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EXECUTIVE SUMMARY

AQUI-VER, INC. (AVD) has completed technical evaluations on behalf of BlackRock Realty
Advisors regarding dissolved and light non-aqueous phase Houid (LNAPL) plume sonditions present
beneath the former Western Fuel Oil Site, 300 Westmont Drive, 8an Pedro, Califortiia. The site is
presently operating as the San Pedro Business Center, which handles Port-related commerce and
tratigportation.

AVI's evaluations consisted of technical analyses to determine the state of the tert-butyl alebho!
{TBA) and benzene dissolved-phase plumes, and separate evaluationis to determine the state of the
LNAPL plure remaining beneath the site.

Based on several lines of technical evaluation including mass, flux and trends, the TBA plome is
indicated to be stable and is not being transported into the wider aquifer offsite. This, coupled with
the marginal quality groundwater bengath the site suggest that this plume meets State standards for
presenting no threat to future groundwater use. In addition, potential TBA mass ux cvaluatlone:
indicate that there is generally no threat to fiture groundwater use at the Site itself,

Based on several lines of technical evaluation, the LNAPL plume remaining beneath the site has also
been determined to be stable. This is due to a number of factors such as time since release, the gite
spocific subsurface parameters, the observed plume morphology, and other facets. Past cleanup
actions have also likely contributed to this observed LNAPL stability condition,

A framing of the technical exceptions for further LNAPL cleanup was also developed. Ciiven the
site conditions, including past cleanup, there appears to be no net benefit to the waters of the State
to additional cleanup measures. Any cleanup measure having any remote chance of further reducing
contarminant concentrations in the near ferm would also severely impede the Port Distribution
Facility operations. As a successful Brownfield redevelopment pme the active use of the site ds
important to the area eaonomy

Giiven these findings ancl conclusions, AVI's work SUZHESLS that the site move into A monitored

natural attenuation phasc, with no lelthF:l active cleanup, in keeping with the SWRCB Resolution
9249 and the recént SWRCB update to low-risk groundwater policy (2011},

GA71 Morih 2200 Wt #8F Ph. 435 635-8024 FAX 433 A354020
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1.0 DISSOLVED PHASE PLUME EVALUATIONS

This chapter discusses dissolved phase plume evaluations with respect to stabitity, status, and threat
to the waters of the State. As discussed below; several technigques were used to evaluate the
dissolved phase plumes at the site as related to closure and long-term management considerations.

I, I PURPOSE
The purpose of this analysis is ’éwo fold:

I Evaluate the stability, potential longevity, potential impacts to groundwater utilization, and
the potential fate and transport of the tert-butyl alcohol (TBA ) groundwater plume; and

2, Evaluate the stability of the benzene groundwater plume at the site to assist in evaluating the
LNAPL plume stability in Chapter 2 of this report.

TBA and tertiary-amyl alsohol (FAAY are currently the chief dissolved phase fuel oxygenates
chemicals of concern (COCS) at the Site; however, TAA was not evaluated in this analysis due to
the limited data set for this compound, For example, TAA was only sampled in the core of the
plume (wells MW-6R, MW-14R, and MW-19R) oné time, in August 2007, and site monitoiing
wells were not andly?ed again for TAA until June 2008. In addition, TAA has not been detected
more than onee in any of the onsite wells, As su;,h only TBA was anaiyzed during thts evaluation,

The benzene plume was evaluated because it provides insight into the stability of the LNAPL
plume, For example. if the benzene plume is not moving downgradient or is contracting then one
can Infer that the LNAPL plume, which is the soutce of the benzene plume, is not moving as well.
This relationship is desoribed In more detail in Chapter 2 of this report,

All analyses presented herein were performed using data pmvrdeci by $CS Engineers and from
dociments on Geotracker (SWRCE, 2011). Data analyses were performed on the data as provided
and only refleet thé most recent data electronically available (generally through June 2011),

As will be described subsequently, the evaluations conducted herein utilize historie groundwater
concentration data, in context with other site characterization information, as a key indicator of the
higtorieal and future probable plume state. This focus was developed because groundwater 15 In
cofitact with residual petroleum hydrocarbons, and under standing the stability, potentlal plume
longevity, potential intpacts to groundwater utilization, and potential fate and transport of the TBA
plume and the stability 6f the benzene plume In relation to the LNAPL plume directly affect
long-term site care requirements and closure,

1.2 METHODS
The basic evaluation methodologies and procetlures for the plume longevity estimates, potential

impacts to groundwater utilization, and plume stablility are provided in Appendix 1-1, and are
dertved from plurne genesis and transport theory. The methodologies ate consistent with United

SRTT ot 2200 Went, BEE T, 435 6550030 PAX 425 G55 4026
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Siates Environmental Protection Agency (USEPA) fecommended protocols for evaluating plume
trends (LUSEFRA, 2002},

The fate and transport analysis for TBA was performed using BIOSCREEN (Newell and McLeod,
1996). BIOSCREEN is an analytical groundwater model designed to simulate transport and natural
attenuation of dissolved phase hydrocarbons at petroleum release sites. The fate and transport
analysis was performed to assess the potential lateral migration of the TBA plume and plume
stability baged on site data and assumed parameter values from published literature.

1.3 DISSOLVED-PHASE MASS ESTIMATES

The mass of TBA dissolved in groundwater was statistically evaluated to estimate the maximum
dissolved phase TBA mass observed at the Site busad on dvailable site data. This mass estimate was
used to estimate plume longevity and to evaluate potential mass flux ;mpar_,ts to future groundwater
use atthe Site asdescribed in Sections 1.5 and 1.6, respectively. The maximum historical dissolved
phase mass was estimated for August/l}ecambel 2007, This time perlod represents the most
comprehensive data set available for the site and includes onsite wells MW-6R, MW-14R, and
MW-19R,which were only sampled one time in August 2007 by collecting diserete samples below
the LNAPL layer in the well casing, as well as onsite wells MW-5R, MW-8, MW-9R, and MW-10R
and offsite wells MW-12, and MW-13, This data set also ineludes off-site wells MW-4, MW-7, and
MW-8, which are part of the ConogoPhillips site investigation to the north, These wells are shown
by Figure 1-1. Al of the wells included in this anialysis are completed within the shallow water
bearing zone characterized at the site, which is part of the Gage Aquifer (8CS8, 2011a), Wells -
cotpleted in the intermediate and deep water bearing zimes were not considered for this analysis -
because the majority of the plume mass is in thé shallow water bearing zone.

Thc fll‘St stcp in c:alcuiatmg the dlesalwd mass LS to constrain the area of i 111tegmtmn for TBA which

chta were compiled, Iogntranstoxmed, and anaiyzed usmg kriging stathtlca! methods. The
statistically generated resulis were revérse transformed to arithmetic values and integrated aeross
the spatml domain to provide a mass estimate based on the astimaled impacted aquifer volume.

The impacted aquifer thickness was assumed 1o be 25 feet thick and the aquifer total pc:ms:ly is
assumed to be 40% based on core data collected by SCS Englneers (SCS, 201 1a),

Table 1-] summarizes the tesmts of the estimated dissolved-phase mass for TBA, The statistically
interpolated plume distribution map is Mustrated on Figure 1-2. The dissolved phase mags was
405.3 kilograms (kg) in August/December 2007 and this mass is thought to represent the maximum
historical dissolved phise mass based on available site data.

1.4 BSTIMATION OF CENTER OF MASS THROUGH TIME

An gvaluation of the TBA center-of-mass through time could not be conducted due to the lack of
available TBA data. Therefore, TBA plume stability was evaluated using a fate and transport
sereening, as deseribed subsequently.  The benzene center-of-mass was evaluated theough time;
however, there were some Jimitations to this analysis as deseribed below,
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The statistical center-of-mass for benzene was estimated for three time stamps (April 2002, June
2005, and June 2011} using available data from onsite wells MW-5R, MW-8, MW-9R, and
MW-10R and offslte wells MW-12, and MW-13.. This data set also includes off-site wells MW-4,
MW-7, and MW-8, which are part of the C‘onocaPhlIhpS site investigation to the north, Wells
MW-6R, MW-19R, and MW-14R are located within the core of the benzene plume; however, these
wells were only samplaci twice (April 2002 and Adgust 2007) by Lollu,lmg discrete samples below
the LNAPL layer in the well casing. During the first sampling evént in April 2002 it appears that
the groundwater samples were emulsified (i.e., mixture of LNAPL and groundwater) based on
- elevated total petrolewn hydrosarbon gasoline range (TPH-GRQ) sample results that exceed
solubility limits. Assuch, this data could not be uséd leaving only one time stamp that is meaningful
for these wells, Ciiven that one time stamp i hot suitable for estimating the center-of-mass through
time, these wells were eliminated from the data set. This results in a plume center-ofmass that is
slightly mislocated for all time stamps; however, evaluating the relative change or lack there.of in
the cehler-oftmass is the objective of this analysis not firding the exact location of the center-of-
s,

The wells used in this analysis dre shown by Figure 1-1 and all of the wells included in this analysis
are completed within the shallow water bearing zone characterized at the site, which is part of the
Gage Aquifer (8C8, 20! 1a). Wells completed in the inteimediate and desp water bearing zonies were
not considered for this analysis because the majority of the plume mass is in the shallow water
bearing zone. I[n addition, thé submerged LNAPL plume is nof present in the underlying water
bearing zones,

Plume statistics for benzéene were pencrated using the same mass estimate anaiysis procedures
tescribed in Section 1.3 for TBA. Based on these statistics the location of the statistical
penter-of-mass was caloulated. The center-of-mass calculation is performed by summing the
congentrations at the statistical grid intersects across the spatial domain established by the
interpreted p[ums boundary (Anton 1984). At gach grid intetsect, a spccﬂlc nOrthmg and easting
are associated with a specific concentration. In each coordinate dirgetion, the north or east
coordinate is multiplied by its specific concentration and summed across the grid in that coordinate
direction. This value is then divided by the sum of concentrations at edch grid intersect, leaving the
estimated coordinates of the center of mass (¢ast and north; respectively).

The center-of-mass location for each time stamp are illustrated in Fi gures 1-3. The plume maps nged
to estimate the center-of-mass location for each time stamp are included in Appendix 1-2, The
center-of-mass analyses for benzene demonstrates a stable plume, The relative center-of-mass has
actually retracted through tire.

1.5 PLUME LONGEVITY EVALUATION
Statistical trend analyses of dissolved-phase concentrations of TBA were performed on historical
analytical data from site wells with sufticient temporal data, This includes wells MW-9R and

MW-10R, ag these wells were the only wells at thé site with more than one detection of TBA.

The graphical trend analyses were performed with non-detections setto halfthe laboratory reporting
limits, with exceptions. Elevated laboratory detection limits ranging from 100 to 500 ug/L. were
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reported for well MW-10R. Half of the detection limits are greater than o just below historical
detections so non-detect data were not used for the teend analysis for MW-10R to avoid biasing the
trend by using unconstrained non-detect points, The statistical trends exhibited by MW-9R and
MW-10R were decreasing over time and these decteasing trend lines weré projected through time
until they reached the California drinking water notification level (NL) for TBA, which is 12
mictograms per kter (ug/L),

The exponential trend regression was performed on the time/concentration data using a confidence
interval of 95%. Confldence intervals assume 4 normal distribution about a mean of the predicted
regression fit, Then the standard deviation of'the sainples about the predicted concentiation Is used
to bound the data, Exponential statistical analysis is consistent with the theoretical forrit of chemical
transport and depletion processes. A linear analysis-would tend to estimate shorter plume durations
and be both less conservative and less reflective of the undetlying plume depletion processes.

The statistical trend analysis plots for TBA through time for wells MW-9R and MW-10R are
included in Appendix 1-3, Using the statistical regression fit of the concentration data, as shown
tn Appendix 1-3, the time to reach the regulatory criteria for TBA was estimated for these wells as
summarized in Table 1-2, While the trend predicts when the compound will reach regulatory
ctiteria, the actual congentration is expected to range between the upper and lower bounds of the
trend ling,  As summarized in Table 1-2, by using both the curve fit and upper 95% confidence
bound, a range of times to regulatory critetia are cstimated with the later date providing a mote
conservative estimate,

Wells MW-9R and MW-10R are generally located on the downstrear portion of the plume and are
downgradient of the center of mass. Based on the statistical trends in these wells TBA is predicted
to reach the NL of 12 ug/l, between 2012 and 2015 in well MW-9R and between 2018 and 2024 in
well MW-10R. In addition, the decreasing trends in both wells suggest that the leading edge of the
TBA p!ume is slable and has retracted through fime. A non-stable ot expanding plume would
exhibit an inereasing trend along the leading sdge of the plume. Thus, the TBA plume has likely
reached a steady state. This is further supported by the fact that TBA has riot been detected in offsite
downgradient well MW-§ located on the ConocoPhillips site (Figure 1-2).

1,6 FLUX CALCULATIONS

The statistical mass evaluations for TBA described In Section 1.3 can be used to sstimate the
potential groundwater flux of TBA emanating from the site, The flux estimate is generated from
the plume-wide statistical groundwater concentiations developed earlier for the geometry of the
plume and the potential groundwater flow rates through the plume, This integrated average
concentration (the same as used in the mass caleulations), accounts for spatial plume distribution
that a simple arithietic average cannot. The flux ¢stimate is used to estimate the potential
worsk-case impacts at & hypothetical drinkifig water production well located onsite, This estimate
is conservative and alleviates the need for mote extensive modeling evaluations that would show
significantly smaller potential tmpacts. The flux estimate pertains to a hypothetical groundwater
production well completed af the site with two different well sereen interval scenarios, The first
scenario assumes a well sereen of 50 feet which is twice that of the assumeéd imipact thickness in the
shallow water bearing zone. This seenario’is the most conservative of the two. The second seenatio
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assumes a screen length of 100 feet, Scenaiio two assumes that the production well screen will
nearly fully penetrate the Gage Aquifer beneath the site.

Hydraulic cencluctwlty was set at | foot per day (ft/day) based on 4 report fiom CAPE (2007), the
effective porosity was set at 25% based on a report from SC§ (2009), and the lateral hydraulic
gradient was set at 0,007 feet per foot (ft/ft) based on 8CS (2009). The current lateral hydraulic
gradient in the shallow water bearing zone is 0.003 ft/ft (8CS, 2011b); therefore, using the higher
gradient of 0.007 {t/ft is more conservative. The conceptual groundwater pumping well is.assumed
to capture 100% of the conservative chemical fux emanating in groundwater from the site, The flux
analysls results are summarized in Table 1-3 and estimaté potential impacts to g ptoduction well at
various flow rates. The {nput aud output factors for this flux analysis are provided in Appendix 14,

For TBA, there is no predmlcd impact above the régulatory threshold of 12 ug/L. for all seenarios
and pumping rates. Furthermore, utilization of groundwater from the Gage Aquifer would require
treatmient (8.g., reverseé osmosls) to remove naturally occurring dissolved phase constituents as
indleated by water quality samples collected by SCS (2011h), During this treatment process
dissolved phase TBA would most certainly be removed from the produced water.  As such, this
analysis demonstrates that potential impacts to future groundwater use are un likely and the TBA
plume poses no risk to the waters of the State, especially considering the natural poor groundwater
quality in the Gage Aquifer beneath the site,

1.7 I:‘.AT'E; AND TRANSPORT

To assess the potential lateral migration of the TBA plume existing data ¢ollected from the site and
assumed parameter values from published literature were used in conjinction with an analytical
modeling approach to evaluate plume stability.

The analylical modeling was conducted using the computer program BI()SC‘I{[ZEN (Newell and
Melead, 1996), BIOSCREEN is specifi cally designed to simulate transport and natural attenuation
of dissolved phase hydrocarbons at petroleum release sites, The software has the ability to simulate
adveation, dispersion, adsorption, and aerobic decay as well a5 anaetobic reactions that have been
shown o be the domitiant biodegredation prmess at many petroleumn release sites, BIOSCREEN
includes theee diffsrent model Lypeq,

¢ Solute transport without dacay;

i Solute transport with biodegredation modeled as a first-drder decay process (simple
lumped-parameter approach); and

+  Solute transportwith biodegredation modeled as an "instantaneous” biodegredation reaction

(approach used by BIOPLUME models).

For this effort, solule transport with biodegredation modeled as a first-order decay provess was
selected because of the limited amount of data available to support the instantancous reaction model.

BIOSCREEN is based o the Domenico (1987) three-dimensional analytical solute transport model.
Theoriginal model assumes a fully-penetrating vettical plane with the source oriented perpendicular
to groundsvater flow, to simulate the release of organics moving into groundwater, Ih addition, the
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Domenico solution aceounts for the effects of advective transport, three-dimensional dispersion,
adsorption, and first-order decay.

The source area concentration was set at 18.4 milligrams per liter (mg/L), which is the maximum
observid TBA concentration at the site (MW-14R). The size ol the source area was conservatively
defined uging the TBA plume dimensions from Augubt/[)ecember 2007, as shown by Figure 1-2.
The depth of the source area was set at 25 feet, which is the assumed impact thickness for TBA. A
furthcf:r conservative assumpticn is that the source area concentration remaing constant at its existing
cotteentration Indefinitely., This combination of assumptions is fikely to produce the most
conservative analysis based on available data. The niodel input parameters are summarized in
Appéndix 15, Where approptiate, model input parameters reporied by SCS (2009) for the
previously conducted benzene BIOSCREEN modeling were used for the TBA BIOSCREEN
modeling. ,

The riddel was calibrated based on field data from August/December 2007 by adjusting solute half
life and the related first order decay coefficient as well as dispersivity until output results fit the field
dataset. The best fit was based on the parameters shown in Appendix 1-8. Based on this calibration
TBA must be naturally attenuating because the modeled plume would not fit the field data unless
a decay coeffleient was assumed, albeit a low decay coefficient was simulated. The former Western
Fuel Oil sité ceased petroleum opﬁmtwns in 1995, The facilitios that served those operations were
" demolished between 1997 and 1999 in preparation for redevelopment of the San Pedro Business
Center, Therefore, releases likely ceased by 1995 when the operations stopped, excepting the
possibility of small relcases from lefi-over product in piping or other ancillary structure, By the end
of demolition, that potential residual source was also eliminated, Assuming no hatural attenuation
TBA would have likely been detected in the furthest most downgradient well (MW-8 at the
ConocoPhillips sitc,) by 2007. This well is approximately 500 feet from the source and TBA hag
never been detected in this well, Thus the TBA plumc is likely stable and generally confined to the
site by hatural attenuation processes.

It should bé noted that this approach is not sufficiently rigorous to represent ai exact prediction of
site conditions. Inaddition, calibration using the field data was done using reasonable assumptions,

but there were some limitations: For example, the defaults for the “distance from source” in the
BIOSCREEN model were not exactly equal to the distances observed with the field data, as such
the model calibration repregents the best fit given these [imitations. In addition to the field data
limitations, the simulation itself Incotporates several limiting assumptions; however, these
assumptions do not affect the overall conservative conclusions.

1.8 METHOD CONSERVATISM
The plome evaluation methods detailed in Appendix 1-1-and resultant findings surmmarized in this
report provide conservative, worst-case evaluations of site-specific digsolved-phase plume

potiditions, longevity, and potential impacts to groundwater use. The cumulative consideration of
these aspecis of plume behavior Ecads to a conservative, weight ofevidence qmﬁrmch using site data,

The underlying premises of the an_a_lyses are that observed temporal and spatial groundwater data
trends are the actual observed end products of all partitioning and transport phénomena, These
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methods are derived directly from plume partitioning and transport processes, and are consistent
with USEPA recommended protocols for evaluating plume trends (USEPA, 2002}, These methods
have been applied successfully for State Waler Resources Control Board Resolution 9249 closures
in $San Diego; Lios Angeles; and, Orange Counties, A briefsummary of the conservative factors in
 the analyses is provided In the list below,

* Geographic-based dissolved-phase mass estimates: When the plume masses are estimated
4t different time stamps, an area grealer than or equal to the general maximun historic
footprint size of COC for all subsequent plume mass caleulations is used as the outer bound
of the integration and "Not Detected” (ND) concentrations are expressed as the general
detection Himit. Therefore, this conservatively overestimates the dissolved-phase mass in
depleting plumes. '

. Temporal well by well plume !c)ngewty evaluation: The upper 95 % confi dume bound has
been used in predicting timefo fegulatory criteria which adds congervatism to the estlmates.
Additionally, the estimates do not account for acceletation of degradation processes as nags
decreases and the assimilative eapacity of the aquifer and vadose zone increases, resulting
in conservative estimates, particularly for wells in the plume core.

» Mass flux caloulations: It is assumed that the hypothetical pmduatmn well {theoretically
placed on-site) will capture 100% of'the already conservatively over-estimated plume mass
discharge. The hypothetical proundwater production rates arc assumed without
consideration whether the aquifer could indeed sustain production at economically viable
rates. When this analysis suggests no risk, it means in effoct that a drinking water well could
be placed in the center of the plume and net goncentrations at that well would be below
applicable maximum regulatory levels at various flow rates.

Tn summary, these varfous layers of conservatism mireor USEPA risk assessment practices-and those
of ASTM to provide a direct ana ysis based on data, rather than models, to assess the safety of'site
closures under Resolution 92-49, 1t is estimated that the safety factors involved generate more than
3 orders of conservatism over actual expected conditions.

1.9 SUMMARY OF DISSOLVED PLUME CONDI’I‘IONS EYALUATIONS

The following summary points provide key ObSCi‘VELﬂ(an of dlssolvecl-phasc plume conchtmns atthe
site based on the data provided:

L. The geospatial mass distributions illustrate the plume stability for benzene (Figure 1-3).

2, No wells were observed to exhibit increasing TBA trends and the wells with sufficient data
for & trend aualyais exhibited a decreasing trend and reach the regulatory criteria by at the
latest 2024 in the wells that are located a!ong, s thie leading edge ofthe plume {Appendix 1-3).
Thus the center of mass of the TRA plume is likely stable and is not moving dmwngadleuh

3 Warst-case scenario predictions using the mass flux rom the site to estlmate maximum
coheentrations of TBA at a hypothetical deinking water well result in no impacts above
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regulatory criteria for TBA (Table 1-3). Furthermore, utillzation of groundwater from the
Gage Aquifer would require treatment to remove naturally ocourring dissolved phase
constituents, During this treatment process TBA would most certainly be removed from the
produced groundwater,

4, TBA has not been detected in off-site ConocoPhillips well MW-8 and has not been detected
above the NL (12 ug/L) in offsite well MW-12, both of which are located directly
downgradient ofthe source area. MW-8 (ConocoPhlllips) and MW-12 have generally been
monitored for TBA since it was first detected at the site (2007); although MW-12 was
abandenad in 2009,

5. The plume trends and fate and transport analysis suggests that the TBA plume is stable
laterally and is attenuating, which is further supported by the absence of detections in
downgradient well MW-8 located on the ConocoPhillips site.

6. As discussed in the main body ofthe Corrective Action Plan (CAP) report, the TBA plume
is also contained vertically by predominantly upward vertical gradients in the Gage Aquifer
beneath the site.

Based on the summary of findings above, the TBA plume appears to be stable and contained by
natural attenuation processes, This, coupled with the marginal quality groundwater beneath the site
suggest that this plume meels State standards for presenting no risk, and no threat to future
groundwater use.

6871 Narth 3200 Wost 8F Ph. 33 655-8021 PAX 435 6355026



- AQULVER, INT, ! 9
Hydrageniogy. Waie Resiurces & Dota Sarviers

2.8 LNAPL PLUME EVALUATIONS

Various light nonsaqueous phase liquid (LNAPL) flow and transport properties have been measured
at the site. Coupled with the phiysics of multiphase flow, the following report sections discuss the
parameter values, as well as the implications and findings from those.

1 OVERVIEW OF MULTIPHASE MECHANICS

Light non-aqueous phase liquid (LNAPL) flow and stabilization (mobility/stability) can be
understood through the physics controlling the moverment of one fluid phiase in the presence of other
phases (muiuphase flow). Multiphase physics account for the hydraulic interactions and movement
of multiple fluids in the pore space, which for these site conditions typically Include water, vapor,
and LNAPL, These physics control the tiature and genesis of LNAPL plume releases. Tgnoring
cemposmonal reactions, multiphase mechanics are governed by the Contmmty Equation for mass
consetvation (Hquation 1), which describes the mass movement of any phase in any direction for
a hon-deforming coordinate system (Huyakorn et al,, 1994¢ Panday ct al,, 1994},

Where: " is the differential operator,
& 2k, k i é_ﬁé ] " m( oy 8)-M, indicatés the Cartesian direction of the
X ¥ l""p R G © 3-dimensional differential equation; k; is

the intrinsic yoil permeabilily tensor, k., is

the relative permeability sealar to phase
"p"\ subscript "p" vefers to the fluid phase of interest, @is the fluid potential (( 23U Sy, is the fluid
potential gmdu«*m) " iy time, 0 is soil porosity, p, is the density of phase "p", S, is the phase
saturation, and M, Is a mass so wree/sink term.

Despite the mmplemty of the ccmimuity equation, the. prmu sles It represents are easily described.
Movement of any phase (water, LNAPL, or vapor) in any priméry Cartesian direction (reprec;entgd
by the left side of the equation) is eontrolled by the fluid and soil properties and the gradient in that
phase at any point in time and space. Net phase movement into or 0t of' an elermental volure must
be equaled by a coincident change in mass within that volume (the right side of the equation). If

 gither the phase conductivity or the phase gradient is zero, there is no phage movement or mobility.
"The fluid potential ® includes a gravity ferm, and for LNAPL, is driven by the head conditions of
the LNAPL release, bvcl'printed to varying degrees by the water table gradient.

As a result of these physics, one would expect the development of L‘NAI’L bodies to be highly
transient in the early stages of the release due to the nonlinear aspects of the controlling physics. An
ideal plume, superimposed on a 0.001 feet per foot (ﬁ/ft) groundwater gradient, would develop
through time ag shown in the time series sequence of LNAPL saturation distribution in Figure 2-1.
Onie can sée from the LNAPL disirtbution that the LNAPL gradient {3 initially mounded, with flow
in both up- and down-stream directions relative to groundwater flow. The LNAPL pgradient
dissipates through time, and the mass redistributes latérally, depleting a fraction of the concentrated
cenlral mass that was present during the early stages of the release, LNAPL saturations generally
remain greatest in the mass centroid aren and ave lesser in areas distal to the release zones,

As a result of these mechanies, & finite LNAPL release will slow exponentially theough time,
eventually coming to static equillbrium with the prevailing ficld conditions, There are 4 key
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mechanisins that explain this expected stabilization through time, each of which can be amplified
by geologic heterogeneity:

1. The LNAPL gradient diminishes through time, as the fluid head created by the release
' caniiol be sustained without an ongoing release;

2. Many porous niaterials have a pote entry pressure; non-wetting fluids, like LNAPL in most
conditions, cannot inttude without a sufficient pressure gradient in that phase; _

3, The LNAPL effective conductivity diminishes through time as the finite volume of oil is
spread over larger volures of agquifer materials, As this occurs, the overall LNAPL
saturation decreases as a function of spreading and the rélative permeability toward oil also
decrenses exponentially. This s accentuated by water table fluctuations like the overall rise
in site aréa water lovels due to the sca water barrier system, acting to redistribute LNAPRL
over larger volumes of aquifer and vadose zone materials, as well as stranding sigmﬁcant
immohile fractions beneath that risen water table;

4, Soil has a capacity to hold oif against drainage as residual, ‘This means that a finite LNAPL
release will theoretically be retalned as residual at some maximum spreacimg_ distance, In
practice this final endpoint is not generally observed because of the other facets of
stabilization,

Given the factors above, there are sevetal interpretive aspects that can assist in assessing the state
ofthe LNAPL stabilization process at the site. Given the unknowns on release specifics and timing,
it is often observed that no single line of evidence is sufficient for the stability evalnation, The
evaluation of plume stability/mobility herein uses a weight-ofevidence approach considering all
these factors and interpretations. The associated lines of evidence include;

L. Confirmation that the LNAPL releases are finite and not ongoing in the site;

Evaluation of the relative age of the LNAPL plumes, the older a plume, the more probable
It has reached feld statle equilibrlum;

Evaluation of LNAPL gradients;

Lompaz isons of estimated LNAPL to water sonducﬁwty Vﬂ]uc:&’

Evaluation of LNAPL flow;

Review of pctrophysma[ properties, including expectations for an entry pressure threshold;
Inspection of LNAPL plume distribution to consider whether the mor phology is cotisistent
with the form of a stable plume.

b2

N o

The sections that follow present thi site data pertinent {o the controlling physics described above.
2.1 BASIC PETROPHYSICAL PROPERTIES

Basic petrophysical properties ate thase that have some direct and indirect Influences on LNAPL
volume, mobtlity, and transport, but are not the most sensitive of the influencing factors, These are
corimorly measured parameters for application to a wide spectrum of geological and engingering
praa.llc:m-, For this site, they Inelude permeability, porosity, grain and bulk density, moisture content,
and grain-size distribution. Reports generated by the petrophysical laboratory are presented in the
recent comprehengive site investigation (88, 201 14); recall that there have been multiple data
colleetion events, and different sets of parameters were devived during each testing stage, An
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overview of the results of psrmeability, grain-size, and porosity results is discussed below, The
remaining parametérs arc less important and are available in the lab reports,

The hydraulie conductivity of the upper aquifer materials has been estimated at about 1 fi/day
(CAPE, 2007), This corresponds to a soil permeabllity in the hydraulically respon'sive zoties of
about 0.35 Darcy. Lab testing of 2 soil cores indicated intrinsic permeability ranging from 0,059 -
0.087 Datey (SCS, 201 14), smaller than the fi eld-derived value. Typmallyk field values are favored
as the hydraulic responses represent flow across 4 larger domain that is less affected by the scale of
the sample than are soil cores,

The grain-size dlstrtbutlons for the soil samples indicates that most of the materials are primarily
fine-grained sand with significant silt and some elay. Except for one sample, SC5-B3-91.0 that had
about 6,5% Fnes (silt -+ clay), the remainder had fines ranging from 20.9 - 62.1%, with a geometric
mean of 32.3% and a median o 34.9%. This significant fraction of fines sugpests that LNAPL
m'()vementhesovei:y will be limited becauge of the high expected capillarity; oil moves less readily
in materials with small pore clzmenmom all other things being equal Measured capillary properties
are discussed below,

Porosity has been measured for several samples, ranging from 24.1 - 47.6%, with a median of41.9%
and a geometric mean of 40.1%, The lower values in the 24% range are low for granular
sedimentary materials, butthe median and geometiic mean values are well within the expected range
for predominantly sandy and silty materials.

2.2 CAPILLARITY

Soil capillarity controls the saturation of any phase (water, oil, air) as a function of fluid pressures
and the pore throat distribution in the sample soil core. Capillary préssure is the difforence in
pressure between the non-wetting and wetting phase for any couplet (water-alr, water-oil, oil-air).
The capillary curves are different for each couplet as a function of the interfacial tensions between
the {luid pairs. However, because the pore geometry is the same for a giveh sample corg, these
curves are scalable to one another by the ratios of interfacial and surface tensions (Fart et al., 1990).
That means that a single capillary cutve for one couplet, say water-air, can describe the romainder
of the system. All three couplets are needed to deseribe the multiphase conditions of the full system
as deseribed i Etuation 2-1 earlier in thig section.

Following the norms In the multiphase field, ai-water capillary curves were measured for two
selected cores ollected in the 2011 characterization events (SCS, 2011a). Based on the lab data,
AVldetermined the capﬂ!a: y parameters prosented in Table 4-4 (data and curve fits are in Appendix
2-1). Briefly, smaller values of ! indicate overall smaller pore diameters with a larger capillauy
rige. Larger values of "n" indicate a more uniform pore geometry. Agexpected from the grain-size
results, these two :,ampla.s exhibit high capillarity (high water retention, arid a low “o” value). The
residual water saturation is the agyniptotic value of the left side of the curve, Last, the bieakthrongh
pressure is the mpllim y pressure at which air {nitlally f[ispiacﬁs water at 0.5% or more (practical
detection liniil). This observed alr-gniry pressure also implies there is an oil-entry fesistance as well
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2.3 LNAPL SATURATION

Saturation reférs to the fraction of the pore space that is filled with anly particular fluid phase. For
instance, a saturation of 10% within a porosity of 40% would mean a volumetric content of 0.04 for
a given fluid. LNAPL saturation is related to volume, mobility and recoveérability, as discussed in
the multiphase physics overview above. Because it is a bulk physical measurement, saturation
results are a relatively simple and direct measurement of oil volume in the pon: space and does not
have the same limitations as chemical analyses of mass.

Ti addition to the In situ saturation, residual saturation may also be measured in the lab. Residual
saturation refers to the threshold below which physical movement ceases. There are 2 states for
residugl saturation; 3-phase and 2-phase. Threé-phase residual saturation is the threshold of
immobility where air is displacing both water and oil. Two-phaseresidual saturation is the threshold
of immobility for saturated conditions where only water and oil are present. Typically, 3-phase
saturations are smaller than 2-phase saturations for the same oil and soil types (e.g.; Figure 2-2).
The summary details of each type of test are diseussed in the following subsections.

2.3.1 In Situ LNAPL Saturation

In situ LNAPL saturation measurements were conducted using the Dean-Stark method during
sampling events from 2005 {o present. This method essentially uses weight measurements combined
with solvent sttipping of all lquids from the sample. Knowing the injtial sample weight, the volume
of solvent used and recovered, the fraction of water, and the pomauy, the LNAPL satuiration may
then be determined.

LNAPL saturation was measured on 12 50il cores (SCS, 201 1a) and ranged from 0 to a maximuin
of 20.4% in sample $CS5-B2-98.0, The median value is 6.1%, and the geometric mean 1s 2.5%,
These samples are purposely biased in that they specifically targeted zones of strongest laser-
induced fluorescence {LIF) signals that suggested the presence of relatively more significant LNAPL
than In zones of lower signals,

2.3.2 LNAPL Motlility/Three-Phase Residual LNAPL Saturation Results

$CS had testing per formed on 5 soils cores for what the Jab terms g “Free Product Mobility
Evaluation™; but it is more properly a 3-phase residual saturation test, Farthls test, native cores are
placed in a centrifuge apparatus and a force of 1,000 x Gravity (G) is applied to displace both
LNAPL and water. Fot perspective, 1,000 G= 29, 921 in Mg & 1,033,227 cm water, and is an
exceedingly large dtsplaaemcm pressure that drives the fluidstoa 1eardual sattuation andpmnt The
initial and final volinries of flulds in the poré space are measured, that which is left in the core
represents the 3-phise residual saturation. The initial saturations represent the native state of a
sample core at the time of sampling.

Congistent with the multiphase principles, review of Figure 2-3 indicates that in general, more oil
is produced from cotes that have a higher initial LNAPL saturation. It is observed that very little
oil fs produced from cores that have legs than about 7% initial LNAPL saturation. The final residual
LNAPL saturation values range from 5.9 » 8.2%, CGiven that the cores are subjected to 1,000 G of
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foree, these results represent a force, gradient, and endpoint saturations that cannot be achieved
under ambient or remediation field conditions, A more likely field value would be twice that range,
as suggested in an example satwration versus pressure daty set from g site with similar aquifer
materials (Figure 2-4), The results from these tésts will be used subsequently along with data to
agsist in estimating the hydraulically recoversdble fraction of LNAPL.

Further, as shown in LIF crosg-gection Figure 2-3, the majority of the LNAPL ig submerged berieath
the water table, and 2-phase residual saturations wouid apply to that zone, and would be expected
to bc much greater than the 3-phase results discussed (recall Figure 2-2).

2.4 LNAPL PHYSICAL PROPERTIES

The physical properties of the LNAPL include its density, viscosity, and the interfacial tension
between the LNAPL, air, and water, These properties together control the physical transport and
tecovery of the LNAPL. Other things being equal, a high viscosity product will have a lower
potential mobility and recoverability than a low viscosity LNAPL, much like viscous paint will pool
locally when spilled on the ground, but ethyl alcohol will run out flat, The density, along with
capillary properties, controls the amount of o that penetrates into the aquifer materials as a function
of the driving head. Interfacial tensions allow the capiliary properties for one phase couplet
(air-water in this case) to be scaled to the other capillary couplets (alr-oil, oil-water), Al 3 couplets
are needed (o deseribe a multiphase systam [‘mm a mechanistic point of view, as discussed
previously.

Based on carbon chaln characterization work done previously (Jones Environmental, 2002), the
LNAPL resembles predominantly kerosene to Jet A ranges of hydrocarbons, which have relatively
similar physical properties. The density is expeotéd to be approximately 0,81 glee, and the viscosity
around 1.5 ¢P. The interfacial tension for air-water is typically around 72 dynes/cm, the water/oil
IFT around 25 (field state) and the oil/dir also around 25 dyned/em. These physical parameters are
based on literature ranges published in the AP Inferactive LNAPL Guide (2004) and its assoicated

references. _

2.5 LNAPL CONDUCTIVITY

As discussed previously, the ability of LNAPL to flow in the subsurface Is proportional to the
intrinsic and relative permeability, as well as the distribution of LNAPL, Like groundwater, LNAPL
has both a hydraulic conductivity and transmissivity based on these factors. .

The aquifer permeability was disoussed above, with a field value of gbout .35 Darey representing

the higher range as compated to lab values, The LNAPL hydraulic conductivity can bo determined
by the formula below:

-t ] ' 2
KL - kf’L_ kt plﬂ%[{ @) |
Where "L" denotes the LNAPL phase, and K, Is the LNAPL conductivity, the remainder of the

parameter being previously defined in equation (1) above.
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| g k=808, M=1-1/N (3
L=KE V= %‘g’ ‘ (4) Where N is the van Genuchien capillary fiiting
' b parameter discussed previowsly, and S, is the

effective water phase saturation, where residual saturation values are scaled out as those represent
a volume of the pore-space not available to active flow.

Given these relationships, and the site parameters discussed previously, the hydraulic conduetivity
toward LNAPL is estimated for each of the soil cores collected in recent work by SCS (2011), and
shown in Table 2-1 below. As seen, where there is a value greater than zero, the LNAPL
conductivity Is quite small, sbout 100 - 20,000 times less than the groundwater conduetivity ofabout
1 fi/day (discussed abave)

SCS-BL1-99.0° | 10.10% 6.83% - 20.50% 95.49% | 3.700-02 178E-03
SCS-B208.0° 1 2040% 6.83% 20.50% 81.32% | 2J2B-00 | LO2ED2
SCH-B2-112.00 | 4.90% C683% 20.50% 102.65% | O00E+O0 | 0.00E+00
SCS-BI-0L0 | BE% 6,83% 20.50% 97.70% | L5SE-02 | 17,6004
SCS-B3-107.00 | 3.20% 6.83% 2050% | 10499% | 0D0E400 | 0.00B+00
SCS-B3-107.00 | 2.10% 6.83% 20.50% 105.68% | 0.000+00 | 0.00E+00
SCS-B1-99.0° | 7.00% 6.83% | 20.50% 99.76% | 8.64E-04 | 4.16E-03
S8R0 | 750% 6.83% 20.50% 99.07% | 4.926-03 | 2.37B-04
8CS-B3-9LOT | 7.70% 6.83% 20.50% 9B.80% | G.860-03 | 331E-04
SCS-B2-98.0' | 14.20% 6.83% 20.50% 89.85% | LO2E-01 | 491840
§, = Mative LNAPL saturation T Max | LOZE-02
8, = 1 - 8n (fraction of pors filled with water In a satusated-system) VT Y
8, = Residual LNAPL Satuiation, deter mincd by lab lesting " RTY
8., = Residual Water Satithation, determined by lab testing Ceomean | 8.068-04
8., = Bffeclive water phase saturalion in a fully salurated system e
K, = LINAPL conduetivity at the particular LNAPLsatwealion Median | 7.600-04

2.6 LNAPL VELOCITY POTENTIAL

Using a Darclan approach; the potential LNAPL flow is determined by combining the effective
conduetivity toward LNAPL with the gradient, porosity and saturation, This results in a potential
flow in the LNAPL phase, potential because other plume balahcing factors ike pore entry pressure,
lateral gradient and conductivity decreases, and mass balance among others are not considered by
this simple expression (4), whete V, isthe average liriear pore velocity, and ® is the tmal porosity,
These other facets will be considered furiher in the discussion that follows,

In the stib-chapter above, the LNAPL mnductivily range was developed, and the porosity and
saturation values were also meastred and discussed previously. The remaining factor as yet
presented is the LNAPL hydraulic gradient. The LNAPL gradient can be derived in the samme
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manner as the groundwater gradient; Itis the slope of the LNAPL head between wells where LNAPL,
is present, or the adjacent groundwater piexometric sutface if LNAPL is not present. The LNAPL
gradient-was determined for 4 time periods between 2002 and 201 for wells MW-19R, MW-6R and

MWI14R, as shown in Table 2-2a and Table 2-2b below.

TABLE 2-2a; DATA USE]) TO DETERMINE LNAPL,(}RADILNTS

Cwell 1D Dite TOGEWy | DTP ¥P Etevat _n' X 2
‘ C(feamsly | (feet BTOC) - (ft amsl). "
103172002 ' 89,56 8.1
_ 6/28/2005 88.7 897
MW-1 mied 97,67 ' 6474945511 1736943.3
R THTR007 § §9.76 791 o 8
61772011 89,34 8.33
10/31/2002 95.1 707
6/2812005 94,15 812 .
. i 2.2 : , 475143.96 | 1737134,
MW-GR TR 102.27 el Ay 6475143 .96 34,311
6/7/2011 9445 7.82
10/3172002 87,75 5.16
6/28/2003 87.52 5.39
W-14R et . memsnad (475586.769 | 1737208454
v 12/1772007 9291 8750 532 6473586.76
o/7/2011 | 87.06 N T
TABLT 2-21) LNAPL GRADIENT RESUL TS
paté. Gnuhent‘ "] Degrecs from Novth!
10/31/2002 0004 R5.67
6/28/2008 0008 1134
- 124772007 0,009 1284
6/7/2011 0.006 119.5
Noles _
I: Giradient and Direction caleniated using BPA onfine tools

Gyiven the LNAPL gradients and other factors discussed, the LNAPL velocity potential relative the
the LNAPL saturations measured in each soil core ¢ollected by SCS (201 1a) are shown in Table 2-3
bolow for the 2011 gradient. As shown, the maximum potential LNAPL, ve[omty is on the order of
0.35 fi/yr, with the geometric mean being 3.36 x 10%, and the median being 1.95 x 10 f/yr, with
3 of 10 samples having zero mobility (less than rcsxduai saturation),
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TAB"LIZ 2-3: ESTIMATE RANGE OF POTENTIAL LNAPL LINEAR PGRE VELOCITY

Sample ID i, | 8 Vv, (it/yr)
BCS-B1-99.0 0006 0,013 2.895-01
8C$-B2-98.0' 0.006 0.064 3.51E-01
SCS-32-112.0- 0.006 n/a 0,00E+00
5C8B3-01.0° 0,006 0o 239601
SC3-H3-107.0- . Qpos n/a 0.008+00
SC8-B3-107.0' 0006 n/a 0.00E+00
8C8[31-99.0° 0.006 0.028 3.21E-03
S0S-B2-1 12,0 0006 | 0033 156502
§Cs-B3-910 | o006 | 0,031 2341102
5CS-B2-98.0' 0.006 0.066 LGAE-0 L

' Max - 3.51E-01
Min .00 E-+00
Geomean 336802
Median 1.95E-02
i), = LNAPL gradient
8 = LNAPL- h]h.d p()msaty
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3.0 EVALUA-TI()N OF LNAPL PLUME AND CLEANUP CONDITIONS

There are 2 key questions that must be answered to cosider what cleanup or plume management
actions will be most appropriate at the site: 1) Is the [.NAPL plume stable from a management
perspective?; and 2) Will additional active cleanup have any net benefit to the waters of the State?
The following report sections will consider these questions and related factors to result in a
recommended general course for management of the remaining LNAPL beneath the site.

3.1 LNAPL STABILITY CONSIDERATIONS

There were several lines of evidence noted in the initial discussion of NAPL plume genesis that
would lead to 4 determination of LNAPL plume stability or not. The evaluation takes a weight-of-
evidence approach, whete each factor alone is not ag important as all factors in their totality, For
convenience, these factors are repeated below;

[ Confirmation that the LNAPL releases are finite and not ongoing at the site;
2. Evaluation of the relative age of the LNAPL plumes; the older a plume, the more probable
it has reached ficld static equitibrium;
Evaluation of LNAPL gradients;
Comparisons of estimated LNAPL to water conductmty values;
- Evaluation of LNAPL flow;
Review of petrophysical properties, including expectations for an entry pressure threshold;
. Inspection of LNAPL plume distribution to consider whether the morphology is consistent
with the form of a stable plume.

NP R

Ttems 1 and 2 above are siraightforward, The former Wesiern Fuel Oll site ceased petroleum
operations in 1995, The facilities that scrved those operations were dentolished between 1997 and
1999 in preparation for redevelopment of the San Pedro Business Center. Therefors, releases fikely
ceased by 1993 when the operations stopped, excepting the possibility of small releases from left-
over product in piping or other ancillary structures. By the end of demolition, that potential residual
source was also eliminated. Thus, it has been 16 years since any releases of importance have likely
occinred. As discussed eatlier, LNAPL quickly ceases to move once the gradients induced by the
release have dissipated, and that cessation is generally expected in the 3= 10 year time frame in most
cases,

liefi 3, the LNAPL pradients, were discussed above and are generally of the same mngmwde and
dirgction as groundwater flow. This Is typical of ¢confined LNAPL, whete the pressute regimes in
the LNAPL simply reflect the surrounding hydrostatic pressures, LNAPL is confined in the same
way proundwater is confined, by zones of porous materlals having low effective hydraulie
conductivity, in this.case with respect to LNAPL (recall processes discussed wbove). By way of
example, hydrographs for MW-6/6R and MW-14/14R have poaﬂ:avc statistical correlations between
groundwater head and product thickness (increasing head, increasing thickness; Appendix 2-2),

MW-19/19R also has 2 PDSIUVL cotrelation, but only of 0.4, However, this is likely because of the
small LNAPL thicknesses in the well, implying less hydrauhc continuity in the formation. But as
oan be seen even in MW-19R, in Jupe 2006 when there is a sharp temporary {iicrease in groundwater
head mirrored by a similar inciease in LNAPL thickness, indicating fluids in this well are behaving -
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in a confined manner. Increased pressure means higher head or thickness, and vice versa, In
summary, it appears the LNAPL has no independent driving head of significance beyond the forces
in the groundwater regime. That makes perfect sense given the extensive excavation and c¢leanup
actions taken to date in the shallow portion of the system, effectively cutting off any residual
gradients that might have remained from the original releases.

Item 4 has also been disoussed above, The analyses determined that, whete there is a value greater
than zero, the LNAPL conductivity is quite small, about 100 - 20,000 times less than the
groundwater conductivity of about 1 fi/day (discussed above). This of course means the potential
for LNAPL flow is also approximately 100 - 20,000 times less than gloundwater, And in 30% of
these cores, the LNAPL conduetivity was zero. Given that the coring program by SCS targeted
LNAPL-rich zoties, if there is a bias in this analysis, it would be expected to be toward the worst-
case conditions (i.e., conservative),

The potential veloeity of LNAPL (ltem §), was also found to be quite low, well less than I-ft/yr at
a maximuim, and less than a few hundreths of a fi/yr in the median and geometric mean case, As
mentioned, the velocity potential does not account for a wide variety of real-world factors that cause
LNAPL plumes to halt movement in the environment. Therefore these deé minimis values of

potential mobility are a wotst-case screening and indicating the plume s stable, '

Petrophysical properties, ltem 6, have also been developed above. The combination of high
capillarity, a distinet non-wetting eniry pressure exhibited in the capillary data, and the relatively
high pereentage of fings inthe majority of soil cores all indicate the LNAPL w1ti not flow easily in
this selting absent high pressure gradients. As discussed, gradients are in fact small, and unlikely
to maobilize LNAPL beyond its present position in the subsurface now or in the futute,

Finally, Item 7, plume morphology, remains ¢ ba inspected, There are 2 facets that will be
reviewed here. First, the distriiution of LNAPL inferred from the LIF investigation, augmented
with other daia, will be reviewed in map and cross-section views. Second, as discussed in the first
part 0f this report, dissolved benzene concentrations over time will serve ag an indirect reflection
of LNAPL conditions; the benzene plume was found to be stable and confracting, The concept here
is simple; if the LNAPL that is the source of benzene is gtable, then the benhzene plume should also
be stable. Conversely, if the dissolved benzene plume is moving dowristream over time, then
poténtial movement of the LNAPL “souree” could be one explanation for that observed behavior,

Cross Section A-A” discussed previously (Figure 2-5) shiows the inferred LNAPL distribution [roth
the southwést to the northedst, As seen, the submerged LNAPL plume is dominant in the areq of
CPT-17 and CPT-21, but other constraining datd points indicate that the plumes pinches out, as
expected, toward the northeast, The LIF wavefoim along the same section (Figure 2-6) shows
distinctly different product types in different zones of the plume as reflected in LIF spectral color
differences, again consistent with discrete product feleasés that rémained pradominantly local fo the
areas of the original relcase, The plume has the expected morphology of a stable plume,

In summiary, for this particular site, all the factors abové polnt to LNAPL plume stability. While
there may be small-scale movement in response 1o localized gradients; the plumé is old encugh and
displays all the other features of a stable plume relative to site management objectives.
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3.2 LNAPL CLEANUP CONSIDERATIONS

Cliven that the LNAPL plume is stable, as discussed above, the plunie management options range
from managing it in-place to more active engineered cleanup approaches. In this section, the net
benefit of various potential actions relative to the waters of the State will be considered. The
discussion will alzo consider the impact of any potential actions on the site operations of the Port
Distribution Center that represents an economic positive for the property and surrounding area,

As summarized by SCS, this site has had numerous active cleanup actions taken to-date, including
pump and treat, extensive soil excavation, air spalge/soi[ vapor extraction (1AS & SVE), free
product tecovery and other ancillary actions. As of 2001, it was estimated that approximately 12
million pounds of hydrocarbons were treated by the IAS/SVE system, and another 20,000 yd* of
impacted soil was excavated (Cape, 2001). About 13,000 gallons of water/product mixture have
been tydraulically recovered ftom wells MW-6R and MW-14R, with water typically being the
major c_ompouént of that volume (8CS, 2011a), Certainly all of these past cleanup actions have
improved site envirorimental ¢conditions in that the vapor pathway is now négligible, and the mass
recovered helps to further stabilize and reduce the long-term presence of the LNAPL piume

However; as observed in the investigations and discussed previously, LNAPL mass remains
submierged below the water table.

As noted in our 2005 Draft Report to the LARWQCB “Best Practices Study of Groundwater
Remediation at Refireries in the Los Angeles Basin (Beckeit, Sale, Huntley, & Johnson, 2003) " the
 single-most applied remediation technique in the area to address LNAPL is hydraulic recovery, We
discuss the limitations of that method, but also why 1t is used so often in practice, In a nutshel],
LNAPL fecovery ¢an mitigate the potential for LNAPL transport and it does recover some mass,
Whether it recovers enough mass to make a difference in plume mdnagement or the longevity of
chemicals of concern is the key question often left unaddressed at the majority of release sités.

Hydraulics also can typically be installed at site boundavies and not dramatically affect the
operations of various peuoieum refining and storage facilities, Whereas more aggressive cleanup
techniques commonly require a much higher density of clganup and/or control points fo be safe and
effective.

The API has developed screening tools to consider the general expect effect of LNAPL recovety and
cleanup (AP1 #4713, 2002: API Interactive LNAPL Guide, 2004). These tools are inlended to give
somg framing to the physical and chemical processes at work, and how cleanup may affect the
longevity of chemitals of concern in the environment. The petrophysieal and fluld parameters
discussed above provide the necessary Inpuls to the soreening evaluations. To provide an analogous
initial condition to that observed at the site, the initial LNAPL peak saturations ai¢ on the ofder of
20%, as measured by SCS in sample SCS-B2-98.0' (2011). The surrogate chemistry of key
gompounids in the LNAPL were matched to MW=10R, a well with a history of high TPHg and
henzehe unpacta The estifnate is run in a “type area” context, wherc we are interested i relative
change, not in a precise rendering of site-wide plume conditions; the geometry of the type area
includes a depth of 90«ft, and lateral dimensions of 330 % 330 f1 (=100 m). A fill report of'the mputs
to the estimates that follow is attached (Appendix 3-1),
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Using this screening approach, the baseline condition (natural mass loss scenario) is then compared
to hydrauiic recovery by skimming and by pump and treat with active gmundwater pumping. As
seen in Figure 3-1, the expected change in saturation dug to hydraulic recovery is quite negligible,
as is the assosiated change in benzene concentration over time for each scenario (I‘;gure 3-2, IA8
context will be discussed below). Ih effect, and consistent with an old, stable, and submerged plume
with all the given properties, hydraulles will no longer have any effect on plume management over
the long-term, As observed in MW-10 and other locations, the IAS/SVE cleanup initially reduced
congentrations slgmﬁcamiy, followed by rebound to nearly the same levels as priof to that cleanup
action. That observation is completely consistent as well with the fact that mbmerg&d LNAPL
exlsts well below the intervals of cleanup targeted by that IAS/SVE action, Again, this site scenario
is intended only to point toward reasonable technical expectations; like all sereening approaches,
the model and method is not designed to be highly site specific (API, 2004).

Taking this a step further, TAS can, in prmcipie, remove the volatile components from the LNAPL
as long as the subsurface coverage is sufficient In lateral and vertical dimensions. SVE will capture
that vapor stream. Because more volatile compounds partition prcfercntlally into the vapor stream,
the remaining LNAPL will in ptinciple become more enriched in less volatile and heavier
compounds (e.g., Figure 3-3). As shown then, if coverage and stripping is effectively designed, the
ratio of benzene to hedvier compounds should decrease through time as benzene is lost more rapidly
to the 1AS. Figure 3+4 is a chait showing the chiange over time of benzene to ethylbenzene at MW-
10 overlapping the time of IAS/SVE actions. As observed; this ratio is changing prior to the start
of cleanup, which is also consistent with natural partitioning processes In groundwater and vapor.
It is also seen that the cleanup did not change the overall slope of this ratio, and after IAS/SVE was
shut down, there was tebound in this ratio (ot shown on the particular plot, but observed in the
subsequent well data). These observations are again entirely consistent with not only LNAPL
submerged below the zone of cleanup, but also with the limited lateral coverage of the IAS system
- installed on 100-ft centers.

It is well dotumented through tank and field scale measurements that the zone of active vapor
stripping around an TAS location is quite limited, For instarice, Lundegard et al, show an active IAS
stripping zone of about 8-ft (2.4 m) in a fire-grained sand (e.g., Figure 3-5). Bockett ot al. (1995)
demonstrated IAS in the Ciage aquifer would have a coverage of about 2 - Im{~6.5 - 10-f1) radially
depending on operating conditions (Figure 3-6). 80, despite recovering significant mass from the
subsurface (12 million pounds) the TAS/SVE system clearly missed existing mass, and thus the
observed rebound and persistence of LNAPL and its associated chemical compounds. Given the
shallow aquifer materials are similar to the Gage, IAS wells would require a spacing of 10- 1o 13-l
on center and to a depth of at least 20-ft below the present water table, as indicated by LNAPL
saturation lmpacts at all depth levels investigated to 107 fbg (SCS-B3-107', 8CS, 2011),

So, following further hypothetically on what IAS may achieve in principle. If we take the same
'LNAPL scenario discussed above for hydraulics and assume that stripping atan adequate lateral and
vertical distribution of IAS operation could reduce benzene by an order of magnmtude (s seen-onsite
before rebound of the old system), what would be the expected result? Recall in Figure 3-3 above,
[AS under these ideal canditlons would be expected to feduce the overall concentrations of benzene
and other compounds in the near-term, but would not have a significant effect on ihe long-term
presence of the compound or the managemenit of the site.
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1AS is in many ways a surrogate for any form of intensive or agpressive cleanup. Cleanup well
densitics vertically and laterally are intense, particularly at this site, both for control and for the
effectiveness ol the action, But more to the point, exccutmg such an action at this site has obvious
limitations from a feasibility point of view, and again, even if implemented, would have negligible
benefit to the environment or the waters of the State. SC8 has extensively discussad the poor water
quality and the limited value of the resource at this particular location.

Any use of the groundwater in the future at or near the site would require treatment prior to use to
remove salt and other man-made impacts besides the petroleum beneath the site. Water treatment
would also remove any petroleum hydrocarbons that might reach that hypothetical polnt of use, As
shown in the groundwater analyses eatlier in the report, the dissolved-phase plumes are stable, and
in the case of benzene, where there are sufficient data to so demonstrate, that plume is contracting:
‘Therefore there are no reasonable or plausible impacts to water use by the remaining LNAPL st this
facility,

Given thatthe site has all risk pathways contained and managed (low-risk), and given that additional
cleanup would have no net benefit to the waters ofthe State, and a high impact to site opam’mom that
would need to cease to complete that effort, it is our opinion that no further action is warranted,
beyond monitoring plume stability and ongoing natural attenuation, There simply is no additional
action that might be taken in the face of these beneficial site commercial operations that would have
any benefit, and in a variety of scenarios would have negative net beneﬁis.

In summary, this gite meets the concepts of the SWRCRB 92 49 Resolution allowing impacts gresater
than MCLa to remain in-place if fhey pose no threat to the waters of the State, and if additional
cleanup is infeasible or expected to have no net benefit, and if those impacts are stable and naturally
diminishing. The site meets all these eriteria,
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4.0 REPORT CLOSURE

The work herein has been conducted based on current sclentific principles and the data provided by
SCS Engineers and other sources. These site evaluation results depend directly on this information.
Changes or ¢orrections to site data may alier interpretations herein, and if such changes are manifest,
it is recommended that these evaluations be updated accordingly, Hydrogeologic and multiphase
(LNAPL) evaluations have some level of inherent uncertainty in that pore and molecular scale
processes are represented by a macroseopic continuum, and results should be viewed accordingly.
Similarly, the discrete distributions and effects of geologic heterogenelty at most sites are unknown.
The analyses and evaluations herein are intended to set technical scenarios, not to represent highly
detailed spatial or temporal variability. This work has been conducted in accordance with selentific
principles and the professional standards of the State of California and other states with reciprocal
professional standards. No other warranty, express or imptied, is provided.
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APPENDIX 1-1
EVALUATION METHODOLOGY

GRTT Morth 2200 Wost, 851 Ph. 033 655800 FAX 435 6355026
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GROUNDWATER PLUME ASSESSMENT METHODS

A set of evaluation methods have been developed that use site groundwater data to estimate
plume conditions, stability, and longevity. The following sections discuss the approach that
Is applied to sites affected by petroleum releases under relatively simple and conservative
conditions. Tn summary, the approach includes evaluations of plume stability and
attenuation (mass loss), This avaluation provess builds extensively on contatnidant fate and
transport concepts outlined in the 2002 American Petroléum Institute Publication #4715,

EVALUATION OF PLUME STABILITY & MASS THROUGH TIME

Plumie stability refirs to & lack of observable geographic spreading through time after some
known or unknown period of initial spreading. “Plume” as used here refers to the dissolved-
phase footprint of any compound of concern, with different compounds often exh;blung
different footprints at a site. When a stable plume condition is present, it provides a static
etvirontnental management footprint. Expanding plumes generally require different and
more dynatic evaluation and manhagement approach. For the purposes here, g&oggaphic
stability can also include plume contraction whereby the boundary pertaining fo a given
dissolved-phase chemical is shrinking through time. A stable or contracting plume allows
fot simple and ¢onservative estimates of patf:ntnl impacts to the waters of the State and
other receptors, as applicable.

Plume stability or contraction is caused by a variety of atiributes in the subsmfaw
hydrogeologic and chemical system, Biodegradation of amenable compounds is often a key
facet to stabllity. Nonlinear sorption of chemicals to certain mineral and organic materials
in suturated soil can remiove mass from the dissolved-phase plume system, Dispersion and
. transpoit of chemicals in aquifer materials will dilute a compound plume to lower
concentrations on the plumie periphery. Ablotic reactions are also possible (hydrolysis,
oxidation, phaiolysis, ete.) but generally are not important in near-surface aquifer conditions.

Blume stability as a fuction of all these dynamic transport and attenuation processes can be

simply evaluated by spatial statisties. These analyses consider the total relative dissolved-
phase mags of a patticular compound as observed from monitoring data through time. First,
thie data are inspeeted for downgradient mi gmtion ofthe plume front. Ifthe maximum plume
boundary is not expanding after some maximum distribution time stamp, the rélative plume
mass through time can be [nspected for mass losses,

If the Integrated dissolved-phase mass of the plume is decreasing In the footprint, then it is
clearly losing mass with an acc:mdmgly dmnmshmg threat to the waters of the State.
Related to this analysls is a center-of-mass evaluation. 1fthe center-ofmass is not moving
downgradient significantly, then this too is an indicator that the pluma center is stable.
Often, this stable mass represents a small residual chemical source in diffusion:limited
zoies, imparting small but persistent mass to clean groundwater that moves into the area
from an upgradient direction,

The calculation méthodolcgy produces a dissolved-phase mass that is generally

BRI Orcens Aveniio, Soiil Reagh, G4 i‘lg 507 RURNUTE ¥k 367 1930605
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conservative, and more importantly, is used to compare mass at different times. The
dissolved-phase mass is used as an indicator of plume conditions, while recognizing that
there may be additional sorbed or residual mass in soil that feeds this dissolved-plame. The
total mass it the system is typically greater than the dlsscxlved~phase masg alone, The
maximum volume of impacted groundwater is estimated. The volume is derived from the
areal extent of impacts determined through site charactetization and dissolved-phase plume
tracking through time. The dissolved-phase plume thickioss is astimated from site data
where ave.:labi&_g or congervalively assumed if data are not available. The porosity of the
saturated zone is based on site data if available, or estimated from literature values based on
the desciibied soll types at a site. The relative dissolved-phase mass is then estimated by
integrating the spatial concentrations over the volume of contaminated groundwater, That
total dissolved mass, divided by the total water volume i the area of | mtegratlon., equals the
Integrated average concentration that can be used in flux estimates. The changes in mass are
relative comparisons. The total mass is a function of the volume of groundwater that is
impacted. The changes in mass are independent of the total rmass.

ESTIMATION QF TEMPORAL CONCENTRATION DECREASES

In addition to the spatial plume evaluations above, the temporal concentration trends at key
wells along the plume axis are determined; the nature and distribution of the site specific
plume(s) determine the wells selected for analysis. These temporal trends allow a forward
gstimate of the time to reach State MCL, for any particular compound of concern at a
particular location when statistically decreasing trends are present. Tt is often observed that
central “core” wells will exhibit a longer expected chemical lifespan than peripheral wells
where transport processes and degradation act to reduce plume coneentrations,

The temparal evaluations for key chemicals of coneetn are conducted using statistical trend
analysis consistent with the form of chemical transport and decay equations (exponential
form). The trends are plotted with the associated 95% confidence interval to ensure that a
downward, upward, or stable trend at a specific monitoring well is identified in context with
the data confidence. Obviously, an incteasing or flat trénd will not result in estlmates of
plume longevity, and other analysis methods are then required to derive those estimates and
are not part of the work presented herein. Downward trénds, when present, are used to
estimate the time required to reach MCLs at that location under the implicit assumption that
~ past plume decay processes will continue in the future. In general, this last assumptlon is
conservative as plume decay procesges, particularly bmde;gradalmn often iniprove as
chemical loading to the system decreases along with the increasing assimilative capacity of
the aquifer and/or vadose zones.

POTENTIAL IMPACTS TO GROUNDWATER USE

The potential impacts to groundwater use can be assessed Using a conservative fuk-based
analysis for stable or contracting plumes, Using the integrated plume concertrations
discussed above for each compound of concern, a potential worst-case chemical flux can be
estimated by combining those data with site groundwater flow estimates. In this evatuation,
it is conservatively assumed that integrated plume concentration is allowed to propagite info

2080 Cloemn Avgnue, Sonl Beaeh, CA - PUSE2 206-8076 Fax 362 7333603
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the aquifer system with no attenuation or othel masgs losses. This results ina conservatlvely-
high mass loading of compounds of concern to the aqum. That mass loading is then
evaluated in context with potential groundwater pumping rates to estimate the maximum
potential groundwater concentrations at hypothetical pumping locations. Losses of chemical
mass a8 a result of all forms of natural attenuation are not considered. 1fa plume is stable
or contracting, it is clear that there are actually no relevant mass fluxes Into the aquifer
system past the non-detection boundary. As aresult, the caleulation is a highly conservative
determination of mass flux from the defined aréa of impacts and is intended as a
conseivative screening method, and nol as a realistic setof'transport or flux conditions, The
value used for hydraulic conduetivity was 11 feet per day.

The groundwater flow through the aquifer is estimated from Darcy’s Law using the
measured or assumed aqulfor hydraulic condustivity and the average groundwater geadient.
That groundwater flow/unit area (Darcian Velocity) is then combined with the integrated
concentration data at the most recent plume time stamp to determine the mass flux. Then,
using the width and depth of the plume used in the statistical spatial analysis as the cross-
sectional area, the total mass loading to the system is estimated, This mass flux is then
allowed to be fully captured by a hypothetical groundwater production well pumping at
pumping rates ranging from 100 to 1,000 gallons per minute. The caleulation resulls in a
value for the concentration of a compound of concern in the pumpud groundwater as a
function of the applied pumping rate, This maximum potential cohcentration of the
compounds of concern in produced groundwater are compared to State maximum
contaminant levels (MCL#) in drinking water, or notification levels where MCLs have not
been determined.

*290 Qe Aver, Senl Buach, CA I, 562 FAB0TS Fax 562 TA-260s
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AFPENDIX 1-2
DISSOLVED PHASE BENZENE PLUME MAPS

T BETL Morb 2300 Wasl, #EF Ph. 433 6358034 FAX 035 6558025
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APPENDIX 1-3 ‘ :
DISSOLVED PHASE TBA STATISTICAL TRENDS

71 Mosrtly 3200 Wosl, S81° #l, d38 S508031 FAM AME 6355000
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APPENDIX 1-4
FLUX ESTIMATE CALCULATIONS

GETY Mo 2200 Wast, 68F P, 033 n35:300 FAX 435 655-5046
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APPENDIX 1-5
BIOSCREEN MODEL INPUT AND RESULTS

GRT1 North 2200 West, #8 Ma 33 6558024 FAX A3S 65300240
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APPENDIX 2-1
CAPILLARY PARAMETER DERIVATIONS

S0 Norlh 2200 Wast, S5 Pl 433 635-B034 FAX 435 n354020
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APPENDIX 2.2
LNAPL THICKNESS AND GROUNDWATER PIRZOMETRIC HYDROGRAPHS

APPENDIX 3-1
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Mydrogealpy, R IESOERGas & IXia Sorvigey

-AI‘I’ENDIX 31
KEY API LNAPL SCREENING INPUTS AND RESULTS
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EXECUTIVE SUMMARY

In2011, AQUI-VER, INC. (AV]) performed extensive analyses into contaminant fate and transport,
free product stability, recovetability, and the degree of remaining practicable cleanup at the subjéct
site. In that work, we found the dissolved-phase plumies to be stable or contracting, posing no threat
to use of groundwater, and expected to reach State maximum contaminant levels (MCLs) in a
reasonable time frame, We also found that the LNAPL plume is stable and non-recoverable using
commonly available cleanup methods.

In this update, we have reviewed more recent data collected by SCS Bngincers over the intervening
time and found that conditions remain relatively unchanged and within the range of expectations
presetited in our 2011 work. That work therefore stands as published (attached hereto).

In total, we determined that the site then met and now continues to meet the requirements of State
Resolution 92-49 closurs, and that no further action is warranted at the facility. Since our 2011
report, the State Water Resources Control Board (S WRCB) has also further clarified its position on
closurs of low-risk underground petroleum storage lank sites. That Low-Risk Policy states that it
is applicable to petrolsum underground storage tank sites and other sites of similar nature, a3 [s the
subject former Western Fuel Oil site (currently the Los Angeles Port Distribution Center).

Based on our past and current work, the site meets all the standards of a 92-49 and Low-Risk
closure. The plumes are stable and declining, they pose no risk, and they are approaching MCLs in
a reasonable time frame. Additional cleanup is impracticable, as has been shown in our work, and
regardless would have no benefit to the waters of the State if attempted, Given the extensive
cleanup at this site, over maiy years and many millions of dolars, the non-risk condition, the non-
recaverable remaining LNAPL, and the estimated attainment of MCL3 in reasonable time, this site
should be closed with no further action according to State policies. It is, however, recommended
that wells be destroyed and other logistical aspects are dealt with as part of the closure process.

GRYE MNorth 2800 Wasy, FEE PIL A0S 655008 PAKATS 6558026
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INTRODUCTION

This is an addendum to our report issued in August 2011, in coordination with 8CS Engineers,
entitled “Dissolved- and LNAPL Plume Stability Evaluatmns and Discussion of Clegnup
Implications, Former Westérn Fuel Oil Facility, 300 Westmont Drive, San Pedro, California, August
30, 2011." That 2011 report is attached here for convenience, Since thattime, additional dats have
been collected at the facility by 8C8, as discussed below, which do not impast the findings and
conclusions of our referenced 201 | report, which stands as published. Further, State Policy has
changed with the introduction of the Low-Risk Policy for Undetground Petroleum Storage Tanks
(and applicable to related facilities like the subjeut site),

The subject site is currently the Port of Los Angeles Distribution Center (PDC), and was formerly
the Western Fuel Oll Facility that underwent extenslve remediation in prepatation to facilitate its
present use, as well as post-development remediation actions. As summarized by SCS, this site has
had numerous active cleanup actions taken to date, including pump and treat, extensive soil
excavation, air sparga/sml vapor extraction ([AS & SVE), free product recovery and other smmllmy
actions. As of 2001, it was estimated that approximately 12 million pounds of hydrocarbons were
treated by the TAS/SVE systetn, and another 20,000 yd® of impacted soil was excavated (Cape,
2001). About 13,000 gallons of water/product mixture have been hydraulically recovered frorm wells:
MW-6R and MW-14R, with water typically being the major component of that volunie (SCS,
2011a). Certainly all of these past cleanup actions have vastly improved the site environmental
conditions in that the vapor pathway is now negligible, and the mass recovered stabilized and
reduced the long-term presence ofthe LNAPL and dissolved-phase plumes. However, some residual
impacts remain, as discussed in SC8's work (2014) and in our prior efforts (2011).

Stable and deelining plume conditions continue to exist today that were demonstrated in our attached
2011 work to be approaching regulatory cleanup levels in a reasonable time-frame, Theére are no
risks from’these existing stable and declining plume conditions (SCS, 2009, 2014). It.js not
antlcipated that the proundwater beneath the site would ever bé used for drinking water production
due {o its location within the seawater intrusion protection system, and its location adjacent to non-
beneficial use and saline waters. Any conceivable use of these waters in the future would require
extensive treatment, which in of tself would make the waters beneath the slie usabte as well if that
were ever to be undertaken. In short, the remaining p!umes pose tio threat and are approaching
regulatory cleanup limits via natural atienuation processes in a time frame reasonable with the site
and grouiidwater setting.

Given the extensive cleanup condutted at the Facility ovet time, the low residual levels of impacts,
the contracting plumes, the absence of risk, and the impracticability of further beneficial cleanup,
it is my professional opinion that this site should be closed immediately under the Low-Risk Policy

or Resolution 92-49, with no fiirther actlons excepting well destruction and reporting. ’

RECENT DATA COLLECTION
As vgported by SC8 (2014), additional proundwater sampling, gauging, aid well installation has

been conducted since AVI’s 2011 report. Review of the sampling data indicates that overall
conditions have remained in a state of slow plume decay, consistent with prior reporting and analysis
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(discussed below). Withih overall conditions, there were two changes of potential concern in the
newer information. First, onsite well MW.-24 has experienced an increasing trend iun diesel range
impacts; while at the same time benzene has continued to decrease at that location. As discussed
further below, our interpretation is this represents surface infilteation from the Port Distribution
Conter operations down the wellbore into the sampling zone,

Second; newly installed offsite well MW-29 (at the intermediate zone level), exhibited petroleum
range Impacts inconsistent with fate and transport and other site conceptual model aspects. As
explaingd below, several lines of evidence, including advanged chemical forensic analysis,
demonstrate lhat the impacts at MW-29 are related to a release source other than the Port
Distribution Center. The adjacent refinery, area pipelines, and historic c)per'auone by others are all
possible sources for these relatively low impacts at MW-29, However, since petroleum iimpacts at
this well are olearly not corinected to the subject Port Distribution Center site, impacts there have
no influehee on our prior plume and transport evaluations.

It Is important to review updates in overall site plume conditions since our 2011 reporting to ensure
expected trends are continuing, which they are as discussed below,

With régard to fate and transport, groundwater gradient conditions reported by SC8 (2014) are |
within the ranges of prior conditions, with an overall upward gr adient and lateral gradients between
0.004 and 0.006 fi/fi. The lateral groundwater gradient usad in our 2()I Itransport evaluations was
0.007 fu/ft.

Review of benzene data (SCS, 2014) demﬂnstlates that as of the Janvary 2014 samplmg, benzene
is gither within or below the historical range of concenirations used in our 2011 work, Similarly,
forensie and standard ahalyses Tor TBA and TAA shows these sompounds to alse be within or below
the historical ranges at that site; again, indigating ongoing downward trends in plume concentration
and mass, TBA and TAA were not detected in the most recent standard lab sampling (January 2014),
and only detected in MW-10R. (83.06 ug/l, Febroary 2014) in the forensic evaluations, which have
a lower detection limit than standard laboratory work.

Review of the free produgt thickness detection data shows that free product continues to be observed
at low historic levels at thtee locations as of the January 2014 gauging even (8C8, 2014); MW-6R
(0:47-1t), MW-14R (0.30-11), and MW- [9R (0.05-11). These free product thicknesses are well within
the ranges considered in our 2011 evaluations of free product stability and recoverability.

MW-24 - Decreasing Benzene & Increasing DR

MW-24 is an intermediate depth well, located in the truck loading area of the PDC (Figure 1, Site
Plan), As seen by the chemical hydrograph for well MW-24 (Figure 2), bénzene has been generally
demea‘:mg in goncentration over time, while there hasbeen a distinet move recent rise in diesel range
arganics (DRO) concentrations. Benzene is a compound of concern, DRO itself is not, so the key
takeaway Is the ongoing expected decline it benzene concentrations i cons'istenl; with the
expectations of our 2011 work.
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It is noteworthy that these recent DRO concentrations are well above the solubility limits of diesel
fuels (typically less than 6 - 15 mg/! solubility, APt 2004), meaning that the results are emulsified
and invalid asa quantitative dissolved-phase measure, Therefore the apparentdissolved-phase DRO
increases may not in fact be present ai concentrations reported by the lab, However, the increasing
coneentrations do indicate a change in conditions and this is of potential congern given the location
of MW-24 within the trucking operations area of the PDC, The nost obvious source for a new
occurrence of diesel at an infermediate groundwater depth at this location is the surface trucking
operations. (Hven the historle nature of the subject plume beneath the PDC, anid the absence of
signiﬁaautly changed hydraulics or other conditions, there is no expectation that this DRO increase
is a result of natural fate and transport processes, but rther anew and presumably short-term pulse
from surface runoff infiltrating the well box. Itis always prablematic to have direct conduits to the
aquifet under conditions where there are surface sources that can add contaminants, which are
fundamentally low mass artifacts imprinted on the broader historic plume.

Given the overarching recommendation of our work, which is for site closure, it {5 recommended
that this well and others within the operations footprint of the PDC be destrayed, as chemical and
gauging tronds over the years are well controlled, and the risk of having these wells remain is greater
than the value of maintaining these locations,

Petroleum Impacts at MW:29

Recent work by SCS (2013/2014) included installation of new offsite and down gradient wells
relative to the PDC site. An intermediate zone well furthest down gradient, MW-29, exhibited
unexpected petroleum impacts based on the conceptual site mods! and expected transport conditions
(Figure 1, Site Plan),

Advanced forensic evaluations by Zymax Laboratories, and a review by thelr Senlor Geochemist
Dr, Alan Jeffrey (attached hereto), show that the impacts at well MW-=29 bear no resemblance to,
and could not have come from, the PDC area plume. For Instance, a diagram of the paraffing,
isoparalTins, aromatics, hapthenes, and olefing (PIANO; Figure 3) of MW-29 ag compated to onsite
well MW-10R shows the highly distinct differences in these petroleum products. There is also a
poor correlation in the gas chromatographic response between these locations (coefficient of
correlation = 0,29; Figure 4), Given thése observations, and those of Dr. Jeffrey, it is chemically
dc:f“mt;vc: that MW=-29 is unrelated to the PDC site plume

In addltmn toy that straightforward line of forensic chemistry evidence, there afe other supporting
observations forthis conclusion. First, as shown in Figure 5, the grmundwaie] geochemistry at MW-
29is mgmhcantly different from that within the PDC plume. That is, the groundwater at MW-29
{s no longer the same a3 the PDC proundwater, but rather something much different (saltier). 1f
Lransport wais from the PDC to MW-29, groundwater geochemistry would tend to be similar, There
is obviously the addition of non=-site groundwatm 1o this MW-29 area, and that means that a good
portion (or all) of trangport Lo this area i3 not from the PDC site.

Well-known plume transport prmclpies coupled with California’s plume cllstrlbutton studies, dictate

that contaminant concentrations decrease with distance away from the “source” arca. It s not
redsonable to have higher concentrations of a degradable compound like benzene at a distal location
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like MW-29 than is present in near-source locations like MW-10R, This is physically implausible.
Furthet, MW-29 does not contain detectable tert-butyl alcohol (TBA) or tert-amyl alcohol (TAA),
the most transportable of contaminants present hlstorically onsite, that will effectively move with
the flow of groundwater and be muted by atienuation processes, It is not expected that a degradable
cotmpotnd like betizene would travel preferentially to lesser degradable compounds like TBA and
TAA. Further, MW-29 contains diisopropy! ether (DIPE), whereas source area wells at the PDC
do not. DIPE was used by some refiners as an anti-knock and oxygen additive from the late 1970s
forward, peaking in the mid-1990s during the Reformulated Gasoline era (RFG). Again, the
presence of DIPE and absence of TBA/TAA at MW-29 ate distinguishing features, along with the
othet forensics, of a release attributable to a source other than the PDC site, MW-29 also confains
chlorobenzene, which has never been detected in PDC plume wells.

In swmmary, petroleum impacts were discovered at MW-29 that are unrelated to the PDC site, and
therefore clo not influence past work regarding plume stability, transport, or rigk,

In total, given the data reviews above, there have been no changes in overall plume conditions since
2011 that would have an impact on the work and conclusions of our 2011 u.,porlmg That report
stands as Issued.

REQUEST FOR 8ITE CLOSURE

Based on the analysis in our 2011 work, which remains fundamentally unchanged with regard to the |
newer data collection since, it is my professional opinion that the site meets the closure
specifications of the SWRCB Resolution 92-49, as well as the low-risk policy. In specific:

1. The unauthorized release is located within the service area of a public water system; as
reported by 8CS, the site is serviced with public water, and groundwater flows into a non-
beneficial-use zone just offsite, Further, the site is within the sea-water infrusion system
whereby changes to these conditions are highly improbable, Plume statistical evaluations
and fate and transport analyses confirm that thc plumes are stable and posé uo risk to
beneficial surface or proundwater,

2. "The unauthorized release consists only of petroleum; as documented by the data collected
by $C8, the subjeet plume is the direct result of historic petroleurn operations predating the
PDC operations of today,

3. The unauthorized _(“primary”) rélease from the tank system has been stopped; tanks and
other operational features of the former Western Fuels were removed in the late 1990s and
remeadiated as part of the extensive work preparing the site for its Brownfield conversion
from an impaired property into a viable new business.

4, Free product has been removed to the maxinum extent practicable. The present extent is
limited to three wells that have had generally decreasing observed thickness trends over the
last several years, and low transmissivity velues. Despito ongoing vacuum truck recovery,
these small isolated occurrences remain; the greatest remaining observed thickness ds of last
imeasirenient in Janvary 2014 was 0,47—{1 at MW-6R, with a declining trend, Part of the
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limitation in additional oleanup is that the majority ofthe plume was already remediated with
the property change to the PDC, The other limitation pointed out in our 201 [ report is that
the LNAPL that remains is submerged below and immobilized by the water table levels,
presenting difficult additional remediation targeting.

Site LNAPL transmissivity values (determined with site specific data) are much lower than
the 0.1 to 0.8 ft*/day range that the Interstate Technology & Regulatory. Couneil (ITRC,
2009) recommended as a practical endpolnt to effective hydraulic LNAPL recovety. Qur
detailed analysis, using site specific parameters collected by SCS, demonstrates that
additional free product recovery will have no measurable beneficial effect. Other remedial
oplions #re not viable with the footprint of the PDC business operations, and are not
warranted given the negligible expected benefit, as detailed in owr 2011 work, At this late
plume stage, natural mass losses likely exceed the failingly small remaining recovery
possible through hydraulic recovery,

A wnc;ptual site model has been developed; SCS along with AVI have completed
development of a robust site conceptual model based on 3-dimensional data collection and
years of data acquisition (and cleanup) considering petroleum impacts, transpott & teceptors,

Secondary source removal has been addressed; as part of the redevelopment, a substantial
portion of surface and subsurface soils were removed to create a “clean” buffer around the
new PDC operations, There are no secondary source removal actions remaining,

Soil or groundwater has been tested for MTBE and results reported in accorddance with
Health and Safety Code section 25296.15. 'The small residual impacts of TBA and TAA
have been demonstrated through our work to pose no adverse risk to the waters of the State.
MTBE Is not present at the subject site.

In suminaty, the site presents no adverse tisk to receptors, including the ground and surface
waters of the State. The residual site plumes are stable and contracting, pose no risks, and
will attain regulatory cleanup thresholds within a reagsonable time frame. Given all the
eleahup work done to date, the change from a leaky disheveled old refingry/tank farmto a
viable Brownfield business redevelopment, and the coincident property improvements
thereof, this site is well suited to immediate regulatory closure,
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REPORT CLOSURE

The work herein has been conducted based on current scientific principles and the data provided by
§C8 Engineers and other sources, These site evaluation results depend directly on this information,
Changes or corrections to site data could potentially alter interprotations herein, and if such changes
are manifest, it is recommended that these evaluations be updated accordingly. Hydrogeologic and
multiphase (LNAPL) evaluations have some level of inherent uncertainty in that pore and molgcular
scale processes are represented by a macroscopic continuum, and results should be viewed
accordingly. Similarly, the diserete distributions and effects of geologic heterogenelty at most sites

are defined only on a limited basis. The analyses and evaluations hereln are intended to set
technical scenarios, not to represent highly detailed spatial or temporal variability. This work has
been conducted in accordance with accepted scientific principles and the professional standards of |
the State of Callfornia and other states with teciprocal professional standards.
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Introduction

Four water samples, labeled MW=I0R, MW-26, MW-27, and MW-29 were recelved at Zymax on
Fobruary 13, 2014 for characterization and compatison of petroleum products in the sample, The
following analyses were performed: ’

1. CyCip gasoline range hydrocarbon concentration by GC/MS

2. Fuel oxygenates by GC/MS

3. Cyp-Cyg alkane analysis by GC/MS

The complete laboratory data report is presented as an Appendix fo this report,
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Methodology

Cy-C 1 gasoline range quantitation in water and soil samples by GC/MS

Volatile hydrocarbong are purged from water samples by bubbling helium through the sample.
The purged sample components are trapped and concentrated on an adsorbent trap. When
purging is complete, the sample components are desorbed by heating and back-flushing the
adsorbent trap with hellum, The desorbed hydrocarbons are eryofocussed on a capiliary pre-
¢olumn. The cryogenic trap Is then flash-heated and the analytes are irjected into the gas
chromatograph (GC) as a tightly focused mass. A 60 meter narrow bore DBS capillary column is
used 1o separate the hydvocarbon, which are detected with a mass spectrometer (M8) interfaced to
the GC. A total of 123 volatile hydrocarbons and sulfur containing compounds are quantified by
eomparison with authentic standards.

Fucl oxygenates in water and soil samples by GC/MS

Oxypenates are purged from water samples by bubbling helium through the sample. Soil samples
are shaken with methanol, and an aligquot of the methanol extract is injected into distilled water
and purged in the same way ag water sainples,

The pmged surmiple components are trapped and concentrated on an adsorbent trap. When
purging is complete, the sample components are desorbed by heating and back-flushing the
adsorbent trap with helium. The desorbed hydrocarbony are cryofocussed on a caplllat y pre-
colump, The cryogenic trap is then fash-heated and the analytes are injected Into the pas
chromatagraph (GC) as a tightly focused mass. A 60 meter narrow bore DBS capillary column is
used 1o sepatate MTBE, TAME, ETBE, DIPE, TBA, and ethanol, which are detected with a mass
spectrameter (MS) interfaced Lo the GC.

C1o-Cyg alkane distribution by GC/MS

Water samples ate extracted with methylene chlorlde solvent and the solvent extract
congentrated, Extracts are direclly injected inte a GC equipped with a 60 meter DB column to
separate the hydrocarbons, which ave detected with a mass spectromeler (M8) in full scan mode,
iterfaced to the GC. N-alkanes and isoalkanes in the range of Crp to Cyp dre identified by
compatison with qtsmc_ls;rds and by MS friggmentation patterns,
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Hydrocarbon Characterization and Comparison

The CaCo gusoline range concentrations in the samples are shown in the Appendix, and are
displayed as bar diagrams in the following pages. MW-I0R, shown on p.7, containg a suite of
bydrocarbops that 13 dominated by cycloatkanes, but contains small concentrations of
trimethylpentanes, which are alkylate hydrocarbons that are blended into gasoline to increase
octane levels, The BTEX components are dominated by benzene and ethylbenzene, which is
characteristic of degradation in an anaerobic environment (Chapelle, 2001). The bar diagram of
MW-26 on p.7 shows a similar distiibution to MW-10R up to C8, Benzene and ethylbenzene,
however, are in much lower concentrations in MW-26, which would be consistent with the
dissolved hydrocarbon plume migrating into 2 more a_e:fc.bié:: gnyiromment, which would promots
the degradation of the benzene and ethylbenzene. The concentrations of the C3-benzenes and
Cd-benzenes arte relatively higher in MW.26, and may reflect input from anothet source,

The bar diagram of MW-29 on p.8 shows. a very different hydracarbc\n distribution, which s
dominated by benzeéne and a methylpentene. In addition, {n compmison with MW-26, the
distribution of methylpentanes (identified as horizontal ling 1) is different, and the concentrations
of the dimethyleyclopentanes (horfzontal line 2) are considerably lower. The relative
concentrations of the BTEX compounds [n MW.29 reflect their solubility In water and represent a
relatively undegraded dissolved gasoline plume, MW-29 also containg DIPE (7 ug/l), a fuel
oxygenate that was not detecfed in any other samples. These differences in the hydrocarbon and
additive compositions indicate that the gasoling in MW-29 i3 not sourced from MW-10R,

fn the bar diagram of MW-27 on .9, behzene is dominant, with very small concentrations of
other hydrocarbons, Ethylene dichloride (EDC) was also dotected, which is probably associated
with the other chlorinated solvents, dichloropropans and trichioropropane, that were detected in
the sample, as shown in the appendix, Dichloropropane is an intermediate in the production of
tetrachloroethiene and other chlornated chemicals (Rossberg et al, 2006). Historically,
trichioropropane has been used as a paint or varnish remover, a cleaning and degreasing agent,
and in the production ol pesticides. Currently, it is also being used as a chemical intermediate in
the procegs of making chemicaly such as hexaflupropropylene and polysulfides and as an
industrial solvent (Cook, 2009). Tetrahydrofuran, an industiial solvent, was also detected in
MW-27. The minor hydrocarbon ¢onstituents ih MW-27 are in such small concentrations that it
is difficult to make any reliable correlation to the other saimples. However, the BTEX distribution
moré closely resembles the distribution in MW-29 than MW-26, suggesting that it MW.27 the
BTEX compounds in particular aie probably derived from the same source as MW-28,

Chapélle, FiFL (2001) Groundwater Microliology and Gecchémistry; 2% Bdition. Jolin Wikey and Song Ing,
New York, pp:378-379.

Conke, Mary (2009), Emesging

2} (Report). United States BPA,

Manired Rossberg, Wilkelm Lendle, Gerhard Plleidersr, Adolf Tégel, Bbérhard-Lucdwig Dreher, Erbst
Langer, Helnz Rassacits, Peter Klelngehmidl, Helnz Steack, Richard Cook, Uwe Beek, KarlsAuguat Lipper,
Theadore B, Torkelson, Eckhard Lbser, Klaug K. Beutel, Trevor Main “Chlorinated Hydroearbons” in
Ullmann's Baeyelopedia of Induswial Chemistry 2008, Wiley-VCH, Weinheim,

dob:10.1002/14356007.806 233 .pub?
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The Cio-Cho GC/MS alkane ehromatograms are shown on pp.7-9. MW-10R contains a sujte of
hydrocarbons from 20 min to 55 min retention time in the carbon range C10-C24, which is the
range of diesel and #2 fuel oil. Isoalkanes are dominant, with no evidence of n-alkanes, which
are dontinant in fresh diesel and #2 fusl oil, but are the most readily biodegraded hydrogarbons,
The peaks up to 20 min retention time reprasent volatile hydrocarbons, There is no evidenoe of
this diesel/#2 fuel ofl in MW-26, MW-27, or MW-29, In MW-26, there is, in addition to the
volatile hydrocarbons up to 30 min retention time, unidentified material from 45-50 min and a
sulte of n-alkanes from nC25 to nC35; this represents a small amount of petroleum wax from an
unknown source, In MW-27, the only alkanes identified were from petroleum wax. MW-29 also
contained a small amount of petroleun wax. A large peak, identified as C10HT5NO028, probably
represents n-butylbenzenesulfonamide, which is widely used as a plasticizer in polyacetals,
polyamides, and polycarbonates, and has been found in ground water and effiuent from
wastewater treatment sites.

Conclusions

o Water sample MW-10R containg dissolved hydrocarbons that most likely represent
degraded gasoline.

»  MW-26 contains a similar gasoline, and some heavier arotnatic hydrocarbons, probably
Tram another source.

¢  MW.29 contains a different gasoline with the fuel oxygenate DIPE. This gasoline is
from a different souree than MW-10R.

« The dissolved gasoline in MW-27 appears to be more similar to MW-29, and is probably
from the same source as MW29,

« MW-10R also contains degraded diesel or #2 fuel oif that wag not defected in MW-26,
MW-27, or MW-29,
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