0 0 0 0 0 ) 436E-06] A A
MW-1067 23-Apr91 0 0 0 0 0.85 0 S36E-06] A A
MW-1067 16-7ul-91 0 0 ) 0 0 ) 9.09E-06] A A
MW-1067 15-0c-91 666E06] A A
MW-1067 15-0ct-91 0 0 0 0 0.36 0 666E06] A A
_ [Mw-1067 28-Ja-92 0 0 0 0 0.93 0 3.29E06] A A
}|MwW-1067 27-lul-92 0 0 0 0 0 0 0] 175E06] A A
MW-1067 27-hui-92 0 0 0 0 0 0.36 0 TISE06] A A
MW-1067 21-0a-92 0 0 0 0 0 1.3 0 69SE-06| A A
MW-1067 20-1a-93 0 0 0 0 0 0.43 0 669E-06] A A
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Table K-6
VOC GSAP Concentrations ap to Third Quarter 1993 Sampling Period
Location Risk for Operable
D Log Dete 12-DCA 1,1-DCE «1,2-DCE PCE 1L,LI-TCA TCE vC Pathways Usit Zome
[MW-1067 | 13-Ape93 0 0 0 0 0 0.33 0] 121E05| A A
mw-xoﬂ 13-Ape-93 0 0 0 0 0 0.34 0 1.21E-05 A A
MW-1067 04-Aug-93 0 0 0 0 ) 1.43 0 1.38E-05 A A
MW-1068 16-Aug-90 0 0 0 0 0 0 1.41E-07 A B
MW-1068 13-Sep-90 0 0 0 0 0 0 0 A B
MW-1063 05-Feb-91 0 0 0 0 0 0 0 A B
MW-1068 29-Apr-91 0 0 0 0 24 0 749E-07 A B
MW-1068 16-Tul-91 0 ) 0 0 0 0 0 A B
MW-1068 15-Oct-91 [] ) ) 0 0 0 9.91E-07 A B
MW-1068 03-Feb-92 0 0 0 0 ) ) 0 A B
MW-1068 27-Jul-92 0 0 0 0 0 0 0 0 A B
MW-1068 21-0ct-92 0 0 0 0 0 0 ) 0 A B
MW-1068 20-Jan-93 0 0 ] 0 0 1.5 [) 4.68E-07 A B
MW-1068 04-Aug93 0 0 0 0 0 0 [} 0 A B
MW-1069 29-Aug-90 0 0 0 0 0 0 6.66E-07 B A
MW-1069 29-Aug-90 ) 0 0.52 0 0 0 6.66E-07 B A
MW-1069 14-Sep-90 0 0 0 0 0 0 [} B A
MW-1069 24-Jan-91 0 0 0 0 4 0 1.25E-06 B A
MW-1069 25-Apr-91 0 0 0 0 12 0 3.7SE-07 B A
MW-1069 23-Jul91 ) [} ) 0 0.43 0 1.34E-07 B A
MW-1069 09-0ct-91 0 0 ) 0 0 0 0 B A
MW-1069 27-ul-92 0 0 0 0 0 0.5 0 1.56E-07 B A
MW-1069 22-Jan-93 0 0 0 0 0 1.3 0 4.06E-07 B A
MW-1069 13-Apr-93 0 0 0 0 0 0 0 0 B A
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TECHNICAL MEMORANDUM L1 CHMHILL

PREPARED FOR: McClellan Air Force Base

DATE: November 7, 1993
SUBJECT: Innovative Technologies Screening
Groundwater OU RI/FS Report

Delivery Order No. 5066

PROJECT: SAC28722.66.NT

Overview and Approach

The scope of the Groundwater Operable Unit Feasibility Study at McClellan AFB
includes the evaluation and screening of applicable innovative technologies to reme-
diate contaminated groundwater. These technologies passed through a two-tiered
screening process and the field was narrowed down to the most promising technol-
ogies. The screening process followed the sequence of steps:

Site Information Review

Kickoff Brainstorming Session

Primary Technology Information Review

Initial Technology Identification

Primary Technology Screening

Murder Board Meeting

Secondary Technology Information Review

Secondary Screening

Alternatives Development Update/Consensus Meeting
Screening Documentation

SORIRNAS DN

e

The primary literature review identified 37 technologies to be potentially applicable
for groundwater remediation at McClellan AFB. The primary screening reduced this
number to 16, and the secondary screening further reduced this list to 7 technologies.
McClellan AFB and applicable agencies participated in the selection and screening
process.

Three preliminary assumptions were made for technology screening. The first was
that the innovative technologies initially would be implemented in Monitoring Zone A
since the A zone reportedly contains greater than 90 percent of the contaminant mass
in the groundwater at McClellan AFB. The second was that trichloroethene (TCE)
would be the primary contaminant targeted for cleanup, although other important
chemicals were also considered. The third was that innovative technologies initially
would be implemented in contaminant hot spots to achieve the greatest remedial
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benefit. TCE "hot spots" were initially defined as 1,000 xg/l, though later changed to
500 ug.

Primary Technology Information Review

Identifying potentially applicable technologies and obtaining information for screening
were the two objectives of the primary literature review. The list of information
sources consulted is presented in Table L1-1. The information gathered from these
sources is summarized in Tables L1-2 through L1-6.

Primary Screening
The potentially applicable technologies were organized into five categories:

In Situ Biological Treatment

In Situ Physical/Chemical Treatment

Ex Situ Biological Groundwater Treatment

Ex Situ Physical/Chemical Groundwater Treatment
Offgas Treatment

Three primary screening criteria were established to evaluate the technologies:

° Potential effectiveness
° Development status
L Relative cost

Using the primary screening information summarized in Tables L1-2 through L1-6,
five team members independently graded each treatment technology. The technol-
ogies were graded by assigning a score for each criterion based on a scale of 1 to §,
where 1 represented "least favorable" and 5 represented "most favorable." For devel-
opment status, a more objective scale was used:

1 = sub-bench scale

2 = bench-scale

3 = pilot-scale

4 = demonstration scale
5 = full-scale

Each technology was scored relative to others within the same category. Each of the
three criteria were weighted equally, so the maximum composite score was 15.
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Table L1-1
Initial Innovative Technology Information Sources

Databases and Bulletin Boards
VISITT Database
ATTIC Database
CLU-IN Electronic Bulletin Board
RREL Database
ORD Electronic Bulletin Board

Reports and Programs
EPA Bioremediation Action Committee
EPA Bioremediation Field Initiative
EPA SITE Program (Site Technology Profiles: Fifth Edition, November 1992)
EPA Innovative Treatment Report

Literature and Proceedings
EPA Groundwater Currents

HazTec News

Hazardous Waste Consultant

Water Environment Research

Nineteenth Annual RREL Haz Waste Research Proceedings

Battelle’s 1993 Bioreclamation Conference Abstracts

Hill AFB 1993 Environmental Restoration Technical Interchange Symposium

Other Sources
Internal experts
Subconsultants (Dr. Perry McCarty and Dr. Lewis Semprini)
Ciba-Geigy Corporation

The scores from each of the five team members were averaged. The average scores
were reviewed by the team and modified by eliminating outlying values that dispro-
portionately skewed the results. The average composite scores were plotted (Figures
L1-1 through L1-5), and the primary technology screening was performed by arbi-
trarily selecting a cutoff score for retaining/eliminating technologies. No statistical
analysis was conducted to evaluate significant differences between scores. The objec-
tive of the primary screening process was to reduce the list of technologies to a man-
ageable size for further development. The scoring process made the screening
somewhat quantitative, but professional judgment was the ultimate basis used to
develop the list of technologies retained after primary screening (Table L1-7).

Murder Board Meeting

The Murder Board Meeting was held on July 21, 1993, to present the primary screen-
ing results to McClellan AFB staff, regulatory agencies, and other interested parties.
Participation was encouraged at this meeting, and feedback was requested on the
screening process. Screening criteria, scoring tables, and bar charts were presented,
and consensus was reached on the retained technology list. However, three action
items to be addressed resulted from this meeting:
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Table L1-7
Retained Technologies After Primary Screening
(Preliminary)

In Situ Biological Treatment
Cometabolic
Anaerobic
Anaerobic/Aerobic

In Situ Physical/Chemical Treatment
Sparging/Soil Vapor Extraction

Ex Situ Biological Groundwater Treatment
Cometabolic
Anaerobic
Anaerobic/Aerobic

Ex Situ Physical/Chemical Groundwater Treatment
Photolytic Oxidation
High Energy Electron Irradiation

Offgas Treatment
Photolytic Oxidation
Biotreatment/Cometabolic
Resin Adsorption
High Energy Electron Irradiation

Miscellaneous
Natural Attenuation
Implementation Methods
In Situ Recirculation Unit

1. To contact additional sources of information:
. DOD/DOE: Savannah River, Hanford
o Tyndall AFB: Catherine Vogel
L] AFCEE: Colonel Miller
®

EPA: Terry Vandall, Terry Lyons
2. To reconsider three technologies that were initially screened out:

o Steam Injection/Vapor Extraction (SIVE)
Metal-Catalyzed Dehalogenation
o Resin Adsorption (Ex Situ Groundwater Treatment)

3. To add four technologies that had not been included into the primary round:

Dual Phase High Vacuum Extraction (In situ Physical/Chemical)
High Temperature Steam Destruction (Ex Situ Physical/Chemical)
Flameless Thermal Oxidation (Offgas;

Wet Oxidation (Ex Situ Physical/Chemical)
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Secondary Technology Information Review

This task included addressing the action items from the Murder Board Meeting, as
well as preparing for the secondary screening. The first action item was to contact
additional sources of information. A list of contacts and subjects discussed is presen-
ted in Table L1-8.

The second action item was to add several technologies to the screening process.
Dual Phase High Vacuum Extraction was a technology being considered, but the
appropriateness of including it in the screening was unclear because it is currently
being tested at McClellan AFB by Radian Corporation. McClellan AFB staff assured
the group that it is appropriate to include in this study. Further research and
contacting of vendors provided information to screen the other three additional tech-
nologies. All four of these were subjected to the primary screening process. Dual
Phase High Vacuum Extraction and Flameless Thermal Oxidation both scored high
enough to be retained, while High Temperature Steam Destruction and Wet Oxida-
tion were eliminated from consideration at the primary level.

The final action item was to reconsider several technologies that did not score well
enough to be retained to the secondary round. McClellan AFB staff wanted steam
injection/vapor extraction (SI/VE) reconsidered since it scored relatively low in the
primary screening, even though this technology is proposed for pilot testing at the
Base. It was pointed out that if SI/VE were retained through primary screening,
Metal-Catalyzed Dehalogenation and Resin Adsorption (for groundwater treatment)
should also be reconsidered, since those technologies scored higher than SI/VE.

Upon reconsideration and further research, SI/VE was retained, but not the other
two, into the secondary screening. Metal-Catalyzed Dehalogenation is relatively
undeveloped; the developer gave a reserved endorsement of the technology. Consul-
tation with resin manufacturers did not reveal any significant advanccments in the
development of resins for removing chlorinated solvents from groundwater, so that
technology was eliminated from further consideration.

The revised list of retained technologies from primary screening is shown as

Table L1-9. Further research (literature review, vendor contracts, consultation with
internal and external consultants) was conducted to obtain more detailed information
on these retained technologies.
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Table L1-8
Additional Information Sources
_ _
Contact Technologies/Projects Discussed

Sara Madearis Air sparging
Clean Sites Resin adsorption
Terry Lyons Emerging technologies
EPA
Ron Lewis Biological, physical/chemical processes
EPA
Kim Kreiton Biological processes
EPA
Franklin Alvarez Savannah River projects
EPA
Catherine Vogel Bioremediation
Tyndall AFB
Kumar Topudurti Savannah River projects

PRC Environmental
Management Inc

RDD10012D48.WPS5

Patrick Haas Surfactants, natural attenuation,
AFCEE cometabolic reactors, reductive
dehalogenation.
Scott Vance General DOE projects
Battelle (Hanford)
Terry Walton General DOE projects
Battelle (Hanford)
Brian Looney General DOE work,
Savannah River E-Beam (groundwater)
John Haslow E-Beam (vapor)
Savannah River
Jane Bibler E-Beam (groundwater)
Savannah River
Dolloff Bishop, Jr. Biofiltration
EPA
. A
L1-26
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Table L1-9
Retained Technologies from Primary Screening
(Final)

IR

In Situ Treatment

g Anaerobic Biotreatment
Cometabolic Biotreatment
Anaerobic/Aerobic Biotreatment
Sparging/Soil Vapor Extraction (SVE)
Steam Injection/Vapor Extraction (SIVE)
High Vacuum Dual Phase Extraction

Ex Situ Groundwater Treatment

L Anaerobic Biotreatment
Cometabolic Biotreatment
Anaerobic/Aerobic Biotreatment
Photolytic Oxidation
High Energy Electron Irradiation

Offgas Treatment

Cometabolic Biofiltration

Resin Adsorption

Photolytic Oxidation

High Energy Electron Irradiation
Flameless Thermal Oxidation

Secondary Screening
In this round of screening, the number of categories was reduced from five to three:

° In Situ Treatment
J Ex Situ Groundwater Treatment
. Offgas Treatment

All in situ processes were grouped together and all ex situ groundwater processes
were grouped together. Technologies were again screened only against the others
within a given category. In other words, in situ biological processes were now
grouped together with and scored against in situ physical/chemical processes.

The secondary screening criteria and subcriteria are shown in Table L1-10.
For each technology, all subcriteria were assigned a score from 1 to 3, with 1 repre-

senting "least favorable" and 3 representing "most favorable." Some semiobjective
guidelines were provided to aid scoring:
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Table L1-10
Secondary Screening Criteria

Effectiveness
Achievable Level of Treatment
Treatment Consistency
Advantages over Standard Technology

Robustness
Range of Compounds
Turnup/Turndown Capability
Susceptibility to Upsets

Implementability
Vendor Availability
State of Development
Patent Issues
Permitting Issues

Relative Cost

TR —

For Achievable Level of Treatment:
° 3 = greater than 90 percent
. 2 = 80 to 90 percent
. 1 = less than 80 percent

For Vendor Availability (including in-house capabilities):

° 3= many
2=3s0
. 1 = few
For State of Development:

° 3 = Full-scale
] 2 = Pilot-scale
. 1 = Bench-scale

For Patent Issues:
o 3 = Not applicable
. 2 = Unknown
o 1 = Applicable
For Permitting Issues:
° 3 = Not applicable

° 2 = Unknown
o 1 = Applicable
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For secondary screening, technology scoring was performed by a panel of six team
members. These scores were compiled by criteria and averaged. In order to arrive at
the most feasible alternatives for McClellan AFB, a weighting system was used to
score the technologies. Effectiveness and implementability were determined to be
more important criteria; therefore, they received a weighting factor of 30 percent
each. Robustness and relative cost received a 20 percent weighting factor. The
scores were comparatively examined, and isolated high and low values were elimina-
ted. Composite average scores were computed and plotted (Figures L1-6 through
L1-8).

Based on the secondary scoring results, seven technologies were tecommended to be
retained for further development:

In Situ Treatment

Sparging/Soil Vapor Extraction

Dual Phase High Vacuum Extraction
Anaerobic Biotreatment
Cometabolic Biotreatment

Ex Situ Groundwater Treatment
L High Energy Electron Irradiation
Offgas Treatment

e " Resin Adsorption
° Cometabolic Biofiltration

The justification for retaining a disproportionately large number of in situ technol-
ogies, compared to ex situ technologies, is that in situ treatment has the potential to
provide a greater benefit to the overall Base remediation program. It is possible that
in situ technologies will be capable of reducing the mass of contaminants more
quickly than pump-and-treat alone, and thereby reduce the overall remedial duration.
In contrast, the best that can possibly achieved by ex situ technologies is treatment
effectiveness comparable to standard technologies (because proven standard technol-
ogies exist that are demonstrated effective), at a lower cost or providing some other
benefit such as public perception.

Two possible applications exist for the offgas treatment technologies: treatment of air
stripper offgas or treatment of offgas from an in situ soil venting technology.
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Alternatives Development Update/Consensus Meeting

The secondary screening and scoring process were presented to McClellan AFB staff,
regulatory agencies, and other interested parties on August 25, 1993, at the Alterna-
tives Development Update/Consensus Meeting. Comments were solicited and
received from the attendees on the screening process and results. Consensus was

reached on the seven recommended technologies. Implementation plans will be
developed for those technologies.
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TECHNICAL MEMORANDUM L2 CHMHILL

PREPARED FOR: McClellan Air Force Base
DATE: November 7, 1993

SUBJECT: In Situ Anaerobic Biotreatment Implementation Plan
Groundwater OU RI/FS Report
Delivery Order No. 5066

PROJECT: SAC28722.66.NT

Technology Overview

Description

In situ anaerobic biotreatment is an emerging technology for remediating groundwater
contaminated with chlorinated VOCs. It uses anaerobic microbial metabolism to
transform chlorinated VOCs to less chlorinated or nonchlorinated products. In situ
anaerobic biotreatment refers to the process of adding chemical amendments (such as
a readily degradable organic substrate, and inorganic nutrients) to the groundwater to
stimulate anaerobic biodegradation.

Anaerobic biodegradation of chlorinated organics occurs by reductive dehalogenation,
in which chlorine atoms are removed from the contaminant molecule one at a time
and replaced with hydrogen. Current evidence indicates that microorganisms can use
halogenated organics as the electron acceptor in biological reactions (Semprini,
1993). An organic substrate (for example, benzoate, acetate, formate, and lactate) is
normally added to provide a readily available source of carbon and energy. The
organic substrate donates electrons to drive the transformation reaction. Nitrogen
and phosphorus are essential nutrients that can also be added to the groundwater, if
needed.

Chlorinated aliphatic hydrocarbons (CAHs) are the principal organic contaminants in
groundwater at McClellan AFB. Four of the groundwater CAH contaminants are
common industrial solvents: trichloroethene (TCE), tetrachloroethene (PCE), carbon
tetrachloride (CT), and 1,1,1-trichlorethane (1,1,1-TCA). All four of these contami-
nants are amenable to anaerobic biodegradation. Other important CAHs found in
groundwater at the Base include 1,1-dichloroethene (1,1-DCE), 1,1-dichloroethane
(1,1-DCA), chioroform (CF), cis- or trans-1,2-dichloroethene (1,2-DCE), methylene
chloride (MC), and vinyl chloride (VC). These compounds either may have been
used at McClellan AFB for some purpose or may have appeared in groundwater as a
result of anaerobic biodegradation of parent CAH solvents. According to McCarty,
1993, some anaerobic transformation products are:
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Parent Compound Transformation Products

CT CF, MC
1,1,1-TCA 1,1-DCA
TCE 1,2-DCE, VC, ethene, ethane
PCE TCE, 1,2-DCE, VC, ethene, ethane

In addition to these intermediate transformation products, end-products of anaerobic
treatment include methane, carbon dioxide, and inorganic compounds. Under the
best conditions, reductive dehalogenation would be complete, and the remaining non-
chlorinated compounds, which have significantly reduced associated health risks,
would slowly degrade aerobically when ambient conditions are reestablished at the
conclusion of anaerobic treatment system operation. Many of the transformation
products are also amenable to aerobic treatment. For example, vinyl chloride trans-
fonns rapidly in aerobic conditions.

Implementation Methods

There are four basic configurations for implementing in situ anaerobic biotreatment:
In situ recirculation wells

Vertical injection and extraction wells

Horizontal injection and extraction wells
Reactive walls

These four alternatives are depicted schematically in Figure L2-1, and are described
below. Additional configurations are possible, including combinations of the systems
described.

An in situ recirculation well consists of a vertical well that has two separate screened
intervals in the saturated zone and a seal in the well above the upper screen. A sub-
mersible pump is positioned between the screens to force water out the bottom
screen while drawing water in through the top screen (or vice versa). Pumping
groundwater in this fashion results in flow paths like those depicted in Figure L2-1.
Chemical amendments are 2dded to the groundwater within the well.

A combination of vertical injection and extraction wells is the traditional system used
for in situ groundwater bioremediation. Substrate and nutrients are injected and
pumped through the contaminated groundwater zone between injection and extrac-
tion wells to create a biologically active zone where treatment occurs. Horizontal
injection and extraction wells function similarly to vertical wells except that the wells
are oriented horizontally in the contaminated zone and therefore can influence a
larger lateral area.

Reactive walls are either trenches or a linear array of wells designed to create a cur-

tain through which groundwater passes under ambient gradients and in which the
desired biological reactions occur.
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The four basic implementation alternatives have different applicabilities and advan-
tages and disadvantages with respect to site and contaminant distribution conditions.
Because of the great depth to groundwater at McClellan AFB, vertical wells and in
situ recirculation units are probably the two most feasible implementation alternatives
for in situ anaerobic biotreatment at the Base.

Development Status

Extensive bench-scale research on anaerobic biotreatment of contaminated ground-
water has been conducted at universities and by vendors. Effective anaerobic treat-
ment of CAHs is well documented.

One full-scale application of in situ anaerobic biotreatment of CAH-contaminated
groundwater has been performed at DuPont’s Victoria, Texas, site. Complete dehalo-
genation of PCE to ethene was demonstrated. Because of these promising results,
DuPont is actively looking for other sites at which to implement this technology.

Field pilot testing of in situ anaerobic biotreatment of CAHs in groundwater is

reportedly planned for next year at the Moffett Naval Air Station site by Stanford
University researchers.

Potential Benefits
This section describes the performance, advantages and disadvantages, and cost bene-
fits associated with in situ anaerobic biotreatment. This information is intended to
provide a basis for evaluating the potential benefits of implementing the technology as
part of the overall McClellan AFB groundwater cleanup program.

General Performance

Effectiveness

. The ability of aquifer microorganisms to effectively biodegrade under
anaerobic conditions is well demonstrated.

. CAHs can be completely biodegraded to nonchlorinated end products.

o In situ biotreatment effectively degraded PCE to ethene at a full-scale
groundwater remediation project in Victoria, Texas.

Robustness

o Anaerobic biotreatment is effective, to some degree, at degradmg all of the
CAHs present in McClellan AFB groundwater.
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L Relatively minor contaminants in Base groundwater, such as benzene, toluene,
ethylbenzene, and xylene (BTEX) compounds and ketones, may be degraded
more slowly under anaerobic conditions than aerobic conditions.

o In situ anaerobic biotreatment is subject to inhibitory effects.

o As with all in situ technologies, control over subsurface conditions is critical to
treatment performance, as heterogeneities and mass transfer requirements
limit effectiveness.

Potential Risk Reduction

In situ anaerobic treatment has the potential to reduce risk by biodegrading ground-
water contaminants and thereby reducing the contaminant mass in the subsurface. By
accelerating contaminant removal, the time to achieve remedial goals may be short-
ened. Injection of chemicals into groundwater and formation of intermediate trans-
formation products could constitute new, albeit temporary, sources of risk, but ade-
quate hydrologic control would be maintained to mitigate these risks during system
operation.

Advantages Compared to Other Technologies

° Destruction of contaminants occurs in-place. Because treatment occurs in situ,
contaminant desorption is accelerated.

. High concentrations of contaminants (tens of mg/l) can be treated.
o This technology may be effective at treating contaminant mixtures.

o This technology is capable of treating highly halogenated solvents such as PCE,
CT, and freons, which are not degradable under anaerobic conditions.

. In general, as more highly halogenated contaminants are biodegraded, the
transformation products become more mobile, which may enhance their
removal via groundwater pumping.

. If groundwater extracted in conjunction with implementation of in situ anaero-
bic biotreatment could be reinjected without aboveground treatment (e.g.,
during implementation using vertical injection and extraction wells), the cost of
this technology would be significantly reduced relative to other technologies
requiring aboveground treatment. EPA has prepared a position statement
allowing for reinjection of contaminated water when appropriate for such a
treatment scheme.

o The difficulty and expense of supplying oxygen to groundwater, as required for
in situ aerobic biotreatment, is avoided with anaerobic treatment.
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. Anaerobes are slow growing, so biofouling problems should be minimal.

o Complete biodegradation of CAHs to nontoxic end products is possible with
this technology. Even if dechlorination is incomplete, transformation byprod-
ucts are more amenable to aerobic treatment (following operation of the in
situ anaerobic biotreatment system) than the parent compounds.

Disadvantages Compared to Other Technologies

° If adequate populations of anaerobic bacteria capable of degrading CAHs are
not present, bioaugmentation may be necessary, though added microbes may
not thrive in the subsurface environment. However, contaminant data indicate
that anaerobic biodegradation of CAHs is already occurring at certain locations
in McClellan AFB groundwater, indicating the presence of the necessary
microorganisms.

. If electron acceptors such as oxygen, nitrate, sulfate, or ferric iron are present
in Base groundwater, they must first be depleted before reductive dehalogena-
tion of target contaminants will occur. This is achieved by adding sufficient
organic substrate to allow biological utilization of those electron acceptors.

. Vinyl chloride is a toxic transformation product of anaerobic biodegradation of
PCE, TCE, and DCE. It has a higher risk factor than the parent compounds
and can be difficult to treat by some aboveground treatment processes.

. If required, aboveground water treatment will significantly increase the cost of
the technology and will have permitting requirements.

o Reinjection of groundwater (with or without treatment) and injection of chemi-
cal amendments will require regulatory approval.

] Water quality problems, such as reduced iron and manganese, methane, fer-
mentation products, and sulfide can result from anaerobic conditions.

Relative Cost Benefit

The cost benefits of in situ anaerobic biotreatment would result from increased rates
of contaminant removal that could shorten the pump-and-treat remediation time.
Cost benefits should be evaluated through an analysis of savings associated with the
reduced operation time of pump-and-treat after accounting for the capital and oper-
ating costs of the in situ anaerobic biotreatment system.
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Potential Locations

In situ anaerobic biotreatment is potentially applicable at many locations on the Base
where groundwater is contaminated with halogenated solvents. Implementation of
the technology in hot spot areas is likely to provide the most benefit to the ground-
water cleanup program. Moderate to high permeability areas and relatively homoge-
neous conditions in the saturated zone are most favorable for effective treatment.

Hot spot locations in OUs C and D are potentially most suitable because of the gen-
erally higher subsurface permeabilities in those areas. OU D is an especially likely
location because contaminant data indicate that anaerobic treatment is occurring
naturally around some OU D wells.

The contaminants in OUs A and B are also amenable to anaerobic biodegradation,
but those sites are potentially less favorable because of generally lower permeabilities.

Approach
Information Needs and Sources

Table L2-1 lists information requirements and the sources for implementation of in
situ anaerobic biotreatment.

Information Gathering and Review

Information gathering to date has included the review of published and available
unpublished technology information, vendor interviews, consultation with subcontrac-
ted experts, and an overview of McClellan AFB subsurface characteristics and
groundwater contaminant data. Expert consultants for this technology are Dr. Lewis
Semprini of the Department of Civil Engineering, Oregon State University, and

Dr. Perry McCarty of the Department of Civil Engineering, Stanford University.
Drs. McCarty and Semprini are considered to be leading experts on in situ biological
treatment processes.

The first step for implementation of this technology should be a detailed review of
the existing literature on anaerobic biotreatment of CAHs, paying particular attention
to field data, and of the groundwater contaminant data for the Base. New informa-
tion should be reviewed as it becomes available.
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Table L2-1
In Situ Anaerobic Biotreatment
Information Needs and Sources
—————————— E—
Info Source
Information Needs
for Pilot and Full-Scale Tests Bench Pilot Full
Contaminant Charscterization
. Contaminant Types S S S
] Concentrations S S S
. Treatment Goals L L L
° Inhibitory/Toxicity Factors L B,L P,.L
. Contaminant Geometry S S,.L S,L
Subsurface Characterization
i Environmental Factors (pH, temp) S S P,S
. Water/so0il chemistry parameters S B,S P,S
. Flow L M M
L Static Water Levels over time - S,L S,L
. Soil Type S S,L S,.L
. Soil Heterogeaeity S S,L S,.L
. Sorption/Retardation M M M
. Microorganisms present S B.S | S
. Electron Acceptors S B,S P,S
System Design: Physical Configuration
. Number of wells, type - B,LM P,.LM
. Well spacing - BLM | PLM
. Residence Time (zone) L B,L.M P,LM
] Well Diameter - B,L PL
. Screen depth, length - L PL
. Patent Requirements - A" \'
§ system Design: Treatment Requirements
. Nutrient Additions L B,L P.L
] Inducer Addition L B,L P,L
. Microorganism Addition L B,L PL
. Permitting Requirements - L L
System Design: Equipment Requirements
. Equipment Requiremeats L LV P,V
L O & M Requirements L LV P,V
Performance Capabilities
Monitoring (Sampling and Analysis Requirements) L L L
] Byproduct formation

B = Beach Scale
S = Sampling Resuits
M = Modeling/Other Technology Evaluations

CVOR365/044.WPS
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A detailed analysis of chemical distribution in three dimensions is needed to identify
target volumes for treatment. After the existing chemical data have been thoroughly
reviewed and analyzed and potential target areas have been roughly identified, it is
likely that some additional site characterization data will be needed to fine-tune the
selection of target zones, evaluate chemical amendment requirements, and collect
samples of aquifer material for bench-scale testing. Samples for analysis and testing
could be collected through the use of boreholes or cone penetrometers. Analytical
parameters should include organic contaminants, possible anaerobic transformation
products (ethenes, ethane, methane), potential electron acceptors (DO, nitrate, sul-
fate, ferric iron), and water quality parameters (Eh, pH, metals, COD, and/or TOC).

Implementation Issues

. Potential permitting/regulatory approval issues associated with in situ anaerobic
biotreatment include:

- Reinjection or discharge of extracted groundwater

- The need for aboveground treatment of extracted groundwater if it is to
be reinjected within a contained plume

- Treatment requirements for groundwater and offgas if aboveground
treatment of extracted groundwater is required

- Injection of organic substrates and nutrients into groundwater
- Formation of transformation products, particularly vinyl chloride

o Potential patent issues include the patent held by DuPont on the in situ anaer-
obic treatment process and the patent held by IEG Technologies, Inc., on the
in situ recirculation unit. The applicability of these patents is currently unclear
and would need to be resolved by patent attorneys.

. Other issues that could affect implementation are associated with newly gener-
ated site characterization data that may influence technology effectiveness or

cost (and therefore feasibility) at target areas, including permeability, hetero-
geneity, contaminant distribution, and anaerobic biological activity information.

Bench-Scale Testing
Objectives

Bench-scale testing would consist of microcosm studies using aquifer material collec-
ted from target zones. The microcosm studies will help determine:

. Whether the desired anaerobes are present in the subsurface
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. Whether they can be stimulated through the addition of an appropriate
growth substrate

. Whether they can degrade the target contaminants and, if so, what
transformation products are formed

. The concentration range over which effective transformation can be
achieved

. The optimal organic substrate (the literature suggests that benzoate,
methanol, and formate are some of the best substrates to drive anaero-
bic transformations)

o The benefit of adding an electron acceptor such as sulfate
. Whether high concentrations of electron donors should be added ini-
tially, or lower concentrations pulse-fed
Approach

Different types of microcosms might be employed, including batch reactors, batch-fed
soil columns, and continuous-flow soil columns. Anaerobic bacteria have slow growth
rates so several months may be required to achieve effective transformation, particu-
larly if the necessary microbes are absent or present in low numbers. If core samples
are taken from an active anaerobic zone, the anaerobic population should begin treat-
ment more quickly. Bench-scale testing is likely to require 6 months to compare.

If indigenous anaerobic microorganisms are not present or are not capable of trans-
forming the contaminants of concern, it may be possible to introduce anaerobes to

the subsurface. In this event, microcosm studies could be used to determine if the
introduced strain would survive and flourish under field conditions.

Pilot-Scale Testing

Objectives

Pilot-scale tests would be necessary to develop information for designing and operat-
ing a full-scale treatment system. Data would be obtained on the effectiveness of
treatment, areal extent of treatment, and optimal methods of chemical addition. A
probable duration for pilot testing is 6 months to 1 year.

Pilot-scale testing objectives include the evaluation of:

. Proper well spacing and number of wells required for full-scale imple-
mentation
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Approach

Pilot-scale testing would involve the installation of one or two injection wells and two
to four extraction wells, and operation of the system for a sufficiently long duration to
obtain data needed to develop design and operating parameters for full-scale imple-
mentation. (For the purpose of this Implementation Plan, the use of vertical injection
and extraction wells is assumed for pilot testing, but in situ recirculation units should
also be considered.) The specific objectives and approach of the pilot testing pro-

B

" Required organic substrate and nutrient addition rates, and optimal

pattern of delivery

Characteristics of extracted groundwater

Transformation product formation and disappearance rates
Contaminant reduction rates and estimated treatment duration
Estimated contaminant mass reductions achievable during treatment
Estimated full-scale capital and operating costs

Cost benefits associated with implementing the technology

gram would be refined and detailed following the information gathering and review
and bench-scale testing tasks. The general approach to pilot testing is outlined below.

! 1. Confirm appropriateness of target location selected for pilot testing.

} 2. Conduct modeling to support pilot system design. This work would
include hydrodynamic modeling, advective transport modeling, and pos-
sibly, modeling of mass transfer and biological processes.

3. Prepare system installation and operation work plan.

4. Install injection, extraction, and groundwater monitoring wells. Set up
aboveground nutrient delivery system.

5. Operate the system at different rates and patterns of substrate/nutrient
delivery, holding each amendment condition constant for sufficient time
to evaluate treatment performance (determined by groundwater
sampling and analysis).

E 6. Analyze data to evaluate the performance under different testing condi-

) tions and evaluate potential benefits of in situ anaerobic biotreatment to
the overall Base groundwater remediation program.

7. Decide whether to proceed with implementation at full scale.
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Full-Scale Implementation

Pilot-scale resuits are necessary to develop a full-scale system design. However, an
example conceptual design is outlined below to illustrate the major elements of a full-
scale system and to provide a basis for a rough order-of-magnitude cost estimate.
Rather than developing a conceptual design for a particular location, a modular
approach was used to develop an estimated range of costs per unit acre for full-scale
implementation.

The example conceptual design is based on the following key assumptions:

Each module consists of nine injection and nine extraction wells, a
piping system from the extraction wells to a groundwater treatment unit,
a substrate feed system, and piping from the substrate feed system to
the injection well (Figure L2-2).

The spacing of wells varies from 30 to 60 feet based on initial modeling
estimates.

Approximate coverage by one module ranges from 8,100 ft*
(5.4 modules/acre) to 32,400 ft? (1.3 modules/acre), depending on well
spacing.

Groundwater extraction and injection rate is 3 gpm per well.

There will be one groundwater monitoring well per every 10 extraction/
injection wells.

Electron donor is sodium benzoate applied at a rate of 10 grams per
gram of contaminants. Sulfate addition would be added at the same
mass ratio. Nutrient addition in the form of diammonium phosphate
would occur at a ratio of 1 gram per gram of contaminants.

The extracted groundwater is treated to MCLs at a single treatment
system at the target location. This system consists of air stripping with
vapor-phase GAC adsorption. Most (=90 percent) of the treated
groundwater is chemically amended and reinjected, and a small blow-
down stream ( < 10 percent) is discharged to maintain a net ground-
water withdrawal (for containment).
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° A single chemical feed system —including chemical storage, mixing, and
feed tanks, mixers, pumps, and controls —services the entire in situ treat-
ment system (Figure L2-3).

Technology Limitations and Uncertainties

The critical limitations and uncertainties of technology implementation are listed
below.

° The suitability of hot spot areas at the Base for application of in situ
anaerobic biotreatment will depend on subsurface characteristics such as
soil permeabilities, heterogeneities, and contaminant distribution.

. It is unknown whether aboveground treatment of extracted groundwater
will be required prior to reinjection. If so, it will significantly increase
cost and permitting requirements.

. Other potential permitting issues are associated with reinjection of
groundwater and injection of chemical amendments. Patent issues that
must be resolved are associated with the use of the in situ anaerobic
biotreatment process and the use of in situ recirculation units.

L Achievable contaminant treatment rates are unknown and must be
determined through testing.

. The formation of toxic transformation products such as vinyl chloride
could affect the risk associated with Base groundwater.

. The presence of natural anaerobic biological activity is only indicated at
a few Base locations, based on existing groundwater contaminant data.
The necessary microorganisms may or may not be present at potential
target areas for implementation of the technology. The success of bio-
augmentation is uncertain.
Schedule

A possible implementation schedule is provided in Figure L2-4.
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Cost

This section presents an estimated range for order-of magnitude implementation costs
based on the conceptual design. Implementation costs include costs associated with
ongoing literature review, further site characterization, bench-scale testing, pilot-scale
testing, and full-scale capital and annual operations and maintenance. The scope of
each of these cost-related activities is summarized below:

. Literature Review. Technology researchers (i.e., universities, industry,
consultants) are likely to further develop the technology such that
enhancements (optimization) and limitations will be better understood.
The decision to proceed with further implementation of in situ anaero-
bic biotreatment requires ongoing assessment and review of these
research results. While this activity is not a significant cost factor of
implementation, it is an important implementation activity.

. Further Site Characterization. This activity is necessary to confirm the
location of a proposed implementation site and to provide the necessary
soil cores for bench-scale microcosm studies. Associated costs are rela-
ted to fieldwork (streamlined SAP, QAPP, sampling labor and expenses,
analytical expenses, report, etc.) designed to identify site subsurface
characteristics and collect and analyze samples for bench-scale testing.

. Bench-Scale Testing. This activity includes scope and workplan devel-
opment, contract procurement, and the cost of conducting and oversee-
ing soil microcosm studies.

o Pilot-Scale Testing. This activity includes costs associated with scope
and workplan development, contract procurement, equipment procure-
ment, system installation, system operation, demobilization, sampling
and analysis (system monitoring), evaluation of system performance, and
reporting.

o Full-Scale Capital. Capital costs are direct and indirect costs required
to initiate and install the technology system components, including (but
not limited to) engineering design, mobilization and demobilization of
equipment and people, site construction activities (i.e., well installation),
contractor bonding and insurance, equipment procurement and installa-
tion, licensing and permitting, health and safety, and supervision during
construction.

. Full-Scale Operation and Maintenance. Operation and maintenance
(O&M) costs represent those costs which would be incurred during each
year of operation from initial startup to final shutdown of the fuil-scale
system. O&M costs include operations and maintenance labor,
sampling and analysis, power, and (optionally) groundwater treatment
prior to reinjection. Since annual O&M costs occur over a period of
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years, future costs have been discounted to the present year’s equivalent
value (i.e., the present value cost) using 5 percent interest, so that
annual costs remain comparable. Actual annual costs are likely to be
much higher during the first year(s) of operation as the system is com-
missioned and optimized for operation, and due to higher chemical
usage rates and associated labor required for treating higher initial
concentrations. Therefore, the annual costs are intended to represent
the anticipated average yearly cost of operation over the life of the

system.

A contingency of 30 percent has been applied to the full-scale implementation cost to
account for possible project cost increases due to scope and bid variations that typi-
cally occur with hazardous waste remediation projects. These increases are typically
caused by the changes which normally occur as part of final design and implementa-
tion, based on observation of actual field conditions/contamination, and factors which
affect the cost of subcontracted services, such as labor and material shortages. Not
included in the estimates are any agency or Air Force administrative costs, nor any
costs associated with modifications of the existing groundwater treatment system(s).

Typically, order-of-magnitude cost estimates for general construction projects are
intended to reflect an accuracy of within 50 percent greater to 30 percent less than
actual costs. The estimates summarized below are expected to be within these
ranges; however, there is greater uncertainty of accuracy as a result of the lesser
degree of development associated with this innovative technology compared to gen-
eral construction technologies. Current pricing data based on quoted equipment
costs, construction cost data (e.g., Means, 1993), previous local project experience,
and engineering judgment have been used to generate the estimates, using adjust-
ments for local McClellan AFB costs when available. Final project costs will depend
on actual labor and material costs, actual site conditions at the time of implementa-
tion, productivity, competitive market conditions, final project scope and schedule,
contractors selected to perform activities, and many other variables. As a result, the
final project costs will differ from the exact value of any estimates presented here, but
should still remain within the estimated range.

The following order-of-magnitude implementation costs are estimated for in situ
anaerobic biotreatment:

. Literature review will require approximately $14,000 over a period of
two years.

° It is estimated that further site characterization could be completed for
approximately $50,000.

e It is estimated that bench-scale testing could be completed for approxi-
mately $68,000.

o Pilot-scale testing is estimated to cost approximately $345,000.
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Full-scale implementation costs on a per acre basis are summarized in Table L.2-2.
The estimated costs for construction and operation of a full-scale system range from
approximately $1.2 M/acre (for 60 feet well spacing, 2 years operation, and no
groundwater treatment prior to reinjection) to $7.5 M/acre (for 30 feet well spacing,
5 years operation, and groundwater treatment prior to reinjection). The added cost
of groundwater treatment prior to reinjection is estimated to be approximately
$100,000/acre. Key assumptions associated with the implementation cost estimate, in
addition to those previously described, include:

Table L2-2
In Situ Anaerobic Biotreatment
Order-of-Magnitude Implementation Cost Summary
L SRR
Range of Costs ($/acre)
Low - Intermediate
Activity Low' Intermediate? - High® High*
Full-Scale Capital 900,000 900,000 3,900,000 3,900,000
Full-Scale O&M 300,000 400,000 1,600,000 3,700,000
(Present Worth for All
Years)
Full-Scale Implementation 1,200,000 1,300,000 5,500,000 7,600,000
Cost
o
Notes:
'Based on 60 feet well spacing, 2 years of operation, and no groundwater treatment prior to reinjection.
?Based on 60 feet well spacing, 2 years of operation, and groundwater treatment prior to reinjection.
’Based on 30 feet well spacing, 2 years of operation, and groundwater treatment prior to reinjection.
“Based on 30 feet well spacing, 5 years of operation, and groundwater treatment prior to reinjection.
Otber significant assumptions include: 100 percent system on-time; annual sampling and analysis costs,
and performance evaluations included in operational cost; 30 percent contingency factor applied.

° Full-scale costs are reported on a per-acre basis. Costs were estimated for
a five-module (45 extraction well) system and converted to per-acre costs.

o Nine man-days/well plus drilling costs are needed to install wells. This
includes drilling, well completion and development, and surface plumbing.

. Groundwater treatment unit operational costs are $200/1b VOCs, and
approximately 600 Ib of contaminants will require aboveground removal

per year.
] Average groundwater concentration is 5§ mg/1 total chlorinated VOCs.

° System monitoring includes 240 man-days/year for system operation and
maintenance, and the collection of nine samples per module.
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. The substrate feed system is constructed inside a corrugated metal roof-
covered building.
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TECHNICAL MEMORANDUM L3 CHMHILL

PREPARED FOR: McClellan Air Force Base

DATE: March 24, 1994
SUBJECT: In Situ Cometabolic Biotreatment Implementation Plan
Groundwater OU RI/FS Report

Delivery Order No. 5066

PROJECT: SAC28722.66.NT

Technology Overview
Description

In situ (aerobic) cometabolic biotreatment is an emerging technology for remediating
groundwater contaminated with chlorinated aliphatic hydrocarbons (CAHs). In situ
cometabolic biotreatment refers to the process of adding a primary organic substrate
to groundwater to induce production of nonspecific enzymes by a certain group of
microorganisms under aerobic conditions. These enzymes fortuitously degrade CAHs,
which are otherwise resistant to aerobic biodegradation. For purposes of this report,
the term cometabolic biotreatment is used to describe only aerobic cometabolism, so
oxygen is added along with the primary organic substrate. The most promising sub-
strates are methane, phenol, and toluene. Inorganic nutrients (primarily nitrogen and
phosphorus) may also be added to the groundwater if needed.

CAHs are the principal organic contaminants in groundwater at McClellan AFB. The
CAHs of interest at the Base include: trichloroethene (TCE), tetrachloroethene
(PCE), carbon tetrachloride (CT), 1,1,1-trichloroethane (1,1,1-TCA), cis- and trans-
1,2-dichloroethene (1,2-DCE), vinyl chloride (VC), 1,1-dichloroethene (1,1-DCE),
1,1-dichloroethane (1,1-DCA), chloroform (CF), and methylene chloride (MC). TCE,
1,2-DCE, and VC can be effectively treated by aerobic cometabolism; 1,1-DCE,
1,1,1-TCA and 1,1-DCA are not effectively treated by this method; and PCE and CT
are recalcitrant. In this process, TCE and other chlorinated organics can be com-
pletely oxidized to carbon dioxide, water, and inorganic salts.

Implementation Methods

There are four basic configurations for implementing in situ cometabolic biotreat-
ment:
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In situ recirculation wells

Vertical injection and extraction wells
Horizontal injection and extraction wells
Reactive walls

These four alternatives are depicted schematically in Figure L3-1, and are described
below. Additional configurations are possible, including combinations of the systems
described.

An in situ recirculation well consists of a vertical well that has two separate screened
intervals in the saturated zone and a seal in the well above the upper screen. A sub-
mersible pump is positioned between the screens to force water out the bottom
screen while drawing water in through the top screen (or vice versa). Pumping
groundwater in this fashion resuits in flow paths like those depicted in Figure L3-1.
Chemical amendments are added to the groundwater within the well.

A combination of vertical injection and extraction wells is the traditional system used
for in-situ groundwater bioremediation. Substrate and nutrients are injected and
pumped through the contaminated groundwater zone between injection and extrac-
tion wells to create a biologically active zone where treatment occurs. Horizontal
injection and extraction wells function similarly to vertical wells except that the wells
are oriented horizontally in the contaminated zone and, therefore, can influence a
larger lateral area.

Reactive walls are either trenches or a linear array of wells designed to create a cur-
tain through which groundwater passes under ambient gradients and in which the
desired biological reactions occur.

The four basic implementation alternatives have different applicabilities and advan-
tages and disadvantages with respect to site and contaminant distribution conditions.
Because of the great depth to groundwater at McClellan AFB, vertical wells and in
situ recirculation units are probably the two most feasible implementation alternatives
for in situ cometabolic biotreatment at the Base.

Development Status

The capability of cometabolic biotreatment to degrade CAHs in aquifer material has
been well established in bench-scale studies. Considerable laboratory work on this
technology has been conducted by university researchers and vendors over the past
several years.

Stanford University researchers have conducted a multi-year, small-scale, field pilot
study of in situ cometabolic biodegradation of CAHs in a shallow water table aquifer
at Moffett Maval Air Station. These studies have yielded very favorable results, but
they were conducted using simple combinations of (approximately four) contaminants
at a time.
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The technology has been developed to the point where it is ready to be implemented
in an appropriate full-scale application, but has not yet been pplied for full-scale
groundwater remediation to-date.

Potential Benefits

This section describes the performance, advantages and disadvantages, and cost bene-
fits associated with in situ cometabolic biotreatment. This information is intended to
provide a basis for evaluating the potential benefits of implementing the technology as
part of the overall McClellan AFB groundwater cleanup program.
General Performance
Effectiveness
. Field pilot testing has demonstrated that removal efficiencies on the order of

90 percent can be achieved for TCE, 1,2-DCE, and VC for initial concentra-

tions up to 1,000 pug/l.

. CAHs that are amenable to cometabolic treatment can be completely
mineralized to CO,, water, and chloride.

Robustness

. TCE, 1,2-DCE, VC, and possibly other prevalent CAHs are treatable by
cometabolic biotreatment.

U Cometabolic biotreatment is not effective for CT, PCE, 1,1-DCE, 1,1-DCA,
1,1,1-TCA, or Freons.

° The technology is sensitive to toxic and inhibitory effects.

o High TCE concentrations (up to 10 mg/l) are not expected to be inhibitory.

o BTEX compounds, acetones, and other relatively minor nonhalogenated con-
taminants in Base groundwater are readily biodegradable under aerobic condi-
tions.

. As with all in situ technologies, control over subsurface conditions is critical to

treatment performance, as heterogeneities and mass transfer requirements
limit effectiveness.
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Potential Risk Reduction

In situ cometabolic biotreatment has the potential to reduce risk by biodegrading
groundwater contaminants and thereby reducing the contaminant mass in the subsur-
face. By accelerating contaminant removal, the time to achieve remedial goals may
be shortened. Injection of chemicals into groundwater and formation of intermediate
transformation products could constitute new, albeit temporary, sources of risk, but
adequate hydrologic control would be maintained to mitigate these risks during sys-
tem operation.

Advantages Compared to Other Technologies

Destruction of contaminants occurs in-place. Because treatment occurs in situ,
contaminant desorption is accelerated.

May treat high concentrations of amenable CAHs (tens of mg/l).

Aerobic conditions are maintained, promoting better water quality (compared
to naturally occurring or induced anaerobic conditions).

The fast growth rates typical of aerobic microorganisms may allow rapid devel-
opment of a contaminant-degrading culture.

This technology is effective at degrading some anaerobic transformation
products of PCE and TCE. The transformation products, which the
cometabolic process would be effective on, are: cis-1,2-DCE, trans-1,2-DCE,
and vinyl chloride.

At least simple contaminant mixtures are treatable using this technology.
Complete degradation of TCE to nontoxic end products is possible.

No significant transformation products are formed during treatment of CAHs
that have higher associated risks than the parent compounds (e.g., VC).

If groundwater extracted in conjunction with implementation of in situ cometa-
bolic biotreatment could be reinjected without aboveground treatment (e.g.,
during implementation using vertical injection and extraction wells), the cost of
this technology would be significantly reduced relative to other technologies
requiring aboveground treatment. EPA has prepared a position statement
allowing for reinjection of contaminated water when appropriate for such a
treatment scheme.
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Disadvantages Compared to Other Technologies

° Does not effectively degrade PCE, CT, 1,1-DCE, 1,1-DCA, 1,1,1-TCA, or

Freons.

. Competitive inhibition occurs between the added organic substrate and some
target CAHs.

. Because microorganisms are fast growing, it may be difficult to achieve distrib-

uted growth in subsurface. Biofouling is also a potential problem.

. This technology requires oxygenation of groundwater, which is expensive and
can be difficult to achieve over extended volumes.

. Groundwater oxygenation can cause iron precipitation and plugging.

o If adequate populations of bacteria capable of producing CAH-degrading
enzymes are not present, bioaugmentation may be necessary, but added
microbes may not thrive in the subsurface environraznt. However, these
microorganisms have been found to be fairly widespread in the environment.

° If required, aboveground water treatment will significantly increase the cost of
the technology and will have permitting requirements.

. Reinjection of groundwater (with or without treatment) and injection of chemi-
cal amendments will require regulatory approval.

Relative Cost Benefit

The cost benefits of in situ cometabolic biotreatment would result from increased
rates of contaminant removal that could shorten the pump-and-treat remediation
time. Cost benefits should be evaluated through an analysis of savings associated with
the reduced operation time of pump-and-treat after accounting for the capital and
operating costs of the in situ anaerobic biotreatment syster:.

Potential Locations

Cometabolic biotreatment is potentially applicable at locations on the Base where
TCE, 1,2-DCE, and/or VC are the predominant groundwater contaminants. Imple-
mentation of the technology in hot spot areas is likely to provide the greatest benefit
to the overall groundwater cleanup program. Moderate to high permeabilities and
relatively homogeneous conditions in the saturated zone are most favorable for effec-
tive treatment.
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Hot spot locations in OU C are potentiaily most suitable because of the relatively
high permeabilities found in that area and because TCE is the predominant CAH
present.

Approach
Information Needs and Sources

Table L3-1 lists information requirements and sources for implementation of in situ
cometabolic biotreatment.

Information Gathering and Review

Information gathering to date has included the review of published and available
unpublished technology information, vendor interviews, consultation with subcontrac-
ted experts, and an overview of McClellan AFB subsurface characteristics and
groundwater contaminant data. Expert consultants for this technology are Dr. Lewis
Semprini of the Department of Civil Engineering, Oregon State University, and

Dr. Perry McCarty of the Department of Civil Engineering, Stanford University.
Drs. McCarty and Semprini are considered to be leading experts on in situ biological
treatment processes

The first step for implementation of this technology should be a detailed review of
the existing literature on cometabolic biotreatment of CAHs, paying particular atten-
tion to field data, and of the groundwater contaminant data for the Base. New infor-
mation should be reviewed as it becomes available.

A detailed analysis of chemical distribution in three dimensions is needed to identify
target volumes for treatment. After the existing chemical data have been thoroughly
reviewed and analyzed and potential target areas have been roughly identified, it is
likely that some additional site characterization data will be needed to fine-tune the
selection of target zones, evaluate chemical amendment requirements, and collect
samples of aquifer material for bench-scale testing. Samples for analysis and testing
could be collected through the use of boreholes or cone penetrometers. Analytical
parameters should include organic contaminants, major anions and cations, metals
(iron), Eh, pH, DO, sulfide, methane, ethane, and COD, or TOC.

Implementation Issues

. Potential permitting/regulatory approval issues associated with in situ
cometabolic biotreatment include:

- Reinjection or discharge of extracted groundwater
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Table L3-1
In Situ Cometabolic Biotreatment

M = Modeling/Other Technology Evaluations

Information Needs and Sources
Test Scale
Information Need Bench Pilot Full
Contaminant Characterization
. Contaminant Types S S S
. Concentrations S S S
. Treatment Goals L L L
. Inhibitory/Toxicity Factors L B,L P,L
. Contaminant Geometry - S.L S.L
Subsurface Characterization
i Environmental Factors (pH, temp) S S P,S
. Water/soil chemistry parameters S B,S P.S
. Flow L M M
. Water Levels over time -- S,L S,L
. Soil type S S,.L S,L
. Soil heterogeneity S S,L S,L
. Sorption/Retardation L M M
. Microorganisms present S B,S P,S
. Electron Acceptors S B,S P,S
System Design: Physical Configuration
o Number of wells, type - B,L.M P.LM
. Well spacing - B,LM P,.LM
U Residence Time (zone) L B,LM P,L.M
. Well Diameter -- B,L P,L
. Screen depth, length - LV P,L,V
System Design: Treatment Requirements
U Nutrient Additions L B.L P,L
. Metabolite Addition L B,L P,L
. Microorganism Addition L B,L P,L
. Oxygen Additions L BL P,L
. Permitting Requirements - L L
System Design: Equipment Requirements
. Equipment Requirements L LV P,V
° O&M Requirements L LV P,V
Performance Capabilities
. Monitoring (Sampling and Analysis Requirements) L L L
. By-product formation S B,L,S P,L,S
Notes:
L = Literature/Experts
B = Beach Scale
P = Pilot Scale
S = Sewmpling Results
V = Vendor

CVOR366/023.WPS L3-9




- The need for aboveground treatment of extracted groundwater if it is to
be reinjected within a contained plume

- Treatment requirements for groundwater and offgas if aboveground
treatment of extracted groundwater is required

- Injection of organic substrates and nutrients into groundwater
- Formation of transformation products

. A potential patent issue pertains to the patent held by IEG Technologies, Inc.,
on the in situ recirculation unit. The applicability of this patent is currently
unclear and would need to be resolved by patent attorneys.

o Other issues that could affect implementation are associated with newly gener-
ated site characterization data that may influence technology effectiveness or
cost (and therefore feasibility) at target areas, including permeability, hetero-

geneity, contaminant distribution, and cometabolic biological activity informa-
tion.

Bench-Scale Testing
Objectives

Bench-scale testing would consist of microcosm studies using aquifer material collec-
ted from target zones. The microcosm studies will help determine:

. What growth substrate is most effective (phenol, toluene, or methane)

. Whether the necessary microbial cultures are present in the subsurface
and can be stimulated to degrade the target contaminants

° Whether they can degrade the target contaminants and how efficiently
. The concentration range over which effective transformation can be
achieved
o The best method and rate for the addition of organic growth substrate
Approach

Different types of microcosms might be employed, including batch reactors, batch-fed
soil columns, and continuous-flow soil columns. Bench-scale tests may take up to
6 months to complete.
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If indigenous microorganisms are not present or they are not capable of mineralizing
the contaminants of concern, it may be possible to introduce microbes to the subsur-
face. In this event, microcosm studies could be used to determine if the introduced
strain would survive and flourish under field conditions.

Pilot-Scale Testing

Objectives

Pilot-scale tests would be necessary to develop information for designing and operat-
ing a full-scale treatment system. Data would be obtained on the effectiveness of
treatment, areal extent of treatment, and optimal methods of chemical addition. A

probable duration for pilot testing is 6 months to 1 year.

Pilot-scale testing objectives include the evaluation of:

. Proper well spacing and number of wells required for full-scale imple-
mentation
o Required organic substrate and nutrient addition rates, and optimal

pattern of delivery

o Characteristics of extracted groundwater
o Transformation product formation, if any of significance, and disappear-
ance rates
. Contaminant reduction rates and estimated treatment duration
° Estimated contaminant mass reductions achievable during treatment
] Estimated full-scale capital and operating costs
. Cost benefits associated with implementing the technology
Approach

Pilot-scale testing would involve the installation of one or two injection wells and two
to four extraction wells, and operation of the system for a sufficiently long duration to
obtain data needed to develop design and operating parameters for full-scale imple-
mentation. (For the purpose of this Implementation Plan, the use of vertical injection
and extraction wells is assumed for pilot testing, but in situ recirculation units should
also be considered.) The specific objectives and approach of the pilot testing pro-
gram would be refined and detailed following the information gathering and review
and bench-scale testi- ; tasks. The general approach to pilot testing is outlined below.
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Confirm appropriateness of target location selected for pilot testing.

Conduct modeling to support pilot system design. This work would
include hydrodynamic modeling, advective transport modeling, and pos-
sibly, modeling of mass transfer and biological processes.

Prepare system installation and operation work plan.

Install injection, extraction, and groundwater monitoring wells, and set
up aboveground chemical delivery system.

Operate the system at different rates and patterns of substrate/nutrient
delivery, holding each amendment condition constant for sufficient time
to evaluate treatment performance (determined by groundwater sam-
pling and analysis).

Analyze data to evaluate the performance under different testing condi-
tions and evaluate potential benefits of in situ cometabolic biotreatment
to the overall Base groundwater remediation program.

Decide whether to proceed with implementation at full scale.

Full-Scale Implementation

Pilot-scale results are necessary to develop a full-scale system design. However, an
example conceptual design is outlined below to illustrate the major elements of a full-
scale system and to provide a basis for a rough order-of-magnitude cost estimate.
Rather than developing a conceptual design for a particular location, a modular ap-
proach was used to develop an estimated range of costs per unit acre for full-scale
implementation.

The example conceptual design is tased on the following key assumptions:

Each module consists of nine injection and nine extraction wells, a
piping system from the extraction wells to a groundwater treatment unit,
a substrate feed system, and piping from the substrate feed system to
the injection well (Figure L3-2).

The spacing of wells varies from 30 to 60 feet based on initial modeling
estimates.

Approximate coverage by one module ranges from 8,100 ft?
(5.4 modules/acre) to 32,400 ft* (1.3 modules/acre), depending on well
spacing.

Groundwater extraction and injection rate is 3 gpm per well.

There will be one groundwater monitoring well per every 10 extraction/
injection wells.

RDD10012E24. WP$ L3-12 3/24/94
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. The organic growth substrate is toluene, added at a ratio of 25 grams
per gram of TCE. Oxygen is added to the groundwater using H,0O, at a
ratio of 100 grams per gram of TCE. Inorganic nutrients are added as
diammonium phosphate at a ratio of 1 gram per gram of TCE.

. The extracted groundwater is treated to MCLs at a single treatment
system at the target location. This system consists of air stripping with
vapor-phase GAC adsorption. Most (=90 percent) of the treated
groundwater is chemically amended and reinjected, and a small blow-
down stream (< 10 percent) is discharged to maintain a net groundwater
withdrawal (for containment).

o A single chemical feed system—including chemical storage, mixing, and
feed tanks, mixers, pumps, and controls—services the entire in situ treat-
ment system (Figure L3-3).

Technology Limitations and Uncertainties

The critical limitations and uncertainties of technology implementation are listed
below.

. The suitability of hot spot areas at the Base for application of in situ
cometabolic biotreatment will depend on subsurface characteristics such
as soil permeabilities, heterogeneities, and contaminant types and distri-
bution.

. It is unknown whether aboveground treatment of extracted groundwater
will be required prior to reinjection. If so, it will significantly increase
cost and permitting requirements.

. Other potential permitting issues are associated with reinjection of
groundwater and injecticn of chemical amendments. Patent issues that
must be resolved are associated with the use of in situ recirculation
units.

° Achievable contaminant treatment rates are unknown and must be
determined through testing.

o The presence of naturally occurring microorganisms capable of initiating
transformation of CAHs is unknown. The necessary microorganisms
may or may not be present at potential target areas for implementation
of the technology, but they have been found to be widespread in the
environment. The success of bioaugmentation is uncertain.

RDD10012E24.WPS L3-14 3/24/94




- i,

O't=

OMQ"L003AS\ HIVIAS\OMO\ZZLBZOVS\NVIF100A\

— TIHRD
VINHOLITVO ‘OLNINYHOYS

3SY8 30HO IV NVTI13109N

S3/1d LINN 378VHIJ0 H3LYMONNOHD

QLLYIWIHIS SS300Hd
A108VLINOI NULIS NI
€-€1 3HNOId

dANNd

ANVId LN3NLVIML
YILYMANNOHS OL

| YILVYMANNOMI

LIND
ANINLYIN] |

STIIM
NOILOVHLX3

AN\

NOILIQQV LNIRILON

TIOMLNOD Hd

™~
A @ NOLD3MNI
A

STI3IM

ANVL Q334

1

ANVL
ONIXIW

HILYM
dnN-3INVN

Alddns 2o

i

ANYL IOVHOLS
JONIHJ ¥INB

rSrigQu




o Complete utilization/biodegradation and/or recovery of injected organic
substrate must be accomplished to avoid adding contaminants (and
associated risk) to the groundwater.

Schedule

A possible implementation schedule is provided in Figure L3-4.

Cost

This section presents an estimated range of order-of magnitude implementation costs
based on the conceptual design. Implementation costs include costs associated with:

ongoing literature review, further site characterization, bench-scale testing, pilot-scale
testing, and full-scale capital and annual operations and maintenance. The scope of

each of these cost-related activities is summarized below:

o Literature Review. Technology researchers (i.e., universities, industry,
consultants) are likely to further develop the technology such that
enhancements (optimization) and limitations will be better understood.
The decision to proceed with further implementation of in situ cometa-
bolic biotreatment requires ongoing assessment and review of these
research results. While this activity is not a significant cost factor of
implementation, it is an important implementation activity.

. Further Site Characterization. This activity is necessary to confirm the
location of a proposed implementation site and to provide the necessary
soil cores for bench-scale microcosm studies. Associated costs are rela-
ted to fieldwork (streamlined SAP, QAPP, sampling labor and expenses,
analytical expenses, report, etc.) designed to identify site subsurface
characteristics and collect and analyze samples for bench-scale testing.

o Bench-Scale Testing. This activity includes scope and work plan devel-
opment, contract procurement, and the cost of conducting and oversee-
ing the soil microcosm studies previously described.

. Pilot-Scale Testing. This activity includes costs associated with scope
and work plan development, contract procurement, equipment procure-
ment, system installation, system operation, demobilization, sampling
and analysis (system monitoring), evaluation of system performance, and
reporting.
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¢ Full-Scale Capital. Capital costs are direct and indirect costs required
to initiate and install the technology system components, including (but
not limited to) engineering design, mobilization and demobilization of
equipment and people, site construction activities (i.e., well installation),
contractor bonding and insurance, equipment procurement and installa-
tion, licensing and permitting, health and safety, and supervision during
construction.

o Full-Scale Operation and Maintenance. Operation and maintenance
(O&M) costs represent those costs that would be incurred during each
year of operation from initial startup to final shutdown of the full-scale
system. Since annual O&M costs occur over a period of years, future
costs have been discounted to the present year’s equivalent value (i.e.,
the present value cost) using 5 percent interest, so that annual costs
remain comparable. Actual annual costs are likely to be much higher
during the first year(s) of operation as the system is commissioned and
optimized for operation, and due to higher chemical usage rates and
associated labor required for treating higher initial concentrations.
Therefore, the annual costs are intended to represent the anticipated
average yearly cost of operation over the life of the system.

A contingency of 30 percent has been applied to the full-scale implementation cost to
account for possible project cost increases due to scope and bid variations that typi-
cally occur with hazardous waste remediation projects. These increases are typically
caused by the changes that normally occur as part of final design and implementation,
based on observation of actual field conditions/contamination, and factors, which
affect the cost of subcontracted services, such as labor and material shortages. Not
included in the estimates are any agency or Air Force administrative costs, nor any
costs associated with modifications of the existing groundwater treatment system(s).

Typically, order-of-magnitude cost estimates for general construction projects are
intended to reflect an accuracy of within 50 percent greater to 30 percent less than
actual costs. The estimates summarized below are expected to be within these
ranges; however, there is greater uncertainty of accuracy as a result of the lesser
degree of development associated with this innovative technology compared to gen-
eral construction technologies. Current pricing data based on quoted equipment
costs, construction cost data (e.g., Means, 1993), previous local project experience,
and engineering judgment have been used to generate the estimates, using adjust-
ments for local McClellan AFB costs when available. Final project costs will depend
on actual labor and material costs, actual site conditions at the time of implementa-
tion, productivity, competitive market conditions, final project scope and schedule,
contractors selected to perform activities, and many other variables. As a result, the
final project costs will differ from the exact value of any estimates presented here.

The following order-of-magnitude implementation costs are estimated for in situ
cometabolic biotreatment:
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Literature review will require approximately $14,000 over a period of
2 years.

It is estimated that further site characterization could be completed for
approximately $50,000.

It is estimated that bench-scale testing could be completed for approxi-
mately $68,000.

Pilot-scale testing is estimated to cost approximately $355,000.

Full-scale implementation costs on a per acre basis are summarized in Table L3-2.
The estimated costs for construction and operation of a full-scale system range from
approximately $1.9M/acre (for 60-foot well spacing, 2 years’ operation, and no
groundwater treatment prior to reinjection) to $14.7M/acre (for 30-foot well spacing,
5 years’ operation, and groundwater treatment prior to reinjection). The added cost
of groundwater treatment prior to reinjection is estimated to be approximately
$100,000/acre. Key assumptions associated with the implementation cost estimate, in
addition to those previously described, include:

Full-scale costs are reported on a per acre basis. Costs were estimated
for a five-module (45 extraction wells) system and converted to per acre
costs.

Nine man-days/well plus drilling costs are needed to install wells. This
includes drilling, well completion and development, and surface plumb-
ing.

Groundwater treatment unit operational costs are $200/Ib VOCs, and
approximately 600 Ib of contaminants will require aboveground removal
per year.

Average groundwater concentration is 5 mg/1 total chlorinated VOCs.

System monitoring includes 240 man-days/year for system operation and
maintenance, and the collection of nine samples per module.

The substrate feed system is constructed inside a corrugated metal roof-
covered building.

Toluene is added at a rate of 15,000 Ib/module per year at a cost of
$4/1b; hydrogen peroxide is the oxygen source and is added at a rate of
59,000 Ib/module per year at a cost of $3.50/lb. Chemical costs include
shipping and handling.
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Table L3-2
In Situ Cometabolic Biotreatment
Order-of-Magnitude Implementation Cost Summary

Range of Costs ($/acre)
Low -
Intermediat | Intermedia
Activity Low* et te - High® High?

Full-Scale Capital 900,000 900,000 3,900,000 3,900,000
Full-Scale O&M 1,000,000 1,100,000 4,600,000 10,800,000
(Present Worth for All
Years)
Full-Scale 1,900,000 2,000,000 8,500,000 14,700,000
Implementation Cost

Notes:

“Based on 60 feet well spacing, 2 years of operation, and no groundwater
treatment prior to reinjection.

®Based on 60 feet well spacing, 5 years of operation, and groundwater treatment
prior to reinjection.

‘Based on 15 feet well spacing, 2 years of operation, and groundwater treatment
grior to reinjection.

Based on 15 feet well spacing, 5 years of operation, and groundwater treatment
prior to reinjection.

Other significant assumptions include: 100 percent system on-time; annual
sampling and analysis costs, and performance evaluations included in operational
cost; 30 percent contingency factor applied.
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TECHNICAL MEMORANDUM 14 CHMHILL

PREPARED FOR: McClellan Air Force Base

DATE: November 7, 1993
SUBJECT: Dual Phase Extraction (DPE) Implementation Plan
Groundwater OU RI/FS Report

Delivery Order No. 5066

PROJECT: SAC28722.66.NT

Technology Overview
Description

Dual Phase Extraction (DPE) is a groundwater remediation technology that simulta-
neously extracts contaminants from the vadose, capillary fringe, and saturated zones.
While conventional soil vapor extraction (SVE) systems and conventional pump-and-
treat systems address only the zones above and below the water table, respectively,
neither one directly addresses the capillary fringe. Insoluble contaminants tend to
collect in the capillary fringe or "smear" zone due to low air flow and low water
flows. This tends to represent one of the most difficult zones to remediate. DPE
potentially can remediate all three zones at the same time.

There are two primary approaches for extracting warer and soil vapors simultaneously
from a single well. The first, known as DPE, uses pumping equipment located at the
surface and an aspiration "straw" to remove groundwater and air in a common extrac-
tion stream. The other, known as Dual Extraction (DE), consists of a combination of
conventional SVE and pump-and-treat systems in a single well. DE has been
employed as an enhancement in settings conducive to conventional pump-and-treat
(higher relative permeabilities), while DPE was developed specifically for very low
permeability sites for which conventional pump-and-treat has been considered difficult
or infeasible. The case histories for both systems include applications with ground-
water depths that are much shallower than is typical at McClellan AFB. This Imple-
mentation Plan has been developed for DPE, as opposed to DE, because of the
direct applicability of the DPE technology to very fine-grained, saturated zones of
contamination, and, therefore, its potential applicability at McClellan AFB. However,
this discussion of DPE is based on prior experience at groundwater depths of 10 to
30 feet, and whether its applicability holds true at groundwater depths of 100 feet
remains to be demonstrated.
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The DPE system consists of one or more wells, screened over a depth approximately
5 to 10 feet above the water table to a depth of about 10 feet below the water table;
an aboveground unit consisting of a high vacuum blower, an air/water separator, and
piping connections to offgas and groundwater treatment systems; and (optionally) a
system of passive or active injection wells screened above the equilibrium water table
surface established during system operation.

High vacuum conditions are essential for DPE to be fully utilized. Also referred to as
Two-Phase Extraction and High Vacuum Extraction, the process uses high vacuum
(18 to 29 inches of mercury) at the smear zone/capillary fringe to remove soil vapor
and groundwater by entrainment. The system extracts the groundwater and soil
vapors using a central lift pipe, or "straw," as shown in Figure L4-1. In deep ground-
water settings, the diameter of this straw can be a critical design parameter, since it
directly influences the blower power requirements, the total flow rates, and the vac-
uum at the bottom of the straw. One of the side benefits is that volatiles present in
the aqueous phase are stripped during transport up the straw, transferring as much as
95 percent by weight of the VOCs to the vapor phase (Radian, 1993).

DPE enhances groundwater removal rates and volatilizes contaminants from the
sorbed and free-product phases. The high vacuum exerted by DPE increases the
hydraulic gradient toward an extraction well, increasing well yield and extraction of
dissolved contaminants. A dewatered zone is created in the vicinity of the well by
pumping and is enhanced by the high vacuum applied. Air is drawn toward the well
in the vadose and dewatered zones, and is extracted simultaneously with the water.
The dewatering of the soil is vital for DPE to mobilize contaminants. The dewatered
effect is maximized in fine-grained soils, where high vacuums can be maintained.
Vapor-phase contaminants are entrained in the extracted air and removed from the
subsurface; this effect is high~st for contaminants with high Henry’s constants, such as
TCE and PCE. Contaminants that are sorbed onto the soil matrix may also be effec-
tively removed in the air flow. A key benefit of the high vacuum employed by DPE is
the ability to mobilize and remove NAPLs that are located in otherwise diffusion-
limited formations such as moist clay.

The process can simplify remedial actions by eliminating the need for groundwater
recovery pumps within individual wells. DPE ~lso reduces water treatment require-
ments by volatilizing most of the aqueous pha. contaminants during entrainment in
the straw, resulting in lower concentrations in the aqueous phase requiring treatment.
(Figure L4-1 shows a simplified schematic of DPE.)

Development Status

Full-scale field demonstrations have been performed at Xerox Corporation sites in
New York, California, Illinois, and Canada (H&A). Multiple-well systems have been
used in shallow applications (less than 30 feet) at sites in Webster, New York, and
Irvine, California. Only one pilot test has occurred at depths of around 100 feet.
Radian performed this single-well test for a confidential client in California.
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Xerox Corporation is the developer of the DPE technology and holds the patent for
all dual-phase systems that utilize a straw. H&A and Xerox have developed a pre-

wired, skid-mounted system that can be purchased commercially. Use of the Xerox
system/approach involves the payment of licensing and patent fees.

Radian is scheduled to conduct a DPE pilot test at three locations at McClellan AFB
in the fall of 1993.

Potential Benefits

This subsection describes the performance, advantages and disadvantages, and cost
benefits associated with DPE. This information is intended to provide a basis for
evaluating the potential benefits of implementing the technology as part of the overall
McClellan AFB groundwater cleanup program.

General Performance

The performance of DPE is measured by its ability to enhance contaminant mass
removat rates from the subsurface.

Effectiveness

o Expected to be effective for removal of VOCs with Henry’s constants greater
than or equal to about 107 atm-m*/mol.

o VOCs are removed from both the vadose zone and groundwater. This
includes removal of persistent NAPLs that are otherwise difficult to remediate.

o According to Radian, achievable groundwater extraction rates can be increased
5 to 10 times compared to conventional pumping systems, and 95 percent of
VOCs in extracted groundwater are transferred to the vapor phase in the
straw.

o Deep groundwater at the Base could necessitate greater power requirements

or alternative straw design relative to documented applications to achieve
effective treatment.

Robustness
. The consistency of treatment is largely based on the ability to maintain high

vacuum conditions. Layered strata at McClellan AFB could inhibit consistent
and effective treatment.
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The DPE system possesses a low to moderate turnup/turndown capability, and
is fairly inflexible with respect to changes in flow rate of vapor and ground-
water extraction systems. However, modular units could be operated in clus-
ters to increase turnup capacity.

Potential Risk Reduction

DPE has the potential for removing contaminants from the zones that are otherwise
difficult to remediate. NAPLs and sorbed sources in the capillary fringe can poten-
tially be removed by this technology. Thus, some incremental risk reduction might be
achieved through source removal.

. Contaminant mass reduction in the vadose zone and capillary fringe
may reduce the risk of continuing groundwater contamination.

. Contaminant mass reduction in groundwater may reduce the risk of
residual groundwater contamination.

. Enhancement of contaminant removal may shorten the overall ground-
water remediation time, and thus, risk.

Advantages Compared to Other Technologies

Enhances removal of contaminants and NAPLs in the capillary fringe, which is
otherwise difficult to treat.

Effective contaminant removal has been demonstrated from low permeability
soils (e.g., clays, silts) that are otherwise difficult to remediate.

Enhancement of contaminant removal from the subsurface may reduce the
overall groundwater remediation time.

Groundwater and soil vapors are extracted from the same well by the same
surface pump resulting in a decrease in equipment complexity.

The high vacuum dewaters the vadose zone, exposing more unsaturated soil to
vapor recovery.

Groundwater extraction rates can be increased compared to conventional
pump-and-treat.

Groundwater mounding is less than that which is normally encountered during
conventional soil vapor extraction due to the simultaneous water extraction.

As much as 95 percent of the VOCs in extracted groundwater is transferred to
the vapor phase, which is more cost-efficient to treat.
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Disadvantages Compared to Other Technologies

o DPE has been demonstrated to be effective at depths that are much shallower
than will be necessary at McClellan AFB. At depths of about 100 feet, the
advantage over conventional technologies may be reduced because of frictional
losses in the aspiration straw. This uncertainty necessitates feasibility screening
and design work efforts, which are not required for other technologies.

. The most successful demonstrations of DPE, compared to conventional tech-
nologies, have been in formations with very low hydraulic conductivities (e.g.,
silty clay). It is not yet clear that the low-to-moderate hydraulic conductivities
more characteristic of McClellan AFB represent the same potential relative
advantage for DPE. To resolve this uncertainty and verify the relative advan-
tage of DPE at the Base will require pilot testing and/or extended operation,
above and beyond that required by conventional technologies.

o The advantages (effectiveness and cost) of DPE over conventional DE systems
are uncertain for sites with insufficiently low permeabilities to maintain high
vacuum conditions.

. Application of the DPE technology is covered by patents held by the Xerox
Corporation. The license fees are currently $5,000 per well used for more
than pilot test purposes (more than 14 days). This represents an additional
cost relative to other, non-patented technologies.

o Application of the technology in multiple-well configurations is not well docu-
mented in available case histories, and design guidance is not available for the
well configurations expected to be needed at McClellan AFB. Relative to
other technologies, this suggests an additional cost will be necessary to develop
criteria for well spacing, optimum flows and vacuums, and other design param-
eters.

Relative Cost Benefit

To evaluate the overall potential effectiveness of DPE, one must look at each of the
phases involved. In the vadose zone, DPE provides essentially no benefit over con-
ventional soil vapor extraction systems. Below the water table, the groundwater
pumping rate can be increased due to the high vacuum applied near the water table.
More significantly, the upper portions of formerly submerged soil may be exposed to
the air stream.

The greatest benefit of DPE applies to the capillary fringe that exists between the two
zones. In this stasis zone, where air and water flows are very low, contaminants tend
to be held in place. The soil is typically at least 60 to 80 percent saturated, a factor
which significantly limits air permeability. This zone also retains insoluble contami-
nants. By lowering the water table, DPE reduces the moisture content of the capil-
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lary fringe and increases air permeability. The result is a change from a diffusion-
limited condition to one in which removal is governed by the air flow rate.

The cost benefit of DPE would result from the increased rates of contaminant remo-
val that could shorten the pump-and-treat operation time. Although a quantitative
cost benefit cannot yet be accurately determined, it should be evaluated through an
analysis of estimated savings associated with the reduced operation time of the pump-
and-treat system compared with the capital and operating costs of the DPE system.

Potential Locations

Application of this technology should occur in regions of fine-grained, low permeabil-
ity soils to support high vacuum conditions and maximize water drawdown and expo-
sure of the capillary fringe. DPE systems should be located within hot spot plumes
that have significant contamination in the smear zone at the surface of the water
table, to maximize the potential contaminant mass removal.

The use of existing wells is limited to those that are screened over both the vadose
and saturated zones. The screen would need to span about 5 feet above and 10 feet
below the water table.

Locations on the east side of the base are, in general, less permeable than those on
the west side. For this reason, Radian is performing DPE pilot testing in OU A and
OU B. Hot spot areas in OUs A and B with appropriately low permeabilities are
potentially suitable locations for full-scale implementation of DPE. However, specific
location recommendations should be deferred until the pilot testing performance is
evaluated.

Approach
Information Needs and Sources
Table L4-1 lists information requirements and sources for implementation of DPE.
Information Gathering and Review

Preliminary information gathering has consisted of a review of available reports,
including the Radian Work Plan for the Fall 1993 pilot test, and conversations with
Xerox representatives about the modular treatment units. Further information gath-
ering should focus on the results of the McClellan AFB pilot test. Radian wil! per-
form that study in two stages at three locations. The first stage will consist of short-
term tests of approximately 1 to 2 days duration per well (Radian, 1993). The second
stage will consist of either additional short-term tests at alternate test wells or long-
term tests of greater than 100 hours duration. How well the technology performs will
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influence the implementation program and design. Analysis of the results will indi-
cate whether additional pilot testing is needed, what refinements are necessary, and
what locations are potentially applicable. Alternately, the pilot testing results may
indicate that the technology is not applicable or cost-effective at McClellan AFB and
that implementation should be halted for DPE, and possibly transferred to a DE-
based program.

Implementation Issues

o For DPE, both the extracted groundwater and the offgas stream will require
treatment and discharge, resulting in the need for permits.

o The DPE system is patented and costs $20,000 per site for the licensing fee,
plus $5000 per well where DPE is applied for more than 14 days.

. Other issues that could affect implementation include the generation of addi-
tional data suggesting that DPE could not be cost-effectively implemented in
the target locations. For example, contaminant distributions or zones of higher
permeability soils in hot spot areas may make DPE impractical.

Bench-Scale Testing

Bench-scale testing is not needed for the implementation of DPE at McClellan AFB.
Pilot-Scale Testing

Objectives

The two primary goals of pilot-scale testing are to evaluate the feasibility of DPE at
McClellan AFB, and, if feasible, to determine critical full-scale design and operating

parameters. The feasibility evaluation includes the following objectives:

o Evaluate contaminant removal rates achieved by DPE compared to
conventional groundwater extraction.

. Characterize the aquifer response (drawdown) created by a network of
DPE wells.
o Measure the air flow rate achievable and water the yield compared to

conventional pumping.

o Evaluate the ability to establish and maintain target vacuum levels at
the capilla~ fringe (i.e., at the bottom of the straw) in a deep well.

RDD10012E25.WPS 1L4-8 11/793




Table L4-1
Dual Phase Extraction
Information Requirements and Sources

B = Bench Scale

S = Sampling Results
M = Modeling/Other Evaluations

CVOR365042. WPS
L4-9

Info Source
Information Needed for
Pilot and Full-Scale Implementations Pilot Full

Contaminant Characterization

. Contaminant Types S S

] Soil Gas Concentrations S S,p

] Aqueous Concentrations S S,p

. Treatment Requirements L L

] Contaminant Geometry S,.L S,L
Subsurface Characterization: Hydrogeology

L Flows M M

. Static Water Levels over time S.L S,L

. Water Chemistry Parameters S S
Subsurface Characterization: Geology

. Soil Types S S

. Soil Heterogeneity sS\M P.S

® Air Permeability S,L P
System Design: Physical Configuration

. Number of wells LM P.LM

] Well spacing LM P.LM

. Screened Intervals L PL

. Straw Diameter L,V P,L,V

. Straw Depth LM,V P,LV
System Design: Equipment Requirements

. Number of Modular Units LV P,V

. Patent Requirements A A\

. O & M Requirements LV P,V

. Blower Size L,V P,L
Performance Capabilitie.

. Air Flow Rates, Concentrations L,S P,S

. Water Flow Rates, Concentrations LS P,S

] Mass Removal Rates LM P.M

. Vacuum applied/received ratio L P

] Monitoring (Sampling & Analysis Requirements) L LP

. Response to Waste Stream Variabilities LV PV
Residuals Management

. Physical Configuration (inlet separators, piping) LV P,V

. Vapor flows, concentrations S,L P

. Aqueous flows, concentrations S,L P

. Permitting Requirements L L




. Establish preliminary ranges of geologic, engineering, and economic
parameters for selection of DPE over conventional groundwater extrac-
tion.

. Evaluate the cost-effectiveness of DPE compared to a conventional
groundwater pump-and-treat system. Develop order-of-magnitude cost
estimates and schedule for full-scale remediation.

If DPE appears feasible, the second objective of pilot-scale testing would be to deter-
mine the following design and operating parameters:

o Optimum straw depth and diameter

° Determine adjacent site response

. Effect of a central, passive injection well in a multiple well setting

o Radius of influence and well spacing in a multiple well application

o Effect of different applied vacuums and injection well flow rates
Approach

It is presumed that a multiple-well, modular system will be required to treat hot spot
plumes at McClellan AFB. Multiple-well pilot-scale testing would involve the installa-
tion of up to three DPE wells and one injection well that would be used to collect
design and operation parameters necessary for full-scale implementation. In order to
compare DPE with conventional pump-and-treat, a standard 24-hour aquifer test
would be performed prior to DPE operation. Evaluation of multiple-well spacing and
zone of influence, optimal straw diameter, and the benefits of a passive injection well
would be the major parameters evaluated in a second phase of pilot testing. The
specific objectives and approach of the pilot-testing program would be refined and
detailed following additional information gathering and review. The general approach
to pilot-scale testing is outlined below.

1. Prepare system installation and operation work plan.

2. Select an appropriate hot spot for test site. The areas of the existing
DPE pilot testing could be considered for possible modification and use
as the test site.

3. Conduct modeling using conventional groundwater and soil vapor
extraction approaches to estimate the radius of influence for DPE wells
and target extraction vacuum.

4 Perform a 24-hour conventional aquifer test.

5. Initially, install one DPE well within the hot spot, screened over an
interval approximately 5 feet above and 10 feet below the water table.
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6. Install nested piezometers at radial distances from the extraction/
injection wells in two directions, separated by an angle of 90 degrees.
Nested piezometers should be screened at a minimum of two depths in
the vadose zone and in the saturated zone.

7. Bring the first DPE well online. Once performance has been estab-
lished, additional DPE wells would be constructed and brought online.
The piezometers would be monitored to determine radius of influence
of each DPE well and, possibly, to characterize the effects of hetero-
geneities with respect to depth in the subsurface between the DPE wells
and piezometer nests.

8. Install one passive injection well within the radius of influence of the
extraction well screened such that the screened interval is in the vadose
zone, within 20 feet of the top of the saturated zone. The well would
have flow control achieved through a valve and flowmeter placed at the
top of the well.

9. After the multiple-well system reaches equilibrium, additional adjust-
ments to vacuum and flows would be made to determine optimal per-
formance and test multiple well systemic effects.

10.  The system would be operated for a period sufficient for the system to
reach equilibrium between adjustments.

11.  The pilot system would require an offgas treatment system such as
GAC, and extracted groundwater would be transported or piped directly
to the existing groundwater treatment plant.

12.  Analyze data to evaluate performance of each test condition and assess
the potential benefit of DPE to the overall groundwater remediation
program.

13.  Decide whether to proceed with full-scale implementation.
Full-Scale Implementation
Pilot-scale results are necessary to complete a full-scale system design. However, an
example conceptual design is outlined below to illustrate the major elements of a full-
scale system and to provide a basis for a rough order-of-magnitude cost estimate.
Rather than developing a conceptual design for a particular location, a modular
approach was used to develop an estimated range of costs per unit acre for full-scale
implementation.

The example conceptual design is based on the following key assumptions:
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Each module consists of four extraction wells piped to a DPE skid. The
skid contains an air/water separator; a high vacuum, continuous-duty
blower; and piping connections to the offgas and groundwater treatment
systems. A process schematic is provided in Figure [4-2. A conceptual
layout of modules at a hypothetical hot spot is depicted in Figure L4-3.

The spacing of the DPE wells varies from 30 to 50 feet on center, based
on initial calculations of radius of influence. These calculations pre-
sumed the following generic conditions:

- Water transmissivities of 10 ft*/day and 100 ft%/day to provide
range

- Well efficiency is 100 percent

- Groundwater extraction from DPE is approximately 5 to 10 times
greater than under ambient conditions

- Well screen length is 15 feet, from 10 feet below and 5 feet
above the water table prior to extraction

Approximate coverage by one module ranges from 3,600 ft?
(12.1 modules per acre) to 10,000 ft? (4.4 modules per acre), depending
on well spacing.

Approximate ranges of flows from each module are 50 to 250 cfm vapor
and 2 to 10 gpm water.

Each DPE conceptual module includes two injection wells. For every
ten extraction and injection wells, there will be one groundwater moni-
toring well.

Offgas treatment is localized at the hot spot, and shared by all modules.

Technology Limitations and Uncertainties

The critical limitations and uncertainties of technology implementation are listed

below. :

. Subsurface heterogeneities are expected to significantly influence DPE
effectiveness. Zones of low-to-moderate permeability will result in diffi-
culty maintaining sufficiently high vacuums. Careful site characteriza-
tion during well installation should identify these zones prior to comple-
tion of the well.
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. The operational parameters and design requirements for deep well
systems have not been defined. There is warranted concern that fric-

. tional forces in a small-diameter straw will impose head loss, which
prevents reaching the target vacuum of 20 inches of mercury at the base
of the well. Modifications to the DPE system may be necessary to cor-
rect this problem.

o The effect of repeated startup/shutdown periods on the movement of
contaminants is uncertain.

. The interactions of DPE wells in a multiple-well setting have not been
well documented. The above approach to pilot-scale testing attempts to
investigate these interactions. Of particular concern is the behavior of
groundwater and the capillary fringe in the area between DPE wells.

Schedule

An implementation schedule is shown in Figure L4-4.

Cost

This section presents an estimated range for order-of magnitude implementation costs
: based on the conceptual design. Implementation costs include costs associated with:
ongoing literature review, pilot-scale testing, and full-scale capital expenses and
annual operations and maintenance. The scope of eac™ of these cost-relaied activities
is summarized below:

o Literature Review. Technology researchers are likely to further develop
the technology such that enhancements (optimization) and limitations
will be better understood. The decision to proceed with further imple-
mentation of DPE requires ongoing assessment and review of these
research results. While this activity is not a significant cost factor of
implementation, it is an important implementation activity.

. Pilot-Scale Testing. This activity includes costs associated with scope
and work plan development, contract procurement, equipment procure-
ment, system installation, system operation, demobilization, sampling
and analysis (system monitoring), evaluation of system performance, and
reporting.
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° Full-Scale Capital. Capital costs are direct and indirect costs required
to initiate and install the technology system components, including (but
not limited to) engineering design, mobilization and demobilization of
equipment and people, site construction (i.e., well installation) activities,
contractor bonding and insurance, equipment procurement and
installation, licensing and permitting, health and safety, and supervision
during construction.

o Full-Scale Operation and Maintenance. Operation and maintenance
(O&M) costs represent those costs which would be incurred during each
year of operation from initial startup to final shutdown of the full-scale
system. O&M costs include operations and maintenance labor, power,
sampling and analysis, and residual waste stream treatment. Since
annual O&M costs occur over a period of years, future costs have been
discounted to the present year’s equivalent value (i.e., the present value
cost) using 5 percent interest, so that annual costs remain comparable.
Actual annual costs are likely to be much higher during the first year(s)
of operation as the system is commissioned and optimized for opera-
tion, and due to higher chemical usage rates and associated labor
required for treating higher initial concentrations. Therefore, the
annual costs are intended to represent the anticipated average yearly
cost of operation over the life of the system.

A contingency of 30 percent has been applied to the full-scale implementation cost to
account for possible project cost increases due to scope and bid variations that typi-
cally occur with hazardous waste remediz - on projects. These increases are typically
caused by the changes which normally occur as part of final design and implementa-
tion, based on observation of actual field conditions, and factors which affect the cost
of subcontracted services, such as labor and material shortages. Not included in the
estimates are any agency or Air Force administrative costs, nor any costs associated
with modifications of the existing groundwater treatment system(s).

Typically, order-of-magnitude cost estimates for general construction projects are
intended to reflect an accuracy of within 50 percent greater to 30 percent less than
actual costs. The estimates summarized below are expected to be within these
ranges; however, there is greater uncertainty of accuracy as a result of the lesser
degree of development associated with this innovative technology compared to gen-
eral construction technologies. Current pricing data based on quoted equipment
costs, construction cost data (e.g., Means, 1993), previous local project experience,
and engineering judgment have been used to generate the estimates, using adjust-
ments for local McClellan AFB costs when available. Final project costs will depend
on actual labor and material costs, actual site conditions at the time of implementa-
tion, productivity, competitive market conditions, final project scope and schedule,
contractors selected to perform activities, and many other variables. As a result, the
final project costs will differ from the exact value of any estimates presented here.

The following order-of-magnitude implementation costs are estimated for DPE:
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Literature review will require approximately $24,000 over a period of
2 years.

Multiple-well pilot-scale testing is estimated to cost approximately
$340,000.

Full-scale implementation costs on a per acre basis are summarized in Table L4-2.
The estimated costs for construction and operation of a full-scale system range from
approximately $5.9 M/acre (for 50-foot well spacing and 3 years’ operation) to
$22.6 M/acre (for 30-foot well spacing and 5 years’ operation). Key assumptions
associated with the implementation cost estimate, in addition to those previously
described, include:

Full-scale costs are reported on a per acre basis. Costs were estimated
for a five-module (20 DPE wells) system and converted to per acre
costs.

Licensing costs are a one-time $20,000 site fee, plus $5,000 per well in
which DPE is utilized for more than 14 days.

DPE skid-mounted units (from H&A of New York) can be purchased
for approximately $50,000. These units include a 50 hp high vacuum
blower, an air water separator, and piping connections for offgas and
groundwater treatment systems.

Twelve man-days per well are assumed to install a DPE well. This
includes drilling, well completion and well development, straw installa-
tion, and all surface plumbing. Nine man-days per well are assumed for
a passive injection wells, and nine man-days per well for groundwater
monitoring wells.

VOCs are removed at an average rate of 100 Ib/day per module in the
vapor phase over the operational period of the system. Assumed cost
for offgas treatment is $5/Ib VOCs, and is a significant cost factor.

It is assumed that one 30 hp offgas blower rated at 900 cfm at 2-inch of
mecury can service five modules for offgas collection for onsite treat-
ment.

It is assumed that one pump, rated at 5 to 50 gpm, can service ten
modules for groundwater transport to the existing groundwater treat-
ment plant. Additional costs for groundwater treatment are included in
the estimate.

Each module contains 500-foot PVC pipe.
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Table 1L4-2

Dual Phase Extraction
Order-of-Magnitude Implementation Cost Summary
Range of Costs ($/acre)
Low - Intermediate
Activity Low* Intermediate® - High* High*
Full-Scale Capital 1,960,000 1,960,000 5,390,000 5,390,000
Full-Scale O&M 3,930,000 6,250,000 10,810,000 17,190,000
(Present Worth for All
Years)
Full-Scale Implementation 5,890,000 8,210,000 16,200,000 22,580,000
Cost
[

Notes:

Other significant assumptions include:

- $5/Ib VOCs offgas treatment cost
- 100 lbs/day per module average removal rate
- 90 percent system on-time
- Annual sampling and analysis, and performance evaluations included in operational cost
- 30 percent contingency factor applied

*Based on 50 feet well spacing and 3 years of operation.
*Based on 50 feet well spacing and S5 years of operation.
“Based on 30 feet well spacing and 3 years of operation.
‘Based on 30 feet well spacing and 5 years of operation.

o System operational time is assumed 90 percent, or 7,884 hours per year
per well.

H&A, New York, New York. Conversations with representatives during October

1993.

Radian Corporation, Operable Units A & B Dual Phase Extraction Pilot Testing,

Works Cited
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TECHNICAL MEMORANDUM LS CHMHILL

PREPARED FOR: McClellan Air Force Base

DATE: November 7, 1993
SUBJECT: SVE/Sparging Implementation Plan
Groundwater OU RI/FS Report

Delivery Order No. 5066

PROJECT: SAC28722.66.NT

Technology Overview
Description

Soil vapor extraction/sparging, also referred to as "groundwater aeration" or
"sparging," is sometimes used as an enhancement of conventional soil vapor extraction
(SVE) for the removal of volatile contaminants from the saturated and unsaturated
zones. Sparging involves injecting air into the saturated zone to mobilize VOCs dis-
solved in the groundwater and adsorbed to soil. The sparged air travels upward into
the vadose zone through buoyant forces, and the contaminants are withdrawn through
standard vapor extraction wells installed in the vadose zone. Air sparging may
enhance biodegradation of contaminants amenable to aerobic degradation through
the increased supply of oxygen to the subsurface; and, conversely, may inhibit bio-
degradation of compounds by anaerobic mechanisms. The most likely niche for SVE/
sparging is at sites with readily (aerobically) biodegradable contaminants in or near
the smear zone immediately above the groundwater surface (capillary fringe) and/or
floating light nonaqueous phase liquid (LNAPL).

Soil vapor extraction implemented without enhancements (i.e., air sparging or steam
injection) is effective at removing contaminants from the vadose zone and can repor-
tedly remove contaminants from the saturated zone. However, the slow transport
rates of dissolved contaminants in the aqueous phase to the air-water interface limit
removal effectiveness. Air sparging is expected to significantly increase this rate of
contaminant transport within soil macropores that are developed (Noonan et al.,
1993), especially in the smear zone/capillary fringe.

Schematics showing the two most common configurations of an SVE/sparging system
are depicted in Figure L5-1. Figure L5-1 shows vertical and horizontal well configura-
tions; other configurations such as a combination of vertical and horizontal wells, are
also possible. The optimal configuration for implementation of SVE/sparging at a
given site at McClellan AFB will depend on the lithology, contaminant distribution,
and size of the targeted treatment area.
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SVE wells are installed in the vadose zone, generally in close proximity to the ground-
water table. Vapor extraction and contaminant removal is achieved with an above-
ground system consisting of an air/water separator, vacuum blower, and offgas treat-
ment system. An air sparging system consists of a well screened only in the saturated
zone and an aboveground, oil-free compressor that is used to inject air into the well.
Under certain circumstances an alternative injection gas, such as nitrogen, can be
injected. For example, nitrogen sparging could be employed to avoid disruption of
natural anaerobic biodegradation of contaminants.

The design of an air sparging system requires: the knowledge of subsurface proper-
ties such as air permeability, soil particle size, soil stratification, soil classification, and
groundwater behavior; identification of injection and extraction well locations and
design; desired air flows and expected SVE offgas contaminant concentrations; and
the selection and sizing of aboveground equipment.

Development Status

A recent review (Camp, Dresser and McKee, Inc., 1992) listed 20 sites that have been
remediated using SVE/sparging. In approximately half of those sites, chlorinated
VOCs (PCE, TCE, TCA, etc.) were the primary contaminants. The technology has
primarily been applied at sites with fairly homogeneous, permeable soils or highly
fractured rock formations. Of the 20 sites identified, only two had depths to ground-
water of roughly 100 feet bgs (90 and 135 feet bgs).

There are a number of companies that claim to have air sparging experience. The
most aggressive promoters of the technology are Groundwater Technology and Vapex
Environmental Technologies, Inc. (VAPEX). CH2M HILL has had mixed success
with sparging. In some cases sparging has been very successful, but on other projects
the results have been less conclusive. A perceived limitation of air sparging is that
much of the published literature has not received peer review, and many of the fail-
ures of sparging are not reported. Therefore the applications and potential benefits
may sometimes be overstated. However, this limitation is beginning to change as
consultants and university researchers have begun to provide a more critical analysis
of air sparging.

Potential Benefits

This subsection describes the performance, advantages and disadvantages, and cost
benefits associated with SVE/sparging. This information is intended to provide a
basis for evaluating the potential benefits of implementing the technology as part of
the overall McClellan AFB groundwater cleanup program.
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General Performance

The performance of SVE/sparging is measured by its ability to enhance contaminant
mass removal from the subsurface.

Effectiveness

Expected to be effective for removal of prevalent VOCs in subsurface at
McClellan AFB. Contaminant removal will be most effective in the smear
zone/capillary fringe, but removal effectiveness in saturated zone is uncertain.

Contaminant removal efficiency will depend on soil stratigraphy, soil air per-
meability, aquifer characteristics, well layout, and process control.

Robustness

VOCs are amenable to removal by SVE/sparging.

Semi-VOCs and nonvolatile organics are not physically removed by stripping
but may be biodegraded.

Potentially effective over a wide range of concentrations. In general, mass
removal rates are higher when contaminant concentrations are greater.

System efficiency may be reduced by chemical or biological fouling of well
screens.

A properly designed monitoring and control system is required to maintain
operational consistency and identify process upsets.

Potential Risk Reduction

Removing contaminant mass from the vadose zone and smear zone reduces
the risk of continuing groundwater contamination.

Enhancing contaminant mass removal rates may reduce the time required to
reach groundwater remediation goals.

Advantages Compared to Other Technologies

SVE/sparging can potentially enhance removal of contaminants from the smear
zone, which is otherwise difficult to treat.

Contaminant desorption from soils in the saturated zone may be enhanced
through the induced mixing and turbulence at soil-air-water interfaces, pri-
marily in macropores.
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. VOCs removed in the vapor phase are generally less expensive to treat than
those removed in the liquid phase.

. Treatment of aerobically biodegradable organics may be promoted.

. SVE/sparging in conjunction with pump-and-treat can potentially reduce reme-
diation time compared to pump-and-treat alone.

Disadvantages Compared to Other Technologies

o SVE/sparging may not effectively remove contaminants from groundwater. Air
channeling is likely to occur, resulting in poor treatment in saturated zone.

. Horizontal channeling can reduce effectiveness and result in the uncontrolled
migration of contaminants.

. Biological fouling and metals precipitation on well screens can occur, reducing
effectiveness.

o Naturally occurring anaerobic degradation of some chlorinated organics may
be inhibited.

. Air bubbles can become trapped in saturated macropores limiting overall con-

taminant removal and oxygen transfer.
Relative Cost Benefit

The cost benefit of SVE/sparging would result from increased rates of contaminant
removal that could shorten the pump-and-treat operation time. Cost benefit should
be evaluated through an analysis of estimated savings associated with the reduced
operation time of the pump-and-treat system compared to the capital and operation
costs of the SVE/sparging system.

Potential Locations

SVE/sparging is most effective when applied to the removal of contaminants from the
smear zone in highly permeable soils with relatively low heterogeneity. Implementa-
tion of this technology at McClellan AFB would be most effective when applied in
areas with high contaminant levels in the smear zone/capillary fringe subsurface hot
spots. This type of application would provide source reduction in the smear zone,
reducing the potential for long-term contamination of groundwater.

Because moderate-to-high permeabilities are required, hotspot locations in OU C and

OU D are potentially suitable for SVE/sparging application at the Base. However, a
thorough review of subsurface characterization data would be needed to select an

RDD10012E26.WP$S L5-5 117793



exact location with the appropriate conditions (with respect to permeability, heteroge-
neity, and contaminant distribution) for implementation.

Approach

Information Needs and Sources

Table L5-1 provides a summary of the information needs and sources for implemen-
tation of SVE/sparging.

Information Gathering and Review

Information on SVE/sparging collected to date includes published literature, confer-
ence presentations, vendor literature and interviews, and consultations with

CH2M HILL experts (see Works Cited section). The first step for implementation of
this technology should be a detailed review of case studies of actual applications of
the technology and of McClellan AFB subsurface characterization data. The intent of
this review would be to evaluate the feasibility and potential effectiveness of SVE/
sparging at the Base and to identify appropriate location(s) for implementation. If
the existing site characterization data are not entirely sufficient to determine imple-
mentation locations, collection of additional field data, such as soil boring data and/or
soil gas measurements may be needed.

Implementation Issues

. The SVE offgas would have to be treated to reduce VOC concentrations to
levels compatible with the Basewide air emissions permit.

o Environmental Improvement Technologies (Billings and Associates,
Albuquerque, New Mexico) has been awarded a patent that covers the broad
application of air sparging. The applicability of the patent to implementation
of SVE/sparging at the Base would need to be investigated.

o The potential for lateral migration of contaminants resulting from horizontal
channeling of injected air would have to be minimized through proper location

selection and system design and operation. Control of any horizontal migra-
tion would be demonstrated during startup of system operation.

Bench-Scale Testing

No bench-scale testing is needed for the implementation of SVE/sparging at
McClellan AFB.
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Table L5-1
SVE/Air Sparging
Information Needs and Sources
Project Scale
Information Needs
Pilot Full
Contaminant Characteristics
. Contaminant Types S S
. Soil Gas Concentrations S )
. Aqueous Concentrations 0,8 P
. Treatment Requirements S S
Subsurface Characterization
. Soil Types and Stratigraphy S S
. Air Permeability S P
. Groundwater Behavior S P.S
. Water Chemistry Parameters S S
System Design
. Number and Location of Wells L,O P,O
. Well Configuration (Diameters and Screened Depth) LO P,O
. Injection/Extraction Flow Rates and Pressures L,O P,O
. Offgas Treatment Requirements L L
] Piping and Control Systems L P
° Permitting Requirements L LP
. Patent Requirements L L
Performance Capabilities
. Mass Removal Rates L,O P
. Monitoring (Sampling and Analysis Requirements) L L.P
. Response to Waste Stream Variability L P
Operations & Maintenance
. Utility Connections/Installation Requirements L P
. Preventative Maintenance Requirements L LP
° Safety L L,P
Notes:
L = Literature/Experts
O = Other Technology Evaluations, Modeling
P = Pilot Scale
S = Sampling Results
CVOR365/026.WP5




Pilot-Scale Testing

Objectives

° Determine air permeability of vadose zone soils and evaluate heterogeneities
in the saturated and unsaturated zones in the target area.

. Determine mass removal rates for each contaminant by SVE, and the net
increase in the removal rate by sparging.

o Establish a radius of influence for the sparging and vapor extraction wells at
varying flow rates and pressures.

o Provide a basis for the determination of number and location of wells.

° Determine the offgas characteristics in order to identify offgas treatment sys-
tem details.

. Develop design and operating criteria for aboveground equipment for a full-
scale system.

° Evaluate the efficacy of sparging at >100-foot bgs depth and assess opera-
tional problems associated with depth.

Approach

Pilot-scale testing would involve the installation of one or more extraction and
sparging wells that would be used to develop design and operation parameters neces-
sary for full-scale implementation. The specific objectives and approach of the pilot-
testing program would be refined and detailed following additional information gath-
ering and review. The general approach to pilot-scale testing is outlined below.

An economical location for conducting a SVE/sparging test would be Site S in OU D.
Significant cost savings could be achieved because vapor extraction wells/equipment,
piezometers, and an offgas treatment system are installed and operational. Also, site
characterization, air permeability, and SVE performance data exists for that location.
New equipment required for the SVE/sparging pilot test would be limited to one or
more injection wells and associated aboveground compressors for air injection.

1. Confirm appropriateness of Site S for SVE/sparging pilot test.
2. Prepare system installation and operation workplan.

3. Estimate required sparging pressure based on soil permeability, depth
below groundwater table, and expected friction loses.
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9.

Install one or more injection wells.

With the extraction wells at equilibrium, begin air injection at a target
pressure.

Operate the system until pressure at piezometers and offgas contami-
nant concentrations stabilize.

Operate the system at different pressures and/or flow rates, and evalu-
ate effects of intermittent blowers and compressors.

Analyze data to evaluate performance, incremental contaminant
removal due to sparging, and potential benefit of the SVE/sparging
technology to the overall groundwater remediation program.

Decide whether to proceed with implementation at full-scale.

Full-Scale Implementation

Pilot-scale results are necessary to complete a full-scale system design. However, an
example conceptual design is outlined below to illustrate the major elements of a full-
scale system and to provide a basis for a rough order-of-magnitude cost estimate.
Rather than developing a conceptual design for a particular location, a modular
approach was used to develop an estimated range of costs per unit acre for full-scale
implementation.

The example conceptual design is based on the following key assumptions:

Each module consists of four vertical extraction and four vertical
sparging wells piped to a skid containing an air/water separator, contin-
uous-duty vacuum blower, oil-free air compressor, and piping connec-
tions to the offgas and groundwater treatment systems. A process sche-
matic is provided in Figure L5-2. A conceptual layout of modules at a
hypothetical hotspot is depicted in Figure L5-3.

The spacing of the extraction wells varies from 40 to 70 feet on center,
based on initial estimates of radius of influence. This range is based on:

- A soil permeability of 0.1 to 1.0 darcy
- An extraction vacuum applied to the subsurface of 40 inches of
H,0

Approximate coverage by one module ranges from 6,400 ft* (6.8
modules/acre) to 19,600 ft? (2.2 modules/acre), depending on well
spacing.
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o Approximate ranges of flows from each module are 10 to 100 cfm.

. For every 10 extraction and injection wells there will be 1 groundwater
monitoring well.

o Offgas treatment is localized at the hotspot, and shared by all modules.

. Sparging flow rates are 5 to 50 cfm per module at an injection pressure
of 10 to 15 psi.

Technology Limitations and Uncertainties

The critical limitations and uncertainties of technology implementation are = -4
below.

o The extent to which subsurface heterogeneities will decrease the effec-
tiveness of sparging or will lead to uncontrolled lateral movement of
contaminants cannot be verified until the full-scale system begins opera-
tion.

. Researchers have observed that air sparging may create relatively few,
small, widely spaced, and stationary air channels in the saturated zone.
Under these conditions mass transfer requirements may significantly
limit contaminant removal, particularly from the saturated zone
(Johnson, 1993).

. Low soil permeabilities (<0.1 darcy) can significantly reduce the radius
of influence of extraction and sparging wells. Because the number of
wells required to treat a given area increases as the radius of influence
decreases, technology application in areas of relatively low permeability
will result in significantly higher costs, and may decrease or eliminate
the cost benefits of implementation.

. There is limited previous experience with sparging at depths >100 feet,
but no theoretical limitations prevent deep applications. This lack of
deep application experience creates the need for more extensive moni-
toring than that typically employed for near-surface applications, espe-
cially during pilot-scale testing.

* Verification of acceptable site characteristics (such as air permeability,

subsurface heterogeneities, and contaminant distribution) at target hot
spots is required prior to technology implementation.
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Schedule

A possible implementation schedule is shown in Figure L5-4.

Cost

This section presents an estimated range for order-of-magnitude implementation costs
based on the conceptual design. Implementation costs include costs associated with:
ongoing literature review, pilot-scale testing, and full-scale capital expenses and
annual operations and maintenance. The scope of each of these cost-related activities
is summarized below:

. Literature Review. Technology researchers are likely to further develop
the technology such that enhancements (optimization) and limitations
will be better understood. The decision to proceed with further imple-
mentation of SVE/sparging requires ongoing assessment and review of
these research results. While this activity is not a significant cost factor
of implementation, it is an important implementation activity.

o Pilot-Scale Testing. This activity includes costs associated with scope
and workplan development, contract procurement, equipment procure-
ment, system installation, system operation, demobilization, sampling
and analysis (system monitoring), evaluation of system performance, and
reporting.

° Full-Scale Capital. Capital costs are direct and indirect costs required
to initiate and install the technology system components, including (but
not limited to) engineering design, mobilization and demobilization of
equipment and people, site construction (i.e., well installation) activities,
contractor bonding and insurance, equipment procurement and installa-
tion, licensing and permitting, health and safety, and supervision during
construction.

o Full-Scale Operation and Maintenance. Operation and maintenance
(O&M) costs represent those costs which would be incurred during each
year of operation from initial startup to final shutdown of the full-scale
system. O&M costs include operation and maintenance labor, power,
sampling and analysis, and residual waste stream treatment. Since
annual O&M costs occur over a period of years, future costs have been
discounted to the present year’s equivalent value (i.e., the present value
cost) using 5 percent interest, so that annual costs remain comparable.
Actual annual costs are likely to be much higher during the first year(s)
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of operation as the system is commissioned and optimized for opera-
tion, and due to higher chemical usage rates and associated labor
required for treating higher initial concentrations. Therefore, the
annual costs are intended to represent the anticipated average yearly
cost of operation over the life of the system.

A contingency of 30 percent has been applied to the full-scale implementation cost to
account for possible project cost increases due to scope and bid variations that typi-
cally occur with hazardous waste remediation projects. These increases are typically
caused by the changes which normally occur as part of final design and implementa-
tion, based on observation of actual field conditions/contamination, and factors which
affect the cost of subcontracted services, such as labor and material shortages. Not
included in the estimates are any agency or Air Force administrative costs, nor any
costs associated with modifications of the existing groundwater treatment system(s).

Typically, order-of-magnitude cost estimates for general construction projects are
intended to reflect an accuracy of within 50 percent greater to 30 percent less than
actual costs. The estimates summarized below are expected to be within these
ranges; however, there is greater uncertainty of accuracy as a result of the lesser
degree of development associated with this innovative technology compared to gener-
al construction technologies. Current pricing data based on quoted equipment costs,
construction cost data (e.g., Means, 1993), previous local project experience, and
engineering judgment have been used to generate the estimates, using adjustments for
local McClellan AFB costs when available. Final project costs will depend on actual
labor and material costs, actual site conditions at the time of implementation, produc-
tivity, competitive market conditions, final project scope and schedule, contractors
selected to perform activities, and many other variables. As a result, the final project
costs will differ from the exact value of any estimates presented here.

The following order-of-magnitude implementation costs are estimated for
SVE/sparging:

o Literature review will require approximately $12,000 over a period of
one year.
. Pilot-scale testing is estimated to cost approximately $135,000 if con-

ducted using the existing SVE pilot system at Site S in OU D.

Full-scale implementation costs on a per acre basis are summarized in Table L5-2.
The estimated costs for construction and operation of a full-scale system range from
approximately $2M/acre (for 70-foot well spacing and 3 years’ operation) to
$10.6M/acre (for 40-foot well spacing and 8 years’ operation). Key assumptions asso-
ciated with the implementation cost estimate, in addition to those previously
described, include:
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o Full-scale costs are reported on a per acre basis; costs were estimated
using a system comprised for a five-module (20 extraction wells) system
and converted to per acre costs.

o Nine man-days/well plus drilling costs are needed to install wells and
piezometer nests. This includes drilling, well completion and develop-
ment, and surface plumbing.

o Offgas treatment cost is $5/Ib VOCs, and is a significant O&M cost
factor.

. Each module contains 500 feet of PVC pipe.

. Contaminants are removed at an average rate of 50 lbs/day per module
over the operational period of the system.

o System operational time is assumed 50 percent, or 4,380 hours/year/well.
. System monitoring includes 45 man-days per year for system operation

and maintenance, and the collection of five samples per module for
laboratory analysis, quarterly.
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Table LS-2

SVE/Sparging
Order-of-Magnitude Implementation Cost Summary
Range of Costs ($/acre)
Low - Intermediate
Activity Low* Intermediate® - High" High®

Full-Scale Capital 920,000 920,000 2,850,000 2,850,000
Full-Scale O&M 1,060,000 2,520,000 3,290,000 7,800,000
(Present Worth for All
Years)
Full-Scale Implementation 1,980,000 3,440,000 6,140,000 10,650,000
Cost
Notes:

*Based on 70 feet well spacing and 3 years of operation.
*Based on 70 feet well spacing and 8 years of operation.
°Based on 40 feet well spacing and 3 years of operation.
‘Based on 40 feet well spacing and 8 years of operation.

Other significant assumptions include:

$5/1b VOCs offgas treatment cost

50 lbs/day per module average removal rate

50 percent system on-time (to allow for cyclical operation)

Annual sampling and analysis, and performance evaluations included in operational cost
30 percent contingency factor applied
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TECHNICAL MEMORANDUM L6 CHMHILL

PREPARED FOR: McClellan Air Force Base
DATE: November 7, 1993

SUBJECT: Electron Beam Treatment Implementation Plan
Groundwater OU RI/FS Report
Delivery Order No. 5066

PROJECT: SAC28722.66.NT

Technology Overview

Description

Electron Beam (E-Beam) Treatment is a developing technology that can be used to
treat either liquid waste streams, such as contaminated groundwater, or gaseous waste
streams. This Implementation Plan has been developed for groundwater treatment
applications.

Electron Beam Treatment is an innovative advanced oxidation process (AOP) that
can destroy organic compounds in aqueous solution. Known generally as High
Energy Electron Irradiation, the process involves the irradiation of a thin aqueous
stream with high-energy electrons. This results in the formation of highly reactive,
short-lived chemical species. These transient reactive species initiate chemical reac-
tions with dissolved organic compounds. In most cases these compounds are oxidized
to carbon dioxide, water, and inorganic species, although organic byproducts of trans-
formation can also be formed (EPA SITE, 1992).

High energy electron accelerators have been used for years in industry for the cross-
linking of polyethylene, the polymerization of lubricants, and the vulcanization of
rubber (Nickelsen et al., 1992). Electron accelerators function by using a current to
produce a stream of electrons which are accelerated by applying an electric field
generated at a given voltage. The number of electrons generated per unit time is
proportional to the beam current and thus the beam power. The amount of energy
from the beam that is absorbed by an irradiated material per unit time is called dose.
The absorbed dose depends on the type and thickness of the material, the beam
power, and the length of time the material is exposed to the electron beam
(Westinghouse, 1993). The dose is determined by measuring the temperature
increase of the aqueous stream as a result of beam contact.

In all E-Beam accelerators, electrons are formed in a high vacuum by thermal emis-
sion from a hot surface, usually a tungsten filament or oxide coated surface. The
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electrons are focused into a beam and accelerated through a DC voltage potential,
typically 300 kV to 5 MV. In E-Beam treatment, a liquid waste stream either passes
through s slit or flows over a weir that forms a continuous sheet of liquid that is
directed across a window, as shown in Figure L6-1. The flow over the window is
intended to maintain a uniform thickness of the liquid.

The irradiation of aqueous streams by an electron beam results in the formation of
highly energized species, the most reactive of which are aqueous electrons (e,,)
hydrogen radicals (He) and hydroxyl radicals (OHe) (Nickelsen et al., 1992). these
species are short-lived as they either quickly recombine or transfer their energy into
other compounds present in solution. The subsequent mechanisms of reaction with
hazardous compounds, such as chlorinated and nonchlorinated hydrocarbons, are
understood to be similar to those of other AOPs; however, the proportions of the
individual reactive species generated by E-Beam differ significantly from other AOPs,
which may result in increased effectiveness for chlorinated hydrocarbons.

The treatment efficiency of the process is related to three major parameters: con-
taminant concentrations, irradiation dose, and water quality. Nickelsen et al. (1992)
report that experimental data collected during the irradiation of potable water and
wastewater containing BTEX compounds indicate that solute destruction is first order
with respect to dose. Water chemistry can seriously affect removal efficiencies due to
both scavenging effects and the formation of by-products. The presence of scavengers
in the aqueous treatment stream causes the reactive species to be consumed before
initiating the desired destruction reactions. Principal scavengers include dissolved
oxygen, bicarbonate/carbonate, nitrate, and dissolved organic carbon.

Development Status

o The technology has been in existence for 30 years for applications such as
sterilization of medical supplies, disinfection of wastewater, and food preserva-
tion.

. A full-scale plant (120 gpm) is in operation at the Miami-Dade Central Water
District wastewater treatment Plant in Miami, Florida. It is known as the Elec-
tron Beam Research Facility (EBRF), and can be used for pilot testing (but
requires a tanker truck volume of the sample to be tested).

° Two technology vendors have been identified: High Voltage Environmental
Applications (HVEA) and Raychem Corporation. Each has mobile units
under construction. Raychem appears to be further along in equipment devel-
opment, though HVEA, which is associated with the EBRF, appears to have
further developed E-Beam theory. (Zappit Technology has developed an E-
Beam system for treating contaminated gas streams, but not liquid waste
steams.)
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o An EPA SITE demonstration is planned for early next year at Savannah River
by HVEA, although it has not been determined whether the project will
involve treatment of chlorinated organics or benzene contaminated ground-
water.

. Bench-scale testing of chlorinated VOCs has been performed by vendors.

Potential Benefits

This section describes the performance, advantages and disadvantages, and cost bene-
fits associated with E-Beam treatment of extracted groundwater. This information is
intended to provide a basis for evaluating the potential benefits of implementing this
technology at the Base as an innovative alternative to standard groundwater treat-
ment processes, such as aqueous phase carbon adsorption, air stripping, and conven-
tional AOPs (e.g., UV/peroxide, UV/ozone, ozone/peroxide oxidation).

General Performance
Effectiveness

. E-Beam technology vendors report that the technology can achieve 95 to
99 percent destruction efficiency of halogenated and nonhalogenated organics
in treatment of single contaminant liquid streams.

. Data reviewed on treatment of multiple-contaminant streams indicates that the
technology is capable of achieving effective removal of certain chlorinated
aliphatic hydrocarbons (CAHs) and chlorinated and nonchlorinated aromatic
compounds, but high treatment efficiencies were not always achieved.

. E-Beam treatment is capable of treating amenable contaminants to low ug/l
levels.

Robustness

° E-Beam treatment efficiency appears to vary considerably for different com-

pounds. The process is capable of achieving effective treatment of chlorinated
ethenes (including TCE and PCE) and trihalomethanes, whereas chlorinated
ethanes (such as 1,1,1-TCA and 1,1-DCA) are less effectively treated.

° The E-Beam technology does not treat ketones effectively.

. The E-Beam system can potentially handle a range of flows and concentrations
by adjusting dose and via the use of modular units.
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o High concentrations of scavengers (alkalinity, dissolved oxygen, or dissolved
organic carbon) in the liquid stream increases the dose required to achieve a
given level of treatment.

Potential Risk Reduction

It is difficult to quantify risk reduction provided by E-Beam treatment because the
potential benefit of the technology is associated with its potential to reduce contami-
nant mass in extracted groundwater more economically than standard treatment tech-
nologies. E-Beam treatment will not provide more extensive treatment than standard
technologies, but it would reduce contaminant levels compared to no treatment.
Because it is a destruction technology, E-Beam treatment causes a reduction in con-
taminant mass compared to nondestructive technologies that transfer contaminants to
another phase.

Advantages Compared to Other Technologies

. Destructive technology with no residual streams (other than possible reaction
by-products in the effluent).

. Nonselective treatment may be effective for at least simple mixtures of com-
pounds.

. Technology expected to be robust with respect to changing flows and concen-
trations.

Disadvantages Compared to Other Technologies

o Operation may have high energy requirements.

. Not yet demonstrated at the pilot-scale level for chlorinated aliphatic hydro-
carbons.

. Treatment effectiveness varies considerably between contaminant types.

Chlorinated alkanes and ketones may not be effectively treated.
. Residual by-products include formaldehydes, formic acid, ozone.

° May not achieve treatment requirements without using very high doses result-
ing in relatively high operating costs.

. Some evidence suggests that the treatment effectiveness may be significantly

reduced for complex mixtures of contaminants like those found in McClellan
AFB groundwater.
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Relative Cost Benefit

The cost benefit of E-Beam treatment would result from its use in place of a more
costly ex situ groundwater treatment technology or through its use in combination
with other technologies reducing overall treatment costs. Cost benefits should be
evaluated on the basis of $/gallon of groundwater treated to a given quality.

Potential Locations

The potential application locations (uses) are the treatment of extracted groundwater
at the groundwater treatment systems associated with pump-and-treat operatijons at
the Base.

Approach

Information Needs and Sources

Table L6-1 summarizes information needs and sources for implementation of E-Beam
treatment.

Information Gathering and Review

Technology information reviewed to date includes published literature, vendor infor-
mation and data, and vendor interviews. Also, Westinghouse staff were interviewed
about the planned E-Beam demonstration project at the DOE Savannah River site.
New information should be reviewed as it becomes available, especially the results of
the Savannah River demonstration.

Implementation Issues

o A major implementation constraint at the present is the unavailability of pilot-
and full-scale equipment. Pilot units are reportedly being constructed by both
equipment vendors, but there is only one full-scale system in existence. For
this reason, it is difficult or impossible to anticipate implementation factors,
such as scale-up problems, full-scale equipment durability and treatment reli-
ability, long-term treatment performance, and full-scale capital and operating
Costs.

o The ability of E-Beam systems to treat all of the contaminants requiring reduc-
tion through treatment in the complex mixtures of contaminants found in Base
groundwater is unproven. Thus the feasibility of implementing E-Beam treat-
ment at McClellan AFB cannot currently be determined.
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Table L6-1

Electron Beam Treatment
Information Requirements and Sources
.
Info Source
Information Needed
for Pilot and Full-Scale Tests Bench Pilot Full
Feed Stream Characteristics:
. Flow - S S
. Contaminant types S s S
. Contaminant conceatrations S S S,P
. Treatment goals L L L
. Alkalinity, dissolved organic carbon S S S,P
. Flow/Concentration variability S S S,P
System Design: Physical Configuration
. Unit Size v \' P,V
L Residence Time \' L,V P,V
. Concrete pad requirement - v P,V
System Design: Equipment Requirements
. O & M Requirements - v P,V
. Power Requirements \' \4 P,V
. Utility connections - v P,V
Performance Capabilities
. Destruction Removal Efficiencies L B,V,L P
Response to Feed Stream Variability L B,V,.L P
. Monitoring (Sampling and Analysis
Requirements) L,V L L
Electron Dosage Requirements L,V B,V.L P,V
Byproduct Formation L.S B,.L P
]
Source Notes:
L = Literature/Experts
B = Bench Scale
P = Pilot Scale
S = Sampling Resuits
V = Vendor
. —
CVOR365/004. WPS
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o Use of the E-Beam technology for treatment and discharge of extracted
groundwater at the Base would require compliance with applicable permits (as
is the case for any groundwater treatment system).

o Patents are pending for modifications to industrial electron beam systems.
Application of this technology would require purchase or lease of proprietary
equipment.

Bench Scale Testing

Objectives

Bench-scale testing would be conducted to address the following objectives:

. Determine if the technology can effectively treat the pertinent contami-
nants in complex mixtures characteristic of Base groundwater.

o Determine achievable contaminant reduction efficiencies and required
dosages.
o Evaluate appropriate operating parameters such as electron beam

dosage and additive requirements.

° Identify and quantify by-products formation during treatment.
. Assess the effects of scavengers present in Base groundwater.
Approach

Laboratory tests would be required prior to proceeding with a pilot test. Bench scale
testing procedures are outlined below.

o At least three 2-gallon groundwater samples would be collected from
different locations on the Base and shipped to a vendor for evaluation.
The groundwater samples would be selected to contain different con-
taminant mixtures and different concentrations of potential oxidant
scavengers. Aliquots of the samples would be transferred to a series of
vials, which would receive electron injection at various doses and then
be analyzed to evaluate treatment efficiencies and by-product formation.

o Once the optimal electron beam dose has been established based on
the initial tests, new sample aliquots would be retreated at that dose
and submitted to an EPA-approved laboratory for confirmation of initial
test results.
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. Tests would be repeated with additives if appropriate (e.g., if initial
treatment efficiencies were unsatisfactory).

. Determine if the treatment performance achieved justifies processing
with pilot-scale testing.

Pilot-Scale Testing
Objectives
Pilot-scale testing would be conducted to address the following objectives:

. Determine the achievable reduction efficiencies for individual contami-
nants and for total VOCs.

° Evaluate full-scale system design and operating parameters such as unit
size, configuration, equipment requirements, and dose and power
requirements.

. Demonstrate the efficacy and reliability of electron beam technology.

° Evaluate the ability of the technology to handle variations in feed
stream characteristics.

. Evaluate residual concentrations of by-products formed during treat-
ment and the need for polishing treatment.

o Evaluate the potential for coating or wear on the treatment window.
. Demonstrate system remote/automatic operation capability.
. Develop a basis for estimating full-scale costs.

Approach

Pilot testing should be conducted onsite at the Base if possible. HVEA’s mobile pilot
unit is presently under construction. It will contain a 25-kW electron beam and have
a flow capacity of up to 40 gpm. Raychem’s mobile trailer unit is also under con-
struction, though a prototype currently exists. Consequently, the availability of pilot
testing equipment is uncertain. As an alternative, a 5,000- to 6,000-gallon tanker
could be shipped to Miami to be treated by the full-scale EBRF, although this option
is not recommended.

Pilot-scale testing using Base groundwater would be necessary to rigorously evaluate

technology feasibility and to develop design and operating parameters. The specific
objectives and approach of the pilot testing program would be refined and detailed
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following the information gathering and review and bench-scale testing tasks. The
general pilot testing approach would include the following components.

. Select an appropriate extracted groundwater stream for testing E-Beam
treatment. A slip stream from an existing pump-and-treat operation
would likely be used.

o Develop pilot testing workplan.

. Prepare site and bring vendor system online.

° Operate E-Beam treatment system under the selected conditions.

. Analyze data to evaluate performance and evaluate potential benefits of

implementing E-Beam treatment at the Base.

. Decide whether to proceed with implementation at full scale.

Full-Scale Conceptual Design

Because full-scale systems have not yet been built, an understanding of the full-scale
implementation is very conceptual in nature. Treatment units may either be designed
and constructed to meet the needs of a particular application, or may be modular
systems connected in series and parallel to meet treatment objectives. Figure 1.6-2
illustrates how electron beam treatment technology may fit into a full-scale ground-
water pump-and-treat system.

Full-scale application of electron beam treatment would involve the following major
components:

. A pad of sufficient size to contain modular unit(s) and control equip-
ment

. Power, cooling water, and telephone connections

° Plumbing connections to the groundwater treatment train

. A polishing treatment system to remove formaldehyde and other resid-
ual byproducts
Technology Limitations and Uncertainties

As a developing technology, E-Beam performance characteristics and operational
difficulties have not been well defined. In addition, there are a number of uncertain-
ties that affect the implementation of this technology.
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o Full-scale units for commercial applications have not yet been construc-
ted. The scale-up effects associated with full-scale units from bench-
scale systems are unknown.

o The ability of E-Beam to achieve required contaminant reductions for a
complex mixture of chlorinated solvents and nonchlorinated organics
has not been demonstrated. Antagonistic effects may result in high
irradiation dose requirements.

. The dose required to achieve target contaminant reduction efficiencies
may not be economically feasible.

. The long-term operational durability of a full-scale system is unknown.
o Chemical additives (e.g., H,O,) may be needed to achieve target treat-
ment efficiencies, resulting in higher operating cost.
. The formation of reaction by-products may require polishing treatment.
. The presence of scavengers (e.g., alkalinity, dissolved oxygen, and
organic carbon) may require pretreatment to enhance E-Beam effec-
tiveness.
Schedule

An implementation schedule is provided in Figure L6-3. This schedule may change
because equipment is unavailable. This technology is not yet sufficiently developed to
identify a schedule for full-scale implementation.

Cost
Bench- and pilot-scale testing costs are estimated at roughly $50,000 and $240,000,
respectively. Full-scale implementation costs are impossible to estimate at this time
because the required equipment is not commercially available.
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TECHNICAL MEMORANDUM L7 CHMHILL

PREPARED FOR: McClellan Air Force Base
DATE: November 9, 1993

SUBJECT: Cometabolic Biofiltration Implementation Plan
Groundwater OU RI/FS Report
Delivery Order No. 5066

PROJECT: SAC28722.66.NT

Technology Overview
Description

Biofiltration is an established treatment technology for the removal of certain organic
and inorganic contaminants from gas streams. Biofiltration has most often been used
to remove odor-causing chemicals from offgas streams, such as gases from municipal
wastewater treatment plants. Recently, biofiltration has been employed to treat
VOC: in industrial offgas streams. These applications have involved compounds that
are readily biodegradable by aerobic microorganisms. The use of biofiltration for the
treatment of vapor-phase chlorinated aliphatic hydrocarbons (CAHs) is a developing
technology.

Many important CAHs, including TCE, are not biodegradable by ordinary aerobic
microbial metabolism; however, TCE and certain other CAHs can be biodegraded via
cometabolism under aerobic conditions. Cometabolism of CAHs is a process in which
a biodegradable organic substrate induces the production of nonspecific enzymes by a
certain group of microorganisms, which fortuitously initiate transformation of the
CAH molecule. In cometabolic biofiltration, a primary substrate is added to the con-
taminated gas stream to stimulate cometabolism of CAHs. Substrates that have been
most commonly used in studies of TCE cometabolism include methane, toluene, and
phenol.

Biofiltration is a general term that encompasses two categories of biological vapor-
phase treatment: biofiltration and biotrickling filter (or bioscrubber) processes. Both
categories function by the same general principal. The two processes differ primarily
in the type of media employed and the mass transfer mechanisms that result. In both
processes, a contaminated gas stream is passed through a bed of biologically active
media where contaminants are exchanged to the aqueous phase and biodegraded. A
schematic of biofiltration is shown in Figure L7-1.
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In the biofiltration process, microorganisms are immobilized within the liquid biofilm
layer on a porous media such as soil, compost, peat, granular activated carbon, or
polyurethane foam. Contaminants are passed into the bed where they sorb to the
media, dissolve into the liquid biofilm layer, and are degraded by the microbial cul-
ture. Treatment performance depends on the sorbability and biodegradability of the
contaminants.

The biotrickling filter or bioscrubber approach differs primarily in the type of media
upon which the microbial mass is attached (i.e., conventional air scrubber/stripper
packing material instead of organic media). This type of system is operated with
either a co-current or countercurrent flow of an aqueous solution providing nutrients,
buffering capacity, and primary substrate. The efficiency of this type of system
depends greatly on the extent to which contaminants can be transferred to the
aqueous phase and subsequently degraded.

The control of temperature, pH, and nutrients is critical for both types of systems.
For organic media biofilters, bed moisture content is also a critical parameter.

Development Status

Both types of biofiltration systems are receiving considerable attention by biofiltration
vendors and university researchers for the degradation of chlorinated organics.
Research groups that have been leading the investigation of biofiltration for CAHs
include Envirogen (Lawrenceville, New Jersey), the EPA Risk Reduction Engineering
Laboratory (in cooperation with the University of Cincinnati), and the EPA Environ-
mental Research Laboratory in Gulf Breeze, Florida (in cooperation with the Univer-
sity of West Florida). Also active in biofiltration research for the treatment of chlori-
nated hydrocarbons are EG&G Biofiltration, Idaho Falls, Idaho; Remediation Tech-
nologies, Inc., Seattle, Washington; and Biotrol, Inc., Chaska, Minnesota.

Cometabolic biofiltration for the removal of CAHs is currently being developed at the
laboratory scale. Pilot-scale systems are primarily at the conceptual design stage.
Most of the present research efforts are focused on the bioscrubbing approach to
treatment of chlorinated VOCs. A bench-scale airlift reactor (which operates simi-
larly to a biotrickling filter without any media) has been operated by Envirogen and
has achieved some initial success for the removal of TCE. However, cometabolic
biofiltration systems have had difficuity treating TCE concentrations greater than
about 25 ppmv effectively and in maintaining consistently high treatment efficiencies.

A field demonstration of cometabolic biofiltration at McClellan AFB is reportedly
scheduled to occur in July of 1994 (Hoda, 1993).

{ Potential Benefits

This subsection describes the performance, advantages and disadvantages, and cost
benefits associated with biofiltration. This information is intended to provide a basis
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for evaluating the potential benefits of implementing this technology at the Base as an
innovative alternative to standard offgas treatment technologies such as vapor-phase
carbon adsorption and catalytic and thermal oxidation.

General Performance
Effectiveness

. The effectiveness of cometabolic biofiltration has not been thoroughly
evaluated and reported. No information was found for CAHs other than TCE.

o Greater than 95 percent reduction efficiency has been reported for TCE at
concentrations in the low ppmv range. A removal rate of 0.2 g/m*/hr has been

reported for TCE.
. TCE can be completely mineralized to CO,, water, and chloride.
o Based on aqueous-phase testing of aerobic cometabolism, 1,2-DCE and vinyl

chloride are also expected to be treatable by cometabolic biofiltration.

Robustness

. TCE can be effectively treated, but treatment consistency has been difficult to
maintain over long periods or at concentrations greater than approximately
25 ppmv.

. Cometabolic biofiltration is not expected to effectively treat PCE, carbon tetra-
chloride, 1,1,1-TCA, 1,1-DCE, 1,1-DCA, or Freons, based on aqueous phase
study results.

] Ketones, alcohols, BTEX, and fuel hydrocarbons can be effectively treated via
biofiltration. Cometabolism is unnecessary for these compounds.

° Varying contaminant loads (resulting from variations in flows and/or concentra-
tions) are likely to decrease treatment performance. The effects of periodic
variations or shock loads may be temporary, whereas frequent variations may
prevent the development of a stable microbial culture and result in inconsistent
treatment.

o Polishing treatment probably will be necessary because of fluctuations in treat-
ment performance.

Potential Risk Reduction

It is difficult to quantify risk reduction provided by biofiltration, because the potential
benefit of the technology is associated with its potential to remove contaminant mass
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from an offgas waste stream more economically than standard treatment technol-

[ ogies. Biofiltration will not provide more extensive treatment than standard technol-
ogies, but it would reduce VOC emissions compared to no treatment. Because it is a
destruction technology, biofiltration causes a real reduction in contaminant mass com-
pared to nondestructive technologies, which transfer contaminants to another phase.

Advantages Compared to Other Technologies

Overall offgas treatment costs may be reduced by using biofiltration either
alone or in conjunction with GAC polishing.

It is likely that cometabolic biofiltration can effectively treat vinyl chloride,
which is difficult and costly to remove by adsorption processes.

Contaminant mass reduction is achieved by destruction rather than transfer to
another phase.

Cometabolic biofiltration is capable of completely mineralizing TCE.
Presumably, 1,2-DCE and vinyl chloride can also be mineralized, based on
aqueous phase study results.

The biofilter media is continuously regenerated, and does not require frequent
replacement/disposal.

Thermal/catalytic oxidation by-products such as HF and HC] would not be
generated via biofiltration.

Public perception of biofiltration is potentially more favorable than for thermal
processes.

Disadvantages Compared to Other Technologies

If treatment of all contaminants is not complete, a contaminated liquid stream
will be produced. Untreatable contaminants will accumulate in the scrubbing
solution (with biotrickling filters) or leachate (with biofilters), necessitating a
liquid blowdown stream.

Biofiltration is probably more susceptible to upsets and inconsistent treatment
than standard offgas treatment technologies.

Several CAHs are not effectively treatable by cometabolic biofiltration.
Polishing treatment following biofiltration probably would be required.

The primary substrate added to induce cometabolism could itself become a
contaminant in the effluent gas if not completely utilized during treatment.
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o Competitive inhibition between primary substrate and target contaminants can
occur, resulting in reduced treatment efficiencies.

o Complex mixtures of contaminants in the offgas may affect treatment
performance.

Relative Cost Benefit

The cost benefit of cometabolic biofiltration would result from its use in place of a
more expensive offgas treatment technology or through its use in combination with
other technologies, reducing the overall treatment cost. Cost benefits should be eval-
uated on the basis of $1/mass of contaminants treated. When evaluating technology
costs, residuals management should be included.

Potential Locations

Potential application locations for cometabolic biofiltration at McClellan AFB include
the treatment of offgas from: air stripping groundwater treatment, soil vapor extrac-
tion (SVE), SVE/sparging, bioventing, soil composting, or dual-phase extraction.

A suitable offgas stream for treatment via cometabolic biofiltration would be contami-
nated primarily with TCE, 1,2-DCE, and/or vinyl chloride (and maybe other mono-
chiorinated CAHs). (Biofiltration without induction of cometabolism would also be
potentially applicable for treating BTEX or fuel-contaminated gas streams.) Offgas
streams containing significant concentrations of PCE, carbon tetrachloride, 1,1,1-TCA,
1,1-DCE, 1,1-DCA, or Freons are probably not suitable for treatment by cometabolic
biofiltration.

Because TCE is the predominant CAH contaminant in OU C groundwater, offgas

from the treatment of soil and/or groundwater that area of the Base might be suitable
for treatment by cometabolic biofiltration.

Approach

Information Needs and Sources

Table L7-1 summarizes information needs and sources for implementation of cometa-
bolic biofiltration.
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R
Table L7-1
Cometabolic Biofiltration
Information Needs and Sources
"
Project Scale
Information Needs
Bench Pilot Full

Feed Stream Characteristics

. Contaminant Types S S S

. Contaminant Concentrations S S S

. Flow Rate L L o

. Flow/Concentration Variability L,S 0,S 0,8

U] Treatment Requirements L L L
System Design

. Unit Size L B,L,O o,P

. Physical Configuration (e.g. flow regime, support L B,L LP

media, microbial consortia, primary substrate)

] Equipment Requirements L B,O o,P
Performance Capabilities

. Destruction Removal Efficiencies L B P

. Flow Rate L B P

° Ancillary Treatment Requirements L B,O0 O,P

. Monitoring (Sampling and Analysis) L B P

. Response to Feed Stream Variability L B P
Operations & Maintenance

. Biofilter Bed Life L B P

. Substrate Use Requirements L B P

. Nutrient Requirements L B P

. Utility Connections/Installation Requirements L B,O0 o,P

] Biosolids Management (if any) L B Oo,P

] Preventative Maintenance Requirements L B P
Notes:

L = Literature/Experts

O = Other Technology Evaluations

P = Pilot Scale

S = Sampling Results
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Information Gathering and Review

Information gathering and review to-date has identified a number of vendors and
research groups that are actively testing and developing biofiltration processes for
treating CAH-laden gas streams. These groups are listed in the Development Status
subsection of this Implementation Plan. Because of the relatively undeveloped status
of this technology and the intricacies associated with the process, an intensive review
of current and future research findings is needed. The progress of these groups in
developing this technology should be closely monitored until sufficient information is
available to confidently evaluate whether the technology is feasible for implementa-
tion in conjunction with remedial activities at McClellan AFB. The results of the field
demonstration of biofiltration treatment of CAHs planned for McClellan AFB in July
1994, when available, will be particularly useful for evaluating the feasibility of imple-
menting the technology at Base.

Implementation Issues

. The treatment system will have to meet treatment objectives established to
maintain compliance with the Basewide air emissions permit.

. The gas stream(s) selected for treatment by cometabolic biofiltration must
have characteristics that are compatible with the capabilities and limitations of
the treatment process.

. It may be practical to allow some period of time for the technology to be
developed further before proceeding with implementation at the Base. At the
present, it is not apparent that any of the research/vendor groups has devel-
oped a pilot-scale system that is ready for use in the field. Nevertheless, sev-
eral groups are actively researching and developing the process, so the technol-
ogy may be ready for field testing in the near future. Thus, it is important to
closely monitor technology development progress and critically evaluate any
treatment data generated so that the best system can be selected for testing.

Bench-Scale Testing

Bench-scale testing should be performed by, or in conjunction with, one of the
research groups or vendors active in developing the cometabolic biofiltration technol-
ogy. The overall goals of bench-scale testing would be to make a preliminary evalua-
tion of the feasibility of implementing the technology at the Base and to screen pro-
cess variables to focus the design and operation of a pilot-scale system.
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Objectives

. Determine appropriate gas stream characteristics ~including the ranges of
contaminant loading rates, gas flow rates, and contaminant concentrations —
that can be effectively treated.

. Determine the optimal primary substrate and microorganism group, substrate
addition rate, residence time, and any other critical design parameters.

o Evaluate the potentially achievable contaminant reduction efficiencies, mass
removal rates, and consistency of treatment performance.
Approach

Bench-scale biofiltration column systems probably would be used to test the technol-
ogy, although the test system design should be based on the current research develop-
ments at the time of testing. Bench-scale testing could either be conducted at the
Base using a small slip-stream of actual offgas (if a vapor stream contaminated pri-
marily with treatable CAHs exists), or it could be conducted in a laboratory using a
simulated gas stream containing at least a simple mixture of contaminants representa-
tive of a gas stream at the Base.

Pilot-Scale Testing
Objectives

. Determine the maximum gas flow rates, influent contaminant concentrations,
and contaminant mass loadings that can be treated effectively.

. Evaluate achievable contaminant reduction efficiencies, mass removal rates,
and consistency of performance.

° Evaluate system response to influent stream variability, shock loads, and
shutdown/startup.

. Evaluate the long-term effectiveness of a biofiltration bed, especially with
respect to the management of biosolids.

o Determine appropriate operating parameters, such as liquid recycle rate, liquid
blowdown rate, substrate addition rate, and nutrient and buffering require-
ments.

° Characterize any residual waste streams.

o Develop design and operating criteria and estimate the cost of a full-scale
system. :
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Approach

If bench-scale testing results are promising, the next phase of implementation is pilot-
scale testing. Pilot-scale testing would involve the operation of an onsite treatment
system designed to simulate the system that would be used at full-scale. The specific
objectives and approach of the pilot-testing program would be refined and detailed
based on the bench-scale testing results. The general approach to pilot-scale testing
is outlined below and as shown in Figure L7-2.

1. Identify an appropriate offgas stream. Ideally, this would be done prior
to bench-scale testing. This might be a slip stream from an air stripper
treating extracted groundwater or from an in situ soil venting operation.

2. Develop the pilot testing workplan.

3. Select a vendor to supply a biofiltration system that is consistent with
preliminary design criteria developed from the bench-scale testing
results. If no vendor-supplied pilot-scale system is available, a system
could be constructed by contracting the necessary design and construc-
tion engineering services.

4. Prepare the test site and mobilize the pilot unit onsite.

5. Operate the pilot test unit at a variety of loading conditions.

6. Operate the system for a sufficient duration to evaluate long-term
performance.

7. Analyze data to evaluate performance and the potential benefit of

implementing cometabolic biofiltration at the Base.
8. Decide whether to proceed with implementation at full-scale.
Full-Scale Implementation
“ometabolic biofiltration has not been sufficiently developed to prepare a full-scale
implementation conceptual design.
Technology Limitations and Uncertainties

. Neither pilot- nor full-scale units have been constructed for treating CAHs. It
is not known when these systems will be available.
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° The gas stream characteristics for which cometabolic biofiltration would be an
effective and economical treatment option have not been established. The
maximum influent flows and contaminant concentrations and maximum con-
taminant mass loading rates are unknown.

° Treatment performance characteristics, such as achievable contaminant reduc-
tion efficiencies and mass removal rates, are not well established.

o The currently available information indicates that treatment performance is
inconsistent; consequently, polishing treatment may be required.

. The ability of cometabolic biofiltration systems to effectively treat complex
contaminant mixtures is unknown.

. Several different research groups are developing this technology. It is not yet
clear which group has the best system.

Schedule

A possible implementation schedule is shown in Figure L7-3.

Cost
Bench- and pilot-scale testing costs are estimated at roughly $100,000 and $210,000,

respectively. Full-scale implementation costs are impossible to estimate at this time
because of the relatively undeveloped status of the technology.

Works Cited

Hoda, B. McClellan AFB, Personal communication with CH2M HILL, November 2,
1993.
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TECHNICAL MEMORANDUM L3 CHMHILL

PREPARED FOR: McClellan Air Force Base

DATE: November 7, 1993
SUBJECT: Resin Adsorption Implementation Plan
Groundwater OU RI/FS Report

Delivery Order No. 5066

PRCJECT: SAC28722.66.NT

Technology Overview
Description

Resin adsorption is an offgas treatment technology that employs synthetic adsorbents
placed in packed or fluidized beds to remove VOCs. It is similar to vapor-phase
carbon adsorption, but laboratory testing suggests that the absorbent media (resin)
has superior capacity and durability. Consequently, the resin can be :egenerated in-
place, through a large number of cycles. Possible applications at McClellan AFB are
emissions control of offgas from ex situ groundwater treatment (e.g., air stripping) or
in situ treatment processes (e.g., soil vapor extraction).

There are two resin adsorption systems on the market. The first system is marketed
by Purus, Inc., as the Purus Adsorption Desorption Remediation Equipment
(PADRE) system; the other is the Polyad process, marketed in the United States by
Weatherly Inc. The processes are similar in principle, with the primary distinction
being the mechanisms of contaminant adsorption and adsorbent desorption. Recent
technology evaluations conducted by CH2M HILL have indicated that the Purus
PADRE system appears to be more economical and therefore, has been chosen for
further evaluation. However, subsequent evaluations of resin adsorption at McClellan
AFB should consider the Polyad process as cost improvements may accompany fur-
ther technology development.

The Purus PADRE system consists of one or more modular units, which contain the
following major components: knockout tank (air/water separator), parallel adsorption
bed modules, blower, chiller/condenser, nitrogen storage tank, product recovery tank,
and a process control panel. Figure L8-1 is a conceptual schematic showing the
PADRE system components.
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The unit operates in a cycle of passive adsorption and thermal desorption. During
passive adsorption, the contaminated influent air stream passes through two resin-
filled filter beds connected in series. Each resin bed contains one or more propri-
etary synthetic polymeric adsorbents, which have been selected to optimize their affin-
ity for adsorbing the particular suite of VOCs being treated. The treated gas stream
that exits the beds is referred to as the primary effluent. It may require further treat-
ment in the form of offgas polishing.

When the beds reach their maximum effective adsorption capacity, the influent gas
stream is automatically diverted, on a pre-timed basis, to a parallel unit, and the con-
taminant-loaded beds begin the thermal desorption cycle. During this cycle, the resin
bed is heated to about 150 to 250°C over a period of 60 minutes to volatilize the
adsorbed organic contaminants and regenerate the beds. The heat is supplied by
noncontact heat tracing cables evenly distributed within the bed supports. Once the
desorption temperature is reached, the bed is purged with approximately 10- to
25-bed volumes of an inert carrier gas (typically nitrogen). The use of an inert carrier
gas avoids the potential danger of explosion, as the desorbed gas can contain
extremely high concentrations of contaminant compounds (several times their respec-
tive lower explosive limits). Following the inert gas purge, the bed is cooled to ambi-
ent temperatures through circulation of a heat transfer fluid (such as Dowtherm).
The thermal desorption cycle is complete when the beds return to ambient tempera-
ture, ready to begin the next adsorption cycle.

The frequency of regeneration is limited by the thermal desorption cycle. This pro-
cess takes approximately 2'2 to 6 hours depending on the resin type and sorbed con-
taminants. Therefore, the number of adsorption/desorption cycles is limited to 4 to
10 cycles per day.

The purge gas (nitrogen) is passed through a chiller/condenser system where most of
the gaseous contaminants are condensed to the liquid phase. The contaminant-lean
nitrogen gas is then returned to the unit influent stream, or alternately, may be com-
pressed and purified for reuse. The condensed liquid (condensate) may require
organic/aqueous phase separation before the organic phase is transferred to a storage
drum or tank, then transported for use as a fuel, or disposed as a hazardous waste.
The separated aqueous phase would require further treatment.

Development Status

The resin adsorption technology has been demonstrated for industrial applications at
the pilot-scale in the U.S. and Europe. There are several full-scale applications in
use. Individual components have been tested in the laboratory and the field for haz-
ardous waste remediation applications.

A field test of the PADRE system is being conducted at McClellan AFB in the Fall of
1993 in conjunction with the SVE system at Site S, OU D. The extent of further
implementation of the resin adsorption technology in general, and the PADRE system
in particular, at McClellan AFB, will depend on the results of this demonstration.
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Potential Benefits

This subsection describes the performance, advantages and disadvantages, and cost
benefits associated with PADRE resin adsorption. This information is intended to
provide a basis for evaluating the potential benefits of implementing this technology
at the Base as an innovative alternative to standard offgas treatment technologies
such as vapor-phase carbon adsorption and catalytic or thermal oxidation.

General Performance

Effectiveness

o Treatment efficiency is typically greater than 90 percent for removal of total
VOCGs.

o Treatment efficiency for single contaminant PCE and TCE offgas streams is

typically 95 percent; slightly less for DCE.

U 90 to 95 percent removal is typical for aromatics, aliphatics, alcohols, alde-
hydes, some ketones, and many chlorinated solvents.

o Relatively poor removal efficiencies of vinyl chloride and methylene chloride.

. The treatment efficiency for complex, highly concentrated waste streams is
expected to vary, depending on the application, and is difficult to predict.

Robustness
o Halogenated and nonhalogenated VOCs are removed.
. Adsorption capacity for a given contaminant depends on its boiling point,

molecular polarity, and competition with other compounds. Low boiling point
and highly polar compounds are more difficult to remove.

. Contaminant influent concentrations up to 10,000 ppmv total organics have
been treated.

o Resin adsorptive capacity may be maintained through many regenerative
cycles, provided the system possesses sufficient desorption capacity. Some
suites of compounds may cause very lengthy thermal desorption cycles,
reducing overall cost-effectiveness.

. A complete treatment system can be assembled from modular units available
for purchase or lease.
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o The nature of the passive adsorption process results in some ability to
accommodate fluctuations in influent concentrations, as well as a 20:1 turn-
down capacity.

. Each modular unit contains a computer controlled/remote communication
system for alarm reporting and system monitoring.

Potential Risk Reduction

It is difficult to quantify the risk reduction provided by resin adsorption treatment
because the potential benefit of the technology is associated with its potential to
reduce contaminants from process offgas streams more economically than standard
treatment technologies. Resin adsorption treatment is not likely to provide more
extensive treatment than standard technologies, but it would reduce contaminant
levels compared to no treatment. Contaminants are recovered in the liquid-phase for
disposal/reuse. Although transport and reuse may have an associated risk increase
compared to in-place destruction.

Advantages Compared to Other Technologies

. The use of a regenerative resin results in less contaminated media requiring
disposal than GAC.

. The media may be able to retain a high adsorptive capacity through numerous
regeneration cycles.

. Performance is not as significantly impacted by the relative humidity of the
influent stream compared to GAC, though high relative humidity may decrease
treatment efficiency.

. The recovery of contaminants offers greater flexibility in determining their
ultimate fate.

o Resin adsorption appears to have a niche for high flow, moderate concentra-
tion gas streams.

o Little to no HCl, HF, and NOx emissions occur compared to catalytic oxida-
tion.

Disadvantages Compared to Other Technologies
. Removal efficiencies vary by compound and with contaminant stream
characteristics. For offgases that contain a wide variety of compounds, the

treatment efficiency and cost-effectiveness of resin adsorption is expected to be
insuperior to catalytic oxidation.
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. Long-term (5 to 10 years) resin performance data is not available for chlori-
nated VOCs.

. Because it is not a destruction technology, there is further management associ-
ated with the condensate (i.e., storage, treatment, disposal or reuse).

o The primary effluent may require polishing treatment in order to achieve emis-
sion standards.

o Very few technology vendors are available, possibly limiting cost competitive-
ness and the rate of technology development.

Relative Cost Benefit

The cost benefit of resin adsorption would result from its use in place of a more
costly offgas treatment technology or through its combination with other technologies,
reducing overall treatment cost. Cost benefits should be evaluated on the basis of
$/mass of contaminants treated. When evaluating technology cost, condensate man-
agement should be included.

Potential Locations

Potential application locations for resin adsorption at McClellan AFB related to
cleanup of contaminated soil and groundwater include the treatment of: air stripper
offgas from groundwater treatment plant(s); SVE, SVE/sparging, or dual phase
extraction offgas; and any other VOC-contaminated offgas stream generated at the
Base. The operating flexibility of the system allows application to a wide range of
locations, though highly complex or highly concentrated streams may be less appropri-
ate, as well as those with vinyl chloride and/or methylene chloride as primary constitu-
ents.

Approach

Information Needs and Sources

Table L8-1 provides a summary of the information needs and sources for implemen-
tation of resin adsorption.

Information Gathering and Review
Information on resin adsorption collected includes vendor-supplied information on
system design, performance, and operation, as well as preliminary results from the

Fall 1993 project being performed at the SVE field demonstration site in Site S,
OU D at the Base. Further information gathering should include a thorough review
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Table L8-1

Resin Adsorption
Information Needs and Sources
Project Scale
Information Needs Bench Pilot Full
Feed Stream Characteristics
] Contaminant Types S S S
L Contaminant Concentrations S 0,8 0,8
] Contaminant Chemical/Thermodynamic Properties L L L
. Flow Rate v (o) 0]
. Flow/Concentration Variability LV 0,S o
System Design
. Unit Size \Y B P
L Physical Configuration A" v P,V
. Equipment Requirements A" B,O,V o,P,V
. Patent Requirements - \ \Y
. Permitting Requirements - L,O L,O
] Treatment Requirements LV L,O L,O
Performance Capabilities
] Destruction Removal Efficiencies v B P
. Flow Rate v B,V P,V
. Ancillary Treatment Requirements v LoV |{ LOP
] Monitoring (Sampling and Analysis) \Y% L L
. Response to Feed Stream Variability \' B,L,V LP
Operations & Maintenance
] Cycle Times - B,V P,V
. Nitrogen Use Requirements \% B,V P,V
L Gas Stream Temperatures A"/ B,O0 P,O
. Utility Connections/Installation Requirements - \Y v
] Preventative Maintenance Requirements -— v \
U] Safety -— \' A%
Residuals Management
L HCI and HF emission rates - LV P
. Viny! Chloride, Methylene Chloride and Acetone A\ B,V P
emission rates
. Condensed Contaminants - L,V L,P
Storage/Transport/Disposal/Reuse
P e

Notes:

CVOR366/020.WP5

L = Literature/Experts
O = Other Technology Evaluations

P = Pilot Scale
S = Sampling Results
V = Vendor(s)

L8-7
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of the Site S demonstration final results when they are available, and a review of
other demonstration test data from sites treating chlorinated solvent-containing offgas.

Implementation Issues

° The treatment system will have to meet the treatment objectives established to
maintain compliance with the Basewide air emissions permit.

] Influent feed stream characteristics (i.e., contaminant distribution, temperature,
and relative humidity) need to be compatible with the technology limitations.
The use of resin adsorption in conjunction with another technology might be
required in the event these limitations prevent sufficient treatment perfor-
mance.

. A location with sufficient space and utilities connections is required for place-
ment of the modular unit(s).

° A system for the safe management of condensed organics must be installed
with the treatment units. Such a system would be composed of a contained
storage facility, transfer piping, or a loading area, and a plan for organics
disposal/use.

. The nature of the equipment procurement (lease versus buy) should be deter-
mined with a cost analysis. A combination lease-purchase agreement could be
considered whereby the treatment modules are leased for a short duration at
the beginning of operation, then purchased at a discount when successful treat-
ment performance has been established.

Bench-Scale Testing

Bench-scale testing will only be required if technology implementation is being consid-
ered for an offgas with contaminant characteristics significantly different than those of
the SVE offgas at Site S, since the pilot test at Site S has already targeted these
objectives. The vendor should assist in the evaluation of the necessity for bench-scale
testing.

Objectives

° Identify the resin or combination of resins most suitable for the specific con-
taminant stream of interest.

. Evaluate the effect of relative humidity and temperature on adsorption to

identify the benefits of controlling humidity and temperature on contaminant
sorption.
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Evaluate desorption characteristics of contaminants from the resins selected for
testing.

Establish the working adsorptive capacity of the selected resin(s).

Approach

1.

Prepare bench-scale testing workplan.

2. Measure (or review) adsorption isotherms for various contaminants of concern
using Purus’ standard (vial headspace measurement) methods.

3. Conduct isotherm tests at varying temperatures and humidities to bracket the
expected conditions for a specific application.

4. Conduct column studies with actual contaminant mixtures (if possible) simulat-
ing the specific application. A breakthrough curve will be measured. Air
stream humidity and temperature should be controlled to match application
conditions. The bed would be desorbed under standard conditions and the
organics recovered in a condenser. At least three adsorption-desorption cycles
should be tested.

5. Evaluate data and refine pilot-scale testing objectives.

Pilot-Scale Testing

Objectives

Pilot-scale testing is conducted to meet the following objectives:

o Determine the treatment efficiency achievable for individual contami-
nants and for total VOCs.

. Develop full-scale system design parameters such as unit size(s), equip-
ment requirements, and process control parameters.

o Determine operations and maintenance criteria such as optimal
(adsorption/desorption) cycle times, desorption gas requirements, and
temperature or humidity controls.

] Establish the emission rates of HCl, HF, vinyl chloride, methylene chio-
ride, and/or other effluent contaminants. Determine the need for ancil-
lary offgas treatment systems.

o Establish the production rates of condensed liquid water phase and
organic contaminants.
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. Evaluate the cost benefits of ful!-:cale implementation.
. Evaluate construction materials for treatment equipment, especially
those associated with desorption cycle equipment.
Approach

Pilot-scale testing using a Base offgas would be necessary to rigorously evaluate tech-
nology feasibility and to develop design and operating parameters for an offgas. The
specific objectives and approach of the pilot testing program would be refined and
detailed following the information gathering and review and evaluation of the Site S
demonstration results. The general pilot testing approach would include the following
components.

o Select an appropriate target offgas stream for testing resin adsorption.
A slip stream from an existing system would likely be used.

° Develop the pilot-testing workplan, using the existing procedures from
the Site S demonstration as a basis.

o Prepare the site and bring a modular unit online.
o Operate the PADRE treatment system under the selected conditions.

. Analyze data to evaluate performance and the potential benefits of
implementing resin adsorption treatment of the Base.

o Decide whether to proceed with implementation at full-scale.
Full-Scale Implementation

For the purpose of generating an order-of-magnitude cost estimate for implementa-
tion, a conceptual full-scale application of PADRE involves the following components:

. A successful pilot test establishing the potential cost benefit associated
with implementation.

. A pad of sufficient size to support the unit(s) and control equipment.

. Utility connections, a nearby water source, a dedicated phone line, and
a nitrogen supply system (storage and piping system).

. A condensate drain line and management system (adequately vented
storage tanks with secondary containment provisions for disposal or use
of the recovered organic phase, and transfer of the aqueous phase to a
wastewater treatment system).

RDDI10012E29.WPS L8-10 117793
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. Influent piping connections to the existing groundwater treatment plant
offgas stream.

. Modular PADRE units sufficient to meet the contaminant loading rate.

A conceptual schematic of a PADRE system application is shown in Figure L8-2.

Technology Limitations and Uncertainties

° Cost-effective treatment performance for a complex mixture of chlorinated
VOC:s has not yet been established.

o The desorption capacity of the resin for some contaminants may significantly
limit treatment efficiency or reduce cost-effectiveness through excessively long
desorption cycles.

o The relative proportion of poorly sorbing contaminants in the influent gas will
reduce overall treatment efficiency. High concentrations of vinyl chloride or
methylene chloride may significantly reduce cost-effectiveness.

o Resin adsorption treatment efficiency is limited to 90 to 95 percent for many
compounds, which may result in an inability to meet discharge requirements or
may require effluent polishing.

o The amount of operator attention may vary for each application. The degree
of operator attention is a function of the feed stream variability (resulting in
the need to adjust cycling times/parameters) and the amount of emissions
monitoring.

. Final use, and consequently management costs, of condensed organics (e.g.,
disposal or recycling) may vary depending on characteristics.

Schedule

Figure 1.8-3 contains a possible implementation schedule for the incorporation of
resin adsorption into the groundwater treatment system at the Base. A significant
uncertainty in the schedule is the need for and duration of further pilot testing. The
results of the Fall 1993 pilot test at Site S will determine the extent to which further
evaluation is required prior to implementation.
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Cost

This section presents an estimated range for order-of magnitude implementation costs
based on the conceptual design. Implementation costs may include costs associated
with: ongoing literature review, bench-scale testing, pilot-scale testing, and full-scale
capital and annual operations and maintenance. The scope of each of these cost-
related activities is summarized below:

. Literature Review. Vendors such as Purus and Weatherly are likely to
further develop the technology such that enhancements (optimization)
and limitations will be better understood. The decision to proceed with
further implementation of resin adsorption requires ongoing assessment
and review of field data. While this activity is not a significant cost
factor of implementation, it is an important impiementation activity.

. Bench-Scale Testing. This activity includes workplan development,
contract procurement, and the cost of conducting and overseeing vial
and column studies.

. Pilot-Scale Testing. This activity includes costs associated with scope
and workplan development, contract procurement, equipment procure-
ment, system installation, system operation, demobilization, sampling
and analysis (Ssystem monitoring), evaluation of system performance, and
reporting.

. Full-Scale Capital. Capital costs are direct and indirect costs required
to initiate and install the technology system components, including (but
not limited to) engineering design, mobilization and demobilization of
equipment and people, site construction activities (i.e., equipment instal-
lation), contractor bonding and insurance, equipment procurement and
installation, licensing and permitting, health and safety, and supervision
during construction.

o Full-Scale Operation and Maintenance. Operation and maintenance
(O&M) costs represent those costs which would be incurred during each
year of operation from initial startup to final shutdown of the full-scale
system. O&M costs include operation and maintenance labor, power,
purge gas, condensed organics disposal, and sampling and analysis for
system monitoring. Since annual O&M costs occur over a period of
years, future costs have been discounted to the present year’s equivalent
value (i.e., the present value cost) using 5 percent interest, so that
annual costs remain comparable. Actual annual costs are likely to be
much higher during the first year(s) of operation as the system is com-
missioned and optimized for operation, and due to higher chemical
usage rates and associated labor required for treating higher initial
concentrations. Therefore, the annual costs are intended to represent
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the anticipated average yearly cost of operation over the life of the
system.

A contingency of 30 percent has been applied to the full-scale implementation cost to
account for possible project cost increases due to scope and bid variations that typi-
cally occur with hazardous waste remediation projects. These increases are typically
caused by the changes that normally occur as part of final design and implementation,
based on observation of actual field conditions/contamination, and factors which affect
the cost of subcontracted services, such as labor and material shortages. Not included
in the estimates are any agency or Air Force administrative costs, nor any costs asso-
ciated with modifications of the existing groundwater treatment system(s).

Typically, order-of-magnitude cost estimates for general construction projects are
intended to reflect an accuracy of within 50 percent greater to 30 percent less than
actual costs. The estimates summarized below are expected to be within these
ranges; however, there is greater uncertainty of accuracy as a resuit of the lesser
degree of development associated with this innovative technology compared to gen-
eral construction technologies. Current pricing data based on quoted equipment
costs, construction cost data (e.g., Means, 1993), previous local project experience,
and engineering judgment have been used to generate the estimates, using adjust-
ments for local McClellan AFB costs when available. Final project costs will depend
on actual labor and material costs, actual site conditions at the time of implementa-
tion, productivity, competitive market conditions, final project scope and schedule,
contractors selected to perform activities, and many other variables. As a result, the
final project costs will differ from the exact value of any estimates presented here.

The following order-of-magnitude implementation costs are estimated for resin
adsorption (presuming PADRE system):

. Literature review will require approximately $9,000 over a period of one
year.

o Bench-scale testing would cost approximately $20,000, if necessary.

o Pilot-scale testing is estimated to cost approximately $200,000, should
the ongoing pilot-testing at Site S prove to be inconclusive.

o Full-scale implementation cost of a two-module system ranges from
$1.6M to $3.4M. This corresponds to a treatment cost of $2.70/Ib to
$5.70/b.

Key assumptions associated with the full-scale cost estimate, in addition to those pre-
viously described, include:

° System operation is for a period of 3 years.

o VOC loading per unit is 100,000 Ibs/year.
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. Condensed organic disposal is $300/drum.

. Purge nitrogen costs approximately $3.20/operational hour; electrical
costs are $2.30/operationa! hour.

. System monitoring requires the coilection and analysis of four canister
samples per module per month.

Works Cited

Means, 1993.
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PROJECT: SAC28722.66.FS
Introduction

The objective of this technical memorandum is to calculate the groundwater influent
concentrations for order-of-magnitude and budget level treatment cost estimates and
plant sizing. Because order-of-magnitude costs were used to compare and rank alter-
natives, only relative accuracy was needed for the preliminary influent concentrations
and flows. Therefore, treatment plant sizing and cost estimations were performed
before the completion of the groundwater modeling. Absolute accuracy was needed
for the final influent concentrations and flows for the budget level cost estimates.
This was achieved by incorporating the resuits of the groundwater modeling after
modeling was completed.

The strategy, procedures, and results of the influent concentration calculations for the
order-of-magnitude cost estimates are presented first. Following that will be a discus-
sion concerning the strategy, procedures, and results of the influent concentration
estimates for the budget level treatment costs.

Influent Concentrations for Order-of-Magnitude Cost Estimates
Strategy
VOC concentrations vary significantly with distance from the source areas. Concen-
trations tend to be highest near the source areas (centers of the plume) and tend to
decrease logarithmically away from the center of the plume. For this reason, the

contaminant plumes were divided into the following target areas, as discussed in
Chapter 2, Conceptual Model, of the RI/FS Report:

RDD10012E38.WPS (GW RIFS) M-1 3125194




. Areas with TCE concentrations greater than 500 ug/l were considered
hot spots. They could require separate hydraulic control and separate
treatment trains, possibly innovative technologies. Influent concentra-
tions from these areas would be high, but extraction flow rates would be
low.

. Areas with TCE concentrations greater than 5 ug/l and less than
500 ug/l were considered the MCL containment areas.

o Areas with TCE concentrations greater than 1 ug/l and less than
500 ug/l were considered the background containment areas.

Influent concentrations would be low and extraction flow rates would be high from
the MCL and background containment areas. Innovative technologies would only be
part of this remedy if they are an innovation in the treatment process.

Influent VOC concentrations from each of the target volumes described above were
estimated. TCE is the most prevalent groundwater VOC contaminant. Thus, the
extent of TCE generally defined the target volumes. With few exceptions, other
VOCs were detected only in areas where TCE was detected. Most recent sampling
results for each well were used to estimate the influent concentrations.

Procedure

The VOC groundwater contamination was divided into three distinct plumes: the
OU A, OU B/C, and the OU D plumes. Influent from the OU A plume would be
piped to a proposed treatment plant on the east side of the Base. Influent from the
OU B/C and the OU D plumes would be piped to the existing treatment plant on the
west side of the Base.

Influent concentrations from the hot spots and the containment areas were estimated
separately by taking the area weighted mean concentration of the plume for each
zone, then compositing the zones to obtain the influent estimates for the plume. The
zones would be composited by taking the flow weighted mean concentration for the
plume. The following paragraphs will discuss the steps taken and the equations used
to perform these estimates.

Area-Weighted Groundwater Concentrations by Plume and by Zone

Concentrations of VOCs in the groundwater were contoured using linear interpolation
as discussed in Appendix K, VOC Mass Estimates. The concentrations within each
target area (hot spot, MCL, and background) were estimated by taking an area-
weighted average of the concentrations within each contour. For example, the areas
and concentration intervals within the background target area of the OU D
Monitoring Zone A plume are presented in Table M-1.
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| Table M-1

’ Area-Weighted TCE Influent Concentration Averages

| for OU D Monitoring Zone A Background Containment Area

Average
Concentration | Concentration Area Contour | Area of Contour | Ring Area ® Average
Interval within interval Encloses Interval Ring Concentration
(g (2 () @ (@ ugh)
l1w$ 3 19,341,735 8,943,221 26,829,663
Sto 10 7.5 10,398,514 240,291 1,802,183
10 to 100 55 10,158,223 3,747,466 206,110,630
100 to 500 300 6,410,757 5,200,890 1,560,267,000
Total Background Containment Area 18,131,868
Summation of (Ring Area—Average Concentration) 1,795,009,476
Area-Weighted Background Concentration (Summation/Total Area) 98.998
I

The calculations in Table M-1 were performed for the target volumes for each zone

of each plume.

Area-Weighted Concentrations from Each Zone

The area-weighted concentrations from each zone for a given target volume were
combined by performing flow weighted averages. This concept is illustrated in the

following equation:

Cu-Qy +Cpp . Qp +

Coe - Qpc

Cout

Qu + Qg " Q

where:

C.ua is the flow-weighted concentration in an OU.

C,, is the concentration in the A Zone.

C,y is the concentration in the B Zone.

Qg, is the flow from the A Zone.
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C,c is the concentration in the C Zone.
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Table M-2 list the flow rates used from the groundwater model.

Qg is the flow from the B Zone.

Qg is the flow from the C Zone.

Table M-2
Summary of Extraction Rates by Zone
(gpm)
Background Plume Zone A Zone B Zone C Total
OoU A 90 60 0 150
OU B/C 72 180 462 714
ouD 30 75 0 105
Total 192 315 462 969

Concentrations from the West Treatment Plant

The influent concentrations from the OU B/C and the OU D plumes were combined
to be channeled to the west treatment plant by taking flow-weighted averages. This

process is illustrated in the following equations:

C west plant =

Coc- Qe +Cp . Qp

Qs + Qp

Where:

RDD10012E38.WPS (GW RIFS)

C is the flow-weighted concentration to the west treatment

plant.

Cg,c is the flow-weighted concentration from OU B/C

(from Equation 1).

Cp is the flow-weighted concentration from OU D (from

Equation 1).

Qg/c is the flow from OU B/C.

Qp is the flow from OU D.




Summary of Influent Concentrations for
Order-of-Magnitude Cost Estimates

Hot spots (VOC concentrations greater than 500 ug/l) were located only in Monitor-
ing Zone A. The flow weighted concentrations of several VOCs examined during the
treatment plant sizing and order-of-magnitude cost estimates are presented in

Table M-3.

Table M-3
Order-of-Magnitude Influent Concentration Estimates (ug/)
West Treatment Plant East Treatment Plant
Parameter | Hot Spot MCL Background | Hot Spot MCL Background
TCE 3697 33 17 4559 21 57
1,2-DCA 2 12.3 124 6.5 12.7 12.7
1,1-DCA 7.2 1.0 1.1 1.6 1.6 1.3
1,1,1-TCA 185 122 6.7 840 0 1.9
Acetone 148 6.5 5.6 520 2.2 33
Methylene 232 1 1.9 29 0 0
Chloride

Future conditions were assessed in determining the validity of using area-weighted
averages for the hot spot target areas. The following assumptions were made:

) The initial concentration in the extraction well was considered the cur-
rent estimated value at that location.

o The concentration gradients in the hot spots are steep.

The future concentrations can be predicted from surrounding concentrations. Using
flow- and area-weighted averages, a lower concentration area of a hot spot in the
future may have higher concentrations. Conversely, the highest concentration area
may in the future have lower concentrations. Therefore, the area-weighted mean
concentration will provide a reasonable estimate of the influent concentration and is
valid even in hot spot areas.
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Influent Concentrations for Budget Level Cost Estimates

Strategy

The order-of-magnitude cost estimates and treatment plant sizing concluded that
treating the hot spot and containment area influents separately would not be more
efficient or economically feasible than treating them together. Therefore, influent
concentrations from the hot spots were not calculated separately, but were included in
the containment target volume influent concentrations. The target volumes identified
for the budget level cost estimates were as follows:

. Areas with TCE concentrations greater than 5 ug/l were considered the
MCL containment areas. P

o Areas with TCE concentrations greater than 0.5 ug/l were considered
the background containment areas. . ™
o Areas with cancer risk values greater than 10 were considered the risk

-»

target volumes.

Because TCE is the most prevalent VOC contaminant, the MCL and background
target volumes were defined by TCE concentrations. Generally, when other VOCs
were detected, TCE was also measured at detectable levels.

Procedure

Because hot spots need not be isolated, it was possible to automate and greatly sim-
plify the estimation of influent concentrations. Influent concentrations in the MCL,
background, and risk target volumes were estimated by performing statistical analyses
on wells with concentrations or risk values exceeding the criteria previously listed.
The following paragraphs dv . ribe the procedures followed to estimate influent
concentrations for the bud. - '~ vel cost analyses.

Monitoring wells were divided into two groups to estimate the east and west treat-
ment plant influent concentrations. The samples from wells with easting coordinates
greater than 2,169,853 were considered to delineate the target volumes on the east
side. The samples from wells with easting coordinates less than 2,169,853 were con-
sidered to define the target areas on the west side.

The most recent VOC sampling results for each well sampled during or after 1988
were used to identify the wells with concentrations greater than MCLs or background.
The most recent risk values were used to identify wells with risk values greater than
10%. Once these wells were identified, summary statistics of all the most recent
results of all these selected wells were performed to determine the mean influent
concentration from these target volumes. For example, 63 wells on the west side had
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more recent TCE sampling results greater than 5 ug/l (MCL target volume).
Summary statistics were calculated for all sampling results at those 63 wells.

Summary statistics include number of detects, number of samples, frequency of detec-
tion, and minimum and maximum detected value and mean concentration. Nondetect
values were made equal to zero for these statistics because in many cases of
frequently nondetect compounds, the detection levels were high. The summary statis-
tics results for the background MCL and risk target volumes on the east and west
sides of the Base are presented in Table M-4 through M-9.

Summary of Influent Concentrations for
Budget Level Cost Estimates

The influent concentrations for budget level cost estimates are summarized in

Table M-10. These budget level influent concentration estimates for the target vol-
umes are considerably higher than the order-of-magnitude influent concentration -
estimates for the target volumes because they include the concentrations from the hot
spots, whereas the order-of-magnitude concentrations isolated the hot spots. The
order-of-magnitude estimates isolated hot spots from the MCL and risk target vol-
umes. For example, order ofmagnitude influent concentrations from the MCL target
volumes came from regions where TCE concentrations were greater than 5 ug/l and
less than 500 ug/l. Conversely, budget-level influent concentrations from the MCL
target volume came from regions where TCE concentrations were greater than 5 ug/l,
including the hot spots.

In addition, since background concentrations have not been established, it is not
possible to differentiate between metals concentrations due to natural conditions such
as mineral dissolution and metal contamination from Base activities.

The impact of metals concentrations on the effectiveness of the treatment system has
been discussed in Chapter 13, Implentation Plans/Detailed Evaluation. The influent
concentrations of metals were calculated in the same manner as influent VOC con-
centrations. Summary statistics were performed on the second and third quarter 1993
metals sampling results of wells that are located within the MCL, risk, and back-
ground target volumes. The target volumes were determined by VOC concentrations.

The influent concentrations for the three target volumes to the east and west treat-
ment plants are presnted in Tables M-4 to M-14. As discussed in Section 4, Con-
ceptual Model, it is not possible to determine how these samples were collected, i.e.,
filterred or unfiltered or with high or low purge rates.

The estimates for vinyl chloride are conservative, because vinyl chloride has not been

detected in any wells since 1991. The calculations included all sampling results for
wells with most recent values with the target volume criteria.
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TECHNICAL MEMORANDUM N CKMHILL

PREPARED FOR: McClellan Air Force Base

DATE: November 6, 1993
SUBJECT: Production Well Pumping Information
Groundwater OU RI/FS Report
Delivery Order No. 5066
PROJECT: SAC28722.66.DA
Introduction

The purpose of this technical memorandum is to describe the procedures used in
collecting information on production wells within a 5-mile radius of McClellan AFB.
This technical memorandum also summarizes availability of data for these wells.
Compilation of data, discrepancies found in some of the data, pumping distribution
and impacts, and potential future pumping condition are also discussed.

Compilation of Data

Construction data and cumulative pumpage information have been summarized for all
wells within a 5-mile radius of McClellan AFB. These wells are shown in Figure N-1
(located in a pocket at the end of this appendix). The production well owners within
the specified radius include McClellan AFB, Arcade Water District, Caltrans,
Northridge Water District, Rio Linda Water District, City of Sacramento, Del Paso
Water Agency, Carmichael Water Agency, and Sacramento County.

A summary of contacts made and the type of data obtained are included in

Table N-1. No information was obtained from Del Paso or Carmichael Water
Agencies since their wells are located near the perimeter of the 5-mile radius and
they do not pump large quantities of water. Sacramento County also has two wells
near the perimeter of the 5-mile radius for which no information was obtained.

Many sources were reviewed to obtain construction and pumpage information.
Initially, existing documents were reviewed to determine the extent of available data.
Radian Corporation was also contacted for information on these wells. The main
references consulted in compiling data include the following:

. Dewante and Stowell, Consulting Engineers. 1981. Arcade Water
District Operations Planning Project, Water Master Plan. August.

RDD10012D9B.WPS (GW RIFS) N-1 11/6/93
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. CH2M HILL. 1992. Well Closure Methods and Procedures Phase II
Delivery Order 5031 McClellan AFB. August.

° CH2M HILL. 1990. Draft Well Closure Methods and Procedures.
December.

. Radian Corporation. Production Well Data for McClellan AFB and
Municipal Wells (Quarterly Reports for 1990, 1991, and 1992; second
quarter report not available for 1992).

. Luhdorff & Scalmanini, Consulting Engineers. 1984. Final Repon
Sealing of Base Wells, McClellan AFB, Califomia. February.

Well owners were contacted first through the initial screening workshop held
August 10, 1993, (McClellan Air Force Base Contaminated Groundwater Cleanup
Workshop). Water purveyor attendees included the following:

Ernie Rinde —Caltrans

Mike Crooks—Sacramento County

Ben Sanchez—Rio Linda Water Agency

Ed Schnabel —Sacramento Metropolitan Water Agency
Walt Libal/C. J. DiPietro—Arcade Water District

Jim Mulligan —Citizens Utilities

A followup memorandum was then sent to those attendees. Followup calls were
made to the major water purveyors and an information request memorandum was
faxed to them. These major water purveyors include Citizens Utilities, Northridge
Water District, Rio Linda Water Agency, and City of Sacramento. Caltrans was not
contacted beyond the followup call because they had sent in all available information.
Arcade Water District was not requested to provide construction data since that infor-
mation was obtained from the Arcade Water District Master Plan.

Specific data requested of most of the purveyors included the following:

Well ID number

Well name

Location information (street address and coordinates)
Depth to screen

Length of screen interval

Casing diameter

Average annual well pumping rate

Annual cumulative pumpage from 1954 to 1993
Specific capacity

Estimated future pumping rates

Anticipated future changes in groundwater management
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Almost all the water districts sent the requested information. Most of the information
on the well locations was received from the County of Sacramento. The County sent
a well site location map for the Sacramento Area Water Works Association
(SAWWA) Well Testing Program and a diskette containing the computer file for the
map in AutoCAD format as well as the database inventory of the wells in dBASE

IV format. The database file contains state well numbers and California coordinates
(northing and easting) for the wells that are tested in the well testing program. The
City of Sacramento is not included in this program.

Construction data are summarized in Table N-2. Construction data were obtained in
different formats. Well drillers’ reports were sent by Citizens Ultilities and the City of
Sacramento. Northridge Water District sent a summary list of the data requested.
Rio Linda, Caltrans, and McClellan AFB well construction data were obtained from
Radian.

Pumpage data are summarized in Table N-3. Pumpage data also came in different
formats. Citizens Utilities and Northridge sent annual volumes and the City of
Sacramento sent monthly volume reports. Monthly volumes for McClellan AFB were
obtained from Form 1461, which was copied from microfiche records at the Base.
Rio Linda and Arcade information came from Radian. These two purveyors are
being contacted for more information.

Caltrans sent a gross weekly pumping volume that is actually based on the pump
capacity and pumping rate from 1989, back to about 1979, for the irrigation season.
These numbers are not actual pumping volumes since no volume is measured.
Caltrans information on construction and cumulative pumpage was not pursued since
the gross pumping volume indicated that Caltrans did not pump large quantities of
water.

Data Discrepanices

Figure N-1 was created from information from Radian and SAWWA. The AutoCAD
file was plotted and checked against District-supplied well location maps. The wells
were off graphically in a southwestern direction because of the map base in the
AutoCAD file. These well locations were adjusted to match the water district map
locations. McClellan AFB wells located by coordinates were moved to align with the
map base using Radian information as a guide.

Some discrepancies were found when compiling the data. The conflict was typically
resolved by adhering to the information supplied by the water district. When district-
supplied information was not available, the most reasonable information was used.
Decisions are documented on the tables where necessary. Well names need to be
verified in Table N-3.
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Table N-2

Production Well Construc
Well Ground TOC Screen S
Purveyor| LD. Elevation | above | Borehole Well Begin
(a) (b) Well Name Northing | Easting | above msl (ft){ msl (ft) Length (ft) | Depth (ft) w TOC (ft)] Belov
ARC 2A  [Park Estates 342770 | 2172000 56 600
ARC 3A |7 339540 | 2172220 48 440
ARC s |7 344440 | 2168670 40 425
ARC 7 |Counary Club Estates 349320 | 2172330 65 210
ARC 8 |Hazelwood East 83 305
ARC 9  [Hazelwood West 344440 | 2182100 75 270
ARC 10 [Country Ciub Estates 352000 | 2175000 75 265
ARC 11 |Govemment Building 346550 | 2171200 59 310
ARC 12 |7 343540 | 2169000 40 294
ARC 13 ) Bohemian Gardens 347780 | 2172550 62 374
ARC 14 |7 367362 | 2166810 60 470
ARC 16 |North Haven 365560 | 2176760 85 85 363 374
ARC 18 |Arden Oaks 340270 | 2180920 68 420
ARC 19 ]New Broadmoor : 68 365
ARC 2 |7 352330 | 2178000 80 350
ARC 23 | Department of the Interior 347650 | 2170210 59 360
ARC 24 |7 348880 | 2178880 70 360
ARC 25 | Arden Oaks Vista 339780 | 2182980 75 318
ARC 26 |7 347210 | 2183200 87 360
ARC 27 |McClellan Meadows 370550 | 2178000 %0 320
ARC 28 |Red Robin 45 370
ARC 30 |7 341760 | 2165200 35 460
ARC 32 |1 345760 | 2185870 93 360
ARC 33 |Evergroen Estates 355320 | 2180170 72 320
ARC 34 |Larchmont 371320 | 2178880 93 400
ARC 35 | Arden Oaks Vista 340880 | 2183200 79 297
ARC 36 | Arcade Square 350220 | 2175660 7 335
ARC 37 | Parkhills 342330 | 2174120 47 405
ARC 38 |Larchmont 353540 | 2176760 80 80 370 375
ARC 39 |1 374260 | 2178230 98 385
ARC 40 | District Yard 351650 | 2171780 65 65 420 425
ARC 41 |7 347010 | 2164870 52 50 420 425
ARC 42 |Becenn 348000 | 2179540 75 410
ARC 43 |Edison 348990 | 2167650 49 45 385 390
ARC 44 |Highlands Terace 368440 | 2181660 110 577 575
ARC 45  |Swanston Estates Gas 340550 | 2164760 37 395
ARC 52 |Larchmont Submersible 374220 | 2182100 110 600
ARC S4 | Woodcrest 349540 | 2185760 80 S50
ARC 56 |Fruitvale 367320 | 2177310 91 85 640 645
ARC 57 | Larchmont Commercial 377320 | 2176760 103 98 650 655
ARC 58 |N.H. Assessment District No. 2 371890 | 2173560 78 kL 747 690
ARC 59 | Larchmont No. 21 377320 | 2179540 129 600
ARC 60 | Whitney Avenue 89 450
ARC 64 | Galbrath and Hutchins 376000 | 2178990 117 630
ARC 65 Memily Way 354110 [ 2178330 80 75 460 347
ARC 66 |Eastern Avenue 350000 | 2182100 80 398
ARC 20A | Arden Village 339320 | 2177200 65 475
ARC 31A |7 366770 | 2178880
ARC MR |7 338330 | 2172220 43 427
BW 1 |Building 231 361830 | 2174380 76 400 396 162
BW 2 |Building 232 362330 | 2174380 76 298 296 100
BW 3 |Unknown 357810 | 2168550 62 604 1 oD
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Table N-2
Well Construction Information

Screen Screen Depth Screen Screen | Screen | Casing
Begin End to Interval ()| Begin | End |Diameter]
'w TOC (ft)| Below TOC (ft)) _ Screen (ft) _(©) bgs (ft)| bps(ft) | (in) Location

170 245 14 2250 Park Estates
200 225 14 1191 Kubel Circle
230 82 10 2550 Bell Street
na n/a 10 2798 Rubicon
n/a wa 10 2625 Wrendale Way
afa na on 4308 Ravenwood Avenue
210 50 - 10 3351 Potter Lane
n/a na 12 2500 Marconi Avente
168 63 16 Santa Anita Park
350 18 14 2951 Calderwood Lane
465 .10 14 2520 Marconi Avenue
345 14 345 363 2 5633 Georgia Drive
wa 0 14 4012 Riding Club Lane
n/a na 14 3330 Balmoral Drive
n/a na 12 3812 West Way
n/a na 14 2445 Marconi Avenue
na na 14 3858 Woodcrest Road
n/a n/a . 14 4420 Thor Way
194 35 14 4501 Marconi Avenue
OB OB ' 14 6503 Melrose Drive
222 32 14 Red Robin Lane (end)
370 40 14 2116 Rockbridge Road
254 61 12 Root Avenue and Eden Court
198 120 14 Aubumn Avenue and Norris
225 61 14 6503 La Cienga rive
252 19 14 4421 Ulysses Drive
OB OB 12 3405 Watt Avenue
180 220 14 End of Morse Ave and Cottage Pa-'
180 190 198 333 14 3830 Watt Avenue
195 185 14 6900 Thomas Drive
190 185 190 420 14 2736 Aubum Boulevard
180 240 -180 420 12 1812 Iris Avenue
195 210 14 3927 Marconi Avenue
200 185 200 385 14 3101 Truax Court
195 330 195 570 14 6048 Gillman Way
180 210 14 1848 Jamestown Drive
220 380 14 6820 Weddigan Avenue
160 176 14 4833 North Avenue
220 420 220 640 14 Fairbairn, North end
250 400 250 650 14 7416 Watt Avenue
220 465 220 685 14 6609 32nd Street
258 342 14 3948 Bainbridge Drive
165 360 14 Between 4528 and 4534 Whitney
232 384 14 Galbraith and Hutchins
187 155 187 342 14 |Memily Way, Esstend
170 323 14 3312 Eastern Avenue
194 206 14 Arden and Watt Avenues
195 230 14 2800 Hilldale Road

162 396 162 234 162 396 12 Building 231

100 296 100 196 100 296 12 Building 232

6 SW in field near Bell Avenue and Kilzer Avenue - near BW-19

11/593 2:10 PM



Table N-2

Production Well Construction
Well Ground TOC Completed Screen Scree:
Purveyor| LD. Elevation | above Borehole Well Begin End
(a) (b) Well Name Northini ing | above msl (ft)| msl ()] Length (ft) | Depth (ft) |Below TOC (ft){Below TO
BW 4 |Unknown 361563 | 2177186 382 382 169 382
BW 6  |Unknown 361878 | 2168440 No Data
BW 7 JUnknown 359599 | 2173892 398 No Data 170 398
BW 8  |Building 91 362034 | 2176735 625 625 7
BW 9 | Uninown 362923 | 2175990 660 No Data
BW 10 |Unknown 364180 | 2176350 85 400 392 170 392
BW 11 |Unknown 359670 | 2176370 80 400 400 154 378
BW 12 |Building 395 361330 | 2174940 76 390 390 164 390
BW 13  |Building 614 357350 | 2170750 62 391 391 178 39]
BW 16 |Site 22 363500 | 2168830 57 No Data 78
BW 17 |Building 699 358450 | 2168780 62 390 353 216 312
BW 18 |Uninown 357430 | 2168650 60 408 408 169 387
BW 19  |Unknown 357960 | 2168550 62 399 399 214 314
BW 20 |Uninown 362730 | 2175140 77 600 598 178 598
BW 21 |Unknown 359840 | 2169000 62 No Data 78 98
BW 22 |Unknown 368100 | 2175050 85 No Data 78 98
BW 23 {Unknown 3671130 | 2173980 77 No Data 78 98
BW 24 |Unknown 366990 | 2175010 80 No Data 78 98
BW 27  |Unknown 367470 | 2166780 55 261 No Data 17: 260
BW 28 |Unknown 366830 | 2170100 67 263 263 14 216
BW 31 |Unknown No Data
BW 332 |Unknown 358990 | 2165120 53 No Data
cM 1 |Conage Way 341950 | 2185760
CM 2  |Engle 352330 | 2187660
M 3 |Gafield 348880 | 2190000
CM 4 |Hidden River Vista 338770 | 2190220
CcM S |JanDr 357780 | 2194760
M 6 |LaVista 347780 | 2190880
CM 8 |Paddock 357780 | 2193220
cM 11  |Barrett Road 357440 | 2196590
CcM 15 !Barrent School 355870 | 2195700
CT 1 |Wau Avenue Pump 352700 | 2173020 65
CcT 2 |Longview Pump 355560 | 2171570 50
CcT 3 |Orangegrove Pump 354280 | 2170010 52
CcT 4 |Fulon Avenue Pump 357320 | 2175830 77 535 4 535
CT S |Staright Pump 50
CT 6 | Arden Way Pump
cu 3 |AndreaNo. 1 37127170 | 2188320 516 506
cu 4 |AndreaNo.2 374330 | 2190880 495 475
cu 5 | Antelope Oaks (Twin Trails) 384330 | 2182320 450 436
cu 11 |Cherbourgh 377210 | 2186890 510 490
cu 15 JColonnade Way 381210 | 2166000 495 495
cu 19  jCovered Wagon 382660 | 2167100 495 395
(1] 21 |Davidson 378550 | 2173650 506 506
cuU 22 | Diablo Drive 372880 | 2189780 410 410
cu 28 | Fort Sutter 366660 | 2188980 390 390
Ccu 34 | Auburn-Halifax 371390 | 2196090 364 364
cu 35  |Hemlock 366000 | 2188430 354 354
Ccu 36 {Howe 338440 | 2167100 403 350
CcuU 53 |Prior Way 383210 | 2176100 495 495
cu 54 _ |Rhine Way 383540 | 2168560 547 542
[1] 58 | Roseville Road 376330 | 2191320 459 450
G:\wsers\da\lunder\SO6ATableN-2.xls
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Table N-2
Well Construction Information

Screen Screen Depth Screen Screen | Screen | Casing
Begin End to Interval (ft)| Begin End |Diameter;
w TOC (m Below TOC (ft){  Screen (ft) (c) bg sn)  bgs(f) | (im) Location
169 382 169 213 169 —382 12 Near Watt Avenue and Roseville Road, off the base
Near Patrol road and Buildings 714 and 715
170 398 170 228 170 398 12 Near Building 429
—_— 625 625 No Data 12 Building 91
. 14 |Nearby Building 200 - on old maps ncar BW-20
__l:l_o 392 170 222 170 392 12 East near Building 93 an O'Malley Avenue
154 378 154 192 154 346 12 E of the Base, near Watt Avenue and Winona Street - located on old maps
164 390 164 226 164 390 12 Building 395
178 391 178 213 178 391 12 Building 614
78 78 78 No Data No Data ]Site 22 on Patrol Road - located on old maps
216 312 216 96 216 312 16 Building 699
169 as7 169 218 169 387 14 SW near Building 664 on Winters Street
214 314 174 186 174 360 14 SW in field near Bell Avenue and Kilzer Avenue - near BW-3
178 598 178 420 178 598 14 In parking lot south of Building 220
78 98 78 20 78 98 Near Building 689
78 98 78 20 78 98 Near Building 1445
78 98 78 20 78 98 Near Building 1445
78 98 78 20 78 98 Near Building 1445
172: 260 175 185 175 360 12 Near Building 1099
14 236 144 92 144 236 8 Near Building 1082
Unknown
67 67 No Data Unknown
4 38 West of Watt Avenue, above W/B 80 on ramp on Orangegrove Avenue
4 ag End of the W/B off ramp W/B 80 at Longview
4 38 End of the Orangegrove Avenue off Aubum Boulevard
4 535 4 535 W/B Business 80 East of Fulton Avenue next to Haggin Oaks Golf Course
4 35 W/B Business 80 East of Arden Way Off Ramp, next 0 Neon Sign Co.
Arden Way West of Business 80 Interchange by Wonder Bread
218 278 218 496 16 120/ N of Andrea Bivd. and Leatherwood Drive (Larchmont Foothills)
252 113 252 365 Lot A, Andrera Boulevard
212 214 212 426 16 PFE Road (North Highlands)
290 190 290 480 Cherbourgh Well
330 150 330 480 14 Lot A, approx 1/4 mi. South of Elverta Rd., 1 mi. West of Watt Avenue
35 295 330 14 2 mi. West of Watt Avenue, 400' East Elverta Road
No Screen Information 14 32nd and U Streets (Rio Linda)
206 194 206 400 14 Diablo Drive (Foothill Oaks Sub.)
220 158 220 378 12 350 E of Antelope Road, 1500 N of Aubum Blvd. (Foothills Farm Trust)
274 8 274 282 14 [Aclington Heiglts
169 162 169 331 12 1800' North of Auburn Boulevard., 2000" West of Antelope Road
180 165 180 345 16 Howe Avenue
280 195 280 475 16 Comer Lot Prior Way and Elverta Road
300 224 300 524 14 |NE of Intersection of Hague Way and Rhine Way, North of Elverta Road
260 178 260 438 14 1 mi. NE of North Highlands, 172 mi N of Greenback and Roseville Road
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Table N-2

Production Well Constructi
Well Ground TOC Completed Screen Sc
Purveyor] LD. Elevation | above | Borehole Well Begin E
(m) ®) Well Name No ing | above msl (ft)] msl (ft)] Length (ft) | Depth (ft) w TOC (ft)|Below
cu 59 |Rushmore 369100 | 2188870 316 316
CU 62  |Scotiand 379870 2172550 602 602
CU 63  |Shemandosh 368000 2188320 312 312
U 73 [Vam Maren (Mercedes) 369540 | 2196650 No Well Report
CU 79 [Watt Avenue 379650 2175660 540 470
CU 86 |Winkop 337540 2169660 322 322
CU 88 {Wyda Way 340550 2168780 295 295
CwW 48 Hagm Oaks Golf Course 352000 2169340 50 250 250
W 50 |Haggin Oaks Golf Course 352720 | 2171010 55 191 191
cw 52 |Haggin Osks Golf Course 353160 | 2171720 45 387 387
CW 61 in Oaks Golf Course 354140 2173300 45 390 390
CW 91 2507 Northview Drive, Northgae 345879 2149546 384 370
CwW 92 |Nosthview and Btidgiﬁrd 348175 2149723 435 422
CwW 93 | 636 Tenaya Avenue 349264 2150164 328 316
cwW 94 |S. end K Mart, behind block wall 351530 | 2150135 351 351
CW 109 |7 344267 | 2154217 No Well Report
cw 110 _|Southgate Road 342203 | 2135530 390 390
cw 1 |2 343750 | 2156509 360 300
cw 112 [1018 Calvados Avenue 343949 | 2160171 No Well Report
CW 114 1Swanston Plant 342495 2160744 366 366
cw 116 |702 Piaza Avenue 345880 | 2157622 519 340
cw 117 |2 345505 | 2160796 No Well Report
CcwW 19 |7 345447 | 2163495 No Well Report
W 120 }2938 Branch Street 349555 | 2160301 440 440
cw 122 }1495 Juliesse Avenue 348638 | 2163601 422 422
W 123 |Near R.R. and Canal 350668 2152961 305 305
cwW 124 [202 Danvilie Way 350307 | 2154245 Rlegible Data
cw 125 | Fairbanks and Norwood Avenues 351180 | 2155968 300 300
CcwW 126 | 14th and Riviena 351875 2161728 432 432
cwW 127 11659 Arcade Avenue 350285 | 2163480 40 410 401
CcwW 129 |806 Harris Avenue 354340 | 2158400 35 300 300
cwW 131 |1660 North Avenue 354920 | 2163930 51 No Well Report
CwW 132 ]3935 Astoria Avenue 354910 2167070 50 300 300
cw 133 4600 Pell Drive 359973 | 2152258 514 514
cwW 134|350 Bell Avenue 358361 | 2155901 515 S13
cw 135 _|Hagginwood Park 351085 | 2162455 40| NoWell Repont
CW 136 |Hagginwood Park 350485 | 2162255 40 385 385
CcwW 137 |Del Paso and Los Robles Blvds. 352360 2165900 35 410 410
CwW 138 4106 Beli Street 355340 2161500 40 408 375
cwW 139 |7 339881 | 2155588 No Well Report
CW 142 12586 Norwood Avenue 346382 2155771 390 384
CwW 143 13001 Rio Linda Blvd. 349668 2158938 330 330
CW 144 }1709 Eldridge Avenue 349010 2164030 400 396
CW 150 4200 Astoria 356940 2167340 56 380 372
CcwW 151 1301 Jefferson Avenue 343346 2152041 395 346
CwW 153 |Main Aveaue and Rio Linda Bivd. 360881 2158156 643 626
CW 154 ]5510 Dry Creek Road 365270 2160755 50 430 412
CW 155 |2320 Roancke Avenue 353040 2168340 53 430 427
CW 156 {Tribuse Road and S.R. 160 340719 2159828 390 380
CwW 158 OHWWMWRM 339718 2164850 328 328
CW 159 |E. Bowman Avenue and Sump 102 347419 2152412 375 375
pP 1 [Avaion 345540 | 2180560
G:users\daVunder\SO6ATableN-2.xis
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; Table N-2

,ﬁl Well Construction Information

T Screen Screen Depth Screen | Screen | Screen | Casing

> Begin End to Interval (ft)| Begin | End |Diameter

dow TOC (ft)| Below TOC (ft) __Screen (ft) (© |bgs ®|bps(® | (im) Location

= 165 119 165 284 14 100 North of Highway 40 Freeway, 300 yds West of Spruce Overpass
= No Screen Information 20 [Citrus Heights near Drive-in Theatre, comer Sandalwood and Cordelia
- 290 15 290 305 12 1800 W/Antelope Road, 150" S/Roseville Frwy (Hitchoock Homes Tract)
- 0 Van Maren (Mercedes)

- 245 215 245 460 16 |Approx.100 yds NW of Wait Avenue and Blackfoot Way intersection
- 280 34 280 314 12 |3 blocks South of Arden and 1 block West of SE comer of Tract

- 120 135 120 255 14 . 150 East of Bell Street, 45 North of Wyda Way

- 165 70 165 235 14 Aubum Road and Fulton

- 65 126 65 191 12 1100 North of Auburn, 100 West of Fulton

- 222 153 222 375 14 |Aubum Rosd and Fulton

- 176 181 176 357 No Data |Aubum Road and Fuiton

- 170 174 170 344 12 |Northgate and West El Camino Avenues - North West Comer

- 118 190 118 308 12 [997' W of intersection of Lower Marysville Road and Bowman Avenue
- 146 36 146 202 12 South side of Tenaya Avenue, approx. 100’ east of Northgae Drive
- 288 10 288 298 12 |NW of Lower Marysville/ San Juan Roads (200 W, 75' N of this junction)
- No Well Report No Data

- 152 213 152 365 12 |Southgate Road

- 165 181 195 346 No Data  [No Data on report

- No Well Report No Data }1018 Calvados Avenue

- 166 200 166 366 14 |Swanston Plant

- 200 140 200 340 . 14 |702 Plaza Avenue
d No Well Report No Dsta
. No Well Report No.*aa
— 265 155 265 420 12 |2938 Branch Street
— 230 170 230 400 12 1495 Juliesse Avenue
— Ullegible Data 12 [Near R.R. and Canal
— Iilegible Data No Data
— 202 89 202 291 12 Fairbanks and Norwood Avenues
- 188 222 188 410 No Data |14th and Riviena
— 161 79 161 240 14 1650 Arcade Avenue
iy 136 50 136 186 14 806 Harris Avenue
- 36 59 36 95 No Data {1660 North Avenue
= 191 41 191 232 14 300 West of Astoria Avenue, 210" South of North Avenue
— 260 250 260 510 16 600 East of Pell Street, % mi. South of Main Street
— 250 250 250 500 16  |Between Sally and Austin
— No Well Report No Data_|Hagginwood Park
— 36 349 36 385 14 120' West of Marysville Boulevard, 300' South of Los Robles Boulevard
— 80 175 80 255 14 Del Paso and Los Robles Bivds.
- 13 257 113 370 14 |350 North of North Avenue, 50° East of Fell Street
- No Weil Report No Data

—~ 144 96 144 240 14 |75 West of Grove Avenue, 600 * North of El Camino

— 140 190 140 330 14 |300° West of Rio Linda Bivd., 50 North of Acacia Street

— 144 252 144 396 14 Eldridge and Arcade

™ 144 228 144 mn 14 |63 South of Bell Avenue, 6F East of Astoria

~ 118 227 118 345 14 Jefferson and Levie

~ 260 256 260 516 16  |Main Avenue and Rio Linda Boulevard

= 148 264 148 412 14 5510 Dry Creek Road

K 175 252 175 Y3 14 240 W of Winers Avenue, 60 S of Roanoke Street N

= 190 85 190 215 14  |SW Comer of Tribute Road (Cal EXPO Area)

113 200 113 313 14 50 SW of Challenge Way, 100’ NE of Response Road
™ 112 240 112 352 4 End of Bowman Street and East Northgate Bivd

11/5893 2:10 PM
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Table!
Production Well Consti
Well Ground TOC Screen
) Purveyor| LD. Elevation | above | Borehole Well Begin
i (a) (b) Well Name No above msl (ft)| msl (t)] Length (ft) | Depth (ft) TOQC ()|B
DP 2 [Maryal 342770 | 2179980 —
DP 3 J4150 Lusk 343210 | 2178830
DP 6 4268 Lusk 343210 | 2181440
DP 7  ]Butano 345210 | 2178440
DP 8 [wan 345210 | 2176970
NR 1__ |Evergreen_ 356660 2182320 n 180
