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Testa Environmental Corporation 
19814 Jesus Maria Road• Mokelurnne Hill, Cal1forn1a 95245 

Phone/Fax: (209) 764-1422 
E-mail: stesta@goldrush.com

California Regional Water Quality Control Board -
Los Angeles Region 
420 West Fourth Street, Suite 200 
Los Angeles, CA 90013

Attention: Ms. Ann Lin 

Subject: Report on Phase Ill 
Additional Site Characterization 
June 2011 

June 30, 2011 

Former Chemoil Refinery, Signal Hill, California 
sue No. 453A 
Pn;>.i§.£1 No. 94-11-1008.74 

Dear Ms. Lin: 

On behalf of Signal Hill Holding Corporation, presented herewith is Testa Environmental 
Corporation's (TEC) Report on Phase Ill Additional Site Characterization for the Signal Hill 
Holding Company {SHHC) former Chemoil refinery site, located in the city of Signal Hill, 
California. The information discussed herewith reflects the request of the California 
Regional Water Quality Control Board- Los Angeles Region (CRWQCB-LAR} for quarterly 
gauging and groundwater quality monitoring and the need for further subsurface site 
characterization. Such activity has been performed since 1985. 

In addition, the need for additional subsurface site characterization was discussed 1n July 
2008. Results of such discussions resulted in the implementation of additional work which 
was divided into three Phases. This report contained herewith is comprehensive 1n nature 
and includes a summary of results previously generated during Phases I and II, and results 
generated during conduct of Phase Ill related activities. Included is discussion site 
description and history, purpose and scope, field and laboratory methodology for field and 
analytical work, subsurface hydrogeologic conditions, soil and groundwater quality, and 
conclusions. In addition, the site conceptual model has been updated to reflect all 
subsurface data generated to date. 

Attachments include all pertinent agency correspondence, soil boring logs and well 
constructron details, tabulation of soil boring data, soil quality and soil gas data, 
groundwater gauging data and annotated hydrographs showing fluctuations of water levels 
with time, groundwater quality data and graphs showing fluctuations with time, and 
associated laboratory reports. Graphic rlluslrat1ons showing location of all sampling points, 
soil borings and probes and monitoring wells, and subsurface hydrogeologic conditions and 
distribution of hydrocarbons in the subsurface, are also provided. 



Should you have any questions, or require further clarification pertaining to the contents of 
this report, please do not hesitate to contact us. 

Very truly yours, 

TESTA ENVIRONMENTAL CORPORATION 

___,S�� 
Stephen M. Testa 
President, CEG No. 1613 

cc. Mr. Harrison Chang, Signal Hill Holding Company
Mr. Rick McAukey, MPO Walnut Partners, LLP,
Mr. Tom Graf. Jorden and Graf
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1.0 EXECUTIVE SUMMARY 

Subsurface environmenlal·related activities liave been performed at the Signal H<II Holding 
Corporation {SHHC) former refmery site located 1n Signal Hill, Cal1fomia, since 1985, with a hiatus 
from monitoring between July 1999 and October 2001. On behalf of SHHC, Testa Environmental 
Corporation (TEC) re-initiated quarterly groundwater qual,ty monitoring at t11e former Cl1emoil 
refinery site in 2001. In addition, TEC has performed add1t1onal subsurface site cl1aracterization 
related-activities in late 2008 and 2009. The informat,on discussed herewit11 reflects the request of 
the California Regional Water Quality Control Board - Los Angeles Region (CRWQCB-LAR) for 
further site charactenzat1on as set forth in therr leUers dated March 24, May 20 and June 10, 2009. 

The report contained herewith 1s comprehensive in nature and includes a summary of results 
previously generated during Phases I and 11, and results generated durmg conduct of Phase Ill 
related aclivi!ies. Act1vrt1es performed as part ot Pliase I and Phase II additional site characterization 
included cont1nuat10n of quarterly groundwater gauging and quality monitoring, abandonment of 
three former light non·aqueous phase liquid (LNAPL) hydrocarbon reoovery wells and one former 
mon1tonng well, installation of six soil borings which were completed as groundwater monitoring 
wells, including four of sucl1 wells being situated off -s,te, testing of 52 soil samples retrieved from the 
six new wells, and conduct of a soil gas survey As part of Phase 111, the soil gas survey was 
extended off-site south of the site, and three add,tional off-site groundwater monitoring wells were 
installed. In addition, the Human Health Risk Assessment and Site SCM have been updated to 
refiect all subsurface data generated to date 

The site is underlain by deposits of unconsolidated, stratified, laterally discontinuous sequences 
of fine-grained soil with an intervening fine-to coarse-grained sand layer, which exists at depths 
from about 13 feet to 45 feet below ground surface {bgs). Groundwater beneath the site IS nol 
a source or potential source for drinking water. As of March 2011, overall groundwater 
occurred at elevations of 5.31 and 6.52 feet relative to mean sea level, respectively (depths 
ranging from 12.60. to 15.70 and 41.50 bgs, respectively), as measured in wells MW-8, and 
MW-1 and MW-3, respeclively. Depth to groundwater ranged from 10.80 to 41.50 feet bgs, as 
measured in wells MW-19 and MW-3, respectively Beneath the Eastern Parcel, groundwater 
was encountered at elevations of 5.39 and 5 50 feet (i e., depths of 24.60 to 26. 10 feet) as 
measured in wells MW-2 and MW-10, respect>vely Groundwater flow beneath the site was 
generally toward the south-southeast, slight mounding beneat11 the southwest portion of the 
Western Parcel. Hydraulic gradient 1s on the order of 0.003 to 0.006 ft/ft 

In regards to overall soil quallty, additional characterization activities associated with Phases I, 11 and 
Ill, were consistent w,th past site operations and reported results Notably, significant portions of the 
soil column beneath the Western Parcel are impacted by residual hydrocarbons. Such impact 
extends from the existing ground surface vertically downward to the water table, notably, beneath 
the southern port,on of the Western Parcel. The northern portion of the Western Parcel is least 
impacted by the subsurface presence of residual hydrocarbons. In add1t1on. a small localized area ,n 
the northwestern comer of the Eastern Parcel was also delineated. Soil quality data generated 
dunng Phase II and Ill related activities noted the presence of residual hydrocarbons in the vicinity of 
the piezometric table south of the site as reported 1n wells MW·12 and MW-17, situated west or the 
Western Parcel, and wells MW-15, MW-16, MW-17 and MW-19, situated south-southwest of the 
Western Parcel. 

During the March 2011 groundwater sampling event, dissolved GRO was reported 1n 10 out of 16 wells, 
and ranged from non-detect to O 35 to 19 mg/Lin wells MW-17 and MW-19, respectively. Dissolved ORO 
was reported in 12 out of 16 wells, and ranged from 1. 1 to 11 mg/L, 1n wells MW-17 and MW-11. 
respectively. Dissolved DR Or using;;., silica gel rinse were reported in 10 out of 16 wells with 
concentraMns of O 3 to 1 7 mg/L, as measured in wells MW-10 and MW-11, respectively. The reduction 
in measured dissolved DR Or using s1l1ca gel indicates appreciable ongoing biodegradation of petroleum 
hydrocarbons in groundwater. Dissolved Benzene, Toluene, Ethylbenzene or Total Xylenes were 
reported 1n five out of 16 wells: MW-8, MW-9, MW-11, MW-12, and MW-lg, Dissolved Benzene, 



however, was reported in only three on-site wells at concenlratrons of 46, SO and 5100 uglL in wells MW-
8, MW-9 and MW-11. respectively. 

MTBE was reported in five wells at concentrations of 11, 32, 19, 26 and 130 ug/L in wells MW-1A, 
MW-8, M W -13, MW-16 and MW-17, respectively Tert-Butanol was reported in two wells; wells 
MW·8 and MW-12 at concenlrat1ons ol 380 and 320 ug/L, respectively 

Eight ottier petroleum-related dissolved VOCs were report<ro These constituents and the,r 
respective highest concentration reported, and associated wells, were 

Volatile Organic Compounds 

lsopropylbenzene 
4-lsopropylbenzene
Naphthalene
n-Butylbenzene
n-Propylbenzene
sec-Butylbenzene
1,2,4-Tnmethylbenzene
1,2,5-T nmethylbenzene

Concentration (ug/L) 

150 (MW·16) 
25{MW-12) 
420 (MW·12) 
28 {MW-12) 
130 (MW-12) 
35 (MW-12) 
320 (MW-12) 
730 (MW-12) 

During sampling, relatively slight to strong hydrocarbon odors were noted 1n all wells with exception 
to well MW-18 No Light Non-aqueous Phase Hydrocarbons (LNAPL) were observed 

Dissolved hydrocarbons exist beneath the former refinery site, and have migrated hydraulically 
offsite toward lhe west, south and southwest, and marginally toward the east of !he Western Parcel 
beneath Walnut Avenue. GRO and ORO. including relatively low levels of DROr using a silica gel 
rinse, were reported in most perimeter wells and thus have migrated l1ydraulically off-site toward the 
south and southwest, marginally toward tlie west, and east of well MW-9. Dissolved Benzene 
component was reported in on-site wells MW-8, MW-9 and MW·11, and has marginally migrated 
toward the east of the Western Parcel. east of well MW-9. Certain dissolved VOCs have migrated 
off-site toward the south and southwest, west and marginally toward the east of the Western Parcel 
beneath Walnut Avenue 

Dissolved MTBE is noted in groundwater west and southwest of the Western Parcel Relatively 
elevated dissolved MTBE 1n groundwater for offs,te well M W -17, in addition to ,ts presence being 
reported in select soil samples from this locatron, suggest an Off·Slte source situated west or 
northwest of the site, with migration toward the east and beneath tl1e former Chemoil refinery s1le. 
Dissolved T ert·Butanol appears to have migrated marginally off-site to the south and southwest 

A sorl gas survey was performed in 2009 along the perimeter of the site. and updated in 
2010 to extend our understanding of soil gas presence and risk off .. site and south of the s,te. 
Ha1.ard risk values generated were all below 1. indicating that potential exposure to 
chemicals of potential concern in indoor air by residents adiacent to the southern property 
boundary pose a negligible noncancer health risk under the cond1t1ons evaluated The 
estimated excess cancer risks were at or below the generally acceptable nsk range based 
on maximum Chemicals ot Potential Concern (COPC) concentrations and one-half the 
minimum detection limits in soil vapor, but they fall ,n the lower end of the risk range based 
on maximum COPC concentrations and one-half the maximum detection limits in soil vapor, 
or based on maximum COPC concentrations m groundwater Methylene chloride was not 
detected 1n soil vapor but was the largest contributor to the estimated cancer risk based on 
soil vapor data. The only chemical detected 1n soil vapor that contributed to the estimated 
cancer risk was Benzene, which was detected at concentrations that are roughly 30 to 40 
times lower than the maximum detected concentration reported in the previous evaluation 
using 200s soil vapor data along t11e sout11ern bounda,y. 



The estimated excess cancer risks based on the maximum detected benzene concentrat<ons 
were well below the gene,ally acceptable risk range (6•10-7 and 3�10-7, at 5 and 10 ft bgs, 
respectively). Finally, estimated risks based on groundwater data were driven by 
naphthalene, which was not detected in the soil vapor samples. Estimated health nsks based 
on groundwater data are l,kely more uncertain than those based on soil vapor data because of 
additional assumphons required 1n the model and potential b1odegradat1on of the CO PCs in 
the vadose zone. In summary, potential soil vapor 1ntrus1on IS not likely to be of concern for 
current off·Slle residents south of the property boundary 

Quarterly groundwater gauging and sampling will continue, wjth the next events to be performed ,n 
June, September and December 2011, with resultant reports submitted in July and October 2011, 
and January 2012. Based on results of the updated Human Health Risk Assessment, soil gas data 
generated smith of the site, no emergency remedial response is deemed necessary. No 
remediation goals have been developed since the site is currently undeveloped, and no 
development concept exists at this time Until a future site use js determined, and development 
plans formulated, actual clean.up goals rema.n premature, albeit, at this time such remed1at1on goals 
should assume commercial as an end use. 

Upon review of the report presented herein by the CRWQCB·LAR, a meetmg with tile CRWOCB· 
LAR is recommended to discuss results and salient elements for development of a site closure 
strategy with consideration of subsequent site use and timing A site closure strategy should be 
developed in cons1derat1on of comments received from the CRWOCB-LAR following their review of 
the Phase Ill report. updated Human Health Risk Assessment, and updated Site Conceptual Model 



2.0 INTRODUCT!ON 

2.1 Site Description 

The former Chemoil refinery s,te 1s located m the city of Signal Hill, California (Figure 2"1). Prior to 
Chemoil acquiring the refinery site, the refinery was previously known as the MacMillan-Ring Free 
refinery MacMillan Ring Free operated the refinery and associated facilities from 1922 until August 
1988 Following purchase of the refinery by the Chemoil Corporation 1n 1988. the site has been the 
respons,b1l1ty of SHHC. 

Tile former refinery site is divided into two main parcels: the Western Parcel and the Eastern Parcel 
Tlie Western Parcel is situated immediately west of Walnut Avenue, whereas the Eastern Parcel ;s 
situated immediately east of Walnut Avenue. The Western Parcel is further divided into three 
subparcels. two subparcels situated in the northern portion of the s,te, and a southern sub parcel A 
figure showing the venous parcels and subparcels, and former layout of specif,c operational units, ,s 
presented in F,gure 2-2. 

The Western Parcel encompasses approximately 5.7 acres The northern portion of !lie Western 
Parcel, or northern subparcel, ;s further subd1v1ded into two parts. Ttie western part faces Gundry 
Avenue and 1s rectangular 1n shape, and encompasses approximately 0.53 acres and is 150 x 154 5 
feet A scale house and a part of a truck scale previously occupied this area, in part. The eastern 
part is also rectangular 1n shape, faces Walnut Avenue, and encompasses approximately o 75 acres 
and 1s 125 x 261 feet. This area was previously occupied by a scale house, several warehouses, 
truck scale, and a crude oil unloading rack. 

Tt1e southern portion of lhe Western Parcel, or southern subparcel, encompasses approximately 
4.42 acres, and is 1t,rt11er divided into two sections separated by 21" Street. The north section IS 
rectangular ;n shape and formerly jncluded a warehouse, inspection lab, truck loading racks, about 
40 above ground storage tanks, and piping The south section is triangular ,n shape and formerly 
included about 25 above ground storage tanks, boilers, heater units, loading racks, desalter and 
oooling tower. 

The Eastern Parcel encompasses approximately 2.5 acres. Somewhat rectangular in shape with 
exception of its southern perimeter, the site was formerly occupied by six above ground storage 
tanks (Nos 15, 14, 11, 3, 504 and 230). These tanks were reportedly used tor the storage of heavy 
crude oil An adjoining office, maintenance. truck washing and repair structure, supervisor's office, 
and ad Joining laboratory and warehouse fac1l1ly, also formerly occupied the site 

2.2 Site Operations 

Prior to 1922, the property was used as a dairy farm. From 1922 to 1988, the fac1l1ty was solely 
owned and operated by the MacMillan Ring-Free Oil Company Chemoil purcl1ased the former 
refmery in August 1988, and operated it until February 14, 1994, when the refinery was shut down 
with occasional operation of ;ts waste water system S,nce early 1997, operation of the waste water 
system was d•scontinued, and all above ground structures were dismantled. The oldest active area 
lies within the triangular (southwest) portion of the Western Parcel formed by the intersection of 
Walnut Avenue, 21" Street and the Southern Pacifrc Ra;lroad nghl·of-way. The oldest operafons 
occurred in the northeast comer ol thrs area where crude 011 processing related activities took place 
Prior to 1922, the property was used as a dairy farm. The site is currently vacant. albeit divided into 
several subparcels ( Frgure 2-4 ), with no above ground or subsurface structures remaining (Figure 2-
S) 

2.3 Site Vicinity 

nie site is situated in what is referred to as the Civic Center Neighborhood (Signal H1II General Plan, 
Land Use El ement, 2001). Tlie site is surrounded by commercial and light mdustnal to the west, 



north and northeast (Figure 2-5) The boundary between the City of Signal Hill and City of Long 
Beach forms the southern pen meter of the site Underground 011 pipelines exist beneath east-west 
oriented Hill Street. north of the site, and beneath north-south oriented Walnut Avenue which 
separates the Western Parcel from the Eastern Parcel. In the vicinity of the s,te, surface water flow 
is depicted by the City of Signal Hill Public Works Depart1nent as toward the south-southwest 

2.4 Regulatory Background 

2.4.1 Previous Regulatory Discussions {1985 - 2008) 

Subsurface environmental-related activities have been performed since 1985 A listing of pnor 
reports submitted to the CRWQCB-LAR 1s tabulated in Table 2-1 A chronology of pertinent 
activities and regulatory events is summanzed in Table 2-2 

Meetmgs with ttie CRWQCB-LAR to discuss site closure related-,ssues were initiated in 1998, as 
documented 1n agency correspondence (Exhibit I). Discussrons dealing strictly wjjh the Eastern 
Parcel initiated in 1999 wit11 the submittal to !he CRWOCB-1.AR of a "Work plan for Closure Sampl,ng 
at lhe East Parcel" by The Source Group (TSG) dated September 23, 1999 (TSG, 1999) The actual 
work discussed in this work plan was performed, althougl1 to our knowledge, no formal report was 
ever produced by TSG. 

F(Jrther discussions were held between Chemoil, TEC and the CRWQCB-LAR on August 30, 2001. 
During this meeting, the CRWQCB-LAR indicated that they would consider site closure, or partial 
site closure. of the Eastern Parcel and possibly other portions of the former refinery site, provided 
further assessment was performed The quarterly groundwater quality gauging and momlonng 
program was resumed as noted in the CRWQCB-LAR's letter dated September 12, 2001. In 
addtt1on, a proposed workplan titled "Proposal for Subsurface Assessment. Eastern Parcel, Former 
Chemoil Refinery," dated September 4, 2001 was prepared and submitted to the CRWQCB-LAR for 
review and comment prior to implementation (TEC, 2001a). Following review and minor 
mod1ficat,ons as noted 1n the CRWOCB-LAR's correspondence dated September 19, 2001, 
additional subsurrace assessment activ1l1es were performed as prescribed in the September 4, 2001, 
wori<plan (TEC, 2001c). A revised Remedial Action Plan was developed by Chemoil to 
accommodate sale of the site for development, and subsequently approved by the CRWQCB-LAR 
(TEC, 2002a). However, sale of tile site did not proceed, and the Remedial Action Plan was not 
implemented. 

A development -related workplan dated November 18, 2001, was also prepared to address the need 
for additional subsurface assessment to be performed at the Western Parcel (TEC, 2001b). 
Followmg Gomments received from the CRWQCB·LAR 1n U1e1r letter dated January 8, 2002, a 
revised workplan dated July 24, 2002, was prepared which included responses to 14 comments set 
forth by the CRWQCB-LAR (TEC, 2002b) Sale of the properly did not proceed, and the scope of 
work outlined 1n this work plan was not performed Since July 2002, quarterly groundwater gauging 
and sampling has continued. 

A limited subsurface site characterization was performed by parties interested 1n purchasing this site. 
This characterization was performed during May and June, 2008 The soil and water quality data 
generated was compiled and subsurtace conditions re-assessed in hght of this information This 
information has been incorporated into the existing subsurface data base for this site 

2.4.2 Recent Regulatory Discussions (2008 • Present) 

A proposed work plan dated October 12, 2008, was ,mplemented to address various outstanding 
issues and data gaps, necessary in order to formulate a closure strategy for the site. Following 
completion of such work, cerlain data gaps were 1dent1fied, and a proposed workplan for further site 
ctiaracterization was prepared, dated March 2, 2009 This workplan was reviewed and 
subsequently approved by the CRWQCB-LAR, m their correspondence dated March 24, 2009 A 



soil gas survey was also mcluded ,n the scope of work to be performed as requested by the 
CRWQCB-LAR ,n their correspondence dated June 10, 2009. Pl1ase I and Phase II reports 
reflecting a summary of additional subsurface assessment related activities performed were 
completed and subsequently submitted to the CRWQCB·LAR in January and September 2009, 
respectively. 

Following a meeting on November 16, 2009, a review of data and investigatory reports prepared to 
date was performed and data gaps identified. Recogni4ing the need for further subsurface 
assessment south and west of the site, a Phase Ill work plan dated January 4, 2010, was prepared 
and implemented. The purpose of the Phase Ill workplan was to provide the data necessary to 
complete characterization of subsurface hydrogeologic and env,ronmental conditions, including 1) 
lateral delineation of dissolved hydrocarbons 1n groundwater, 2) generation of additional subsurface 
data for re•evaluat,on of human health risks reflecting future on·s1te land use, and adjacent 
residential land use to the south, and 3) updating of the Site Conceptual Model (SCM). The 
work plan included conduct of a soil gas survey south of the s,te, and installation of additional 
groundwater monitoring wells (MW· 17, MW·18 and MW·19) were installed south and west of the 
site 



3.0 PURPOSE AND SCOPE 

3.1 Purpose 

· The purpose of the Phase 11 work plan for additional site characterization is to provide the data necessary
to complete the characterization of subsurface environmental site conditions, which would form the basis
for development of a site closure strategy. Although the site is currently vacant and no development
plans are imminent. site closure under several development scenarios with time would be considered.

3.2 Scope of Work

To accomplish the objectives summarized above, the scope of work that comprised Phase I, II and 
Ill related activities, is summarized in Table 3-1 and summarized below. The scope of work was 
outlined in TEC's Revised Proposed Workplan dated October 12, 2008, Proposed Phase II 
workplan, dated March 2, 2009, Revised Proposed Workplan for Soil Gas Survey, dated 
May 8, 2009, Proposed Phase Ill workplan dated January 4, 2010. These workplans reflected 
review of previous studies, identification of outstanding data gaps, and issues and concerns 
reflected in the CRWQCB-LAR correspondence dated March 24, 2009, and June 10, 2009. 

Phase Task 
No. No. 

Phase I 1.0 

2.0 

3.0 

4.0 

5.0 

Phase II 1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Phase Ill 1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

Task 

Table 3-1 
Task Summary 

Description 

Identification of Resoonsible Parties
Re-evaluation of Overall Groundwater Flow Directions 
Re-establishment of Former Recoverv and Monitorina Wells 
Analvlical Pronram t o  Assess Dissolved Phased Hvdrocarbons 
Phase I Reoort and Pcooosed Workolan Preoaration 

Identification of Resoonsible Parties 
Well Abandonment 

Orillino and Samoli""' Proaram 
Analvtical Prooram 
Soil Gas Survev 

Oevel"""ment of Sile Conceotual Model 
Phase II Reoort Pren•ralion 

Preoaration of Srte Closure StratPnv 
Addlllonal Environmental Assessment 
Soil Stockaites Characterization 
Orillina and Samclina Proaram 
Analvtical Proaram 
Forensic and Plume Stability Anatvsis
Human Health Risk Analvsis 

Site Conceotual Model (SCMl Unnate 
Phase Ill Re=rt Preoaralion 

Work completed as part of Phase I and II related activities. and previously reported, included: 

Abandonment of three former LNAPL wells (R-4, R-5 and R-6) and one groundwater 
monitoring well (MW-7); 

Installed six new groundwater monitoring wells (MW-11 through MW-16) for a total 
of 13 groundwater monitoring wells, four of which are situated off-site;

Re-establishment of horizontal coordinates and top of casing elevations; 

i 



Retrieval of approximately 52 soil samples for subsequent chemical testing; 

Retrieval of 13 groundwater samples on a quarterly basis for subsequent chemical 
testing; 

Conduct of a srnl gas survey which included the dnllmg of 22 probes at select on
and off-,,1te locat,ons, 

• Updated the S,te Conceptual Model, and

• Updated Human Health Risk Assessment.

Phase Ill tasks included the following 

Task No. 1.0 "Additional Environmental Assessment: Available 1nforrnat1on and 
records pertmn1ng to the current and past presence of underground tanks, uti1'ties 
and pipeline nght·Of-ways, in close prox1m;ty to the site were retneved and 
reviewed. Notably, records and information were searched that may shed light on 
potential off -site hydrocarbon sources and which may explain the presence of soil 
gas along Hill street and the presence of certain dissolved hydrocarbons reflective 
of refined petroleum hydrocarbons to the west of the site (Exhibit 2). 

Task No. 2.0 - Soil Stockpiles Characterilation: Approximately 50 soil stockpiles 
are situated in the southern portion ol the Eastern Parcel. It is assumed that the soil 
stockpiles originated from rough gradjng activities performed during dismantlmg of 
the refinery. The quality of the soil comprising the stockpiles 1s uncertain, thus, 
representative samples were retrieved for chemical testing. 

Task No. 3.0 - Drilling and Sampling Program: The dnlling and sampling 
program included the dnllmg of three new off-,,1te borings to be subsequently 
converted to groundwater mon1tonng wells, and the retrreval of continuous soil 
samples. The three borings were situated south and southwest of the Western 
Parcel All bormg logs and well construction details are provided 1n Exhibit 3. 

Dr;Hing and Well Installation Program: The three soil borings were dnlled 
using a mobile, truck·mounted push·drive drilling rig at approximate locations 
shown in Figure 1. 8011 samples will be continuous retrieved for chemical 
testing at depths of one· foot, followed by retrieval of soil samples at f1ve-foot 
intervals thereafter, or significant changes in lithology, to an approximate 
depth of ten.feet below the piewmetric surfar;e. 

Soil Sampling Program It ,s estimated that approximately 10 additional soil 
samples were retrieved during conduct of the dnlling program for chemical 
testing All soil samples retrieved were characterized 1n accordance with !lie 
un;fied Soil Classification System Samples were retrieved m standard 
chemically inert acrylic sleeves. Potential volatile organics were monitored 
during drilling using a hand-held photo1on1zation detector (PID) or flame 
1on;zat1on detector (FID). Detailed boring logs descnbing soil types with 
depth, approximate moisture content, and potential presence of hydrocarbon 
vapor, were maintained. 

Well Installation Program: As with all groundwater monitoring wells, the three 
additional soil borings were readily converted to flush-mounted 4-rnch 
diameter PVC groundwater momtonng wells and installed ma manner 
consistent w.th those currently installed off site, and consistent with industry 
standards(, e , lockmg well casings, etc.) The monitoring well screens 



extended from approximately 5 feet above to 15 feet below the water table at 
the time of drilling Nearby wells were gauged to confirm the depth of the 
water table at the time of drilling. Permits for installation of momtoring wells 
were obtained from the City of Long Beach Department of Publrc Works. prior 
to the drilling ol soil borings and subsequent rnstallation of monitoring wells. 
as appropriate 

No sooner than 24 hours after well installatron, the wells were developed until 
the produced water was clear and field parameters have stab1l1zed. Tt1e wells 
were subsequently gauged. purged and sampled. The wells without sheen or 
measurable LNAPL were purged until the produced water was clear and the 
field parameters l1ave stabilized. with a minimum of t11ree casing volumes 
evacuated. The wells were samplei:J using the same methods as for the 
quarterly groundwater monitoring program. 

Task No. 4 -Analytical Program for Soil and Groundwater Samples: 

so,I Analytical Program· Analytical reports for soil are provided ,n Exhibit 4. 
Chem,cal testing of representat,ve soil samples retneved from the soil borings and 
soil stockpiles was performed for the follow,ng parameters: 

Volatile organic compounds (VOCs) and oxygenated compounds 
using EPA Metlmd 8260B; 

Polycyclic aromatic hydrocarbons (PAHs) using EPA Method 8270C SIM, and 

Diesel Range Organics and Gasoline Range Organics 
usmg EPA Method 80158 (modified for diesel !ORO] and gasoline [GRO]). 

Such analyses were performed by a California-certified laboratory, notably, 
Analytical Technologies, Inc .. located in Signal Hdl, Cal1forn1a 

Groundwater Ana.!)t_tical PrQgram: Gauging data is provided in Exh1b1t 5. 
Graphs showing fluctuat,ons of certain dissolved constituents with time and 
analyt,cal reports are provided in Exhibit 6 As part of the periodic quarterly 
groundwater gauging and sampling program, all existing 16 groundwater monitoring 
wells, mclud,ng the three add1l1onal groundwater monitoring wells MW-17, MW-18 
and MW-19, continued to be gauged and monitored on a quarterly basis. 

Cliemical testing of representative groundwater samples continued to be performed 
for the following parameters. 

Volatile organic compounds {VOCs) and oxygenated compounds 
us,ng EPA Method 8260B; 

Semi -volatile organic compounds (SVOCs) using EPA Method 8270C; and 

Dresel Range Organics and Gasoline Range Organics 
using EPA Method 80158 (mod1!1ed for diesel {ORO) and gasoline !GRO]). 

Such analyses were performed by a California-certified laboratory. notably, 
Analytical Technologies. Inc., located in Signal Hill. Ca1,fom1a 

Task No. 5.0 - forensic and Plume Stability Analy�is: Although no L,ght Non
aqueous Phase Liquid {LNAPL) l1ydrocarbons are pre5ent, a review of certain ratios 
of various di5solved hydrocarbon constituents was reviewed to evaluate whether a 



distinct off.site source(s) of subsurface hydrocarbons was evident. In addition, a 
contaminant plume stability analysis was performed to further document natural 
;,ttenuation of dissolved l1ydrocarbon constituents in groundwater. To evaluate the 
st;,b1lity of the dissolved hydroc;,rbon plume(s), historic trends 1n v;,nous plume 
charactenst1cs 1ncludmg area, average concentration, contam,nant mass and center 
of mass, were assessed and contamjnant d1stribut,on 1sopeths developed A 
stat1stjcal trend analysis was performed on the calculated values to assess plume 
stab;11ty. 

Task No. 6.0 - Human Health Risk Assessment; Following our November 16, 
2009, meeting, and in our correspondence dated December 8, 2009, a proposed 
work plan was developed to document concentrations of petroleum constituents in 
soil gas immediately south of the site. Spec1f1c tasks as proposed in our 
December 8, 2009, correspondence, are summarized below. 

Task No. 6.1 -Access Clearance and Permitting: Dig Alert' Underground Service 
Alert will be contacted to assure clearance from underground structures and utjl1tjes 
Required permits will be obtajned from the citjes of Long Beach and Signal Hill, as 
appropriate 

Task No.6.2 - Drilling and Sampling Program: A mobile, truck.mounted push·drive 
drilling ng was used, in conjunction with an on-site mobile laboratory. The dnllmg and 
sampling program included the drimng of six soil vapor probes 

Task No. 6.3 - Analytlcal Program: An on-site mobile laboratory with laboratory
grade cert1f1able in strumentation and procedures for real-lime analysis of individual 
voes was used, 111 accordance with the guidelines set forth by the CRWOCB-LAR 
{1997). Soil gas samples were analyzed using modified EPA Method 8260B. In 
addition, two confmnation samples were collected at residential area locat,ons in 
Summa Canisters. to be analy7.ed at a f,xed-base laboratory for VOCs using EPA 
Method TO· 15. Laboratory reporting l•mits were to be greater than CHHSL -res1dent1al 
levels. 

Task No. 6.4 - Human Health Risk Assessment: Upon completion of soil gas 
survey field and laboratory related activities, a revised and updated human health nsk 
assessment will be performed based on the results obtained from lhe soil vapor 
survey Soil gas data generated is provided in Exhibit 7. The 2009 and updated 2010 
Human Health Risk Assessment are provided in Exhibit 8 

The "Johnson and Ellinger model" (Johnson and Ettinger model, USEPA, 2004, 
Johnson and Ettinger, 1991) will be used to estimate the indoor air exposure point 
concentrations (EPCs) for beniene. Th,s one·dimens,onal model rs a Microsoft 
Excel·based spreadsheet model which incorporates both convection and djflus1on 
mechanisms for est1mat1ng the transport of vapors emanating from soil and 
groundwater into indoor spaces. Tnis model assumes that vapors only migrate 
upward from the impacted soils and directed exclusively into a prospective building. 
In addition. was assumed that vapors have already reached their peak concentration 
at the prospective floor slab of a bu1ldmg. regardless of the depth to the top of 
contam1nal1on. Other assumptions and limitations, as with all models, also exist 

Task No. 6.5 - Report Preparation: Upon completion of Task Nos. 6.1 through 6 4, 
a comprehensive soil gas survey report was prepared. The report included, but was 
not be limited to, field and analytical methodology, subsurface soil cond11ions 



encountered, and analytical results. The report also ,ncluded, based on the results 

obtained, a rev,sed and updated lmman healt11 risk assessment 

Task No. 7.0 - Site Conceptual Model (SCM) Update: The SCM was revrsed and 

updated to reflect the results from the offsite soil gas survey performed south of the 
site and installation of three additional offsite groundwater morntonng wells, and 
conclusions set forth 111 the updated Human Health Risk Assessment (Exh1b1t 9). 

Task No. 8.0 - Phase II! Report Preparation: Upon completion of Task Nos 1 0 

through 7.0, a comprehensive Phase Ill report contained herein was prepared. 



4.0 HYDROGEOLOGIC COND!TIONS ENCOUNTERED 

Evaluations of geologic and hydrogeologic cond,tions beneath the s,te have been performed since 
1 985 (Table 2·2). Current refinement of subsurface hydrogeologic conditions is based on data 
genera led from the drilling of soil borings. former LNAPL recovery wells, and groundwater 
monitoring wells, and soil gas probes, as summarized on Table 4-1 (Exhib1l 3). A summary of 
subsurface soil conditions encountered is presented m Table 4·2. Discussion of geologic and 
hydrogeologic subsurface cond1t1ons is presented below. 

4.1 Geologic Couditions 

4. 1.1 Regional Geologic Conditions 

Regionally, tha site is underlain by a thin veneer of artificial fill overlying Holocene non·marine 
terrace and manne terrace deposits of the Upper Pleistocene Formation (Poland, et al., 1956 and 
1959, Z1elbauer, et al., 1962, Testa, et al , 1998) Terrace deposits consist predominantly of an 
unconsolidated, strat1f<ed, lateral and vertically discontinuous sequence of sand, silty sand, silt and 
clay Contacts between soil types are commonly gradational The shallow Pleistocene strata are 
subhor,zontal with a gentle dip toward the southwest produced by active uplift and deformation of the 
adjacent southwest fiank of the Signal Hill antrcline along the Newport·lnglewood Structural Zone 
(NISZ; Cherry Hill Fault segment: Hauksson, 1987). The NISZ is about 40 miles in length and 
ranges from 1. 5 lo 2. 5 miles in width, and is characterized by topogr.aphic highs separated by 
topographic lows or gaps. A schematic block diagram showing regional hydrogeolog1c cond11lons 
beneath the site, based on compilation of data obtained from adjacent water well logs, is presented 
in Figure 4.1. The stte location relative to the NISZ is shown in Figure 4-2 

4. 1 2 Site Specific Geologic Conditions:

The site is underlam by deposits of unconsolidated, stratified, laterally discontmuous sequences of 
fine-grained soil with an intervening fme-to coarse-grained sand layer. Predominantly coarse
grained soils consist of sand (SP) and silly sand (SM); whereas, subordinate l1ne·grained soils 
consists predominantly of silt (ML and MH) and to a lesser degree clay (CL). Subsurtace geologic 
data is summarized in Table 4·2 

4 1.2. t Western Parcel 

Beneath the Western Parcel, relatively fine-grained sandy silt and clayey silt predominate from 
ground surface to approximately 10 to 20 feet bgs, wi\11 exception to an area 1n the southern portion 
of the Western Parcel, where relatively more permeable very t,ne to med1um,gra1ned sand and silty 
sand predominate (Figures 4-3 and 4-4) A very fme-gra,ned, relatively low permeability clayey silt 
and silty clay is encountered at a depth of about 37 to 50 feet bgs (Figures 4·3 and 4·4). Tt1is fine
grained soil strata varies in max1mum depth ranging from about 35 to 45 feet bgs, and is inferred to 
extend laterally beneath the Western Parcel 

4.1 2 2 Eastern Parcel 

Geologic conditions beneath the Eastern Parcel are similar to those encountered beneath the 
Western Parcel However, beneath the northern portion of the Eastern Parcel, relatively very frne to 
med rum-grained sand and silty sand predominate, with a subordinate amount of very fine-grained 
sandy sill extending from the ground surface to about 12 feet below ground surface, in the 
northeastern portion of the Eastern Parcel (Figure 4-2) Very f1ne-gra1ned, relatively impermeable 
clayey silt and silty clay is encountered beneath the southeast portion of the Eastern Parcel {Figure 
4-3). These frne·grained soils are encountered at ground surtace and extend to a depth of about 18
feet bgs, and at a depth of about 28 to 30 feet bgs



4,2 Hydrogeologic Conditions 

4 2 1 Regional Hydrogeologic Cond1t,on§ 

Shallow groundwater beneath the site is encountered w1th1n the Semi-perched Aquifer within the 
southern portion of the West Coast groundwater basin. Regionally, native groundwater in th,s area 
is deemed of poor quality as characterized by Piper, et al., (1953), Poland, et al., (1956), and 
Poland, et al, (1959). This in part is  related to the NISZ wt11ch serves as a barrier, or partial barrier, 
to groundwater flow and sal!water intrusion, and overall groundwater flow (Figure 4.5 ). About 30 
feet of differential head (water levels) have been reported across the NISZ within sliallow water 
bearing zones Data perta1n1ng to regional shallow groundwater flow in the vicinity ot the site is 
sparse Chapter IV of the September 2007 Groundwater Basin Reports, Los Angeles County 
Coastal Plain Basins - West Coast Basin, shows reg;onal groundwater flow at dep!11 to be regionally 
toward the south-southwest. Only one regional contour is shown in the general vicinity of tlie site. 
Overall groundwater quality within the deep aquifers beneath the general vicinity of the site is poor 
and degraded, and deemed unusable due to high salinity (Figure 4-5). 

4 2.2 Site Specific Hydrogeolog1c Conditions_ 

A contour map of the unconfined p1ezometnc level beneath the site 1s presented m Figure 4-6. A 
summary of gauging data generated since 1994 and hydrographs are provided m Exh1b1t 5, Parts I 
and 11, respectively 

As of March 2011, overall groundwater occurred at elevations of 5.31 and 6.52 feet relative to 
mean sea level, respectwely (depths ranging from 12.50, to 15. 70 and 41 .50 bgs. respectively). 
as measured 1n wells MW-8, and MW-1 and MW-3. respect,vely. Depth to groundwater ranged 
from 10.80 to 41 50 feet bgs, as measured 1n wells M W -19 and MW-3, respectively. Beneath 
the Eastern Parcel, groundwater was encountered at elevations of 5.39 and 5 50 feet (1 e , 
depths of 24.60 lo 26 10 feet) as measured ,n wells MW-2 and MW-10, respectively Overall, 
tile elevation of tlie upper unconfined p1ezometric surface m comparison to June 201 0 rose, 
wit11 a change in fluctuation ranging from O 8 to 2.0 feet as measured 1n wells MW-3 and MW-
15, respectively. Groundwater flow beneath the site was generally toward the south-southeast, 
sl1ght mounding beneath the southwest portion of the Western Parcel Hydraulic gradient 1s on 
the order of 0.003 to 0.006 ft/ft. 

During sampling, pH, dissolved oxygen (DO), temperature and Tola I Dissolved Solids (TDS) were 
foeld determined pH ranged from 6.81 to 7.67 as measured in wells MW-3 and MW·2, respectively. 
DO ranged from 1 27 to 3 78 mg/Las measured in wells MW-8 and MW-18, respectively. 
Tempera lure ranged from 18 3 to 21 0 °C as measured in well MW·3, and wells MW·2 and MW-15, 
respectively. TDS ranged from 1222 to 4370 uS in wells MW-17 and MW-19, respectively. 

4.3 Hydrocarbon Vapor Detection during Gauging 

During sampling, relatively slight to strong hydrocarbon odors were noted in all wells with 
exception to well MW-18. 



5.0 SOIL QUALITY 

5.1 Soil Quality 

5.1 Overview of Soil Analytical Program 

Overall soil quality beneath lhe Western and Eastern Parcels was previously evaluated by 
Engineering Enterprises, Inc. {1988) and Testa Environmental Corporation (1999) (Figures 5-1 and 
5·2). Additional assessment of soil quality conditions beneath the Eastern Parcel was performed in 
2001(TEC, 2001). In addition, an environmental due diligence evaluation was performed in 2006 
(Tetra Tech, Inc , 2006, Figure 5-3); this latter evaluation was performed for potent<al purchase and 
development considerations To date, about 137 soil samples have been retrieved and submitted 
for chemical testing since subsurface related activit,es commenced 1n 1988. Additional soil sample 
were retrieved for chemical testing at 5 -teet intervals during the drilling of wells M W -11 through MW· 
16) All soil samplmg locations are presented m Figure 5-1. Soll boring logs are provided 1n
Append,x E, whereas, laboratory reports on select soil samples are provided m Exhibit 4.

5.11 Engineerin9..];ntemmes •. lmU1986-1988) 

Subsurface assessment of soil quality conditions beneath tlie former Chemoil refinery site was 
initially performed by Engineering Enterprises, Inc. (EEi) in 1966 (EEL 1986). EEi initially retrieved 
soil samples for chem real testing during drilling and subsequent installation of monitoring and former 
recovery wells (1987). E1gl1t soil samples were obtained from a depth of 6·7.5 and 20-21 5 feet 
below ground suriace during the drilling of MW·1, MW-4, R·5, MW·7 and MW-8 (only one sample 
from a depth of 20-21.5 was retneved from MW-1 and MW-7). The samples were analyzed for oil 
and grease, phenols, total organic carbon, total organic halogens, selected volatile organics, pH and 
certain metals Analytical resulll, are summarized 1n Table 5-1 

In 1987, EEi (1988) retrieved thirty (30) representative soil samples from lwenly-eight (28) locations 
at depths of 2 and 10 feet below ground surface W1tt11n the confmes of the Western Parcel, twelve 
(12) srnl samples were retrieved from a depth of 2 feet bgs, and twenty-six (26) soil samples were
retneved from a depth of 10 feet bgs (Figures 5-2 and 5-3). The remaining three locations were
situated on the Eastern Parcel. Analytical data for soil generated by EEi (1988) is also summarized
1nTable5·1.

Diesel-and gasol1ne·affected soil was reported to occur beneath the majority of the central and 
southern portion of the Western Parcel. TPH as gasoline and diesel ranged up to 4,000 and 61,000 
mg/Kg. respectively. Undifferentiated l1ydrocarbon concentrations ranged up to 12,000 mg/Kg 
TRPH ranged up to 49,000 mg/Kg The lateral extent of hydrocarbon ,mpacted soil at the 2-and 10· 
foot depth is shown in Figures 5.4 and 5-5, respectively 

5. 1.2 Testa Environmental Corporation ( 19�_Qj

On-5'\e Soil Samplmg Program.: In 1998, soil quality was further assessed by TEC (1998) Thas work 
included the dnll1ng of three soil borjngs (B-1, B-2 and B..J lo depths of 35, 30 and 25 feet bgs, 
respectively) The boring locations selected reflected areas considered to be the most heavily 
impacted Eighteen (18) soil samples were analyzed for TPH modified for gasoline and diesel, 
TRPH, BTEX, and MTBE. Three geoprobes were also drilled and representative soil samples 
retneved off-site immediately south of the Western Parcel. Analyt,cal results are summanzed 1n 
Table 5-2. 

TPHg ranged up to 1,130 mg/Kg. whereas. TPHd ranged up to 11.200 mg/Kg as reported for S-2·10 
(depth of 10 feet bgs). TRPH ranged from 11 to 20,800 mg/Kg BTEX ranged up to 1,560, 14,000, 
60,800 and 105,000 mg/Kg, respectively. MTBE was reported as non-detect 1n all samples 
analyzed. 



In general, hydrocarbon concentration increased with depth with the highest concentrations 
occurring in close proximity to the water table. It was concluded that hydrocarbon·1mpacted soil 
extended from the ground surface downward to the water table beneath certain areas of the site, 
notably, within the central portion of the site It was also concluded thal the volume ot hydrocarbon
impacted soil exceedmg 100 mg/Kg, and occurring between ground surface and a depth of 10 feet 
bgs, was on the order of 56,000 cubic yards 

Of f -site Probes· Three off-site geoprobes (GP· 1, GP-2 and GP-3) were also drilled in June 1999 
The geoprobes were drilled to a depth of approxrmately 20 feel bgs immediately south of the site 
along Wesley Drive. 8011 samples were retrieved at live-foot intervals, and hydrocarbon soil vapors 
monitored at depths of 5 and 10 feel bgs. Tlie soil samples were analyzed for TPHg, TPHd and 
voes. TPHd was reported at concenlratrons of 950, 220 and 170 mg/Kg in samples retrieved at 20 
feet bgs in GP1, GP-2 and GP-3, respectively. TPHg was reported at 96 and 270 mg/Kg at dept11s 
of 15 and 20 feet bgs in GP-1, 500 mg/Kg at 20 feet bgs in GP-2, and 1.6 and 21 mg/Kg at depths of 
15 and 20 feet bgs, respectively, in GP-3 {Table 5-2) 

One groundwater sample was also retrieved from each geoprobe location. TRPH was reported at 
19 and 33 mg/Lin GP-2 and GP-3, respectively TPHg was reported at 5.8, 16 and 2.4 mg/Lin GP-
1, GP-2 and GP-3, respectively 

In November 2001, subsurface assessment of the Eastern Parcel was performed by TEC (2001 ), 
and a remed<al strategy subsequently developed, bul not implemented. This subsurfuce 
assessment included the drilling of nine soil borings, and cliemical testing of 69 soil samples. 

5.1 3 j;nvironmental Due Diligence Evaluation (Tetra Tech 2006) 

In 2006, the site was being considered for purchase and an environmental due diligence evaluation 
was performed (Tetra Tech, Inc., ?.006) This evaluation was performed in May and June, 2006 
Tlie Phase I field characteri1.ation program performed in May 2006 included five soil borings. soil gas 
probes, and analytical testing for TPH {carbon range), VO Cs with oxygenates, PAHs (select 
samples) and metals. The Phase II field characterization program performed in June 2006 included 
17 soil borings to a depth of about 40 feet bgs, with en additional 5 soil bonngs on the Eastern 
Parcel with soil samplmg at every 5 feet, one soil gas probe installed, and two groundwater samples 
retrieved Bonng locations drrlled by Tetra Tecl1 are shown in Figure 5-4. A summary of Tetra 
Tech's analytical results for soil ;s presented 1n Exhibit 4. 

Tetra Tech reported similar soil cond1t1on� as previously described by TEC beneath the northern 
portion of the Western Parcel, w1lh contamination {1.e., light to heavy range TPH concentrations. and 
s1gn;f,canlly high benzene concentrations) observed in the central and southern portion of this area 
Beneath the southern portion of the Western Parcel, soil contamination was also reported beneath 
this area. as previously disc11ssed by TEC, ranging from the ground surface to groundwater. 

Beneath the Eastern Parcel, localized TPH affected so.I (and low level fuel related compounds with 
no beniene reported) was observed 1n the northwestern corner of this parcel, consistent with 
prevjous studies performed by TEC. 

5 1.4 Phase II Charactenzat,on.of Soll OualityJTEC 2009) 

M part of the Phase II additional site characterization efforts, 52 soil samples were retneved dur.ng 
the drilling of six new monitoring wells (MW-1 1 through MW· 16) for laboratory testrng. Analytical 
results are summarized on Tables 5-3a, b and c). 

On·site wells: Soil quality data generated for on·site borings/Wells MW-11 and MW-13, were 
consistent with subsurface cond1t1on previously reported. Well MW-11 was a replacement well for 
former LNAPL recovery well R-4, end where hydrocarbon impacted soils were known to exist from 
the ground surface downward to the water table As shown in Table 5-4a. GRO and DRO were 



reported ranging 1n concentrations from 1.9 to 8,800 mg/Kg and 1,100 to 23,000 mg/Kg, 
respectively, throughout the soil column. In addition, elevated benzene was reported at depths of 
10, 15, 30, 40 and 45 feet bgs, at concentrations of 11000, 3400, 8400, 7800 and 9400 ug/Kg, 
respectively Elevated concentrations of otherVOCs such as Ethylb-enzene, 4·1sopropyltoluene, 
lsopropylbenzene, Naphthalene, n-Propylb-enzene, sec-Butylbenzene, 1,2,4· Tnmelhylbenzene, 
1,2,5-Trimethylbenzene and total Xylenes, were also reported throughout the soil sequence. Newly 
installed well MW-13 was a replacement well for former hydraulically downgradtent well MW-7 No 
sign incant VOCs or semi-VO Cs were reported with except,on to lsopropylbenzene (980 to 640 
ug/Kg), Naphthalene (2700 to 2300 ug/Kg), n·Propylbenzene (1200 to 850 uglKg) and sec
Butylbenzene (920 to 590 ug/Kg), which was encountered at depths of 25 to 30 feet bgs 

Off-site wells: During Phase II, four offsite wells were installed well MW-12 situated immediately 
west of the site as a replacement of former on-Stte recovery well R-5, and from east lo west, wells 
MW-14, MW, 15 and MW-16, situated of f -site along the southern perimeter of tlie soutliern portion of 
the Western Parcel 

For the area 1mmed1ately west of the site (MW-12), GRO and DRO concentrations were reported 
from depths of 5 and from 20 to 30 feet bgs GRO concentrations ranged from 130 to 960 mg/Kg, 
whereas, ORO concenlral1ons was reported at 6400 at five feet bgs and from 20 to 30 feet bgs 
ranged from 260 to 650 mg/Kg. Sem1-VOCs concentrations of lsopropylbenzene (1300 to 3000 
ug/Kg), Naphtlia!lene (1400 to 3600 ug/Kg), n·Propylbenzene (2000 to 4500 ug/Kg), n-8utylbenrnne 
(750 ug/Kg) and sec"Butylbenzene (1100 to 2000), were reported primarily at depths ol 25 to 30 feet 
bgs. 

Along the southern perimeter and immediately south of the site, from east to west wells MW-14, 
MW"15 and MW-16, were drilled and mstalled No hydrocarbon impacted soils were reported for 
samples retrieved from well MW-14, situated southeast of the Western Parcel. GRO and ORO 
concentrations ranged were reported in wells M W -15 and MW·16 from depths of 15 to 25 feet bgs 
GRO concentrations ranged from 100 to 250 mg/Kg, whereas, DRO concentrations ranged from 10 
to 1400 mg/Kg For well MW-15, relat,vely low concentrations of lsopropylbenzene (320 to 350 
ug/Kg), Naphthalene 580 (ug/Kg), and several semi-VOC, were reported primarily from 20 to 25 leet 
bgs. For well MW-16, sec·Butylbenzene was reported at 25 ug/Kg at a depth of 25 feet bgs, along 
with relatively low concentrations of several semi-VOCs. 

5 1.5 Phase Ill Characterization of Soil Quality 

During Phase Ill. three oHsite wells were installed (MW-17, MW-18 and M W -19) During drilling of 
MW-17, sorl samples were retrieved from depths of 2, 5, 10, 15, 20 and 25 feet bgs, and 
subsequently s11bmitted to a state-certified laboratory and chemical tested for: 

• Volatile organic compounds (VOCs) and o�ygenated compounds
usmg EPA Method 8260B;

• Semi-volatile organic compounds (SVOCs) usmg EPA Method
8270C; and

• Gasoline Range Organics {GRO) and Diesel Range Organics (ORO)
using EPA Method 80158.

A tabulation of analytical results for soil at these off-site well locations is summarized 111 Table 5·4, 
with laboratory reports provided in Exhibit 4 

In summary, GRO was reported at a concentration of 160 mg/Kg for the soil sample retrieved from a 
dept11 of 25 feet bgs. DRO was reported for soil samples retrieved from depths of 2, 15, 20 and 25, 
at concentraHons of 150, 11, 170 and 100 mg/K. Only one volatile organic compound was reported 
at or above its respective analytical detection limit MTBE was reported at concentrations of 5.3 and 
5.5 ug/Kg, and at depths of 10 and 20 bgs, respectively. 



Off-site well MW-18 was installed ,n December 2010, is situated west of the Western Parcel. and is 
the westernmost offsite well No volatiles organics or hydrocarbon vapors were observed or 
detected dunng the drilling and installation of monitoring well MW·18 Thus, no chemical testing of 
soils retrieved dur;ng drilling was performed. 

Off-site well MW·19 was ;nstalled in February 2011, 1s situated south of lhe site, and is the 
southernmost offs,te well In summary, GRO was reported at concentrations of 2 4 and 3.2 mg/Kg at 
depths of 15 and 20 feel bgs, respectively. ORO was reported at concentrations of 23, 28, 280 and 
360 mg/Kg at depths of 5, 10, 15 and 20 feet bgs. No voe or semi-VOCs were reported, however, 
lhe detection limit for the semi-VOCs was reported at concentration ranging from 330 to 1600 ug/Kg. 

Overall, the vertical extent of hydrocarbon impacted soils as inferred from subsurface soil data 
generated to date is illustrated in Figures 5-5 and 5-B 

5. 1.6 Soil Stockpiles Characterization

Approximately 50 soil stockp,les are situated on the Eastern Parcel. The stockpiles were derived 
from regarding act1v1t1es when the former refmery and associated facilities were dismantled. Six 
representative soil samples (SS-EP-1 through SS-EP-B) were extracted and cl1emical testing was 
performed for Diesel Range Organics using a s111ca gel cleanup (DROr) using EPA Method 
8015B(M), Gasol,ne Range Organics (GRO) using EPA Metlmd 8015B(M), Volatile Organi� 
Compounds (VOCs) using EPA Method 82606, and Semi·volatile Orgamc Volatiles (sem1-VOCs) 
using EPA Method 8270C. In addition, one composite sample (SS-EP-COMPOSITE} was analyzed 
for total metals using EPA Method 6010B and Mercury using EPA Method 7471A Laboratory 
reports are provided in Exhibit 4. 

No GRO or voes were reported at levels at of exceedmg their respective analytical detection limit. 
Analytical results for ORO and sem,-VOes are summarrzed in Table 5.5_ Notably, ORO was 
reported for all six samples ranging from 42 to 150 mg/Kg Sem1·VOCs reported, and their 
maximum concentrat,on and respective sample, are· 

Benzo( a )anth race ne 
Benzo(a)pyrene 
Benz o{ b )flu o ra nth e ne 
Benz o{ g , h , i) perylen e 
Benzo{ k) ti uoralhen e 
Chrysene 
Dibenz(a, h)anthacene 
Fluoranthene 
lndeno(1,2,3-cd)pyrene 
Phenanthrene 
Pyrene 

58 ug/Kg 
83 ug/Kg 
100 ug/Kg 
95 ug/Kg 
27 ug/Kg 
87 ug/Kg 
48 ug/Kg 
110 ug/Kg 
57 ug/Kg 
40 ug/Kg 
140 ug/Kg) 

(SS-EP-2) 
(SS,EP.2) 
(SS-EP-2) 
(SS-EP-2) 
(SS-EP-2) 
(SS-EP-1) 
(SS-EP-3) 
(SS-EP-2) 
(SS·EP-2) 
(SS-EP-2) 
(SS-EP·2) 

No mercury was reported for the composite sample (SS-EP·COMPOSITE). Relatively low 
concentrations of certmn metals were reported. 



6.0 GROUNDWATER QUALITY 

6.1 Groundwater Monitoring Network 

Monitoring of groundwater quality beneath the former refinery site has been perrod1cally performed since 
1 985, with a hiatus from monitoring between July 1999 and October 2001 Eight groundwater monitoring 
wells and t11ree former LNAPL recovery wells were originally installed at the site. Following dismantling of 
the refinery from 1997 to 1998, monitoring well MW-7 and former recovery wells R-5 and R-6, were found 
to be no longer operational These wells were inoper.ible following d1smantlmg of tlie above ground 
facilities, and subsequently properly abandoned, and replaced. Former LNAPL recovery well R-4 was 
abandoned, and replaced by well MW-11. Former LNAPL recovery well R-5 was abandoned, and 
replaced with well mW-12, albeit relocated to the west along Gundry Avenue Former recovery well R-6 
was abandoned, and replaced by well MW-14, albeit relocated offsite and southeast of its former local1on. 
Former groundwater monitoring well MW-7 was abandoned and replaced by well M W -13 

Currently, the groundwater monitoring network is comprised of 16 wells Seven momtoring wells 
(MW-1, MW-1A, MW-3, MW-8. MW-9, MW-11 and MW-13) are situated on the Western Parcel. Two 
groundwater monitoring wells, MW-2 and MW-10, are situated on the Eastern Parcel. Seven 
monitoring wells (MW-12, MW-14, MW-15, MW-16, MW-17, MW-18 and MW-19) are located off-site. 
The location of the groundwater monitoring and former recovery wells is presented 1n Figure 3-1. A 
summary of general well construction details is presented ,n Table 4 -2 Dissolved l1ydrocarbons 
reported at concentrations at or above their respective analytical detection limit are surnrnanied rn 
Table 6-1 The lateral extents of dissolved hydrocarbons 1n groundwater are illustrated on F,gures 
6-1 through 6-4 Boring logs and associated groundwater monitoring construction details are 
provided in Exhibit 3. Graphs showing fluctuations of certain dissolved hydrocarbon constituents 
with time, and analytical reports for March 2011, are provided in Exl11bit 6. 

6.2 March 2011 Analytical Results 

During the March 2011 groundwater sampling event dissolved GRO was reported m 10 out of 16 wells, 
and ranged from non-detect lo 0.35 to 19 mg/Lin wells MW-17 and MW-19, respectively Dissolved ORO 
was reported in 12 out or 16 wells, and ranged from 1 1 to 11 mg/L, 1n wells MW-17 and MW-11, 
respectively. Dissolved DR Or using a silica gel rinse were reported m 10 out of 16 wells with 
concentrations of 0.3 to 1.7 mg/L, as measured in wells MW-10 end MW·11, respectively. Tile reduction 
in measured dissolved DR Or using s1l1ca gel md,cates appreciable ongoing b1odegradation of petroleum 
hydrocarbons in groundwater (Table 6-2) Dissolved Benzene, Toluene, Ethyl benzene or Total Xylenes 
were reported in five out of 16 wells, MW-8, MW-9, MW· 11, MW-12, and MW-19. Dissolved Benzene, 
however. was reported in only three on-s,te wells at concentrations of 46, 90 and 5100 ug/L in wells MW-
8, MW-9 and MW-11, respectively 

MTBE was reported 1n five wells at concentral1ons of 11, 32, 19, 26 and 130 ug/L in wells MW" 1A, 
M W -8. MW-13, MW-16 and MW-17. respectively. Tert-Butanol was reported 1n two wells; wells 
MW-8 and MW-12 at concentrations of 380 and 320 ug/L, respectively. 

Eight other petroleum-related dissolved VO Cs were reported These constituents and their 
respec\ive highest concentration reported, and associated wells, were· 



Volatile Organic Compounds 

lsopropylbenzene 
4-lsopropylbenzene
Naphthalene 
n-Butylbenzene 
n-Propylbenzene 
sec-Butylben2ene 
1 ,2,4-T nmethylbenzene
1 ,2.5· Tnmethylbenzene

Table 6-2 

Co ncentrat1 on Ju g/L l 

150 (MW-16)
25 (MW· 12) 
420 (MW-12)
28 (MW-12) 
130 (MW-12)
35 (MW-12) 
320 (MW-12) 
730 (MW-12) 

Summary of Total Diesel and Gasoline Range Organics Analyses (mg/I) 

�== ---·-···--
""""'"''"''···---· ··--··· c -c-- -----

Well No. Location ORO diesel DRO diesel ORO gasolme 
___ --··-· with s1licaj)el_rinse. ____________ __
MW·1 Western Parcel 5.5 0.65 ND(O ]_91. .. 
MW-1A Western Parcel 2 4 0.46 1.2 
M W -2 ... ....... ········-·----------� C'ccc--- -C's'a","""""'Parcel ND [0.20) ,. ....... ND(0,;2_QJ___ ND (0 20) 
MW..:;l. ... ····-··· Western Parcel N.D_ (0,2.1) ... . .. _ ND(0_,!_9l_ ND _(Q .. �9). 
MW-8 Western Parcel 6 5 1.1 1.8 

······- ...... ·- ----·-·-·----

MW-9 Western Par_�J ... ) 2.3 ........ i. ND.(O.�Q) 5.2
MW-10 Eastern Parcel .i l\.9·· ········----- ! 0.3 .. ... l':I.D..(0,20.)__ 
M W -11 Western Parcel l 11 i 1.7 19 ··Mw:12·-

Ofl-site towest ! 9.2 
-···-····-·······r1 --1,"i"

···----------
·-· --··- . "'" .. .,. . . . .. ...... . . ....... , ·········--

MW-13 WesternParcel !85 11.1 0.89 
MW-14 Qff.s,te to south _J_ ND(0.20) I N_D (0 .. 2QJ. ··· ···-·-·····--- ND (O 20) 

.M�:)_5__ Of(-site to south _
1
:_1� ··-·-···--- __ di 0.57 _ 0.77 

·��)W····--·-.-�-1-g�:�:l:. li�i�1r_ i-J_,_;_-,_;_,_-�:- �·��0l2% __ __ ..... ·ii-��-·;�;---��·-·i 
r ��.:.i.t ........ _[_Qff-Slte to S0Uth '-' , V -,_, .....•... 1.1 .... ___ _:::_:J 

6.3 Lateral Extent of Dissolved Hydrocarbons in Groundwater 

Dissolved hydrocarbons exist beneath the former refmery site, and have migrated hydraulically 
offsjte toward the west sout11 and southwest, and marginally toward the east of the Western Parcel 
GRO and ORO, including relatively low levels of DR Or usmg a srlica gel rinse, were reported in most
penmeter wells and thus have migrated hydraulically off-site toward the south and southwest, 
marginally toward the west, and east of well MW-9. Dissolved Benzene component was reported ,n 
on·s1te wells MW"8, MW"9 and MW-11, and has marginally migrated toward the east of the Western
Parcel, east of well MW-9. Certain dissolved voes have migrated off-site toward the south and 
southwest, west and marginally toward the east of well MW·g, 

p;ssolved MTBE 1s noted in groundwater west and southwest of tlie Western Parcel Relabvely 
elev at� dissolved MTBE 1n groundwater tor of/site well MW-17, in addition to its presence being 
reported 1n select soil samples from t111s location. suggest an off-site source situated west or 
northwest of the site, with migration toward the east and beneath the former Chemoil refinery s1le.
Dissolved T ert-Butanol appears to have migrated marginally off-site to the south and southwest. 

6.4 Dissolved Hydrocarbon Plume Stability 

Several factors can be considered in evaluating overall dissolved plume stability including source 
1dent1r1cation, migration potential. demonstrating of attenuation processes, plume mass stability, and 
absence of significant fluctuation of dissolved constituents, among other factors. With dismantlmg and



removal of all site structures, no ons,te and ongoing source exist. Despite residual hydrocarbon in 
subsurface soils beneath the site, ind,v,dual wells versus time plots show attenuating trends, with minimal 
temporal changes ev,dent In add1!1on, dissolved hydrocarbon constituents are an asymptotic phase, and 
the central plume mass (1 e., dissolved benzene) has generally remained consistent since asymptotic 
conditions have been achieved. 



7.0 SOIL GAS PRESENCE 

A soil gas survey was performed on four occasions: TEC (1999), Tetra Tech (2006), TEC (2009) as part 
of the Phase II add1t1onal s1le characterization efforts. and most recently TEC (2010) as part of Phase Ill 
act1v1l1es. The locations of soil gas probes are slmwn in Figure 7"1. 

The 2009 survey was performed in a manner consistent with the intent of two gu,dance documents 1) 
CRWOCS·LAR Interim Guidance for Acbve Soil Gas Investigation, dated February 15, 1997, and 2) 
Department of Toxic Substances Control Advisory-Active Soil Gas lnvest1gat1ons, dated 
January 23, 2003. Previous soil gas surveys. and the current survey performed in 2009, are discussed 
below 

7.1 Previous Soil Gas Surveys 

Previous Off-Site Soil Gas Assessment {TEC 1999): To evaluate potential health risk to the 
residential areas situated immediately south of the tonner refinery site, an off-Site hydrocarbon soil 
vapor assessment was previously performed on June 24, 1999 (TEC, 1999; Attachment I). Soil 
vapor testing was performed st three off-site locations situated immediately south of the former 
refinery site, between the site and residential areas to the south- geoprobe boring locations GP"1, 
GP-2 and GP-3, at depths of 5 and 10 feet below ground surface (Figure 7-1) No soil vapor was 
detected at or above the respective analytical detection 1;m1ts for the serres of target compounds 
snalyzed using a modified EPA Methods 8010/8020. 

Previous On-site ,Soll.Gas Survey_ffelra Tech..JnL.2006): Soil gas assessment was selective performed 
by Tetra Tech (2006) at five locations in the Northern (SB 1, SB2 and SB4) and Southern (SB3) Western 
Parcels, and the Eastern (E 1) Parcels (F;gure 7 -1; Attachment I). Sa1nples were retrieved from depths of 
5 and 15-16 5 leet below ground surface. voes detected included BTEX, MTBE, 1,2.4-
Tnmethylbenzene, and 1.3,5-Tnmethylbenzene, consistent with voes reported in site soil and 
groundwater samples. A summary for the soil gas survey performed by Tetra Tech (2006) for 1s provided 
1n Table 7··1. 

7.2 Phase II Perimeter Soil Gas Survey {TEC, 2009) 

A soil gas survey was performed along the perimeter of tile site. A total of 22 probes were drilled, 
with samples retrieved at a depth of 5 and 15 feet bgs at each location. Constituents reporied 
included Benzene. Cyclohexane. Ethylbenzene, Heptane, lsopropylbenzene, MTBE, Propylene, n
Propylbenzene, sec-,Butylbenzene, Tert-·Butylbenzene, Toluene, 1.2,4-Tnmethylbenzene, 1,2,5· 
Trimethylbenzene. and Xylenes. These constituents are typical of those encountered on site . 
Laboratory reports are provided m Exhibtt 7 

Southern Perimeter: Seven (7) probes were drilled on-site along the southern pen meter of the site 
(from east to west, SGP-1 through SGP-7, respect,vely), with soil gas samples retrieved a depths of 
5 and 15 feet bgs Elevatetl levels of soil gas were reported (Table 7-2a). Various components of 
elevsted BTEX were reported tor all probes with exception to westernmost SGP-7. Benzene 
concentrations where reported ranged from 36 to 2,100 uglm' in SGP-1 and SGP.-G at a depth of 15 
and 5 feet bgs, respechvely. 

Western Perimeter: Seven (7) probes were drilled off-site along the western perimeter of Gundry 
Avenue (from south to north, Gdy-1 through Gdy,7, respectively), with soil gas samples retneved at 
depll1s of 5 and 15 feet bgs. Elevated levels of soil gas were reported (Table 7-2b). Various 
components of BTEX were reported for two locations: Gdy-1 and Gdy--4 at depths of 5 feet bgs, 
Benzene was reported at concentrations of 89 and 51 ugim', respectively. 



Eastern Perimeter: Four (4) probes were drilled off-site along the eastern perimeter of Walnut
Avenue (from south to north, Wnt-1 through 4, respectively), with soil gas samples retrieved a 
depths of 5 and 15 feet bgs. Elevated levels of soil gas were reported (Table 7-2c). Various 
components of BTEX were reported for all four probe locations. Elevated Benzene was reported at 
depths of 5 and 15 feet bgs in Wnt-1 at concentrations of 43 and 5,600 ug/m3• respectively, and 
Wnt-3 at a depth of five feet bgs at a concentration of 51 uglm3• 

Northern Perimeter: Four (4) probes were drilled off-sije along the northern perimeter of Hill Street. 
(from east to west, Hill-1 through 4, respectively), with soil gas samples retrieved a depths of 5 and 
15 feet bgs. Elevated levels of soil gas were reported (Table 7-2d). Various components of BTEX 
were reported at three locations. Benzene was reported in Hill-1 and Hill-3 at depths of five feet bgs, 
and concentrations of 50 and 86 uglm3• 

7.3 Phase Ill Offsite Soil Gas Survey South of the Subject Site (TEC, 2011) 

Immediately south of the site, six additional soil gas probes were drilled (from west to east 
SGP-WD-1 through SGP-WD-6, respectively), with soil gas samples retrieved a depths of 5 
and 10 feet below ground surface (bgs) with exception to SGP-WD-1 where a soil gas 
sample was retrieved at 5 feet bgs only due to a shallow water table (Figure 7-1). Analytical 
results for soil gas were compared to the California Human Health Screening Levels 
(CHHSLs) for soil gas for residential land use, and are summarized in Table 7-3. Laboratory 
reports are provided in Exhibit 7. 

TABLE 7.3 

SUMMARY OF SOIL GAS PROBE PARAMETERS SOUTH OF SITE 

Soil Gas Probe Depth to Sampling Depth Remarks 
Designation Groundwater (feet below 

(feet bgs) ground surface) 

SGP-WD-1 7 5 
SGP-WD-2 12 5 

5 (EPA T0-15) 
10 

SGP-WD-3 12 5 
10 

SGP-WD-4 12 5 
10 
10 (EPA T0-15)) 

SGP-WD-5 12 5 
10 Tiaht soil. 

SGP-WD-6 12 5 Tight soil. 
10 Tiaht soil. 

Benzene was reported at concentrations of 56. 47, 39 and 71 ug/m3 at a depth of 5 feet in 
SGP-WD-1, SGP-WD-2, SGP-WD-5 and SPG-WD-6. Benzene was also reported at a level 
of 53 uglm3 at a depth of 10 feet bgs in SGP-WD-6. 

Total petroleum hydrocarbons (C4-C12 range volatile organic compounds) ranged from non
detect to 9,100 micrograms per liter (ug/L) as reported in the furthest probe SGP-WD-4 at a 
depth of ten feet. 



8.0 LNAPL OCCURRENCE 

8.1 Former LNAPL Occurrence and Residual Hydrocarbon Overview 

Historically, LNAPL presence was previously reported as three separate and localized t111n pools of 
limited lateral extent, overlying !lie sliallow semi-perched saturated zone beneath the Western 
Parcel (Figure 8-1 ). Former Pool No. I encompassed former recovery well R-4 and monitoring well 
MW-9, and was characterized as a combination of naphtha, kerosene and gas-oil , with an API 
gravity ranging between 44 9 and 47.3, and total lead content between 10 9 and 198.2 ppm, as 
measured in R-4 and MW-9, respectively Pool No II was situated in the vicinity of former recovery 
well R--6, and characterized as heavy crude oil or lubricating oil, with an API gravity of 19 0 Pool 
No Ill was s,tuated m the vjcmity of formar recovery well R-5, and characterized as a combinatjon of 
naphtha, kerosene and gas-oil, with an API gravity of 40.9 and a total lead content of 179 0 ppm. 
Physical cliaractenst1cs of the former LNAPL pools are summarized 1n Table 8-1 LNAPL 
histograms are presented 1n Figures 8-2 through 8-4. 

8,2 former LNAPL Recovery Efforts 

Operation of a LNAPL recovery program on the Western Parcel was 1n1tiated in former recovery 
wells R-4 and R--6 in March 1967, and R·5 in December 1988. The estimated volume of total fluids 
removed since July 1968 was approximately 253,902 barrels. Of this volume, an estimated volume 
of 27 9 barrels of LNAPL was recovered. Tl1e LNAPL recovery system was terminated in February 
1994, w,th subsequent hand bailing of residual LNAPL in certain wells thereafter (notably, former 
recovery well R-4 and monitonng MW-9). 

In December 2002, LNAPL was solely encountered m former LNAPL recovery well R-4 Apparent 
LNAPL thickness was measured at 2.65 feet, whereas. actual thickness was less than O 51 feet A 
light sheen was observed 1n monitoring well MW-9 These cond;t;ons were consistent with previous 
gauging events. Tl1e presence of residual LNAPL is not unusual reflecting a continued fluctuation 1n 
the unconfined p1ezometnc level since the recovery wells were deemed no longer eff1c1ent for 
LNAPL recovery in 1994, and continued contact with l1ydrocarbon·saturated soil at the hydrocarbon 
affected soil above the water table and adjacent to the screened interval (termed lhe "'smear wne"). 
Approximately 12.5 gallons of 1.NAPL had been periodically bailed from R-4 during the period 
between June and December, 2002. 

8.3 Current LNAPL Occurrence 

No LNAPL has been detected dunng gauging efforts 1n 2009 for all wells. In addition, no LNAPL has 
bean detected during gauging of ex,st1ng wells during the past several years of gauging 



9.0 DISCUSSION 

For discussion purposes, elevated hydrocarbon constituents reported in respect to soil gas and 
groundwater have been compared with established screening levels and/or Maximum Contaminant 
Levels (MCLs). Such levels are no! used at lh1s time for the purpose of developing clean up levels 
for the site Actual clean up levels will be developed 1n concert with preparation of a site closure 
strategy 

9.1 Soil Quality 

Soil quality overall ;s consistent with past site operations Notably. significant portions of the 
southern portion of the Western Parcel are impacted by hydrocarbons Such impact extends from 
the existing ground surface vertically downward to the water table Soils jn the northern portion of 
lhe Western Parcel are not significantly impacted by the subsurface presence of residual 
hydrocarbons. The vertical extent of hydrocarbon ,mpacted soil is shown in Figures 5-7 and 5-8 In 
addition, a small localized area 1n the northwestern comer of the Eastern Parcel was also del;neated 

Soil quality data generated during Phase II and Ill related act;v;11es noted the presence of residual 
hydrocarbons in the vicinity of the piezomelnc level (1.e. water table) south of the site as reported in 
wells MW-12 and MW-17, situated west of the Western Parcel, and wells MW·15. MW· 16, MW·17 
and Mw-1g, situated sout11-southwesl of the Western Parcel. 

9.2 Groundwater Quality 

Groundwater beneath the s;te is not a source or potential source tor dnnking water. The source(s) of 
dissolved hydrocarbon constituents an groundwater beneath the site is inferred to be related to the 
presence of former LNAPL pools and associated "smear' zones (Figure 9-1 ), wrth exception to 
dissolved MTBE which IS inferred to have migrated onsite from an off-site source west-northwest of 
the site. Residual hydrocarbons are notably evrdent al the piezometnc surface and w1th1n the 
"smear zone" wl1ich developed 1n part by a fluctuat1ng water table over time, and past depression of 
tile water table during LNAPL recovery activities (Testa and Wmegardner, 2000; Testa, 1 994) 

Recent published studjes (Zemo and Foote, 2003) report t11at T o!al Petroleum Hydrocarbons (TPH) 
when used as a regulatory instrument may no! accurately differentiate between dissolved petroleum 
hydrocarbons related to LNAPL or "smear" zones and non·dissolved petroleum or polar non·

hydrocarbon compounds. This differentiation is important should TPH ultimately be used for 
regulatory decision.making beGause the comparison of total concentration data to the regulatory 
criteria may not be correct when simply analyzing for TPH. Results reported for groundwater 
samples retrieved 1n December 2008, and included 1n the Report on Phase I Additional S11bs11rfaca 
Assessment, demonstrated that natural b1odegradat;on of residual hydrocarbons within the "smear 
zone" is occurnng 

To further clanfy the actual concentration of dissolved ORO and GRO 1n groundwater. and the 
ongoing process of natural attenuation via b1odegradation, DRO and GRO were also analyzed with a 
silica gel rinse. Thrs data indicated that the vast majority of the mass measured 1n groundwater as 
"ORO" are polar non·hydrocarbons. likely resulting from the 1n!nns1c b1odegradat1on or the 
petroleum, Tl1e fact that tlie polar biodegradat1on byproducts are measured as "DRO" has been 
widely known since the mid·1990s, and use of the silica gel rinse removes or reduces !liese polar 
compounds. The petroleum hydrocarbons are non·polar and are not removed by the silica gel rinse. 
The ORO with s;hca gel rinse more closely represents the concentration of dissolved petroleum 
hydrocarbons 1n the groundwater Evaluation of chromatograms 1ndjcates that minor amounts of 
non·dissolved diesel are present in the groundwater samples, hkely from minor amounts of 
petroleum affected soil w1thtn the sample. Therefore, the actual concentration of dissolved 
petroleum constituents in the groundwater ,s likely lower than the concentrat,ons reported here;n 



The majonty of dissolved hydrocarbon constituents reported appear to be related to past site 
operations, and locat1ons of former LNAPL pools. However, the presence of dissolved MTBE IS 
inferred to be derived from an o f f -site source eas t -northeast of the Western Parcel 

9.3.1 Soil Gas Presence 

Analytical results generated in 2009 for soil gas were compared to the California Human Health 
Screening Levels (CHHSLs) for soil gas for commercial land use. CHHSLs established for 
commercial or Industrial land use for Benzene, Toluene, Xylenes and MTBE are 122, 378,000, 
887,000, and 13,400 ug/m3

• respectively. Analytical results for soil gas were compared to the 
California Human Health Screening Levels (CHHSLs) for soil gas for commercial land use 

Elevated volatiles were encountered during drilling and periodic sampling As part of the soil gas 
sw-vey, elevated Benzene levels exceeding the established CHHSL of 122 uglm' for 
commercial/industrial land use were reported at several locations along the southern perimeter of 
the site, and locally along the eastern portion of the site Benzene levels ranged up to 2,100, 5,600, 
89 and 86 uglm' along the southern, eastern, western and northern perimeter. otl1er elevated 
const<tuents included the local;zed presence of Ethylbenzene along the southern perimeter, and 1 ,2· 
rnchloroethan, 1,2-Dichloroethane, Ethylbenzene, MTBE and Toluene, beneath portions of Walnut 
Avenue Other elevated concentrations of certain constituents that do not liave established 
screemng levels were also reported ,n certain areas The source of elevated benzene at localized 
meas along Hill Street 1s uncertain. 

In 2010, south of the site, Benzene was the only carcinogen reported at concentrations m 
soil gas to be above the CHHSI. of 36.2 uglm' at certain locations off-site south of the site 
Only Benzene marginally exceeded tile CHHSL of 36.2 uglm'for residential land use 
Benzene was reported at concentrat,ons of 56. 47, 3S and 71 uglm'at a depth of 5 feet 1n 
SGP,WD-1, SGP-WD,2, SGP-WD-5 and SPG-WD--6. Benzene was also reported at a level 
of 53 uglm' at a depth of 10 feet bgs in SGP-WD-6 Benzene 1n soil gas essentially occurs 
along most of the southern perimeter and southwest corner of the site, and exists off-site 
immediately southwest of the site 

Prevmus soil gas data detected benzene at 2,100 uglm'(so1I gas probe Sgp·6·5), which was 
used ;n the 2009 r,sk assessment Based on addil1onal soil gas survey data for benzene off. 
site and soutt1 of the site, the highest concenlral1on was reported to be 71 uglm" a factor of 
about 30 t;mes lower in comparison to what was reported on·site, Tlius, tlie estimated risk is 
much lower than prevrously reported 111 the 2009 Pliase II report. 

9.4 LNAPL Occurrences 

No detectable LNAPL was encountered during gauging of b<lth ons1te and off -site wells All 
recoverable LNAPL has been recovered, and no further action 1s required in regards to LNAPL. 



10.0 HUMAN HEAL TH RISK ASSESSMENT 

The Human Health Risk Assessment was performed hy E'ponent in 2009 and updated in 2010 
(Exl1ibit 8). The March 2010 soil vapour sampling locations tliat are included in this evaluation are 
farther south of the southern boundary and closer to the offsite residents than the sampling locations 
that were evaluated previously along the southern boundary The evaluation was hased on 
maximum detected concentrations, which were assumed to he representative of concentrations to 
which offsite residents would be exposed for 30 years. This latter assumption is particularly 
conservative, because aromatic hydrocarbons are known to b1odegrade over time Estimated 
noncancer hazard indexes, assuming a residential scenario, were below levels generally considered 
acceptable hy regulatory agencies 

Potential noncancer risks are expressed 1n terms of a hazard index, and polentral cancer risks are 
expressed in terms of a the-0ret1cal l11et1me excess cancer risk A hazard index less than 1 1s 
generally considered acceptable hy regulatory agencies Theoretical lifetime excess cancer risks 
are generally compared to an acceptable risk range of 1,10--0 to 1 ,10--<. cancer risk estimates of 
less than 1 x10--0 are considered to be so low as to warrant no lurtlier investigation or analysis 

Hazard risk values generated are all below 1, indicating that potential exposure to chemicals of 
potential concern in indoor air by residents adjacent to the south em property boundary pose a 
negligible non cancer health risk under the conditions evaluated. The estimated excess cancer risks 
are at or below the generally acceptable risk range based on maximum Chemicals of Potential 
Concern (COPC) concentrations and one-half the minimum detection l1m1ts in soil vapor, hut they fall 
in the lower end of the risk range based on maximum COPC concentrations and one-half the 
maximum detection limits in soil vapor, or based on maximum COPC concentrat,ons 1n groundwater. 
Methylene chloride was not detected 1n soil vapor but was the largest contributor to the estimated 
cancer risk based on soil vapor data The only chemical detected in soil vapor lhal conlnbuted to 
the estimated cancer risk ,s benzene, which was detected at concenlrat1ons that are rougl1ly 30 to 40 
times lower than the maximum detected concentration reported in lhe previous evaluation using 
2009 soil vapor data along t11e southern boundary. 

The estimated excess cancer risks based on the maximum detected benzene concentrations are 
well he low the generally acceptable risk range (6x 1 0-7 and 3x1 0-7, at 5 and 10 ft bgs, 
respectively). Finally. estimated risks based on groundwater data are driven by naphthalene, which 
was not detected in the soil vapor samples Estimated health risks based on groundwater data are 
likely more uncertain than those hased on soil vapor data because of additional assumptions 
required in the model and potential hiodegradat,on of the COPCs m the vadose zone 

In summary, potential soil vapor intrus,on ,snot likely to he of concern for current off-srle residents 
south of the property boundary 



11.0 SITE CONCEPTUAL MODEL 

A Site Conceptual Model (CSM} was formulated based on the known Iii story of the site and 
subsurface geologic, hydrogeolog,c and environmental conditions encountered and subsequently 
reported since the late 1980s The SCM is d1v1ded into four sections, and 1s aimed at 1ntegrallon and 
interpretation of all data oblainell to dale, and is dynamic, that being, changes as add1t1onal 
information and data 1s genera led and interpreted. The four sections discuss 1) introductory 
information, 2) summary of previous work, 3) evaluation of the lateral and vertical extent, and 
stability, of subsurface hydrocarbons, and 4) a preliminary assessment of subsurface hydrocarbons 
impact on public health and the environment The updated SCM ,s provided 1n Exhib•t 9. 



12.0 CONCLUSIONS. RECOMMENDATIONS AND PLANNED ACTIVITIES 

Based on the ,nformation and results presented herein, the followrng conclusions are offered: 

, The site is underlain by deposits of unconsolidated, stratihed, laterally d,scontmuous 
sequences of fine-grained soil with an intervening fme-to coarse-grained sand layer, 
whicl1 is exists at depths from about 13 feet to 45 feet below ground surface (bgs). 

, Groundwater beneath the site 1s not a source or potential source for drinking water. As 
of March 2011, overall groundwater occurred at elevations of 5 31 and 6.52 feet relative 
to mean sea level, respectively (depths rang;ng from 12 60, to 15. 70 and 4 1 .50 bgs. 
respectively), as measured in wells M W -8, and MW-1 and MW·3, respectively. Depth 
to groundwater ranged from 10 80 to 41.50 feet bgs, as measured ,n wells MW-19 and 
MW-3, respectively. Beneath t11e Eastern Parcel, groundwater was encountered at 
elevations of 5.39 and 5.50 feel (i.e., depths of 24.60 to 26. 10 feet) as measured 1n 
wells MW-2 and MW·10, respectively. Groundwater flow beneath the site was 
generally toward !he south-southeast, witll slight mounding beneath the southwest 
portion of the Western Parcel. Hydraulic gradient is on the order of 0.003 to 0.006 fl/ft 

, During sampling, relatively slight to strong hydrocarbon odors were noted in all wells 
with exception to well MW-18 No Light Non-aqueous phase l1qu1d (LNAPL) 
hydrocarbons were encountered dur;ng gauging and sampling of the wells: 

• In regards to overall soil quality, add1t1onal characterization activities associated with
Phases I, II and 111, wem consistent with past site operations and reported results
Notably, sign1/1cant portions of the soil column beneath tile Western Parcel are
impacted by residual hydrocarbons Such impact extends from the eKisting ground
surface vertically downward to lhe water table, notably. beneath the southern portion of
the Western Parcel. Tile northern portion of the Western Parcel 1s least impacted by
lhe subsurface presence of residual liydrocarbons. In add•tion, a small local,zed area
in the northwestern corner of the Eastern Parcel was also delineated.

Soil quality data generated during Phase II and Ill related act1v1Ms noted the presence
of residual hydrocarbons rn the vicjmty of the p1ezometrrc table south of the site as
reported ;n wells MW-12 and MW-17, situated west of ttie Western Parcel. and wells
MW-10, MW-16, MW-17 and MW-19, situated south-southwest oft11e Western Parcel,

• During the March 2011 groundwater sampling event, dissolved GRO was reported ;n
10 out of 16 wells, and ranged from non-detect to 0.35 to 19 mg/Lin wells MW-17 and
MW-19, respectively. Dissolved ORO was reported in 12 out of 16 wells, and ranged
from 1.1 lo 11 mg/L, in wells MW-17 and MW-11, respectively Dissolved DR Or using
a silica gel rinse were reported in 10 out of 16 wells w,th concentrations of 0.3 to 1,7
mg/L, as measured in wells MW-10 and MW-11, respectively These data confirm tlrnt
most of the materials being measured in groundwater as "DRO" are polar non
hydrocarbons hkely resulting from intrinsic b1odegradation of the petroleum. The ORO
with silica gel cleanup more closely represents the concentrations ot dissolved
petroleum hydrocarbons ,n the groundwater Dissolved Benzene, Toluene,
Ethylbenzene or Total Xylenes were reported in live out of 16 wells; MW-8, MW-9, MW-
11, M W -12, aiid MW-19. Dissolved Benzene, however, was reported 1n only three on
site wells at concentrations of 46, 90 and 5100 ug/L in wells MW-8, MW-9 and MW-11,
respectively

MTBE was reported in five wells at concentrations of 11, 32, 19, 26 and 130 ug/L m
wells MW·1A, MW-8, MW-13, MW-16 and MW-17, respectively Tert-Butanol was
reported 1n two wells; wells MW-8 and MW-12 at concentrations of 380 and 320 ug/L,
respect;vely.



Eight other petroleum-related dissolved voes were reported These const,tuents and 
their respective highest concentration reported, and associated wells, were· 

Volat;1e Organic Co!l:JPounds 

lsopropylbenzene 
4·1sopropylbenzene 
Naphthalene 
n·Bulylbenzene 
n-Propylbenzene
sec-Butylbenzene
1 ,2.4-Trimethylbenzene
1,2,5-Trimethylbenzene

_goncentrat1on /ug/L) 

150 (MW·16) 
25 (MW·12) 
420 (MW·12) 
28 (MW·12) 
130 (MW-12) 
35 (MW-12) 
320 (MW-12) 
730 (MW-12) 

• Dissolved hydrocarbons exist beneath the former refinery site, and have migrated
hydraulically offs1te toward the west, south and sout11west, and marginally toward the
east of tlie Western Parcel. GRO and ORO, including relatively low levels of ORO,
using a silica gel rinse, were reported in most perimeter wells and thus have migrated
hydraulically off-site toward the south and southwest, marginally toward the west, and
east of well MW-9. Dissolved Benzene component was reported 1n on-site wells MW·8,
MW-9 and MW-11, and has marginally migrated toward the east of the Western Parcel,
east of well MW-9. Certain dissolved VOCs have migrated offsite toward the soutl1 and
southwest, west, and marginally toward the east of well MW-9

D,ssolved MTBE is noted 1n groundwater west and southwest of the Western Parcel.
Relatwely elevated dissolved MTBE 1n groundwater for olfs1te well MW-17, in addition
to ;ts presence being reported 1n select soil samples from this location. suggest an off
site source situated west or northwest of the site, wit11 migration toward the east and
beneath lhe former Chemoil refinery site. Dissolved Tert-Butanol appears to have
migrated marginally off-site to the south and southwest.

• A soil gas survey was performed tn 2009 along the peri1neter of the site, and updated in
2010 to extend our understanding of soil gas presence and risk off-site and south of
the site. Haiard risk values generated were all below 1, rnd1cat,ng that potentral
exposure to chemicals of potential concern in indoor air by res,dents adjacent to the
southern property boundary pose a negl1g1ble non cancer health risk under U1e
conditions evaluated The estrmated excess cancer nsks were at or below the
generally acceptable risk range based on maximum Chemicals of Potential Concern
(COPC) concentratrons and one·half the minimum detection limits in soil vapor, but
they fall in the lower end of the risk range based on maximum COPC concentrations
and one·half the maximum detect1on lim1ls 111 soil vapor, or based on maximum COPC
concentrations in groundwater Methylene chloride was not detected in soil vapor bu!
was the largest contributor to the estimated cancer risk based on soil vapor data The
only chemical detected in soil vapor that contributed to the estimated cancer nsk was
Benzene, which was detected at concentrations that are roughly 30 to 40 times lower
tlian tlie maximum detected concentration reported in the previous evaluation using
2009 soil vapor data along the southern boundary.

The estimated excess cancer risks based on the maximum detected benzene
concentrations were well below the generally acceptable risk range (6•10-7 and 3•10-
7, at 5 and 10 ft bgs, respectively). F;nally, estimated risks based on groundwater data
were driven by naphthalene, whtch was not detected in the soil vapor samples.
Estimated health risks based on groundwater data are likely more uncertain than those
based on soil vapor data because of additional assumptions required in the model and
potential b1odegradatio11 o! the CO PCs in !he vadose zone.



In summary, potential soil vapor intrusron is not likely to be of concern for current off
site residents south of the property boundary. 

The following recommendations are oftered: 

• Quarterly groundwater gauging and sampling will continue, with the next events to
be pertormed in June, September and December 2011, with resultant reports
submitted in July and October 2011, and January 2012;

• Based on analys,s of results of soil, groundwater, and sorl gas testing. no interim
remedial response 1s deemed necessary

• On-site clean-up goals will be proposed once future site use 1s determined, and
development plans are formulated.

• Upon review of l11e report presented herein by the CRWQCB-LAR, a meeting with
the CRWOCB-LAR will be l1eld to discuss results and salient elements for
development of a site closure strategy with consideration of subsequent site use
and scheduling

• A site closure strategy should be developed 1n consideration of comments received
from the CRWQCB-LAR following thejr review of the Phase Ill report, updated
Human Health R,sl< Assessment, and updated Site Conceptual Model.
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14.0 UMITAT!ONS 

The observations. conclusions and recommendations presented 1n this report are based upon: 

• Review of data and referenc;ed material noted in this report,

• Observations of TEC personnel and representatives during drilling of soil and soil
gas borings, installation of groundwater monitoring wells, gauging and groundwater
sampling, and other field.related activities performed between April 2009 and
March2011,and

• Review of results of laboratory analyses performed on select groundwater samples
as reported by a Califorma State-0ertrf1ed analytical laboratory.

I! is possible that variations 1n soil and groundwater conditions may exist beyond the limits of or 
between the data points and locations explored during t11is assessment. Also, cl1anges may occur in 
surface and groundwater conditions encountered in the site area at some time in the future due to 
variations in rainfall. temperature, regional water level fluctuations and usage, or other factors, which 
may ultimately impact the conditions discussed here,n. 

The services performed by TEC have been conducted in a manner consistent with the level of care 
and skill ordinarily exercised by members of the profession currently practicing under similar 
cond1t1ons. No other warranty, expressed or implied, 1s made. 





TABLE 2"1 

SUMMARY OF PREVIOUS REPORTS 

Date Report Title 

Engineoring Entorprlses, lnc. (EE! 

Dec-85 
Aug-B6 
Oct-86 
Mar-87 
Apr-87 
Sep"87 
Jan-S8 
Jan-88 

Jul-88 
Jan-89 
Jul-89 
Jan-90 

Groundwater Assessment Phase I Report, MacMillan Ring.free 0,1 Company 
Groundwater Assessment Phase II Report, MacMillan Ring-Free Oil Company 
Groundwater Assessment Phase II Report Clarrf1cations 
Fir�t Quarterly Groundwater Monitoring Report, MacMillan Ring-Free Refinery, Signal Hrll, CA 
Second Quarterly Groundwater Monitoring Report, MacMillan Ring-Free Rehnery, Signal H,11, CA 
Ttmd Quarterly Groundwater Monitoring Report, MacMillan Ring-Free Refinery, Signal Hill, CA 
Fourth Quarterly Groundwater Monitoring Report, MacM,llan Ring-Free Refinery. s;gnal Hill, CA 
Revised Workplan to Address Outstanding Issues. Cal1forn1a Reg,onal Water Quahly Control Board 
F,le No 85·15, MacMillan Ring.free Refinery 
Biannual Interim Monitoring Report, MacM,llan Rmg-Free Refmery, Signal Hill, CA 
Biannual Interim Monilonng Report, January 1989, Chemo,I Refinery, Signal Hill, CA 
Biannual Interim Monitoring Report, July 1989, Chemoil Refinery, s;gnal Hill, CA 
Biannual Interim Monitonng Report. January 1990, Ctiemorl Refmery, Signal Hill, CA 

Applied Environmental 5':_�_ices, Inc. (A.�� 

JU1·90 
Jan-g1 
Jul-91 
Jan-92 
Jul-92 
Jan·93 
Jul-93 
Jan-94 
Jul-94 

Biannual lnter;m MonRonng Report, July 1990, Chemoil Refinery, S,gnal Hill, CA 
Biannual lntenm Monitoring Report, January 1991, Chemoil Refinery. Signal Hill, CA 
Bi�nnual Interim Monitoring Report, July 1991, Chemoil Refinery, Signal Hill, CA 
B,annual Interim Monitoring Report, January 1992, Chemojl Refinery. s;gnal Hrll. CA 
Biannual Interim Monitoring Report, July 1992, Chemoil Refinery, Signal Hill, CA 
Biannual Interim Monitoring Report, January 1993, Chemoil Refinery. Signal H,11. CA 
B,annual lntenm Mo111torrng Report, July 1993. Chemoil Refinery, Signal Hill, CA 
Biannual Interim Mon1\or,ng Report, January 1994, Chemoil Refinery. S,gnal H<II, CA 
Biannual Interim Monitoring Report, July 1994, Chemoil Re(1nery, Signal H>II. CA 

Testa Environmental Corporation 

Jan-gs 
Jul-95 
Jan-96 
Jul-96 
Jan-97 
Jul-97 
Dec-·97 

May-98 

Nov-98 

Aug-99 
Sep"01 

Nov-01 

8,annual Interim Monitoring Report, January 1995, Chemoil Refinery, Signal Hill, CA 
B•annual Interim Monitoring Report, July 1995. Chemoil Refinery, Signal Hill, CA 
Biannual lnlenm Monitoring Report, January 1996, Chemoil Refinery, Signal Hall, CA 
Biannual lnlenm Morntodng Report, July 1996, Chemoil Rehn<ery, Signal Hill, CA 
Biannual Interim Mo111toring Report, January 1997, Chemoil Refinery, Signal Hill, CA 
Biannual lnlenm Monitoring Reporf, July 1997, Cl1emoil Refinery, Signal !·hll. CA 
Pmposal tor Subsurface Soil Quality Assessment. December 1997, Former Chemoil Ref<nery, 
Signal Hill, CA 
Report or Additional Subsurface Assessment and Groundwater Mo111tonng. May 1 998, Former Chemoi 
Refinery, s;gnal Hill, CA 
Proposed Workpldn for OFF-site S1JbM,rface Soil and Groundwater Quality Conditions, November 6, 
1998, Former Chemoil Ref,nery, Signal H,11. CA 
Report on Addrt1onal Subsurface Assessment, August 1999, Former Chemoil Re!Fnery, Signal Hill. CA 
Proposed Workplan for Si,bsutface Assessment, Eastern Parcel. Former Chemoil Refinery, 
Signal Hm, CA 
Report on Additional Subsurface Asressment, E�stern r>arcet Former Chemoil Reranery, Signal 11,11, CA 
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Mar-02 
Jun-02 
Jul-02 
Ju1·02 

Oct-02 
Jan-03 
Apr-03 
Ju1·03 
Oct-03 
Jan-04 
Apr-04 
Jul-04 
Oct-04 
Jan-05 
Apr-05 
Jul-05 
Ocl-05 
Jan-06 
Apr-06 
Jul-06 
0Cl·06 
Jan-07 
Apr-07 
Jul-07 
Oct-07 
Jan·08 
A p r -08 
Jul-08 
Oct-08 
Oct-08 
Jan-09 

Mar-09 
Apr-09 
May-09 
Sep-09 
Oct-09 
Jan-10 
Apr-10 
Apr-10 
May-10 
Jul-10 
Oct-10 
Jan-11 
Apr-11 

TABLE 2-1 

SUMMARY OF PREVIOUS REPORTS 

Report Title 

Proposed Remedial Action Plan, Eastern Parcel, Former Chemoil Refinery. S,gnal Hill. CA 
Revised Remedial Act,on Plan, Eastern Parcel, Former Chemoil Refinery, s;gnal H1II, CA 
Report on Quarterly Groundwater Quality, July 2002, Former Cl1emoil Refinery, Signal Hill, CA 
Rev1secl Work plan for Subsurface Assessment, Western Parcel. Former Chomo1I Refinery, 
Signal Hill, CA 
Report on Quarterly Groundwater Quality, October 2002, Former Chemoil Refinery, Signal H,11, CA 
Report on Quarterly Groundwater Quality, January 2003. Former Chemoil Refinery, s,gnal Hill, CA 
Report on Quarterly Groundwater Quality, April 2003, Former Chemoil Ref,nery, Signal Hill. CA 
Report on Quarterly Groundwater Quality, July 2003, Former Chemoil Refinery, Signal Hfll. CA 
Report on Quarterly Groundwater Quality. October 2003, Former Chemo,I Ref,nery, Signal H,11. CA 
Report on Quarterly Groundwater Qualtty, January 2004, Former Chemoil Refinery. Signal Hill. CA 
Report on Quarterly Groundwater Quahty, Apnl 200�. Former Chemo,I Ref,nery, Signal Hill, CA 
Report on Quarterly Groundwater Quality, July 2004, Former Chemoil Refinery, Signal Hill. CA 
Report on Quarterly Groundwater Quality, October 2004, Former Chemoil Refmery, Signal Hill, CA 
Report on Quarterly Groundwater Quahty, January 2005, Former Ct,emrnl Refinery, Signal H,11. CA 
Report on Quarterly Groundwater Quality, April 2005, Former Chemrnl Refinery, Srgnal Hill, CA 
Report on Quarterly Groundwater Quality, July 2005, Former Chemoil Refinery, Signal Hill, CA 
Report on Quarterly Groundwater Quality. October 2005, Former Chemoil Refinery, s;gnal Hill, CA 
Report on Quarterly Groundwater Quality, January 2006, Former Chemoil Refinery, Signal Hill, CA 
Report on Quarterly Groundwater Qual,ly, April 2006, Former Cl1emoil Refinery. Signal Hill, CA 
Report on Quarterly Groundwater Quality, July 2006, Former Chemoil Refinery, Signal Hill. CA 
Report on Quarterly Groundwater Quality, October 2006, Former Chemoil Refinery, Signal Hill, CA 
Report on Quarterly Groundwater Quality, January 2007, Former Chemoil Refmery, S,gnal Hill, CA 
Reporl on Quarterly Groundwater Quality, April 2007, Former Chemoil Refinery, Signal H,11, CA 
Report on Quarterly Groundwater Quality. July 2007. Former Chemoil Refinery, S;gnal Hill, CA 
Report on Quarterly Groundwater Quality, October 2007, Fornier Chemoil Refinery. Signal Hill, CA 
Report on Quarterly Groundwater Quality, January 2008, Former Chemo,I Refinery, S;gnal Hill, CA 
Report on Quarterly Groundwater Quality, April 2008, Former Cl1emoil Refinery, Signal Hill. CA 
Report on Quarterly Groundwater Quality, July 2008, Former Chemoil Refinery, Signal Hill, CA 
Report on Quarterly Groundwater Quality. October 2008. Former Cl1emoil Reftnery, Signal 1-1;11. CA 
Rev1sC<t Propose<:l Workplan, October 12, 2000, Former Chemoil Rehnery, Signal Hill, CA 
Report on Phase I Addibonal Site Characterizatmn, January 2009. Former Ci>emoil Reftnery, 
Signal Hjll_ CA 
Proposed Pl,ase II Workplan, Marci, 2, 2009, Former Chemoil Refmery, Signal Hill. CA 
Report on Quarterly Groundwater Quality, Apnl 2009, Former Chemoil Ref,nery, Signal H,11. CA 
Revised Proposed Workplan for Soil Gas Survey, May 0, 2009, Former Chemoil Ref,nery, Signal Hill, C 
Report on Phase II Addtlional Subsutiace Charactenzat,on. Former Chemoil Refinery, Signal Hill. CA 
Report on Quarterly Groundwater Quality. October 2009, Former Chemoil Refinery, Signal Hill. CA 
Report on Quarterly Groundwater Quality, January 2010. Former Chemoil Refinery, Signal Hill, CA 
Report on Quarterly Groundwater Qualrty. April 201 0, Former Chemoil Refinery, Signal Hill, CA 
Report on Off-Site Soil Gas Survey, Former Chemoil Re!inery, Signal Hill, CA 
Report on Updated Human Health Risk Assessment, Former Che mo,! Refinery, S1gnal Hill, CA 
Report on Quarterly Groundwater Qual;ly. July 2010, Former Chemoil Refinary Site, Signal Hill. CA 
Report on Quarterly Groundwater Quallly, October 2010, Former Chemoil Refinery, Signal Hill. CA 
Report on Quarterly Groundwater, January 2011. Former Chemoil Refinery, Signal Hill, CA 
Report on Quarterly Groundwater Quelily, April 2011, Former Chemoil Refinery, S111nal Hill. CA 



-noo>s�coc,o < "oro���"'"-" C 

"Z.Z.�::.':.6i'.6 ' ooooo«>g,°' 
! • ' C 

0 • 0 
8 • 

C 
C -

I 
�

C 
C 

�
ts
8 

�;'.' 
b� 
•g

cc 
C C ·• cc 

-i

7. s: 0 
� � � ' • «> \? � " 

§
cocc·
co•• 

¥EJ" "' "'
'!2 i,: 3s

- -- "����"'�·3���il"'��&$l�l�9���?it�[��OoDO -ccQ�D�B�I-oroo.�oQ�o- "-"-"3" --c-o0
,c o ,c,c��������ooIOc��"��c�co��3�g�?g��cro�""�es�;;;;;;;;; g§.,; � ,1.,s ��&,cg� �g o1,5 ;a g 2 gaa;;; "'� 3 ""o1 "-'°"
��"'�"'---oo='-'°rooo4y�-�,.,oro�2"-,:;� 2- .. o<>"'1' !o!!g = �;20:KI�n��c�!;�-l3�••�"'�3:s,:;�a� 
" "- o o =� m-., • � 0 ro I-om c, 1> c"' n" rn- ,, � c" -o <,.ro �-s:a:ro "c, 

-" 0 o"' a"' o � - o" o,; ;a. - - - """ " .. n - "-1,:" �;:: ,,- "- � D-0! 0 "

Si..c-._,,,,_g_,,_,,,•=-•.·-�i.-"-?•30•"';,2�c�<5cc,.,,-mt;:o i• &!&&:1�e�i�l,cdmftif�g;��:a:!;iio
m

fml��ia&
"'���3°3 3 !���8�o��a�s§g�gt3J8Q�,,� ro 8�s'<� s:ssi"�la��-�,!�32:""-ml�s�•m!sata:,:;330iai���ks;��3���a�3�5�i&r;;i§i�c

,s��;m�l 
=c==-ma "- N 5v•-��-um0�c., ru �-Om�3m -0Qrou303 
- 0 -;: col 1•�•s•oa'<s••-• 0 mo�••,S•oc-�--o 
•"-�� "' "- 3 0 .�� ! -0053•"-o!"-0� 0 0 30-•sa•�o5. 
'f:�'!;,<':;::m o&ic2�S'§_,r«am��- ,, ,,,�i;::&§mcc�,S2';-Si..1l"';u 
�s--oa "'-a301��a2�1ma�,-5 "-2�,cc��,,- &m� 
«>-<»--tc -�0 ro m w- <> m-om- M c e, "'«>"-->-- - 05 
-�--�! S M i "-S � o •;n,1.u���� Soro31!�"'- 3"-5 
<>50��- Dro"-c.f "- c�Oo� ._c 3� ra -s� "'5'"- c,_•!=> o�o,
2o2,C'<-� �- ID 5 - "-5<mo., - " -• - �r� �L 
"""""" •0 ">�o--t.•ro's-<>m,o •"" "-3• "S"'"- o>-0 
0 ° 0"1."'-o "--0�1;:�,om,3,:,"' °l]S:l_«> 000 o " c'DQ 
-�-• "' 3 "'"'--m,,,.�-o.ro8 --- " "- "' "'"'""- me-,, 
.�.-- �"""""'--"""'"m- iSoo"' � a 003m "-,a 
•"' "-ro'o>3 "-cio..;g.-0 3 "���"' -0 00 =, - ce,:,-,,� '"-
ro "' �ro ••"• o� -<>-u11.-

., �o , m "'--,o . �" "-� es•�"'a§Kg5moi-o� � S "-gal ccig -§• :s"-� "" 8coc,;;�,;03ci);:E $ if> lo,c<ro roOc< "-� oang "' Si�§�•=•�� "- s � "-i•"- "� 15 f�g" t�i=[sga;�a � � roit� E� ';:� ['!�� --oc.f!':�"��lfm� ro :;: ;:else )r,8 *S -,-�o� �"'�§ga�53�� g � 1�"-"' =b 
-- --o� -�o ·�;, "'-"- � - "' -u •3 R� {§;; ¥��f!&t�

Q

;& : & :;�l �8::: �3a-� :,.. "- 0�=§03 -o O 5 o "-3 �� It "�5; � ;: o�g"-�3 @] � "' <5 t� 33 
= ?.o"-u «'l,cp�.,,"-8: ;;- 0 • 0 � '.2.1, eoc 
= 

&:::g;; '/l�'oi�'<oro -;: I 2 >- -«_,- o2. ?J §gI �f�Scf[lro 2S- .;; 3 ""�� ;:: r • =' � -- -"- m •S �� 2 j -m j
i 
; 
s 

t 

-o- D" o
0 o•- « o • - 0 

,--;f ---, m ;;:--o�<> "'=' D g -i, ;,lze,-ro =� m'lro."-a o� �· cc� � 
>"' - "'� - " - - "'- 0"' � c�.: .,, ii! I 8.� (3g: coo ,,. �.; '""ro 3c, oloii

:::,
"' "'�- "' 

<o �t? ]- ;:�';-o!f fi§ § i;:: oc- ,. �ore 0"- _ 
_ 7.  <i•;a, a. .�w"� ·: �t -s' • Do_" r e, - v_ u, o>o -., �-• 

3c,<o;;J"' ID �a, e, \'iSJ"-�3 a- _Ri) ,:; "';;,��� I l ;,. 8 oec O,.. 

2 •• C,Oo 
"-"-"']S: "- i· ,. " � >"' "• o,-

� � 
0 '
if

i' 
.I 
f 
I 
• 
• a 

0 
0 

i� 
1 ; ·  

I 
I§ 
,, 0 

0� 
fl SC >,.

,;,;r-
�m!!"' - - "' "'°'°'°'""........ �- > 

QJ, "' 
3; "'

;- o, - r 

i�-522£'"
-,,5"',_�,,.a
,--2."""�: 
.,at:�§,� 
n<> .. � �-

s' a"< 8 "' ll 0 

3§�«ig�� ai,_-O!�" ID 

��ra:��a 
�ro-o� M 

,,:�'<s� -f

'"� .. � � �s

,,-�a��;,; 
5 ·0,---3a:�s
"'"z-o�"�
,;:;;i>-�3g

.
¥ .;,;;]i3o�-

"-j����!
�ro"-3�' 

38� "' """

�«i5'""g2 

�¢ro'8go
3"0-"�

<> 
0 � D 0 

D 
� -

3 0 
� ·· c, 3 3
ro �om u 

"- ���g;--• "'

" :; "-
:,, ll 
• 0 
C 

' 
' 
! 

I 
0 

I 
�

.[ 

! 

l 

' 

E '
0 

' 

* 

J 0 

i 
0' 

�
z
m
a 

I
rn
�
0 

m 

i 
i 

i 
" 



Table 4 -1 

Summary of Boring and Well Data 

Soil Boring Depth Soi' Type So;! Loc�t1on Remarks 

Boring Depth lnte,val Symbc! 

So. (feet) (feet) (USCS) 

Engineering Enterprises, Inc. (1988) 

B-1 rn 0 - 7.5 Sandy SLlt MC Western Pa'c�I North 

7.5-10 Sand " 

"' rn 0 • 10 Stl;y sand SM Western Parcel North Moderate hyCrncarbo� odor 

"' rn 0 - 7.S Silty sand SM Western Parcel North 

7.S - 9 sa�dv sil: MC 

' rn Santi " 

"' 10 0 rn Sandy sit, M, Wester.o Parcel North Sligh! hydrocarbon odor 

S·S rn 0 ' Santiy clay " Western Parcel North Strong hydrocarbon odor 

' rn Sandy silt M, Slight hydrocarbon odor 

S·S w " rn Silty sanci SM Westerc- Parcel North Hydrocarbon saturation at S' bgs 

'' w " " Sandy silt M, Westem Parcel North 

6 - 10 Sand " Moderate sweet odor 

"' rn " . ' Sandy silt MC Westere. Parcel North 

9 - lO Silty ;ae.ct SM 

co rn 0 ; Silty sand SM W�stem Parcel r>iMth 

3 • 10 Sandy silt M, 

cm rn 0 ' Silty sand SM Western Parcel r.iorth Slight hydrocarbon odor 

7 • 10 Sandy silt M, Slight hydrocarbon odor 

on rn 0 ' Clay n Western Parcel North Slight hydrocarbon odor 

2 • lO Silty sand SM MDdetate hydrocarbon odor 

on rn 0 ' Silty Saad SM Western Parcel North Mode,ate hydrocarbon odor 

' . " Sandy silt M, Mode,ate hydrocarbon odor 

6 -10 Silty sand SM Moderate hydrocarbon odor 
B-13 rn " ' Sandy silt M, Western Parcel North Si's ht hydrocarbon odor 

3 • i:o Silty sand SM ModYate hydrocarbon odor 



Table 4 -1 

Summary of Soll Boring Data 

Soil Boring Depth So,I Type Soil Location R�marks 

BDriog Depth loterval Symboi 

'° (foet) (feet) {USCS) 

B-14 w 0-' Silty sand SM Western Parcel North 

3 -10 Sandy silt MC 

B·1S rn D · 10 Silty sand SM Wcst£m Parcel South Slight hydrocarbon odor 

B-16 w 0-' Silty sand SM Western Parcel South W.oderate hydrocarbon odor 

s Sandy silt MC Si:Bhl hydrocarbon odor 

s w Silty sand SM Sl•�ht Oydrocarbon odor 

B·17 rn 0 · 10 Silty sand SM Western Parrnl SDuth 

B-18 rn 0 ' Silty sand SM Western Parcel South 

8 -10 Sand s, 

B·19 rn 0.' Silty sand SM Western Parcel South liydrocarbon saturation 

'_, Clay " Strong hvdmcarboon odor 

4 -10 Silty sand SM 

B·lO rn 0 • 1 S Sand se Wes,ern ?a reel S0uth 5tro�g hydrocarbDn odo, 

l.S - S Sandy silt Ml HydrocacOcn saturafoo 3-4' ces

S -10 Silty sand SM SliE;ht hydroca,bon odor 

B·21 rn 0 - ' Sandy s;lt MC Western Parcel South 

' ; Clay " 

' s Silty sand SM 

B· ;o Sand se 

B-22 rn 0 - 2 0 Sandy silt MC Western Parcel South Strong hydrocarbon odo, 

2.5 - rn Silty sand SM 

B-23 rn 0 ' Sandy silt MC Western Parcel South Strong hydrocarbon odo, 

2 • 10 Silty sand SM 

B-24 w G - 1.5 Sand se Western Parcel South Kydrocarbo,, sa!Uration 

1.5 - 10 Silty sand SM Slight hydrocarbon odor to S' bgs 

B-25 rn s ' Gravelly sand Se Western rarcel South Hydrocarbon saturation 

1 - 1G Sandy Slit MC Mnderate hydrocarbon odor 



Table4·1 

Summary of Soil Boring Data 

Soil Boring Depth Soil Type Soil Locat;oo Remarks 

Boring Dep:h Interval Symbol 

" (feet) ffoet) (l!SCSI 

"" rn 0 ; Silty sa�d SM Western Parcel Sooth Strong hydrocarbon odor 

s rn Sandy silt MC Slight hydrocarbon oder 

"" s 0 s Clayey salt MC Western Parcel North 

B·?8 rn 0 · S Silty sand SM Wester� Parcel North Strong hydrocarbon odor 

3 · 10 Clayey sand MC 

Mon�oring and WAPL Recovery Well< (Engineering Enterprises, Inc., 1987) 

MW·l " 0 ' Sandy silt MC Western Parcel Sou;h 

7 · 1S Clayey silt MS 

lS - 20 Sandy silt MC 

W·40 Sandy silt se 

40- 45 Clayey silt MS 

MW-lA ss 0 -15 Sandy silt MC West of Western Parcel 

15 - 35 Sandy silt se North 

MW-2 " 0 ' Sandy silt MC Eastern Parcel 

7 -12 S Clavey silt MS 

l?..S -20 Sandy silt MC 

2D · 37.5 Sand se 

37.5 -4S Clayey silt MS 

MW-3 " 0 • 7 .5 Sandy silt MC Westem Parcel North 

7.5 • 15 Silt MC 

15 -25 Sandy silt MC 

:lS-37.5 Sand SC 

375.45 Clayey ,cit MC 



Table 4 -1 

Summary cf Sell Bering Pata 

Sorl Boring Depth Soil Type Soil Co cation Remarks 

Bonng Oepth Interval Symbol 

No. {feet) (feet) ILISC5) 

R-t, " 0 • 7.5 S1i1ysand SM Western Paccel North 

7.S -12.5 Siltysand Mc 

12.S - 20 Clayey silt MS 

20 • 25 Silty sand SM 

25 - 40 Sand ;e Hydrotacbcn odor noted a: 30' bgs 

40 - 45 Clayey silt MS 

R-5 " 0 • 7.5 5rlt Mc Western Parcel North 

75-17.5 Silty ,and SM 

17.5 - 37.5 Sand " Hydroc.,,t,on odor noted a: 35' bgs 

37.5 - 45 Clayey silt MS 

ss " 0 • 7.5 >andy ,tit Mc Western Paccei South 

75-125 Clayey silt MS 

12.5 - 22.S Silty sand SM 

22.5 -37.S Sand ;e Hydroca,bon odor noted at 15 -25' bg; 

37.5 - 45 Clayey ;,It MS 

MW-7 " 0- 7.5 Silty sand ML Western Parcel South 

7 S • 15 Ciavev ,11, MH 

15 - 25 5,lty sand SM 

2S -40 Sand se Hydrocarbon odor at 3S' bg; 

40 · 45 Clayey srlt MS 

MW·3 " 0 - lD Silt Mc 

10-17.5 Sandy Slit Mc Western Parcel North 

17.5-40 Sand SC 

�o -45 Sandy silt Mc 

MW·9 ;s 0 - 1S Sandy sil'. Mc Westem Parcel North Shell iragments at 15' b�, 

JS - 35 s,�� SC Well installed to 49' bgs 



Soil Bori�g 

8oc,ng Depth 

So {feet) 

MW-10 " 

Depth 

Interval 

(feet) 

0 • 15 

,s ,s

s; " 

'° - 41 

Soil Type 

Sandy sift 

Sand 

Silly ;and 

Saod 

Soil Borings ITesla Environmental Corporation, 1998) 

a ' '' 0 · J.S Silty sand 

' s - 7.S Silty clay 

7.5-35 Sand 

8·:l '" o - l.S Silty ,and 

2.5-7.S Clayey silt 

7.5-12.S S,lty sand 

12.5 • 30 Sand 

"' 0 - 2.5 Clayey silt 

2.S-7.S SanOy si!t 

75-12S Silty sand

12.S - 22.S Sand

22.5 -25 S,lty sand 

Table 4 -1 

Summary of Soil Borin� Data 

Sori 

Symbol 

llJSCS) 

MC 

;e 

SM 

SC 

SM 

cc 

se 

SM 

cc 

SM 

;e 

SM 

MC 

SM 

SC 

SM 

Location 

eastern Parcel 

West�rn Parcel North 

Western Parcel North 

Western Paccel South 

Off-site Ge probes (Testa Environmental Corporation, 1999) 

GP-1 o • 12.S Clayey silt 

125-175 Siltysand 

17.5-20 Sand 

n 

SM 

" 

South of Western Parcel 

Remarks 

Shell fragments f,om 20-25' bgs 

Some organics 

Some sheli fragments 

Slight hydrocarbon odo,to 35' bgs 

Slight hydrocarbon odo,to '!O' bgs: 

strnng from 5 -25· bg; 

Strnng hydrocarbon odor to .25' bgs 



Table4-1 

Summary of Soll Boring Data 

Soil Boring Depth Soil Type Soil Location Remarks 

Borrng Depth lnte,val Symbol 

So. {feet) (fee:) ltJSCS) 

GP-2 '" 0 • 12.5 Clayey silt cc South of Westecn Parcel 

12.5 - 17.5 Silty sand SM 

17.0 w Sand " 

GP-3 ,o 0 - 20 Clayey silt cc South of We;\ern Pate�i 

Soil boring; (Tetra Tech, Inc., 2006) 

5B-1 '" 0 • 3.5 Silty sand SM Western Parcel North Strong hydrocarbon oOor from 2.$ - 35' bgs 

3.5 - 4.5 Silty ciav ;c 

4.5 • 14 Silty ,and SM 

" '' Sand " 

,s " Silty sand SM 

34 - uo Sand se 

SB·< " 0 • <3 511; MC Western Parcel North Hyd,ocarbon odo, throughout depth 

23 - 45 Sand SC Strong hydrocarbon odor throughout depth 

5B-3 " 0 - 11 Silty<a�d SM Eastern ?a reel South 

11 - 14 Clay cc 

14 • 34 Sand " 

SB-3 " 0 " Western Parcel North 

SB-" " 0 u s,1w,and SM Western Parcel North Strong hydrocarbon odor throughout depth 

" " Saod " 

15 - " 5,lty sand SM 

" " Sand se 

4HC5 Silty sand SM 

' ' " Eastern Parcel Cone Penetrat1M T�,t 

E-lA '" Eastern Parcel Cone Penetration Test 

C·l� " £astern Parcel Cone Penetration Test 



5011 Boring Depth 

Boring Dep'.h Interval 

" (feet) {feet) 

HC " 

E·3A w 

S011Type 

Table4-1 

Summary of so;I 60,;ng Oata 

Soil 

Symbol 

(IJSCS) 

Location 

Eastern Parcel 

Eastern Paccel 

Remarks 

Cone Penetration Test 

Cone Penetration Test 

Mon�oring wells (Testa Environmental Corporation, 2009) 

o-n 5;11 MC Western Parcel North Strong hydrnca,bGn odor throughout depth 

13 - 27.5 5;1rv sand SM 

27.5-32.S Sandy ,;11 MC 

325-42.5 Silty sand SM 

42.5-45.5 Sandv silt MC 

MW·lJ. D - 7 .5 Clayey ,,r, MC West of Western Parcel 5!ro�s hydrocarbon odo,irom JO - 30' bg; 

7 5 · H 5 Silt ML 

12.S - 17.5 Sandy ,rn MC 

17.5 - 22 Sand ;e 

n - 22.s Silty ;and SM 

22.5 • 32.5 Sandy ,i:r MC 

31.S - 35 Silty sand SM 

C·S Sandy si:t MC Western Parcei South 

6 - 11 Clayey silt cc 

11 - 35 Sand se Strnng hydrocarbon odor from 15 · 35' �gs 

MW·14 n O· 1.2.5 Clayey silt MC South of Western P3ccel 

12.5 - 27 Sand ;e 

MW-JS 0 - 7.5 Silt MC South of Western Parcel 

7.5-17 Sand se Moderate hydrocarbon odor from 10 - 17' bgs 



Table4-1 

Summary of Soil Boring Data 

Soil Bori�g Depth Soil Type Sml Co cation Remark< 

Boc,ng Dep:h lnterva' Symbol 

So (feet) {foet) (LJSCS) 

MW·16 n 0 S S1lt MC South of Western Parcel 

6 - 9.5 Sandy silt MC 

9.5·175 Silty sand SM 

li.S-28 Sand se Moderate hydrocarbon odor at 25' bgs 

MW-17 n D-U.S Clayey silt MC West of Western Parcel 

12 5-15.D Silt MC Sl,ght to moderate hvdrocarbon cdo, 

15 0-27.0 Sand se from 15 - 27' bgs 

MW-18 n D-7 .5 Clayey sii: MC South of Western Parcel 

7.S·U S Silt MC No hydrocarbon odor 

12 5-17.5 Silty sand SM 

17.5-H Sand " 

MW-19 n D - 7 5 Clayey sit: MC South of Western ?a reel 

7.5-12.5 Sandv salt MC Siight hydroca,1.>on odor 

125-21.0 Sand se Strong hydrocarbon odo, 
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Table 5-1 
Summary of Analytical Results for Soi! for the Western Parcel 

Engineering Enterprises, Inc. (1987-1988) 

WW Deptt, s,m�le TRPH'" f"ucl Hydrocarbons {mglKg}'"' 

Go11n� 110011 "' (nlg/Kg) Gasoline Kemser.e Diesel Mineral U"'11(fererl\,sleci 
So Spi!l1S llydrocarilons 

(mg/Kg) 

Former Monitoring and Recovecl' Wells (EE!, Nov. 1987] 
MW-1 w S-1-20 NA'" "' "' "' "' " 
"' ' S-<1-6 "' "' "' "' "' "' 

w S-<1·20 "' "' " " " " 
OS ' S-5-0 "' "' "' " " " 

" S-5-20 "' "' "' "' "' "' 
MW-7 w S-7-20 "' "' " "' " " 
MW-8 " S-8-1 ,; ""' " "' "' " " 

w S-8,30 '' "' "' "' "' " 

Soil Borings (EEl, 1988) 
'' w S-10-10 ND"' "' "' " SC SC 

(l-� ' S-o-i 38,000 " "' "' "' " 
w S-5,10 M "' SC oc SC 12,000 

,, ' S-6-2 2\.000 w, " "' " "' 

'" S-C-10 " '"' SC 1900 " oc 

' ' w S,7,10 "' '' SC "' SC SC 
'' w S-8-10 "' "' '" SC "" SC 
ll-9 w S -9-10 " "" SC 6100 "' rR<10D 
B-10 w S-10-10 "' "' SC 2100 SC oc 

G-l 1 ' S-11-2 12,000 "' " "' " " 

w S-ll-10 "' 4000 oc "' SC "° 

B-\2 w S-t2-10 "' ws "' sos SC "' 
0-1� ,0 S-t�-10 "' "" "" "" "" 1200[' 
B-14 ' S-14-2 49,000 "' w, "' "' "' 

w S-14,tO "' "° SC SC SC 4300 
B-15 w $-15-10 " oc so "" "" 3W 
B-IC w S-16·10 "' SC "" '"" oc SC 

B,17 w S-11-\0 " "' "' SC SC '"' 

ti-!U w S-18-10 "' "" " "' "" "" 

B· 19 ' S,19-2 16.000 "' "' "' "' NI, 

w S·ifi·\O "' "" SC 1000 SC '" 

H-20 ' S-10-1 45,UOO "" "' "' "' "' 

w S,20,\0 "" "' SC 1200 SC ''" 

B-21 ' S-21-2 "' "" SC "" SC 1R<100 
w S-21-10 "' sos SC '® "' TR<100 

B-22 ' S-22·2 26,000 "' " " "' "' 

" $ -22-10 " NI) "' "' '" 2600 
B,23 ' S,23,2 15.000 "' "' "' "' "' 

w S-2<-!0 "' SC "" "" SC SC 
R-2• ' S -24-2 •MOO " "' "' " " 

w S-24·1 0 "' SC "' w SC SC 
B -25 ' S-2S-2 !9,000 " "' "' " "' 

" S-15-1 0 "' "" "" "" "" 510 
B-26 ' S-26-2 48.000 "' "' "" "' "' 

" S -26-1 0 " Nil so 1900 SC SC 
B-,7 w S-21-10 " SC SC "' "" SC 
B·2S ' S·2B·2 40.000 w, "' "' w, "' 

'" S-2B-10 "' "" "" "' SC 3400 
·--··--· 

"' l'RPH " Tolal r,etroleum hydrocarbons usir(J EPA MethOd 418 1 
'"' mg/Kg = mil11grams per k1lc-;iram or eq"1valenl to pMs per m1lllon 
'' NO = Not oetected at l,;,v«ls equal lo or grealer lhan Ille resnect"e analyt,cal Cie\eclmn l,m,t 
'" NA a Nol analyzed 



Table 5-2 
Summary of Analytical Data for Soll for the Western Parcel 

Testa Environmental Corporation (1999) 

Boring Sample Sample Parameter 
" �" No. TPf-!g''' lPHd '0' TRPH'" Beazee.e Toluene Elhy1beozene Total MTBE -� 

(rng/Kg) "' (aigfl(g) lr:ig.'Kg) (cg.lKg\" (ug.'Kg) {ug/Kg) Xylene, {ugJKg) 
(ug/Kg) 

,------------ ----------· ---- ------·-�--- '"""""""-

Western Parcel (sotrth,;rn subpa,cel) 

., ' B· 1·5 So 1170 1590 '' o<S "' nw '' 
rn B-1·10 " 552 ,OS ,o ''° on 1630 ,o 
rn B-1-15 '' "" '" '' ma 2550 " ,o 
'" e.1.20 ,oo 5750 8580 '' �ao 11000 18700 ,o 

" B-1-25 n, 10700 11900 ,ooo 7350 254CO 48000 ,o 
SC B-'.-30 "' 11200 20800 7140 14000 522GO 10500G ,o 

" 8-1-35 '" 9250 15100 3110 6430 30700 15700 ,o 

a., ' 8·2-5 '" �00 1410·J 3120 317.0 sa, 4190 ,o 

rn B-2-',0 " ,o ,o ,o ,o ,o '' ,o 

,; 8·2·15 00 '' 11 ,o '' '' '' ,o 
'" s.2.20 '' ,o 12 ,o '' ,, ,, '' 
,s B-2·15 1510 5924 13900 3010 13900 60600 6S400 '' 
00 e.2.30 1130 �00 7140 0000 12400 18900 63200 ,, 

., ' B-3-5 '" �700 4940 931 1760 °'' 9160 ,o 

rn B-3-10 ,� 5290 7740 901 1260 1150 o�, ,o 

,; B-3-15 00 " OS ,o ,o ,, ,o ,o 
" B-3·20 ,oo 9150 9480 "' 1660 4280 18900 '' 

,s s.3.25 '" 1040G 11300 1370 2280 2050 34000 '' 

Off-site Ge op robes 

GP-1 s ,o ,o '' ,o ,o '' ,o '' 

rn '' '' '' '' ,o '' ,, '' 

" es ''° '' ,o ,o '' ,o '' 

" 270 ,so '' '' ,o '' ,o '' 
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TABLE 5-3a 

SUMMARY OF ANALYTICAL DATA FOR SOIL {a) 

Boring/Well Designation No. (b) 

Parameter S·ll·l S·ll·S S·ll-10 S·ll-15 S-11·20 5·11·25 S·ll-30 S·ll-35 S·ll-40 S-11·45 S-12·5 S-12-10 S·12·15 

Gasoline {GROl an!;! Di�j�I (DRQl R�nge Org�nics using EPA Method 8015B Modified· units in mg£Kg !cl 

Gasoline (GRO) 1.9 1300 3800 2600 2000 1500 3400 1100 3200 8800 ND(1)(e) N0(1) N0(1) 

Diesel (ORO) 1100 3000 23,000 8700 3500 3300 14000 18000 7000 4100 6400 ND(10) ND(10) 

Volatile Omanic ComQounds Using EPA Method 8260B· units in ugfKg (d} 

Benzene 6.9 ND(2500) 11000 3400 ND(2500) ND(2500) 8400 N0(2500) 7800 9400 ND(5) ND(5) ND(5) 

cis-1,2, Diehloroethane ND(5) ND(2500) ND(2500) ND(2500) ND(2500) ND(2500) ND(2500) ND(2500) ND(2500) ND(2500) ND(5) ND(5) ND(5) 

Ethylbenzene 15 4100 20000 9800 6700 4700 16000 2800 25000 31000 ND(5) ND(5) ND(5) 

lsopropylben2ene ND(5) ND(2500) 6800 3700 2800 ND(2500) 7600 ND(2500) 7800 9600 ND(5) ND(5) ND(S) 

4-lsopropyltoluene ND(5) ND(2500) 6300 3100 N0(2500) N0(2500) 6800 ND(2500) 3200 4800 ND(5) ND(S) ND(S) 

MTBE ND(S) ND(2500) ND(2500) ND(2500) ND(2500) ND(2500) ND{2500) ND(2500) ND(2500) ND(2500) ND(S) N0(5) ND(5) 

Naphthalene ND(5) 9900 27000 7200 5100 3500 21000 ND{2500) 9000 12000 ND(5) ND(5) ND(5) 

n-Propy1benzene N0(5) 2700 9500 4800 3700 2800 11000 2600 10000 13000 ND(5) ND(5) ND(5) 

n-Bulylbenz.ene ND(5) ND(2500) ND(2500) ND(2500) ND(2500) ND(2500) 7800 ND(2500) 4900 6700 ND(5) ND(5) ND(S) 

sec-Butyl benzene N0(5) ND(2500) 5500 ND(2500) N0(2500) ND(2500) 5400 ND(2500) 3700 4900 ND{5) ND(5) ND(5) 

Tert-Butanol ND(100) ND(2500) ND(2500) ND(2500) ND(2500) ND(2500) ND(2500) ND(2500) ND(2500) ND(2500) ND(100) N0(100) N0(100) 

1 ,2,4-Trimethylbenzene 9.3 ND(2500) 49000 21000 16000 12000 42000 N0(2500) 5200 7800 ND(5) N0(5) ND(5) 

1,3,5-Trimethylbenzene NO(S) ND(2500) 19000 7800 5500 4000 10000 ND(2500) 6600 13000 ND(5) N0(5) N0(5) 

Toluene ND(5) ND(SOK) N0(50K) N0(50K) ND(50K) N0(50K) ND(SOK) ND(2500) N0(2500) N0(2500) ND(S) N0(5) ND(5) 

Xylenes 31 4800 75000 26800 14000 8500 9800 ND(2500) ND(2500) ND(2SOO) ND(5) N0(5) N0(5) 

Semi-volalile Organic ComQounds using EPO Method 827QQ;· uoils i!J ygQSg 
Acenaphthene ND(75) 200 1100 140 120 61 640 7.8 150 140 N0(12) ND(S) N0(5) 

Acenaphlhylene ND(75) 130 480 120 58 29 340 N0(5) 65 62 ND(12) N0(5) ND(5) 

Chrysene 75 5.3 21 6.8 ND(S) NO(S) 34 ND(5) NO(S) N0(5) N0(12) ND(S) NO(S) 

Fluoranthene N0(75) ND(5) 46 5.3 N0(5) ND(S) 46 NO(S) ND(S) ND(S) ND(12) ND(S) ND(5) 

Flourene N0(75) 350 1900 120 51 28 1400 10 120 210 N0(12) ND(S) N0(5) 

Naphthalene ND(75) 4800 20000 4200 2100 1400 17000 55 6800 6200 13 5.8 ND(5) 

Phenanlhrene N0(75) 520 2500 210 24 12 2200 6.8 73 320 N0(12) NO(S) ND(S) 

Pyrene 89 20 89 11 ND(S) ND(5) 86 ND(5) ND(S) 16 N0(12) ND(S) ND(5) 



TABLE 5-3b 

SUMMARY OF ANALYTICAL DATA FOR SOIL (a) 

Boring/Well Designation No. (b) 

Parameter 5·12·20 5.12-25 5·12-30 5·12·35 5.13.1 5.13.5 5.13.10 5.13.15 5·13·20 S-13-25 5-13-30 S-14-5 S-14-10

G�ioline !GRO} �nd Oies�I !ORO} Range Qrganics using EPA Method 80158 Modifitd; unit; in mg£Kg (&l 

Gasoline (GRO) 130 580 960 N0(1) N0(1) ND(1) ND(1) ND(1) 130 390 250 ND(1) N0(1) 

Diesel (ORO) 260 650 360 N0(10) N0(10) 450 N0(10) N0(10) 370 2200 1400 ND(10) N0(10) 

Volatile Organic Com�ounds Using EPA Method 82608· units in ug!Kg@ 

Benzene N0(250) ND(500) ND(SOO) NO(S) ND(5) ND(5) N0(5) N0(5) ND(250) ND(500) N0(250) ND(S) ND(S) 

cis-1.2, Oichlocoethane ND(250) N0(500) ND(SOO) ND(S) N0(5) NO(S) N0(5) N0(5) ND(2SO) N0(250) ND(250) ND(SJ ND(5) 

Ethylbenze-ne ND(250) ND(500) ND(500) 15 ND(5) ND(S) ND(S) NO(S) ND(250) ND(250) ND(250) ND(5J ND(5) 

lsopropylbenzene ND(250) 1300 3000 ND(5) ND(5) ND(S) N0(5) N0(5) ND(250) 980 640 ND(5) ND(5) 

4-lsopropyltoluene ND(250) ND(500) ND(500) ND(5) N0(5) ND(5) ND(5) ND(5) ND(250) ND(250) ND(250) ND(SJ ND(5) 

MTBE ND(250) ND(500) ND(500) N0(5) ND(5) ND(5) N0(5) N0(5) ND(250) ND(250) ND(250) N0(5) ND(S) 

Naphthalene ND(250) 1400 3600 ND(S) N0(5) NO(S) ND(S) ND(S) ND(250) 2700 2300 NO(S) ND(S) 

n-Propylbenzene ND(250) 2000 4500 N0(5) ND(5) ND(5) N0(5) NO(S) N0(250) 1200 850 ND(5) ND(S) 

n-8uty1benz;ene ND(250) NO(SOO) 750 NO(S) NO(S) ND(S) ND(S) ND(5) ND(250) N0(250) ND(250) NO(S) NO(S) 

sec-Buty1benzene ND(250) 1100 2000 N0(5) ND(5) ND(S) ND(S) NO(S) ND(250) 920 590 ND(5) ND(5) 

Tert-8u1ano1 NO(SOOO) ND(10K) N0(10K) N0(100) N0(100) ND(100) N0(100) N0(100) ND(SOOO) NO(tOK) N0(100) N0(100) N0(100) 

1,2,4-Trimethylbenzene ND(250) ND(500) ND(SOO) N0(5) ND(5) ND(5) N0(5) ND(5) ND(250) ND(250) ND(250) ND(5J ND(S) 

1,3,S.-Trimethylbenzene N0(250) ND(500) NO(SOO) NO(S) N0(5) ND(S) NO(S) ND(S) ND(2SO) N0(250) ND(250) ND(S) NO(S) 

Toluene ND(250) ND(500) ND(SOO) ND(S) ND(5) ND(5) N0(5) N0(5) ND(2S-O) ND(250) ND(250) ND(5) ND(S) 

Xylenes ND(250) ND(500) NO(SOO) NO(S) N0(5) ND(S) ND(S) ND(S) ND(250) ND(250) N0(250) ND(S) ND(S) 



TABLE 5-3b 

SUMMARY OF ANAlYTICAl DATA FOR SOIL (a) 

Borjng/Well Designation No. (bl 

Parameter 5-12-20 S-12-2S 5-12-30 S-12-35 S-13-1 S-13-5 5-B-10 5-B-15 5-13-20 S-B-25 5-13-:lQ S-l"-5 5-14-10

�0.m,-vola1,te Organ,c Com�ounds us,og EPA Method 8270C units ,n uo.'L

Aceaaphthene ND(") NC.'15) N0(5) NQ(O) MJ(75) N0{5) ND(5) ND(5) "' '' " ND(5) N'.l(5) 

Aceaaphth)'eee N'.l(5) ND(5) NDiS) ND(S) ND(75) N0(51 ND(5) ND(5) ND(T2) '' ,s ND(51 Ncl(5) 

Ben,0(3 )anlhracene N'.l('i) NC(5) NO(S) NO(Si ,so ND(5\ ND(S) ND(5) ND(12) N0f12) ND(12) NDt5) ND(S) 

Ben,o(a)picer.e NV(S) NC(5) NO(S) NO(SI "' NO(S) NO(O) ND(5) N0(12) >l0(12) ND(12) ND(5) NO(Sl 

Beozo(t, ;,ff, ucanlhene N':l(5) NC(O) N0(5) ND(5) "' ND(5> ND(S) ND(S) ND(l2) ND(12) ND(12) ND(O) ND(5) 

Beo,o(a,C)oe,ylene ND(S) ND1S) ND(51 ND(SI 1?.0 "D(S) '1D(5) >JD(S) '1D(12) ND(12) N0(12) ND\5) ND(o;, 

Ber.zo(k) flouran! ,.Me ND(5) nd(5l NDiS) ND(5) 110 ND(5; ND(S) ND(S) flD(12) NC(12) ND(12) ND(5) Nc\(5) 

C/1,yseae ND(O) ND15) ND(51 ND(5) 250 ,0()(5) ND(5) ND(5) ND{12) 'ID(12) fl0(12) ND(5l ND(S) 

f'coran:hene ND(5) NC(5; ND(S) ND(S) 570 ND(5) ND(5) ND(S) ND(l2) 'sC(12) ND(12) ND\5) NV(S) 

F!o"rene ND(S) 'sC(5) ND(51 ND(51 " NCl(5) Nll(S) N0:5\ " '" NDi12) ND(5J ND(5) 

ln0eno(1 7. 3-cd) pyreee ND(5) NDIS) ND(5) ND(5) as NC(5) ND(5) ND(S) ND('.2\ ND(12} ND(12) ND(5) ND(SJ 

Naphlr.a!ece ND(5) <SO '" ND(5) 2100 >JD(5) ND(SI ND(O) 100 "" osn NC{5) ND(5) 

P�enanlhreae ND(SI NDl-'i) ND(Ol ND{5) "" NC(5J ND(S) ND(S) " '°" se ND,5) ND(SJ 

Py,ene ND(S) ND(S) ND\51 N0(5) ''" NO(.\) ND('il NO('i) t-iC(12) ND(12} ND(12) NC(5J ND(S) 



TABLE 5-3c 

SUMMARY OF ANALYTICAL DATA FOR SOIL (a) 

Boring/Well Designation No. (b) 

Parameter S-14-15 S-14-20 S-14-25 S-15-5 S-15-10 S-15-15 S-15-20 S-lS-25 S-16-5 S-16-10 S-16-lS S-16-20 S-16-2S

Gasoline {GRO! and Diesel {ORO! Range Organics using EPA Method 8015B Modified· units in mg£Kg (cl 

Gasoline (GRO) ND(1) ND(1) ND(1) ND(1) ND(1) 100 180 50 ND(1) ND(1) 250 1.6 67 

Diesel (ORO) ND(10) ND(10) ND(10) ND(10) ND(10) 440 1200 110 ND(10) 1400 10 37 

�!21�1il� Q£9!i!Oi" �IDl2Silld!lsi� !J:iill9 t;E:6 !!4lsilbgsi 8�§g�· L•Dil§ i!J ug!fSg !dl 

Benzene ND(S) ND(S) ND(S) ND(S) ND(S) ND(250) ND(25(1) ND(250) ND(250) ND(S) ND(5) ND(5) ND(5) 

cis-1,2, Otehloroethane ND(S) ND(S) ND(S) ND(5) ND(S) ND(250) ND(250) ND(250) ND(250) ND(S) ND(S) ND(S) ND(S) 

Ethyl benzene ND(S) ND(S) ND(5) ND(S) ND(5) ND(250) ND(250) ND(250) ND(250) ND(S) ND(S) ND(S) ND(25) 

lsopropylbenzene ND(S) ND(S) ND(S) ND(S) ND(5) ND(250) 350 320 ND(250) ND(S) ND(S) ND(5) ND(25) 

4--lsopropyl1oluene ND(S) ND(S) ND(S) ND(S) ND(S) ND(250) ND(250) ND(250) ND(250) ND(5) ND(S) ND(S) ND(25) 

MTBE ND(S) ND(S) ND(S) ND(S) ND(S) N0(250) ND(250) ND(250) ND(250) ND(S) ND(S) ND(5) ND(25) 

Naphthalene ND(S) ND(5) ND(S) ND(S) ND(S) ND(250) ND(250) 580 ND(250) N0(5) ND(S) ND(S) ND(25) 

n -Propylbenzene NO(S) ND(5) NO(S) ND(S) NO(S) N0(250) ND(250) ND(250) ND(250) ND(S) ND(S) ND(5) ND(25) 

n-Buty1benzene ND(S) ND(S) ND(S) ND(S) ND(S) ND(250) ND(250) ND(250) ND(250) ND(S) NO(S) ND(5) N0(25) 

sec-Butytbenzene ND(S) NO(S) N0(5) NO(S) NO(S) N0(250) N0(250) ND(250) ND(250) NO(S) NO(S) ND(5) 25 

T ert-Butanol ND(100) ND(100) N0(100) ND(100) ND(100) ND(SK) ND(SK) ND(SK) ND(SOOO) ND(100) ND(100) N0(100) NO(SOO) 

1,2,4-Trimethylbenzene NO(S) ND(5) NO(S) NO(S) ND(5) ND(250) N0(250) N0(250) N0(250) ND(S) NO(S) ND(S) ND(25) 

1,3,S.. Trimethylbenzene ND(S) ND(S) ND(S) ND(S) ND(S) ND(250) ND(250) ND(250) ND(250) ND(S) ND(S) ND(5) ND(25) 

Toluene ND(S) ND(S) ND(S) ND(S) ND(S) ND(250) ND(250) ND(250) ND(250) N0(5) ND(S) N0(5) N0(2) 

Xylenes N0(250) NO(S) NO(S) NO(S) ND(S) ND(250) N0(250) N0(250) N0(250) ND(5) ND(S) N0(5) ND(25) 



TABLE S·3c 

SUMMARY OF ANALYTICAL DATA FOR SOIL (a) 

Boring/Well Designation No. (bl 

Parameter S-14-15 S-1"-20 S-14-25 S-15-5 S-15-10 S-1S-i5 S-15-20 S-15-25 S-16-5 S-16-10

Sem,-,,01a1,lo Orgao,c Com�ow'6, osioa �PA Method 827GC ca·ts 1n uc/Ka 

Acenaphthece Ncl(5) ND(O) ND15J N(J(12) t,;[)(5) ,e n n '""" "0(12) 

Ac:enapOth)ieoe ND(S) ND(S; ND(Sl ND(12) t,;0(5/ ,. ' '' " ND(l2) t,;C,(121 

Be e co( a )enthcacece NQ(5) ND(S) ND(S) ND(12) e,;D(5) ND(S) ND(S) ND(S) ND(12) ND(12) 

Ben20ra)µycooo ND(S) ND(SJ ND(S) ND(12) t,;0(5/ �0{51 ND(S) ND(5) ND(12) t,;0(12) 

Se azoih)'o ocanthec� NDIS) ND(S) ND(S) ND(12) N0(5) N0{5l ND(S) ND(S) ND(12) ND<12) 

Benzo(a h)perylene ND(S) ND{S) ND(S) ND(12) ND(SI t,;D(S) ND(5) N�(S) N0(10l) Nl:l{'2) 

a,.,zoiK )flm,caa:aene N0(5) N[}(fi) ND(.\) ND(12/ >i0(5) ND:51 ND(5) ND(S) ND(12) MD(12) 

Chryseao ND(5) ND151 ND(S) ND112) t-i0(51 ND(S) ND(5) ND(5) ND(12J ND:12) 

FlooceetOer.e N0(5) NO(O) ND(S) ND(12) rn:01 ND{5l ND(S) NDiS) ND(12) ND('2) 

Flaa·eoo Ncl(S) ND(S) ND(S) ND(12) r-;o:s, cs "' " " NG1'2) 

lndeao{t 2 3,cO) pyreae ND(5) NG{5) ND(5) ND(12) N()(5) t,;D(fi) ND(S) ND(S) ND;12) "0(12) 

Naph:r,ar,e.e ND(5) SSC 3<J ND(12) ND(5} " so 13'1 1GO ND112) 

POer.,ctOs,oe NQ(S) NGt5) N0(5) 1:, ND(5) " " as " >.JD(12) 

f'ycen� ND(S) NDl5J ND(SI ND(12) ND(5) fiD(St s., ND(5) ND,:12) ND(12) 

No:es· 

la) Soil sampji,g foe Bo:iag.'well M\"·/.11 "�' eerforrne� oo AonE 17, 2;108. O.,a,g.',.,,,U se.v-,2 on Aodl 2�. 20n '""'9'""11 M 'W-1 3 co Apr,I 29, 2,1aJ: 

t,onc;Jslwells M W -,4 an� � M -15 on J;oe 25, 2nm. °"""g.'·,,:,li llW-15 oo Juoe 26, 2009. 

(b) Soil samole des'i;nal1on s = ml 11 " Ocnr.g'""II des•sct,oo 5 = <f,oth •n iee: bolo,i gr,,and surlace. 

(cl mg'Kg = m•mg,ams oe, Hee. '" eau,valent :o pMs oec rc,!l.or. 

id) ug/Kg: m,crag,am, pe, Pier. a, eou1valen, o, parts oe· b1llloa 

(e) NG= Not delec'ed a: o, eOcve the analyt,cel de:ect,oo l,c1,t, as sho,-r.1 '" parcns 

S-16-15 S-16-20 S-16-25

ND(51 NO(OI N0(5) 
ND(S) ND(S) NO(S) 

ND(S) ND(O) ND(5) 

ND(S) ND(S) Ncl(S) 

ND(S) ND(5) ND(S) 

ND(S) ND(C·I NO(S) 

ND(S) ND(51 NO(S) 

ND(S) ND(Sl ND(S) 

ND(S) ND(5) ND(S) 

ND(S) ND(SI ND(5) 

ND(S) ND(5) ND(5) 

NDiS) ND(Si as 

ND(S) ND{5) NO(S) 

ND(S) NO(:,) ND(5) 



Table 5-4 

Summary of Analytical Results for Soil for Off-Site Wells MW-17, MW-18 and MW-1!! 

Weti No. So,! Sample Ga,,,l,ne (l;�sel MTBE Remarks 

Sac:,pie Depth Rasge Range {ug/Kg)(c) 

Numbe, {foe!) Organ,cs Orgaoic, 

(ieet)M (GRO) (DRO) 

(rr.c/Kg\(bJ (m£JKg) 

MW-17 5-17-2 ' i'ID(l.O)(d) 150 ND(5) 

5•17-5 ' ND(l.0) NDl!O) ND{S) 

5-17-10 rn ND(l.O) ND(lO) 5.30 

5-17-15 ,s ND/1.0) n ND{5) Sligh, hvdrocarbon odor 

5-17-20 '" ND(l.01 no 6.50 S1,8ht hydrocarbon odor 
5-17-25 n '°' mo ND{5) Moderate hydrocarbon odo, 

MW-18 " "' " " '' 

MW-19 5-19-5 s ND(l.O) n ND(S) 

S-19-JQ 10 ND(l.O) w ND(S) 

5-19-15 IS ,, ''° ND(5) 
S·19·W '" 3.). ,so N0(5) 

(a) Dnllrng o: >11W·17 aad soil sampling was pertooned oa August 30. 20,0. fA'I· 16 on Decemoe, 3, 201 c,, ,no Ml'M9 on Feba,,ary 11, 2G11

(bi mg/Kg = m,11,gra,,, per krlogra-n. o, eqa,•,aleo: ,� P•rts ''" rmlloc,o

(c) "�'Kg • microgram, per kilogram. or equ,1alen'. o! pMs per b1fao

{�) Ncl = Nol detected at oc above n,e aoa�ircal deteclroo 1,m1 ss soov.., ,c paceos.



TABLE 5-5 

Summary of Soil Quality for Eastern Parcel Stockpiles (a) 

Soil Stockpile Sample Number 

Parameter 55-CP-1 SS-EP-2 SS-EP-3 SS-EP-4 SS-EP-5 SS-EP-G SS-EcP-COMPOSITE 

Gasolm,:, (GRO) ND(t 0) ND(! 0) ND(1 0) N[J(1 0) N[)(1 0) N[)(1 0) 

Olese1 (ll!lO) 55 !50 "" " " " 

Somi•Vola!tlo Organic Com11Qunrls Usin� EPA Mothod_U,.Q.8· uni\i;..ill.l!!i!tillJ.!!l 
8e,,,o I a)a ,,i,1,aceae 69 "' "" ND(l2) ND(12) ND(12) 
Bcnzo(a)pyrcae '" "" " N[l(1 ?) Nll(1?J Nll(12) 

Be,,,o{b I n""' a<>IM»e "' me '" ND(l2) ND(12) ND(12) 
Benzo{g, h.1 )pcrylcnc "" Co ,,2 N()(12) " N[)(12J 
He,,,o{k )";,ocs "I t,e,,e " " ,s ND{12) ND(\2) ND(12} 
Ci1'\'SCOC " "' " NIJ{12) Nll(l2) ND(12) 
I /,1,e·n,( a , t, )a,,tt,r .Jce"e " H ND(l2) ND{12) ND(12} ND(12} 
l'luuranthe11c " "" "' Nil(12) N[)(l2) Nil(1?.J 

I <\dB ,,o( 1 .2 .�-cd)pycene " " " ND(12) ND(\2) ND(12} 
Phcnanthrcnc ,s "" ,c Nll(12) ND(1�) Nll(12} 

l'yrer,e 1.tO "" SC ND(12) ND(\2) ND(12} 
Motals Using EPA Mothorl 30508/60108 in rnglK� 
A,,senlc ' ; 

�ar,um 120 

Chcor,,ium " 

Cobalt 7.5 

Connor " 

Lead ' 

N,ckel " 

Va11ad1am ;; 

Z,nc ;; 



TABLE 6-1 

SUMMARY Of ANALYTICAL DATA FOR GROUNDWATER - MARCH 2011 (a) 

Well Designation No. 

Parameter MW-1 MW·lA MW·2 MW-3 MW·8 MW-9 MW-10 MW-11 MW·l2 MW-13 MW-14 MW·lS MW·16 MW·17 MW•l8 MW-19

R-4(b) R·S(b) MW-7(b) R·6(b) 

Gasoline and Diesel Range Organics using EPA Method 8015B Modified; Silica Gel Rinse also used for Diesel Range Organics; units in mgll (cl

Gasoline (GRO) N0(0.20) 1.2 N0(0.20) N0(0.20) 1.8 5.2 N0(0.20) 19 14 0.89 N0(0.20) 0.77 2.7 0.35 N0(0.20) 1.3 

Diesel (ORO) 5.5 2.4 ND(0.20) ND(0.21) 6.5 2.3 4.9 11 9.2 8.5 ND(0.20) 5.5 2.6 1.1 N0(0.20) 3.7 

Diesel (DRO,sgr) 0.65 0.46 N0(0.20) ND(0.20) 1 .1 N0(0.20) 0.3 1.7 1.1 ND(0.20) 0.57 0.66 ND(0.20) ND(0.20) 0.45 

Volatile 0(9an
i

c Com�ounds Using EPA Method 82608· units In ug/L (d)

Benzene ND(5.0) N0(5.0) ND(5.0) ND(5.0) 46 90 NO(S.0) 5100 ND(20) ND(5.0) ND(5.0) ND(5.0) ND(5.0) ND(5.0) ND(5.0) NO(S.O) 

Elhylbenzene ND(S.O) 6 ND(5.0) ND(5.0) 13 59 ND(S.0) 610 470 ND(5.0) ND(5.0) N0(5.0) ND(5.0) N0(5.0) ND(5.0) 47 

lsopropylbenzene ND(5.0) 42 ND(S.O) ND(5.0) 68 55 ND(5.0) 120 130 51 ND(5.0) 59 150 ND(5.0) ND(5.0) 85 

4-lsopropyttoluene ND(5.0) ND(5.0) N0(5.0) N0(5.0) N0(5.0) N0(5.0) ND(5.0) N0(100) 88 N0(5.0) ND(5.0) N0(5.0) N0(5.0) ND(5.0) ND(5.0) ND(S.0) 

MTBE N0(5.0) 11 NO(S.0) NO(S.0) 32 ND(5.0) ND(5.0) ND(100) N0(20) 19 ND(5.0) ND(5.0) 26 130 N0(5.0) ND(S.O) 

Naphthalene N0(5.0) 120 N0(5.0) N0(5.0) 130 130 ND(5.0) 240 420 250 ND(5.0) 18 78 N0(5.0) NO(S.O) 250 

n .. Propylbenzene N0(5.0) 1.6 N0(5.0) ND(5.0) 57 53 ND(5.0) 120 130 44 ND(S.0) 16 87 ND(S.0) N0(5.0) 31 

n-Butytbenzene N0(5.0) N0(5.0) N0(5.0) N0(5.0) N0(5.0) ND(5.0) ND(5.0) ND(100) 28 ND(5.0) ND(5.0) N0(5.0) N0(5.0) ND(5.0) N0(5.0) ND(S.0) 

sec-Butyl benzene ND(5.0) 7.3 N0(5.0) ND(5.0) 9.1 9 N0(5.0) ND(100) 35 11 ND(5.0) 9.8 32 ND(5.0) ND(S.0) 12 

TerH3utanol N0(100) N0(100) N0(100) N0(100) 380 N0(100) N0(100) ND(2000) 320 N0(100) N0(100) N0(100) N0(100) ND(100) N0(100) N0(100)

1,2,4-Trimethylbenzene ND(5.0) 5.2 ND(5.0) ND(5.0) ND(5.0) 12 ND(5.0) 110 730 N0(5.0) ND(S.O) N0(5.0) ND(S.O) ND(5.0) ND(S.O) ND(S.O) 

1,3,5-Trimelhylbenzene N0(5.0) N0(5.0) ND(5.0) N0(5.0) N0(5.0) N0(5.0) ND(5.0) N0(100) 110 ND(5.0) ND(5.0) N0(5.0) ND(S.0) ND(5.0) NO(S.O) ND(5.0) 

Toluene ND(5.0) N0(5.0) NO(S.0) N0(5.0) N0(5.0) 5.4 ND(5.0) N0(100) N0(20) ND(5.0) ND(5.0) ND(5.0) N0(5.0) ND(S.O) ND(5.0) ND(S.0) 

m,p-Xy1enes ND(10.0) ND(10) ND(10) ND(10) ND(10) 82 ND(10) 210 270 ND(10) ND(10) ND(10) ND(10) ND(10) N0(10) ND(5.0) 

o-Xylene ND(5.0) ND(5.0) N0(5.0) N0(5.0) N0(5.0) 6.5 N0(5.0) N0(100) N0(20) N0(5.0) ND(5.0) N0(5.0) ND(5.0) NO(S.O) ND(5.0) ND(5.0)



TABLE 6·1 

SUMMARY OF ANALYTICAL DATA FOR GROUNDWATER· MARCH 2011 {a) 

Parameter MW·l MW·lA MW·2 MW·3 MW·S 

Sem,.vclat,le OrgaoCc Compounds usina EPA Method 8270G uni>s ,n uol' 

2 -�Sethyloa �htha>eoe N0(10) ND(10) ND(10) ND(10) ND(10) 

Naph:halooo ND(10; ND(10) ND(10) ND(10J ND110) 

Phenol ND(10) ND(10) ND(10) ND(10; ND(10} 

Note, 

(a) Gmaadwater sarnpl,eg was perfuaned on March H. 2011.

Well Designation No. 

MW·9 MW·lO MW·11 MW·l2 

R·�lb) R·S(b) 

ND110) ND110) ND(10} ND(10) 

N0{10) ND(lO) ND,10) N0(10) 

ND(!O) ND(10) ND(10) ND(lO) 

(b) Wells Mw.11. Mw.12. MW.1J a,d MW.14 sco,o a, replacement ��lls for fn,mer LNftPL "''"""'Y wolls R--< aod fH,

former rnon1:o"ng well MW·13, aad fo,mer LNAPL reCO\'€,Y well R--6 cespecte;ety.

{c) mglL = m,11,g,ams per t,ter, o, equ,valen: :o �arts ;,e, mdl,oo 

(d) ug/L = fT'1crog,arr.s pe, liter. or equ1valen: ot part, pe, b1•11�e

(e) NO = Not detected at o, allo\'€ !he •na1y:;,a1 Oelect;,., i,rn,t asshown ,n pao,.,s.

(0 Higllllgh,ed cor.cen,rot,ons exceed Ma>:trr."m Cor.tarr.1nan( Levels {MCLs) or State No,rnca11on leveles Sr. eg/L

MW·l3 MW·l4 

MW·71b) R -6(b) 

ND{10) ND(!O) 

ND(10) NIY,10) 

ND(!O) ND(\D) 

M\\'·15 MW·'l6 MW·J.7 MW-18 MW·19 

ND(10) ND(.O) ND{10) ND(10) ND(10) 

ND(10) ND(101 ND{!O) ND(10) ND(10) 

NO(lO) ND(WI ND(10l N0(1SJ) ND(1CI 



Parameter 

Total VOCs(a) 

Benzene 

Ethylbenzene 

Methyl !er-butyl 
ether (MTBE) 

Toluene 

1,2,4-
Trimethylbenzene 

1,3,5-
Trimethylbenzene 

Xylenes, m-,p-

Xylenes, o-

TABLE 7-1 

On-Site Soil Vapor Analytical Summary (Tetra Tech, 2006) 

Western Parcel 

S81 S82 S83 

5 feet 15 feet 5 feet 15 feet 5 feet 15 feet 5 feet 

6,400 55,280 257,200 338,000 37,700 
31,630-

43,420 
67,740 

ND(1.0)(b�,OOO 242,000 230,000 12,100 
2,500-

10,100 
7,140 

2,100 26,900 15,200 108,000 25,600 
22,300-

6,810 
60,600 

ND(1.0) ND(1.0) ND(1.0) ND(1.0) ND(1.0) ND(1.0) 1,680 

ND(1.0) ND(1.0) ND(1.0) ND(1.0) ND(1.0) ND(1.0) ND(1.0) 

4,300 4,380 ND(1.5) ND(1.5) ND(1.5) 
2,490-

10,300 
3,500 

ND(1.5) ND(1.5) ND(1.5) ND(1.5) ND(1.5) 
1,720-

5,490 
3,370 

ND(1.0) ND(1.0) ND(1.0) ND(1.0) ND(1.0) ND(1.0) 9,040 

ND(2.0) ND(2.0) ND(2.0) ND(2.0) ND(2.0) ND(2.0) ND(2.0) 

(a) VOCs = Volatile organic compounds

(b) ND = Not detected at or above analytical reporting limits shown in parens

S84 E1 

15 feet 15 feet 

1,307,500 10,000 

802,000 ND(1.0) 

159,000 10,800 

ND(1.0) ND(1.0) 

ND(1.0) ND(1.0) 

7,770 ND(1.5) 

5,830 ND(1.5) 

221,000 ND(1.0) 

41,100 ND(2.0) 

(c) Highlighted concentrations exceed California Human Health Screening Levels or CHHSLs (CalEPA, 2005)



TABlE 7.2.a, 
SUMMARY OF-SOil GAS SURVEY DATA• SOUTHERN PERIMETER (i) 

Lccatlon: Alons: tile southern cerlmeter of the Western Parcel from west to east .  
Parameter Soll Gas Probe No. 

SGP+S{b! SGP·l-15 SGP ·2·S SGP·Z·lS SGP·3·S SGP-3-lS SGP-4-5 SGP·-4·15 5GP·S+S SGP·S·15 SGP-6-5 SGP·6·1S SGP.J.S SGP•7·1S 
CHHSls 

CHHSI.S Commer�1/I 
Resldentf:al ndus.trlal 
Land Use t.af\d use 

Benzene 36.2 m ,,. ,. NO ND 53 NO 82 HO 71 ND Z.100 ND 76 NO 

36.2 m 4,e NO NO NO NO NO NO NO ND ND ''° ND ND NO 

Ethvlbenzene 980" 3,300·· 780 ND ND ND sso NO 220 NO HO 110 ND NO 

980" 3,300·· 960 ND ND NO ND NO ND ND NO ND NO NO NO NO 

980° 3,300•· 180 NO NO NO NO NO NO NO •o NO NO NO ND NO 

lsopro:>'(lbenzene NLE NLE 780 90 ND 580 ND 6,900 1,300 lD,000 450 6.500 910 17,000 950 17,000 
NLE NLE ,so NO NO NO NO NO NO NO NO NO ND NO ND NO 

MTBE 4,000 13.AOO NO NO 60 '10 3,400 NO NO NO NO NO NO NO NO NO 

4,000 13.AOO ND NO NO NO ND ND NO NO NO ND NO NO NO NO 

n·Propyl.beniene NLE NLE 80 NO NO NO NO S,900 540 NO 280 �.zoo '40 12,000 6,300 6,200 

sec-B1.1tv!betuene NLE NLE NO NO ND •o 1,600 ND 260 3,100 140 2,700 240 3,400 170 3,000 

NLE NlE NO NO NO •• NO NO NO NO NO NO NO NO NO NO 

Ten-Buty!betuene NLE NLE NO NO ND NO ND NO NO NO NO ND NO NO NO NO 

Toluene 1lS.OOO 373,000 m NO NO 950 NO NO 1,000 NO NO NO NO NO NO NO 

135,000 378,000 330 NO NO NO NO NO NO NO NO NO NO NO NO NO 

1,2.4· Trimeth)'!l>en:ene NLE N<E 220 no NO Ile NO NO NO NO ISO NO NO NO NO NO 

NLE NLI: 190 NO NO NO NO uo NO NO NO NO NO NO NO NO 

1,3,S· Trlmeth'v!benzene NLE NLE so NO NO 60 NO NO NO NO NO NO NO NO NO NO 

Xylene$, 319,000 887,000 50 lOO NO s.zoo NO NO 3,230 NO 1SO NO NO 190 60 NO 

319.000 887,000 l.D'O NO NO NO NO NO NO NO NO NO NO NO NO NO 

319,000 887,000 180 NO NO NO NO NO ND NO "° NO NO NO NO NO 

NOT£S: 
(3) 4,i uf\tt:S it! microg,ams per cubic meter (ug/m.3), 
(b] SGP-1-S = $Cilg;,$ probe• probe rwmber • depth in f«t bclowgro..ind sul'Uce. 
(d NO= Net detected at or abo'Ye parameter's respective analytical deteCUO.n revel, 
(dl D = Duplicate. 
NLE = no level estabii,fled.
• RWQCB Region l; £n\'ifonmental Screening Le•rel, lowes1 r�ential. 
•• RWQC8 Reglon 2; Environmen.�I Stre.ning 1£,vel, l(r.Ncst wmme�i.11/inclu;tri�I. 



location: .t.lc�Gund� Aven11e immediattlxwe)t<if the Wuteon Ptrul, 
f>�.'l'lf�tr 

CHHSU 
CHHSls Co<'l,mtrktVI 

Reidei-.;itl m:h1str�! 
Und Use Land Use G�1·Slbt Gdx·HS G�l-5 

Se11tt:it .. . , 122 •• NO

C'(clllheQ.M NtE 1/U m,(•l "'

Ethy!ltfl:cne ,.,,. uoo·· NO 110 

l,011ro.;,rlbl!Nl!IIC Nlf NlE !00 9,2CO 
NU NlE NO 110 

MT!£ ·- 13,400 •• NO

n-Propy!befltcne NlE "'' NO 570 

sec,8:vty1bc11anc NlE Nlt NO "'"'

NtE NU: KO NO 

Ttn.e.:w!ll'tnHN NtE NU KO SlO 

Tciutnt 13.s,Ot'IC 378,0CO "" NO

l,z.4·Tllmttl!.ylbt:'ltt NI< NLE NO NO 

1,3,$·Trlmtth.y!bentot Nlf NU "° 110 

)(y!en411S 319,000 $$7,000 "" NO 

NOTES: 

(a) A!I uti':sil'lmicrocrtms per cubic ir..eter(..,'l/m3). 
(b)G:lv·l·S: aundr, Avenue· ore� number· de 11th infect bctowtt011r.d s11riau. 
fc) EP,\ TCMS 11r.at(sl$ 
(d)NO • r-.'otdttt1:1td al or 11bovt p,,r�-nt1tls 11nalytTu!dtitt'lfon ltYtl. 
(•I NA• N�1 •�>tttd 
(f) I) • Ot.iPtimt "'Mpft, 
• R\VQCS fltaie<'I 2: EtWlr�mitnta! ktHl'liflt 1.Avt\,low<tn rtsic!it.ntit! 
•• RWQCS �n 2; &mronmen:tl Xree.-.inc �� bwe�QOmll"�rci,l/lr.d11Wi•I 

NO 

NA 

NO 

KO 

NO 

NO 

NO 

NO 

KO 

NO 

NO 

•1> 

•• 

•• 

TA81.£ Mb 
SUMMA.RY OF son GAS SURVEY OAT A. WfSTUIN PER!MntR C•I 

Soil Gu Prcbe No. 

G:lx·HS G�l·S Gdx·H.S G�4·S Gdy..t:·l.S G�S--S Gdy,S•lS G�6-S Gdv,6.1S G6£:'"5 Gdx·HS G�HS[cl 

NO NO NO S1 NO NO NO •• NO ND NO NA 

NA NA NA NA NA NA NA NA NA NA NA ''° 

NO NO ND NO NO NO NO NO NO NO NO NA 

630 NO UCO NO "'° •• 110 NO ND KO 15,()CO N A  

"' NO NC •• 110 •• NO 110 NO "° NO N A  

110 NO NC NO NC ., ND NO NO NO NO NA  

NO NO 670 NO UCO NO NO NO NO NO S,900 NA 

LBOO ,., 3,000 ND 3,900 NO 2,100 ... NO NO 2,800 NA 

NO NO NO NO NO "' NO NO NO NO NO !IA 

NO "° NO NO NO NO NO NO NO NO NO  NA 

NO NO NO 280 SIC ., NO NO NO 110 .,. !IA 

NO KO NO •• NO NO NO 110 NO 110 NO !IA 

NO NO NO NO NO NO NO NO NO NO NO  NA 

NO NO NO NO NO ND NO 110 NO NO NO NA 



TABLE 7-2c 

SUMMARY OF SOIL GAS SURVEY DATA - EASTERN PERIMETER(a) 

Location: Along Walnut Avenue immediately west of the Western Parcel 

Parameter Soil Gas Probe Number 

CHHSLs 

CHHSLs Commerical/1 

Residential ndustrial 

Land Use Land Use Wnt-1-5 (b) Wnt-1-15 Wnt-1-15 (c) Wnt-2-5 Wnt-2-15 Wnt-3-5 Wnt-3-15 Wnt-4-5 

Benzene 36.2 122 43 ND 6 ND ND 51 NO ND 
Cyclohexane NLE NLE ND ND 68 NO ND ND ND NO 

cis-1,2 -Dichloroeth ane NLE NLE ND ND 39 NO ND ND ND ND 
1,1-0ichloroethane 1,500 5,100 NO ND 3 NO ND ND ND ND 

1,2-0ichloroethane 94 3,100 NO ND 4 NO ND ND ND NO 

Ethylbenzene 980· 3,300•• 61 ND 21 ND 1,600 ND 620 260 
Heptane NLE NLE NO ND 34 ND ND ND ND ND 
lsopropylbenzene NLE NLE ND 75 ND 23,000 ND 280 81,000 ND 
MTBE 4,000 13,400 ND ND ND ND 47,000 ND ND ND 
n-Propylbenzene NLE NLE ND ND ND 2,200 8,700 ND 17,000 ND 
Propylene NLE NLE ND ND 190 ND ND ND ND ND 
sec-Butylbenzene NLE NLE ND ND ND 1,300 1,800 ND 8,900 ND 
Tert -Butylbenzene NLE NLE NO NO NO ND ND ND 630 ND 
Toluene 135,000 378,000 150 88 290 840 600 130 740 130 
1, 1, 1-Trichforoethane NLE NLE ND NO 33 ND ND ND ND ND 
1,2,4-Trimethylbenzene NLE NLE ND ND NO ND ND ND ND ND 
1,3,5-Trimethylbenzene NLE NLE ND ND NO ND ND ND ND ND 
Xylenes 319,000 887,000 255 130 26 ND ND ND ND 960 

NOTES: 

(a) All units in micrograms per cubic meter (ug/m3).

(b) Wnt-1-5 = Walnut Avenue - probe number- depth in feet below ground surface.

(c) EPA T0-15 analysis

(d) ND= Not detected at or above parameter's analytical detection level.

(e) NA= Not analyzed

NLE = no level established

* RWQCB Region 2; Environmental Screening level, lowest residential

** RWQCB Region 2; Environmental Screening Level, lowest commercial/industrial



TABLE 7-2d 

SUMMARY OF SOIL GAS SURVEY DATA - NORTHERN PERIMETER fa) 

?:,1'3meter Soil Gas Probe Number 

CHHSls 

Commeric 

CHHSls al/lndusui 
Resident

i

a al Land 
I Land Use Use Hll>l·S fb) Hill-1·1S HilJ.2·15 HiU-2-15 Hill-3-S Hlll-3-15 Hill-4·S Hill-4•1S 

Sentene 36.2 122 50 ND NO NO 86 ND ND ND 

Ethylben2e.ne 980' 3,300·· ND NO ND ND NO NO NO ND 

ISOP<OPYlbentene NLE NLE ND ND ND ND NO NO NO ND 

MT8E 4,000 13,400 NO NO ND ND NO ND ND NO 

n-Propylben2ene NLE NLE NO NO NO ND NO NO NO NO 

sec-suwtt>entene NLE NLE NO NO NO ND NO ND NO NO 

Tert•Butvlben.zene NLE NLE NO NO ND NO NO ND ND ND 

Toluene 135,000 378,000 180 NO NO 68 250 130 ND ND 

135,000 378,000 NO ND ND 69 NO ND ND ND 

1,2,4-T rimethylbenzene NLE NLE ND NO NO 110 NO ND ND ND 

NLE NLE NO ND ND 99 NO NO ND ND 

L,3,S-Trimethylbenie.ne NLE NtE ND NO ND NO NO ND ND NO 

Xylenes 319,000 887,000 NO ND ND NO 120 NO NO NO 

NOTES: 

(a} All units in micrograms per cubic meter (ug/m3). 

(b) Hlll•l•S = Hill Stte-et. ptobe number. d-epth in feet below ground surface. 
(c) NO= Not detected at or above parameter's respective analytical detection level. 
NLE = no level established. 
• RWQCB Region 2; Environmental Screening Level, lowest fesidential. 
..,. RWQCB Region 2; Environmental Screening Level, lowest commerciail/industrlal. 



TABLE 7·3 
ANALYTICAL RESULTS FOR OFF SITE SOIL GAS SURVEY (a)· SOUTH OF SITE 

Location: Adjacent to southern petimeter. off--site. along Wesley Otive 
Parameter Soil Gas Probe No.  - Depth below ground surface in feet (b) 

SGP•W!>l,Sil>I S,GP.Wl),2-S SGM\'<l.J,S SG.'-'Nl).l:,10 SG,>,W0.3,$ $4P-'NO-).,O $GP.WQ.4.$ !,GP•Wi>4-iC SGP"//0•6•10 SGP•WO.S•S 
CHliSI.$ 

CHHSI.$ Commerical/\ 
Residential ndu-suial 
Land Use Lanc:IV$C EPA TCHS 

Acetone NU:(() NU NO(d) ., ,,. 

2-Butano.ne N>< N« NO NO " 

Benzene ]U 122 S6!l'9) 4;'{ .O�l 
Chlorobeniene N« ... NO NO llO 

Ethylbtntene NU NU NO NO 81 

lscpropylbenzene "'' N" NO ND NO 
4-Methy1·2·Pcnt,n.one Nlt NU NO "' n 

MTBE '·""' l.l,"" NO NO NO 
s.ec-8.utylbenzene "'' "'' •o .. MO 
To!uene(lV) "'""' 311.000 n ,SO "''" 

Toluene lV (3Vl(7V) US,0,0 "'"" 11!150'.<Wl! lt.)!lltJP !&tl! .,. 

1,1,1-Trlchlo,oelhane N« N« 100 3s:,.:ou, WJ ''° 

xvienes -f'n,P ll'J,000 U?,000 "0 13Cl(OVP UC! 1,0 

Xylenes-o 31S,COC .,,_ NO NO " 

Total Petroleum Hydrocarbons (ug/t; C4-C12) NO(SO) NOfSO) 

NOTES, 
(cl) AU units in microsrams per cubic meter (ug/m3). 
(b) SGP-WD-1-5 • soil gas probe· Wesley Orlve- probe number· depth in feet t>elowg,ound $u�ce. 
(c) NLC =- No level established. 
(d) ND=- Not detected ator above para.meter's respective ana!vtlcal detecdon level 
(e} DUP = OupliC3tt. 
(fl NA.=- Not anafvzed.

EPA 10,lS 
., NO , .. 0 NO NO NO NO 
NO NO .,o NO NO NO • 

·� NO NO NO NO NO " 

.. NO NO NO NO ""' NO 
•• NO •• NO NO N) "°

" NO ,,., NO NO ., NO 
NO NO NO NO .. o •• "0 
... NO NO NO NO «:: NO 
NO NO .,,. "' SU> •• t.O 
NO NO NO "" t.0 ,<A NO 

" NO NO .. Sl0 NC llO 

so NO NO '" NO NO ;so 

NO NO NO ,o .. o •• NO 
NO "" NO .. NO NO NO 

99 S,400 5,300 380 9,100 180 

SGP.Y/1).S .,lO SGP,\\"0.6,S SGP,W!>+J(; 

S!I NO •O 

.. NO NO 

.,� n "

,o NO NO 

•• NO NO 

NO NO NO 
NO NO NO 

NO ., NO
NO NO NO

NO ""' NO 

NO ,o llO 

NO "' 1'0 

NO 100 NO 

NO ·"' NO

160 N()(SOI 100 



TABLE 8-1 
Summary of Former LNAPL Characteristics 

Estimated lead 
Original Content Specific AC, Apµa,ent LNAPL Actual LNAPL 

Pool No. Well No. Estimated Extent Volume (ppm) LNAPL Type Gravily Gravity Th ick n es s <SJ (leet) T h 1ckness '''(feet) 
{acres' (feet) (barrels)'" 

R-4101 15.880 0.13 '" 10.9 naphtha. kerosene 0.8022 44.91'1 2.65 0.53 
and light gas-oil 

MW-9'C· 198.2 naphtha, kerosene. 0.7914 47.3 No:» <0.01 (not detected) 
light gas-oil, and 
trace gasoline 

" R--6'"' NA:,, '' SA NO crude oil 0.9402 19.0 0.25'" <0.01 

'" R -S"' 1700 0 ,, " no naphtha. kerosene 0.8208 "s so <0.01 
and light to heavy 
gas-011 

(a) Reflects total r n -place LNAPL volume, rathet thar. recove,able volume, pno, to LNAPL recovery system ope,at1on. One barrel= 42 gallons.
(b) Oata generaled on Jur.e 29, 19S9, with exception to that generated for R-4 and MW-9, which was generated on Oecember 4, 2002.
(c) Actual volume is conservative and reflects actual LNAPL thickness in addition to the height of the capillary fringe based upon bail down testing
conducted ,n February 1995 (Testa and Winegardner, 2000).
(d) Former LNAPL recovery wells R-4. R-5 and R-6 properly abandoned ,n 2009.
(e) Apparen: LNAPL thickness prior to LNAPL recovery opmations was 4.49 feet.
(f) Apparent LNAPL thickness prior to LNAPL recovery operations was 0.80 feet; current gauging results as of March 3.4, 2011. are reported as NO.
(g) ND� Not detected.
(hi NA= Not applicable.
(i) Apparent LNAPL th,ckness prier to LNAPL recovery operations was O 28 feet.





Gol<lrush WebMail (+/.) 

Date: Mon, 20 Jun 201117:45:49 ·0700 
From: Tom G,�r ,_-tqrz<i'/ciJo,rlanq,,,f.rnm> 
To: stesta <stesta@goldrush.com> 

l{,,lp 

CC: hclrnng@lfvc.�om, Jerry Lorenw <jerry@footprintsinvestments.com>, Louis Johnston< ..... 
Subject: Re; Phase Ill Report - F,gures 
Stephen -

l'a!,\e l ol'2 

For figure 6-4 • the lower contour below MW-17 sl1ouldn't be closed (and also MW-16), since we're 
1nd1rnting MTBE is from an off-sole source. 

I don't unders\and f,gure 7-2 - maybe we should just show concentrations, rather than contours. Soil gas 
concentrations likely underlie the site itself. 

On Mon, Jun 20, 2011 at 11 09 AM, stesta <st,,c,t,M\1olcircJ',ll.t(ll'1> wrote: 

Dear Harry: 

Attached IS one pdf file that contains the following figures: 

2-1, 2-2,2-3, 2-4 and 2-5 

6-1, 6-2, 6-3 adn 6-4

7-1 and 7-2

Please nole in the converting from an AutoCad file to a pdffile, certain formatting errors occur 
that do nol show up on the originals. Other figures are forthcoming. 

Warm regards. 

Stephen 

Dear Harry - Attached are the Tables that accompany the Phase Ill report. Please note that 
potential action levels are highlighted in yellow on the various tables where such levels are 
applicable. 

Figures are being forwarded under a separate email later lh1s morning. 

Regards, 

Stephen 

Dear Harry: 

Attached please find a draft of the Phase lil report. Tables and pertinent figures will be 
forwarded under separate emails. 

Based on our previous discussions, please note that I did not discuss proposed clean-up levels 
since it is my understanding that this discussion would be deferred until the Phase Ill report is 
reviewed by the water board (along with the risk assessment that was previously performed).
we had an opportunity to meet with Ann Lin to discuss the report, and development plans are 
better defined. Let me know should this understanding not be consistent with yours and Tom's 

hUp:l/cmail.gol<lrush.comlcgi-bin/opcnwcbnrnil/opcnwcbmail-rca<l.pl'!scssioni<l00stcsta*cm ... 6125/2011 



GDldrnsh WcbMail (+z) Page 2 of2 

recollection. 

I look forward to any comments received, and plan to assemble and have the report ready to 
be forwarded to the water board by end of week, notwithstanding comments that may need to 
be addressed. 

I trust all is well. 

Warm regards. 

Stephen 

Tom Graf 
Jordan & Graf 
B55 Mahler Road 
Burlingame, CA 94010 
(415) 290-5034

hUp://cmail.goldrush.com/cgi"binlopcnv,,cbmaillopcnwcbmail-rcad.pl?scssionid�stcsta*cm.. 6/25/2011 
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UNCONFINED PIEZOMETRIC CONTOUR MAP 

FORMER CHEMOIL REFINERY 

SIGNAL HILL, CALIFORNIA 

EXPLANATION 

MW-1A 

6.00 

• 

N 

Monitoring Well 
Water level elevation In foot 

Unconfined Plezometrlc Contour 
(Lines of Equal Elevation) 

Arrow Denotes General Direction of Groundwater Flow 

NOTE: 

1. Scale: 1 Inch • 160 feet.
2. Groundwater gauging data generated on March 34, 2011.
3. ND • Not determined.
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LOCATION OF SOIL BORINGS 

FORMER CHEMOIL REFINERY 

SIGNAL HILL, CALIFORNIA 

EXPLANATION 

� R-4 
Monitoring Well 

Former LNAPL Recovery Well 

Soll Boring Location (EEi, 1988) 

Soll Boring Location (TEC, 1998) 

B-4
• 

B-2
.

A A' 
L-' Hydrogeologlc Cross-Section Location 

NOTE: Refer to TEC (November 2001) 
''Report on Additional Subsurface AHessment 
Eastern Parcel, Signal Hill, California" for 

'

soil boring locations sltut1ted in the Eastom Parcel. 
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• Soil boring location (EEi, 1988)
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Soil boring location (TEC, 1998)
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Off-site geoprobe boring location (TEC, 1999) 
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Hydrogeologic cross-section location
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EXPLANATION 

c=I Rel•llvely high permeability llthologltt (Chiefly SP) 

I",; 011 !I RtltUvoly modarte pOrtntablllty lithOlogles (Chiony SM) 

� Relatively tow permeabUtty llthologlea (Chlofly ML and MH) 

Geologlc contact (approximate) 

0 S0ll sample 1ocat10n 

..... '\l...... Unconfined plezomotrlc aurfac, (March 3-4, 2011) 

________ 
A

_
rrow denotes general dJre,cuon of groundwattJr now 

NOTE: Horizontal It.ale 1 inch= 100 feet 
Vertical scale 1 Inch • 20 foot 
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EXPLANATION 

I I Relatively high permeability 
. llthologies (Chiefly SP) 
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Relatively moderate permeablllty 
llthologles (Chiefly SM) 

Relatively low permeability 
llthologles (Chiefly ML and MH) 

Geologlc contact (approximate) 
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.. SZ'.... Unconfined piezomatrlc surface (March 3.4, 2011) 

NOTE: Horizontal scale 1 inch• 100 feet 

Vertical scale 1 Inch• 20 feet 
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EXPLANATION 

MW•1A

�Monitoring Well

MW-18 

GRO N0(0.20) 
ORO N0(0.20) 
OROr N0(0.2'0) 

GAO 2,3 
ORO 5,8 

GIUJOllne Range Organict 
D1•11et Range Org.an5c• 

•• • 
i • •••••••••••••••••• • 

OROr 1.8 Oit-t1•I Ronge Organlct with s.\llea gel rlnte 

MW-12
GRO 14 
ORO $.2 
DROr 1,0 

MW•1A
GRO 1.2 
ORO 2.4 
OROr 0.46 

ORO 3.7 
ORO 1.9 
DROr 0.65 

···-··-·
Leterel extent of dluolvtd GRO and ORO in groundwater {epproidmate). 

.. Arrow denotes general direction of groundwater flow .

NOTE: 
1. Scale: 1 Inch• 150 feet. 
2. Groundwater samples retrieved on March 34, 2011. 
3. NO • Not operable. 

MW-1
GRO NOI0.20) 
ORO 5.5 
OROr 0.65 

MW-19 

GRO 1.3 
ORO 3.7 

GRO 0.77 
ORO 5.5 
ORO, 0.57 

OROr 0.45 

4. ND a: Not detectedi all units in mg/L; analytical reporting limit shown In parens.

MW-13
GRO 

ORO 8,5 

OROr 1.1 

MW-8
GAO 1,8 
ORO 6,5 

OROt 1,1 

•••
•

•••• 

MW•3
GRO ND(0.20} 
ORO 0.21 
OROr N0(0.20) 

MW-11
GRO 

ORO 11 
DROr 1.7 

MW•9
GRO 5.2 
ORO 2.3 
OROr N0(0.20) 

MW-10

N 

••
,• 

GRO N0(0.20) •• 

•" 
••

•••
• 

• ••
• 

••
•• 

•• • 

ORO 4.9 •• 
OROr 0.30 •• 
==----'.•' 

•' 
••

•• 
•• 

•• 
•• 

•• 
•' •' 

•• 
•• 

•• 
•• ,• 

•• 
•• MW-2

GRO N0(0.20> 
ORO N0(0.201 
OROr NO 0.20 

LATERAL EXTENT OF DISSOLVED 

GRO AND ORO IN GROUNDWATER 

FORMER CHEMOIL REFINERY 

SIGNAL HILL, CALIFORNIA 
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EXPLANATION 

Monitoring Well 

...... -,. Lateral extent of dissolved Benzene plume . 
•• 

MW-18 

�

• Arrow denotes general direction of groundwater flow.

NOTE: 
1. Scale: 1 Inch • 160 feet.
2. Groundwater samples retrieved on March 3-4, 2011.
3. NO • Not operable.
4. NO= Not detected; all units In ug/L; analytical reporting limits In parens.
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LATERAL EXTENT OF DISSOLVED 

BTEX IN GROUNDWATER 

FORMER CHEMOIL REFINERY 

SIGNAL HILL, CALIFORNIA 
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8 90 
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I ND(5.0)
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EXPLANATION 

MW-1A ----. Monitoring Well

MW-18 

� 

.. Arrow denotos general direction of groundwater flow . 

NOTE: 
1. Scale: 1 Inch = 150 feet.
2. Groundwater samples retrieved on March 3-4, 2011.
3. NO = Not operable.
4. ND= Not dotocted; all units in ug/L; analytical reporting limit shown In parene.

MW-17 
NO(S.O) 

••••••••••

MW-12 
l.sopropylben:ume 
,u,opror,yltolvttn& 
Naphtha ene 
n-8utyll>o�on1t 
n..Propylbeniene 
t&e·Bulylbenzene 
1,2.4-Trlmethylbenzene 

., 
1,3,5. TrlmethylbcHl1:tf\t1 

MW-1A 
l&o-propylbenune 42 
NaphthatMe 120 
n,PropylbonnllO 16 
s.ec,Butylberue,)& 7.3 I 
1.2.4-Trlmethylbienzene 6 .. 2 I 

I 

•••••• • • • ' • 

W-16
l&opropylbenzene 150 
Naphthalene 
n·Propy'lbenHne 87 
&ec-Butylbenune 32 

-+-
MW-19 • ••

t laopropylbero:eM 
• N-11phthaiklne 
� n-P,opy1ben«ine 
\ ,see•Botylbentel'le 

130 
2& 
420 
2$ 
130 
3& 
730 

� 

• 

• MW-1 
NO(S.O) 

........ 
... •• •• •••• •• ... ••

•• 
•• •• 

••

MW� 
\ 

lsopropylbentene 55 
Napti1h11looe 130 
n-PropyJben.remt 53 
uc•Butylb&ru:ene 9.1 

/ 

.....
.... 

.,. .. 
•••• 

. ......
... 

• 
:• 

. •• 
• 

MW-11 
lsopropylbentene 120 
Naph!Mle,,e 240 
n-Propylbentene 120 
1,2,4•Ttlmethylbe.nzene 110 

MW-9 
lsopropylbeniene 55 
Naphthalene 131) 
n•Propyl benzen@ 63 
uc,Butylbeniene 9.0 
1,2,4-Trlmethylben.une 12 

MW-10 

� 

N 

MW-2 �'---------' • l$opropylbenz9ne 59 

� 

• • • • • 
Naphth1'1tnot1 18 
n-P,opylb�•mo 18 
tee,Bulylb+IU:&.wt 9.8 

MW-13 
liopropytbe,,iene 61 
Nephi.hale,,, 2so 
,,,Propylben:tene 44 

s.u,c,Butylberu:onct 11 

LATERAL EXTENT OF DISSOLVED VOLATILE 
AND SEMI-VOLATILE ORGANIC COMPOUNDS 

FORMER CHEMOIL REFINERY 

SIGNAL HILL, CALIFORNIA 

MW-14 
N0(3,0) 
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EXPLANATION 

, ....
•• 

•• 

...... -·· .. 
NOTE: 

Monitoring Well 

MW-18 

MTBE N0(5.0) 
T-B N0(100)

Lateral extent of dissolved MTBE and 

Tert-butanol plume . 

Arrow denotes general direction of groundwater flow .

1. Scale: 1 Inch• 150 feet.
2. Groundwater samples retrieved on March 3-4, 2011.
3. NO • Not operable.
4. ND m Not detected; all units In ug/L; analytical reporlng limits shown In parens.

MW-17 

MTBE 130 
T-B N0(100) 

MW-12 

MW-19 

MTBE N0(5.0 
T•B N0(100) 

MW-15 

MW-3 
MTBE ND(5.0) 
T-B ND(100

MW-11 
MTBE ND(100) 
T•B ND(100) 

\ 

MW-13 
MTBE19 

_J 

T-B N0(100)

LATERAL EXTENT OF DISSOLVED 

OXYGENATES IN GROUNDWATER 
FORMER CHEMOIL REFINERY 

SIGNAL HILL, CALIFORNIA 

MW-9 

N 

MW-10 
MTBE ND(5.0) 
T-B ND(100) 

MW-2 

MTBE N0(5.0) 
T•B ND(100) 

MW-14 
MTBE ND(5.0) 
T-B ND(100) 
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Hill-4 Hill-3 Hill-2 Hill·1 

Sgp-4 

Sgp-3 
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Sgp-2 

Sgp-1 

• 

• 

• 

• 

Wnt-4 

Wnt-3 

Wnt-2 

WnM 

LOCATION OF SOIL GAS SURVEY PROBES 

FORMER CHEMOIL REFINERY 

SIGNAL HILL, CALIFORNIA 

N 

EXPLANATION 

Sgp-4 

---. 

NOTE: 

1. Scale: 1 Inch a 150 feet.
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SGP-WD-5 

Hlll-4 

.. � 

/ ? 
.. , 

�- v--,.<-+-.,,£..+-.0 / 

SGP-WD-2 
Benzer\O 47(47) 

SGP-WD-1 

_J 

HilM 

Benzene 50 

Wnt4 

SOIL GAS PRESENCE AT 5-FEET DEPTH 

FORMER CHEMOIL REFINERY 

SIGNAL HILL, CALIFORNIA 

N 

EXPLANATION 

Phase ti amd Ill soil gas data In ug/m3 

SB4 

TetraTech soil gas data (2006)1n ug/m3 

Minimum lateral ex-tent 
of 1011 gas at a dopth of five feot 

NOTE: 

1. Seale: 1 Inch = 150 feet. 

2. Data shown only when reported values
excoodod CHHSLs (uglm3).
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SGP0WD·6 
Bonzenc 53 

Gdy•S 

Gdy-4 

Gdy-3 

Gdy-2 

SGP-WD·5 

SGP-WD-4 

---·----=-��-

• • • • 

Hill-4 I Hill·31 Hill-2 I Hill·1 I 

_J 

Sgp-2 
Ethylb<ln2•no 1500 

� 
SGP-WD-1 fl 

'Wnt-4 

.. Wnt-3 

Wnt-2 
Ethybenzone 1600 
MTBE 47000 

Wnl-1 
Benzene 
1, 1-0lchlorootha,�o 
1,2-0lchloroothane 
Ethyl benzene 
Toluene 

5600 
3300 
4400 
21000 
290000 

SOIL GAS PRESENCE AT 10 -15 FEET DEPTH 

FORMER CHEMOIL REFINERY 

SIGNAL HILL, CALIFORNIA 

N 

EXPLANATION 

Pheso II amd Ill soll gas data In ug/m3 
SB4 

� 
TetraTech soil gas data (2006)in ug/m3 

Minimum lateral extent 
of soil gas at a depth of five feet 

NOTE: 
1. Scale: 1 Inch• 150 feet.
2. Data shown only when reported values

exceeded CHHSLs (ug/m3).
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POOL NO. Ill 

• 

EXPLANATION 

,., 
'

, •..' '
' '' ' 

' I 
-�

R-5

Former LNAPL Recovery Woll 
Apparent LNAPL Thickness 

/�----.. , 
' 

' 

'\. __ ......... -' 
Lateral Extent of Former LNAPL Pool (approximate) 

LATERAL EXTENT OF FORMER LNAPL POOLS 

FORMER CHEMOIL REFINERY 

SIGNAL HILL, CALIFORNIA 

_J 

N 

POOL NO. I 

NOTE: 

1. Scale: 1 inch= 150 feet.

2. Apparent thickness of LNAPL in R-4 measured 
on December 4, 2002.
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SP/SM 

MUCUMH 

SCHEMATIC SHOWING MIGRATION OF 

HYDROCARBONS IN THE SUBSURFACE 

FORMER CHEMOIL REFINERY 

SIGNAL HILL, CALIFORNIA 

Historic release 

Ground surface 

General direction of groundwater flow 
-·---

Unconfined piezometric surface 
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Hydrocarbon 
Saturation 

1.0 

WELL 

• ....., 0 0 -
T't«l-pha.se Zooe O O O • == 
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e

O oO=

• Q o. =
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Air) 0 1.1 _ 
Qo•o•o•= 

. •. -. - . 
One11hase Zone• • 

• 
• 

• != {Vitltet) 
• 

• • !:=
� 

EXPLANATION 

QAIR () LNAPL 

-- Fine-Grained Soil 

- - - - Coarse-Grained Soil

AIR 

WATER 

ewntcr 

NOTE: The "smear" zone is actually where two-and three-phase zones (i.., air LNAPL or hydrocarbons, and water). exists. 

Fluctuations in the unconfined piezometric surface will impact th thickness of the"smear zone." 
Hydrocarbons are typicaly trapped and biograde via natural attenuation with time once the recoverable LNAPL is removed. 

SCHEMATIC OF SOIL-PIEZOMETRIC 

"SMEAR" ZONE 
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