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ABSTRACT
VULNERABILITY OF GROUNDWATER TO PERCHLOROETHYLENE
CONTAMINATION FROM DRY CLEANERS IN THE NILES CONE
GROUNDWATER BASIN, SOUTHERN ALAMEDA COUNTY, CALIFORIA

by Anne C. Jurek

Releases of perchloroethylene (PCE) from dry clesapese a threat to
groundwater quality. An assessment was performéuaedNiles Cone Groundwater
Basin to determine its vulnerability to PCE contaation from both historic and more
recently operating dry cleaners. Sensitivity assesnts of the Basin’s two subbasins
were performed using a modification of the DRASTh@ex Method, whereby the
hydrogeological variables of depth to water, aquifiedia, vadose zone media, and soill
drainage classification were represented by a rahgensitivity categories and ratings
assigned to each range. A source assessment viasye by identifying the locations
of historic and presently operating dry-cleaningnpé and assigning a threat ranking to
each based on the approximate years in which tregenerations of dry-cleaning
machinery were introduced. Using ArcGIS, the gentsi assessments and the source
assessment were mapped, and the source assessasenipgrimposed over the
sensitivity maps to create vulnerability maps & tWwo subbasins. The most sensitive
area of the Below Hayward Fault subbasin in thelday area near the Hayward Fault is
due to a higher proportion of coarse-grained aquaifel vadose zone media and a thinner
to absent aquitard due to deposition from the Alden€reek. The existence of dry

cleaners of higher threat makes this an areaghatlnerable to PCE contamination.
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INTRODUCTION

Groundwater is an important natural resource thatiges 40 % of the public
drinking water supply, almost all of the rural ptagion’s drinking water, and about 60 %
of the water used in irrigation in the United S¢afalley et al., 1999; Scanlon et al.,
2012). In California, groundwater accounts forrappnately 30 % of the water used
municipally and agriculturally, with that amountreasing to between 40 and 60 %
during droughts (CDWR, 2003). Therefore, protexfgnoundwater basins from
contamination is important to ensure a reliable safé water supply.

Spills and releases of solvent from dry cleanese@othreat to water quality and
human health. Groundwater basins in the San Fsem@&ay Area are regulated by the
San Francisco Bay Regional Water Quality Contraaf8q SFBRWQCB), which runs a
Site Cleanup Program that oversees the investigatid cleanup of recent and historic
dry-cleaning releases (Papler, 2011; SFBRWQCB, ROO8 particular concern is
perchloroethylene (PCE), also known as tetrachtbgdene, a toxic chlorinated solvent
that is the most-used solvent for dry cleaning (M@007; Papler, 2011). Concerns
about PCE prompted the State Water Resources C&uaod to mandate that the nine
California Regional Water Quality Control Boardsidhe Department of Toxic
Substance Control form a Dry Cleaner Workgroupe Workgroup determined the need
for studies to help locate past and present dgnees in the region with the greatest
potential to contaminate (Papler, 2011). The S@taga Valley Water District
(SCVWD) has already performed such a study on #meSClara groundwater basin

(Mohr, 2007). Other groundwater basins in the sewrt portion of the San Francisco



Bay Hydrologic Region include the Niles Cone Growater Basin that is managed by
the Alameda County Water District (ACWD), the EBaly Plain that is overseen by the
East Bay Municipal Utility District (EBMUD), and éhSan Mateo Plain that is overseen
by the San Mateo County Environmental Health Serfdwvision (CRWQCB, 2003;
CDWR, 2003).

The purpose of this thesis research is to deterthmeulnerability of
groundwater in the Niles Cone Groundwater Basisouthern Alameda County,
California to perchloroethylene contamination frpast and present dry-cleaning
operations that overlie the basin in Union Cityeriont, and Newark. A sensitivity
assessment of the basin was performed, and a sassessment was performed by
ranking dry cleaner sites based on their potetdiabntaminate groundwater with PCE.
Using a Geographic Information System (GIS), a grability map of the basin was

generated in order to aid in the prioritizatiorP&E investigation and cleanup.



BACKGROUND

PCE and Threats Associated with Dry Cleaning Activities

Perchloroethylene, also known as tetrachloroetleylenclassified as a probable
human carcinogen. PCE is one of the four most contyrdetected pollutants in
California water-supply wells and exceeds the dafging water level in 429 water-
supply wells in California (Mohr, 2007; Papler, 201

The dry-cleaning industry began using PCE in tke 1830s to early 1940s. By
1952, the-dry cleaning industry used 80 % of th&P&duced. Over the following
decades, PCE usage by the dry-cleaning industmgdsed, so that by 1990, 50 % of the
PCE manufactured was used by the dry-cleaning tnduslowever, 85 to 90 % of dry
cleaners in the US still use PCE (Mohr, 2007).

Dry-cleaning machinery has evolved over the yaasolvent use efficiency and
the potential for leakage. First-generation transfiachines that were introduced in the
1930s used at least five times as much solvers piesently used by fourth-generation
closed-loop dry-to-dry machines (Fig. 1). In amohf handling and disposal practices
were not regulated until the mid-1980s (Mohr, 200¥herefore, the year that a dry
cleaner began operation is an important factonénpotential mass of PCE it could have
released. The duration of time that a dry cleaperated is also an important factor, as
the potential mass of PCE released increased wWithgger duration of an operation

(Mohr, 2007).
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PCE, a dense nagueous phase liquid (DNAPL), occurs as a resiffuidl within
the vadose zone and aquifer media p' In addition, it volatilizes and spreads in-
vadose zone as a vapor phase. Within the aquifesnds on low permeability laye
and creates a plume when dissolved in flowing gdewater (Domenico and Schwar
1998).

The pathway that PCE takes mpact soil or groundwater depends on the rel
mechanism, the release location, and the masseeledifferent release mechanis
can result in different masses releaseelease mechanisms of PCE at-cleaning sites

include the following: equipmd failure, solvent transfer and delivery, dischafrgen



waste water separators to leaking sewer lines @piticssystems, and storage of solvent
and used cartridge filters (Mohr, 2007). The betheath the floor slab near dry-cleaning
machines and distillation units is a common reldasation, as this is associated with
releases from equipment failures. PCE is alsmatteased as liquid or vapor through
breaks at low spots in sewer lines where contamdhiuid and sludge have settled

(Mohr, 2007).

Groundwater Vulnerability

Concerns about groundwater contamination and drgniater safety have led to
the development and increased use of groundwabeenability studies to aid in policy
development and resource management (NRC, 199®un@water vulnerability is
defined by the United States Environmental Prodecfigency (USEPA) as "the relative
ease with which a contaminant...applied on or neatahd surface can migrate to the
aquifer of interest under a given set of agronamamagement practices, [contaminant]
characteristics and hydrogeologic sensitivity ctods” (USEPA, 1993). The two
components of groundwater vulnerability are grouatwsensitivity and potentially
contaminating activities (NRC, 199Bodd Engineers and Kennedy/Jenks Consultants,
2010). Groundwater sensitivity is based on thensic characteristics of the aquifer,
such as hydraulic conductivity, porosity, hydragiradient, and the overlying
unsaturated materials, but can also include sdssthie groundwater system such as

pumping and recharge (NRC, 1993; Focazio et a22Todd Engineers and



Kennedy/Jenks Consultants, 2010). Potentiallyaomating activities (PCAs) usually
refer to current or past human activities at treugd surface that could potentially

contaminate groundwater (Todd Engineers and Kerlidedks Consultants, 2010).

I ndex Methods

One methodology used in groundwater sensitivity\ariderability studies is the
index method. Index methods assign numerical saareatings to a pre-defined list of
hydrogeologic parameters to develop a range ofitsatyscategories (NRC, 1993;
Focazio et al., 2002; Todd Engineers and Kennedktl€onsultants, 2010). The most
commonly used index method for sensitivity analysiSRASTIC. Developed by the
USEPA, DRASTIC is an acronym for the seven hydréagio variables of: Depth to
Water, Net Recharge, Aquifer Media, Soil Media, dgraphy, Impact of Vadose Zone,
and Aquifer Hydraulic Conductivity (Aller et al.987; Focazio et al., 2002; Todd
Engineers and Kennedy/Jenks Consultants, 201@)h &ahe seven variables is
represented by a range of categories, and predetsmumerical rating values are
assigned within each range based on its contribitidoasin sensitivity or contamination
potential (Table 1). Each of the variables is theitiplied by a weighting factor (Table
2), and a final index score is calculated (Alleakt 1987; Todd Engineers and
Kennedy/Jenks Consultants, 2010).

The SCVWD study of the potential of dry cleanersaataminate the basin used
an index methodology. In addition to using the C8YAC index to determine

groundwater sensitivity, the study also took intoaunt the locations of the dry cleaners



Table 1. DRASTIC variable rating system (modifieonh Aller et al., 1987).

Depth to Water
Feet bgs Rating
0-5 10
5-15 9
15-30 (
30-50 L
50-75 K
75-100 2
100-199 1
Aquifer Media

Type Rating
Massive Shale 123
Metamorphic/lgneous 2-5(B)
Weathered Metamorphic/

Igneous 3-5(4)
Glacial Till -61(5)
Bedded Sandstone, Limestone and

Shale Sequences 519 (6
Massive Sandstone or

Limestone 946)
Sand and Gravel 4-p|(8
Basalt 2-10 (9)
Karst Limestone 9-10 (10)

Topography

Percent slope ifitat
0-2 10
2-6 9
6-12 5
12-18 3
18+ 1

Hydraulic Conductivity
gpd/ff Rating
1-100 1
100-300 2
300-700 4
700-1,000 6
1,000-2,000 8
2,000+ 10

bgs = below ground surface
gpd = gallons per day

in =inches

yr=year

Net Recharge

infyr

0-2
2-4
4-7
7-10
10+

Rating

O© 0o WwEk

Soil Media

Type

Thin or Absent

Gravel

Sand

Peat

Shrinking and/or
Aggregated Clay

Sandy Loam

Loam

Silty Loam

Clay Loam

Muck

Non-shrinking/
Non-aggregated Clay

Rating

10

10

NWhAoo N

I mpact of the Vadose Zone

(6)

b)
4)

Type Rating
Confining Layer (1
Silt/Clay 2-6 (3)
Shale 2-5(3)
Limestone -7126)
Sandstone 4-8 (6)
Bedded Limestone,

Sandstone,Shale 4-8
Sand and Gravel with

Significant Clay 4-8 (
Metamorphic/lgneous 2-8
Sand and Gravel 68)
Basalt 2-10 (9)
Karst Limestone 8-10 (1

Ratingsfor Aquifer Media and I mpact of Vadose Zone are provided asa range; any value within the range can be used,;

values shown in parentheses are typical values.



with respect to groundwater flow and the neargsplyuwells. It also used a well
vulnerability ranking based on features of well stloaction and operation. It combined
these parameters with the relative mass of PCEseteby dry cleaners as the potential

contaminant of concern to produce a vulnerabiligpn@Mohr, 2007).

Table 2. DRASTIC weighting factor system and indegring (modified from Aller et
al., 1987).

Hydrogeologic Variable Weighting Factor
Depth to Water (D) 5 (a)
Net Recharge (R) 4 (b)
Aquifer Media (A) 3 (c)
Soil Media (S) 2 (d)
Topography (T) 1(e)
Impact of Vadose Zone () 5 (f)
Hydraulic Conductivity (C) 3(9)

| DRASTIC Index Score = aD + bR + cA + dS + eT +i§@ |

In order to determine the relative mass of PCEasadd by dry cleaners, an Age-
Duration threat ranking was developed based ogdhethat a dry cleaning operation
began, or age, and the number of years of operairaituration. The rankings were
derived based on assumed solvent mileage for eardration of machinery and assumed
leakage rates that represented the total solvdetga over the duration of a dry cleaning

operation (Mohr, 2007).

Statistical Methods
Statistical methodology involves the simultaneouslgsis of more than one

variable when correlating physical parameters ttemguality data in order to predict the



probability of contamination (NRC, 1993; Todd Erggns and Kennedy/Jenks
Consultants, 2010). A common statistical test usegtoundwater sensitivity and
vulnerability assessments is logistical regressidnch looks at the probability of
groundwater exceeding a certain contaminant corat@m level at a specific location.
Water quality data, similar to groundwater sengitjynay be influenced not only by
intrinsic hydrogeologic parameters but also by soghgenic stresses to the groundwater
system. All of these potential explanatory vamabtan be analyzed for significance, and
those variables that do not explain variationsheesved groundwater quality can be

eliminated (Todd Engineers and Kennedy/Jenks Ctargs| 2010).

Hybrid Methods

Hybrid methods combine components of index andssitzdl methods. They can
use predefined scoring systems, such as DRASTI€amuse project-specific factors or
subjective categorization. In addition, they cloaise hypothesis testing to select or
calibrate ratings or weights for variables usethdex methods to predict the probability
of contamination (NRC, 1993; Focazio et al., 208@tonakos and Lamrakis, 2007,
Todd Engineers and Kennedy/Jenks Consultants, 20085 use of hypothesis testing in
hybrid methods makes them a more reliable predaftgroundwater contamination

compared to index methods (Rupert, 2001; Panagopailal., 2006).



Process-Based Methods

In contrast to other methods, process-based metredssed to predict
contaminant transport in both space and time byemaatically modeling subsurface
contaminant behavior using first-order determinisjuations and physically based
techniques. The intrinsic sensitivity of an aquifeay be determined by analyzing the
source and movement of groundwater by using nuegioundwater flow modeling
and age-dating of water. Groundwater vulnerabrigy be estimated by focusing on the
source and movement of the contaminant by usingetdansport modeling or
geochemical modeling (NRC, 1993; Todd Engineerskamhedy/Jenks Consultants,

2010).

Study Area

The Niles Cone Groundwater Basin is located insthigthern portion of Alameda
County, California. Itis bounded on the southliy Alameda-Santa Clara County
boundary, on the north by the southern portiorhefCity of Hayward, on the east by the
Diablo Range, and on the west by the San Fran8agqFig. 2). The principal stream
in the basin is Alameda Creek, which flows westwiandh the Diablo Range to the San
Francisco Bay. The basin has a surface area obsippately 267 krfi (103 mf)

(CDWR, 2003). Itis comprised of Quaternary defsosf alluvial fan material of

unconsolidated gravel, sand, silt and clay depoditeAlameda Creek as it exits

10
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Figure 2. Study area map (modified from CDWR, 2ESRI 2013a, 2013b; U.S.

Census Bureau, 2013).
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the Diablo Range. The basin contains thick agsiifieterbedded with aquitards due to
the effects of the glacial and interglacial cyaleghe San Francisco Bay region (CDWR,
2003; CRWQCB, 2003).

The Hayward fault (HF), part of the San Andreadtfaystem, trends in a general
northwest-southeast direction cutting across thesNCone alluvial fan. It divides the
basin into two subbasins, the Below Hayward F&HHK) on its west side and the Above
Hayward Fault (AHF) on its east side (Fig. 3). Ri¢F subbasin consists of a forebay
region of essentially one coarse sand and graweleadghat is mostly unconfined
(CDWR, 2003; CRWQCB, 2003). The BHF subbasin mposed, from shallowest to
deepest, of the following: a thin upper aquitarty a localized Shallow aquifer within
the top-lying Newark Aquitard. The shallow aquiiieterconnects in a few places with
the underlying Newark Aquifer (Ciocco, 2012). Wiitlthe BHF, the Newark Aquitard is
absent in the forebay area near the intersectitineofAlameda Creek with the HF
(CRWQCB, 2003; ACWD, 2010).

The Newark Aquitard is underlain by three major twe@sd dipping aquifers, in
order of increasing depth, the Newark, Centenfitemont, and Deep Aquifers, which
are separated by extensive clay aquitards (FIigCBRWQCB, 2003; ACWD, 2010). The
Newark Aquifer is the shallowest water-supply aguifind therefore is the first water-
supply aquifer in the basin likely to be impactgdshirface contamination. For this
reason, it is the main aquifer of concern in thiggxt. Itis an extensive permeable
gravel and sand layer that underlies most of thesNCone fan, and is the uppermost

aquifer west of the fault. It lies between 12 d3dm (40 and 140 ft) below ground

12
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Figure 3. Niles Cone Groundwater Basin cross-sedthematic (modified from
ACWD, 2012).

surface (bgs). It is confined except in the vigiraf the fault, where the overlying

aquitard is absent (Moran et al., 2002; CDWR, 2GRWQCB, 2003; ACWD, 2010).

13



Basin Management by the Alameda County Water District

Groundwater from the Niles Cone Groundwater Basovides about 35 % of the
water supply for the ACWD in general and during gegrs it can contribute over 60 %
of the supply, with imported water accounting foe remainder (ACWD, 2010). The
District replenishes the basin primarily with ruhtsbm the Alameda Creek watershed
(ACWD, 2010). The runoff is captured by inflatabldber dams at the Alameda Flood
Control Channel and diverted to percolation portde@District’s recharge facility. This
facility is located in the forebay near the Haywéadlt where the overlying aquitard is
absent, allowing for direct recharge into the badio a lesser extent, imported water is
diverted to the ponds, contributing to basin reghddames M. Montgomery, Inc., 1991;
ACWD, 2010, 2012).

Excessive groundwater pumping from the basin timilearly 1960s resulted in
salt water intrusion from the San Francisco Bag the western portion of the BHF
aquifer system. Subsequently, imported water filoenState Water Project (SWP) was
used to raise water table levels and restore thealnlic gradient direction toward the
bay. The Aquifer Reclamation Program (ACP), whicks established by the District in
1974, pumps out brackish water still remaininghi@ aquifers to improve groundwater
guality, increase basin storage, and prevent fugak water intrusion. Although some
of the saline water is pumped back to the Bay, nsosbw treated via desalination and

used as drinking water (ACWD, 2010, 2012).

14



METHODS

Sensitivity Assessment

A modified version of the DRASTIC index method (@llet al., 1987) was used
to perform the sensitivity assessment of the Nllese Groundwater Basin. Due to
differences in the available data for the AHF amtFBsubbasins, the general
impermeability of the Hayward Fault that dividesrtin and their different aquifer
systems, separate sensitivity assessments wergmped on each subbasin. The aquifer
of concern in the AHF subbasin is the mostly unced coarse-grained aquifer that
comprises it. The main aquifer of concern in th#éBsubbasin is the mostly confined
Newark Aquifer, as it is the subbasin’s shalloweater-supply aquifer and therefore the
most likely to be contaminated. Table 3 providesiamary of the variables used for
each subbasin and their data sources. Using E8IRIA 10 software, a GIS layer was
made for the each of the variables. The ArcGISyarsthat was performed on each
variable is summarized in Table 3.

Depth to water (DTW) was used as a variable irsthesitivity assessments of
both subbasins due to the generally uniform distrdm of the stratigraphic and lithologic
borehole records and DTW well data in both aredt$, the exception of the
southernmost portion of the AHF subbasin. DTWnismaportant variable in determining
the extent to which attenuation of contaminatiolikisly to occur due to the thickness of

material the contaminant travels through in ordereach the uppermost aquifer. In
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Table 3. Modified DRASTIC variables, data sourced ArcGIS analysis performed.

Variable

Data Source

ArcGIS Analysis

Depth to Water

1) Depth to top of One hundred thirteen borehole logs from the| Excel spreadsheet of valugs
aquifer for confined | ACWD borehole database. Six borehole logs for DTW converted to poin
Newark Aquifer from the ACWD Inland Salt Intrusion feature class; points
Monitoring Well Project (ACWD, 2010a). interpolated to raster GRID
Based on hydrostratigraphic interpretation by in Spatial Analyst using
Cioco (2012). Inverse Distance Weighting
(IDW).
2) Depth to water table | ACWD Groundwater Monitoring Report 2011
for unconfined areas | (ACWD, 2010a). State Water Resources
of Newark Aquifer Control Board GeoTracker
and the unconfined
aquifer in the AHF
subbasin
Aquifer Media One hundred thirteen borehole logs from the| Excel spreadsheet of valugs
ACWD borehole database. Six borehole logs of weighted sum average qgf
Only included in the sensitivity from the ACWD Inland Salt Intrusion aquifer material converted
assessment of the BHF Monitoring Well Project (ACWD, 2010a). to point feature class;
subbasin Based on lithologic description of points interpolated to raster
hydrostratigraphic unit interpretation by Cioco GRID using IDW.
(2012).
Soil Media Soil Survey Geographic (SSURGO) DatabaseShapefile of drainage
from the National Resources Conservation | classifications of major soil
Service (NRCS) of US Department of series of map units
Agriculture (USDA) in shapefile. converted to raster GRID.
Vadose Zone Media
1) Both unsaturated and One hundred thirteen borehole logs from the| Excel spreadsheet of valugs
saturated media in ACWD borehole database. Six borehole logs of weighted sum average qf

confining unit over
the Newark Aquifer

2) Unsaturated aquifer
media above the
water table in
unconfined areas of
the AHF and BHF

subbasins.

from the ACWD Inland Salt Intrusion
Monitoring Well Project (ACWD, 2010a).
Based on lithologic descriptions of the
hydrostratigraphic interpretation of upper
aquitard, shallow aquifer, and the Newark
Aquitard by Cioco (2012).

For the BHF subbasin, lithologic descriptions|
for Newark Aquifer from ACWD borehole
logs. DTW from ACWD Groundwater
Monitoring Report 2011 (ACWD, 2010a).

For the AHF subbasin, lithologic descriptions
for the unconfined aquifer from five ACWD
borehole logs and six well borehole logs from
State Water Resources

Control Board GeoTracker. DTW from the
ACWD Groundwater Monitoring Report 2011
and Geotracker.

vadose zone material
converted to point feature
class; points interpolated t
raster GRID using IDW.
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accordance with the original DRASTIC method, ddptthe water table was used for the
unconfined areas of both subbasins, and deptlretthof the aquifer was used for the
confined areas of the BHF subbasin (Table 3).

Soil media was included as a variable in the seitgibssessments of both
subbasins due to the availability of data. Itassidered an important parameter in the
DRASTIC method due to the influence of soil textarethe ease of infiltration of a
contaminant from the land surface into the vadasezas well as on the extent to which
the contaminant is attenuated.

The variables of aquifer and vadose zone media uszd in the sensitivity
assessment of the BHF subbasin because the basetthestratigraphic and lithologic
records from the ACWD were adequately distributedughout the subbasin. Both
variables in the DRASTIC method take into consiterathe attenuation of
contamination based on the permeability of the mesith the aquifer media more
specifically representing the ability of a contaamnto spread. In accordance with the
original DRASTIC method, both the unsaturated atdrated sediments in the confining
layer over the Newark Aquifer were considered asviddose zone.

Borehole records from the ACWD for the AHF subbagere only available for a
restricted area near Alameda Creek. Additiona¢bole logs for this area were available
from GeoTracker, the State Water Resources CoRtratd’s data management system.
In both sets of records, data were only availabliné AHF subbasin for the vadose zone
media and not the aquifer media due to the shakswiof the borings. Therefore, the

variable of aquifer media was not included in tBasstivity assessment of AHF subbasin.
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In accordance with the DRASTIC method, the unséédraediment above the water
table in the unconfined AHF subbasin was considdredradose zone.

Data for hydraulic conductivity were available frahe ACWD Integrated
Groundwater-Surface Water Model (IGSM) (James M t{gomery Consulting
Engineers, Inc., 1991). In the model, hydraulindactivity was based on data from
investigations performed by the Department of WRiesources and then adjusted
through calibration by the percentage of gravel santtl from well logs. Because the
representation of hydraulic conductivity in the mbdas similar to the thickness-
weighted averagef lithology performed on the aquifer media, hydi@aonductivity
was not included as a variable in the sensitivsiyegsment. Recharge data were also
available from the ACWD IGSM. However, only oneharge value was assigned to
each subbasin. Due to the lack of variation imaege data within each subbassin, it was
not included as a variable. Due to the lack ofatemn in the slope of the land surface in
the study area, with the exception of the mosttssagt portion of the study area where
no dry cleaners were located, topography was tuded as a variable.

The modified index method used in the sensitiviyessment is shown in Table
4. The original DRASTIC categories, ranges anthgatwere retained for depth to
water. The aquifer media in the BHF subbasin aatbse zone media in both subbasins
were recategorized due to their smaller range ahangypes compared to those used as
categories in the original DRASTIC method. In ddad, to better delineate the variation
in the sensitivity of the vadose zone, the vadasee 2nedia for the confined aquifer were

categorized and rated, which contrasts to thermald®RASTIC method of rating the
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confining layer of a confined aquifer as 1 regasdlef the type of material.

Table 4. Modified DRASTIC variable rating system

Depth to Water Aquifer Media

Feet bgs Rating| | Grain size Thickness- edia
Rating weighted Average Rat

0-5 10

5-15 9 gravel 10 >9-10 10

15-30 7 sand 6 >7-9 7

30-50 5 silt 3 >5-7 4

50-75 3 clay 1 >4-5 2

75-100 2

100-199 1

Soil Media Vadose Zone Media

Drainage Classification Rating | Grain size Thickness- edia
Rating weighted Average Rait

Excessively drained 10

Somewhat excessively drained 9 gravel 10 >7-10 10

Well drained 7 sand 6 >4 -7 7

Moderately well drained 5 silt 3 >2 -4 4

Somewhat poorly drained 3 clay 1 >1-2 2

Poorly drained 2

Very poorly drained 1

The material of the Newark Aquifer is mostly samd gravel with occasional

clay and silt stringers, and the vadose zone nahiermostly clay with some areas of the

Newark Aquitard interbedded with sand lenses ofstielow aquifer. In order to better

represent the permeability and range of contanangibtential, a thickness-weighted

average of the grain size of the aquifer and vadose media was performed on each

borehole log. Gravel, sand, silt and clay wer@eesvely assigned ratings of 10, 6, 3,

and 1, with the coarser material assigned the highasitivity value. The sum of the

weighted thickness of each lithological type wasd#d by the total thickness of the
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aquifer to obtain a weighted average, which was tbhended to the nearest whole
number. Category ranges were created based ¢hitkeess-weighted average, and
sensitivity ratings were assigned to each rangbl€T4).

Data for soil media variable were based on magswamtl their major soil series
from the Soil Survey Geographic (SSURGO) databd$e soil texture descriptions in
many of the soil series were not similar to the CHAC soil media texture categories
(Table 1). Therefore, modifications were also miadine original DRASTIC method for
this variable. Because an important quality of saits permeability and the ease with
which contamination is transmitted through it, deage classifications of the major soil
series were used as categories. The ArcGIS layeased for each variable were
reclassified in ArcGIS using the Spatial Analystltaccording to the numerical ratings
assigned to the category ranges (Table 4). Usiag\teighted Sum Overlay tool in
Spatial Analyst, a sensitivity map was createdefch subbasin based on a modified
index score that used the original DRASTIC methaighting factors for each variable

(Table 5).

Table 5. Modified weighting factor system and ingerring.

Hydrogeologic Variable Weighting Factor
Depth to Water (D) 5 (a)
Aquifer Media (A) 3 (b)
Soil Media (S) 2 (c)
Vadose Zone (V) 5 (d)

Modified Index Score for the AHF subbasin = aD +Hc&V
Modified Index Score for BHF subbasin = aD + bAS-€dV
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Sour ce Assessment

The first part of the source assessment was tdifgdrmstoric and present-day dry
cleaners that used or use PCE on-site in the afiesemont, Newark, and Union City.
An attempt was made to identify businesses asdek bs the late 1930s to early 1940s,
as this was when the dry cleaning industry begamglBCE. The primary source of
information on historic and present-day dry cledoeations was telephone directories
which were available at the Fremont and HaywardnMabraries. The earliest record of
dry-cleaning businesses was in 1945. The addre$slke dry-cleaning businesses, the
date their operation began and their years of ¢iparavere obtained and recorded.
Businesses that were advertised as plants werd.nét@lant was defined as a dry-
cleaning business that used machinery to cleahedadn-site, as opposed to a business
that served only as a drop-off site. Businesstsdias one-hour, four-hour, or same-day
service were assumed to be plants and also n@irdctories were missing for the years
of 1947, 1948, 1951, 1952, 1953, 1963, 1980, aldb 2Because these record gaps were
three years or less, an assumption was made the thry-cleaning businesses that
operated prior to and after the record gap likglgrated during the gap as well.

Some of the older businesses that operated prappooximately 1960 were on
streets that were later renamed or renumberedsdfoe businesses, the shopping mall
and unit number were listed instead of a streetessd Old newspaper clippings from
the Fremont Main Library as well as communicatiathwgtaff and volunteers from the

Fremont Historical Society helped to identify tbedtion of some of these businesses. In
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addition, older hard copy street maps publishedden 1930 and 1970, which were
available at the University of California at BerglMap and Earth Sciences Library, the
Fremont Main Library, and the Fremont Museum ofdlddistory, were compared to
newer maps in order to identify older streets. oliigh this method, some older
businesses were patrtially located on renamed stbgettreet segment. The older street
maps that were available did not show buildinglock address numbering. However,
some 1944 Sanborn maps showed building numbenmpware useful in determining
the location of one historic dry cleaner in UnioiyC

In order to further distinguish businesses as aglaats and potential sources of
PCE, the list of dry-cleaning businesses from phdirextories was compared to a list
provided by the records department of the Bay Ae&uality Management District
(BAAQMD) of the names and addresses of permitteshamnd closed dry-cleaning
plants and the type of solvent used by each. Dgeme discrepancies between the
phone directory and the BAAQMD list as to the ysame plants closed, an additional
cross-check was performed against the BAAQMD TéxrcContaminant Inventories for
2004, and from 2008 to 2011 that were availablenftbe BAAQMD website. To further
verify whether or not a dry cleaner used PCE, afitiaal cross-check was performed
using a list provided by the ACWD of dry cleandrattwere identified as having stored
PCE on-site based on a 2004 survey comparing pthioeeory records and Hazardous
Materials Management Plans (HMMPs) from fire deparits. A final cross check was
performed by examining HMMPs that were availabledpen and closed dry-cleaning

businesses to further verify whether or not PCE usl and stored on-site, if and when
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its use and storage was discontinued, and theoflatesure of the business if relevant.
A final list of dry-cleaning businesses likely te br have been plants that used PCE on-
site was compiled.

The second part of the source assessment waskithepotential of the plants to
contaminate the basin with PCE. A scatter pldhefplants was created based on the
number of years of operation, or duration, verbesyear that the operation began, or
age, similar to what was done in the vulnerabsiiydy of the Santa Clara basin by the
Santa Clara Valley Water District (Mohr, 2007). uFthreat rankings were created based
on the approximate years in which the four genanatof dry-cleaning machinery were
introduced, using the assumption that dry cleatieisbegan operation using an eatrlier,
less efficient generation of machinery that wasenwone to leakage had a greater
potential to release PCE into the groundwater.

Using ArcGIS 10, the ranked plants were geocodednaapped. Street map data
from SteetMap North America were used as a referémcreate the address locator
(ESRI, 2010). Several older cleaners, which witk exception stopped operation before
1960, could not be geocoded because the referataeset used consisted of newer street
name and numbering. Therefore, these older cleamere located at the street and street

segment level only by comparing newer maps to dtteet maps.
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Vulnerability Assessment

The source assessment map with the threat-rankededmers was superimposed

over the sensitivity maps of the subbasins in ABGD to show the vulnerability of the

groundwater to PCE contamination.
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RESULTS

Sensitivity Assessment

BHF Subbasin

The distribution of the borehole log and well locas that were used as a source
of data and the interpolation of the data are showthe aquifer and vadose zone media
maps (Figs. 4, 5) and depth to water map (Fig.Téle contouring does not continue to
the southeast corner of the subbasin because at@iapresent there.

Based on the chosen categories and assigned ggysitings, the aquifer media
variable has areas of higher sensitivity that aterspersed with lower sensitivity areas
from the fault to the central basin (Fig. 4). Hod#l drainage classification variable
(Fig. 7) has one uniform high sensitivity areavateas of lower sensitivity ratings
extending from the central basin toward the Sandisao Bay. In contrast, the higher
sensitivity areas of the vadose zone media varighte 5) are concentrated in the
forebay area west of the fault, with a remaining Bensitivity area that extends toward
the San Francisco Bay. Of note, all three of thesbles have high sensitivity areas
that coincide in the forebay area. In contras,vériable of depth to water has mostly
middle to lower sensitivity areas throughout theibancluding in the forebay area, with
the exception of sparse high-sensitivy areaserstiuthern part of the forebay region
and the northern part of the BHF subbasin wherelémh to the top of the aquifer is

shallow (Fig. 6).
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The final sensitivity map of the BHF subbasin iswh in Figure 8. The most
sensitive area is the forebay region where the AtkarCreek intersects the fault. In
comparing the hydrogeologic variable maps to tmsisgity map, the vadose zone and
aquifer media are influential factors due theirmhsgnsitivity ratings in this area and their
higher weighting factors of 5 and 3, respectivef(though the soil has a higher
sensitivity rating of 8 in the forebay region, d@rtributes less to the sensitivity because it
has a relatively lower weighting factor of 2. Adtilgh the depth to the top of the aquifer
has a higher weighting of 5, it was a less infligractor in the sensitivity of the forebay
region due to its relatively lower sensitivity rags in this area, with the exception of the
sparse high-sensitivity areas at the southerngodf the forebay region, which coincide
with the areas of high sensitivity from the aquifeedia and vadose zone media.

Distal to the forebay area, both the aquifer madia soil drainage classification
variables have areas rated with higher and lowesigeity. In contrast, the vadose zone
media variable consists only of lower sensitivitgas, and the depth to water variable
consists predominantly of areas with lower and meigensitivity ratings. Due to the
higher weighting of 5 assigned to the vadose zoediamand depth to water, these
variables are the most influential factors in the kensitivity west of the forebay region

of the subbasin.

AHF Subbasin

In the AHF subbasin, the depth to water variabketigh sensitivity areas

southeast of the forebay region and middle to lemsgivity areas throughout the
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remainder of the subbasin (Fig. 9). The vadose moedia variable has higher sensitivity
areas are in the southeasternmost and northermxiesit of the mapped layand lower
sensitivity in all other areas (Fig. 10). Duelte same weighting of 5 that is assigned to
each of these variables, the sensitivity of thebaghn is greatest where the areas of the
more sensitively rated vadose zone and depth terwatncide (Fig. 11).

Most of the soil variable layer has a higher serigst with the exception the
central area which as a lower sensitivity rating (). Because this lower sensitivity
area occurs where both the vadose zone media @i tdewater have middle to low
sensitivity, soil contributes to the low sensityitf the subbasin in this central area (Fig.
11). However, the areas where soil has higheitsgtyscoincide with the lower and
middle sensitivity areas of the vadose zone meutibdepth to water (Figs. 7, 9, 10).
Because of its lower weighting factor comparechmtiigher weighting factors of the
vadose zone media and depth to water, soil doesamdtibute to the sensitivity in the

rest of the subasin (Fig. 11).

Sour ce Assessment

The final list of 72 dry-cleaning businesses likiybe or to have been plants that

used PCE on-site is provided in Appendix A. Thatter plot of the plants based on the
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number of years of operation versus the year tebperation began along with 1
threat ranking of dry cleaners based on the apprata ear that each generation
machinery was introduced are shown in Figure 12napof the locations of th
geocoded ranked plants in the two subbasins isshoWwigure 13. The higher threat ¢
cleaners of rankings 4 and 3 are located on, orddiatey adjacent to, the main stre
that existed prior to the incorporation of Newdfkemont, and Union City in 1955, 19¢

and 1959, respectively.
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