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EXECUTIVE SUMMARY 

Reservoirs t and 2, located at the Tosco Los Angeles Refinery (formerly Unocal), were dismantled 
and backfilled \Vith ntHive soils in 1995; TI1e closure of both reservoirs was perfonncd tmdel' Waste 
Discharge Requirements (WDRs) issued by the Califomia Regional Water Quality Control Board 
(CRWQCB), Los Angeles Region. Closure included installation ofa low penneubility cap over fill 
soils in each reservoir to inhibit the upward migration of free petroleum hydrocarbons. In early 
1996, surface soils in the exposed relic berms, located beyond the coverage area of the caps, 
exhibited localized hydrocarbon seepage. A work plan was developed to 111itigate the 
hydrocarbon seepage by extending the Jow permeability caps beyond the relic berm. The work 
plan was reviewed and approved by CRWQCB- and field construction activities were initiated in 
February of1997. 

The primary ol>jective ofthis project was to install an extension to the existing low permeability 
caps to inhibit future hydrocarbon seepage. Tne following primary activities were perfonned to 
achieve this objective: 

• removed perimeter soils from the planned ex~avation area; 

• 

• 

treated the excavated soi1sat an off-site thermal deso1ptiou facUlty to reduce 
hydrocarbon concentrations; 

evaluated ,subgrade soils for environmental and geoteclmical considera1ions, and 
performed corrective actions when warranted; 

• instaUed low pe1meabiHty clay cap extensions around both reservoirs tliat lied in 
with the existing clay caps and met both the WDR and work plan specifications; 

• backfiFJed over the low permeability clay cap extensions, reusing previously 
excavated soils that were themlally treated at an off~ site facility; 

• sampled and analyzed the thermally treated, cover soils to verify compliance with 
the WDRs; and 

• compacted all fill soils to at least 90% of the maximum la:horatory-derived dry 
density. 

c :\hmdlshciiU6~9\report.<loc 
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CHAPTER I 

INTRODUCTION 

This amendment to the October 1995 Backfill and Final Project Completion Report describes 
recent post-closure remedial activities. These remedial activities were performed to mitigate 
hydrncarbon seepage in the exposed relic benns of two former oil reservoirs. Reservoirs 1 and 2, 
located at the Tosco Los Angeles Refinery (fonnerly Unocal), were dismantled in 1994 and I 995. 
1bc fonner reservoirs are loc-ated at I 520 to 1622 East Sepulveda Boulevard in Carson, California 
(Figure J-1). The reservoir property wus previously known as the Wilmington Section of the 
Wilmington Manufacturing Complex, formerly owned by Shell Oil Company (Shell). 

Background 

Reservoirs I and 2, located at the Tosco Los Angeles Refinery, were initially constntcted in the 
1920s to store unrefined cmde oil. The reservoirs were used until the late 1980s. Environmental 
investigations of the perimeter bem1s and soils underlying the concrete liner were docwncnted in 
the' following four reports prepared by Bro\'v:nand Caldwell (BC): "Reservoir Investigation," dated 
March 1989; "Benn Material Characterization of Reservoirs 1 and 2" dated September 1993; 
"Berm Material and Underlying Soil Characterization of Reservoirs I ruld 2," dated March 1994; 
and "Supplemental Investigation of the Underlying Soil of Reservoirs I and 2," dated July 1994. 

Both reservoirs were dismantled and backfilled with native soils in 1 995. The closure was managed 
by Ralph M. Parsons Company (Parsons), for Shell Oil Company, under the Waste Discharge 
Requirements (WDRs) for Closure of Two Surface Impoundments (Order No. 94-112), issued by 
the California Regional Water Quality Control Board (CRWQCB), Los Angeles Region 
(File No. 85-19) (Appendix A). Tile WDRs detailed in the CRWQCB Monitoring and Reporting 
Progrrun No. CJ 7452, dated October 1994, included guidelines for groundwater monitoring, 
excavation monitoring, backfill soil characterization, general provisions for sampling and ru1alysis, 
and specific reporting requirements. 'll1e closure of both reservoirs was mru1aged by Parsons and 
documented in a report prepared by Brown and Caldwell, titled Backfill smd Final Project 
Completion Report, Reservoirs 1 and 2, dated Nov em bcr I, 1995. 

Jn early 1996, soils at grade in the exposed relic bcnns exhibited localized bleeding of 
hydmcarbons to the surface. These hydrocarbon seeps were observed in fine sandy soils located 
beyond the perimeter of the existing low permeability caps. Additional site assessment work was 
performed to detennine the nature and extent of the hydrocarbon seeps. Findings of the 
Assessment were documented in a report titled Subgradc Berm Soil Sampling at Reservoirs 1 and 
2, dated May 17, 1996. Upon review of this repm1, the CR WQCB requested ru1 amended work 
plan to mitigate the hydrocarbon seeps. A work plan was developed for the removal and 
treatment of the relic berm soils and installation of an extension to the existing low permeability 
caps (Appendix B). The work plan was reviewed by the CH WQCB and approved in November, 
1996. 
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Low Permeability Cap Extension 

I Project Objectives 

I 

The primary objective of this project was to install a low permeability cap extension (LPCE), 
designed to inhibit future hydrocarbon seepage in the relic berm area. The following activities were 
conducted to achieve these objectives: 

1. The relic bem1 soils were excavated from around the circumference of each 
reservoir, outside and adjacent to the low permeability ex·isting caps. The relic 
berm soils were removed to a depth of at least equal to the bottom of the existing 
low permeability cap, extending outward to at least 260 feet fi:om the midpoint of 
the reservoir. Additional areas were excavated where soils were visibly impacted 
with residual liquid hydrocarbons. 

2. Excavated soils were transported to an off-site thermal desorption facility for 
treatment that reduced hydrocarbon concentrations below those specified in the 
WDRs. 

3. The LPCE was installed across the excavated area using approved import 
m!lterials \Vhich met or exceeded the minimum thickness and complied with 
maximum permeability values specified in the WDRs. 

4. Thermally treated relic berm soil was reused as cover soil over the LPCE to 
reestablish the existing grade. 

5. Backfill soils were monitored and tested during placement and compaction to 
verify compliance with WDRs. 

6. A report titled; Amendment J to the Backfill and Final Project Completion Report 
(i.e., this report), was prepared, documenting this phase of the work. 

Construction P•·ocess 

The phumed excavation arcn covered most of t11e site, allowing little romn for materials storage 
and vehicle us.e. To increase the area of availabJe ground space, the sHe was subdivided into four 
smaller work al'eas (phases). No more than two phases were excavated at 'any one time. 
Subdividing the project site into the four phases allowed for large vacant areas of land .that were 
used for stockpiling import/export soils, truck loading/unloading, truck turn. around, and 
construction equipment parking. The site-was subdivided into the following four phases of 
relatively equal size. 

Phase I 
Phase2 
Phase 3 
Phase4 

~:\lnndlsbcl l\.3659\rQJIO!I .dQc 
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West em Half of Reservoir 1 
West em Halfof Reservoir 2 
Eastern Half of Reservoir 1 
Eastern Half of Reservoir 2 



Low Penneability Cap Extension l-3 

' Construction activities began in Phase 1 and continued sequentially through completion of Phase 4. 

I 

I 

A single phase of construction typically consisted of the following sequence of events: 

1. Removal of soils in the planned excavation area. 

2. Over-excavation and replacement of unsuitable soils (i.e., soils wet with 
hydrocarbons or water) with treated soH, if necessary. 

3. Installation of the LPCE. 

4. Installation of cover soils to final grade. 

The construction process within each phase began with removal of the planned excavation area. 
The planned excavation area consistro of a 37-foot wide band around the perimeter of each 
reservoir. The boundaries of this band of excavation were at a distance of 223 and 260 feet from 
the midpoints of each reservoir (Figure 1 -2). The depth of the planned excavation area was to the 
base of the existing low pem1eability cap, generally 2.5 to 4 feet below ground smface elevation. 

Subgrade soils which did not meet geotechnical or environmental standards were reworked or 
removed and replaced, as appropriate, to provide a stable base for clayey soil placement and 
compaction. 

Soils removed from within the planned excavation area during Phase 1 included approximately 
5 lateral feet of the pre-existing low permeability cap. The cap profile exposed in the excavation 
sidewall was measured and found to be 12 inches or greater in thickness throughout the profile in 
Phase 1. However, portions of the existing cap were measured to be less than the WDR specified 
minimum of 12-inches in Phases 2, 3 and 4. Lateral over-excavation was perfomled in these 
areas until a minimum thickness of 12 inches was exposed . Areas of lateral over-excavation are 
depicted on Figure 1-2 and shown in the As-Built drawings (Appendix G). 'The LPCE was tied in 
to ·the existing cap by benching the existing cap (including lateral removal of several feet of cover 
soil), placement of import clayey soils over the benched contacts, scarification, hydration, and 
compaction. The LPCE tie-in process is shown on Figure 1-3. A minimum LPCE thickness of 
12-inches was confinned by survey following each phase of construction. 

TilermalJy treated soils originally excavated from the platmw excavation areas were reused as 
cover soil over the completed LPCEs. Cover soils were visually monitored, sampled and analyzed 
to verify that hydrocarbon concentrations were less than WDR-spccified values and to certify that 
cover soil was compacted to at least 90% of the maximum laboratory derived dry density. Final 
grading was perfonned after cover soil installation was complete. The final grade was designed to 
allow sheet flow runoff of rainfall to reduce the potential for soil erosion by water. The pre-existing 
dust control sprinkler system was also reconstructed, providing wind erosion protection for more 
than 70 percent of the property. 
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CHAPTER2 

SUBGRADE CHARACTERIZATION 

Soils encountered in each excavation bottom were assessed to determine if they were suitable as 
subgrade. TI1e assessment process consisted of visual evaluation and physical soil compaction 
testing. All subgrade soils were visually evaluated during excavation, scarification, and 
recompaction procedures. SoH compaction testing was perfonned in the field to determine if the 
minimum required compaction was achieved. 

Visual Evaluation 

The objective of the visual evaluation was fo deten11it1e if the subgrade soils possessed the 
minimum engineering characteristics necessary to provide a-solid foundation for the placement and 
compaction of fill soils. Any oil-saturated soils potentially associated with surface seeps and 
water-saturated soils rcq\lired corrective, action as described below. 

Soils exposed during excavation which contained residual liquid hydrocarbons or were wet with 
hydrocarbons were removed for subsequent off-site treatment. Soils from which visible liquid 
hydrocarbons could be produced when a c1ump was squeezed by hand were considered ''wet" 
with hydrocarbons. There were several areas of subgrade soil containhlg residual liquid 
hydrocarbons that required removal, but only .a few isolated areas were actually wet with 
hydrocarbons. Tite removed soils were combined with soils from the planned excavation areas 
and exported to an off.·site thermal treatment facility. 

The subgrade soils were visually evaluated during excavation, scarification, and recompaction 
procedures. Areas which exhibited pumping, tracking, or other attributes indicative of soft 
subgrude soils were over-excavated a11d reworked or replaced with nearby soils of suitable 
moisture content. 

Soil Con~paction 

In-place soil compaction testing was perfonned after subgrade soils were scarified, recmnp~tcted, 
and appe.ared suitable for additlonitl soil placement. Relative percent of soil compaction was 
dete'nnined by dividing the field-calculated in-place dry density by the laboratory derived 
maximum dry density. Soils were reworked when test results indicated that compaction was less 
than 90 percent of the maximum dry density. All subgracle soils were determined by compaction 
testing to be at least 90 percent before successive fill soils were placed. Test methods, data; and 
.results are summarized in the Final Compaction Report (Appendix C) . 

t :\hmd\shell\:l6S9\repott:<lo.c 
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CHAPTER3 

LOW PERMEABILITY CAP CONSTRUCTION 

A 37-foot wide lateral extension of the existing low pem1eability caps was constructed around each 
reservoir, extending the caps to a distance of at least 260 feet from the reservoir center points. The 
LPCEs were constructed of clayey soils that were imported from two separate off-site locations. 
n)e clayey soils were visually evaluated> field tested, sampled, and laboratory tested to verifY 
compliance with the engineering specifications outlined in the WDRs and in the Work Plan. 

Clayey soils procured by Lovco Construction Company and used for the construction of the 
LPCEs originated from constmction sites identified as the "Hawaiian Gardens Site" and the 
"Lomita Site". Soils originating from the Hawaiian Gardens Site were used only in Phase 1 and 
comprised less than 20 percent of the soils used during LPCE construction. The remaining 80+ 
percent of the clayey soils originated from the Lomita Site and were used for Phases 2 through 4. 

The clayey soils were hydrated, placed, and compacted in 6-inch thick lifts by Lovco Construction 
Company using a grader, bulldozer, and sheepsfoot compactor fitted with 6-inch pegs. The clayey 
soils were hydrated during placement and compaction using a water truck equipped with high
pressure spray fittings. The LPCE was tied in to the existing cap by benching the existing cap 
(including lateral removal of several feet of cover soil), placement of import clayey soils over the 
benched contact, scarification, hydration, and recompaction . 

Material Type 

The work plan specjfied that soils used in the low permeability cap extension must have a matrix 
composed of a high clay content. Example classifications include SC (clayey sand), CL (fat 
inorganic clay), and CH (lean inorganic clay). Soils from both source locations were laboratory 
tested in accordance with ASTM D 2487-90 to demonstrate compliance with the perfmmancc 
criteria defined in the WDRs and the Work Plan. The test results, summarized below in 
Table 3-1, indicate that the soils from both source locations were comprised predominantly of 
inorganic clay with a low permeability and complied with project requirements. 

Table 3-1 Soil Classification 

SITE SOIL TYPE PERMEABILITY PHASE 
Hawaiian Garden Site Silty Clay I ML~CL 3.06 E-8 cm/s Phase 1 
Lomita Site Lean Clay I CH <1.00 E-10 cm/s Phase2, 3, 4--

Laboratory test reports included in Appendix D provide specific test data supporting the above 
soil classifications. 

e :\h md\she 11\3 6 59\rt pvrt. doc 
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Low Permeability Cap Extension 3-2 

• Density 

I 

I 

The moisture-density relations for each soil type, including maximum dry density and optimum 
moisture content, were dctem1ined by laboratory testing (ASTM D 1557-78 {90}). Field tests to 
detem1ine in-place dry density were performed by sand cone method (ASTM D 1556-90). Percent 
compaction was calculated by dividing the field test value by the laboratory-derived dry density. 
Final de11sity test results demonstrated that at least 90% of the laboratory-derived maximum dry 
density was achieved. Test methods, data, and results are sunmunized in the Final Compaction 
Report (Appendix C). 

Moisture 

The moisture content of all soils was determined in the field by the direct heating test method 
(ASTM D 4959-89). Interim soil moisture testing was performed during soil hydration and 
placement to determine if additional moisture was needed. When test results indicated that the 
moisture content was in the acceptable moisture range, soil placement and compaction was 
performed. Final moisture content data was collected and recorded during soil density testing. Test 
results indicate that the clayey soils, as specified in the work plan, were placed and compacted at a 
moisture content within the range of -1 to +3 percent of their optimum moisture contents. Test 
results are summarized in the Final Compaction Report (Appendix C). 

Thickness 

The thickness of the existing cap was measured in the excavation profile using a hand-held tape 
measure. In Phases 2, 3 and 4, portions of the existing cap were measured to be less than the 
WDR specified minimum of 12~inches. Lateral over-excavation was performed in these areas 
until a minimum thickness of 12 inches was exposed. Lateral over-excavation was performed in 
these areas until a minimum thickness of 12 inches was exposed. Areas of lateral 
over-excavation are depicted on Figure 1-2 and shown in the As-Built drawings (Appendix G). 

The thickness of the LPCE was measured by Olsen and Detilla, a California licensed survey 
team. Ground surface elevation was surveyed before and after LPCE construction. LPCE 
thickness was detennined by the difference of the top and bottom elevations measured at a 
particular survey point. Areas which measured less than 12 inches were thickened by adding 
more clayey soil, scarifying, and recompacting. The final survey of all LPCEs indicates a 
minimum 12 inch thickness throughout the work area. As-built drawings of the LPCE 
construction, certified by Parsons Process Group, are included as Appendix F. 

c :\h m d\s he 11\3 6 591rc port. doc 
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Permeability 

Eight in-situ soil samples, four from each reservoir, were collected from the LPCEs and tested for 
pem1eability coefficient. One sample was collected from a randomly selected location within each 
quadrant of each reservoir. The samples were collected in 6-inch long brass sleeves from a depth 
interval of three to nine inches below top of LPCE elevation. The WDRs and work plan specifY an 
in-situ penneability of 1.0 x 10~ centimeters per second (em/sec) or less. 

The coefficient ofpe1meability was detennined by the EPA 9100 and reported in millidarcies and 
em/sec. The following pem1eability coefficient results indicate that the LPCEs were constructed to 
project standards. 

Reservoir I -
SW quadrant 3.16 x 10'1 em/sec 
SE quadrant 1.60 x I o·' em/sec 
NE quadrant 8.16 X 1 0'8 em/sec 
NW quadrant 1.83 x to·' em/sec 

Reservoir 2 -
SW quadrant 2.56 X I 0'8 em/sec 
SE quadrant 5.41 x l0'8 cm/sec 
NE quadrant 3.39 X 1 o~ em/sec 
NW quadrant 2.83 x 10·7 em/sec 

Analytical laboratory rep01ts for the penneability tests are included in Appendix D. 
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CHAPTER4 

COVER SOIL CHARACTERIZATION 

Thennally treated soils originating from the planned excavation areas were reused as cover soil 
over the completed LPCEs. Cover soils were monitored, sampled and analyzed to verifY that 
hydrocarbon concentrations were less than WDR-specified values and to certifY that cover soil was 
compacted to at least 90% of the maximum laboratory derived dry density . 

Cover soils were sampled and tested for petroleum hydrocarbons at the frequencies specified below 
to demonstrate that soils placed into the reservoirs had contaminant concentrations less than the 
CR WQCB mandated discharge limits specified in the WDR. The discharge limits are sununarized 
below: 

Constituent Limit Test Method 

Benzene 0.1 mglkg 
Ethylbenzene 2.9 mg/kg EPA Method 
Toluene 4.2 mglkg 8015m 
Xylenes t.7 mglkg 1 tesUI,OOO Yd3 

TPH 
c4 to cl2 1,000 mg/kg EPA Method 
ell to c22 I 0,000 mg/kg 8015m 
c2J to c28 15,000 mg/kg 1 tesU500 Yd3 

PNA's (in TCLP extract) non detect at the PQL's EPA Method 8270 
1 tesUl ,000 Y d3 

Soil compaction testing was also perfonned to verifY that the cover soils were compacted to at least 
90% of the maximum dry density. The cover soils were placed and compacted in successive lifts 
measuring approximately 6 inches in thickness. The final cover soil thickness was at least 1-foot. 

Soil Hydt·ocarbon Evaluation 

All relic benn soils from the plrumed excavation area were excavated, stockpiled, loaded into 
trucks, and transported to a fixed thennal desorption facility. After the soils were treated, they were 
hydrated to job specifications, loaded into trucks, and returned to the site for use as cover soils. The 
treated soils were either placed directly on the completed LPCE or were stockpiled adjacent to the 
excavation for future use. When needed, the soils were hydrated, placed, and compacted in thin lifts 
by the civil subcontractor. The WDRs specified that samples be collected and analyzed at the 
following frequencies: 

e :llund\s heii\3659\Jc port. doc 
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Low PemJeabmty Cap Extension 

Parameter 

Total Petroleum Hydrocarbons (TPH) 
(C4- C2s) 

Benzene, Toluene, Ethylbenzene, and 
Total Xylene Isomers (BTEX) 

Semivolatile Organic Hydrocarbons 

Sampling 
Frequency 

Once/500 CY 

Once/1 ,000 CY 

On cell ,000 CY 

4-2 

A minimum of one soil sample representative of every 500 cubic yards of cover soil was collected 
for analysis. Each sample was analyzed for TPH by EPA Method 8015 Modified with results 
reported in ranges cl3 to c22 and ell to c18' Each sample was also analyzed for aromatic volatile 
organic compounds by EPA Method 5030/80 15m with results reported as both TPH in the range of 
C6 to C12 and BTEX. Laboratory test results for BTEX were received at twice the frequency 
specified in the WDRs, as approved by CRWQCB personnel. 

A minimum of one sample representative of every 1000 cubic yards of cover soil was analyzed for 
semivolatile organic compounds by EPA Method 8270 as specified in the WDR.s. No samples had 
polynuclear aromatic hydrocarbons(PNA) at concentrations greater than 20 times the WDR limit, 
therefore, no analyses using the TCLP were wrurantedconcentrations (as analyzed by EPA Method 
8270) had exceeded 20 times the Practical Quantification Limit (PQL), the Toxicity Characteristic 
Leaching Procedure (TCLP) with EPA Method 8270 analysis was performed on that sample. PQLs 
are equal to 3.3 times the Reporting Detection Limit (RDL), which is an industry standard per the 
American Quality Standards. 

Sample Collection Procedures 

Soil samples to be analyzed for petroleum hydrocarbons were collected from treated soil imported 
from the thennal treatment facility. Soil samples were collected from tlu·ougho\lt the area of fill 
placement prior to compaction of fill soils. Soil sample locations were typically selected at random 
from within each 500 cubic yard area of fill. The samples were collected directly into sampling 
sleeves using a 6-inch long solid-barrel core sampler. The core srunpler was equipped with two 2· 
inch diameter, 3·inch long brass or stainless steel sample sleeves. Srunples were collected by 
driving the core sampler into the soils using a hand-driven slide hatmner. The sampler was then 
extracted, retaining the soil sample within the core barrel. After each soil sample was hand-driven, 
the sample sleeves containing the soil were removed from the core barrel sampler. The lead sample 
sleeve (bottom 3-inch sleeve) was sealed at each end with a TeflonTM sheet secured by a tight-fitting 
plastic cap. SrunpJes were generally collected from a depth of three to six inches below surface. 
Sample collection was conducted using Level D personal protective equipment including NomexTM 
coveralls, hard hat, goggles, safety glasses, and work boots. 

• . All exploration and sampling equipment was cleaned between sampling intervals by washing in a 
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Low Penncability Cap Extension 4-3 

'I Liquinox Thl and water solution and· rinsing with distilled water. 

I 

• 

A sequential sample identification (I D) nwnber was assigned to each sample at the time of sample 
collection. This ID number was marked on the sampling container at the time of sample collection, 
recorded on a drawing within the daily field notes, and recorded on the Chain of Custody (COC) 
record. San1ple identification numbers, the location and identity of each sample were recorded on 
the field notes. 

Pre-printed, gummed, waterproof labels were used on each sample container. Each label also 
included initials of sampler, sample identification number, method of analysis required, date and 
time of sampling, and project number. Labels were completed using waterproof ink pens. Each 
sample was placed in an ice-chilled cooler for delivery to the analytical laboratory following 
standard chain of custody procedures. 

All pertinent field activities were recorded in a daily logbook. Entries included date, time of day, 
weather conditions, attending personnel and subcontractors, sampling locations and field 
observations. 

Laboratory Analysis 

Laboratory testing for aromatic volatile hydrocarbons was performed by EPA Method 5030/8015m 
(modified for gasoline-range hydrocarbons). Results were reported as: Benzene, Toluene, 
Ethylbenzene, Total Xylenes (BTEX); and Total Petroleum Hydrocarbons (TPH) for carbon chains 
ranging from C6 to C 12• No BTEX orTPH (C6 to C 12) was detected in any of the samples. 

Laboratory testing for semivo!atile hydrocarbons was perfom1ed by EPA Methods 80 15m 
(modified for diesel-range hydrocarbons) and 8270. Results for EPA Method 8015m were reported 
as TPH for carbon chains ranging from C13 to C12 and C23 to C28 • Hydrocarbons in the C 13 to C12 

range were detected at concentrations from <10 to 40 mglkg. Hydrocarbons in the ~3 to C 28 range 
were detected at concentrations from II to 290 mg/kg. These levels are significantly below the 
waste discharge limits specified by the CRWQCB. 

EPA Met11od 8270 results were reported as 70 individual hydrocarbon compounds including 
polynuclear aromatic (PNA's). Only two san1ples had detectable levels of PNA's. Phenanthrene 
was detected in two soil samples at concentrations of 0.24 and 0.31 mglkg. No samples had PNA's 
detected at concentrations greater than 20 times the laboratory Practical Quantification Limit 
(PQL); therefore, no samples were submitted for analysis of semivolatiles using the Toxicity 
Characteristic Leaching Procedure (TCLP). 

Laboratory test results indicated that petroleum hydrocarbons in the thennally treated cover soils 
were at concentrations well below the limits defined in the WDRs and the work plan. Final 
laboratory test results representative of the cover soils placed over the LPCE are sununarized on 
Table 4-J and Table 4·2. The complete analytical reports are enclosed as Appendix E . 
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Low Penncability Cap Extension 4-4 

Soil Compaction 

Field tests to detenninc in-place dry density were perfonned by sand cone method (ASTM 
D 1556-90). Percent compaction was calculated by dividing the field test value by the 
laboratory-derived dry density. Final density test results demonstrated that at least 90% of the 
maximum dry density was achieved. Test methods, data, and results are summarized in the Final 
Compaction Report (Appendix C). 

Final Grading 

Final grading was perfom1ed after cover soil installation was complete. The final grade was 
designed to allow sheet flow of rainfall runoff from the capped area to reduce the potential for soil 
erosion by water. The pre-existing dust control sprinkler system was also reconstmctcd, providing 
wind erosion protection for more than 70 percent of the property. The specifics of the fill grading 
and compaction are detailed in the approved grading and drainage plan included with the 
previous work plan reference. The surface condition will be monitored and maintained. Final 
grade is shown in the "as built" drawings included as Appendix G . 
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Initial 
Representative Section .I Screening 

• 
Table 4-1. 

Summary of Analytical Results 
EPA Method 8015 Modified 

Phase 1 Phase 2 

• 

Phase 3 

,~~~r~~~~~~-~~:; ' c ---J, ' ~S-:~ - ~: L ~s~~ r ";• ' . .:·~!?~ .-_,~ , ; -~~--'''·.J:: :.:.-::~-~:~~~~':1' l • ·-~·:· ·~;;, .• ~:r~~~._., ,, : ·~ -1~::.L1.: ..., , - : - ~It~i~.· ·;o '-,It~~ ... ,<,:::.· ?~:~;-~ -
:Vo1~~k_Hydz:~ca_t:.&us;and ~~latile To~Tf~oie.~'1_'lfY~!'9:1;8~P~"~~~,'i\?-~~~-~o~~~JJ!,d;.~~:~ r~ ·;: ;7i:;;;.-- -... ~:;; /:-;~3f.~~ ~.-- ~iy:-:: 1l ~~' ? -~-:·;-~~;,y-1:·n 
Benzene <0.5 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
IEthylbenzene <0.5 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
Toluene <0.5 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
li 
IXylenes <1 <0.01 <0.01 <0.01 <0.01 <0.0! <0.01 <0.01 <0.01 <0.01 <O.Ol 

II 

iTPH ~6-Cl2 _ <~0 "' ~0.1 . -<~.l -·~- - <0} ~.,- ;o:! . . .. ,.~?~1 -,. .~- ~;_l_ . _ <?~ I , _:,o.l _ _ <0:.~.- . <_?J __ _ _ 
ISemivolatile-Total P.'etro1euiii;Hydf()c·arbon#EPk:M"etHOdt80I5Mod-irieii;?,iir~g·<t~- 1 ~\'?.-'-:~ :.t. :; ~=-'-'~~:~.?§f-:tt-i~ ·~- _-- :.-~ ·: -~'' :-.::_i ;t~~·· F'~-. ~ .. ~~ .~;·_• ~l\:>-.<.1~ :· ,.- : ·~~~::~~;;; ~ ; 
TPH c13~cii <loa ~'ioo ·· -~ 1oo · :C10o · <1oo - ~1oo· · ---- 36 · • 26 · • · · 28 3s · ··· 33 ·· 11 
1PH C23-C28 <100 105 <100 <100 <100 87 93 95 100 110 

_ iiRepresentative Section Phase3 Phase 4 

WDR 
Limits 

Sample Number I Ts-17 TS-19 TS-20 TS-21 TS-23 I TS-24 TS-26 TS-27 TS-29 TS-31 
VoWile Hyiif.ocid>'on~ aiid 'V'olanie:T.ollihPetro1euni'1lj-dri)C3);i:J()ii~iEYA"?M~bL~~8o:fs:M:iJ.ditteiJ~I\i~g"':~~~~: -:.:-::~:.-: -~:?::: ~:y·.,.!~~~~· ~~ ._:. :~~~:-;~:~.' y ;~t'i?,;r~ ~~.;!~; -

:1Ben~~~ -- ·· - ·~o-.oos · <o.oos · ~o_oo-5 ,. · ~O.o!i~; ""'-- <o~oo5 '-r~ -~o.'iios-~·",~o~oof · <o:oo5 -·· '<o:oos --- -<o:oo5 .. _oo.i ... 
Ethylbenzene <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 2.9 
Toluene <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 4.2 
Xylenes <0.01 <0.01 <0.01 <O.Ol <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 1.7 
TPH C6-CI2 <0.1 <0.1 <0.1 <0.! <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 1,000 
semi'{~r~tilecT~~l~RetrQ!euni~di-ota·rboiiS,~J>'~ )~it!l'(i@j_QJ.S.~a~t!!~~iiq~~·r~ }~'t~1i•§t;~::E~~:r;~;:;_<;_,:;..-;.,-· ·: ~-: . -~:')~~; :.. ~:'-~: .... -~: · ,~ ~ =; ~: .-::> --.,~a;~d~ -
TPH CJ3-C22 <10 <10 40 <20 37 22 10 <10 30 29 10,000 
TPH C23-C28 51 23 290 165 130 61 23 11 48 52 15,000 

Notes: < = Indicates that compound was not detected at specified detection limit. 
\VDR = Waste Discharge Requirements 

e:~l l l6'.S0 1Stn 
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Table 4-2. 

Summary of Analytical Results 
EPA Method 8270 

., 

WDR 
Representative Section Phase I Phase 2 Phase 3 Phase 4 Limit 

I 

SampleNumber TS-3 Ts-6 TS-10 TS-13 TS~l6 TS-18 TS-22 TS-25 TS-28 TS-30 
§lmJY~litil~~~i;#Ca~~;¥!'~:M~(ii:~:82~~~ ;Di~~;.t,~: ·-~}?;~~:~~~~~}~~;t~~5}~~~{~;~·~E8-i:i~ ;1~~~~~~;;~i·~ ~·~ ::~ ·.:~ ~ p· :.- ~~~~ r: •J?~~~·~,;t~;s~~}~~~~~ ~~- r;~<·] ~¥·1~\~ I 

Acenaphthene <0.2 <0.2 <0.2 <0.2 <0.2 <1 <I <2 <0.2 <2 14 ' I 
Acenaphthylene <0.2 <0.2 . <0.2 <0.2 <0.2 <1 <I <2 <0.2 <2 
Anthracene <0.2 <0.2 I <0.2 <0.2 <0.2 <! <1 <2 <0.2 <2 14' 
Benzo(a)anthracene <0.2 <0.2 <0.2 <0.2 <0.2 <I <I <2 <0.2 <2 14 ' 

Benzo(a)pyrene <0.2 <0.2 <0.2 <0.2 <0.2 <I <1 <2 <0.2 <2 
I I 

Benzo(b)tluoranthene <0.2 <0.2 1 <0.2 <0.2 <0.2 <I <I <2 <0.2 <2 
Benzo(g,h,i)perylene <0.2 <0.2 <0.2 <0.2 <0.2 <I <1 <2 <0.2 <2 
Benzo(k)fluoranthene <0.2 <0.2 <0.2 <0.2 <0 .2 <J <1 <2 <0.2 <2 

Chrysene <0.2 <0.2 <0.2 <0.2 <0.2 <! <1 <2 <0.2 <2 14 ' 

Dibenzo(a,h)anthracene <0.2 <0.2 <0.2 <0.2 <0.2 <I <1 <2 <0.2 <2 

Fluoranthene <0.2 <0.2 <02 <02 <0.2 <1 <1 <2 <0.2 <2 14' 
Fluorene <0.2 <0.2 <0.2 <0.2 <0.2 <1 <I <2 <0.2 <2 14' 

Indeno(l,2,3-c,d)pyrene <0.2 <0.2 ' <0.2 <0.2 <0.2 <1 <1 <2 <0.2 <2 
Naphthalene <0.2 <0.2 <0.2 <0.2 <0.2 <I <I <2 <0.2 <2 I 14 1 

Phenanthrene I <0.2 <0.2 1 <0.2 0.24 0.31 <! <1 <2 <0.2 <2 14 1 

Pyrene <0.2 <0.2 _ <0.2 <0.2 <0.2 <I <1 <2 <0.2 <2 14' 

Notes: < = Indicates that compound was not detected at the specified detection limit. 

- - - - --- ----------· 

N! A =Not Applicable · 
WDR = Waste Discharge Requirements 

1 =The WDR limit is equal to 20 times the Practical Quantification Limit. 
Samples with semivolatile concentrations above this value were submitted 
for analysis using the TCLP extraction and EPA Method 8270. 
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CHAPTERS 

SHELL OIL COMPANY CLOSURE STATEMENT 

REGISTERED GEOLOGIST'S CERTJFICATJON 

The enclosed report has been reviewed by a certified engineering geologist who is registered in the 
State of California and whose license munber and sign!_lture appear below. 

Vijay Bed 
Registered eolo ist, Certified Engineering Geologist 
R.G. 4015, C.E.G. 1247 

Date 

FACILITY ·OWNER/OPERA TOR CERTIFICATION 

I certifY under penalty of law that this docwnent and all attachments were prepared under my 
direction and supervision in accordance with a system designed to assure that qualified personnel 
properly gather and evaluate the infom1ation submitted. Based on my inquiry of the person or 
persons who managed the project, to the best of my knowledge and belief the reservoirs closure 
was completed in accordance with the requirements and provisions of Order No. 94-112. I am 
aware that there are signHicant penalties for submitting false information, including the possibility 
of fine and imprisonment for knowing violations. · 

8-27-17 

Draft Report-Use or disclosure of data contained on I his sheer is subjecr 
lo the resrriclion specified art he beginning of this docwnew. 

e:\h mcfiS hell\3 65 9\report. doc 
DCN 101145 

Date 



• 

I 

• 

CHAPTERS 

SHELL OIL COMPANY CLOSURE STATEMENT 

REGISTERED GEOLOGIST'S CERTIFICATION 

The enclosed report has been reviewed by a certified engineering geologist who is registered in the 
State of California and whose license number and slgnan1re appear below. 

Vijay Bedi 
Registered Geologist, Certified Engineering Geologist 
R.G. 4015, C.E.G. 1247 

Date 

FACILITY OWNER/OPERATOR CERTIFICATION 

1 certify w1der penalty of law that this document and all attachments were prepared under my 
direction and supervision in accordance with a system designed to assure that qualified personnel 
properly gather and evaluate the information submitted. Based on my inquiry of the person or 
persons who manage~ the project, to the best of my knowledge and belief the reservoirs closure 
was completed in accordance with the requirements and provisions of Order No. 94-112. I am 
aware that there are significant penalties for submitting false infonnation, including the possibility 
of fine and imprisonment for knowing violations. 

D. Harshburger, Plant Manager 
Carson Plant 
Shell Oil Company 

c :\hmd\shc 11\3 6 ~91 report.doc 
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APPENDIX A 

WASTE DISCHARGE REQUIREMENTS 
FOR CLOSURE OF RESERVOIRS 1 & 2 

(FILE No. 85-19) 



STATE (.)F CAlifORNIA-ENVIRONMENTAL PROHCliON AmNCI' Pm WilSON, c;.,,..,.,, 
= 

• 

C!..,LIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 
LOS ANGELES REGION 

. 101 CfNTR~ PlAZA ORIVf • 
MONTEREY PAR~. CA 91H~·21.S6 

(213) 266-7600 
fAX, (213) 2(».76i)() 

November 1, 1994 

Mr. T. F. Maher 
Shell Oil Company - Carson 'Plant 
20945 s. Wilmington Avenue 
carson, CA 90749 

SHELL OIL COMPANY - 1520 TO 1622 EAST SEPULVEDA BOULEVARD CARSON -
WASTE DISCHARGE REQUIREMENTS FOR CLOSURE OF RESERVOIRS ONE & TWO 
(FILE NO. 85~19) 

our letter of September 30, 1994, transmitted tentative waste 
discharge requirements for closure of two surface impoundments, 
referred to as Reservoirs One and Two, at the Wilmington Section of 
the former Shell Wilmington Manufacturing ~omplex . 

Pursuant to Section 13263 of the California Code of Regulations, 
this Regional Board at a public hearing held on October 31, 1994, 
reviewed the tentative Order, considered all factors in the case, 
and adopted Order No. 94-112 and Monitoring and Reporting Program 
No. CI ~ (copy attached) relative to the discharge. Please note 
that finding four, requirement one, provision ~ix, and the 
expiration date were modified between September 30, 1994, and the 
adoption of the Order. These modifications were minor in nature . 

The "Monitoring and Reporting Program'.' requires you to implement 
the monitoring program and submit your first technical report under 
this program by the 15th of the month following start-up of closure 
activities. Please reference all technical and monitoring reports 
to our Compliance File number CI ~. We would appreciate it if 
you would not combine other reports, such as progress or technical, 
with your monitoring reports but would submit each type of report 
as a separate document. All monitoring reports should be sent to 
the Regional Board, ATTN : Technical Support Unit. 

cc: See mailing list 

Enclosures 

( 213) 266 -'l:S:S if you have any 
7"14 
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Mr. T. F. Maher 
Shell Oil Company - Carsorr Plant 
Page 2 

MAILING LIST · 

Mr. Archie Matthews, State Water Resources Control Board, 
Division of Water Quality 

Department of Toxic Substances Control, Region 4 - Long Beach 
South Coast Air Quality Management District 
U. s. Army Corps of Engineers 
Department of Interior, U. S. Fish and Wildlife Service 
Department of Fish and Game, Region 5 
Los Angeles County, Department of Public Works, 
Waste Management Division 

Los Angeles County, Fire Department - Health Hazardous 
Materials Division 

City of Carson, Department of Building and Safety 
Mr. Chris Nagler, Department of Water Resources 
Mr. Robert Hastings, Shell Oil Company - Houston Texas 
Ms. Meg George, Unocal Los Angeles Refinery - Carson Plant 
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State of California 
CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 

LOS ANGELES REGION 

ORDER NO. 94 ~ 112 

WASTE DISCHARGE REQUIREMENTS 
FOR 

SHELL OIL COMPANY 
1520 TO 1622 EAST SEPULVEDA BOULEVARD 

CARSON CALIFORNIA 
(CLOSURE OF TWO SURFACE IMPOUNDMENTS) 

(File No. 85-19) 

The California Regional Water Quality Control Board, Los Angeles 
Region , finds: 

1. Shell Oil Company {the discharger) has filed a report of waste 
discharge for the closure of two surface impoundments, 
Reservoir One and Reservoir Two. These reservoirs are located 
at the Wilmington Section of the former Shell Wilmington 
Manufacturing Complex, at 1520 to 1622 East Sepulveda 
Boulevard in Carson, California. These reservoirs were built 
in the 1920s and were originally used to store crude oil 
originating from the Signal Hill Oil Field. The reservoirs 
were also used occasionally to store vacuum tower feed oil and 
coker feed oil which are heavier intermediates. · In addition, 
Reservoir Two occasionally stored marine fuel oil. The 
reservoirs were in continuous use until December 19~1, when 
they were drained and scheduled for shutdown and eventual 
dismantling ~fter Unocal purchased the facility. Under the 
terms of the sale of the facility to Union Oil Company of 
California (dba Unocal Los Angeles Refinery-Carson Plant) in 
December 1991, Shell retained the responsibility for closure 
of the reservoirs. 

2. The reservoir berms are about 18 feet above refinery grade and 
have approximate slopes of 1.5 to l on both the inside and 
outside walls. The bottoms of the reservoirs are about 15 
feet below refinery grade. The top and outside walls were 
covered with asphalt and the inside walls and bottoms were 
lined with concrete. 

3. on August 31, 1994, staff granted the discharger permissio~ to 
remove and crush the concrete liner covering the interior berm 
walls and floor of each reservoir and to remove any soils 
under the liner that are saturated with hydrocarbons for 
disposal off-site at a licensed point of disposal. With the 
liner removed, a more accurate estimation of the volume of 
material requiring remediation can be determined . 

1 October 31, 1994 
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Shell Oil Company Order No. 94-112 
1520 to 1622 East Sepulveda Boulevard, Carson 
(Closure of Two Surface Impoundments) 

4. The proposed TPH soil cleanup levels detailed in the 
requirements section of this Order have been developed by 
staff from research conducted by the Western States Petroleum 
AssociatLon (WSPA). Staff have modified the application of 
these levels to reflect conservatism. The Technical Review 
Committee {TRCl, formed t6 review soil cleanup criteria, is 
planning on recommending use of these levels in appropriate 
cases and we believe issuing this Order will allow a test case 
application ac a real site. Since this Order applies to a 
smaller site cleanup within a larger area cleanup, staff 
believes this provides an excellent opportunity for collection 
of data to determine suitability of using levels higher than 
those previously used with little or no risk to the 
environment in an actual case. 

5. Subsurface investigations in Reservoir One identified 
petroleum-hydrocarbon-contaminated soils, up to 71,000 mg/kg 
total recoverable petroleum hydrocarbons (TRPH), 16.5 feet 
below the reservoir bottom (brb) . Petroleum-hydrocarbon
contamination (63 mg/kg TRPH) was identified as deep as 46.5 
feet brb. Subsurface investigations in Reservoir Two 
identified petroleum-hydrocarbon-contaminated soils, up to 
36,000 mg/kg TRPH, 26.5 feet brb. Petroleum-hydrocarbon
contamination (21 mg/kg TRPH) was identified as deep as Sl.S 
feet brb. Analyses of 30 soil samples from Reservoir One and 
17 soil samples from Reservoir Two indicate that the ratio of 
asphaltenes to TRPH, in the soils underlying the reservoirs, 
range from a low of l% to a high of 51% with an average of 
15%. This indicates the soil contamination has a 1 arge 
percentage of petroleum-hydrocarbon contamination lighter and 
more mobile than asphaltenes. 

6. Free-phase petroleum hydrocarbon has previously been 
identified on the ground water underlying the reservoirs. 
Subsurface investigations at the site indicate that this 
ground water pollution originated from on-site and off-site 
sources other than the reservoirs. Remediation and monitoring 
of this pollution is addressed under. Cleanup and Abatement 
Order No. 88-69. 

7. Cleanup and Abatement Order No. 88-69, adopted by this 
Regional Board on June 27, 1988, directed Shell Oil Company to 
cleanup and abate the ground water pollution caused by the 
uncontrolled release of hydrocarbons, including refined 
product, from their Wilmington Manufacturing Complex (WMC). 
Under the terms of the sale of the Shell Wilmington Section of 
the WMC to Unocal in December 1991, Unocal is responsible for 

2 
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Shell Oil Company 
1520 to 1622 East Sepulveda Boulevard, Carson 
(Closure of Two Surface Impoundments) 

, . ---· ....... ..._.,.. ___ _ 

Order No. 94-112 

all provisions of Cleanup and Abatement Order No. 88-69, as 
they apply to the Wilmington Section. 

8. The Regiqnal Board adopted a revis'ed Water Quality Control 
Plan for the Los Angeles River Basin (4Bl on June 3, 1991. 
The plan contained water quality objectives for ground water 
within the Coastal Plain of Los Angeles County. The 
requirements contained in this Order, as they are met, wi~l be 
in conformance with the goals of the Water Quality Control 
Plan. 

9. Three basic aquifer units (Gage, Lynwood, and Silverado) are 
found beneath the site. The Gage aquifer is from about 40 
feet bgs to about 200 feet bgs. The Lynwood aquifer is 
located from about 200 feet to about 400 feet bgs. Below and 
hydraulically connected through an unnamed aquiclude from 
about 350 feet to 400 feet below ground surface is the 
Silverado aquifer. The Dominguez Gap Barrier Project, which 
is designed to impede sewater intrusion into the Gaspur, Gage, 
and Lynwood aquifers, is located abouc two-thirds of a mile 
east of the site. 

10. Ground water in the Coastal Plain is beneficially used for 
municipal and domestic supply, agricultural supply, and 
industrial service and process supply. Ground water in the 
first aquifer underlying this site is typically low in yield 
and high in salinity. Ground water in the Silverado aquifer 
is usually of the best quality and quantity. 

11. Water levels beneath the facility vary from 60 feet bgs in 
five perched aquifers to about 80 feet bgs in the semi~perched 
aquifer. The ground water flow in the semi-perched aquifer is 
to the west in the eastern portion and to the northwest in the 
western portion. Ground water beneath the reservoirs is 73 
feet bgs or 56 feet brb. 

12. A January 1991 report by Brown and Caldwell identified the 
presence of TPH and toluene, xylene, and ethylbenzene in three 
deep (200 feet bgs) ground water monitoring wells screened in 
the Gage aquifer. These wells were also sampled in May ~990 
and April/May 1991 identifying low concentration levels of 
phenolic compounds and benzene · (only in WD~3 in May 19 90 l . 
The water supply well WW-4 screened in the Silverado aquifer 
did not detect any contaminants above the detection limits 
when tested in May 1990 and April/May 1991. 

13. A 72-well light nonaqueous phase liquid (LNAPL) hydrocarbon 
recovery system has been installed. The system consists of 48 
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Shell Oil Company 
1520 to 1622 East Sepulveda Boulevard, carson 
(Closure of Two Surface Impoundments) 

Order No. 94-112 

hydraulically downgradient LNAPL containment wells along the 
western property line and 24 wells located in the interior of 
the plant. The waste water disposa~ problem that has delayed 
operation of the recovery system has recently been resolved 
and start -up of this system is anticipated to begin by 
December 1994. 

14. A grading and drainage plan for the engineered grading of 
13 5, 000 cubic yards of material, prepared by the Ralph M. 
Parsons Company, was approved on July 2, 1994, by the County 
of Los Angeles Department of Public Works Land Development 
Division. 

15. This project involves an action taken for the protection of 
the environment and as such is exempt from the provisions of 
the California Environmental Quality Act (Public Resources 
Code, commencing with Section 21100) in accordance with 
Section 15321, Chapter 3, Title · 14, of the California Code of 
Regulations. 

The Regional Board has notified the discharger and interested 
agencies and persons of its intent to adopt waste discharge 
requirements for this discharge and has provided them with an 
opportunity to submit their written views and recommendations. 

The Regional Board, in a public meeting, heard and considered all 
comments pertaining to the discharge and to the tentative 
requirements. · 

IT IS HEREBY ORDERED that Shell Oil Company (the discharger), in 
order to meet the provisions contained in Division 7 of the 
California Water Code and regulations adopted thereunder, shall 
comply with the following: 

A. Waste discharge requirements: 

1. Any soils placed into or onto the reservoirs shall have 
contaminant concentrations less than the following 
discharge limits: 
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Shell Oil Company Order No. 94-112 
1520 to 1622 East Sepulved~ Boulevard, Carson 
(Closure of Two Surface Impoundments) 

2 . 

3 . 

4. 

CONSTITUENT 

ORGANIC COMPOUNDS 

Aromatic Volatile Organic Compounds 
benzene 
ethyl benzene 
toluene 
xylene 

Total Petroleum Hydrocarbons 
(EPA Method 8015) 
c4 - cl, 

. ciJ - c~2 
Cn. 

Polynuclear Aromatic Hyd~ocarbons in the 
Toxic Characteristic Leaching Potential (TCLPJ 

LIMIT 
(mg/kg) 

0.1 
2.9 
4.2 
1.7 

1,000 
10,000 
15,000 

extract (mg/f). Non-detect 1 

Within 60 days of this Order the discharger shall submit 
for approval by the Executive Officer a plan for closure 
of the reservoirs in accordance with the requirements of 
Chapter 15, Title 23, California Code of Regulations 
{hereafter referred to as Chapter 15) . The plan shall 
specify the placement of a cap or cover with a 
permeability of 1 x 10-6 em/sec or less, precipitation 
and drainage controls, and post-closure maintenance 
including but not limited to Article 4, Article 8, and 
Article 9 - Section 2596 and Section 2597 of Chapter 15. 
In addition, the plan shall specify the removal of all 
soils which exhibit the presence of free-phase petroleum 
hydrocarbon. 

Backfill material must be compacted to 90% compaction to 
ensure maximum cap protection and ensure maximum 
usefulness of the site. 

The current ground water monitoring program, required 
under cleanup and abatement Order No. 88-69, may be used 
to show compliance with Section 2550.8 of the Code for 
this waste management unit. 

Non-detect in TCLP extract at the practical quantification limits of 
detection for each compound. 
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Shell Oil Company Order No. 94-112 
1520 to 1622 East Sepulveda ~oulevard, Carson 
(Closure of Two Surface Impoundments) 

5. Within 3 0 days of complet i ng the closure of the 
reservoirs, in accordance with the above approved closure 
plan, the discharger shall submit a report documenting 
the -closure. 

6 . Any off-site disposal of wastes shall be to a legal point 
of disposal. For the purpose of these requirements, a 
legal point of disposal is defined as one for which waste 
discharge requirements have been established by a 
California Regional Water Quality Control Board, and 
which is in full compliance therewith. 

7. Any material handling shall be in such a manner as to 
prevent its reaching surface waters or water courses. 

B. EROVISIONS 

1 . A copy of this Order shall be maintained at the discharge 
facility and be available at all times to operating 
personnel . 

2 . This Order includes "Standard Provisions Applicable to 
Waste Discharge Requirements". If there i~ any conflict 
between provls:l.ons stated herein and the "Standard 
Provisions Applicable to Waste Discharge Requirements", 
these provisions stated herein will prevail. 

3 . The enclosed Monitoring and Reporting Program is made a 
requirement of this Order. 

4 . Neither the disposal nor any handling of waste shall 
cause pollution or nuisance odor at the facility 
boundary. 

5 . The discharger must notify this Board by telephone within 
24 hours. followed by written notification within one 
week, in the event they are unable to comply with any of 
the conditions of this Order due to: 

a. Breakdown of waste treatment equipment, 

b . Accidents caused by human error or negligence, 

c. Other causes such as acts of nature, or 

d. Facility operations . 
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Shell Oil Company 
1520 to 1622 East Sepulveda Boulevard, Carson 
(Closure of Two Surface Impoundments) 

. . --· . ·-- - ·---- · 

order No. 94-112 

6. This Order is not intended to permit or allow the 
discharger to cease any work required by any other Order 
issued by this Regional Board, nor shall it be used as a 
reaspn to stop or redirect any investigation or 
mitigation activities not required by this Order or any 
other agency. 

7. These requirements do not exempt the discharger from 
compliance with any other laws, regulations, or 
ordinances which may be applicable, they do not legalize 
these waste treatment and disposal facilities and they 
leave unaffected any further restraints on those 
facilities which may be contained in other statues or 
required by other agencies. 

8. Compliance with this Order does not release the 
discharger from the responsibility for correcting any 
future problems that may arise during subsequent use of 
the land and result from contamination left in place at 
this time. 

c. Expiration Date: This Order expires on October 31, 1995 . 

I, Robert P. Ghirelli, Executive Officer, do hereby certify that 
the foregoing is a full, true and correct copy of an order adopted 
by the California Regional Nater Quality Control Board, Los Angeles 
Region on October 31, 1994. 

-;) . ~ l ! £ -;. 
14/:rc~ ; f- / . {/71L~ ·1 eJ!i!.f... 
ROBERT P. GHlRELLI, D.Env. 
Executive Officer 
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STATE OF CALIFORNIA 
CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 

LOS ANGELES REGION 

MONITORING AND REPORTING PROGRAM NO. CI ~ 
FOR 

SHELL OIL COMPANY 
1520 TO 1622 EAST SEPULVEDA BOULEVARD, CARSON 

(CLOSURE OF TWO SURFACE IMPOUNDMENTS) 

(File No. 85-19) 

The discharger shall implement this Monitoring and Reporting Pro
gram on the da.te of issuance of the Waste Discharge Requirements. 
The reports detailed in Order No. 94-112 (hereafter the Order) 
shall be submitted as required. 

The first monthly monitoring report under this program is due on 
the 15th of the month following start-up of closure activities for 
the previous month. 

I. QROUND WATER MONITORINg 

Ground water monitoring reports shall be submitted according to 
Cleanup and Abatement Order Number 88 - 69 . 

II . EXCAVATION MONITORING 

A sampling grid shall be established for the reservoirs prior to 
backfilHng. Sampling locations shall be located where 
representative soil samples can be obtained. Soil samples shall be 
collected and analyzed for the following Parameters: 

Parameter Ynil 

Total Petroleum Hydrocarbons mg/kg 
{EPA Nethod 8015 ~ c. 
to C21 Hydrocarbon Scan) 

Aromatic Volatile Organic Compounds 
(EPA Method 8240 or Method 8020) ~g/kg 

Semivolatile Organic 
Hydrocarbons 
(EPA Method 8270) mg/kg and mg/ t 1 

Frgguency: 

Once/5 , 000 sq. ft. 

Once/5,000 sq. ft. 

Once/S,OOO sq. ft. 

Results of TCLP extractions are reported in mg/t . 

T - l October 31, 1994 
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Monitoring and Reporting Program For 
Shell Oil Company 

Order No. 94-112 
CI No. ~ 

1520 to 1622 East Sepulveda Boulevard, Carson 
(Closure of Two Surface Impoundments) 

III. BACKFILL SOIL CHABbCTERIZATION 

All backfill soil shall be tested, char'acterized and determined to 
be clean soils before it is discharged into the reservoirs. The 
discharger shall collect representative samples of this material 
and analyze it as follows: 

Paramete.-: Freouency 

Total Petroleum Hydrocarbons (TPH) 
(EPA Method 80l5-C4 
to C28 Hydrocarbon Scan) mg/kg Once/500 CY 

Aromatic Volatile Organic compounds 
(EPA Method 8240 or Method 8020 
or Method 801SM) p.g/kg once/1,000 CY 

Semivolatile Organic Hydrocarbons 
(EPA Method 8270) mg/kg Once/1,000 CY 

A. 

B. 

III. GENERAL PROVISIONS FOR SAMPLING AND &,NALYSIS 

All chemical, bacteriological, and bioassay analyses shall be 
conducted at a laboratory certified for such analyses by the 
State Department of Health services, or approved by the 
Executive Officer. No changes shall be made in sampling points 
without prior approval of the Executive Officer. 

All verification sampling require 72 hours written' and verbal 
notice to the Board in order for staff to participate in the 
sampling. 

V. §PECIFIC REPORTING REQUIREMENTS 

A. The following technical reports shall be filed with the 
Regional Board: 

1. A "Closure Plan for Reservoirs One and 'l'w0 11 shall be 
submited within 60 days of the adoption of the Order, as 
required in Requirement A. 2. of the Order. 

2 . A "Petroleum Hydrocarbon Contamination Removal Report", 
shall be submitted within 30 days of removal of 
contaminated soil for treatment. This report shall 
describe the facility name, and location where the 
contaminated soil is treated . This report shall summarize 

T - 2 
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Monitoring and Reporting Program For Order No. 94-ll2 
CI No.~ Shell Oil Company · 

1520 to 1622 East Sepulveda Boulevard, Carson 
(Closure of Two Surface Impoundments) 

B . 

all final verification sampling, summarize the final 
hydrocarbon contamination levels underlying the 
res~voirs, including laboratory analysis data, and 
indicate the quantity and the final disposition of any 
material removed from the reservoirs for treatment. The 
report shall include all data collected to date verifying 
that cleanup levels set by the Order have been met. 

3. fl. "Backfill and Final Project Completion Report" shall be 
submitted within 30 days of completing backfill of the 
reservoirs, verifying that the backfilling and cleanup or 
the construction of a low permeability cap were completed 
according to the closure plan approved by the Executive 
Officer, according to Requirement A.2. of the Order. A 
statement, signed by a responsible official of the Shell 
Oil company, shall be included stating that the closure 
was completed in accordance with the requirements and 
provisions of Order No. 94-112 and all other signed 
statements required by the Order shall also be included. 

All technical reports prepared for submittal to the Regional 
Board shall be signed by either a California registered Civil 
Engineer, a registered geologist, or certified engineering 
geologist. 

c. In reporting the monitoring data, the discharger shall arrange 
the data in tabular form so that the data, the constituents, 
and the concentrations are readily discernible. The data shall 
be summarized to determine compliance with waste discharge 
requirements and, where applicable, shall include receiving 
ground water observations. 

D. Monitoring reports submitted to the Regional Board shall be 
signed by: 

1 . In the case of a corporation, the principal executive 
officer, at least of the level of Vice President or his 
duly authorized representative, if such representative is 
responsible for the overall operation of the facility 
from which the discharge originates; 

2. In case of a partnership, a general partner; 

3. In case of a sole proprietorship, the .proprietor; 

4. In the case of a municipal, state or public facility, 
either a principal executive officer, ranking elected 
official, or other duly authorized employee. 

T - 3 
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Monitoring and Reporting Program For 
Shell Oil Company 
1520 to 1622 East Sepulveda Boulevard, Carson 
(Closure of Two Surface Impoundments) 

Order No. 94-112 
CI No. lli.l 

Each report shall contain the following completed declaration: 

" I declare under penalty of perjur¥ that the foregoing is 
true and correct. 

Executed on the day of at 

(Signature) 

(Title)" 

E. For every item where the requirements are not met the 
discharger shall submit a statement of the actions undertaken 
or proposed, together with a timetable, to bring the discharge 
back into full compliance with the requirements at the 
earliest time. 

Ordered by 126e1J fJ. ~~~~?_~~ .. 
ROBERT P. GHIRELLI, D.Env. 
Executive Officer 

Date: October 31. 1991 

T - 4 
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STANDARD PROVISIONS 
APPLICABLE TO WASTE DISCHARGE REQUIREMENTS 

,. . DUTJ TO COMPI.aX 

The discharqer must comply with all conditions of these waste 
discharqe requirements. A responsible party has been 
desiqnatea in the Order tor this project, and is leqally bound 
to =aintain the tDonitorinq proqru and permit. Violations may 
result in enforceJDent actions, includinq Regional Board orders 
o~ court o~ers requiring corrective action or imposing civil 
monetary liability, or in modification or revocation of these 
waste discharqe requiramenta by the Regional Board. 
[CWC Section 13261, 13263, 1326~, 13268, l3lOO, 13301, 13304, 
13340, 13350). 

2 • GEl{ERAL PBQHIBITIOH 

J • 

5. 

Neither the treatment nor the discharge ot waste shall create 
a pollution, contamination or nuisance, as defined by Section 
13050 of the california Water COde (CWC). 
(H ' sc Section 5411, ewe section 13263) .. 
AVAIU.BILITX 

A copy of these waste disc:harqe requirements shall be 
maintained at the discharge facility and be available at all 
times to oper~ting personnel. (CWC Sectio~ ~3263) 

CHAH~E XN OHNEBSHIP 

The discharger ~ust notify the Executive Officer~ in writing 
at least 30 days in advance of any proposed transfer ot this 
order•s responsibility and coverage to a new discharger. The 
notice must include a written agreement between the existing 
and new discharqer conte.ininq a specific date ~or the transfer 
of this Order• s responsibility and coverage between the 
current discharger and the new discharqer. This agreement 
shall include an acknowledqe!Dent that tbe existing diScharqer 
is .liable for violations up to the transfer date and that the 
new discharger is liable from the tr~sfer date en. [C'WC 
sections 13267 and 13263) 

CHANGE IN PISCJiARG.f; 

In the event of a JDaterial change in the character, location, 
or volume of a discharge, the discharger shall file with this 
Regional Board a nev Report of Waste Discharge. (CWC section 
l3260(c) ). A material chanqe includes, but is not limited to, 
the following: 

1 November 7, 1990 
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standard Provisions Applicable to 
Waste Discharge Requirements 

9. SE1{ERABI)JilX 

10. 

11. 

Provis-ions ot . these waste discharcJe require111ents are 
severable. It any provision of these requirements are found 
invalid, the rqainder ot these requirements shall not be 
affected. (CWC 921] 

OPEBATXQN ANP HAVJTFNAHcz= 

The discharger shall, at all times, properly operate and 
maintain all facilities and systems o~ treatment and control 
(and related appurtenancu) which are i.natalled or used by the 

·discharger to achieve compliance with conditions ot this 
Order. Proper operation and maintenance includes effective 
pert'~nnance, adequate fundinq, adequate operator atat'finq and 
training, and a~equate laboratory and process controls 
including appropriate quality a••urance procedures. This 
provision requires the operation ot backUp or auxiliary 
facilities or similar systdms only when necessary to achieve 
compliance with the conditions of this Order. [CWC section 
ll263(f)J 

HAZ~DOUS BEt.EASl,;~ 

Except for a discharge which is in compliance with these waste 
discharqe requirements, any parson who; .· without regard to 
intent or negliqence, causea or permits any hazardous 
substance or sewage to be dlseharged in or on any waters o! 
the state, or dii!Jc:harqed or deposited 11ihere it is, or probably 
will be, discharged in or on any waters of the State, shall, 
as soon as (a) that person ha• knowledge of ·the discharge, (b) 
notification is possible, and (c) notification can be provided 
without substantially . impeding cleanup or other emerqency 
measures, immediately notify the .ottice ot Emerqency services 
or · the discharqe in accord.ance with the spill reporting 
provision of the State toxic disaster contingency plan adopted 
pursuant to Article 3.7 (commencing with Section 8574.7) ot 
Chapter 7 ot Division 1 of Title 2 ot the Government Code, 
and immediately notify the State Board or the appropriate 
Regional Board of the discharge. This provision does not 
require reporting of any discharge of less than a reportable 
quantity as provided for under subdivisions (f) and (g) of 
Section 13271 of the Water Code unless the discharger is in 
violation of a prohibition in the applicable Water Quality 
Control plan. [CWC Section 1327l(a)) 
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standard Provisions Applicable to 
Waste Discharge Requirements 

of any unresolved litigation regarding this discharge o~ when 
requested by the Regional Board Executive Officer. 

Records c! ~onitoring information shall include: 

(a) 'l'he date, exact place, and tilDe of sampling or 
Jlleasurements: 

(b) ~· individual (s) who perf.ormed the samplinq or 
measuremants1 

(c) The date(s) analyses were pertor=ed; 

(d) ~e individual(&) who performed the analyses: 

(e) 'l'be analytical techniques or method uaedt and 

(f) The results ot such analyses. 

19. (a) All application reports or information to be submitted 
to the Executive Officer shall be siqned and certified 
as follows: 

(1) 

(2) 

( 3) 

(b) 

For a corporation--- by a principal executive 
officer · or at least the level of vice 
pre~ident. 

For a partnership or sola proprietorship -- by 
a general • partner or the proprietor, 
respectively. 

For a lnunicipality, state, federal, or other 
public agency -- by either a principal 
executive officer or rankinq elected official. 

A duly authorized representative of a person 
designated in ~ragraph (a) of this provision 
111ay sign documents if: 

(l) The authorization is ~ade in writing by 
a person described in paragraph (a) of 
this provision. 

(2) The authorization specifies either an 
individual or position having 

·responsibility for the over&ll operation 
of the regulated facility or activity; and 
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standard Provisions Applicable to 
Waste Discharge Requirements 

the Regional Board showing flow volumes will be prevented from 
exceeding capacity, or how capacity will be increased, within 
120 days after providi~g notification to the Regional Board, 
or within 120 days after receipt of notification from the 
Regional Board, of a finding that the treat~ent plant will 
reach capacity within four years. The time for filing the 
required technical report may be extended by the Regional 
Board. An extension ot 30 days may .be qrantecl by the 
Executive Ot'ficer, and lon9er extensions may be qranted by the 
Reqional Board itaolt. [CCR Title 23, · Section 2232] 

.. 
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INTRODUCTION 

AMENDMENT NO. 1 
WORK PLAN FOR CLOSURE 

RESERVOffi REMOVAL PROJECT 

SHELLIUNOCAL FACJLITY 
1520-1622 EAST SEPULVEDA BLVD. 

CARSON,CA 
<FILE NO. 85·12} 

This amendment to the November 1994 work plan describes the remaining activities required to 
complete the removal and closure of two historic crude oil reservoirs. The reservoirs, known as 
Reservoirs 1 and 2, are located at the Wilmington Section of the former Shell Oil Company 
Wilmington Manufacturing Complex. at 1520-1662 East Sepulveda Boulevard in Carson, CA. 
This site is now the UNOCAL Los Angeles Refinery - Carson Plant. 

The reservoirs were built in the 1920; s and were originally used to store crude oil. Later, they 
were also used to store heavier refinery intennediate streams such as vacuum flasher feed and 
coker feed. Reservoir 2 was occasionally used to also store marine fuel oil. The reservoirs were 
in continuous use until December 1991. 

Each reservoir was constructed as an excavated center depression encircled by elevated soil 
benns. The interior berm walls and floors of each reservoir were surfaced with steel reinforced 
concrete. The top and outside perimeter of the berm walls were asphalt-covered. There was a 
roof supported by timbers covering each reservoir. 

Waste Discharge Requirements (WDR's) for Closure of Two . SUrface Impoundments (Order 
No. 94-112), were issued by the California Regional Water Quality Control Board (CRWQCB), Los 
Angeles Region (File No. 85-19) in October of 1994. The WDR's detailed in the CRWQCB 
Monitoring and Reporting Program No. CI 7452, dated October 1994, include guidelines for 
groundwater monitoring, ~cavation monitoring, bacldill soil characterization, general provisions for 
sampling and analysis, and specific reporting requirements. 

Previous reservoir work completed to date includes: 

a) emptying the reservoirs, 
b) dismantling and removal of the roofs and concrete liners, 
c) backfilling the reservoir depressions with berm soils that were mechanically blended to 

meet established WDR's, 
d) compacting the backfill to at least 90% compaction, 
e) covering the backfill soils with clay caps and cover soil. 

e:Vvmlllheli\J 6 '9\ioo} '6 .I'J)I 
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Completion of this work was documented in a report titled, "BackfiiJ and Final Project 
Completion Report, Reservoirs I and 2'1 dated October, 1995 and transmitted to the CRWQCB 
with a letter dated November 1, 1995. 

It was originally anticipated that completion of the above steps would result in a satisfactory 
closure. How~ver, soils near the surface in the relic benns exhlbited localized bleeding of 
hydrocarbons to the surface. These hydrocarbon impacts were observed in fine sandy soils 
located beyond the perimeter of the existing clay caps. Consequently, additional site assessment 
work was perfonned across the relic berms as described in the report titled, "Sub-Grade Benn 
Soil Sampling at Reservoirs l and 2", dated May 17, 1996. Upon review of this report, the 
CRWQCB requested this amended work plan. 

SCOPE OF PROJECT 

The scope of this work plan amendment is to complete closure of the reservoirs. All work will 
meet or exceed applicable WDR's. Work necessary to complete the closure of the reservoirs are 
as follows: 

l. Excavation of relic berm soils from around the circumference of each reservoir, outside 
and adjacent to the existing clay caps. Relic berm soils will be removed to a depth equal 
to the bottom of the existing clay cap, extending' outward to the midpoint of the relic 
berms. 

2. Treat the excavated soil in a thermal desorption unit to reduce hydrocarbon concentrations 
in soil to below the specified WDR's. 

3. Extend the clay cap across the excavated area using approved import materials which 
exceed minimum thickness and comply with maXimum permeability values as specified in 
the WDR's. 

4. Reuse the treated relic berm soil, as feasible, for backfill over the clay cap to reestablish 
the existing grade. 

5. Sample and analyze backfill soils during placement and compaction to verify compliance 
with WDR's. 

6. Completion and submittal of a Backfill and Final Project Completion Report 
(Amendment 1 ), documenting this phase of the work. 

Note: Any residual liquid hydrocarbons or soils that are wet with hydrocarbons (soils from which 
liquid hydrocarbons can be produced when a clump is squeezed by hand) which are exposed 
during the excavation will be removed for treatment or offsite disposal in compliance with 
WDR's. 

e:llund\1hell\16 j 9\iool j 6 .rpl 
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The following sections provide additional. details for the activities described above. 

LOW PERMEABD..,ITY COVER INSTALLATION 

A low permeability cover will be installed consisting of a clay liner and a protective cover layer 
consisting of treated backfill (relic berm) soils. Soils will · be tested using approved ASTM 
standards. The clay liner will have as a minimum the following characteristics: 

Material type: 

Density:·· 

Moisture: 

Thickness: 

Permeability: 

Predominately clay matrix, classified as SC, CL, or CH (ASTM D-2487). 

Minimum compaction requirement of 90% of the maximum dry density 
(ASTM D-1557-78 (90) or other equivalent ASTM method). Density 
testing will be performed in accordance with current applicable L.A. 
County grading codes. Maximum density and optimum moisture content 
will be determined in accordance with ASTM D-1556 or other equivalent. 

Soil moisture range of ·1 to +3% of optimum moisture content. 

Minimum compacted thickness of 12 inches. Compaction will be 
performed using a footed vibratory ·compactor. Clay wiU be placed and 
compacted in lifts with a thickness that exceeds the length of the 
compactor prongs, but not exceeding 12 inches in thickness. 

Maximum permeability of lOE-6 em/sec (ASTM D-5084 or other 
equivalent AS1M method). Four permeability tests will be performed for 
each reservoir at regular intervals. 

PLACEMENT OF BACKfiLL 

A protective topsoil layer consisting of thermally treated relic berm soils will overlie the clay cap. 
Soils will be graded, sampled and characterized to insure that the material conforms to the 
requirements of the WDR's. 

One representative sample will be collected every 500 cubic yards and analyzed for TPH. One 
representative sample from each 1,000 cubic yards will be collected and analyzed for BTEX and 
polynuclear aromatics (PNA's). Samples which contain PNA's in excess of20 times the practical 
quantification limits (PQL's) will be further assessed by performing the toxicity characteristic 
leaching procedure (TCLP) extraction followed by an additional PNA analysis. Results of the 
analyses will be compared to the following limits established in the WDR's for this project . 
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!:QtlSTITIIENT LIMlT TEST MEJJ:IQQ 

Benzene 0.1 mg/kg 
Ethylbenzene 2.9 mg/kg EPA Method 801Sm 
Toluene 4.2 mglkg I test/1,000 Yd1 

Xylenes 1.7 mglkg 

TPH 
c~ to C12 1,000 mglkg EPA Method 8015m 
c1,to C22 10,000 mg/kg 1 test/500 Yd3 

C23 to Cu 15,000 mglkg 

PNA's (in TCLP extract) non detect at the PQL's EPA Method 8270 
1 test/1,000 Yd1 

Material which is suitable for use as backfill will be placed and compacted as protective topsoil 
The soils will be placed in horizontal lifts and compacted to at least 90% relative density. Density 
testing will be perfonned at a frequency of one test per 1,000 cubic yards. The topsoil layer will 
be a minimum thickness of 12 inches. The specifics of the fill grading and compaction are detailed 
in the approved grading and drainage plan included with the previous work plan. · The surface will 
be graded and maintained to prevent paneling of water. 

POST CLOSURE MAINTENANCE 

Post-closure maintenance will consist of regular inspection and maintenance of the cover 
materials. Inspections will be conducted once a quarter for the first year after closure and then 
annually thereafter. Any damage. to the cover materials such as erosion gullies, cracking or 
settlement of the final cover, or any slumping or sliding of the cover materials will be noted and 
repaired. Drainage structures will also be -inspecte~ and repaired as part of post-closure 
maintenance. 

REPORTING REQUIREMENTS 

A "Backfill and Final Project Completion Report" will be submitted within 30 days of the 
completion of the field work. This report will include as-built plans and specifications of any 
cover materials and drainage features and will include the results of all soils testing, compaction, 
grading, and penneability tests conducted during the phase of work covered by this work plan. 

REVIEWED BY: 

Ross Williams, R.G. # 6327 

1 
! 
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August 8, 1997 

Mr. Alan Hargraves 
c/o Mr. Terry Ower 
Parsons Process Group, Inc. 
100 West Walnut Street 
Pasadena, California 91124 

Subject: Final Compaction Report, 
Amendment No. 1, Reservoir Removal Project, 
1520-1622 East Sepulveda Boulevard, 
Carson, California. 

Dear Mr. Hargraves: 

42/3659-08 

Brown and Caldwell provided construction superviSIOn and soil compaction testing to 
support grading operations at the above referenced site. Grading operations began in 
mid-February and were completed at the end of July, 1997. The primary objective of the 
grading operations was to install a lateral extension to the existing low permeability cap. 

Grading generally consisted of: 

I. excavation; 
2. subgrade scarification and recompaction; 
3. overexcavation, backfill, and rccompaction; 
4. clayey soil placement and compaction; 
5. cover soil placement and compaction. 

Soil placement and compaction procedures observed during the course of this project were 
perfom1ed in general accordance with current industry standards. 

Site Grading 

Flll soils were hydrated to near optimwn moisture prior to placement. The fill soils were 
placed in lifts generally 6-inches thick or less. Each lift of fill was compacted to a minimum 
of 90% relative compaction. Soil compaction tests were taken at a frequency of at least one 

e:\jobs\36591101 144.doc 



I 
Mr. Alan Hargraves 
August 8, 1997 
Page 2 

test for every 1000 cubic yards of materials placed and compacted . Estimated total quantities 
of soils placed and compacted during this project arc shown on the following table. 

Reservoir l, Subgrade ...... . . ... .. . . 1 ,000 cu.yds. 
Reservoir 1, Cap soils ..... . . . . . .. . .. 2,6.00 cu.yds. 
Reservoir l, Cover Soils . . .. .. .. ... . 6,000 cu.yds .. 
Reservoir 1, Total.. .. .. ..... ... .. .... 9,600 cu.yds. 

Reservoir 2, Subgrade ......... ... ... 1,500 cu.yds. 
Reservoir 2, Cap soils ... . . .... ...... 4,000 cu.yds. 
Reservoir 2, Cover Soils ... .. . ...... 4,000 cu.yds. 
Reservoir 2, Total ..... .. .... ......... 9,500 cu.yds. 

Project Total.. ... . ...... .. . .. ...... ... 19, I 00 cu. yds. 

A rubber-tire grader, a D-6 bulldozer equipped with a pull behind sheepsfoot roller, and a 966 
loader were utilized to control soil placement and compaction. A water truck equipped with 
several high-pressure spray fittings provided moisture control. 

• . Laboratory Testing 

• 

The moisture-density relations for each soil type, including maximum dry density and optimum 
moisture content, were determined by laboratory testing (ASTM D 1557-78{90}) and are 
shown in Table 1. The laboratory test reports are included in Attachment A 

Field tests to determine the in-place dry density of compacted soils were performed by sand 
cone method (ASTM D 1556-90). Moisture content was determined in the field by direct 
heating method (ASTM D 4959-89). Percent compaction was calculated by dividing the 
field-derived dry density value by the laboratory-derived maximwn dry density. Final density 
test results demonstrated that all soils were compacted to at least 90% of the laboratory-derived 
maximwn dry density. Results of the field density tests are shown on Table 2. The 
generalized test locations arc shown on the attached Figures I and 2. 

Conclusions 

Both field observations and test data indicate that fill placement and compaction was 
completed in compliance with the parameters specified in the work plan . 

c:ljobs\36S 9110J f44 .doc 
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Mr. Alan Hargraves 
August 8, 1997 
Page 3 

We appreciate this opportunity to provide our services. If you have any further questions, 
please do not hesitate to contact the undersigned. 

Very truly yours, 

BROWN AND CALDWELL 

Vijay Bedi, C.E.G. 1247 
Chief Geologist 

~~ 
Geologist 

RP:re 

e :\job~\3659\10 1144.doc 
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Identification Soil 

Number Qlassificatlon 

#5 ML 

#3 ML-CL 

#6 SM 

#11 CH 

FT-1 SM 

SM 

I 

• 
Job No. 3659·08 

TABLE C-1 
COMPACTION DATA 
(ASTM 01557-78{90}) 

Optimum Maximum Dry 
Moisture (Percent) Density (lbs/cy.tt.) 

7.5 128.0 

10.8 124.9 

10.2 122.5 

14.9 115.7 

10.0 123.4 

9.0 126.0 

Page 1 

Source/Description 

Subgrade 

Hawaiian Gardens Site 

Treated Cover Soil 

Lomita Site 

Blend of #6 and I 

Pre-existing Cover Soil 

BROWN and 
CALDWELL 



Date 

Test Number 

Location 

--

Fill Depth 

Test Elevation 

Dry Density {lbs/cuJt.) 

Laboratory Maximum Dry Density 
--

I PERCENT COMPACTION 

I RESULTS 

Notes 
··--

' Date 

Test Number 

Location 

-·-

Fill Depth 

II Test Elevation 

Dry Density (Jbs/cu.f!) 

Laboratory Maximum Dry Density 

PERCENT COMPACTION 

RESULTS 

Notes 

' Job No. 3659·08 

TABLE C-2 
SAND CONE DENSITY TEST DATA 

(ASTM Di 556·90) 

6-Mar-97 6 · Mar~97 1 0-Mar-97 

(SeeCOMP·11) 

COMP·11 COMP-12 COMP·13 

Reservoir 1 Reservoir 1 Reservoir 1 
320 deg 345 deg 335deg 

-250 !1. f. c. -235 ft . f. c. -245ft. f. c. 
Cover soil Cover soli Cover soli 
6"above 12" above 12" above 

__ cl!!y_cap clay ca1p clay cap· 
--

1•0-Mar-97 10-Mar-97 

COMP-14 COMP-15 

Reservoir 1 Reservoir 1 
290 deg 305 deg 

-255ft. f. c. -230ft. f. c. 
cover sou cover soil 
15"above 18" above 
clay cap clav cap 

PENDING COMPLETION OF SURVEY, .... ......................... 

107.5.4 111.60 113.07 120.17 I! 114.05 

122.5 122.5 122.5 122.5 122.5 
i 

87.8 91 .1 ' 92.3 98.1 93.1 
FAIL PASS PASS PASS PASS 

Passed after 

~~~~~ ~i1~rke<l ~ ~ MP-13 
' ·' 

13-Mar-97 13-Mar-97 14-Mar-97 I 17-Mar-97 
I 

17-Mar-97 
I 

---

COMP-16 COMP-17 COMP-18 : COMP-19 COMP-20 

Reservoir 2 Reservoir 2 1 Aeservolr2 Reservoir 2 Reservoir 2 
250 deg 295 deg 330 deg j 340 deg 200 deg 

-250ft. f. c. -255 ft. f. c . -230 ft. f. c. -235ft. f. c. - 225 ft. 1. c. 
Subgrade Subgrade Subgrade Subgrade Subgrade 
3" below 4' below 4' below 2" below 3ft. below 
clay cap . cia~ cap cl~caj)_ clay cap clav cap 

PENDING COMPLETION OF SURVEY ........ ...................... 

120.02 118.66 110.48 

128.0 128.0 128.0 

93.8 92.7 86.3 

PASS PASS FAIL --
t'asseo a~er 

soils reworkod 
: __ see C:OMP-21 

2 

117.38 '116.50 

128.0 

91.7 

PASS 

-

128.0 

91.0 

PASS 

--

BROWN and 
CALDWELL 



I 
Dale 

Test Number 

Location 

Fill Depth 

Test Elevation 

Dry Density (lbs/cu.ft.) 

Laboratory Maximum Dry Density 

PERCENT COMPACTION 

RESULTS 

Notes 

I 
Date 

Test Number 

Location 

Fill Depth 

Test Elevation 

Dry Density (lbs/cu.ft.) 

Laboratory Maximum Dry Density 

PERCENT COMPACTION 

' 
RESULTS 

I' Notes 

' Job No. 3659·08 

TABLE C-2 
SAND CONE DENSITY TEST DATA 

(ASTM D1556·90) 

20-Mar-97 25·Mar·97 31-Mar-97 

(See COMP·18) 
COMP·21 COMP·22 COMP·23 

Reservoir 2 Reservoir 2 Reservoir 1 
330 deg 337 deg 260 deg 

-230ft. f. c. -235 ft. f. c. -.245 ft. (. c. 
Subgrade Su6grade Cover soil 

I 6" below 3" below 18"above 
cl(lycap clay_ ct~r.> clav cao 

31-Mar-97 31-Mar-97 

COMP-24 I COMP-25 

Reservoir 1 Reservoir 1 
240 deg 220 deg 

-230ft. f. c. -255 ft. f. c. 
Cover soil Cover soil 
14"above e· above 
clay cap clay cap 

PENDING COMPLETION OF SURVEY ..... _ .................. ....... 

118.61 116.06 112.22 113.17 112.47 

128.0 128.0 122.5 I 122.5 122.5 

92.7 90.7 91.6 92.4 91.8 

.I PASS PASS PASS PASS I PASS 

2-Apr-97 I 9-Apr-97 14-Apr-97 14·APr·97 I 14·A_Qr-97 

COMP·26 
I 

COMP-27 COMP-28 il COMP-29 COMP-30 

Reservoir 2 Reservoir 2 Reservoir 2 1 Reservoir 2 Reservoir 2 
195 deg 275deg 210 deg 250 deg 285 deg 

-225 ft. f. c. -200ft. f. c. -220ft. f. c. -245 ft. f. c. -240 ft. f. c. 
Subgrade 16" Subgrade at 

below clay bottom of 
I cap clay cap Clay cap Clay cap Clay cap 
PENDING COMPLETION OF SURVEY .............................. 

119.74 121.21 112.59 

128.0 128.0 115.7 
-· 

93.5 94.7 97.3 

PASS PASS PASS 

3 

110.49 110.41 

115.7 

95.5 

PASS 

115.7 

95.4 

PASS 

i 

BROWN and 
CALDWELL 
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--
Date 

Test Number 
-

Location 

' 
Fill Depth 

Test Elevation 

Dry Density (lbs/cu.ft.) 

Laboratory Maximum Dry Density 

PERCENT COMPACTION 

RESULTS 

Notes 

: Date 

Test Number 

Locution 

i 

Fill Depth 

i 
Test Elevation 

Dry Density (lbs/cu.ft.) 

TABLE C-2 
SAND CONE DENSITY TEST DATA 

{ASTM 01556-90) 

21-Feb-97 21-Feb-97 21-Feb-97 
---

COMP-1 COMP-2 COMP-3 

Reservoir 1 Reservoir 1 Reservoir 1 
345 deg 280 deg 225 deg 

~235ft. f. c. -250 ft. f. c. -24011. f. c. 

Top of Top of Top of 
St!bgrade subgrade subgrade 

I 25-Feb-97 26-Feb:97 

(See COMP·3) (See COMP·1) 

COMP-4 COMP-5 

Reservoir 1 Reservoir 1 
225 deg 345 deg 

- 240ft. f. c. -235ft. f. c. 

Top of Top of 
suborade subgrade 

PENDING COMPLETION OF SURVEY ..... _ ......................... 

' 113.13 120.01 I 110.14 I 117.63 116.58 -

128.0 128.0 128.0 128.0 128.0 

88.4 93.8 86.0 91.9 92.6 
I I 

--

FAIL PASS FAIL I PASS PASS 
t"assed after "" --- .fi'assco aitor 1 

B~~=QQ~~:£ soils~~.~~ See M ·4 . 

---
I 27-Feb-97 27-Feb-97 28-Feb-97 3-Mar-97 4-Mar-97 

COMP·6 COMP-7 COMP·S COMP·9 COMP-10 --

Reservoir 1 Reservoir 1 I Reservoir 1 Reservoir 1 Reservoir 1 
350 deg 305 deg I 225 deg 235 deg 280 deg 

-240 ft. f. c. -255 ft. f. c. -230 fl. f. c. -245ft. t. c. -225ft. f. c. 
1Ciaycap 6 Clay cap 8" Clay cifp 10' Cl'ay cap 10" I 

above above Top of clay above above 
SLibgrade subgrade cao subgrade sublj rade 

PENDING COMPLETION OF SURVEY ........ .. .......... .......... 

114.29 121 .73 112.89 1, 9.21 118.14 

Laboratory Maximum Dry Density . 124.9 124.9 124.9 124.9 124.9 I 

I 
PERCENT COMPACTION 91 .5 97.5 

RESULTS PASS PASS 

Notes 
; I 

Job No. 3659-08 

90.4 
' 95.4 

PASS PASS 
I 94.6 

PASS 

' 

BROWN and 

CALDWELL 

I 
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Date 

Test Number 

Location 

Fill Depth 

Test Elevation 

Dry Density (lbs/cu.ft.) 
I Laboratory Maximum Dry Density 

PERCENT COMPACTION 

RESULTS 

I 
Notes 

TABLE C-2 
SAND CONE DENSITY TEST DATA 

(ASTM 01556-90) 

,I 15-Apr-97 24-Apr·97 24-ADr-97 

COMP-31 COMP-32 COMP-33 
Reservoir 2 Reservoir 2 Reservoir 2 

305 deg 255 deg I 300 deg I 
-235ft. f. c. -190ft. f. c. -210ft. f. c. 

Cover soil Cover soil 
I 
I 

S"above e· above 
I Clay cap clay cap cla't' cap 

-

29-Apr-97 29-Apr-97 

! 
COMP-34 COMP-35 ! 

Reservoir 2 Reservoir 2 
200 deg I 225 deg I 

-205ft. f. c. ' -200 ft. f. c. 
Cover son I Cover soil 

I 
10"above 10" above 
clav cap_ clay cap 

PENDING COMPLETION OF SURVEY .............................. 

110.25 113.03 111.85 111.1:3 115.57 

115.7 123.4 123.4 126.0 126.0 
I 95.3 91.6 90.6 I 88.2 91.7 
! PASS PASS PASS FAIL PASS 

Passe<~ alter 

I ~~i~s toTif.~~ 

~----~~---------------r--------T--------,--------~--------~~----~1 
5-May-97 I 6-May-97 Date 

Test Number 

Location 

Fill Depth 

Test Elevation 

Dry Density (lbs/cu.ft.) 

Laboratory Maximum Dry Density 

PERCENT COMPACTION 

RESULTS 

Notes 

Job No. 3659-08 

5-Ma)l-97 

I COMP-36 

Reservoir 1 
70 deg /-255 

ft. f. c. 

6-Ma)'_-97 

COMP-37 COMP-38 COMP-39 COMP-40 
Reservoir 1 Reservoir 1 l1 Reservoir 1 Reservoir 1 

II 
115deg/ 150deg/ 

1

j45deg/-230 130deg/ 
-24011.1. c. -250ft. f. c. ' ft. f. c. -215ft. f. c. 

Top of Top o1 Top of Top of I Top of 
suborade suborade suborade subgrade suborade 

PENDING COMPLETION OF SURVEY ............................ .. 

i 119.62 I 116.18 I 119.62 113.08 122.73 

128.0 128.0 128.0 128.0 128.0 

93.5 90.8 93.5 88.3 95.9 

PASS PASS PASS FAIL I PASS 

4 

Pas sea after 1 

~~i~s ~?worked 
·"e'e ·vOMP-42 

BROWN and 

CALDWELL 
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--

Date 

Test Number 

Location 

Fill Depth 

Tesi Elevation 

Dry Density (lbslcu.tt.) 

Laboratory Maximum Dry Density 

PERCENT COMPACTION 

RESULTS 

Notes 

' 
Date 

Test Number 

location 

Fill Depth 

Test Elevation 

Dry Density (lbs/cu.ft.) 

Laboratory Maximum Dry Density 

PEIMCENT COMPACTION 

RESULTS 
-

Notes 

Job No. 3659-08 

TABLE C-2 
SAND CONE DENSITY TEST DATA 

(ASTM 01556-90) 

' 

I 

6-May-97 6-May-97 7-May-97 15·M~97 15-May-97 

(See COMP·39) 

I COMP-41 COMP-42 COMP-43 COMP-44 COMP-45 

Reservoir 1 Reservoir 1 Reservoir 1 Reservoir 1 Reservoir 1 
185 deg I 50 deg I -230 200 deg I 70 deg / - 240 120 deg I 

-225 ft . f. c. ft. f. c. -255 ft. f. c. ft. f. c. - 220ft. f. _c. 
--

Top of Topol Topol 
subgrade subgrade subgrade Ctay _caP: Clay cao 

--

PENDING COMPLETION OF SURVEY ......... ...... .. .. ... .. .. .... 

121.28 116.51 123.32 113.96 109.82 

128.0 128.0 
: 128.0 115.7 115.7 

- - -
94.8 91 .0 I 96.3 .98.5 94.9 

PA~S PASS PASS PASS PASS 
I 

15-May-97 16-May-97 19-Mav-97 19·M~97 9 -Jun-97 
------

COMP-46 COMP·47 COMP-48 !I COMP-49 COMP-50 

Reservoir 1 Reservoir 1 Reservoir 1 1 Reservoir 1 Reservoir 2 
170 deg I 90 deg I ~250 150 deg I 45 deg I ~230 40 deg / - 240 

~20Q tf. f . c. fl. f. c . - 250ft. f. c . ft. f. c. ft . f . c. 

I Top of 
Clay_ cap Clay cap Clay c~p 

I 
Cl~y cap suborade 

PENDING COMPLETION OF SURVEY ..... .. ..... .. .......... .. .... 

110.47 
I 

108.56 

11~ .7 115.7 

95.5 93.8 

PASS PASS 

I 

5 

109.07 I 

115.7 

94.3 

PASS 

106.57 115.37 

115.7 

92.1 

PASS 

128.0 

90.1 

I PASS 

BROWN and 
CALDWELL 
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Date 

Test Number 

Location 

Fill Depth 

Test Elevation 

Dry Density (lbslcu.ft.) 

Laboratory Maximum Dry Density 

PERCENT COMPACTION 

RESULTS 

! 
Notes 

Date 

Test Number 

Location 

Fill Depth 

Test Elevation 

Dry Density (lbsfcu.ft.) 

Laboratory Maximum Dry Density 

PERCENT COMPACTION 

RESULTS 

Notes 

' Job No. 3659-08 

TABLE C-2 
SAND CONE DENSITY TEST DATA 

(ASTM 01556·90) 

9-Jun-97 9..Jun-97 9..Jun-97 

COMP-51 COMP-52 COMP-53 

ReseNoir 2 ReseNoir 2 ReseNoir2 
110deg/ 155 deg I 75 deg /-230 

I • 
- 225 ft. f. c. ft. f. c. . -250 ft. f. c . 

Topol Top of Top of 
subgrade I subgrade subgrade 

10-Jun-97 1 0-Jun-97 

(Soo COMP·62} , 

COMP-54 COMP-55 
ReseNoir 2 ReseNoir 2 
160 deg I 0 deg/ 

··230 ft. f. c. ~245 ft, f. c. 

Topol Top of 
subgrade su Q.grade 

PENDING COMPLETION OF SURVEY .. .. .. _ .. , ..... ... ...... .... .. . 

117.72 113.18 II 116.60 115.46 119.09 

128.0 126.0 128.0 128.0 128.0 

92.0 88.4 91.1 90.2 93.0 

PASS FAIL PASS PASS I PASS 'I 
f-'assatl a~er I 

I ~~l~s~~~~ 1: -

12-Jun-97 17-Jun-97 17-Jun-97 17-Jun-97 18-Jun-97 
-

CQ_MP-56 COMP-57 COMP-58 COMP-59 COMP-60 

ReseNolr 1 ReseNoir2 Reservoir 2 Reservoir 2 ReseNolr2 
185 deg I 200 deg I 280 deg I 340 deg I 240 deg I 

1 -225 ft. f. C. - 230ft. f. c. -240ft. f, c. -245 ft. f. c. -250 ft. f. c. 
II Cover soil Cover soil Cover so11 Cover soil 
I 6" above 6" above a· above 1 0" above 

Clay cap clay cap clay cap _ c!ay cap clay cap 

PENDING COMPLETION OF SURVEY ..... .... .. .. .. ......... · .. .... 
.. 

109.03 115.34 118.53 

115.7 122.5 122.5 

94.2 94.2 96.8 

PASS PASS PASS 

--

6 

112.59 116.47 

122.5 --

91 .9 

PASS 

122.5 

95.1 
-

I! PASS 
,I 
I 

I 

BROWN and 
CALDWELL 
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.. 

Date 

Test Number 

TABLE C-2 
SAND CONE DENSITY TEST DATA 

(ASTM D1556·90) 

18-Jun-97 18-Jun·97 24.Jun·97 24-Jt,J_t:t·97 24-Jun-97 

(See COMP·34) 

COMP-61 COMP·62 COMP-63 COMP-64 COMP-65 

Reservoir 2 Reservoir 2 Reservoir 1 Reservoir 1 ReseJVoir 1 
1 Location 310 deg I 200 deg I 40 deg I -230 180 deg I 80 deg I 
1j......----~-------+--~22::::;5;;_f~t.~f.:..icP.. +--~-2~0;;-0 ~ft~. f:.:.,· irc.+~tt~.~~·~c~. ,_~-~23.._5~ft~·~f.~cP...+---:=:2:-.:4;..;5;.,.:ft:;;.·.:.:f...;.c~.i 

cover soil Cover soil Cover soil Cover soil Cover sofl 
Fill Depth 1 o• above 12" above a• above 1 o• above : 5" above 

clay caQ clay cap clay cap claY cap J1 cla_y can_ 
Test Elevation :PENDING COMPLETION OF SURVEY .... ................. ... .... .. 

Dry Density (lbs/cuJt.) 116.46 114.01 117.72 119.72 110.81 

Laboratory Maximum Dry_ Density 122.5 126.0 122.5 122.50 122.5 
PERCENT COMPACTION 95.1 90.5 96.1 97.7 90.5 

RESULTS PASS PASS 1 PASS PASS PASS 

Notes 

Date 2.Jul·97 2·Jul·97 2.JuHl7 3·JUI·97 3-Jul-97 

Test Number 
COMP-66 COMP-67 COMP-68 COMP-6~ COMP~70 

Reservoir 2 ReseJVoir 2 Reservoir 2 Reservoir 1 Reservoir 1 
Locallon 25 deg 1-250 100 deg I 160 deg I 130 deg I 60 deg I 

ft. f. c. -230 ft. f. c. -220 ft . f. c. -240ft. f. c. -225 ft. f. c . . 
Cover soil Coversoil I 

Fill Depth i6" above 3" below 
Cl<!y_ca_g Clav cap Clay cap clav cap finished . 

Test Elevation PENDING COMPLETION OF SURVEY .......... ......... ..... ...... 

Dry Density (lbslcu.ft.) 112.85 108.93 107.67 114.25 II 106.36 
Laboratory Maximum Dry Density 115.7 115.7 115.7 122.5 'I 122.5 

PERCENT COMPACTION 97.5 94.1 93.1 93.3 86.8 
RESULTS PASS PASS PASS PASS FAIL ---

Passoo al_ter 
Notes soils rew~~ed 

Se_£:_CQM ,_v_ 

Job No. 3659·08 7 
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I 
Date 

Test Number 

Location 

--

Fill Depth 

I 

Test Elevation 

Dry Density (lbs/cu.ft.) 

Laboratory Maximum Dry Density 

PERCENT COMPACTION 

RESULTS 

Notes 

Date 

Test Number 

Location 

Fill Depth 

---

Test Elevation 

Dry Density (lbs/cu.ft.) 

Laboratory Maximum Dry Density 

PERCENT COMPACTION 

RESULTS 

Notes 

e:\hmd\sh&II\3659\FinalRpt 

' Job No. 3659-08 

TABLE CM2 
SAND CONE DENSITY TEST DATA 

{ASTM 01556-90) 

I 
10-Jul-97 11-Jul-97 14-Jul-97 

COMP-71 COMP-72 COMP-73 

Reservoir 2 Reservoir 2 Reservoir2 
170 deg I 168 deg I 10 deg /-250', 

-215 ft. f. c. -:-215ft. f. c. fl . f. c . 
Subgrade Cover soli 

20' below I Topol B"above 
clay cap subgrade clayc~ 

15-Jul-97 16-Jul-97 

COMP-74 COMP-75 
Reservoir 2 Reservoir2 

90 deg I 135 deg I 
-235 ft. f. c. -245ft. f. c. 
Cover soil 
3" below Top of 
finished clav cao 

,p!=;NDING COMPLETION OF SURVEY ... ....... ..... , . ,_ ..... ....... 

115.35 126.40 116.14 113.99 109.96 

128.0 128.0 122.5 122.5 115.7 
-

90.1 98.8 94.~ 93.1 95.0 

PASS PASS PASS PASS PASS 

' I 

-- .. 

18-Jul-97 18-Jul-97 18-Jul-97 18-Jul-97 

(See COMP·70) 

COMP-76 COMP·77 COMP-78 COMP-79 

Reservoir 2 Reservoir 1 Reservoir 1 Reservoir 1 

i 
170 deg I 60 deg I 125 deg I 195 deg I 

-230 ft. f. c. -255ft. f. c. -260ft. f. c. -260ft. f. c. 
Cover soil Cover soil Cover soil ·c over soil 
3" below 3" below s· below 3" below 
finished finished finished finished 

.PENDING COMPLETION OF SURVEY ............ . .. 

112.76 112.99 

122.5 122.5 

92.1 92.2 

PASS PASS 
-

' 
I 

8 

114.89 

122.5 

93.8 

PASS 

113.49 

122.5 

92.6 

PASS 
' 

I 

BROWN and 
CALDWELL 
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LEGEND 

8 e COMPACTION TEST LOCATION 

PLANNED AREA 
OF EXCAVATION 

~r~ --~~mre~~~Mru~~~w~M~m;r---------------------------------------------~ 
8-22·97 3659-08 

PROJECT 
' lOCATION 

TOSCO LOS ANGELES REFINERY 
RESERVOIR 1 COMPACTION TEST LOCATIONS 

0 EO 100 . 
1520-1662 E. SEPULVEDA BLVD. '--sz;' I . 

CARSON, CALIFORNIA SCALE IN FEET 

FIGURE 

C-1 
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LEGEND 

32 e COMPACTION TEST LOCATION 

PLANNED AREA 
OF EXCAVATION 

. ill--~~--~-------.......-4 DATE PAOJECT NlJMl'!Eif 

8-22-97 3659-08 

PROJECT 
LOCATION 

TOSCO LOS ANGELES REFINERY 
RESERVOIR 2 COMPACTION TEST LOCATIONS 

FKlURE 

C-2 
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APPENDIXD 

PERMEABILITY TEST RESULTS 

• 

• 



• 

Permeability of Preliminary Samples 
Data Summary 

Sample Test Results Test Results 
Source Location Number (millidarcy) (cm/s) 

Hawaiian 3 0.032 3.06E-08 

Gardens Site 

Lomita Site 11 < 0.00001 <1 .00E-10 



PTS Laboratories, Inc. 

• 
PROJECT NAME: 
PROJECT NO· 

' 

SAMPLE DEPTH, I 
JD: ft. 

na 

#3 na 

I 

, 

N/A 
3659·08 

SAMPLE 
TYPE 

BUbK 

BULK 

PHYSICAL PROPERTIES DATA 
(METHODOLOGY: ASTM 01557, 05084) 

' I 
OPTIMUM MAXIMUM 

' VISUAL MOISTURE, DRY DENSITY, 
CLASSIFICATION (%) (pel) 

Aet requested 

ML-CL 10.8 124.9 

Poge 1 of 1 

BROWN and CALDWELL 
PTS FILE NO: .27002 

25.0 PSI CONFINING STRESS 

PERMEABILITY HYDRAULIC 
TO WATER CONDUCTIVITY 
(mlllidarcy) (cm/s) 

6.533 5.16 X 16'7 
• 

0.032 3.06 X 10-a 

-



PTS Laboratories, Inc. 

• PHYSICAL PROPERTIES DATA 
(MEniODOlOGV: ASTM 043111, EPA 9100) 

PROJECT NAME: Shell Resesvoirs 
PROJECT NO: 3659-05 

vscs 
ClASS 

N 11 NJA v 26.0 83 19 44 CH 

• 

, 

Brown And Caldwell 
PTS FILE NO: 27114 

-NATI'\IE STATE NA STA 
EFFECTIVE EFFEC~ 

PERMEA91UTY WATER 
TO WATER CONOUCTMTY 

' __ {IT'll~ (crrJe) 

<0.00001 <1.00E-10 



• 
Reservoir 

1 

2 

I 

• 

LPCE ln~Situ Permeability 
Data Summary 

Sample Test Results 
Quadrant Number (millidarc_rl 

Northeast 15 0.0797 
Southeast 14 0.1565 
Southwest 8 0.327 
Northwest 7 0.187 

Northeast 16 0.0524 
Southeast 17 0.0336 
Southwest 13 0.026 
Northwest 12 0.283 

Test Results 
(cm/s} 

8.16E-08 
1.60E-07 
3.16E-07 
1.83E-07 

3.39E-08 
5.41 E-08 
2.56E-08 
2.83E-07 

' 



PTS Laboratories, Inc. 

• PROJECT NAME: 
PROJECT NO· 

PHYSICAL PROPERTIES DATA 
(METHODOlOGY: ASTM 02216, API RP-40, EPA 9100) 

Shell Reservoir 
3659-06 

Brown and Caldwell 
PTS FILE NO: 27054 

I 25.0 PSI CONFINING STRESS 
: 

II 
SAMPI..f DEPTH, S.M'Ple 

10. ft. TYPE 
·-· 

#7 N/A BlJLK 

N/A BULK 

• 

I 
(1) Sample Orientation: H .. Horizontal; V =Vertical 

NATIVE STATE 
EFFECTIVE 

PERMEABIUTY 
TO WATER 
(mHII<:INM 

-

0.187 

0.327 

NATIVE STATE 
EFFECTM: 

WATER 
CONOUCTMTY 

(em'S) 

1.83E..Q7 

3.16E-Q7 

Vb = Bulk Volume, cc 
Pv ., Pore Volume, cc 

NO • Not o.tected 



PT.oratories. Inc. 

PROJECT NAME: 
PROJECT NO· 

I I SAMPLE 

10. ----

#12 

#13 

Shell Reservoirs 
3659-07 

DEPTH, 

lt. 

N/A 

NIA 

11) Sample Orientation: H "' Horizontal; V .. Venical 

I 

• 
PHYSICAL PROPERTIES DATA 
(METHODOLOGY: ASTM 02216, API RP40, EPA 9100) 

Brown And A-well 
PTS FILE N0-126 

25.0 PSI CONFINING STRESS I 
NATIVE STATE NATIVE STATE 

1 EFFECTIVE EFFECTIVE 

SAMPLE PERMEABILITY WATER 

I 
ORIENT. TO WATER CONOUCTMTY 

(_1)_ (miQidMc:y) (cmls) -

v 0.283 2.83E-07 

v 0.026 2.55E-08 



PTS Laboratories, Inc. Brown and Caldwell 
PTS FILE NO: 27176 

HYDRAULIC CONDUCTIVITY DATA 

PROJECT NAME: SHELL RESERVOIRS 
PROJECT NO: 3659-07 

SAMPLE 
I 

DEPTH, 
ro. ft . 

# 14 N/A 

#15 N/A 

' 

I 

(METHODOLOGY: SPA 9100) 

' 

SAMPLE 
I ORIENTATION 

v 

v 

(1) Sample Orientation: H = Horizontal; V = Vertical 

25.0 PSI CONFINING STRESS 
NATIVE NATIVE 

PERMEABILITY HYDRAULIC 
TO WATER CONDUCTIVITY 
_(millidarcy) (cm/s) 

0.1565 1.60E-07 

0.0797 8.16E-06 



• 

PTS Laboratoriesl Inc. 

PHYSICAL PROPERTIES DATA 
(METHODOLOGY: EPA 9100) 

PROJECT NAME: Shell Reservoirs 
PROJECT NO: 3859-07 

Brown and Caldwell 
PTS FILE NO: 27205 

25.0 PSI CONFINING STRESS 

r 
I SAMPLE 

SAMPlE 
I' 

ORIENT. 
10. {1) 

#16 v 

#17 v 

(1) Sample Orientation: H ::: Horizontal; V::: Vertical 

NATIVE STATE 
EFFECTIVE 

PI!RMEA81LITY 
TO WATER 
(m~lklarcy) 

0.0336 

0.0524 

NATIVE STATE 
EFFECTIVE 
HYDRAULIC 

CONDUCTIVITY 
(cmls) 

3.39E-08 

5.41E-08 

i 

Vb::: Bulk Volume, cc 
Pv "' Pore Volume, cc 

NO= Not Detscte<l 



• 

•• 

• 

APPENDIXE 

ANALYflCALLABORATORY 
AND QC REPORTS FOR 

COVER SOIL CHARACTERIZATION 



VOC AIIALYTI~ALE II • SUPPt.EIIENTA( • . - T FOR 9703317 
OATE PlliHTEO: 02 APR 1997 

NON-AQUEOUS SAMPLES 

Batch: 8270•9755 Method; 8270- GC/HS for Semivolatile Organics, Capillary column 

8703890•1 C7031689"'1 •••••••... C7031690*1 •••..•.•.• 9703307*5 ........................................ 
UIIHS HB LC LT LC LT R1 R2 $1 $2 T 

Date Analyzed Date 03/17/97 03]17/97 Ol/17/97 03/17/97 03/17/97 03/17/97 - 03/18/97 03/18/97 03/18/97 
Date Extracted Date 03/13/97 03/13/97 03/13/97 03/13/97 03/13/97 03/13/97 - 03/13/97 03/13/97 03/13/97 
Oi lut ion Factor H~s l 1 1 1 ! I - 1 I 1 
Acenaphthene mg/l:g 0 3.09 3.33 3.01 3.33 <(l.2 - 1.52 1.50 1.57 
Acenaphthylene mg/k; 0 3.20 333 3.11 3.33 <0.2 
Anthracene ITJI)/kg 0 2.68 3.33 2.79 3.33 <0.2 
Benzo{a)anthracene mg/l::g 0 3.25 3.33 3.36 3.33 <0.2 
Benzo(a)pyrene ITJI)/kg 0 3.11 3.33 3.13 3.33 <:0.2 
Benzo(o)fluoranthene ITJI)/kg 0 3.21 3.33 3.35 3.33 <0.2 
Benzo(g,h,i)perylene mg/kg 0 3.25 3.33 3.59 3.33 <0.2 
Benzo(k)fluor~nthene mg/lcg 0 3.30 3.33 3.19 3.33 <0.2 
Chryser~e mg/kg 0 3.31 3.33 3.68 3.33 <:0.2 
Dibenzo(a,h}anthracene mg/f:.g (J 3.!8 3.33 3.47 3.33 <0.2 
Fluoranthene mg/lcg 0 2.52 3.33 2.83 3.33 <0.2 
Fluorene mg/kg 0· 3.04 3.33 2.99 3.33 <0.2 
Indeno{l.2,3-c,d)pyrene ~/xg 0 3.86 3.33 4.20 3.33 <0.2 
Naphthalene mg/lc.g 0 2.94 3.33 3.12 3.33 <{).2 
Phenanthrene mg/kg 0 2.59 3.33 2.76 3.33 <0.2 
Pyrene mg/kg 0 3.30 3.33 3.24 3.33 <0.2 1.52 1.59 1.67 
2-Fluorobiphenyl Reported mg/kg 1.03 1.71 1.67 1.63 1.67 1.75 - 1.46 1.43 1.67 
2-Fluorobiphenyl Theo. mg/kg 1.67 1.67 1.67 1.67 1.67 1.67 - 1.57 1.57 1.67 
Nitrobenzene-d5 Reported 11WJ/kg 1.04 1.67 1.57 1.74 1.67 1.72 - 1.39 1.46 1.67 
Nitrobenzene-d5 Theoretical mg/kg 1.67 1.67 1.67 1.67 1.67 1.67 - 1.57 1.67 1.67 
Terphenyl-dl4 Reported mg/kg 0.861 1.83 1.67 1.83 1.67 1.70 - 1.49 1.45 1.67 
Terphenyl-d14 Theoretical ~/kg 1.67 1.67 1.67 1.67 1.67 1.57 - 1.67 1.67 1.57 

Batch: FUEL*9735 Method: 8015H- Kod ified 8015 

8703841*1 C7031596*1 .......... C7031597~1 ••••..•.•. II/A ........................................ 

UNITS 1'.8 LC LT LC LT Rl R2 Sl S2 r 
Date Analyzed Date {)3/12/97 03/12/97 03/12/97 03/12/97 03/12/97 
Date Extracted Date 03/12/97 0'3/l2/97 03/12/97 03/12/97 03/lZ/97 
Dilution Factor Times 1 1 1 1 1 
TPH-d C13-C22 ~/~g a 213 200 239 -2® 
TPK-d C23-C28 mg/kg 0 

1,3-Dichlorobenzene Reported mg/kg 26.1} 20.3 25.0 26.2 25.0 
1,3-0ichlorobenzene Theoretical mg/kg 25.0 25.0 25.0 25.0 25.0 



,J CHAIN OF CUSTODY RECORD VOCLog Nllmber~ :61-t-

LW~Ii~t/ l p~~-/JC, / A~r~ 

,.,... -- ~- --

Ani ...-fo?v 
c-lfY, $!*~Z"i . · . . . .-- . . - u. - / . ~J""'i<lA 
, J.,Lj/jJ.} ,[;' • G4- ] z.-.~ ~'06 

Lab I I I ~ ISam~- · ~. I Sample Oate . Time Sf>& key . ~:;) JU/At/FifVJAII 1! Numbe< 
number sampled ~mple<! beloW • 01 container$ Sample description r Remam 

l:5lb!i7ILf_:ild ~- 1:5 - .c; I IX 
I , 
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J<pJJ.,/Af ~AO{iJV . ._Jt 

_.~'<._ 

~ -
~Je hZ+t 
((;)v 16 +o 'Bo~ 
. Po ,JY?_ 6<L1r 
h;~) 'llYr dfi./LJ 

7 

a f twu ttf 

tfNbX J~a.bJe....-

' " ~ 

S<lJnatUf& Prlnt NM\e Company Date 1
1 

T .me -- -
Rellnquisood by ~ L-.tlhl:f p ru: I .A. J f M'o 4-tt~.ffli,v} 13c__ .?JizB?f If'~' o 

ReceM!I1by- , [JlnMJ Hu r it:) Cbn;sec o l)Df!. tlny I t~ fr' r a I " 
l:5/L;2/ !t~ j /6: I 0 

Re~n<tuished by ~; 
AOCA>Iwdby 

RoEnquishlld by 

ReC<l iwd by LabOratory 

VOC ANALYTICAL 
0 !085 Shary Circls, Con:ooo:J, CA 94518 (S10i 825-3894 

0 801 Western Aven;e, Glendela. CA 91201 (818}247-5737 

0 1200 Gene I>WyWay, Anal')elm, CA. 92805 (714) 978-{)113 
,--. - -""~"" .. ,..._ ""- - ·.r • -----1.~ •"'f-...,£',11.1'0 rr.>r\1\~ 1:'"1'/"'. I''.'"Yt'\7 

{) 

~ 

Note; Satneles are cliscartled 30 days all6r FSSUHs are repo<1oo unless other arrangements are made. 
Haz.ardoos sampl~ win be returned 10 cllef\1 or oo:sposed ol at clioo!'s expensa 

D1spcsal arrang&me<~tS~ ------------------'-------

I 

"KEY: AO-Aquoous NA--Nonaqooous SL~udg& 
GW-Groundwater SO--Soil PE-Petroloom 
WW-Wastewat~ 

_. 
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April 11 , 1997 

Brown and Caldwell 
16735 Von Karman, Suite 200 
Irvine, CA 92606 
Attn: Mr. Sob Pope 

Reference: Client Project# 3659-06, Shell Resevoir 

Dear Mr. Pope, 

LOG NO. : G97-03-520 

Enclosed is the analytical report for the chemical testing of samples collected in support of the' 
above-referenced project. Samples were identified and tracked in the BCNVOC system as log 
numberG97·03·520. When making inquiries about this report, please provide the log number . 

The contents of this package are based on the requirements specified In the BC Analytical, A 
Division of V.O.C. Analytical Laboratories. Inc. "Quality Assurance Management Plan". The 
case narrative addresses batch specific quality control as it pertains to this document. 

If you have any questions, please do not hesitate to call me at (714) 978-Q113. 

Sincerely, 

9~~-
Patty Mata 
Project Manager 

BCA-· Division o f V.O.C. Analytica l Latl<.1ratorks. Inc. 
I ~ 12 East Kate lln Avenue, An~heim CA 92 805 . Phone: (7 1 ~ \ '!7~· 01 1) - F ax: (71 4) 9 78-9284 
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ACRONYMS AND FLAG DEFINITIONS 

Flag Definitions: 

Replicate values. Used when replie<lte results are entered into the MS/MSD column 
of the QC report. 

B Blank contamination. Used when associated method blank concentration is greater 
than the POL. 

J Estimated value. Used for sample results greater than or equal to MDL, but less 
than the POL 

NC Not calculated. Used when sample result is greater than two times the spike amount 
added, or when extracted surrogates were diluted at least 1:10. 

Q Quality objectives were not met. Used for Method Blank, Laboratory Control 
Samples, Matrix Spikes, Matrix Duplicates and Surrogates . 

Acronyms: 

coc 
FLG 
LC 
LCL 
LCS 
LCSD 
LT 
MB 
MS 
MSO 
R1 
ADL 
%REG 
Rep. 
RPO 
Sl 
S2 
T 
Thee. 
UCL 

Chain of Custody 
Flag 
Actual LCS/LCSD concentration recovered 
Lower Control Limit 
Laboratory Control Sample 
Laboratory Control Sample Duplicate 
True LCS/LCSD concentration 
Method Blank 
Matrix Spike 
Matrix Spike Duplicate 
Unspiked sample concentration 
Reporting Detection Limit 
Percent Recovery 
Surrogate Reported value 
Relative Percent Difference 
Actual' MS concentration 
Actual MSD concentration 
True concentration of MS/MSD 
Surrogate Theoretical value 
Upper Control Limit 

13CA··Division of Y.O.C. Analytical Laboratories, Inc . 
I 21:! East Kacdl~ Avenue, Anaheim CA 92805 . Phone: (714) 978 -0! I J · fNx : 1 714) 9 7~ ·9284 



• 

I 

,, 

LOG NO.: G97·03-520 

CASE NARRATIVE 

The following narrative addresses all project specific data quality objectives with respect to: 
holding times, method blanks, lab control standards, matrix spike and duplicate samples. 
Analytical anomalies encountered during sample analysis are also discussed as necessary. 

Sample receipt: 
Samples were received under COC from Brown and Caldwell at the Anaheim office on 3/21/97. 
All containers were received intact and properly preserved. 

Method 8015M/8020 (GaS/BTEX)j 
Surrogate recovery tor a,a,a-Trilluorotoluene was above the UCL for sample TS-8. Since the ' 
reeovery was high and the target analytes were not detected, no further corrective action was 
performed. 

No anomalies were encountered during the analysis ot the project. 

8CA·-Division of V.O.C. Analyticftl Laboratories. Inc. 
111:! Ea~1 Katella Avenue, Anahdm CA 92805- Phone: (714) 978·0113 · Fax: (714) 978-9284 



Ow Qu<>liry Concrol h Y= Qu<>/it) Auu<on<' 

Mr. Bob Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

•
~emi-volatile HC (8015M) 

Date Analyzed 

Date Extracted 

Dilution Factor, Times 

TPH-d Cl3-C22 , mg/kg 

TPH-d C23-C28, mg/kg 

REPORT OF ANALYTICAL RESULTS 

Other Semi-volatile HC (8015M) 

Surrogates ** 

ANALYTICAL REPORT 

LOG NO: G97-03-520 

Received: 21 MAR 97 

Ma i led: · ArR 1 1 ~~~ 

Purchase Order: 4708 

Project: 3659-06/SHELLRES. 

03-520-1 

20 MAR 97 
TS-7 

03/25/97 

03/24/97 

<100 

<100 

Page ·1 

03-520-2 

21 MAR 97• 
TS-8 · 

03/25/97 

03/24/97 

1 

<100 

<100 

1,3-Dichlorobenzene Reported, mg/kg 28.8 27.3 

1,3-Dichlorobenzene Theoretical, mg/kg 25.0 25.0 

------------------~-------·--- -------~-------~- ----------- - ~---- ----"--~---------

• 
fiCA··· Divi~ion of V.O.C. Anah1ie;ll L d), 'rillori!''· luc. 

121'2 EHsl f-;;1tcll:l '\\ ·nul . Anaheim CA 9::SU.5- l'liruH•: 171 -1) \178-•!! I~ · F~·~: \714 1 'J7.v, . }284 



• 
Owr Q.a!Jir, COrll1ol h Your Q..,/ir~ Arrwron<t 

Mr. Bob Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606~4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

~olatile HC (8015M) 

Date Analyzed 

Dilution Factor, Times 

Benzene, mg/kg 

Toluene, mg/kg 

Ethylbenzene, mg/kg 

Total Xylene Isomers, mg/kg 

TPH-g C6-C12, mg/kg 

Dther Volatile HC (B015M) 

Surrogates ** 

REPORT OF ANALYTICAL RESULTS 

a,a,a-Trifluorotoluene Rep., mg/kg 

a,a,a-Trifluorotoluene Th., mg/kg 

• 

LOG NO: G97-03-520 

Received: 21 MAR 97 

Purchase Order: 4708 

Project: 3659-06/SHELLRES . 

03-520-1 

20 MAR 97 
TS-7 

03/27/97 

1 

<0 .005 

<0.005 

<0.005 

<0.01 

<0.1 

0.0995 

0.0500 

Page 2 

03-520-2 

. 21 ~1AR 97 I 

TS-8 

03/27/97 

<0.005 

<0.005 

<0.005 

<0.01 

<0.1 

0.0623 

0.0500 

BCA· ·· Division of V.O.C. Arta lyt ic;ll Lllhoratori c .~ , In''· 
121 2 E~s! Kutclla Ave nue . .c\n :t h,·i m · :A ' ':-lOS· Phnne: (7 14) 978-011 3 · Fa~ : (71 4) '1 7 .~ - '! .~ :-. ~ 



• 
Ow Quclity Cantml Is Your Qunlir:< AmlHtn<t 

Mr. Bob Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

REPORT OF ANALYTICAL RESULTS 

LOG NO: G97-03-520 

Received: 21 MAR 97 

Purchase Order: 4708 

Project: 3659-06/SHELLRES. 

Page 3 

------------------------------------------~~~~-~ 

Greta Ga oustian, Laboratory Oirec~ ' . 

I 

The anAl7tical rel'\llts 'lfithin this r<'port re~te onl7 to the &i>"cific 
co.pounda •nd en•plee in~estig~ted and .a7 not neeeaa&rily reflect 
other apparently oi~lAr ~t~rial fro- tho e•.e or a aiailar location. 

11U.o report shdl not be reproduaed, ucept in full., 'lfitbout the 
wr~tten appraval of BCA. No usa of thit report fnr. proaotional or 
;tdvartieing pu.rposes le peraitted lo'ithout prior vdtte(t BCA •pproval. 

BCA···Division nf V.< l.C. t\n;tlyti c:11 L1horlltorics, Inc. 
~"l2 Easl Katclla Avenue, Anah,·im CA •)~SO."- PIHJ'lC: 1"14) 978-0113 ·Fax: (714) 978-'121\4 



ORDER PLACED FOR CLIENT: Brown and Caldwell Consultants 9703520 
BC ANALYTICAL : GLEN LAB : 15:57:59 02 APR 1997 ~ P. 1 : 

s ... SAMPLE DESCRIPTION .. 

1703520*1 TS~7 

1703520*2 TS~B 

'** 

ID.NO • Notes: Equipment = 

DETERM ...•....• DATE ...... METHOD .•... EQUIP. BATCH .. 
ANALYZED 

FUEL. C28 03.25.97 8015M 536~37 9740 
GAS.C12 03.27 .97 8015M 536~30 9747015 
FUEL.C28 03.25.97 8015M 536~37 9740 
GAS.C12 03.27.97 8015M 536-30 9747015 

BC Analytical identification number for a 
particular piece of analytical equipment. 

BC Analytical employee identification number of 
analyst. 

ID.NO 

1010 
6843 
1010 
6843 



SURROGATE RECOVERIES : 
BC ANALYTICAL : GLEN LAB : 15:57:32 02 APR 1997 - P. 1 : 

.,, ANALYTE 

1703520*1 

BATCH ANALYZED REPORTED TRUE %REC FLAG 

1015M 1,3-Dichlorobenzene 9740 03/25/97 28.8 25.0 115 
1015M a,a,a-Trifluorotoluene Re9747015 03/27/97 0.0995 0.0500. 199 

1703520*2 

1015M 1,3-Dichlorobenzene 9740 03/25/97 27.3 25.0 109 
1015M a,a,a-Trifluorotoluene Re9747015 03/27/97 0.0623 0.0500 125 

• 

• 



VOC ANALYTI-- MDALE 
QC REPORT F. .· 520 • DATE PRINTED: 02 APR 1997 

NON-AQUEOUS SAMPLES ------ METHOD BLANK ------ --------------- LAB CONTROL ------------ ---------------- HATRIX QC ----------------
LCS LCSD RPO RPO HS HSD RPO RPD 

UNHS RESULT RDL FLG %REC fLG %REC fLG lCL UCL RPD UCL flG %REC FLG ~C FLG LCL UCL RPO UCL rlG 

Batch: GA$*9747015 He_thod: 8015K - Modified 8015 
Benzene ~/kg I) 0.005 - 96 - 110 - 88 150 13 
Toluene mg/kg 0 0.005 - 95 - lll - 75 130 16 
Ethylbenzene mg/k!i 0 0.005 - 97 - 110 - 83 us 13 
Total Xylene Isomers mg/kg 0 0.01 - 95 - 106 - 80 117 11 
TPH-g C6-Cl2 mg/kg 0 0.1 - 96 - - - 79 123 - - - 89 - 80 - 45 134 11 30 
[a,a,a-Trifluorotoluene] Percent 92 - - 87 - 99 - 71 131 - - - 113 - 103 - 71 131 

Batch: FUEL*9740 Kethcd: 8015H- Modified 8015 
TP!j-d C13-C22 mg/kg 0 100 - 83 - 74 - 37 166 12 38 
TPH-d C23-C28 mg/kg 0 100 
{1.3-Dichlorobenzene] Percent 108 - - 95 - 96 

---·--



VOC ~ALYTl.lillALE 
SUPPlE!1E!ITAr , . ORT FOR 9703520 
DATE PRINTED: 02 APR !997 

NON-AQUEOUS SAMPLES 

Batch: GAS*9747015 Method: 8015H - MOdified 8015 

87032034•1 C7033916~1 ••••••.... 
urms Ill LC lT 

Date Analyzed Date 03/27/97 03/27/97 03/27/97 
Dilution Factor Times 1 1 1 
Benzene mg/kg 0 0.0030 0.0500 
Toluene mg/kg 0 0.0473 0.0500 
Ethyl benzene mg/kg 0 0.0484 0.0500 
Total Xylene lscners mg/kg 0 0.142 0.150 
TPH-g C6-Cl2 mg/kg 0 1.06 1.10 
a,a,a-Trifluorotoluene Rep. mgjkg 0.0458 0.0436 0.0500 
a.a.a-Triflucrotoluene Th. mg/kg 0.0500 0.0500 0.0500 

Batch: FUEL"9740 Method: 801511 - 110dified 8015 

87031837"1 C7033531*1 . •.••••.•. 
UfHTS HB LC LT 

Date Analyzed Date 03/24/97 03/24/97 03/24/97 
Date Extracted Date 03/24/97 03/24{97 03/24/97 
Oi Jut ion Factor Times 1 
TPH-d C13-C22 mg/kg 0 165 200 

TPH-d C23-C28 mg/kg 0 
1. 3-0ich lorobenzene Reported ng!kg 26.9 23.8 25.0 
!,3-0ichlorobenzene Theoretical nq/kg 25.0 25.0 25.0 

-
C70339l8*1 •••••••••• 

LC lT 
03/27/97 03/27/97 

1 
0.0549 0.0500 
0.0554 0.0500 
0.0552 0.0500 
0.159 0. 150 

0.0495 0.0500 
0.0500 0.0500 

C7033532"1 .•. ..••.• . 
LC LT 

03/24/97 03/24/97 
03/24/97 03/24/97 

147 200 

24.0 25.0 
25.0 25.0 

• 
!1703597"2 •.••.......••••....••••..••.......•••... 

~ ~ g ~ T 
03/27/97 - 03/27/97 03/27/!17 03/27/97 

0 
0.0470 
0.0500 

1 

0.975 
0.0566 
0.0500 

0.875 
0.0513 
0.0500 

1.10 
0.050() 
0.0500 

N/A •••••••••••••••••••••••••••.•••••••••..• 
Rl R2 Sl S2 T 

-----· ~ . ··-------------· ----------- - ---------



CHAIN OF CUSTODY RECORD 

- --·--

{, t L- ~ 2:. -·..,led by • - r 

Sample ,j Date Time . See kay 0 JU /IJ t;,t-J) /J ( I ~umber 
r.umt:>er f sampled sampled below cf containers 

La!> 

Sample description 
--'-

1- l 1 1~bJJip:l)' l ~ TS -1 X 
1- J... \s12lJ~/2'·:? ~ -rs_ .... R_ l ~ 

i 

Signature Prim Name 

I ReMnO!i<Stled~~Jtu l!iY_tL_ --1 ~)/."> M}NERJ;_;j.t 

7 

Company 

B_<: 

V0C Log Number Q'1 ~'-.).>(._\./ 

Ana~ requlroo 
~-- - y :e._ 

I o I. 

If Remarlcs 

j(Mi; ja.{_ fu I u --·--u:- ·-·
oUnv~d- -f1v.,. e. 

~~ t-"f:r-Y 
,(atJ(fs 1-o-
ao.~ _JJ,;, hR-. 

~ 

(! (Tt 'f ) t..f7 'f -01''fo 
a\ ~t.--1' . os 

CJ 1/LU ~ .Lie 

0318 - - I T"<m& 

13 (er[)7\l<fr 3·s-
RIIC<lMod by . ~ 'U.O.\ \ ~ --~eL 0 v~ :B.r"luluf.ica J ~lo11 l~_=l_ll·-'l : 3 5 
Rer.,qolshed by \~· 111 

Rec8f\l'ed by 

RelinqUished by 

Received by labora!Ory 

VOC ANALYTICAL 
o 1oss Shary Circle. eoocoro. GA 94518 (510) 825-3894 
0 801 Western A'VfnJe. G~. CA 91201 (818) 247-5737 

0 l~ GeneAuttyWay. Anaheim, CA92805(71 4) 97B-0113 

n U 11 5'. 4l'lrh SIMA! PhnMix A7 R'i040 lfi02I 470.9707 

1J 

~ 

Note: Samples are d'ISCarded 30 days afiM r~lts are repol1ed unless other arrangements are mad~ 
Hazardous samples wl~ be re!urned 10 dient or c!lspos.e<l d. at cllenfs expen:se. 

~ol arranwe~nls! ______________________________________________ ___ 

l t 

"KEY: AQ-Aqueous NA--f.lonaqueous SL-sludge 
GW~roundwater 50-Soil PE-PIIt!deum 
'1'/W--JNast-ter 

-----



• 

• 

JlJiy 23, 1997 

Brown and Caldwell 
16735 Von Karman, Suite 200 
Irvine, CA 92714-0940 
Altn: Mr. Bob Pope 

Reference: Client Project # 3659-06, Shell. 

Dear Mr. Pope, 

LOG NO.: G97 -06-209 

Enclosed Is the analytical report for .the chemical testing of samples collected In support of the 
above-referenced project. Samples were identified and tracked in the BCAJVOC system as log· 
number G97-06·209. When making inquiries about this report, please provide the log number . 

The contents of this package are based on the requirements specified in the BC Analytical, A 
Division of V.O.C. Analytical Laboratories, Inc. "Quality Assurance Management Plan~. The 
case na~rative addresses batch specific quality control as it pertains to this document. 

If you have any questions, please do not hesitate to call me at (714) 978-0113. 

Sincerely, 

S2~~ 
Project Manager 

VOC Analy<i cal Labora<ories, Inc. 
12 12 Eas! Kate lt a Avenue, Anaheim CA \12805 . Phone: (714) 978-0113 - Full: (71 4) 978-9284 



• 

• 

LOG NO.: G97-06-209 

CASE NARRATIVE 

The following narrative addresses all project specific data quality objectives with respect to: 
tloldlng times, method blanks, lab control standards, matrix spike and duplicate samples. 
Analytical anomalies encountered during sample analysis are also discussed as necessary. 

Sample receiet! 
Samples were received under COC and delivered to VOC's Glendale lab on 6/9/97. All 
containers were received intact and properly preserved. 

~as and Diesel (Method 8D15Ml: 
Samples TS-9 and TS·11 had surrogate recoveries above the control limits for Gasoline 
analysis. Due to acceptable QC surrogate recovery, it's believed that possible matrix 
lnterferer • .;a caused the high surrogate recoveries . 

Benzene, Gasoline and the surrogate had MS/MSD percent recoveries outside of control limits 
for batch GAS"9766020. The LCS/LCSD set had acceptable recoveries and were used to 
control the batch. 

No other anomalies were encountered during the analysis of the project. 

VOC Analytical Laburotories. Inc. 
1212 East Katella Avenue, Anaheim CA 92805 ·Phone: (714) 978·0113- Fax: {714) 978·9284 



• 

I 

ACRONYMS AND FLAG DEFINITIONS 

Bag Definitions; 

• 

B 

J 

NO 

Q 

Acronyms: 

coc 
FLG 
LC 
LCL 
LOS 
LGSD 
l.T 
MB 
MS 
MSD 
R1 
RDL 
%REO 
Rop. 
RPD 
S1 
S2 
T 
Theo. 
UCL 

Replicate values. Used when replicate results are entered Into the MS/MSD column 
of the QC report. 
Blank contamination. Used when associated method blank concentration is greater 
than the POL. 
Estimated value. Used for sample results greater than or equal to MDL, but less 
than the POL. 
Not calculated. Used for MS/MSD when sample result Is greater than two limes the 
spike amount added, or when extracted surrogates were diluted below detectable 
levels. Used for sample results that are over calibration range. 
Quality objectives were not met. Used for Method Blank, Laboratory Control 
Samples, Matrix Spikes, Matrix Duplicates and Surrogates . 

Chain of Custody 
Flag 
Actual LCS/LCSD concentration recovered 
Lower Control Limit 
Laboratory Control Sample 
Laboratory Control Sample Duplicate 
True LCSILCSD concentration 
Method Blank 
Matrix Spike 
Matrix Spike Duplicate 
Unspiked sample concentration 
Reporting Detection Limit 
Percent Recovery 
Surrogate Reported value 
Relative Percent Difference 
Actual MS concentration 
Actual MSD concentration 
True concentration of MS/MSO 
Surrogate Theoretical value 
Upper Control Limit 

VOC AnalYtical Laboratories, Inc. 
1212 East Katella Avenue, Anaheim CA 92805- Phone: (714) 978-0113 ·Fax: (714) 978-9284 



O..r Qwlity Conrrol h YOUt Q..aliry AllllTMCf 

Mr. Bob Pope 
Brown and Caldwell Consultants 
i6735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

REPORT OF .ANALYTICAL RESULTS 

ANALYTICAL REPORT 

LOG NO: G97-06-209 

Received: 09 JUN 97 

Mailed: 

Project: 3659-06 

06-209-1 

06 JUN 97 
TS-9 

Page 1 

06-209-2 

06 JUN 97, 
TS-11 . 

•

Semi-volatile HC (8015M) 

Date Analyzed 06/23/97 

06/20/97 

1 

36 

87 

.06/23/97 

06/20/97 

• 

Date Extracted 

Dilution Factor, Times 

TPH-d C13-C22, mg/kg 

TPH-d C23-C28, mg/kg 

Other Semi-volatile HC (BOlSM) 

Surrogates ** 

26 

93 

1,3-Dichlorobenzene Reported, mg/kg 29.4 28.4 

1,3-Dichlorobenzene Theoretical, mg/kg 25.0 25.0 

\'OC An~lvtit:;~l Lahnratorics, Inc.:. ' 
I~ 12 Easl K;otcll;, t\wuuc. Anaheim CA 'J21<0:'i • l'hone; (714) <)7[-(.()JIJ ·Fax: (714) 97/l-IJZ.'Y\ 



• 

11r. Bob Pope 
Brown and Ca ldwe 11 Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAMPLED 
SAMPLE OESCRlPTJON 
NON-AQUEOUS 

Volatile HC (8015M) 

Oate Analyzed 

Dilution Factor, Times 

Benzene, mg/kg 

Toluene, mg/kg 

Ethylbenzene, mg/kg 

Total Xylene Isomers, mg/kg 

TPH-g C6-C12, mg/kg 

Other Volatile HC (8015M) 

·Surrogates ** 

REPORT OF ANALYTICAL RESULTS 

a,a,a-Trifluorotoluene Rep., mg/kg 

n,a,a-Trifluorotoluene Th., mg/kg 

LOG NO: G97-06-209 

Rec eived: 09 JUN 97 

06-209-1 

06 JUN 97 
TS-9 

06/11/97 

1 

<0.005 

<0.005 

<0.005 

<0.01 

<0 .l 

0.0824 

0.0500 

Project: 3659-06 

Page 2 

06-209-2 

06 JUN 97 
TS-11 ' 

06/11/97 

1 

<0.005 

<0.005 

<0.005 

. <0 .01 

<0' 1 

0.0688 

0.0500 

\'()(' Anal~1ical L1hnralorics. Inc. 
1212 Easl Ka1cll;1 A\'l:nw:. Anaheim t'A 1J2~05 - l'lume; (71-1) ~7R-OII.i- Fax: (71~) 97~-'12~ .1 



LOG NO 

Mr. Bob Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

REPORT OF ANALYTICAL RESULTS 

LOG NO: 697-06-209 

Received: 09 JUN 97 

Project: 3659-06 

Page 3 

06-209-3 

DATE SAMPLED 
SAMPLE DESCRIPTION 

06 JUN 97 
TS-10 (F.N. 

NON-AQUEOUS 

~olynuclear Aromatics (8270) 

Date Analyzed 

Date Extracted 

Dilution Factor, Times 

Acenaphthene, mg/kg 

Acenaphthylene, mg/kg 

Anthracene, mg/kg 

Benzo(a)anthracene, mg/kg 

Benzo(a)pyrene, mg/kg 

Benzo(b)fluoranthene, mg/kg 

Benzo(g,h,i}perylene, mg/kg 

Benzo(k)fluoranthene, mg/kg 

Chrysene, mg/kg 
, ,------------------------------

VOC Anal}1il:al lahor;uoric ~. Inc. 

TS-10) 

06/14/97 

06/10/97 

<0.2 

<0.2 

<0.2 

<0'. 2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

1~ 1 ;? E;~s( l(a l~lla t\vcnur. Anaheim CA 1l2.'~rl:) ·Phon~: (71<1) lJ7X-OII:l- Filx: (714) ~71\.'J 2X4 



Mr. Bob Pope 
Brown and Ca ldwe 11 Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO: G97-06-209 

Received: 09 JUN 97 

Project: 3659-06 

REPORT OF ANALYTICAL RESULTS Page 4 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 

NON-AQUEOUS 

• Dibenzo(a,h)anthracene, mg/kg 

Fluoranthene, mg/kg 

Fluorene, mg/kg 

Indeno(l,2,3-c,d)pyrene, mg/kg 

Naphthalene, mg/kg 

Phenanthrene, mg/kg 

Pyrene, mg/kg 

Surrogates ** 

2~Fluorobipheny1 Reported, mg/kg 

2-Fluorobiphenyl Theo., mg/kg 

Nitrobenzene-d5 Reported, mg/kg 

Nitrobenzene-d5 Theoretical, mg/kg 

Terpheny1-d14 Reported, mg/kg 
~ ------------------------------ -----------------

06-209-3 

06 JUN 97 
TS-10 (F .M. 

TS-10) 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

1. 73 

1.67 

1. 57 

1.67 

1. 99 

VC >C Anaf)1 ical Lli>Dralnrics. Inc. 
1.:!12 ~asl K;ridla 1\\\'lliiC. :\1101hcim CA 'I2.'·Hl5 • Vlwnr; (71 .1) •!7,1{·fllJ.1. Fr1.~: (714) 1 17~· 11284 



Mr. Bob Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO: G97-C5-209 

Received: 09 JUN 97 

Project: 3659-06 

REPORT OF ANALYTICAL RESULTS Page 5 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTJON 

NON- AQUEOUS 

06-209-3 

06 JUN 97 
TS-10 (f.N. 

TS-10) 

• 

Terphenyl-dlll Theoretical, mg/kg 

------------------------------ --------~---~----

1.67 

• 

The analytical re.ult~ within tbia report relate only to the ~pa c ific 
ca.pouud• and t~ples inveetigated ~~d ~1 not n~cea s arllr ~eflect 
a tbnr &p~&tently •~ilar aaterlal !ru. ~be s~ or a st.i ar loeat i on. 

This repor t shall not be reprodu c ed, e~cept in full~ wi thout th b 
vrlct~~ approval of VOC . No us@ of this r•por• for pr~tional or 
odvertl.sl.ng purposes b penoitted without pdor ~rrlttou VOC appro'lal. 

V< lC Analy1ical Lahmaloric~ . Inc.:. 
12 12 Ea.q K:ll c ll<t A•·cn11c'. 1\ u;d1c im CA '.l2.'W5 • Ph nne: ( 7! o.l) '>78-0 11.1 • Fa.~: (71 -1) ~>71V)2!N 



Or!.DER PLACED FOR CLIENT: Brown and Calrl··,ell Cc~sultants 9706209 
VOC ANALYTICAL : GLEN LAB : 13:10:24 ?1 JUL 1997 - P. 1 : 

~s ... 

7!Hi:l09'* 1 

70o?09*2 

70()209*3 

** 

•• 

I 

SAMPLE DESCRIPTION .. OETERM ........ DATE ...... METHOD ..... EQUIP. BATCH •• 

rs-9 

TS-11 

TS-10 (F .M. TS-10) 

Notes: Equipment 

ID.NO 

~N/Il YZED 

Gt\S .Cl2 06.11.97 8015M 536-33 9766020 
FUE!.,C28 06.23.S7 8015~1 536-37 9774 
GAS. Cl2 C S . 11. 9 7 80 15M 536-33 9766020 
:-t.:H,C28 06.23.97 8015N 536-37 9774 
827C.PNfl 06.14.97 8270 537--"1'1 97125 

VOC Analytical identification number for a 
par~icular piece of analytical equipment. 

VOC Analytical employee identification number of 
analyst. 

ID.NO 

1010 

1010 
1009 



: SURROGATE RECOVER[£$ : 
: BC ANALYTICAL :GLEN LAB: 13:31:46 23 ,llJL 1997 - P. 1 : 

0 ANAL YTE BATCH ANALYZED REPORTED TRUE %REC FLAG LCL UCL 

q70fi?.09*l 

ROI5M a,a,a-Trifluorotoluene Re9766020 06/11/97 0.0824 0.0500 165 Q 
P.015H 1,3-Dichlorobenzene 9774 06/23/97 29.4 25.0 118 

q706209*2 

8015~1 a,a,a-Trifluoroto.luene Re9766020 06/11/97 0.0688 0.0500 138 Q 
8015M 1,3-Dichlorobenzene 9774 06/23/97 28.~ 25.0 1i4 

4706209*3 

A270 

• 

I 

Nitrobenzene-d5 
2-Fluorobiphenyl 
Terphenyl-dl4 

97125 
97125 
97125 

06/14/97 
06/14/97 
06/14/97 

1.57 
1. 73 
1.99 

1.67 94 
1.67 104 
1.67 119 

71 131 
52 145 

71 131 
52 145 

34 110 
38 !10 
18 130 



IOC .l.i-IAl n·· - LEHOAL£ 
QC KE~ORT 06209 • DATE PRiNTED: 23 JUt 1997 

NON-AQUEOUS SAHPlES ------ METHOD BLANK ------ --------------- LAB CONTROL --------------
LCS LCSO RPO RPO 

UNITS RESULT RDL fLG ';REC FLG %R£C FU> L(l UCL RPD UCL FLG 

Uatco: GAS•V766020 Meth~: 

Henzert~ 

Toluene 
Ethyl benzene 
lotol Xylene ls~ers 

TPH-g C6-CJ2 
[<l,J.a- Tr·i fluoo 'otllluene) 

Batch: 8270•97125 Method : 
Acenaphthene 
AcertaptJthylene 
Anthracene 
Benzo(a)anlhraccne 
Benzo(a)pyrene 
Benzo(b)fluorantnene 
Senzo(g.h.i)perylene 
BL~zo(k)f luoranthene 

Cltrysene 
Oibenzo(a,h)anthracene 
I luor·;mlltClle 

fluorene 
ltalcno( I. Z. J-c, ~ipyrene 
t<aphtl'l.ll enc 
l'hen:mthn:ne 

Pyrcue 
l2- F I uorobi phc11y I) 
[~itrobenzene-d5) 

11 erpi1Cny I -dH J 

bOJ5M- Mod i fied 8015 

mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 

Percent 

0 
0 
0 
0 

0 
91 

0.005 
0.005 
0.005 
0.01 
0.1 

8270 - GC/MS for Semivolatile Urganics, 
mg/kg 0 0.2 
mg/kg 0 3.2 
mg/kg 0 0.2 
mg/kg . 0 0.2 
mg/kg 0 0.2 
mg/kg 0 0.2 
mg/kg 0 0.2 
mg/kg 0 0.2 

mg/xg o 0.2 
mq/kg 0 0.2 
n~/kg o 0.2 
mg/kg 0 0.2 
Jr.g/kg 
mg/kg 
UXj/k!J 

IIY:)/kg 

0 
0 

0 
G 

Percent 106 
Percent 99 
Percent 113 

0.2 
0.2 
0.2 
0.2 

~a tel>: fUEL,C28•977~ Method: 8015M - 1\odi fied 8015 

TPll-d CU-C22 mg/kg 0 
fi'fl-d C23-C28 m9/kg 0 

[l. 3-Di cltl orobenzene) Percent 105 

10 
10 

104 

Hts 
107 
112 
88 
98 

95 
96 
99 

103 
92 
95 

Capillary column 
77 - 79 
79 82 
73 - 76 
79 - 83 
76 - ao 
76 - 85 
79 - 82 
69 - 63 

77 - 81 

78 - 81 
78 - 82 
85 - 88 
89 - 92 

74 - so 
79 - 83 
81 - 83 
79 78 
72 - 74 
86 - 86 

129 !33 

108 107 

88 150 
75 130 

83 118 
80 117 
79 123 
7l 131 

9 
9 
8 

9 

5 

57 117 2 
56 135 ll 
57 ll5 4 
~4 138 5 

36 l2B 5 
24 137 11 
25 J 57 3 
39 142 10 

43 w 5 
30 154 4 
39 137 5 
57 128 4 

25 162 4 
49 106 7 
61 122 5 

52 149 2 
43 llii 
37 114 

33 141 

37 166 3 38 

55 127 

---------------- MATRIX \)C -- - -------------

MS MSO RPD ~?D 
~REC fLG ~REC FLG LCL UCL RPD UCL FlG 

156 
102 
!!9 
80 
32 

106 

70 
68 
65 

71 
68 
66 

63 
66 
71 
65 

71 
76 
62 
68 
72 
74 

70 

65 
75 

Q 

Q 

179 

119 
102 

92 
33 

136 

92 
95 
88 
98 
93 

101 
85 
74 

95 

89 
96 

lG3 
as 
94 
97 

100 

95 

89 
103 

Q 

Q 
Q 

67 134 l4 25 

65 137 16 25 

51 150 13 25 
53 140 1a 25 

45 ;)4 3 30 

71 : 31 

44 128 28 34 

51 110 33 34 
so !12 jQ 35 

38 132 32 ~6 

41 138 31 40 

<:4 149 41 50 

39 134 30 46 
54 ]48 10 34 

50 124 29 34 
46 138 30 41 
52 !I'J 30 31 

59 117 31 16 
42 141 31 50 

28 120 }! 36 
54 120 29 Jl 
41 156 ~1 36 

'·8 l!O 

34 110 
18 )JO 



/OC .~KAt"IT.:;LEIIOALE 
SUPf>lEHE1lT . R£PORT FOR 9706209 -OAT£ ?RIIITEO: 23 JUL 19'37 

!l0rt-A!)U€0U5 SAMPLES 

l:l.l l ch: GAS~9766020 Method; 8U151'! - Modified 8015 

ll706764 .. 1 C7061494•1 .....•••.• C70615!7•J •••....... 9706209•! ...... . ......... .. .•.... . .. .... .. . • • .... 
UN!TS M6 LC LT LC lT Rl R2 51 52 T 

0Jte Analyzed Gate 06/ll/97 06/11/97 06/11/97 06/11/97 06/11(97 06/11/97 . 06/11 {97 • 06/ll/97 06/lljgl 
Di lr1tion Factor Times 1 1 I 1 1 1 
Bcntcne rng/kg 0 G.OSI9 0.()500 0.0476 0.0500 <0 .005 . 0.0237 0.0272 0 .0152 
Tolu~:ne mg/kg 0 0.0524 0.0500 0.0480 0.0500 <0.005 - 0.0992 0.116 0.0974 
Ethyl benzene rng/kg 0 0.0537 O. G500 0.0494 0.0500 <0.005 . ().0182 0.0208 0.0204 
Tot a I Xylene Isomers mg/kg 0 0.168 0.150 0. 154 0 . 150 <0 .01 - 0.0953 G. i!O 0 . !19 
TPH-g C6-Cl2 mg/kg 0 0.963 1.10 1.01 l.Hl <0.1 . 0.350 0. 362 1.10 
a,a,a-Trifluorotol~ene Rep. ll'q/kg 0.0453 0.0492 0.0500 0.0479 0.0500 0.0824 0.05.31 0.0681 0.0500 
a.a,a- Trlfluorotoluene Th. -ng/kg 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 . 0.0500 0.0500 0.0500 

----------



i!JC ;NAU T .lEiiDAlE 
SUPPLEMENT EPORT FOR 9706209 • ...-.z 
DATE PRINTED: 23 JUL 1997 

NON-AQUEOUS SAMPLES 

Satch : 8Z7G•9712S tlethDd: 8270 - GC!MS for Semwolatile Organtcs, Capillary colunn 

8706552•! C7061047•! .......... (7061048*1 .. . . •. . . . . 9706104•5 . . . . . . . . . . . . . .... . ..... .. . .. ' . . . . . .. .. .. 
UNITS MB LC LT LC LT Rl R2 Sl 52 T Date Analyzed Date 06/10/97 06/10/97 06/10/97 06/10/97 06/10/97 05/10/97 - 06/10/97 Dfi/10 / 97 06/HJ/97 Date Extracted Oate 06/!D/97 06/10/97 06/10/97 06/10/97 06/10/97 [)6/10/97 - 06/10/97 05/10/97 06/10/91 Di I uti on Factor Times l 1 1 1 1 1 - 1 l J Acenaphthene mg/kg 0 2.58 3.33 2.54 3.33 () 2.32 3.08 3.33. Acenaphthylene mg/kg () 2.63 3.33 2.73 3.33 0 - 2.28 3.18 3.33 Anthracene mg/~g 0 2.42 3.33 2.52 3.33 0 - 2.18 2.94 3. 33 B~n l o( J )anthracene mg/kg 0 2.64 3.33 2.77 3.33 0 - 2. 37 3.26 3.33 Benzo(a)pyN'ne rng/kg 0 2.53 3.33 2.56 3.33 0 - 2.28 3.11 3. 33 8P.n2o(b) fluoranthene mg/kg 0 2.54 3.33 2.83 3.33 0 - 2.21 3.35 .3~:33 Benzo(g.h, i )perylene mg/kg 0 2.64 3.33 2.73 3.33 0 - 2.10 2.84 3.33 Benzo(k)fluorantnene rng/kg 0 2.31 3.33 2. 10 3.33 0 - 2.21 2. <l5 3. 33 Chrysene mg/kg 0 2. 58 3.33 2.70 3. 33 i) - 2. 35 3.15 3.33 Dibenzo{a,h)anthracene mg/ltg 0 2.59 3.33 2.59 3.33 0 - 2.17 2.gs 3.33 Fluoranthene mg/ltg 0 2.60 3.33 2.74 3.33 I) 2.36 3. 19 3 .~3 Fluorene mg/kg 0 2.82 3.33 2.93 3.33 0 - 2.52 3. ~ ) 3.33 ludeoo(l.2.3-c,d)pyrene lllg/l<.g 0 2.95 3.33 3.06 3.33 0 - 2.06 2.S3 3.33 Naphthalene rng/lr.g 0 2.46 3.33 2.65 3.:n 0 - 2.28 3.13 3. 33 Phenanthrene mg/ kg 0 2.M 3.33 2.78 3.33 0 2.~0 3. ?2 3. 33 

Pyrene mg/kg 0 2.70 3.33 2. 76 3.33 0 :.45 3.34 3.33 
2-Fluorobiphenyl Reported mg}k.g 1.77 1.32 1.67 1.31 1.67 1.32 - 1.17 !.58 1.07 
2-Fluorobiphenyl Theo. mg/kg 1.67 l. 67 1.67 1.67 1.57 !.57 - !.67 1. 67 1.67 
Nitrobenzene-d5 Reported mg/kg 1.65 1.20 1.67 1.23 1.57 1.19 - 1. 09 l. ~9 1.67 rn t robenxer.e-dS Theoret i ca J mg/kg 1.67 1.67 1. 67 1.67 1.67 1.67 - 1. 67 1.61 l. 67 
Terphenyl-d14 Reported mg/kg 1.89 1..13 1.67 1.43 1.67 1.43 - 1.25 1. 72 1.67 
Terpheny1-d!4 Theoretical mg/kg 1.67 1.67 1. 67 1.67 1.67 !.57 - 1.6/ 1.67 !.57 

Satch: FUEL.C28*9774 Method: 80l5M- Modified 8015 

87061455•1 C7062779•I .......... C7062 780 *1 .......... N/A . . ... .. . . ......... .. ... .... . . . ... . ... . . . 
urms 116 LC LT LC LT Rl R2 ~1 S2 

U-H e l\n,1 1 y t ed Date 06/23/97 U6/'l3/97 06/23/97 06/23/97 06/23/97 
Date E~tracted Date 06/20/97 06/Zfl/97 06/20/97 06/2Ci/97 06/20/97 
Di 1 ut i on Factor Ti IlleS 

T?H-d Cl3-C22 mg/kg 0 258 200 266 200 . 
fJ•H-d C23-C28 mg/kg 0 
1,3-Dichlorobenzene Reported mg/kg 26.2 27.1 25.0 26.8 25.0 
1.3-0i chlorobenzene Theoretical mg/kg 25. 0 25 .0 25.0 25.0 25.0 
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~1 uly ~3, 1997 

Brown and Caldwell 
16735 Von Karman, Suite 200 
Irvine, CA 92714·0940 
Attn: Mr. Bob Pope 

Reference: Client Project # 3659-06, Shell. 

Dear Mr. Pope, 

LOG NO.: G97-06-386 

En(;losed is the analytical report for the chemical testing of samples collected in support of lh$ 
ai.:Jove-referenced project. Samples were identified and tracked in the BCNVOC system as log . 
number G97·06·386. When making Inquiries about this report, please provide the log number. 

The contents of this package are based on the requirements specified in the BC Analytical, A 
Division of V.O.C. Analytical Laboratories, Inc. "Quality Assurance Management Plan". The 
case narrative addresses batch specific quality control as it pertains to this document. 

If you have any questions, please do not hesitate to call me at (714) 978-0113 . 

VOC Analvticallat>ornlories, Inc . 
1212 E:1>1 Ka!dla Avenue. Anah~im CA 92805 ·Phone: (714) 978-0113. Fftx: (714) 9/8-9284 



' 

• 

• 

LOG NO.: G97·06-386 

CASE NARRATIVE 

n1e following narrative addresses all project specific data quality objectives with respect to: 
hc•lding times, method blanks, lab control standards, matrix spike and duplicate samples. 
Analytical anomalies encountered during sample analysis are also discussed as necessary. 

Sample receipt: 
Samples were received under COC and delivered to VOC's Glendale lab on 6/17/97. All 
containers were received intact and properly preserved. 

Gas/BTEX CMethod 8015M); 
Samples had high recovery of the G~s/BTEX surrogate possibly due to matrix interference. 
The QC samples associated with this batch had acceptable surrogate recovery. 

PNA's (Method 8270}i 
One of the three surrogates had recovery higher than the UCL for both samples. Matrix 
interference Is the suspected cause ot high recovery due to acceptable QC surrogate recovery. 

No other anomalies were encountered during the analysis of the project . 

VOC Analydcal Laboratories, Inc. 
1212 East KaleiiA Avenue, Anaheim CA 92805. Phone: (714) 978-0113- Fall: (714) 978-9284 



• 

ACRONYMS AND FLAG DEFINITIONS 

FIM Definitions: 

Replicate values. Used when replicate results are entered into the MS/MSD column 
of the QC report. 

B Blank contamination. Used when associated method blank concentration is greater 
than the POL 

J Estimated value. Used for sample results greater than or equal to MDL, but less 
than the POL. 

NC Not calculated. Used for MS/MSD when sample result is greater than two times the 
spike amount added, or when extracted surrogates were diluted below detectable 
levels. Used for sample results that are over calibration range. 

a Quality objectives were not met. Used for Method Blank, Laboratory Control 
Samples, Matrix Spikes, Matrix Duplicates and Surrogates. 

Ac;ronyms: 

coc 
FLG 
LC 
LCL 
LOS 
LCSD 
LT 
MB 
MS 
MSD 
R1 
RDL 
%REO 
Rep. 
RPD 
81 
S2 
T 
Theo. 
UCL 

Chain of Custody 
Flag 
Actual LCS/LCSO concentration recovered 
Lower Control Limit 
Laboratory Control Sample 
Laboratory Control Sample Duplicate 
True LCS/LCSO concentration 
Method Blank 
Matrix Spike 
Matrix Spike Duplicate 
Unspiked sample concentration 
Reporting Detection Limit 
Percent Recovery 
Surrogate Reported value 
Relative Percent Difference 
Actual MS concentration 
Actual MSD concentration 
True concentration of MS/MSD 
Surrogate Theoretical value 
Upper Control Limit 

VOC Analytical LatxuatOrie5, Inc. 
1212 East Katella Avenue, Anaheim CA 92805. Phone; (714) 978-0113 · Fax: (714) 9./8.9284 



On Qoulit"] ConllPI h Your Qwoliry Nsurona 

Nr. Bob Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

REPORT OF ANALYTICAL RESULTS 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

06-386-1 

16 JUN 97 
TS-12 

__ Semi-volatile HC (8015M) 

I Date Analyzed 06/23/97 

06/20/97 

• 

Date Extracted 

Dilution Factor, Times 

TPH-d Cl3-C22, mg/Kg 

TPH-d C23-C28, mg/kg 

Other Semi-volatile HC (8015M} 

Surrogates ** 

1,3-0ichlorobenzene Reported, mg/kg 

1,3-0ichlorobenzene Theoretical, mg/kg 

28 

95 

27.7 

25.0 

ANALYTICAL REPORT 

LOG NO: G97-06-386 

Received: 17 JUN 97 

Na i led: JLi\. 2. ~ rJ'Jf 

06-386-2 

16 JUN 97 
TS-14 

06/23/97 

06/20/97 

35 

100 

27.6 

25.0 

Project: 3659-06 

Page 1 

06-386-3 

16 JUN 97, 
TS-15 . 

06/23/97 

06/20/97 

33 

110 

27.5 

25.0 

V< lC 1\nalvtic~l LahPralnrics, Inc. 
1~!2 Eas t Katcll;, A\'C'IIIH.: . i\n01hcim C/\ 1i7H05 ·l'hllh~: (714) 9711-llll~ ·Fa .~: (714) •.}78-921\4 



Mr. Bob Pope 
Brown and Caldwell Consultants 
16735 Von Kannan, Suite 200 
lrvine, CA 92606-4953 

REPORT OF t~~LYTICAL RESULTS 

LOG riO: G97-06-386 

Received: 17 JUN 97 

Project: 3659-06 

Page 2 

LOG NO . 06-386-1 06-386-2 06~386-3 

DATE SAt~PLED 16 JUN 97 16 JUN 97 16 JUN 97 
SAMPLE DESCRIPTION T$-12 TS-14 TS-15 , 
NON-AQUEOUS 

Volatile HC (8015M) 

• Date Analyzed 06/24/97 

1 

06/2'1/97 06/24/97 

• 

Dilution Factor, Times 

Benzene, mg/kg 

Toluene, mg/kg 

Ethylbenzene, mg/kg 

Total Xylene Isomers, mg/kg 

TPH-g C6-Cl2, mg/kg 

Other Volatile HC (8015M) 

Surrogates ** 

a,a,a-Trifluorotoluene Rep., mg/kg 

a,a,a-Trifluorotoluene Th., mg/kg 

<0 .:105 

<0.005 

<0.005 

<0.01 

<0 .1 

0.0669 

o.csoo 

VOC i\nal>1:::al L;tlmralt>rics, Inc. 

<0.005 

<0.005 

<0.005 

<0.01 

<0.1 

0.0717 

0 .0500 

I~ 12 Eil~l Katdh1 t\wnu~. Anahl'iln CA '12~1 1" • Phone: (71-1) •!7x.n II:\. Fa.~: (71-l) '17~·'12114 

<0.005 

<0.005 

<0.005 

<0.01 

<0.1 

0.0665 

0.0500 



Hr . Bob Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

Polynuclear Aromatics (8270) 

REPORT C( ANALYIICAL RESUlTS 

• Date Analyzed 

Date Extracted 

I 

Dilution Factor, Times 

Acenaphthene, mg/kg 

Acenaphthylene, mg/kg 

Anthracene, mg/kg 

Benzo(a)anthracene, mg/kg 

Benzo(a)pyrene, mg/kg 

Benzo(b)fluoranthene, mg/kg 

Benzo(g,h,i)perylene, mg/kg 

Benzo(k)iluoranthene, mg/kg 

Chrysene, mg/kg 

LOG NO: G97-C6-38fi 

Received: 17 JUN 97 

06-386-4 

16 JUN 97 
TS-13 

06/30/97 

06/24/97 

1 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

Project: 3659-06 

Page 3 

06-386-5 

16 JUN 97 
TS-16 , 

06/30/97 

06/24/97 

1 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

VOC' Analytk:.: Lahmatorics, Inc. 
111.? F:a~l K;t~t-lla/\h' nuc. Anaheim(_',\ H2Rf:5 • Phnn~: (714) 1171\.IIJI:'I· fnx: (71~) '17~·'12:14 
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1-lr. Bob Pope 
Brown and Caldwell Consu1tants 
16735 Von Knnman, Suite 200 
Irvine, CA 92606-4953 

REPORT OF ANALYfiCAL RESULTS 

LOG NO: G97-06 - 386 

Peceived: 17 JUN 97 

Project: 3659-06 

Page 4. 

LOG NO 06-386-4 06-386-5 

OAT£ SAMPLED 
SAMPlE DESCRIPTION 
NON-AQUEOUS 

Dibenzo(a,h)anthracene, mg/kg 

Fluoranthene, mg/kg 

Fluorene, mg/kg 

lndeno(l,2,3-c,d)pyrene, mg/kg 

Naphthalene, mg/kg 

Phenanthrene, mg/kg 

Pyrene, mg/kg 

Surrogates ** 

2-Fluorobiphenyl Reported, mg/kg 

2- Fluorobiphenyl Theo. , mg/kg 

Nitrobenzene-d5 Reported, mg/kg 

Nitrobenzene-d5 Theoretical, mg/kg 

Terphenyl-dl4 Reported, ~g/kg 

16 JUN 97 
TS-13 

<0 .2 

<0.2 

<0.2 

<0.2 

<0.2 

0.24 

<0.2 

1.97 

1.67 

1.78 

1.67 

l. 71 

16 JUN 97 
TS-16 I 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

0.31 

<0.2 

1. 93 

1.67 

1. 76 

1.67 

1.67 

VOC Analn ital L:~hornlmi~s. Inc. 
I~ 12 f'asl Kaidla ,\1\' IHit: . Anaheim CA t)2XIl.~ ·Phone: (71<1) 1 • .171~.01 J:1. Fax: (714) 97R·1121\4 



• LOG NO: G97~06-386 

Mr. Bob Pope 
Brown and Caldwell Consultant~ 
16735 Von Karman, Suite 200 

. Irvine, CA 92606~4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

REP0RT OF ANALYTICAL RESULTS 

Terpheny~-d14 Theoretical, mg/kg 

Received: 17 JUN 97 

06-386-4 

16 JUN 97 
TS-13 

Project: 3659-06 

Page 5 

06-386-5 

16 JUN 97 
TS-16 

1.67 1.67 

~------------------------------ -----------

• 

i rector 

Tbo analytic~ r~sulta within thia roport relate only to the •r.elfic 
c..-pounds and aamplea inveetigatert and ..,., uot net!e4§At'ily ref eet: 
other App••~o~ly •~ilar .at4riAL froa tho ~a.e or a •LMilar loca~iOD. 

Tbia report •lulll oot be reproduced, e><cept in foll, "itbout tba 
written approval of voc. Ho use of tbi• ropnrt for pruaotional or 
advortiains purpoaea la po~itted without prior WYitton VOC approval • 

VOC Annlytical L :1imralorie~. Inc. 
1212 E11.~l K~1 e ll:1 A Vl'ntl c. 1\ n.1heim CA '12<''05 - Phune: (714) 97R-O II J · Fax: (714) \>7K-IJ2~4 



: ORDER PLACED FOR CLIENT: Brown and Caldwell Consultants 9706386 
· : VOC ANALYTICAL : GLEN LAB : 13:14:00 21 JUL 1997 - P. 1 : 

.l£5 ... 
9706386*1 

l/706386*2 

q706386*3 

9706386*4 
9706386*5 

*** 

• 

• 

SAMPLE DESCRIPTION .. OETERM ......... DATE ...... METHOD ..... EQUIP. BATCH .. 
ANALYZED 

TS-12 GAS.Cl2 06.24.97 8015M 536-33 9766040 
FUEL,C28 06.23.97 8015M 536-37 9774 

TS-14 GAS.C12 06.24.97 8015M 536-33 9766040 
FUEL,C28 06.23.97 8015"1 536-37 9774 

TS-15 GAS.C12 06.24.97 8015M 536-33 9766040 
fUEL,C28 06.23.97 8015M 536-37 9774 

TS-13 B270.PNA 06.30.97 8270 537-11 97139 
TS-16 8270.f'NA 06.30.97 8270 537-11 97139 

Notes: Equipment VOC Analytical identificatior. number for a 
particular piece of analytical equipment . 

IO.NO = VOC Analytical employee identification number of 
analyst. 

ID.NO 

1010 

1010 

1010 
6750 
6750 



: SURROGATE RECOVERIES : 
: BC ANALYTICAL : GLEN LAB : 13:35:14 23 ..::JL 1997 - P. 1 : 
-~~==~~~=~~========~===~~=======~=====~~~=~==~~~=~~====~~~~==~~ .D ANALYTE BATCH ANALYZED REPORTED TRtlE %REC F!_AG LCL lJCL 

J706386*1 

~015M a,a,a-Trifluorotoluene Re9766040 06/24/97 0.0569 o.osoo 134 Q 71 131 
\Ol5M 1,3-Dichlorobenzene 9774 'J6/23/97 27.7 25.0 111 52 145 

J706386*2 

l.Ol5M a,a,a-Trifluoroto~uene Re9766040 06/24/97 0.0717 0.0500 143 Q 71 131 
m15M 1,3-Dichlorobenzene 9774 06/23/97 27.6 25.0 110 52 145 

l706386*3 

3015M a,a,a-Trifluorotoluene Re9766040 06/24/97 0.0665 0.0500 133 Q 71 131 
~015M 1,3-Dichlorobenzene 9774 06/23/97 27.5 25.0 llO 52 145 

)706386*4 

3270 Nitrobenzene-d5 97139 06/30/97 1.78 1.67 107 34 110 
2-Fl uorobiphenyl 97139 06/30/97 1.97 1.67 118 Q 38 110 
Terphenyl-d14 97139 06/30/97 1.71 1.67 102 18 130 

J706386*5 \. Nitrobenzene-d5 97139 06/30/97 1. 76 1.67 105 34 110 
2-Fluorobiphenyl 97139 06/30/97 1.93 1.67 116 Q 38 110 
Terpheny1-d14 97139 06/30/97 1.67 1.67 100 18 130 

• 



VOC ANAlY-ENDALE 
QC REPORT . . ~386 • DATE PRINTED: 23 JUL 1997 

NOH-AQUEOUS SAMPLES ------ HETHOD BlANK ------ --------------- LAB CONTROL -------------- ---------------- MATRIX QC ----------------
LCS LCSD RPD RPO HS !1SD RPO RPD 

UNITS RESULT RDL FLG %REC FlG %REC FlG LCL lJCL RPD UCL FlG %REC FlG :I;R(C FLG LCL UCL RPfl UCL flG 

Batch: GA$*9766040 Method: 8015M - Hodified 8fil5 
Benzene mg/kg 0 0.005 - 98 - - - 88 150 - - 123 - 117 - 67 134 5 25 
Toluene mg/l:g 0 0.005 98 - - 75 130 - - - 82 - 78 - 65 137 5 25 
Ethyl benzene mg/kg 0 0.005 - 102 - - - 83 118 - - - 96 - 90 - 51 150 6 25 
Total Xylene Isomers mg/kg 0 0.01 - 109 - - - 80 117 - - - 85 - 80 - 53 140 6 25 
TPH-g C6-C12 mg/kg 0 0.1 - 93 - - - 79 123 
[a.a.a-Trifluorotoluene] Percent 99 - - 92 - - - 71 131 - - - 89 - gz i'1 131 

Batch: 8270*97139 Method: 8270 - GC/HS for Semivolatile Organics. Capi llary column 
Acena.phthene mg/kg 0 0.2 - 78 - 82 - 57 117 4 - - 90 - 97 - 44 128 7 34 
Acenaphthylene mg/kg 0 0.2 - 88 92 - 56 136 4 
Anthracene mg/kg a 0.2 - 66 - 68 57 115 3 
Benzo(a)anthracene Rlg/kg 0 0.2 - 90 - 98 - 44 138 9 
Senzo(a)pyrene mg/kg 0 0.2 - 81 - 87 - 36 128 6 
Benzo(b}fluoranthene mg/kg 0 0.2 - 80 - 86 - 24 137 7 
Benzo(g,h,i)perylene mg/kg 0 0.2 - 84 - 95 - 25 157 12 
8enzo(k)fluoranthene mg/kg 0 0.2 - 83 - 76 - 39 142 9 
Chrysene mg/kg 0 11.2 - 88 - S6 - 43 147 8 
Oibenzo(a,h)anthracene mg/kg 0 0.2 - 83 93 - 30 154 11 
Fluoranthene mg/kg 0 0.2 75 78 - 39 137 4 
Fluorene mg/kg 0 0.2 - 86 - 88 - 57 128 2 
Indeno(I, 2, 3-c, il)pyrene mg/kg 0 0.2 - 1()0 - 114 - 25 162 13 
Naphthalene JTril/kg 0 0.2 74 - 77 - 49 106 3 
Phenanthrene lllg/kg 0 0.2 - 71 - 73 - 61 122 3 
Pyrene JTril/kg 0 0.2 83 89 52 149 6 - 64 - 69 ql 156 - 35 - - -
[2-Fluorobiphenyl) Percent 96 - - 84 84 - 43 116 - - 87 - 92 38 !10 

[Ni trobenzene-d5) Percent 84 - - 85 - 84 - 37 114 - - - 94 - 103 - 34 110 
[Terphenyl-t.il4] Percent 83 - - 102 - 105 - 33 141 - - - 71 - 77 - 18 130 

~tch: FUEL,C28~9774 Method: B015H - Modified 8015 
TPH-d Cl3-C22 mg/kg 0 10 - 129 - 133 - 37 166 3 38 

TPH-d C23-C28 rng/kg 0 10 

[1.3-Dichlorobenzene) Percent 105 - 108 - 107 - 55 127 



'JOC AKALYT~ENOALE 
SUPPLEMENT~EPDRT FOR 9706385 
DATE PRINTED: 23 JUL 1997 

~ON-AQUEOUS SAMPLES 

Batch: GAS*9766040 MethOd: 8015M - Modtfied 8015 

87061503*1 
UNITS HB 

Date Analyzed Date 06/211/97 
Dilution Factor Tires 
Benzene mg/kg 0 
Toluene mg/kg 0 
Ethyl benzene "'ij/ltg 0 
Total :Xyl ene Is0111ers . lli<J/l:g 0 
TPH-g C6-Cl2 mg/l:g 0 
a,a,a-Trifluorotoluene Rep. mg/lcg 0.0493 
a.a,a-Trifluorotoluene Th. 111]/l:g 0. 0500 

C7062876*1 .......... 
LC LT 

06/24/97 06/24/97 
1 

0.0490 0.0500 
0.0489 0.0500 
0.0512 0.0500 
0.163 0.150 
1.02 1.10 

0.0462 0.0500 
0.0500 0.0500 

• ,.l 
N/A .......... 9706460"1 ... •. ... .................. . .. ... ........ 

LC LT Rl R2 SI 52 T 
06/24/97 06/24/97 06/24/S7 06{24/97 

I 1 
<0.005 - 0.0187 0.0178 0.0152 
<0.005 0.0802 0.0760 0.0974 . 
<0.005 - 0.0195 0.0184 0.0204 
<0.01 - 0.101 0.0954 0.119 

- - - - -
0.0492 0.0446 0.0460 0.0500 
0.0500 - 0.0500 0.0500 0.0500 



VOC ANALYT.ENDALE 
SUPPLEHE~T EPORT FOR 9706385 
DATE ~R!NTED: 23 JUL 1997 • ~2 

NON-AQUEOUS SAMPLES 

Batch: 8270*97139 Method: 8270 - GC/HS tor Semivolati le Organics, Capillary column 

87061474"1 C7062816*1 ........•• C7062Bl7*1 .......... 9706390 .. 15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ....... 
UNITS HB LC LT LC lT Rl !!Z Sl $2 T Date Analyzed Date 06/25/97 06/25/97 06/25/97 OfJ/25/97 06/25/97 06/26/97 - (}6/26/97 ' 06/26/97 06/26/97 Date Extracte<i Date 06/24/97 06/24/97 06/24/97 OfJ/24/97 06/24/97 06/24/97 - 06/24/97 05/24/97 06/24/97 Dilution Factor Times 1 "1 1 l 1 1 

Acenaphthene !llQ/kg 0 2.61 3.33 2.72 3.33 <0.2 - 1.51 1.62 1.67 . Acenaphthy 1 ene !llQ/kg 0 2.93 3.33 3.05 3.33 <0.2 
Anthracene ng/kg 0 2.19 3.33 2.26 3.33 <0.2 
6enzo(a)anthracene mg/kg 0 3.00 3.33 3.28 3.33 <0.2 
Benzo(a)pyrene ng/kg 0 2.71 3.33 2.89 3.33 <0.2 
Benzo(b)fluorantoene n-g/kg 0 2.67 3.33 2.87 J.3.3 <0.2 
Benzo(g,h,i)perylene rrg/kg 0 2.81 3.33 3.17 3.33 <0.2 
Benzo(k)fluoranthene rrg/kg () 2.77 3.33 2.52 3.33 <0.2 
Chrysene mg/kg 0 2.94 3.33 3.20 3.33 <0.2 
Dibenzo[a.h)anthracene l!J,J/kg 0 2.77 3.33 3.09 3.33 <0.2 
fl uoranthene ng/kg 0 2.50 3.33 2.6) 3.33 <0.2 
Fluorene mg/kg 0 2.87 3.33 2.94 3.33 <O.l 
Indeno(l,2,3-c,d)pyrene ng/kg 0 3.34 3.33 3.80 3.33 <0.2 
Naphthalene l!J,J/kg 0 2.48 3.33 2.56 3.33 <0.2 
Phenanthrene rw,;/kg 0 2.36 3.33 2.44 3.33 <0.2 
Pyrene rw,;/kg 0 2.77 3.33 2.95 3.33 <0.2 - 1.07 1.15 1.67 
2-Fluorobiphenyl Reported ng/kg l. 60 1.41 1.67 1.40 1.67 1.57 - 1.45 1.53 1.67 
2-Fluorobiphenyl Theo. ng/kg 1.67 1.57 1.67 1.67 1.67 1.67 - 1.67 1.67 1.67 
Hitrobenzene-dS Reported ng/kg 1.41 1.42 1.67 1.40 1.67 1.53 - 1.57 1.72 1.67 
Nitrobenzene-d5 Theoretical rrg/kg 1.67 1.67 1.67 1.67 1.67 1.67 1.67 1.67 ].67 
Terphenyl-dl4 Reported mg/kg 1.38 1.70 1.67 1.75 1.67 1.24 - 1.19 1.28 1.67 
Terphenyl-dl4 Theoretical mg/kg 1.67 1.67 1.67 1.67 1.67 1.67 - 1.67 1.67 1.67 

Batch: FUEL,C2B*9774 liethod: 8015'"' - Kodified 8015 

87061455*1 C7062779*l .....•••.• C7062780*1 .......... H/A .. . ............. .. ............. . . . ...... 
UNITS KB LC LT LC LT Rl R2 Sl 52 T 

Oate Analyzed Date 06/23/97 06/23/97 06/23/97 06/23/97 06/23/97 
Date Extracted Date 06/20/97 06/20/97 06/20/97 06/20/97 06/20/97 
Dilution Factor Times 1 1 1 1 I 
TPH-d CI3-C22 mg/kg 0 258 200 266 . 2'00 . 
TPH-d C23-C28 or,;/ kg 0 
1,3-Dichlorobenzene Reported l!J,J/kg 26.2 27.1 25.0 26.8 25.0 
1.3-Dichlorobenzene Theoretical mg/kg 25.0 25.0 25.0 25.0 25.0 



CHAI" OF CUSTODY RECORD 

Rece.\196 by 

Relinquished lly 

VoC ANALYTICAL 
0 1085 Sh<Yyelrde. Concoo:l. CA 94518 (510) 825-3894 

0 601 Weslem AVInl6. Glendale. CA 91201 1818) 247-6737 

0 1200Geoe Autry Way, Anahe>'n, CA 92805(714) 978-0113 

n .u.11 s;; r4ft11Sl"""' ~. AZ8504016021470..9707 

. . -

>' 

Note:: Samples are discard(ld 30 63ys alter re$utts are reported unless other arrangements are made.. 
Hazardous samples-~ rerumoo~cllenl or disposed of .t dien:'s expenSe. 

' ., 
Olsposalarrangemen1S: -------,-...:·--------------

' _"j 

\ , 

l \.L.. ~ 

Remarl<s 

·KEY: AO-Aqueous NA-Nonaqueous SL---sludge 
Gw---Groundwats ~I PE-Petroleum 
WW-Wast&watf!K 

__ __.. 



• 

• 

July 23, 1997 

Brown and Caldwell 
16735 Von Karman, Suite 200 
Irvine, CA 92714-0940 
Attn: Mr. Bob Pope 

Reference: Client Project # 3659-06, Shell. 

Doar Mr. Pope, 

LOG NO,: G97·06·598 

Enclosed is the analytical report for the chemical testing of samples collected in support of th9 
above-referenced project. Samples were identified and tracked in the BCANOC system as tog . 
number G97-06~598. When making Inquiries about this report, please provide the log number . 

The contents of this package are based on the requirements specified in the BC Analytical, A 
Division of V.O.C. Analytical Laboratories, Inc. "Quality Assurance Management Plan". The 
case narrative addresses batch specific quality control as It pertains to this documen( 

If you have any questions, please do not hesitate to call me at (714) 978-0113. 

Sincerely, 

-Qc&st ~ 
Patty Mata -2;> 
Project Manager 

VOC Analytical Laboratories , Inc . . 
12\2 Eas1 Kalella Avenue, Anaheim CA 92805 ·Phone: (714) 978-0113 · Fax: (714) 978-9284 



• 
LOG NO.: G97·06-598 

CASE NARRATIVE 

The following narrative addresses all project specific data quality objectives with respect to: 
holding times, method blanks, lab control standards, matrix spike and duplicate samples. 
Analytical anomalies encountered during sample analysis are also discussed as necessaty. 

Rumple receipt: 
Samples were received under COC and delivered to VOC's Glendale lab on 6/27/97. All 
containers were .received intact and properly preserved. 

PNA'S !Method 8270); 
Naphthalene had a LCS recovery above the UCL tor batch 8270.97146. The LCSD had 
acceptable percent recovery. Since the LCS was high and no target compounds were detected · 
in the associated sample, the data was released with no further corrective action. 

• No other anomalies were encountered during the analysis of the project. 

• 
VOC Analytical Laboratories, Inc. 

1212 Ea.11 Katella Avenue, Anaheim CA 92805 · Phone: (714) 978·0113- Fax: (714) 978-9284 



ACRONYMS AND FLAG DEFINITIONS 

Flag Definitions: 

Replicate values. Used when replicate results are entered lnto the MS!MSD column 
of the ac report. 

B Blank contamination, Used when associated method blank concentration is greater 
than the POL 

J Estimated value. Used for sample results greater than or equal to MDL, but less 
than the POL . 

NC Not calculated. Used for MS/MSD when sample result is greater than two times the 
spike amount added, or when extracted surrogates were diluted below detectable 
levels. Used for sample results that are over calibration range. 

Q Quality objectives were not met Used for Method Blank, Laboratory Control 
Samples, Matrix Spikes, Matrix Duplicates and Surrogates. 

• Acronyms: 

• 

COG 
fl.G 
LC 
LCL 
LCS 
LCSD 
LT 
MB 
MS 
MSD 
R1 
RDL 
%REC 
Rep. 
RPD 
S1 
S2 
T 
Tbeo. 
UCL 

Chain of Custody 
Flag 
Actual LCS/LCSD concentration recovered 
Lower Control Umit 
Laboratory Control Sample 
Laboratory Control Sample Duplicate 
True LCS/LCSD concentration 
Method Blank 
Matrix Spike 
Matrix Spike Duplicate 
Unsplked sample concentration 
Reporting Detection Limit 
Percent Recovery 
Surrogate Reported value 
Relative Percent Difference 
Actual MS concentration 
Actual MSD concentration 
True concentration of MS/MSD 
Surrogate Theoretical value 
Upper Control Limit 

VOC Analy!i<:al Laboratories, Inc. 
J 212 Ens! Kate/la Avenue, Anaheim CA 9Z805- Phone: (714) 978·0113 • Fa11: (714} 978·9284 



• 

()In QuoliiJ Conrrolls i\M Q.wliry AJsu11tncc 

Mr. Bob Pope 
Brown and Caldwell Consulta~ts 
16735 Von Karman, Suite 200 
Irvine, CA 92606~4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

Semi-volatile HC (8015M) 

Date Analyzed 

Date Extracted 

Dilution Factor, Times 

TPH-d Cl3-C22, mg/kg 

TPH-d C23-C28, mg/kg 

REPORT OF ANALYTICAL RESULTS 

Other Semi-volatile HC (8015M) 

Surrogates ** 

ANALYTICAL REPORT 

LOG NO: G97 -06-598 

Received: 27 JUN 97 

Ma i 1 ed : JUL 2 ; :JJ? 

Purchase Order: 3659 

Project: 3659/SHELL 

05-598-1 

27 JUN 97 
TS-17 

07/09/97 

07/09/97 

<10 

51 

Page 1 

06-598-2 

07/09/97 

07/09/97 

<10 

23 

1,3-Dichlorobenzene Reported, mg/kg 24.7 24.6 

1,3-Dichiorobenzene Theoretical, mg/kg 25.0 25.0 

VOC Anil l\'1icnl L~horatori c s , Inc. 
12 12 E 01s1 K n l c ll <~ Avc nut.: , A r.ahcim C,\ 1l2HO:i - Phone; (714) 97R-01 11- Fax: (7ltl) 97 :'1 -92R4 



Nr. Bob Pope 
Brown and Caldwell Cons:.~ltants 
J6735 Von Karman, Sui~e 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

REPOR! OF ANALYTICAL RESULTS 

Volatile HC (8015M) 

·loate Analyzed 

I 

Dilution Factor, Times 

Benzene, mg/kg 

Toluene, mg/kg 

Ethylbenzene, mg/kg 

Total Xy1ene Isomers, mg/kg 

TPH-g C6-C12, mg/kg 

Other Volatile HC (8015M) 

Surrogates ** 

a,a,a-Trifluorotoluene Rep., mg/kg 

a,a,a-Trifluorotoluene Th., mg/kg 

LOG NO: G97-06-598 

Received: 27 JUN 97 

Purchase Order: 3659 

, ~roject: 3659/SHELL 

06-598-1 

27 JUN 97 
TS-17 

07/02/97 

<0 . 005 

<0.005 

<0.005 

<0.01 

<0.1 

0.0580 

0.0500 

Page 2 

06-598-2 

27 JUN 97 
TS-19 

07/02/97 

1 

<0.005 

<0.005 

<0.005 

<0.01 

<0.1 

0.0508 

0.0500 

VO C 1\na!y1ical Li1bor~I\Hi cs. Inc:. 
121 2 E ; 1~t K;I!L·IIa Avenue. Anail~im l'A 1)2~05 • Pl11me: (714) ')71\.(1111· Fax: ('714) 1YiH -92X4 



Mr. Bob Pope 
Brown and Caldwell Cc~s~ltants 
16735 Von Karman, Su~te 200 
[rvine, CA 92606~4953 

LOG NO 

OA TE SA!-1PLED 
SAMPLE DESCRIPTION 
NON-AQL:EOUS 

REPORT OF ANALYTICAL RESULTS 

Polynuclear Aromatics (8270) 

I Date Analyzed 

• 

Date Extracted 

Dilution Factor, Times 

Acenaphthene, mg/kg 

Acenaphthylene, mg/kg 

Anthracene, mg/kg 

Benzo(a)anthracene, mg/kg 

Benzo(a)pyrene, mg/kg 

Benzo{b)fluoranthene, mg/kg 

Benzo(g,h,i)perylene, mg/kg 

Benzo(k)fluoranthene, mg/kg 

Chrysene, mg/kg 

LOG ~0: G97-06-598 

Received: 27 JUN 97 

Purchase Order: 3659 

Project: 3659/SHELL 

06-598-3 

27 JUN 97 
TS-18 

07/10/97 

07/07/97 

5 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<l 

Page 3 

VOC Analvticallahor~toric .\ Inc. 
1212 E~ s l K:11dla A\·~· rHIC. t\nahcim CA <hlfl.'i · l'hon~: (714) 97il-0 II~ · Fnx: (71 ~) <J7~VJ2S4 



LOG NO 

Mr. Bob Pope 
Brown and CaldweJl Consultants 
16735 Von Kar~an, Suite znc 
Irvine, CA 92606-4953 

REPORT OF ANALYTICAL RESULTS 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

Oibenzo(a,h)anthracene, mg/kg 

.luoranthene, mg/kg 

• 

Fluorene, mg/kg 

Indeno(l,2,3-c,d)pyrene, mg/kg 

Naphthalene, mg/kg 

Phenanthrene, mg/kg 

Pyrene, mg/kg 

Surrogates ** 

2-Fluorobiphenyl Reported, mg/kg 

2-Fluorobiphenyl Theo . , mg/kg 

Nitrobenzene-dS Reported, mg/kg 

Nitrohenzene-d5 Theoretical, mg/kg 

Terphenyl-d14 Reported, mg(kg 

LCS NO: G97 ~06-598 

Rec~ived: 27 JUN 97 

Purc1ase Order: 3659 

Project: 3659/SHELL 

06-598-3 

21 .;uN 97 
TS-18 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

1.67 

1.67 

1.38 

1.67 

1.95 

Page 1 

\'()C t\ n;~h1i{';tl Laho;·:tlorics, Inc:. 
12 12 Ea.\1 Kal cll:o (\ VCllii C. ,\n:oltcim l'A •):.>H05. Phone: (714) 1J7B -:lt n. F:\~: (71 ·1) <n~-IJ2.'i4 



LOG NO 

Mr. Bo!J Pope 
Brown and Caldwell Consult~nts 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

rtEPORT Of ANf'.L YT I C!\L RESULTS 

LOG NO: G97-06-598 

Received: 27 JUN 97 

Purchase Order: 3659 

Project: 3659/SHELL 

Page 5 

06-598-3 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON~AQUEOUS 

27 JUN 97 
TS-18 

Terphenyl-d14 Theoretical, mg/kg 1.67 

~-----------------------------

The &Mlytical ·reoulto vitbui tbh report relute onl:t to the •pecif~c 
compounds ~nd sample8 iove•tigat•d •o4 may not nocoaaa~i1y refl~ct 
other AppArent.iy aU.ila~: aate-rU.l fr010 tbe .,.... or a •Uiilu lo'eatl<>n. 

Tbi• report shall not be reproduced, ~xcept in (ull, without the 
..-rHten appro,al cf VOC. No use of this report for p'tcmotioo.al or 
advertisina purpose~ io peraittod ~tb~>t prior writton VOC opproval. 

VClC Ann!\1ical l.ahnratoric~ . Inc. 
1212 E;1.~ l K~lcll;, A\TilliC, Anr~hcim CA 92ii•i.i- Phune: (714) 97~-0ll.l · Fnx: ( 714) 97~·<J2~-l 



ORDER PLACED FOR CL!ENT: 8rcwn and Caldwell Consultants 9706598 
VOC ANALYTICAL : GLEN LAB : 13:17:52 21 JUL 1~.97 - P. 1 : 

• s ... SAMPLE DESCRIPTION .. 

lr)()!\98* 1 TS-17 

70()!>98*2 TS-19 

706598*3 TS-18 

•• 

• 

Notes: Equipment 

I IO.NO 

OETERM ... .. .... OAT E. . . . . . I~ETHOO . . ... EQUIP. BATCH . . 
1\N/\LYZED 

f-UEL,C28 07.09.97 8015N 536-37 9779 
G.I\S.C12 07.02.97 B015M 536-33 9766056 
FUEL,C28 07.09.97 80!5H 536-37 9779 
GAS.Cl2 07 .02.97 8015~1 531i-33 9766056 
8270. PNI'. 07.10.97 8270 537-14 97l46 

VOC Analytical identification number for a 
particular piece of ana1ytica1 equipment. 

VOC Analytical employee identification number of 
analyst. 

IO.NO 

1010 

1010 

1009 



. : SURROGATE RECOVERIES : 
: BC ANALYTICAL : GLE~ LAB : 13:34:35 23 JUL t9S7 - P. 1 : 

.D ANALYTE 

l70fi598* I 

\() 1 5~1 1,3-0ichlorobenzene 

BATCH 

977~ 
llll!iM a,a,a-Trifluorotoluene Re97f50~6 

~706598*2 

30 15M 1,3-Dichlorobenzene 9779 
~0\51~ a,a,a-Trifluorotoluene Re97660S6 

H06598*3 

• 

•• 

Nitrobenzene-dS 
2-Fiuorobiphenyl 
Terphenyl-d14 

97146 
97116 
97146 

ANA~YZEO REPORTED 

l1i /09/97 
07/02/97 

07/09/97 
0!/02/97 

07/10/')7 
07/10/97 
07/lOFJ7 

24.7 
O.O!i80 

24.6 
0.0508 

1.38 
1.67 
1.95 

TRUE %REC FLAG LC~ UCL 

25.0 9S 
0.0500 116 

25.0 98 
0.0500 102 

1.57 83 
1. 67 100 
l.G7 117 

52 145 
71 131 

52 145 
7l 131 

34 110 
38 110 
18 130 



/CJC \l·lALYT!.EHOALE - • QC ;<EPURT r 598 

DATE PRINTED: 23 JUl 1997 

rWti-AQU(OUS 5M1PlES ------ M(THOD BLANK ------ --------------- LAB CONTROL -------------- ---- ------------ MATRIX QC 
LCS LCSO RPO RPO MS HSO RPO RPD 

UNITS RESULT ROL FLG <REC FLG %REC FLG LCL UCL RPD UCl fi.G %RH FLG 'oREC FLG LCL UCL RPD UCL FLG 

(l;,tch: GAS•'l766056 Method: aorsr;- !10!1ified SOLS 
BenzeJle mg/kg 0 0.005 98 - 88 !50 - - 12() 115 - 1i7 l34 ~ 25 i oiuene mg/kg 0 (}.005 101 - - 75 130 - - - 8J - 8! - 65 m 2 25 dhy 1 benzene mg/kg 0 0.005 103 - - 83 118 99 - 96 - )1 150 3 25 Total Xylene Isomers m]/kg 0 0.01 - 109 - - - 80 117 - - - 87 - 84 - 53 140 3 75 TPH-g C5-C12 mg/kg 0 0.1 - 95 - 79 12:1 
[.>, J,.J- Tri fluorotol uene] Percent 95 - - 91 - - ;1 131 - - - 95 - 92 - ~1 131 

Batch: 8270•91146 Method: 8270 - GC/I'IS for Semivolatll e Organics, Capillary co\1.®11 
Acenaphthene mg/kg 0 O.L 113 - 92 - 57 117 20 
Accnaphthylene mg/kg 0 0.2 - 115 - 96 - . 56 136 18 
Anthrc.r.en~ rng/kg 0 0.2 107 - 90 - 5.7 llS 17 
B~lll<l ( .1 );mthr.1Cer~e mg/kg 0 o.z - 122 - 98 - ~4 138 21 
/Jenzo(a)pyrene mg/kg 0 0.2 - Jll - 94 - 36 128 22 
!Jcnzc>(b) fluorantl;ene ong/~g 0 0.2 - 131 - 95 - 24 137 32 
Ben<o(g,h,i)perylene mg/xg 0 0.2 - 118 - 98 25 !57 19 
l.lcnzo(k)fluorantMene my/kg 0 0.2 - 93 - 88 - 39 142 6 
Chrysene mg/kg 0 0.2 119 - 98 - 43 147 19 
Dibenzo(a,h)vnthracenc rPg]kg 0 0.2 115 - 95 30 154 19 
F I uoro>rll hl!TIC lliCJ/kg 0 0 .2 114 93 - 39 !37 20 
fluorene mg/kg 0 0.2 - 124 - 102 - 57 128 20 
lndeno(l ,2. 3-c. d)pyrene mg/kg 0 0.2 132 - 95 25 162 32 - - - --
N<lphthol ene mg/kg 0 0.2 - 110 Q 92 49 106 17 
Pllt tfl~l11L hr!!ne nxJ/kg 0 0.2 120 - 98 - 61 12Z 20 
P)n·ene mg/kg 0 0.2 - l27 102 - 52 149 22 
f?-Fiuorob iplrenyl] Perc~nt 99 108 87 - 43 1!6 
j N i trrJhcntcn~-rlS J Perc"nt 81 ~9 81 - 37 114 
f it:qliH:Byi·d11f Pl~rn:ut 122 123 100 33 ~~ l 

ll., t Lh: run ,C28•nn~ M~thod: 80\SM- Modified 80!5 
II' li-d C I 3-C22 mg/kg 0 10 114 106 - 37 166 7 38 
11'11-tl [ZJ-E28 mg/kg 0 10 
[ l.J-D>chlorobenzcr~J Perce1•t 105 - 102 - 101 - 55 127 



JIJC AHAL'!Ti~EliDALE 
::iUPPLEHENTAL~PORT rOll 'l70659B 

DATE PRINTED: 23 JUl 1997 

NOtl-AQUEOUS SAMPlES 

Batch • GA$~9766056 l!etllod: 8015H - r1odi f i ed 8015 

8707106•1 

UN!TS MB 
1J,H e Analyzed Date 07/fJ2/97 
Dilution Factor Times 
Benzene mg/kg 0 

Toluene n~g}kg {J 

Ethylllenzene mg}kg 0 

Tot~l Xylene Isomers mg/k~ 0 

1 PH-y C6-Cl2 llY,l/kg 0 

a. a.a- l'ri fluorotoluene Rep. mg/kg 0.0473 

J.~.a-Trifluoratoluene Th. mg/kg 0.0500 

C707l92~1 .......... 

LC LT 
07/02/97 07/02/97 

0.0491 c.osoo 
0.05()3 0.0500 

0.0516 0.0500 

0.164 (1.150 

1.04 1.10 
0.0454 0.0500 

0. 0500 0.0500 

- • 
II/A .......... 9706498~10 .. ................ . ...... - .. . . .. . . .. .... 

LC LT Rl R2 51 S2 
07/02/97 07/02/97 07!0~(97 07/02/97 

1 - l 
<0.005 0.0182 0.0175 0.0!52 
<0.005 o.neoq 0.0)86 0. 0974 

<0.005 - 0.0201 0.0196 0. 0204 
<0.01 o. to3 o. ;oo 0.!19 

- -
0.0461 - 0. 0476 0.0462 ,:,.osoo 
0.0500 - 0.0500 0. 0500 0.0500 



JOC .\IIAL "IT j·· £;10ALE 
·)UPPlHI£iiT~ . · .PORI FOR ~70ii598 

DATE PRINTED: 23 JUL 1997 • 
NON -il.QU£0US SANPL£S 

Sijtth ; o?l0"97Jq6 Methud: S270- GC/MS tor Semivolatl le Organ ics, Capi llary column 

!!707204•1 007408•1 ........•. C707409"1 ••....... . 9707103•2 ··· · ······ ......... . , ······· '- . .. ... . ... 
UNITS HB LC LT LC LT Rl R2 Sl S2 T Date Analyzed Date 07/08/97 07/08/97 07/08/97 07/08/97 01/08/97 

llatc lxtra.ctetl Date 07/07/97 07/07/97 07/07/97 07/07/97 07/07/97 
lli lut ion Factor Times 1 1 I 1 1 
At:enaphttl•me lng/kg 0 3.76 3.33 3.07 ].33 
At:enaphthylene mg/kg 0 3.84 3.33 3.21 3.33 
Anthracene mg/kg 0 3.56 3.33 3.01 3.33 
Benzo(a)anthracene m9Jkg 0 4.07 3.33 3.28 3.33 
Benzo(a)pyrene mg/kg 0 3.90 3.33 3.13 3.33 
Benzo(b)fluoranthene mg/kg 0 4.37 3.33 :us 3.33 
Benzo(g.h, i)perylene mg/kg 0 3.!?2 3.33 3.25 3.33 
Senzo(k}fluoranthene mg/kg 0 3.10 3.33 2.92 3.33 
Cllryser.e mg/kg 0 3.96 3.33 3.26 3.33 
Dibenzo(a,h)anthracene mg/kg 0 3.84 3.33 . 3.17 3.33 
fluoranthene mg/kg 0 3.80 3.33 3.11 3.33 
fluorene mg/kg 0 4.14 3.33 3.38 3.33 
[ndeno(\,2.3-c,d)pyrene mg/kg 0 4.39 3.33 3.18 "3.33 
Na ph thJ 1 ene mg/kg 0 3.66 3.33 3.08 3.33 
Phenanthrene mg/ky 0 3.99 3.33 3. 27 3.33 
Pyrcne mg/kg 0 4.24 3.33 3.41 3.33 
2-Flucrobiphenyl Reported mg/kg 1.65 1.80 !.57 1.46 1.67 
2-Fluorobiphenyl Theo. rng/kg 1.67 !.67 1.67 1.67 1.67 
Nitrobenzcne-dS Reported mg/kg 1.35 !.65 ]. 67 I. 35 1.67 
rlitrobenzene-d5 The<Jretical mg/kg 1.61 1.57 1.67 !.57 1.67 
Terphenyl-d\4 Reported mg/kg 2.03 2.05 1.67 1.67 1.67 
Terphenyl-d14 1h£Jretical mg/kg 1.67 1.67 1.67 1.67 1.67 

Uatch : FllEL.C2B•9779 Heth<XI: 8015M - Modif ied 8015 

8707334*1 007784*1 .......... 007785*1 .......... II/A .............. ...... . .... .... . 
UNITS HS . LC LT lC lT IU R2 SI S2 

l),Jte Analyzed OJte 07f09jgl 07/0CJ(g? 07/09!97 07/09/97 07/09/97 
Date Extracted Date 07/09/97 07/09/'$7 07/09/97 07/09/97 07/09/97 
Dilution Factor Times l I l l 
TPH-d C13-C22 rng/kg n 227 20() 212 £..00 
~"1'11-d C23-C28 mg/kg 0 
l, J-Dichloro~nzene Reported mg/kg 26.3 25 . 4 25.0 25.3 25.0 
1.3-Dichlorobenzene Theoretical Ir.g/kg 25.0 25.0 25.0 25.0 25.0 
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August6, 1997 

Brown and Caldwell 
16735 Von Karman, Suite 200 
11'\~ne, CA 92714-0940 
Attn: Mr. Bob Pope 

Reference: Client Project # 3659·06, Shell. 

Dear Mr. Pope, 

LOG NO.: G97-07-012 

Enclosed is the analytical report for the chemical testing of ~amples collected In support of the• 
above-referenced project. Samples were identified and tracked in the BCAJVOC system as log 
number G97·07-012. When making inquiries about this report, please provide the log number . 

The contents of this package are based on the requirements specified in the BC Analytical , A 
Division of V.O.C. Analytical Laboratories, Inc. "Quality Assurance Management Plan". The 
case narrative addresses batch specific quality control as it pertains to this document. 

If you have any questions, please do not hesitate to call me at (714) 978-0113. 

Sincerely, 

~~~ 
Project Manager 

VOC A r. J iy l i<::ill.abor~wrics , Inc. 
1"2 !1 Eas1 Ka1c !la Avcnu~ . ,\n"heim C,\ 'J2 ~05 . Phon~: i 7 1.J l 97S·O I t:\ · Fax: I 7 14) \l78·9~~~ 



LOG NO.: G97-07-012 

CASE NARRATIVE 

The 1ollowlng narrative addresses all project specific data quality objectives with respect to: 
holding times, method blanks, lab control standards, matrix spike and duplicate samples. 
Analytical anomalies encountered during sample analysis are also discussed as necessary. 

Sample receipt; 
Samples were received under COC and delivered to VOC's Glendale lab on 7/3/97. All 
containers were received intact and properly preserved. 

Gas/BTEX <Method 8020/8015M); 
Snmple TS-23 had high recovery of the Gas!BTEX surrogate possibly due to matrix 
interference. As the bias was high and the samples did not have detectable levels of 
Gas/BTEX, the data was reported with no further corrective action. The QC samples 
o!lssociated with this batch had acceptable surrogate recovery. 

Benzene had MS/MSD recoveries above the UCL for batch 9766060. The LCS/LCSD had 
acceptable recovery for this batch. 

f..NA's (MeJhod 8270): 
SClmple TS-22 required dilution due to matrix interference. 

Naphthalene had a LCS recovery above the UCL tor batch 8270*97146. The LCSD had 
acceptable percent recovery. Since the LCS was high and no target compounds were detected 
in the associated sample, the data was released with no further corrective action. 

Diesel (Method 801SM): 
The QC batch was controlled by a LCS/LCSD in place of a MS/MSD for diesel. 

No other anomalies were encountered during the analysis of the project. 

VOC: A nalyrk a ll. :l llorawri ~s. Inc:. 
121 ·2 EiiSI K a re l!~ A I'C II ll~. An~hdm C.l\ 92805 - Ph nne: (714) 9n-O I I .\ · ~'ux : OI.J ) 9'/ X.') cl\.J 



ACRONYMS AND FLAG DEFINITIONS 

flag Definitions: 

Replicate values. Used when replicate results are entered into the MS/MSD column 
of the QC report. 

B Blank contamination. Used when associated me1hod blank concentration is greater· 
than the POL. 

J Estimated value. Used for sample results greater than or equal to MDL, but less 
than the POL. 

NC Not calculated. Used for MS/MSD when sample result is greater than two times the 
spike amount added, or when extracted surrogates were diluted below detectable 
levels. Used for sample results that are over calibration range. 

Q Quality objectives were not met. Used for Method Blank, Laboratory Control 
Samples, Matrix Spikes, Matrix Duplicates and Surrogates. 

Acronyms: 

coc 
FLG 
LC 
LCL 
LCS 
LCSD 
LT 
M8 
MS 
MSO 
R'l 
RDL 
0/oREC 
At~p. 
RPD 
S1 
S2 
r 
'J'heo. 
lJCL 

Chain of Custody 
Flag 
Actual LCS/LCSD concentration recovered 
Lower Control Limit 
Laboratory Control Sample 
Laboratory Control Sample Duplicate 
True LCS/LCSD concentration 
Method Blank 
Matrix Spike 
Matrix Spike Ouplica~e 
Unspiked sample concentration 
Reporting Detection Limit 
Percent Recovery 
Surrogate Reported value 
Relative Percent Difference 
Actual MS concentration 
Actual MSD concentration 
True concentration of MS/MSD 
Surrogate Theoretical value 
Upper Control Limit 

VOl. r\nJiytkal Lnhoratorics. In~ . 

1212 En~t K~ldla Avenue, An:Jhcim CA 92:105 · Phone: (71-l) 97X·Oll.i - f':J~: til~ i <l].~·~?K~ 



Mr. Bob Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

REPORT OF ANALYTICAL RESULTS 

ANALYTICAL REPORT 

LOG NO: G97-07-012 

Received: 03 JUL 97 

Ma i 1 ed : ~G :-: ~-' ;;,·.ii 

Project: 3659-06 

Page 1 

LOG NO 07-012-1 07-012-2 07-012-3 

OATE SAMPLED 02 JUL 97 02 JUL 97 02 JUL 9r 
SAMPLE DESCRIPTION TS-20 TS-21 TS-2l 
NON-AQUEOUS 

411tSemi-volatile HC (8015M) 

Date Analyzed 07/10/97 07/10/97 07/10/97 

Date Extr·acted 07/09/97 07/09/97 07/09/97 

Dilution Factor, Times 2.5 2 1 

TPH-d Cl3-C22 , mg/kg 40 <20 37 

TPH-d C23-C28, mg/kg 290 165 130 

Other Semi -volatile HC (8015M) 

Surrogates ** 

1,3-Dichlorobenzene Reported, mg/kg 

1,3-Dichlorobenzene Theoretic~!, mg/kg 

18.4 15.0 

25.0 25.0 

V< >C An aiVli <:al Laboratories, In ~.:. 
I ~ I~ E ;t~ l K; tll·lla 1\ \ 'l"t i\I C. An <1 hcim Ct\ tJ'll-( IJ .S . Ph one: (7 J 4) •)7~ .() 1 1.1 • Fax: (71,1) \17~·92?-1 

23.3 

25 .0 
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Mr. Bob Pope 
Brown and Caldwell Consultar.ts 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

REPORT Of ANALYTICAL RESULTS 

LOG NO: G97-07-Cl2 

Received: 03 JUL 97 

Project: 3659-06 

Page 2 

LOG NO 07-012-1 07-012-2 07-012-3 

DATE SAMPLED 02 JUL 97 02 JUL 97 02 JUL 97 
SAMPLE DESCRIPTION TS-20 TS-21 TS-23 ' 
NON-AQUEOUS 

Volatile HC (8015M) 

~Date Analyzed 07/07/97 07/07/97 07/07/97 

Dilution Factor, Times 

Benzene, mg/kg 

Toluene, mg/kg 

Ethylbenzene, mg/kg 

Total Xylene rsomers, mg/kg 

TPH-g C6-Cl2, mg/kg 

Other Volatile HC (8015M} 

Surrogates ** 

a,a,a-Trifluor·otoluene Rep., mg/kg 

a,a,a-Trifluorotoluene Th., mg/kg 

1 

<0.005 

<0.005 

<0.005 

<0.01 

<0.1 

0.0502 

0.0500 

<0 .005 

<0.005 

<0.005 

<0.01 

<0.1 

0.0542 

0.0500 

V~JC ;\nah1ical L<Jbnralnrie~. Inc. 
1212 Easl Kat ella /\1-r nu~ . Anaheim CA 'J2Hfl5 • Phunt: (714) '17iHlll.\ · Fa ~; /714) 'J7.~·'l2R · I 

1 

<0.005 

<0.005 

<0.005 

<0.01 

<0.1 

0.0690 

0.0500 



Mr. Bob Pope 
Brown and Caldwell Co~sultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

Polynuclear Aromatics (8270) 

4111bate Analyzed 

Oate Extracted 

Dilution Factor, Times 

Acenaphthene, mg/kg 

Acenaphthylene, mg/kg 

Anthracene, mg/kg 

Benzo(a)anthracene, mg/kg 

Benzo(a)pyrene, mg/kg 

Benzo(b)fluoranthene, mg/kg 

Benzo(g,h,i)perylene, mg/kg 

Benzo(k)fluoranthene, mg/kg 

Chrysene, mg/kg 

REPORT OF ANALYTICAL RESULTS 

LOG NO: G97-07-012 

Received : 03 JUL 97 

07-012-4 

02 JUL 97 
TS-22 

07/[)9/97 

07/07/97 

5 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<l 

<1 

Project: 3659-06 

Page 3 

VC( • ;\n.>f\1 it:;d Lahnr~tnr ics, rnc 
121 2 Ea -;1 K:1tc- lln i\vcll" t', i\n;1hcim Ct\ •) 2XO:'i . Phune: (714) 97X-011.~ • Fnx: (7 1-l) 97X - •J?.~ 4 



Hr. Bob Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NOtt-AQUEOUS 

REPORT OF ANALYTICAL RESULTS 

LOG NO: G97-C7-0l2 

Received: 03 JUL 97 

07-012-4 

02 JUL 97 
TS-22 

Project: 3659-06 

Page 4 

-"-------------------M--~H-M~- ----------------- ----------------- -----------------
Oibenzo(a,h)anthracene, mg/kg <1 

e Fl uoranthene I mg/kg <1 

• 

Fluorene, mg/kg 

Indeno{l,2,3-c,d)pyrene, mg/kg 

Naphthalene, mg/kg 

Phenanthrene, mg/kg 

Pyrene, mg/kg 

Surrogates ** 

2-Fluorobiphenyl Reported, mg/kg 

. 2-Fluorobiphenyl Theo., mg/kg 

Nitrobenzene-d5 Reported, mg/kg 

Nitrobenzene-ciS Theoreti~al, mg/kg 

Terphenyl-dl4 Reported, ~g/kg 

\'OC An~h1it:al Labtlr<llnric~. Inc. 

<l 

<1 

<1 

<1 

<1 

1.43 

1. 67 

1. 15 

1.67 

1.82 

1212 Easl Kal clln Avenue. Anaheim l'A •);>RO.~- l'lwne: (71 ~) lJ?R-0113 · F11x: (714) 978-'J2l{4 
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LOG NO 

1·1r. Bob Pope 
Brown and Caldwell Consultants 
1673~ Von Karman, Suite 200 
Irvine, CA 92606-4953 

RFPORT OF ANALYTICAL RESULTS 

LOG NO: G97-07 -012 

Receivec: 03 JUL 97 

Project: 3659-06 

Page 5 

07-012-4 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

02 JUL 97 
TS-22 

Terphenyl-d14 Theoretical, mg/kg 1.67 

The analytical ~esults ~i~bin tblo report ~ulate only to the opecific 
cowponnd• and •••ples inveetig•~od •nd .ay bO~ naeesaa~il{ rcfleet 
other opp•~eatly sioilar .aterial f<~ tbe 8a.e or • sioi ar tooation. 

This upon •ball not be reproducod, oxeftpt in full, vhbout the 
~itton approval of VOC. Ho use of this report for prOWQtionol or 
ldvertiaing purpoeea ie peraitted without ptior written VOC approval • 

VOl' !\n<~lyticill Lahurnlmics, lnr. 
121'2. F. asl IC11clla ,\ \'(: olll c. Auahcim CA !J2.'W.) ·Phone: (714) '17~-ll.l .'l - Fax: (714) 1)71! -921!4 



:ORDER PLACED FOR CLIENT: Brown and Caldwell Consultants 9707012 
. : VOC ANALYTICAL : GLEN LAB : l3:19 :12 21 JUL 1.997 ~ P. 1 : 

• LES ... 

9707012*1 

9707012*2 

9707012*3 

9707012*4 

!--** 

• 

SAMPLE DESCRIPTION . . DETERM ... . ..... DATE. . . . . . METHOO ..... EQUIP . BATCH .. 
ANALYZED 

TS -20 FUEL,C28 07 .1 0. 97 80 15M 536~37 9779 
GAS.Cl2 07 .07.97 8015M 536-33 9766060 

TS-21 FUEL,C28 07.10.97 8015M 536-37 9779 
GAS.Cl2 07.07.97 8015M 536-33 9766060 

TS-23 FUEL,C28 0 7 . l 0 . 9 7 80 15M 536-37 9779 
GAS.Cl2 07.07.97 8015M 536-33 9766060 

TS-22 8270. PNA 07.09 . 97 8270 537wl4 97146 

Notes: Equipment = VOC Analytical identification number for a 
particular piece of analytical equipment . 

ID.NO = VOC Analytical employee identification number of 
analyst. 

1D.NO 

1010 

1010 

1010 

1009 



SURROGATE RECOVERIES : 
BC ANALYTICAL : GLEN LAB : 13:33:54 23 JUL 1997 - P. 1 .. 

~~~~=~~==~==~=~~~=;~===~~~~===~=~--~=~~~~~~~==~~~~===~=~~~~=~~~ 

~D ANALYTE BATCH ANALYZED REPORTED TRUE %REC FLAG LCL UCL 

1707012*1 

l015M 1,3-Dichlorobenzene 9779 07/10/97 18.4 25.0 74 52 145 
1015M a,a,a-Trifluorotoluene Re9766060 07/07/97 0.0502 0.0500 100 71 131 

l707012*2 

~015M 1,3-Dichlorobenzene 9779 07/10/97 15.0 25.0 60 52 145 
l015M a,a,a-Trifluorotoluene Re9766060 07/07/97 0.0542 0.0500 108 71 131 

H07012*3 

3015M 1,3-0ichlorobenzene 9779 07/10/97 23.3 25.0 93 52 145 
\015M a,a,a-Trifluorotoluene Re9766050 07/07/97 0.0690 0.0500 138 Q 71 131 

1707012*4 

3270 Nitrobenzene-d5 97145 07/09/97 1.15 1.67 69 34 110 
2-Fluorobiphenyl 97146 07/09/97 1.43 1.67 86 38 110 
Terphenyl-dl4 97146 07/09/97 1.82 1.67 109 18 130 



•UL ANALYilL~ltNUALt ,. ei QC RE?ORT FO ~ 012 

DATE PRINTED: AUG 1997 

NON-AQUEOUS SAMPLES ------ METHOD BLANK ------ --------------- LAB CONTROL -------------- ---------------- MATRIX QC ----------------
LCS LCSO RPO · RPD HS MSO RPO RPD urms RESULT RDL FLG %REC FLG :alEC FLG LCL UCL RPO UCl FLG %REC FLG %REC FLG LCt UCL RPD UCL FLG 

Batch: GA$*9766060 Method: 8015M - Modified 8015 
Benzene mg/kg 0 0.005 - 101 - 99 - 88 150 2 - - 143 Q !35 Q 67 134 6 25 Toluene mg/kg 0 0.005 - 102 - 100 - 75 130 2 - - 94 - 91 65 137 4 25 Ethylbe!lzene vg/kg 0 0.005 104 - 102 - 83 118 2 - 111 - 106 - 51 150 5 25 Total Xylene Isomers mg/kg 0 0.01 - llO - 108 - 80 117 2 - - 97 - 92 - 53 14{) 5 25 TPH-g C6-Cl2 tng/kg 0 0.1 - 90 94 - 79 123 4 
[a,a,a-Trifluorotoluene] Percent 99 - - 87 - 97 - 71 131 - - 93 - 100 - 71 131 

Batch: 8270*97146 Hethod: 8270- GC/MS for Semivolatile Organics, Capillary column 
Acenaphthene mg/kg 0 0.2 - 113 92 - 57 117 20 
Acenaphthylene mg/kg 0 0.2 - 115 - 96 - 56 136 18 
Anthracene mg/kg 0 0.2 107 - 90 - 57 115 17 
Benzo(a)anthracene mg/kg 0 0.2 - 122 - 98 - 44 138 21 
Ben zo(a)pyrene mg/kg 0 0.2 - 117 - 94 - 36 lztl 22 
Benzo(b) fl uoranthene mg/kg 0 0.2 - 131 - 95 - 24 137 32 
Benzo(g,ti. i )perylene mg/kg 0 0.2 - 118 - 98 - 25 157 19 
Benzo(k)fluoranthene mg/kg 0 0.2 - 93 - 88 - 39 142 6 
Chrysene mg/kg 0 0.2 - 119 - 98 - 43 147 19 
Dibenzo(a,h}anthracene mg/kg 0 0.2 - 115 - 95 - 30 154 19 
fluoranthene mg/kg 0 0.2 - 114 - 93 - 39 137 20 
Fluorene mg/kg 0 0.2 - 124 102 - 57 128 20 
lndeno(l,2,3-c,d)pyrene mg/kg 0 0.2 - 132 - 95 - 25 162 32 
Naphthalene mg/l:g 0 {!.2 - llO Q 92 - 49 106 17 
Phenanthrene ng/kg 0 0.2 - 120 - 98 - 61 122 20 
Pyrene mg/kg (} 0.2 - 127 - 102 - 52 149 22 
(2-Fluorobiphenyl] Percent 99 - - 108 - 87 - 43 116 
(Nitrobenzene-d5} Percent 81 - - 99 - 81 - 37 114 
[Terphenyl-dl4} Percent 122 - - 123 - 100 - 33 141 

Batch: FUEL,C28*9779 Method: 8015H - Modified 8015 
TPH-d Cl3-C22 mg/kg 0 10 114 - 106 - 37 166 7 38 
TPH-d C23-C28 mg/kg 0 10 
(1,3-Di chlorobenzene] Percent 105 - - 102 - 101 - 55 127 



VOC ANAL'tTlC.' UNDALE 
SUPPLEMENTA , EPORT FOR 9707012 
DATE PRINTED: Ul AUG 1997 

-I 
NON-AQUEOUS SAMPLES 

Batch: GA$•9765060 Method: 8015H - Modi fied 8015 

8707258"'1 C7075~9*1 .. ....... . C7072261"'1 ......... . 9707127*8 . .................... . . ... .. .. .. . ....... 
UNITS HB LC LT LC LT Rl R2 Sl S2 T 

Date Analy<ed Oate 07/07/97 07/07/S7 07/07/97 07/07/97 07/07/97 07/07/97 - 07/07/97 07/07/97 lll / 07 / 97 
Dilution Factor Times 1 1 1 1 
Benzene mg/lcg 0 0.0507 0.0500 0.0496 0.0500 <().05 0.0217 0.0205 0.0152 
Toluene mg/kg 0 0.05li 0.0500 0.0502 0.0500 <0.05 - 0.0916 0.0882 0. 0974 
Ethyl benzene mg/kg 0 0.0520 0.0500 0.0508 0.0500 <0.05 - 0.0226 0.0216 0.0204 
Total Xylene Isomers mg/lcg 0 0.165 0.150 0.162 U.l50 <0.1 - 0.116 0.110 0.119 

TP~-g C6-Cl2 mg/l:g 0 0.987 1.10 1.03 1.10 
a,a,a-Tri fluorotoluene Rep. mg/l:g 0.0493 0.0434 0.0500 0.0485 0.0500 0.0471 - 0.0463 0 . 049~ 0.0500 
a,a,a-Trifluorotoluene Th. mg/kg 0.0500 0.0500 0.0500 0.0500 (}.0500 0.0500 - 0.0500 0.0500 0.0500 



~()C >INAL1T!C .. UNDALE 
SUPPLEMENTA~ PORT FOR 9707012 
DATE PRINTED: l AUG 1997 e 
NON-AQUEOUS SAMPlES 

Batch: 8270•97145 Method: 8270 - GC/MS for Semivol atile Orqanics, Capillary column 

8707204*1 C707408*I ......•••• C707409*1 . ... ...... 9707103*2 . . . . . . . . . . . .. - .. .. ... --....... . ........ . 
UIJITS 118 LC lT LC LT Rl R2 Sl S2 T Date Ana 1 yze{! Date 07/08/97 07/08/97 07/08/97 07/DS/97 07/08/97 

Date Extracted Date 07/07/97 07/07 /97 07/07/97 07 /07/97 07/07/97 
Di 1 uti on Factor Times 1 I 1 l 
Acenaphthene mg/kg 0 3.76 3.33 3.07 3.33 
Acenapht hy I ene mq/kg 0 3.84 3.33 3.21 3.33 
Anthracene mg/kg 0 3. 56 3.33 3.01 3.33 
8enzo(a)anthracene mq/kg 0 4.07 3.33 3.28 3.33 
Benzo(a)pyrene mg}kg 0 3.90 3.33 3.13 3.33 
Benzo(b)fluoranthene mg/lcg 0 4.J7 3.33 3.15 3.33 
Benzo(g,h,i)perylene mg/kg 0 3.92 3.33 3.25 3.33 
Benzo(k}fluoranthene mq/kg 0 3.10 3.33 2.92 3.33 
Chrysene mg/kg 0 3.96 3.33 3.26 3.33 
Oibenzo(a,h)anthracene mg/kg 0 3.84 3. 33 3.17 3.33 
Fluoranthene mg/kg {) J.ao 3.33 3.11 3.33 
Fluorene mg/kg /) 4.14 3.33 3.38 3.33 
lndeno(l,Z ,3-c,d)pyrene. mg/kg 0 4.39 3.33 3.18 3.33 
Naphthalene mg/kg 0 3.66 3.33 3.08 3.33 
Phenanthrene mg/kg 0 3.99 3.33 3.27 3.33 
Pyrene mg/kg 0 4.24 3.33 3.41 3.33 
2-Fluorobiphenyl Reported mg/kg ·1.66 1.80 1.67 1.46 1.67 
2-Fluorobiphenyl Theo. mg/lcg 1.67 1.67 1.67 1.67 1.67 
Nitrobenzene-d5 Reported mg/kg 1.35 l.65 1.67 1.35 1.67 
Nitrobenzene-dS Theoretical mg/lc:g 1.67 1.67 1.67 1.67 1.67 
Terphenyl-dl4 Reported mq/kg 2.03 2.05 1.67 1.67 1.67 
Terphenyl -d14 Theoretical mg/kg 1.67 1.67 1.67 1.67 1.67 

Batch: FUEL,C28*9779 Method: 8015H - Modified 8015 

B707384wl C707784*1 .......••. C707785*1 .•.••..... N/A • . .•• ••..•• ••••. .•• • ... •.•••••.•.••..... 
UNITS I1B lC lf LC LT Rl R2 Sl 52 T 

Date Analyze{! Date 07/09/97 07/09/97 07/09/97 07/09/97 07/09/97 
Oate Extracted Date 07/09/97 07/09/97 07/09/97 07/09/97 07/09/97 
Dilution Factor Times 
TPH-d C13-C22 IIY,I/kg 0 227 200 212 200 
TPH-d C23-C28 mg/kg 0 
1,3-Dichlorobenzene Reported Rg/kg 26.3 25.4 25.0 25.3 25.0 
1.3-0ichlorobenzene Theoretical mg/kg 25.0 25 .0 25.0 25.0 25.0 
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August6, 1997 

Brown and Caldwell 
16735 Von Karman, Suite 200 
Irvine, CA 92714·0940 
Attn: Mr. Bob Pope 

Boference: Client Project # 3659-06, Shell. 

Dear Mr. Pope, 

LOG NO.: G97-07-296 

Enclosed is the analytical report for the chemical testing of samples collected In support of tM 
above-referenced project. Samples were identified and tracked in the BCANOC system as log · 
number G97·07-296. When making inquiries about this report, please provide the log number. 

The contents of this package are based on the requirements specified in the BC Analytical, A 
Division of V.O.C. Analytical Laboratories, Inc. "Quality Assurance Management Plan". The 
case narrative addresses batch specific quality control as it pertains to this document. 

If you have any questions, please do not hesitate to call me at (714) 978-0113. 

Sincerely, 

·\2~~ 
Project Manager 

VOC Anal)•tk~l Laboratoti<.:s, Inc. 

VOC Anal ytk~l Labor~tmics . Inc. 
I ~ 12 E:\s l l<at~H~ •\ \Cnu-: . An~hcim CA '.12~05 . Phlln~ : t 714.1 97S ·O I 13 · Fax: ri 1 ~) <J'/l\ .0Jl!4 



' 
LOG NO.: 897-07-296 

CASE NARRATIVE 

The following narrative addresses all project specific data quality objectives with respect to: 
holding times, method blanks, lab control standards, matrix spike and duplicate samples. 
Analytical anomalies encountered during sample analysis are also discussed as necessary. 

Snmple receipt: 
Sumples were received under COC and delivered to VOC's Glendale lab on 7/14/97. All 
containers were received Intact and properly preserved. 

G11s/BTEX (Method 8020/8015Ml: 
Samples TS-26 and TS-27 had high recovel)' of Gas/BTEX surrogates possibly due to matrix 
interference. As the bias was high and the samples did not have detectable levels of 
Gas/BTEX, the data was reported with no further corrective action. The QC samples 
at:.sociated with this batch had acceptable surrogate recovery. 

Bnnzene, Gasoline and the surrogate had MS/MSO recoveries outside of control limits for batch 
9766085. The LCS/LCSD had acceptable recoveries for this batch. 

PJ.JA's (Method 8270): 
Samples TS-13A, TS-16A and TS-25 required dilution due .to matrix interference. Surrogate 
cc.ncentrations were diluted below detectable levels and were reported as NC. 

No other anomalies were encountered during the analysis of the project. 

VOC Analy!ic~l La!x>ralori~s. In-:. 
12!~ E:1~1 K:ti~ll~ . .l,V<!IIIt~. /lnoheim CA IJ2805. Phon~: (71~l '.J?::!-01 1.' ·Fax: 1714) 9?~·928-l 



ACRONYMS AND FLAG DEFINITIONS 

Flag Definitions: 

B 

J 

NC 

a 

• Acronyms: 

coc 
FL.G 
LC 
LGL 
LGS 
LCSD 
LT 
MS 
MS 
MSD 
R1 
RDL 

· "'/"REC 
Rep. 
RPD 
Si 
S2 
T 
Theo. 
UCL 

Replicate values. Used when replicate results are entered into the MS/MSD column 
of the QC report. 
Blank contamination. Used when associated method blank concentration is greater 
than the POL. 
Estimated value. Used for sample results greater than or equal to MDL, but less 
than the POL. 
Not calculated. Used for MS/MSD when sample result is greater than two times the 
spike amount added, or when extracted surrogates were diluted below detectable 
levels. Used for sample results that are over calibration range. 
Quality objectives were not met. Used for Method Blank, laboratory Control 
Samples, Matrix Spikes, Matrix Duplicates and Surrogates. 

Chain of Custody 
Flag 
Actual LCS/LCSD concentration recovered 
Lower Control Limit · 
Laboratory Control Sample 
Laboratory Control Sample Duplicate 
True LCS/LCSD concentration 
Method Blank 
Matrix Spike 
Matrix Spike Duplicate 
Unspiked sample concentration 
Reporting Detection Limit 
Percent Recovery 
Surrogate Reponed value 
Relative Percent Difference 
Actual MS concentration 
Actual MSO concentration 
True concentration of MS/MSD 
Surrogate Theoretical value 
Upper Control Limit 

VOC Anal>•tical Labor•• tnri~s. Inc. 
I 1 I 2 East Kale I Ia t\V(II\1~. Anah~im CA 92805 · Phon~: ( 71 ol) <JJS.Oil J · F'Hx: (71-1) 'l78-9~8~ 



Mr. nob Pope 
Brown and Caldwell Consu~tarts 
16735 Von Karman, Suite 20C 
rrvine, CA 92606-4953 

RtPORT OF ANALYTICAL RESULTS 

ANALYTICAL REPORT 

LOG NO: G97~C7-296 

Received: 14 JUL 97 

Purchase Order: 3659 

Project: 3659/SHFLL 

Page 1 

LOG NO 07-296-1 07-296-2 07-296-3 

DATE SAMPLED 14 JUL 97 14 JUL 97 14 J Ul 97, 
SAMPLE DESCRIPTION TS-13A TS~l6A TS-25 . 
NON-AQUEOUS 

.• Polynuclear Aromatics (8270) 

Date Analyzed 07/16/97 C7/16/97 07/16/97 

Date Ex-tracted 07 I 15/97 07 I 15/97 07/15/97 

Dilution Factor, Tirr.as 10 lC 10 

Acenaphthene, mg/kg <2 <2 <2 

Acenaphthyl ene, mg/kg <2 <2 <2 

Anthracene, mg/kg <2 <2 <2 

Benzo(a)anthracene, mg/kg <2 <2 <2 

Benzo(a)pyrene, mg/kg <2 <2 <2 

Benzo{b) fl uoranthene, mg/kg <2 <2 <2 

Benzo(g,h,i)perylene, mg/kg <2 <2 <2 

Benzo(k) fluoranthene, mg/kg <2 <2 <2 

Chrysene, mg/kg <2 <2 <2 

Dibenzo(a,h)anthracene, mg/kg <2 <2 <2 

\' : JC 1\nnlvti~.:al Lahoratori c>. Inc. 
1 ~ 1?. Ea ~ l KMclla An-nuc. Anaheim CA <)2l-l!IS -l'lwne: (71.1) 971) .{)11.1· Fnx: (714) •nx.<J:?:-{4 



Hr. Bob Pope 
Brown and Caldwell Consclt&~ts 
16735 Von ~arman, Suite 200 
Irvine, CA 92606-4953 

REPOR~ OF ANALYTICAl RESULTS 

lOG NO: G9:'-07-296 

Re-::eived: 14 JUL ';7 

Purchase Order: 3659 

Project: 3659/SHELL 

Page 2 

LOG NO 07-296-1 07-296-2 07-296-3 

DATE SAMPLED 14 JUL 97 14 JUL 97 14 JUL 97 
SAI-IPLE DESCRIPTION TS-13A TS-16A TS-25 • 
NON-AQUEOUS 

F 1 uoranthene, mg/kg <2 <2 <2 

.Fluorene, mg/kg <2 <2 <2 

• 

Indeno(l,2,3-c,d)pyrene, mg/kg <2 <2 <2 

Naphtha 1 ene, mg/ kg · <2 <2 <2 

Phenanthrene, mg/kg <2 <2 <2 

Pyrene, mg/kg <2 <2 <2 

Surrogates ** 

2-Fluorobiphenyl Reported, mg/kg 

2-Fluorobiphenyl Theo., mg/kg 

Nit robenzene-d5 Reported, mgi::g 

Nitrobeozene-d5 Theoretical, mg/kg 

Terphenyl-dl4 Reported, my/kg 

Terphenyl-dl4 Theoretical, mg/kg 

0 NC 

1.67 

0 NC 

l. 67 

0 NC 

li( ;;.· ,\nal'r'lil.';d L ;tlloral\lric-~. In<:. 

0 NC 

1.67 

0 NC 

1. 67 

0 NC 

1.67 

1212 E:~s1 K;Jil'lla Avenue. ,\:mhcim Cr\ <}2xos. Phone: (71~) •17~ -011.~- 1-':~s: (71~) cnS-'l2i<4 

0 NC 

1.67 

0 NC 

1.67 

0 NC 

1. 67 



Mr. Bob Pope 
Brown and Caldwell Cor.sultant~ 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

Polynuclear Aromatics (8270) 

~Oate Analyzed 

Date Extracted 

Dilution Facto~, Times 

Acenaphthene, mg/kg 

Acenaphthylene, mg/kg 

Anthracene, mg/kg 

Benzo(a)anthracene, mg/kg 

Benzo(a)pyrene, mg/kg 

Benzo(b)fluoranthene, mg/kg 

Benzo(g,h, i)perylene, mg/kg 

Benzo(k)fluoranthene, mg/kg 

Chrysene, mg/kg 

REPOqT OF ANALYTICAL RESULTS 

~OG NO: 697-07 -296 

Received: II\ JUL 97 

Purchase Order: 3659 

Projert: 3659/SHELL 

07-296-4 

14 JUL 97 
TS-28 

07/!7/97 

. 07/15/97 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

Page 3 

\'(}( · Analvti<:al Lal>oralorit: s. Int. 
1:>1 2 E ; 1 ~1 l(;llt'll ;l 1\vcnuc, 1\naht'im CA •) 2KOS • l'hon~ ; (71-1) •>7:-1 ·111 t.' ·Fa~; C7J :l) 1J7K-'l2~- l 



• 
Mr. Bob Pope 
Brown and Caldwell Co~sultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

~EPORT Of f~ALYTICAL RESULTS 

LOG NO 

OATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

Dibenzo(a,h)anthracene, mg/kg 

,. Fl uoranthene, mg/kg 

• 

Fluorene, mg/kg 

Indeno(l,2,3-c,d)pyrene, mg/kg 

Naphthalene, mg/kg 

Phenanthrene, mg/kg 

Pyrene, mg/kg 

Surrogates ** 

2-Fluorobiphenyl Reported, mg/i<g 

2-Fluorobiphenyl Theo., mg/kg 

Nitrobenzene-d5 Reported, mg/!<g 

Nitrobenzene-dS T:1eoret i ca 1, mg/k;J 

Terpheny1-dl4 Reported, mg/kg 

LOG NO: G97-07-296 

Received: 14 JUL 97 

Purchase Order: 3659 

Prrject: 3659/SHELL 

07-296-4 

14 JUL 97 
TS-28 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

1.66 

l. 67 

1.49 

1.67 

1.84 

Page 4 

V( lC Anah1k;d Lahoralmic.~. Inc. 
:~12 Ei!.<l K:rll'll<t 1\\\' lllll.'. r\n<thl'im Ct'. t)2l'll.' ·l'honc: ;714) 1>7f.:-lll U- Fax: (il-l) 'J7~- 1 1 2S -l 



' 
Mr. Bob Pope 
Brown and Caldwell ~onsu1tants 
16735 Vor. Ka~an, Suite 200 
Irvine, CA 92605-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

REPORT OF 1\.NALYTJ CAL RESULTS 

LOG NO: G97-07-296 

l'lecei ved: 14 JUL 97 

Purchase Qrde:': 3659 

Project: 3659/SHELL 

07-291'1-4 

14 JUL 97 
TS-28 

Page 5 

Terphenyl-d14 Theoretical, mg/kg 1.67 ·---- -------------------------- --------------- ··- ---··-- ----------- -----------------

V< lC Analvtic: 1 l.ahorawricx. In<:. 
I ~ 12 East Kalclla II•Tnllc. ;\nah<·im Ci\ 'J2~fl5 -Plume: ('114) '17R·OII.1-l'a.~<: (71.1) 'l7i' · ·>~:;~ 



' 
Mr. Bob Pope 
Brown and Caldwell Co'lsu ltar. ~- s 
16735 Von Kannan, Suite 200 
Irvine, CA 92606-4953 

l.OG NO: G97-07-296 

Rece·; Jed: l4 JUL 97 

Purchase Order: 3659 

Project: 3659/SHELL 

R~?ORT OF ANALYTICAL RESULTS Page 6 

LOG NO 07-295-5 07~296-6 07-296-7 

DATE SAMPLED 14 JUL 97 14 JUL 97 14 JUL 97 
SAMPLE DESCRIPTION TS-24 TS-26 TS-27 ' 
NON-AQUEOUS 

Semi-volatile HC (8015M) 

~Date Analyzed 07/22/97 

07/21197 

07/22/97 

07/21/97 

07/22/97 

07/2l/97 Date Extracted 

Dilution Factor, Times 

TPH-d Cl3-C22, mg/kg 

TPH-d C23-C28, mg/kg 

Other Semi-volatile HC (80lt~) 

Surrogates ** 

1,3-Dichlorobenzene Reported, mg/kg 

1,3-Dichlorobenzene Theoretical, mg/kg 

2 

?.2 

6! 

14.5 

25.0 

10 

23 

22.3 

25 .0 

VOC Analvtic:nl Lahnrarmic~ , In<.:. 
121 2 f:; 1s l Kalclla AI'CIIUc , Anaheim Cl\ tJ::!XIt'i -l'h••n~: {714) 97:l - ~lll.~ ·Fax: (714) 'J7:l - 'l2~4 

<10 

11 

21.5 

25.0 



• 
Hr. Bob Pope 
Brown and Caldwell Consult~1t~ 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

REPORT OF ANAlvTICAL RESULTS 

LOG Nn: G97-0?-296 

Received: 14 JUL 97 

Purchase Order: 3659 

Project: 3659/SHELL 

Page 7 

-----~------------~-~-----~--- ----------------~ --------~-------- ----~~M----------
LOG NO 07-296-5 07-296~6 07-296-7 
~-----·-""~--~--~------------M ------~---------- ----------------- ----------------~ 
DATE SAf.lPL£0 14 JUL 97 14 JJL 97 14 JUL 97 
SAMPLE DESCRIPTION TS-24 TS-26 TS-27 
NON-AQUEOUS 
-- .... --- -------- ... --------------.-- ---- ...... ----------- --- ,... ____ --- ... ----- ----- _.,... __ ----- __ .,. 
Volatile HC (8015M) 

~ate Analyzed 07/17/97 07/17/97 07/18/97 

Dilution Factor, rimes 

Benzene, mg/kg 

Toluene, mg/kg 

Ethylbenzene, mg/kg 

Total Xylene Isomers, mg/kg 

TPH~g C6-Cl2, mg/kg 

Other Volatile HC (8015M) 

Surrogates ** 

a,a,a-Trifluorotoluene Rep., ~g/kg 

a,a,a-Trifluorotoluene Th., mg/kg 

<0.005 

<0.005 

<0.005 

<0.1)1 

<0 .1 

(). 055.3 

0.05()0 

1 

<0.005 

<0.005 

<0.005 

<0.01 

<0.1 

0.0728 

0.0500 

<0.005 

<0.005 

<0.005 

<0.01 

<0 .1 

0.0732 

0.0500 

---~---"--~~-~---------------- ~------ ~-- ------" "~---- - ---------- -----~w~---------

• 
\'Ol' Anr~l\·1ical Laboratoric~, Inc. 

1112 Enst K:tlcll:t t\\LIIUC. r\naht:im Ct\ <)2SIJ5 ·Phone: (714) '171'-011:1- Fax: (714) ')78-9284 



LOG NO: G97-07-296 

P~ceived: 14 ~UL 97 

Mr. Bob Pope 
Brown and Caldwr.ll Consultants 
16735 Von KCinnMi, Suite 200 
Irvine, CA 92606-4q53 

Purchase Order: 3659 

Project: 3659/SHELL 

RE~ORT Of ANALYT!CAL RESULTS Page 8 

Tb~ anolycio~~ ra~lta vithin this re~rt relate only to the epecifio 
co-p~nd• oo~ $aapl•s Lovaetigoted &hd .ay ~ot nece•••rily rofleet 
othe~ AP?~tentlr $Lailar .. terial fr~ tho •••• or a si•ilar location. 

Tbie report ahAll not be reproduced, except in full, without the 
vcitten approv' l of VOC. No use of tbia report for p~oooot:iono.l ot 
odvortl•in~ purpoeoa ia per.itted wlthout pyior written VOC ap,rovol. 

\'( lC /\nal}1kal Lalmratoric~ . ln..: . · 
1212 F.a,q Kat e lla ' ' ''t ' IHIC, ,\nahcim CA "2RO.'i. :'hunt': (714) 1l7R-OI n. Fn~: (714) 971{-'!284 



ORDER PLACED FOR CLIENT: Brown and Ca~dwell Consultants 9707296 
VOC ANALYTICAL : GLEN LAB : 15:19:35 23 JUL 1997 ~ P. 1 : 

ILES ... 
1707296* 1 
J707296*2 
1707296""3 
)707296*4 
)707296*5 

1707296*6 

1707295*7 

• 

• 

SAMPLE DESCRIPTION •. DETERM ......... DATE ...... METHOD ..... EQUIP. BAlCH .. 
ANALYZED 

TS-13A 8270.PNA 07.16.97 8270 537-14 97151 
TS-16A 8270.PNA 07.16.97 8270 537-14 97151 
TS-25 8270.PNA 07.16.97 8270 537~14 97151 
TS-28 8270.PNA 07.17.97 8270 537-14 97151 
TS~24 f!.iEL,C28 07.22.97 8015M 536-37 9783 

GAS.Cl2 07.17.97 8015M 536-33 9766085 
TS-26 FUEL,C28 07.22.97 8015M 536-37 9783 

GAS.C12 07.17.97 8015M 536-33 9766085 
TS-27 FUEL,C28 07.22.97 801EM 536-37 9783 

GAS.Cl2 07.18.97 B015M 536-33 9766085 

Notes: Equipment ~ VOC Analytical identification r.umber for a 
particular piece of analytical equipment . 

!D.NO VOC Analytical employee identification number of 
analyst. 

IO.NO 

1009 
1009 
1009 
1009 
1010 

1010 

1010 



SURROGATE RECOVERIES : 
BC ANALYTlCAL : GLEN LAB : 15:19:47 ?.3 JUL 1997 " P. 1 : 

~ ~~=~~~=~~~=~~~=~======~~~~==~~=~~~~~~~==~=====E==;:=====~=~~== .D ANAL YTE BATCf-l A~ALYZED REPORTED TRUE %qEC FLAG LCL UCL 

1707296*1 

i?.70 Nitrobenzene"d5 97151 07/16/97 NC 1.0 NC NC 34 110 
2-Fluorobiphenyl 97151 07/16/97 NC 1.67 NC NC 38 110 
Terphenyl"d14 97151 07/16/97 NC 1.67 NC NC 18 130 

1707296*2 

:270 Nitrobenzene"d5 97151 07/16/97 NC 1. 67 ~!C NC 34 110 
2"Fluorobiphenyl 97151 ')7/16/97 NC 1.67 NC NC 28 110 
Terphenyl"d14 97i.51 07/16/97 NC 1.67 NC NC 18 130 

•707296*3 

.no Nit robenzene"d5 97151 07/16/97 NC 1.67 NC NC 34 110 
2-Fluorobiphenyl 97151 07/16/97 NC 1.67 NC NC 38 110 
Terphenyl-d14 97151 07/16/97 NC 1.67 NC NC 18 130 

•707296*4 

.270 Nit robenzene-d5 97151 07/17/97 1. 49 1.67 89 34 110 
2-Fluorobiphenyl 97151 07/17/97 1. 66 1. 67 99 38 110 
Terphenyl-d14 97151 07/17/97 1.84 1. 67 110 18 130 

.96*5 

015M l,3-0ich1orobenzene 9783 07/22/97 14.5 25.0 58 52 145 
015M a,a,a-Trifluorotoluene Re9766085 07/17/97 0.0553 0.0500 111 71 131 

707296*6 

015M 1,3-Dichlorobenzene 9783 07/22/97 22.3 25.0 89 52 145 
015M a,a,a-Trifluorotoluene Re9766085 07/17/97 0.0728 0.0500 146 Q 71 131 

707296*7 

OlSM 1,3-0ichlorobenzene 9783 07/22/97 21.5 25.0 86 52 145 
015M a,a,a-Trifluorotoluene Re9766085 07/18/97 0.0732 0.0500 146 Q 71 131 

• 



VOC ANAL 'fT.NOAlE 
QC REPORT . 7296 
DATE PRINTED: 23 JUL 1997 • .I 
NOH-AQUEOUS SAMPLES ------ HETHOO BLANK ------ --------------- LAB CONTROL -------------- ---------------- MATRIX QC ------- - - - - -----

LCS LCSD RPD RPD HS HSO RPD RPO 
UNITS RESULT RDL fLG %REC FUi %REC F LG LCL UCL RPO UCl FlG '<REC FlG %REC FLG LCL UCL RPD UCl FLG 

Batch: GA$*9766085 Method: 8015M - Hodified 8015 
Benzene mg/kg 0 0.005 - 91 - 97 - 88 ISO 7 - - HiS Q 157 Q 67 134 5 25 Toluene mg/kg 0 0.005 - 92 - 99 - 75 130 7 - - ' 108 - 104 - 65 137 4 25 Ethyl benzene mg/kg 0 0.005 - 94 - 101 - 83 118 7 - - 99 - 91 - 51 150 8 25 Total Xylene Isomers mg/kg 0 0.01 - 99 - 107 80 117 7 - - 87 - 79 ~3 140 9 2S TPH-g C6-C12 mg/kg 0 0.1 - 92 - 90 79 123 2 - 31 Q 28 Q 45 134 10 30 Ia,a,a-Trifluorotoluene] Percent 95 - - 95 - 90 - 71 131 - - - 148 Q 132 Q 71 131 

Batch: 8270•~7151 Hethod: 8270- GC/HS for Salivolatile Organics. Capillary r;olUIQil 
Acena11hthene mg/kg 0 0.2 - 71 - 77 57 117 9 - - 83 - 87 - 44 128 ~ 34 Acenaphthylene mg/kg 0 0.2 - 76 - 87 - 56 136 13 
Anthracene mgjkg 0 0.2 - 54 - 71 - 57 115 10 
Benzo(a)anthracene mg/l:g 0 0.2 - 71 - 82 - 44 138 14 
Benzo(a)pyrene mg/kg 0 0. 2 - 70 - 79 - 36 128 12 
Benzo(b}fluoranthene mg/kg 0 0,2 - 69 - 82 - 24 137 17 
Benzo(g,h,i)perylene mg/kg 0 0.2 - 77 - 88 - 25 157 12 
Benzo{k)f1uoranthene mg/kg 0 0.2 - 94 - 99 - 39 142 s 
Chrysene mg/kg 0 0.2 - 72 - 83 - 43 147 13 
Dibenzo(a,h)anthracene mg/kg 0 0.2 - 75 - 85 - 30 154 12 
fluoranthene mg/kg 0 0.2 - 65 - 73 - 39 137 11 
r luorene mg/kg 0 0.2 - 81 - 93 - 57 128 14 

. lndeno(1,2.3-c,d)pyrene mg/kg 0 0.2 - 86 - 97 - 25 162 11 
Naphthalene mg/kg I) 0.2 - 67 - 74 - 49 106 Il 
Phenanthrene mg/kg 0 0.2 - 66 - 74 - 61 122 10 
Pyrene mg/kg I) 0.2 - 73 - 82 - 52 149 12 - - 78 - 81 - 41 156 5 36 
(2-Fl uorobiphenyl) Percent 84 - 80 88 - 43 ll6 - - - 93 - '16 - 38 ~10 
[Ni trcbenzene-d5) Percent 75 - - 75 - 83 - 37 114 - - 84 - 89 - 34 110 
[Terpllenyl-d14) Percent 74 - - 82 - 91 - 33 141 - - 83 - 86 - 18 no 

Batch: FUEL,C28•9783 Method: 80l5H - Modified 8015 
TPH-<1 CJJ-C22 mg/kg 0 10 - 76 - 75 - 37 166 1 - 63 87 - 43 151 4 38 
TPH-d C23-C28 lllg/kg . 0 10 
[1,3-0ichlorobenzene] Percent 116 - - 100 - 72 - 55 127 - - - 100 - 112 - 52 145 

--------------------------------



'JOC .\NALYTJ!' ENDAtE 
SUPPlEHEN . EPORT FOR 9707296 
DATE PR!lHE : 23 JlJL 1997 

NON-AQUEOUS SAMPLES 

Batch: GA$*9766085 Method: 8015M - Modified 8015 

8707875*1 C7071717*1 .•....••.. C7071742*1 .••••••..• 9707296*7 •··••····· ·•••·•·•·· ................... . 
UNITS I1B LC LT LC LT Rl R2 Sl 52 T 

Date Analyzed Oat~ 07/17/97 07/17/97 07/17197 07/17/97 07/17/97 07/18/97 07/17/97 07/17/97 07/17/97 
Oi 1 uti on Factor Times 1 1 1 11 1 1 

Benzene mg/kg 0 0.0454 0.0500 0.0485 0.0500 <0.005 - 0.0251 0.0239 0.0152 
T()luene mg}kg 0 0.0462 0.0500 0.0494 0.0500 <0.005 0.105 0.101 0.0974 
Ethyl benzene mg/k.g 0 0.0472 0.0500 0.0505 0.0500 <0.005 - 0.0202 0.0186 0.0204 
T()tal Xylene Is001ers mg/lr.g 0 0.149 0.150 0.160 0.150 <0.01 - 0.103 0.0946 0.119 

TPH-g C6-Cl2 mg/kg 0 1.01 1.10 0.990 1.10 <0.1 - 0.345 0.313 1.10 
a,a,a-Trifluorotoluene Rep. mg/kg 0.1}475 0.0475 0.0500 0.0452 0"()500 0.0732 - 0.0742 0.0659 0.0500 

a,a.a-Trifluorotoluene Th. mg/kg 0.()500 0.0500 0.0500 0.0500 0.0500 0.0500 - 0.0500 0.0500 0.0500 



vue ><~AL Y ,.,t.rrufl.l.t. • SUPPLEMENT" - • PORT FOR 9707296 
DATE ~RHIT • - Jtil 1997 

NOH-AQUEOUS SAMPLES 

Batch: 8270•97151 Method: 8270 - GC/115 for Semivolat il e Organics, Capfllary colllllll1 

8707612 .. 1 [7071224*1 ·········· C707122S•l .......... 9707222"1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . .. .. . 
UMITS HB LC LT LC LT Rl R2 Sl sz T Date Analyzed Date 07/15/97 07/15/97 07/15/97 07/15/97 07/15/97 07/15/97 - 07/16/97 07/16/97 07/16/97 Date Extracted Date 07/15/97 07/15/97 07/15/97 07/lS/97 07/15/97 07/15/97 - 07/15/97 07/15/97 07/15/97 01 I uti on Factor Tiraes 1 l 1 1-

Acenaphthene mg/kg a 2.35 3.33 2. 57 3.33 <0.2 - U9 1.45 1.67 . Acenaphthylene mg/kg 0 2.53 3.33 2.89 3.33 <0.2 
Anthracene mg/l:g 0 2.12 3.33 2.35 3.33 <0.2 
Senzo{a)anthracene mg/kg 0 2.37 3.33 2.72 3.33 <0.2 
Benzo{a)pyrene mg/kg 0 2.33 3.33 2.62 3.33 <0.2 
Benzo(b)fluoranthene mg/kg <) 2.31 3.33 2.73 3.33 <0.2 
Benzo(g,h,i)perylene mg/kg 0 2.58 3.33 2.92 3.33 <0.2 
Benzo(k)fluoranthene mg/lcg 0 3.12 3.33 3.29 3.33 <0.2 
Chrysene mg/kg 0 2.41 3.33 2.75 3. 33 <0.2 
Dibenzo(a.h)anthracene mg/k~ 0 2.50 3.33 2.82 3.33 <0.2 
Fl uoranthene wq/k.g 0 2.17 3.33 2.43 3.33 <0.2 
fluorene mg/kg .0 2.70 3.33 3.11 3.33 <0.2 
lncleno( 1,2. 3-c. d}pyrene lllg/kg 0 2.87 3.33 3.22 3.33 <0.2 
Naphthalene mg/kg 0 2.22 3.33 2.47 3.33 <0.2 
Phenanthrene mg/kg 0 2.21 3.33 2.45 3.33 <0.2 
Pyrene mg/kg 0 2.43 3.33 2. 74 3.33 <0.2 - 1.30 1.36 1.67 2-Fluorobiphenyl Reported mg/kg 1.41 1.34 1.67 1.47 1.67 1.67 - 1.56 1.61 1.67 2- Fluorob>phenyl Theo. mg/kg 1.67 1.67 1.67 1.67 1.67 1.67 - 1.67 1.67 1.67 
Ni trobenzene-dS Reported mg/l:g 1.26 1.26 1.67 1.38 1.67 1.47 - 1.41 1.48 1.67 
~itrobenzene-dS Theoretical mg/kg 1.67 1.57 1.67 1.67 1.67 1.67 - 1.67 1.67 1.67 
Terphenyl-d14 Reported mg/kg 1.23 1.37 1.67 1.52 1.67 1.50 1.38 1.44 1.67 
Terphenyl-d14 Theoretical mg/kg 1.57 1.67 1.67 1.67 1.67 1.67 - 1.67 1.67 1.67 

Batch: fU£l,C28*9783 Method: 8015M- MOdi fied 8015 

87071065*1 C7072063•1 .......... C7072064''1 .......... 9707296•7 ......... ............ ... . .. .... ......... 
UNITS MB lC lT LC lT Rl R2 Sl 52 T 

Date Analyzed Date 07/22/97 07/22 /97 07/22/97 07{22f';j7 07/2.2/97 07/22/97 - 07/22/97 07/22/97 07/22/97 
Oate Extracted Date 07/21/97 07/21/97 07/21/97 07/21/97 r)] /21/97 07/21/97 - 07/21/97 07/Zl/97 07/21/97 
Dil utioo Factor Times 1 1 1 1 I 1 - 1 1 1 
TPH-d Cl3-C22 mg/kg 0 152 200 150 !00 <100 - 166 173 200 
Tf>H-d C23-C28 aw:~/kg (} - - - - 1! - <100 <100 <100 
1,3-Dichlorobenzene Reported mg/kg 28.9 24.9 25.0 17.9 25.0 21.5 - 24.9 23.l 25.0 
1,3-Dichlorobenzene Theoretical mg/kg 25.0 25.0 25.0 25.0 25.0 25.0 - 25.0 25.0 25.0 
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August 6, 1 997 

Brown and Caldwell 
Hi735 Von Karman , Suite 200 
Irvine, CA 92714-0940 
Attn: Mr. Bob Pope 

Reference: Client Project # 3659·06, Shell . 

Dear Mr. Pope, 

LOG NO.: G97·07-386 

Enclosed is the analytical report for the chemical testing of samples collected in support of the 
above-referenced project. Samples were Identified and tracked in the BCNVOC system as log · 
number G97·07~386. When making inquiries abot,lt this report, please provide the log number . 

The contents of this package are based on the requirements specified in the BC Analytical, A 
Division of V.O.C. Analytical Laboratories, Inc. "Quality Assurance Management Plan". The 
case narrative addresses batch specific quality control as it pertains to this document. 

If you have any questions, please do not hesitate to call me at (714) 978·0113. 

Sincerely, 

-s:~~ 
Project Manager 

VOC An~ly l kal Lahora tor i ~ s . Inc . 
1212 hst Katdl ~ .-\ v~n uo:. 1\nah<i nl CA 92 805 • Phone : (714) 971!·01 U · fa~ : (7 1 ~ J 97ll · '>1 !! ~ 
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• 

LOG NO.: G97-07-386 

CASE NARRATIVE 

The following narrative addresses all project specific data quality objectives with respect to: 
holding times, method blanks, lab control standards, matrix spike and duplicate samples. 
Analytical anomalies encountered during sample analysis are also discussed as necessary. 

SAmple r!celpt: 
Samples were received under COC and delivered to VOC's Glendale lab on 7/21/97. All 

. containers were received Intact and properly preserved. 

PNA's {Method 82701.; 
Sample TS-30 required dilution due to matrix interference. The surrogate concentration was 
diluted below detectable levels and was reported as NC . 

No other anomalies were encountered during the analysis of the project. 

VOC AnalyJicall<JIJW~ton.:s, Inc. 
1212 Eost Katdla /\ 1enuc. Anah<im CA \l2~0S . Phone: (714) 978-0113 . ~-~x: ( 714) 978-':12~ .1 



ACRONYMS AND FLAG DEFINITIONS 

Flag Definitions: 

Replicate values. Used when replicate results are entered. into the MS/MSD column 
of the QC report. 

8 Blank contamination. Used when associated method blank concentration is greater 
than the POL. 

J Estimated value. Used for sample results greater than or equal to MDL, but less 
than the PQL. 

NC Not calculated. Used for MS/MSD when sample resufl is greater than two times the 
spike amount added, or when extracted surrogates were diluted below detectable 
levels. Used for sample results that are over calibration range. 

Q Quality objectives were not met. Used for Method Blank, Laboratory Control 
Samples, Matrix Spikes, Matrix Duplicates and Surrogates. 

• Aqronyms; 

coc 
FLG 
LG 
LCL 
l.CS 
LCSO 
LT 
MB 
MS 
MSD 
R·t 
RDL 
%REC 
fiijp. 
f~PD 
S'l 
C., I) 
~ .. 
T 
i'heo. 
UCl 

Chain of Custody 
Flag 
Actual LCS/LCSO concentration recovered 
Lower Control Limit 
Laboratory Control Sample 
Laboratory Control Sample Duplicate 
True LCS/LCSD concentration 
Method Blank 
Matrix Spike 
Matrix Spike Duplicate 
unspiked sample concentration 
Reporting Detection Umit 
Percent Recovery 
Surrogate Reported value 
Relative Percent Difference 
Actual MS concentration 
Actual MSD concentration 
True concentration of MS/MSD 
Surrogate Theoretical value 
Upper Control Umit 

VOC 1\ na lytical L nh(trUio ri~., . In~ . 

! 2 12 E3st Kat\!! Ia Awnw. !'1n~hdm CA 92805 · i'hon~: t)l -1 ) <Jn·Oi l3 · F'a~ : (7! .1 ) 978 -•J2~ -l 



Mr . Bob Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

Semi -volatile HC (8015M) 

• Date Analyzed 

Date Extracted 

Dilution ~actor, Time<> 

TPH-d Cl3 - C22, mg/kg 

TPH-d C23-C28, mg/kg 

REPORT OF ANALYTICAL RESULTS 

Other Semi-volatil~ HC (8015M) 

• 

Su r rogates ** 

1,3-Dichlorobenzene Reported, mg/kg 

1,3-Dichlorobenzene Theoretical, mg/kg 

\'( ll' i\n a lvtica l l.ahmatnrks, Inc 

ANALYTICAL REPORT 

LOG NO: G97 -0i'-386 

ReCf~ived : 21 JUL 97 

Purchase Order: 3659 

Project: 3659.06/SHELL 

07-386-1 

18 JUL 97 
TS-29 

07/22/97 

07/21/97 

'1 

30 

48 

25 .3 

25.0 

Page 1 

07-386-2 

18 JUL ·97, 
TS-31 . 

07/22/97 

07/21/97 

1 

29 

52 

23.9 

25.0 

Pl2 E:1q l<.a il' lla i\1\' llliL'. '\nah L· im C i\ •)2~05 • Phnn e: (714) 117X-OI 11 ·Fa~ : (71 .1) •l?:\.ll~~-1 



Mr. Rob Pope 
Brown and Caldwell Consultants 
167:35 Von Karman, S:Jite 200 
lrvine, 2A 926CS-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

Volatile HC (8015M} 

~Oate Analyzed 

Dilution Factor, Times 

Benzene, mg/kg 

Toluene, mg/kg 

Ethylbenzene, mg/kg 

Total Xylene Isomers, mg/kg 

TPH-q C6-Cl2, mg/kg 

Other Volatile HC (8015M) 

Surrogates ** 

REPORT or ANALYTICAL RESULTS 

LOG NO: G97-07-386 

Received: 21 JUL 97 

Purchase Order: 3659 

Project: 3659.06/SHELL 

07-386-1 

18 JUL 97 
TS-29 

07/25/97 

<0.005 

<0.005 

<0.005 

<0.01 

<0.1 

Page 2 

07-386-2 

18 JUL 97 
TS-31 , 

07/25/97 

<0.005 

<0.005 

. <0 .005 

<0.01 

<0 .1 

a,a,a-Trifluorotoluene Rep., ~g/kg 0.0459 0.0529 

a,a,a-Trifluorotoluene Th., ~g/kg 0.0500 0.0500 

V< ll' ,\nalvt i\';11 Lih>rill!>rics, IlK. 
1~1 2 E;o.\1 Katclb /\~<.:n •1c. Anahdm CA 42:-:05 ·!'hunt': (71-1) '171\-011.1 - F;~x: (71.1) '171<·'12R4 



Mr. Bob Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

Polynuclear Aromatics (8270) 

~ate Analyzed 

Dote Extracted 

Dilution Factor, Times 

Acenaphthene, mg/kg 

Acenaphthylene, mg/kg 

Anthracene, mg/kg 

Benzo(a)anthrace~e. mg/kg 

Benzo(a)pyre:1e, mg/kg 

Benzo(b)fluoranthene, mg/kg 

Benzo(g,h,i)perylene, mg/kQ 

Benzo(k)fluorant~ene, mg/kg 

Chrysene, mg/kg 

• 

REPORT OF ANALYTICAL RESULTS 

l.OG NO: G97-07 -386 

Received: 21 JUL 07 

Purchase Order: 3659 

Project: 3659.06/SHELL 

07~386-3 

18 JUL 97 
TS-30 

07/28/97 

07/23/97 

10 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

Page 3 

\'( )C ;\ ;·,ah1i~:al l.alwral11rics, inc. 
1112 Ea.-: K:•iclla ' ''" "'' '.'. ,\n;~hdm CJ\ 1)2~115- Pl11mc: (71•1) <J7tl -OII .1· Fax: (714) <17!\-IJ2~4 



Mr. Bob Pope 
Brown and Ca ldwe 11 Consu i tants 
lfi735 Von Kam1an, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SMIPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

REPORT OF ANALYIICAL RESJLTS 

Dibenzo(a,h}anthracefie, mg/kg 

.luoranthene, ~g/kg 
Fluorene, mg/kg 

Indeno(1,2,3-c,d)pyrene, mg/kg 

Naphthalene, mg/kg 

Phenanthrene, mg/kg 

Pyrene, mg/kg 

Surrogates ** 

2 -Fl uorob iphenyl Reported, mg/kg 

2-Fluorobiphenyl Theo., mg/kg 

Nitrobenzene-d5 qeported, mg/kg 

Nitrobenze~e-d5 Theoret:cal, mg/kg 

ferphenyl-dl4 Reported, mg/kg 

LOG NO: G97-07-386 

Recei~ed: 21 JUL 97 

Purc~ase Order: 3659 

Project: 3659.06/SHELL 

07-386-3 

18 JUL 97 
TS-30 

<2 

<2 

<2 

<2 

<2 

<2 

<2 

0 NC 

1.67 

~ NC 

1.67 

0 NC 

Page 4 

\'()(_' ;\n;tlrtical l.ahllr<lloric~. Inc 
121::' E:1sl l< :li<; lla 1\VL'llll<' , /\nah!'lt1: CA <J~:-."115 -l'hon~: (71·1) 1)7~·0111· Fnx: (714) '17~·'12il4 



LOG NO 

Mr. Bob Pope 
Browr. and Caldwell ConsJltants 
16735 Von Karm~n. Suite 200 
Irvine, CA 92606-4953 

nEPORT Of NlAL YT I CP.L RESULTS 

LOG NO: G97-07-386 

Reuived: 21 JUL 97 

Purchase Orear: 3659 

Project: 3659.06/SHELL 

Page 5 

07-386-3 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

18 JUL 97 
TS-30 

Terphenyl-dl4 Theoretical, mg/kg 1.67 

~----------------------------- ----------------- ----------------- -----------------

.~-
oustian, Laborator 1 rector 

Tl1e ~oalytieal re~lte withi~ tblo •~port relate only to ~he •pecific 
t~pounds and s~ple3 investigated and ~1 not oecessa~ll' ~eflecr 
otbA~ epparently ei•ila~ •ate~ial f~om th~ saQe or ~ a~lar loc•cion~ 

Thi~ :eport sba).l nne be reprodu"od, e:.aept ln full., without tho 
~i~tEO epproval of VOC~ No uae of this report for p~oaotional or 
•dvertl olng purp<>~08 b pn•l~ud witho"t p<ior written VOC approval. 

'/OC An:~f>1ic<il Lahoratnrics. Inc. 
L?l2 Ea.~t l<;~tt·lla 1\·.-~·nuc . /\nahrim CA 'J21l05 • l'h11ne: (714) <J7R-OI U • l'a .~ : (714) <J71VI21{4 



ORDER PLACED FOR CLIENT: Brown and Caldwell Consultants 9707386 
VOC ANALYTICAL : GLEN LAB : 09:31:19 04 AUG 1997 - P. 1 : 

l707386~ 1 

1707386*2 

!707386*3 

• 

• 

SAMPLE DESCRIPTION .. DETEP.M ......... UTE ...... ~IFTHOO ••..• EQUIP. BATCH .. 
ANALYZED 

TS~29 FUEL,C28 07.22. 97 801511 536-37 9783 
GAS.C12 07.25.97 8015M 536-33 9766104 

TS-31 FUEL,C28 07.22.97 8015M 536-37 9783 
GAS.C12 07.25.9~ 8015M 536-33 9766104 

TS-30 8270.PNA 07.28.97 8270 537-11 97153 

Notes: Equipment VOC Analytical identification number for a 
particular piece of analytical equipment . 

ID.NO ~ VOC Analytical employee identification number of 
analyst. 

ID.NO 

lOlO 

1010 

6750 



SURROGATE RECOVERIES : 
AC ANALYTlCAL : GLEN LAB : 09:31:32 04 ·AUG 1997 - P. I : 

a;o ANALYTE 

~86*1 
015M 1,3-0ichlorobenzene 

BATe! 

9783 
015M a,a,a-Trifluo~otoluene Re9766J04 

707386*2 

015M 1,3-0ichlorobenzene 9733 
015M a,a,a-Trifluorotoluene Re9766104 

707386*3 

7.70 Nit robenzene·d5 97153 
2-Fluorobiphenyl 97153 
Terphenyl-d14 97153 

• 

ANALYZ:O REPORTED 

07/22/97 25.3 
07/25/97 0.0469 

07/22/97 23.9 
07/25/97 0.0529 

07/28/97 NC 
07/28/97 NC 
07/28/97 NC 

TRUE %RFC FLAG LCL UCL 

25.0 101 52 145 
0 .0500 94 ll 131 

25.0 96 52 145 
0.050(' 105 71 131 

1.67 ~lC NC 34 110 
1.67 NC NC 38 110 
1.67 NC NC 18 130 



VOC ..\NAL YT.LENDAL£ 
QC REPORl · 7386 
OATE PRINTED: 04 AUG 1997 

KOti-AQUEOOS SAMPLES ------ METHOD BLANK ------ -- ------ ------- lAB CONTROL -------------- ---------------- MATRIX QC ---- ------------
LCS LCSO QPD RPO 1'15 1151} RPD RPO 

UNITS RESULT RDL FLG %R£C FLG 'cREC FLG lCl i!Ct RPD UCL FLG %REC FLG ::OREC FLG LCl UCL RPD IJCt FLG 

Batch: GAS•9766104 Method: 8015M - Modified 8015 
Benzene mg/kg 0 0.005 - 94 - - B8 150 - - - lZ8 128 - 67 134 0 25 Toluene mg/kg 0 0.005 - 95 - - - 75 130 - - 85 - 86 .65 137 1 25 Ethyl benzene ~/kg 0 0.005 - 97 - - - 83 118 - - - 98 - 98 51 lSO 0 25 Total Xylene !somers mg/kg a 0.01 - 1<13 - - - 80 1!7 - - - 87 - 88 - 53 140 l 25 TPH-g C6-Cl2 mg/kg 0 0. 1 - 93 - - - 79 123 
[a. a,a-Trlfluorotol uene] Percent 94 - 98 - - - 71 131 - - - 90 - 93 - 7l 131 

Batch : 82 70•97153 Hethod: 8270 - GC/HS for Semi volatile Organics. Capillary columfi 
Acenaphthene mg/kg 0 0.2 - 89 - 89 - 57 117 1 - - 79 80 - 44 !28 2 34 
Acenaphthylene mg/kg 0 0.2 - 87 - 9() - 56 136 3 - - 79 - 80 51 110 2 ~4 
Anthracene mg/kg 0 0.2 82 - 85 - 57 115 4 - - 74 - 76 - 50 ~12 L 15 
Benza{a)anthracene mg/kg Q 0.2 - 92 - 95 - 44 138 3 - - 82 135 38 137 3 A) 
Berizo{a)pyrene mg/kg 0 (}.2 89 - 92 - 36 128 3 - - 79 - 82 - 41 138 3 ! () 
Benzo{b)fluoranthene 1111/kg 0 0.2 - 86 - 91 24 137 5 - - 77 84 - 24 149 9 50 
Benzo{g,h,i)pery1ene mg/kg 0 0.2 90 - 93 - 25 157 3 - 8() - a1 - 39 134 1 46 
Benzo(k)fluoranthene mg/kg 0 0.2 - 87 - 83 - 39 142 4 - - /8 - 76 54 148 3 34 
Chrysene mg/kg 0 0.2 - 90 - 92 - 43 147 2 - - 81 - B6 - 50 124 6 34 
Dibenzo(a,h}anthracene mg/kg 0 o.z - 90 - 91 - 30 154 2 - - 78 80 - 46 138 3 41 
Fl uoranthene mg/kg 0 0.2 - 89 - 90 - 39 137 2 - 79 - 80 - 52 ll 'l 1 31 
fluorene mg/kg Q il.2 - 94 - 95 - 57 128 1 - - 84 - 86 - 59 117 2 36 
lndeno{ 1.2 ,3-c.d)pyrene ~/kg 0 0.2 - 93 - 88 - ?.5 162 6 - - 75 - 77 - 42 141 3 50 
Naphthalene mg/kg 0 0.2 85 - 88 - 49 106 3 - - 77 78 28 120 2 36 
Phenanthrene mg/kg 0 0.2 ~n - 94 - 61 122 3 - - 81 - 83 54 120 3 37 
Pyrene mg/kg 0 0.2 - gs - 97 - 52 149 2 - - 84 - 88 41 156 4 36 
[2-Fluorobiphenyl) Percent 99 - - 88 - 88 - 43 116 - - - 76 77 - 38 l!O 
[Nitrobenzene-dS] Percent 95 - - 83 - 85 - 37 114 - - - 72 - 72 - 34 llO 
(Terpl1enyl-dl4} Percent lll - - 97 - 100 - 33 141 - - - 86 - 89 - l8 130 

Batch: FUH.C28*9783 Method: 8015H - Modified 8015 
TPH-d Cl3-C22 mq/l:g 0 10 - 76 " 75 - 37 166 1 - - 83 - 87 - 43 151 ~ 3S 
Tf>H-d C23-C28 mg!kg 0 10 
[1,3-Dichl orobenzeneJ Percent 116 - - 100 - 72 - 55 127 - - - 10() 112 - 52 145 



VOC .l.NAUT .. C ·· . l.ENOALE 
SUPPLEMENT .· EPORT FOR 9707386 

DATE PRINTED: 4 A!JG 1997 • ., 
~ON-AQUEOUS SAMPLES 

Batch: GAS~9766104 Method: BO!SH- Modified 8015 

B70712QS*l C?072370" 1 •••..••••. ti/A •.•••..•.• 9707488*1 ........ ·-· .............................. 

UNITS HB LC LT LC LT Rl R2 Sl S2 T 

Date Analyzed Date 07/25/97 07/25/97 07 /25{97 07/25/97 - 07/25/97 07/25/97 07/25{97 

Dilution factor Times 1 1 

Benzene lliQ/kg 0 0.0471 0.0500 <0.()05 - 0.0194 0.0194 0.0152 

Toluene rng/k.g 0 0.0476 0.0500 <0.005 - 0.0825 0.0836 0.0974 

Ethyl bel'l.l:ene rng/kg 0 0.0484 0.0500 <0.005 0.0200 0.0200 0.0204 

Total Xylene isaners rng/kg 0 0.154 0.150 <0.01 0.1()4 0. )()5 0.119 

TPH-g C6-Cl2 mg/kg 0 1.02 !.10 - -
a,a,a-Trifl~orotoluene Rep. mg/kg 0.0469 0.0492 0.0500 0.0458 0.0449 0.0464 0.0500 
a,a,d-Trifluorotoluene ih. mg/kg 0.0500 o.asoo 0.0500 0.0500 - 0.0500 0.0500 0.0500 



'JOC :..NAL'IT .. LENOALE 

f1 .~ SUPPLEMENT . £PORT FOR 9707386 

DATE PRINTE · : 04 AUG 1997 

NOH-AQUEOUS SAMPLES 

Batch; 8270•97153 Method: 8270- GC/MS for Semivolat1le Organics. Capil lary column 

B7071019'*1 0071977*1 . . •..... . . 0071978*1 .•• . ...•.. 9707331•5 . . . . . . . . . . . .... ' . . . . . • . . . . . . . . . .. • ... . .• 
Oil ITS M6 LC LT lC LT RI R2 51 52 T Date Ana lyzed Date 07/23/97 07/23/97 07/l'i/97 07/23/97 07 /23}97 07/23/97 07/23/97 07}23/97 07/23/97 Date Extracted [late 07 /27./97 07/22/97 07/22/97 07/22/97 07/22/97 rJ?/22/97 07/22/97 o·,m/97 07/22/97 Di lltti on Factor Times 1 1 1 1 1 1 - 1 1 1 Ac"naphthene mg/kg rJ 2.95 3.33 2.97 3.33 <().2 2.62 2.68 3.33· Acenaphthylene mg/lcg 0 2.91 3.33 2.99 3.33 <0.2 - 2.63 2.68 3.33 Anthracene mg/kg 0 2.72 J.JJ 2.8? 3.33 <0.2 2 .48 2.53 3.33 

Ben1.o(a)anthrac~ne mg/kg 0 3 .06 3. 33 3.15 3.33 <0.2 - '.7~ 2.83 3.33 Benzo(a)pyrene ;ng/kg 0 2.96 1.33 3.05 3.33 <(1.2 - 2.64 2.73 3.33 Benzo(b)fluoranthene mg/kg 0 2.88 3.33 3.02 3.33 <0.2 - 2.57 ?.80 3.33 Senzo(g,h,i)perylene mg/kg 0 3.01 3.33 3.10 3.33 '0.2 L.65 l.M 3.31 Benzo(k)fluoranthene mg/kg 0 2.90 3.33 2.78 3.33 <0.2 - 2.59 2.52 3.33 Cllrysene mg/kg 0 3.()] 3_33 3. 07 3.33 <0 .2 2.69 2.87 3.33 
Dibenzo(a,o)anthracene mg/kg 0 2.99 3.33 3.04 3.33 <0.2. 2.60 2.o8 3.33 
F1 uoranthene mg/kg 0 2.95 3.33 3.00 3.33 <0.2 7.63 .:.66 3.33 
Fluorene rng/kg 0 3.14 3.33 3.17 3.33 <0.2 - 2.80 2.85 3.33 
Indeno(l, 2, 3-c,d)pyrene mg/kg 0 3.11 3.33 2.94 3.33 <0.2 - 2.50 2.58 3.33 
Naphthalene mq/kg () 2.84 3.33 2.92 3.33 <0.2 - 2.56 2.60 3.33 
Phenanthrene mg}kg 0 3.03 3.33 3.13 3.33 <0.2 - 2.71 2.78 3 . 33 
Pyrene mg /kg 0 3.15 3.33 3.22 3.33 <0.2 - 2.81 2.Y2 3.33 
2-fluorobiphenyl Reported TAg/kg 1.66 1.47 1.67 . 1.47 1.67 1.55 - 1.27 1.28 1.67 
2-fl uorobiphenyl Theo. mg/kg 1.67 1.67 1.67 1.67 1.67 1.67 - 1.67 1.67 1.67 
Ni trobenzene-dS Reported mg/kg 1.59 1.38 1.57 1.42 1.67 1.59 - 1.20 !.20 1.67 
Nitrobenzene-d5 Theoretical mg/kg 1.67 1.67 1.57 1.67 1.67 1.67 - 1.67 1.67 1 .. 67 
Terphenyl-d14 Reported mg/kg 1.85 1-62 1.67 1.67 1.67 1.89 - 1.44 1.43 1.67 
Terphenyl-dl4 Theoretical mg/kg 1.67 1.67 1.67 1.67 1.67 l.67 . - 1.67 1.67 1.67 

!latch: fUEL,C28•9783 Method: 8015H- Modified 8015 

B707Hl55•'1 0072063"1 .... •. ..•• C707Z064•1 ..... . .... 9707296*7 •..••• .. .•.•.......••. . . . . .. . ... ... .. ... 
UIITTS H!l lC . lT lC LT Rl R2 Sl 52 T 

Date Analyzed Date 07 /2Z/97 07 /27./'37 07/27./97 07 /Z?./97 07/22/97 07/22/97 - 07/22/97 07 /22/97 07/22/97 
Date Extracted Date 07/21/97 {)7/21/97 07/21/97 07/21/97 07/21197 07 /21!97 - IJ7/21/S7 a7/Zl/97 07/21/97 
Qi lution Factor Times 1 1 1 1 1 1 - l l l 
TPH-d C13-C22 mg/lcg 0 152 200 150 -fOO <100 166 173 zoo 
TPH-d C23-C28 mg/kg 0 - - - - !1 - <100 <100 <100 
1,3-0ichlorobenzene Reported rug/kg 28.9 24.9 25.0 !7.9 25.0 21.5 - 24 .9 28.! 25 .0 
1,3-0ichlorobenzene Theoretical mg/kg 25.0 25.0 25.0 25.0 25.0 25.0 - 25 .0 25.0 zs.o 
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APPENDIXE 

ANALYTICAL LAB ORA TORY 
AND QC REPORTS FOR 

COVER SOIL CHARACTERIZATION 



• 
Mr. Robert Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

REPORT OF ANALYTICAL RESULTS 

Semi~volatile HC (8015M) 

~ Date Analyzed 

Date Extracted 

Dilution Factor, Times 

TPH-d C13-C22, mg/kg 

TPH-d C23-C28, mg/kg 

Other Semi-volatile HC (8015M) 

Surrogates ** 

1,3-0ichlorobenzene Reported, mg/kg 

1,3-Dichlorobenzene Theoretical, mg/kg 

ANALYTICAL REPORT 

LOG NO: G97-02-566 

Received: 24 fEB 97 

Na i led: HAR 0 6 1997 

Project: 3659-06/SHELL 

24 FEB 97 
TS-1 

02/26/97 

02/26/97 

<100 

<100 

23.1 

25.0 

Page 1 

IJCA··-Division of V.O.C. Analytical Ulboratodes, Inc. 
l ~12 East Kat ella Avenue, Anaheim CA 928(}5 • Phoue: C 14) 978-0113- Fax: (714) 978-9284 



Mr. Robert Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAI<\PLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

•

Volatile HC (8015M) 

Date Analyzed 

Date Extracted 

Dilution Factor, Times 

Benzene, mg/kg 

Toluene, mg/kg 

Ethylbenzene, mg/kg 

Total Xylene Isomers, mg/kg 

TPH-g C6-Cl2, mg/kg 

REPORT OF ANALYTICAL RESUL IS. 

Surrogates ** 

a,a,a-Trifluorotoluene Rep., mg/kg 

a,a,a-1rifluorotoluene Th., mg/kg 

' 

LOG NO: G97 -02 -566 

Received: 24 FEB 97 

Project: 3659-06/SHELL 

02 -566-1 

24 FEB 97 
TS-1 

02/26/97 

02/26/97 

100 

<0.5 

<0.5 

<0.5 

<1 

<10 

4.46 

5.00 

Page 2 

BCA···Division of V.O.C. Analytica l Laboratories, Jnc. 
121 2 East Kalella Avenue, Anaheim CA 97~05 • l' hon.:: (714) 978-0113 . Fax: (714) 978-9284 



• 
Mr. Robert Pope 
Brown and Caldwell Consultants 
167~5 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPliON 
NON-AQUEOUS 

Sample Held, Not Analyzed 

REPORT OF ANALYTICAL RESULTS 

LOG NO: G97-02-566 

Received: 24 FEB 97 

Project: 3659 -06/SHELL 

02-566-2 

24 FEB 97 
TS-1 Oupl. 

HOLD 

Page 3 

·-----------------------------

• 

Greta Laboratory Director 

The analyti""l s:e•ulta vit:hl.n thJ.~ -.::eport relate ooJ.y to ~:he speeU!.c 

~~da and ~~Qpl .. a iuvuutigated and ~y not Q~C~$aarily refloet 

othe" apparontl;r •i..Uar .,..terial fr""' the 5.,.,. or a ebd.lar locatiuu. 

1'hia nport ahall not lxl repro<lucod, wrcept in full, wlchout the 

written Approval of BCA. No use of ~s report for pra.otional or 

advertisiJ>a purpooea ia pnnzd.tted vithout prior wr!.ttoa DCA appro'081 • 

BCA··-Division of V.O.C. Analytical Laboratories, Juc. 
1212 Ea.,! Kotella Avenue, Anaheim CA 92805 · Phon~: (714) 978-0J !3 ·Fax: (714) 978-9284 



: ORDER PLACED FOR CLIENT: Brown and Caldwell Consultants 9702565 
: BC ANALYTICAL : GLEN LAB : 15:26:53 05 MAR 1997 - P. 1 : 

•. 
· .LES ... SAMPLE DESCRIPTION .. OETERM ......... DATE ...... METHOD ..... EQUIP. BATCH .• IO.NO 

ANALYZED 

9702566* 1 TS-1 

9702566*2 TS-1 Dupl. 

*** 

• 

Notes: Equipment 

• ID.NO 

FUEL.C28 
GAS.C12 
HOLD 

02.26.97 8015M 
02.26.97 8015M 
02.24.97 

536-37 9722 1010 
536-33 9723111 6843 

7362 

BC Analytical identification number for a 
particular piece of analytical equipment . 

SC Analytical employee identification number of 
analyst. 



: SURROGATE RECOVERIES : 
: BC ANALYTICAL : GLEN LAB : 15:27:17 05 MAR 1997 - P. 1 : 
~~~~~=~======~~~======~~=====~============~~===~~=====~~======= 

.OD ANALYTE 

9702566*1 

BATCH ANALYZED REPORTED 
' . 

8015M 1,3-Diclllorobenzene 9722 02/26/97 
8015M a,a,a-Trifluorotoluene Re9723111 02/26/97 

I 

I 

23.1 
4.46 

TRUE %REC FLAG 

25.0 92 
5.00 89· 



: SURROGATE RECOVERIES : 
: OC ANALYTICAL : GLEN LAB : 15:27:25 05 MAR 1997 - p. 1 : 
~~~~~~~~===~=~~~~====~~~===========~~~=~~~=~=¥====~~~~~======== 

.OD ANAL YTE BATCH ANALYZED REPORTED TRUE %REC FLAG 

9702351*2*Rl 

8270 2wFluoropheno 1 9733 02/27/97 0 NC 2.50 0 
Phenol-d5 9733 02/27/97 0 NC 2.50 0 
Nitrobenzene-dS 9733 02/27/97 0 NC . 1.67 0 
2-Fluorobiphenyl 9733 02/27/97 0 NC 1.67 0 
2,4,6-Tribromophenol Rep.9733 02/27/97 0 NC 2.50 0 
Terphenyl-dl4 9733 02/27/97 0 NC 1.67 0 

801SM.TXa,a,a-Trifluorotoluene Re9723111 02/24/97 84.2 100 84 

9702351 *2*Sl 

8015M.TXa,a,a-Trifluorotoluene Re9723lll 02/24/97 168 200 84 

9702351*2*52 

8015M.TXa,a,a-Trif1uorotoluene Re9723111 02/24/97 168 200 84 

9702351*2*T 

8015M.TXa,a,a-Trifluorotoluene Re9723111 02/24/97 200 200 100 

B7021717*1*MB 

·~· TXa, a,aw Trifluorotoluene Re9723111 02/24/97 5.48 5.00 110 

B703232*1*MB 

8015M 1,3-Dichlorobenzene 9722 02/26/97 24.7 25.0 99 

C7023219*1*lC 

8015M.TXa,a,a-Trifluorotoluene Re9723111 02/24/97 5.36 5.00 107 

C7023219*l*LT 

8015M.TXa,a,a-Trifluorotoluene Re9723111 02/24/97 5.00 5.00 100 

C703456*l*LC 

8015M 1,3-Dichlorobenzene 9722 02/26/97 18.1 25.0 72 

:703456*1*LT 

3015M 1,3-Dichlorobenzene 9722 02/26/97 25.0 25.0 100 

~703457*1 *LC 

~ 1,3-0ichlorobenzene 9722 02/26/97 18.1 25.0 72 

457*l*LT 

l015M 1,3~Dichlorobenzene 9722 02/26/97 25.0 25.0 100 



VCC ANAlY~EHOALE 
QC REPORT ,..02566 
DATE PRINTED: OS ~q 1997 - .1 
NON-AQUEOUS SAMPLES ~~---- HETHOO BlANK ----~- --------------- LAB CONTROL -------------- ---~~----------- MATRIX QC ----------------

UliiTS RESUtT 

Batch: GA$•9723111 Method: 80151i - Modified 8015 
Benzene mg/kg 0 
Toluene mg{kg () 

Ethyl benzene mg/kg 0 
Total Xylene Isomers mg/tg 0 
TPH-g C6-Cl2 mg/kg -
(a.a.a-Trifluorotoluene] Percent 1!0 

Batch: FUEL"9722 Method: 8015H- Modified 8015 
TPH-d Cl3-C22 mg/l:g 
TPH-d C23-C28 mg/kg 
[1.3-0ichlorobenzeneJ Percent 99 

LC$ LCSO RPD RPO MS MSO RPO RPD 
RDL FLG %REC FlG %REC FLG LCL UCl RPO OCl FlG %REC FLG %REC FlG lCL UCL RPD UCl FLG 

0.5 - 113 -
~.5 99 -
0.5 - 103 -

1 - 102 -
0 

0 - 107 -

- - 72 -

- 88 
- - 75 

- - 83 
- 80 

- - 71 

72 

150 
130 
118 
117 

131 

90 
90 

132 
131 

84 

95 
89 

133 
131 

84 

67 134 4 25 
65 137 1 25 
51 150 1 25 
53 140 0 25 

7l 131 



VOC AfW...Y.GlENDAlE 
SUPPLEI!E _ REPORT FOR 9702566 • .1 
DATE PRINTED: 05 ~AR 1997 

~ON-AQUEOUS SAMPLES 

Batch: GAS*9723!11 Method: 801SH - Modified 8015 

B7021717"1 0023219"1 .......... If/A .......... 9702351*2 ........................................ 
UN[TS MB LC LT LC LT R1 R2 Sl S2 T 

Date Analyzed Date 02/24/97 02{24[97 02/24/97 02./24/97 - OZ{2qf(}7 fJ2/24/97 02/24/97 
Date Extracted Date 02/24/97 02/24/97 02/24/97 - - -
Dilution Factor Times 100 100 100 2000 - 4000 4000 4000 
llenzene mg/kg 0 1.71 1.52 11 - 66.0 68.8 71.8 
Toluene mg/kg 0 9.68 9.74 120 - 470 467 510 
E thy !benzene mg/l:g 0 2.11 2.04 62 - 170 171 144 
Total Xyle~ Isomers mg/kg 0 12.1 11.9 350 - 972 970 824 
TPII-g C6-Cl2 - - - - -
a,a,a-Trif1uoroto1uene Rep. mg/kg 5.48 5.36 5.00 84.2 - 168 168 200 
a,a,a-Trifluorotoluene Th. mg/kg 5.00 5.00 5.00 100 200 200 200 

Batch: FUEL*9722 Method: 8015M- Modified 8015 

8703232*1 003456*1 .......... C703457•I .......... N/A ...................................... .. 
UIIJTS HS LC LT LC LT Rl R2 Sl S2 T 

Date Ana Jyzed Date 02/26/97 02/25/97 02./26/97 02/26/97 02/26/97 
Date Extracted Date 02/26/97 02/25/97 02/26/97 02/26/97 02/26/97 
Oilut ion Factor Times 1 I 1 
TPH-d Cl3-C22 

TPK-d C23-C28 
1,3-0ichlorobenzene Reported mg/kg 2~.7 18.1 25.<1 lB.l 25.() 

1,3-Dichlorobenzene Theoretical mg/kg 25.0 25.0 25.0 25.0 25.0 

------ - - - - -- -



CHAIN OF CUSTODY RECORD 

Reli~quishe<! by 

Recelveoby 

Relinq.,;·shcd by 

RocEnvod by 

Rer.n<Juishoo by 

R""eive<l by LaboraJllllt..... A 

VOC ANALYTICAL 
0 'OBS Shary Orela. Ccmcoro, CA 94518 {51C1) a:?S<lB94 

0 801 Western Avenue, G!en<:\a!e, CA91201 (8!8) 2~7·5737 

0 1200 GeneAutJyWay, Atlahe<n. CA 92805 {714) 978·0113 

(l ·"~ H S. 4(llh S!reel. Pl\t\cr\i~. 1\Z !\.".040 100~\ 4'i(l-~7t)7 

Note: Samples are d;::carded 30 days alta< resultS are r<>pon<Xl unless ot~er arrangcmenr~ are made. 
HazardOus samptes. ""'m be returo.OO ~o client Qf dt~cd Q~ a1 <::\\e~'s. expo:ns.a. 

Dis]l(lsal arrangemenls: -------------------------

lot; 
I vt ( 

Remarks 

"KEY: AQ-Aq(reous NA-Nonaqueous &-sludge 
GW-Groundwater SO-Soil PE-Petrc~wm 

WW-Wastewater 



• 

• 

Aprll7, 1997 

Brown and Caldwell 
16735 Von Karman, Suite 200 
Irvine, CA 92606 
Attn: Mr. Bob Pope 

Reference: Client Project # 3659-06, Shell Resevolr 

Dear Mr. Pope, 

LOG NO.: G97-03-070 

Enclosed is the analytical report for the chemical testing of samples collected in support of the 
above-referenced project. Samples were Identified and tracked in the BCNVOC system as log · 
number 097-03-070. When making inquiries about this report, please provide the log number . 

The contents of this package are based on the requirements specified in the BC Analytical, A 
Division of V.O.C. Analytical Laboratories, Inc. "Quality Assurance Management Plan". Tt\e 
case narrative addresses batch specific quality control as it pertains to this document. 

If you have any questions, please do not hesitate to call me at (714) 978-0113. 

Sincerely, 

·~.~ 
Patty Mata 
Project Manager 

BCA··Division of V.O.C. An~lylkal Lab<lralorics. Inc. 
1212 E~st Koidla Av~nue. Anaheim Cr\ 92805 -Phone: (714) 97ll·O I IJ · Fa ~ : I 714) 978·9284 



• 

• 

• 

LOG NO.: G97-03-070 

CASE NARRATIVE 

The following narrative addresses all project specific data quality objectives with respect to: 
holding times, method blanks, lab control standards, matrix spike and duplicate samples. 
Analytical anomalies encountered during sample analysis are also discussed as necessary. 

Sample recelgt: 
Samples were received under COC from Brown and Caldwell at the Anaheim office on 3/4/97. 
All containers were received intact and properly preserved. 

No anomalies were encountered during the analysis of the project. 

llCA--Divlsion of V.O.C. Analyltc:tl Luboratories, Inc. 
1212 Enst Katclla Avenue, Ana~im CA 9:!805- Phone: (714) 978-0113, Fax: (714) 978-9284 



• 

• 

I 

ACRONYMS AND FLAG DEFINITIONS 

Flag Definitions; 

Replicate values. Used when replicate results are entered into the MS/MSD column 
of the QC report. 

8 Blank contamination. Used when associated method blank concentrallon is greater 
than the POL. 

J Estimated value. Used for sample results greater than or equal to MDL, but less 
than the PQL. 

NC Not calculated. Used when sample result is greater than two times the spike amount 
added, or when extracted surrogates were diluted at least 1:10. 

Q Quality objectives were not met. Used for Method Blank, Laboratory Control 
Samples, Matrix Spikes, Matrix Duplicates and Surrogates . 

Acronyms: 

coc 
FLG 
LC 
LCL 
LCS 
LCSD 
LT 
MB 
MS 
MSD 
R1 
RDL 
%AEC 
Rep. 
RPD 
S1 
82 
T 
Theo. 
UCL 

Chain of Custody 
Flag 
Actual LCS/LCSO concentration recovered 
Lower Control Limit 
Laboratory Control Sample 
Laboratory Control Sample Duplicate 
True LCS/LCSO concentration 
Method Blank 
Mattix Spike 
Matrix Spike Duplicate 
Unspiked sample concentration 
Reporting Detection Limit 
Percent Recovery 
Surrogate Reported value 
Relative Percent DIHerence 
Actual MS concentration 
Actual MSD concentration 
True concentration of MS/MSD 
Surrogate Theoretical value 
Upper Control Limit 

DCA--Division of V.O.C. Analytical Luboratories. Inc. 
121 J E;l$1 Knc.-11;1 A v~nue, An~heim CA 92 805 · Phone: (714) 9'/A-0 I I J - f'ax: (714) 978-9284. 

·' 



Mr. Bob Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

REPORT OF ANALYTICAL RESULTS 

Semi-volatile HC (8015M) 

til Date Analyzed 

• 

Date Extracted 

Dilution Factor, Times 

TPH-d Cl3-C22, mg/kg 

TPH-d C23-C28, mg/kg 

Other Semi-volatile HC (8015M) 

Surrogates ** 

Naphthalene Reported, mg/kg 

Naphthalene Theoretical, mg/kg 

ANALYTICAL REPORT 

LOG NO: G97-03-070 

Received: 04 MAR 97 

Ma i led : APR 1 1 f: '-Jl 

Purchase Order: 4708 

Project: 3659-06/SHELLRES. 

03-070-1 

03 MAR 97 
TS-2 

03/06/97 

03/05/97 

1 

<100 · 

<100 

10.6 

10.0 

Page 1 

03-070.:.2 

03 MAR 97, 
TS-4 . 

03/06/97 

03/05/97 

1 

<100 

105 

10.5 

10.0 

RC..\ · ··Di\ision of V.O.C. AnC~Iytical Lahoratoric~. Inc. 
1212 East Katella Avenue, Anahcial C.-\ •.>1J'Il5 · ''hucw: (714) 978-0113- Fax: ( 7 1~) rm: - •>2~4 



Mr. Bob Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606N4953 

LOG NO: G97-03-070 

Received: 04 MAR 97 

Purchase Order: 4708 

Project: 3659-06/SHELLRES. 

REPORT OF ANALYTICAL RESULTS. Page 2 

lOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

03-070-1 

03 MAR 97 
TS-2 

03-070-2 

03 MAR 97 • 
TS-4 

•

Volati1e HC (8015M) 

. Date Analyzed 03/05/97 03/05/97 

• 

Dilution Factor, Times 

Benzene, mg/kg 

Toluene, mg/kg 

Ethylbenzene, mg/kg 

Total Xylene Isomers, mg/kg 

TPH-g C6-Cl2, mg/kg 

Other Volatile HC (8015M) 

Surrogates ** 

a,a,a-Trifluorotoluene Rep., mg/kg 

a,a,.a-Trifluoroto1uene Th., mg/kg 

1 

<0.005 

<0.005 

<0.005 

<0.01 

<0.1 

0.0500 

0.0500 

RCA---Division or V.O.C. Analyti~l Lahoratori~~. lne. 
12 12 E~st Kat ella P ·;cn1· ;, Anaheim CA 02805 • Phone: ( 71~) 978-11 I\.>· Fa>: ' (71 !) 978-9284 

1 

<0.005 

<0.005 

<0.005 

<0.01 

<0.1 

0.0664 

0.0500 



' 
Mr. Bob Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

.-.folynuclear Aromatics (8270) 

.Date Analyzed 

• 

Date Extracted 

Dilution Factor, Times 

Acenaphthene, mg/kg 

Acenaphthylene, mg/kg 

Anthracene, mg/kg 

Benzo(a)anthracene, mg/kg 

Benzo(a)pyrene, mg/kg 

Benzo(b)fluoranthene, mg/kg 

Benzo(g,h,i)perylene, mg/kg 

Benzo(k)fluoranthene, mg/kg 

Chrysene, mg/kg 

REPORT OF ANALYTICAL RESULTS 

LOG NO: G97 -03-070 

Rece~ved: 04 MAR 97 

Purchase Order: 4708 

Project: 3659-06/SHELLRES. 

03-070-3 

04 MAR 97 
TS-3 

03/05/97 

03/05/97 

1 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

Page 3 

llCA- - -Divi ~ i on of \ '.O.C. Analvtical LabPralorics, Inc. 
1212 East Katc ll a Avenue, An~heim C.' ·. · • .~Sil '\- Pf .. ute. ( 71~) 978-0113 ·Fax: (714) 971-i-<ns-1 



Mr. Bob Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

REPORT Of ANALYTICAL RESULTS 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

.II!JJJJ;;..D i benzo (a, h) anthracene, mg/kg 

~luoranthene, mg/kg 

• 

Fluorene, mg/kg 

Indeno(l,2,3-c,d)pyrene, mg/kg 

Naphthalene, mg/kg 

Phenanthrene, mg/kg 

Pyrene, mg/kg 

Surrogates ** 

2-Fluorobiphenyl Reported, mg/kg 

2-Fluorobiphenyl Theo., mg/kg 

Nitrobenzene-d5 Reported, mg/kg 

Nitrobenzene-d5 Theoretical, mg/kg 

Terphenyl-d14 Reported, mg/kg 

LOG NO: G97-03-070 

Received: 04 MAR 97 

Purchase Order: 4708 

Project: 3659-06/SHELLRES. 

03-070-3 

04 MAR 97 
TS-3 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

1.42 

1.67 

1.41 

1.67 

1. 25 

Page 4 

llCA---Division of V.O.C. Anlllv1i~:al Lahoratnries, In<:. 
1212 r-:asr !(atclla Avenue, Anaheim CA fJ2.805- l'foonc: (714) ·ns. ··113- F;~:<; (714) 978-92.'14 



• 

• 

LOG NO 

Mr. Bob Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

REPORT OF ANALYTICAL RESULTS 

LOG NO: G97-03-070 

Received: 04 MAR 97 

Purchase Order: 4708 

Project: · 3659-06/SHELLRES. 

Page 5 

03-070-3 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

04 ~1AR 97 
TS-3 

The llllalytical reev-lto l<itlrln thh report r~U.te oal.y to the epecific 
c~a a.nd oawplea iovestigaced and "'*Y not neceoaarlly reflect 
other appareotly oi•il.ar ""tet:inl fr.,. tho ...,_ or a si'ai.l.ar loe<~ti<ro. 

'l'hi• report •hall not be roproduced, e.xcopt ln. full, vi thO'Ilt: tho 
vrhten oppro..,..l of BCA. Ho uso of this report for p>:._,t:i<1Wil or 
advert.iau.g purpoau is per'ai.tted withcrut prior wrlttoa BCA "VP"~•l· 

AC.-\---Division of V.O.C. Analytic<tl Labllrrttoric~ . Inc. 
121 2 Ea,.;t Ka telh A,· ·nuc, .-\naheim CA 92B05 - Jlhottc: (714) •17R-O II:\- r;ax: · 714) 978-9284 



ORDER PLACED FOR CLIENT: Brown and Caldwell Consultants 9703070 
BC ANALYTICAL ; GLEN LAB : 16:50:58 28 MAR 1997 - P. 1 : 

• Es ... 

703070*1 

703070*2 

703070*3 

** 

• 

SAMPLE DESCRIPTION .• DETERM ......... DATE ...... METHOD ..... EQUIP. BATCH .. 
ANALYZED 

TS-2 FUEL.C28 03.06.97 8015M 536-01 9728 
GAS.Cl2 03 .05.97 8015M 536-35 9723142 

TS-4 FUEL .C28 03.06.97 8015M 536-01 9728 
GAS.Cl2 03.05.97 8015M 536-35 9723142 

TS~3 8270.PNA 03.05.97 8270 537-14 9747 

Notes: Equipment : BC Analytical identification number for a 
particular piece of analytical equipment . 

IO.NO BC Analytical employee identification number of 
analyst. 

ID.NO 

1010 
1012 
1010 
1012 
6750 



SURROGATE RECOVERIES : 
BC ANALYTICAL : GLEN LAB : 16:51:42 28 MAR 1997 - P. 1 : 

• ANALYTE 

703070*1 

BATCH ANALYZED REPORTED 

-Ol5M Naphthalene 9728 03/06/97 10.6 
-015M a,a,a-Trifluorotoluene Re9723142 03/05/97 0.0500 

703070*2 

.015M Naphthalene 9728 03/06/97 10.5 

.Q15M a,a,a-Trifluorotoluene Re9723142 03/05/97 0.0664 

•703070*3 

1270 Nitrobenz~ne-d5 9747 03/05/97 1. 41 
2~Fluorobiphenyl 9747 03/05/97 1.42 
Terphenyl-d14 9747 03/05/97 1.25 

• 

• 

TRUE %REC FLAG 

10.0 106 
0.0500 100 

10.0 105 
0.0500 133 

1.67 84 
1.67 85 
1.67 75 



VOC ANAL YTI.NDAL£ • , 
QC REPffiT F ~070 . 
DATE PRINTED: 02 APR 1997 

NON-AQUEOUS SAMPLES ------ METHOD BLANK ------ --------------- LAB CONTROL -------------- ---------------- MA~IX QC ----------------
LCS LCSO RPO RPO HS H$0 RPO RPO 

UHrTS RESULT ROL FLG %REC FLG %REC FlG LQ UCL RPO UCL FLG %REC FLG %REC FLG LCL UCL RPD UCL FLG 

Batch: GAS*9723l42 Method: 801SH - Modified 8015 
Benzene mg/kg 0 0.005 - 122 - - - B8 150 - - - 113 - 1l5 - 67 134 2 25 
Toluene mg/kg 0 0.005 - 96 - - - 75 130 - - - 94 - 96 - 65 137 2 25 
Ethyl benzene mg/kg 0 0.005 - 95 - - - 83 118 - - 94 - 95 - 51 150 2 25 
Total Xylene Isomers mg/kg 0 0.01 - 92 - - 80 117 - - - 92 - 93 53 140 1 25 
TPH-g C6-C12 mg/k.g 0 0.1 - 101 - - - 79 123 - - - 102 - 102 - 45 134 (} 30 
[a,a,a-TrifluorotolueneJ Percent 96 - - 116 - - - 71 131 - - - 106 - 106 - 71 131 

Satch: 8270*9747 Method: 8270- GC/HS for Semivolatile Organics. Capillary column 
Acenaphthene mg/kg 0 0.2 - 73 - 86 - 57 117 16 - 96 - 84 44 128 13 34 
Acenaphthylene mg/l(g 0 0.2 - 73 - 88 - 56 136 19 
Anthracene mg/kg 0 G.2 - 63 - 72 - 57 115 13 
Benzo(a)anthracene mg/kg 0 0.2 - 77 - 103 - 44 138 28 
Benzo{a)pyrene mg/kg 0 0.2 - 75 - 84 - 36 128 11 
8enzo(b)fluoranthene ~/kg 0 0.2 - 76 - 75 - 24 137 1 
Senzo(g.h,i)perylene mg/kg 0 0.2 - 83 - 58 - 25 157 19 
Benzo(k)fluoranthene mg/kg 0 0.2 - 78 - 55 - 39 142 18 
Chrysene mg/kg 0 0.2 - 83 - 100 - 43 147 19 
Oibenzo(a.h)anthracene mg/kg 0 0.2 - 79 - 53 - 30 154 23 
Fluoraothene mg/k.g 0 0.2 - 63 - 77 - 39 137 20 
Fluorene mg/kg 0 0.2 - 73 - 85 - 57 128 15 
lndeno(l,2,3-c,d)pyrene mg/kg 0 0.2 - 82 73 - 25 162 12 
Naphthalene mg/kg 0 0.2 - 72 - 89 - 49 106 21 
Phenanthrene mg/Kg 0 0.2 - 62 - 77 - 61 122 22 
Pyrene 11¥,1/kg 0 0.2 - 77 - 102 - 52 149 28 - - 97 - 86 - 41 156 12 36 
[2-Fluorobiphenyl} Percent 77 - - 90 - 107 - 43 116 - - 98 - 89 - 38 110 
[Nitrobenzene-d5] Percent 73 - - 89 - 110 - 37 114 - - - 99 - 81 - 34 110 
[Terphenyl-dl4] Percent 69 - - 94 - 117 - 33 141 - - - 104 - 92 - 18 130 

Batch: FUEL*9728 Hethod: 8Gl5M- Modified 8015 
TPH-d C13-C22 mg/kg 0 100 - 135 - 133 - 37 166 1 38 
TPH-d C23-C28 JD;}/kg 0 100 
[Naphthalene] Percent 112 - - 104 - 98 - 55 127 



'IOC ANAL YTT-ftOALE 
SUPPLEMENTAL ~ . ~ ORT FOR 9703070 
OAT£ PRINTED: 02 APR 1997 

NON-AQUEOUS SAMPLES 

Batch: GAS*9723142 Hethod: 8015H - Modified 8015 

8703402*1 
U!ll1S It) 

Dat e Analyzed Date 03/05/97 
Oilut ion factor nmes 1 
Benzene f19/kg 0 
Toluene IIIQ/kg 0 
Ethylbenzene Tllg/kg 0 
Total Xylene Isomers Tllg/lcg 0 
TPH-g C6-Cl2 Tllg/kg 0 
a,a,a-T~ i fluorotoluene Rep. 111g/kg 0.0482 
a,a,a-Trifluorotoluene Th. mg/l:g 0.0500 

C703765•'1 ...... ._--
LC LT 

03/05/97 03/05/97 
1 

0.0185 0.0152 
0.0935 0.0974 
0.0194 0.0204 

0.110 0.119 
l.ll 1.10 

0.0580 0.0500 
0.0500 0.0500 

• • 
N/A •••••••••• 9701898"15 ••.•.. ---- . --....... . -.-...... -.•.. -.... 

LC LT Rl R2 SI S2 T 
03/05/97 - 03/05/97 03/05/97 03/05/97 

q),005 - 0.0172 0.0175 O.OIS2 
<0.005 - 0.0918 0.0932 0.0974 
<{).005 - 0.0192 0.0195 0.020-1 
qJ,Ol - 0.110 0.111 0.119 
<0.05 1.12 1.12 1.10 

0.0526 - {}.0529 0.0530 0.(}500 
0.0500 - 0.0500 0.0500 0.0500 



VUt: ANALYI~NUAlt • .2 SUPPlEMENT . T FOR 9703070 
DATE PRINTED: 02 APR 1997 

NON-AQUEOUS SAHPlES 

Batch: 8270•9747 Method: 8270- GC/HS for Semivolatile Organics. Capillary column 

8703825•1 C7031565*1 •....•••.• C7031566*1 •••••••••• 9703065"1 •••...•.•••......•.••.•................• 
UNITS MB LC LT LC LT Rl R2 Sl $2 T 

Date Analyzed Date 03/11/97 03/11/97 03/11/97 03/11/97 03/11/97 03/12/97 - 03/12!97 03/12/97 03/12/97 
Date Extracted Date 03/05/g] 03/05/97 03/05/97 03/05/97 03/05/97 03/05/97 - 03/05{97 03/05/97 03/05/97 
Dilution Factor Times 1 1 1 1 1 1 - 1 1 
Acenaphthene mg/kg 0 2.43 3.33 2.85 3.33 <0.2 - 1.61 1.41 1.67 
Acenapht~ylene mg/kg 0 2.43 3.33 2.93 3.33 <0.2 
Anthracene mg/kg 0 2.10 3.33 2.39 3.33 <0.2 
Benzo(a)anthracene mg/kg 0 2.58 3.33 3.43 3.33 <0.2 
8enzo(a)pyrene mg/kg 0 2.51 3.33 2.79 3.33 <0.2 
8enzo(b)fluoranthene lll:J/kg 0 2.53 3.33 2.50 3.33 . <0.2 
Senzo(g,h,i)perylene mg/kg 0 2. 75 3.33 2.28 1.33 <0.2 
8enzo(k)fluor3nthene mg/kg 0 2.61) 3.33 2.17 3.33 <0.2 
Chrysene ~/kg 0 2.7S 3.33 3.32 3.33 <:{).2 
Dibenzo(a,h)anthracene mg/kg 0 2.63 3.33 2.09 3.33 <0.2 
Fluoranthene mg/kg 0 2.11 3.33 2.58 3.33 <0.2 
Fluorene mg/kg 0 2.44 3.33 2.84 3.33 <0.2 
Indeno(l,2,3-c,d)pyrene mg/kg 0 2.74 3.33 2.43 3.33 <0.2 
Naphthalene mg/kg 0 2.40 3.33 2.96 3.33 <0.2 
Phenanthrene mg/lcg 0 2.07 3.33 2.58 3.33 <0.2 
Pyrene rng/kg 0 2.56 3.33 3.39 3.33 <0.2 - 1.62 1.43 1.67 
2-Fluorobiphenyl Reported mg/lcg 1.28 1.50 1.67 1.78 1.67 1.88 - 1.64 1.49 ouc 
2-Fluorobip~nyl Theo. rng/l:g 1.57 1.67 1.67 1.67 1.67 1.67 - 1.67 1.67 1.67 
Nitrobenzene-dS Reported mg/kg 1.22 1.49 1.67 1.83 1.67 1.63 . - 1.65 1.35 0 NC 
Nitrobenzene-dS Theoretical l!IJ/l:g 1.67 1.67 1.67 1.67 1.67 1.67 -· 1.67 1.67 1.67 
Terphenyl-d14 Reported mg/kg 1.15 1.57 1.67 1.96 1.67 1.78 - 1.74 1.53 0 NC 
Terphenyl-dl4 Theoretical ng/kg 1.67 1.67 1.67 1.67 1.67 1.67 - 1.67 1.67 1.67 

Batch: FUEL-9728 Method: 8015H- Modified 8015 

8703374'*1 C70372IW1 •···•••••• C703722t1 •.•..••••• N/A •••••••••••••••••••••••••••••••••••••••• 
UNITS HB LC LT LC lT Rl R2 Sl sz T 

Date Analyzed Date 03/05/97 03/05/97 03/05/97 03/05/97 03/05/97 
Date Extracted Date 03/06/97 03/05{97 03/05/97 03/05/97 03/05/97 
Dilution Factor Times 1 1 1 1 1 
TPt!-d Cl3-C22 l!IJ/I:g 0 135 100 133 ' 100 
TPH-d C23-C28 ll)J/I:g 0 
Naphthalene Reported 10'1/kg 11.2 10.4 10.0 9.80 10.0 
Naphthalene Thecretlcal rug/kg 10.0 10.0 10.0 10.0 10.0 
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April11, 1997 · 

Brown and Caldwell 
16735 Von Karman, Suite 200 
Irvine, CA 92606 
Attn: Mr. Bob Pope 

Reference: Client Project # 3659-06, Shell Resevoir 

Dear Mr. Pope, 

LOG NO.: G97·03-317 

Enclosed is the analytical report for the chemical testing of samples collected in support of the• 
above-referenced project. Samples were identified and tracked ln the BCNVOC system as log 
number G97~03-317. When making inquiries about this report, please provide the log number . 

The contents of this package are based on the requirements specified in the BC Analytical, A 
Division of V.O.C. Analytical laboratories, Inc. uQuaHty Assurance Management Plan". The 
case narratlve addresses batch specific quality control as it pertains to this document. 

If you have any questions, please do not hesitate to call me at (714) 978-0113. 

Sincerely, 

Patty Mata 
Project Manager 

BCi\--Division of V.O.C. Analytical Laboralorics. Inc. 
1212 En11 Kaldl;~ Awnue, An3heim CA 92805 • Phone: (71.1) 978-0 II J - Fax: (714) 978·9284 



• 

I 

LOG NO.: G97-03-317 

CASE NARRATIVE 

The following narrative addresses all project specific data quality objectives with respect to: 
holding times, method blanks, lab control standards, matrix spike and duplicate samples. 
Analytical anomalies encountered during sample analysis are also discussed as necessary. 

Sample receipt: 
Samples were received under COC from Brown and Caldwell at the Anaheim office on 3/12197. 
All containers were received intact and propeny preserved. 

No anomalies were encountered during the analysis of the project. 

BCA-- Division of V.O.C. Analylicall.ahoratorics, Inc. 
1212 East Katclla Avenue, Anaheim CA 92H05- Phone: (714) 978.0113- Fa~: (714) 978-<!2!>~ 



• 

• 

ACRONYMS AND FLAG DEFINITIONS 

Flag Definitions: 

Replicate values. Used when replicate results are entered into the MS/MSD column 
of tne OC report. 

8 Blank contamination. Used when associated method blank concentration is greater 
than the PQL. · 

J Estimated value. Used for sample results greater than or equal to MDL, but less 
than the POL. 

NC Not calculated. Used when sample result is greater !han two times the spike amount 
added, or when extracted surrogates were diluted at least 1:10. 

0 Quality objectives were not met. Used for Method Blank, laboratory Control 
Samples, Matrix Spikes, Matrix Duplicates and Surrogates. 

Acronyms: 

COG 
FLG 
LC 
LCL 
LCS 
LCSD 
LT 
MB 
MS 
MSD 
R1 
RDL 
%REC 
Rep. 
APD 
S1 
82 
r 
Thea. 
UCL 

Chain of Custody 
Flag 
Actual LCS/LCSD concentration recovered 
Lower Control Umit 
Laboratory Control Sample 
Laboratory Control Sample Duplicate 
True LCS/LCSD concentration 
Method Blank 
Matrix Spike 
Matrix Spike Duplicate 
Unsplked sample concentration 
Reporting Detection Limit 
Percent Recovery 
Surrogate Reported value 
Relative Percent Difference 
Actual MS concentration 
Actual MSD concentration 
True concentration of MS/MSD 
Surrogate Theoretical value 
Upper Control Umit 

HCA··Division of V.O.C. Analytical L1boratories. Inc. 
1212 East KatcllaAvenue, Anaheim CA 92805 ·Phone: (7141 'J7R·OIJ3 ·Fax: (714)978·9284 

. ' 



Mr. Robert Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

•

Semi-volatile HC (8015M) 

Date Analyzed 

Date Extracted 

Dilution Factor, Times 

TPH-d C13-C22, mg/kg 

TPH-d C23~C28, mg/kg 

REPORT OF ANALYTICAL RESULTS 

Other Semi-volatile HC (8015M) 

Surrogates ** 

1,3-Dichlorobenzene Reported, mg/kg 

1,3-0ichlorobenzene Theoretical, mg/kg 

ANALYTICAL REPORT 

LOG NO: G97-03-317 

Received: 12 MAR 97 

Mailed: APR 1 1 1~97 

Project: 3659-06/SHELLRES 

03-317-1 

11 MAR 97 
TS-5 

03/13/97 

03/12/97 

1 

<100 

<100 

18.2 

25.0 

Page 1 

HC..\ --- Divi~ion of V.O.C. Anc~lyticnl L.1boratorics, Inc. 
1212 Ea .~ l Kai 1.' lla AY<.:Illll'. .'\n;1hci'n c. · •J2R05- Phone: (714) 978-011.\ . Fa:.:: (7! ~ 1 <l /,':.11 :2$~ 



Our Quolil)' Conrrol ls Yovr Qw>~<:o Auwa"'t 

Mr. Robert Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

REPORT OF ANALYTICAL RESULTS . 

~olatile HC (8015M) 

Date Analyzed 

• 

Date Extracted 

Dilution Factor, Times 

Benzene, mg/kg 

Toluene, mg/kg 

Ethylbenzene, mg/kg 

Total Xylene Isomers, mg/kg 

TPH-g C6-Cl2, mg/kg 

Surrogates ** 

a,a,a-Trifluorotoluene Rep., mg/kg 

a,a,a-Trifluorotoluene Th., mg/kg 

LOG NO: G97-03-317 

Received: 12 MAR 97 

Projec{: 3659-06/SHELLRES 

11 MAR 97 
TS-5 

03/15/97 

<0.005 

<0.005 

<0.005 

<0.01 

<0.1 

0.0516 

0.0500 

Page 2 

HCA···Division of V.O.C. .'\nalylical L;dmratoriefi, In<.:. 
1212 E '~ t 1· ;~ tell a Avenue, Anaheim CA •nsos ·Ph'"'": ( 71·1) 9':3-0 l3 ·Fax: (714) 978·92~4 



Mr. Robert Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606~4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

lynuclear Aromatics (8270) 

ate Analyzed 

Date Extracted 

Dilution Factor, Times 

Acenaphthene, mg/kg 

Acenaphthylene, mg/kg 

Anthracene, mg/kg 

Benzo(a)anthracene, mg/kg 

Benzo(a)pyrene, mg/kg 

Benzo(b)fluoranthene, mg/kg 

Benzo(g,h,i)perylene, mg/kg 

Benzo(k)fluoranthene, mg/kg 

Chrysene, mg/kg 

REPORT OF ANALYTICAL RESULTS 

LOG NO: G97-03-317 

Received: 12 MAR 97 

Project: 3659-06/SHELLRES 

03-317-2 

03/18/97 

03/13/97 

1 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

<0.2 

Page 3 

BCA---Division of V.O.C. An;d)~i<:;~l L1 huratorics, Inc. 
1212 Eas t K:llcll:· AYcnue, Anaheim CA 92805 · Phone: (''l.J) 078-01: :-;.I ax: (714) 978-9284 



Mr. Robert Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606~4953 

REPORT OF ANALYTICAL RESULTS 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON" AQUEOUS 

...ribenzo(a,h)anthracene, mg/kg 

~luoranthene, mg/kg 

• 

Fluorene, mg/kg 

Indeno(l,2,3-c,d)pyrene, mg/kg 

Naphthalene, mg/kg 

Phenanthrene, mg/kg 

Pyrene, mg/kg 

Surrogates ** 

·2-Fluorobiphenyl Reported, mg/kg 

2-Fluorobiphenyl Theo., mg/kg 

Nitrobenzene-dS Reported, mg/kg 

Nitrobenzene-d5 Theoretical,·mg/kg 

Terphenyl-d14 Reported, mg/kg 

LOG NO: G97-03-317 

Received: 12 MAR 97 

Project: 3659-06/SHELLRES 

03-317-2 

12 MAR 97 
TS-6 

<0.2 

<0.2 

<0.2 

<0.2 

<:0.2 

<0.2 

<0.2 

1.50 

1.67 

1.40 

1.67 

1.47 

Page 4 

IICA-··Divi~ion of V.O.C. Analytical Laboratories, Inc. 
1212 East Kalella Avenue, An~hcim CA '~2i\OS- P'wnt. (714) 978-0113 ·Fax: (71.t) <)7~ - 9284 



, CM Ql.iliry GoniTol h Your Qu.iliry AuuraJU< 

Mr. Robert Pope 
Brown and Caldwell Consultants 
16735 Von Karman, Suite 200 
Irvine, CA 92606-4953 

LOG NO 

DATE SAMPLED 
SAMPLE DESCRIPTION 
NON-AQUEOUS 

REPORT OF ANALYTICAL RESULTS 

LOG NO: G97-03-317 

Received: 12 MAR 97 

Project: 3659-06/SHELLRES 

03-317-2 

12 MAR 97 
TS-6 

Page 5 

Terphenyl-d14 Theoretical, mg/kg 

~----------------------------- ----------------~ 
1.67 

• 

Q~ ~t_lj_J:j 
Gre~Ga 70USt i an, Laboratory oll*litor 

The onalydc.al. re1r0lt:e within thl.s report rel.et:e onl7 t:o the npm:ific 
cowpounda and ~plea investigated and aay not necesaarily reflect 
ot:hor app;a.r•ntly dailar aat.,d~l fr010 the ,......, or a "i.Ular loudon. 

'rhlo report shall not: be reproduced, ""cept in ful1, rlthaut the 
"dtt""' "pprov»l of BCA. No uae of this repo~t for promotional or 
advortioiQg purposes is permitted ~itbout prior ~itten DCA approval • 

RCA---Division of V.O.C. Analytical Laboratoricfi, Inc. 
!212 Ear.l Kntclla .'\venue, Anaheim CA 92&)5- Phon~o": (714) '/7x-011J- f<': -.:: C'4) 978-9284 



ORDER PLACED FOR CLIENT: Brown and Caldwell Consultants 9703317 
BC ANALYTICAL : GLEN LAB : 15:00:47 19 MAR 1997 - P. 1 : 

• ES ••• 

1703:317*1 

1703317*2 

'** 

• 

•• 

SAMPLE DESCRIPTION .. DETERM ••••••••• DATE ...... METHOD ....• EQUIP. BATCH •• 
ANALYZED 

TS-5 FUEL.C28 03.13.97 8015M 536-37 9735 
GAS.C12 03.15.97 8015M 536-33 9723162 

TS-6 8270.PNA 03.18.97 8270 537-12 9755 

Notes: Equipment BC Analytical identification number for a 
particular piece of analytical equipment. 

ID.NO = BC Analytical employee identification number of 
analyst. 

ID.NO 

1010 
6843 
1009 



SURROGATE RECOVERIES : 
BC ANALYTICAL : GLEN LAB : 15:00:24 19 MAR 1997 - P. 1 : 

• ANALYTE 

703317*1 

015M 1,3~Dichlorobenzene 

BATCH 

9735 
015M a,a,a-Trifluorotoluene Re9723162 

703317*2 

.270 Nitrobenzene-d5 9755 
2-Fluorobiphenyl 9755 
Terphenyl-d14 9755 

• 

I 

ANALYZED REPORTED TRUE %REC FLAG 

03/13/97 18.2 25.0 73 
03/15/97 0.0516 0.0500 103 

03/18/97 1.40 1.67 84 
03/18/97 1.50 1.67 90 
03/18/97 1.47 1.67 88 



\IOC AHALYTI~E • .l QC REPORT f, . . . ·. 17 
DATE PRINTED: 02 APR 1997 

NON-AQUEOUS SAMPLES ------ METHOD BLANK ------ --------------- LAB CONTROL -------------- ---------------- MATRIX QC ----------------
LCS LCSD RPD RPD MS 1'!50 RPD RPO 

UNITS RESULT RDL FLG %REC FLG %REC FLG lCL UCL RPO UCL FLG %REC FLG %REC fLG LCl UCL RPO UCL FLG 

Batch: GAS*9723162 Hethod: 801SM - Modified 8015 
Benzene lli!J/kg 0 0.005 - 87 Q 97 - 88 1~ 11 - - 136 Q 99 - 57 134 32 25 Q 
Toluene rrg/kg 0 0.005 - as - 92 - 75 130 4 - - 100 - 74 - 65 137 31 25 Q 
Ethy lbenzene ~/kg 0 0.005 - 88 - 94 - 83 118 6 - - 105 - 77 - 51 150 31 25 Q Total Xylene Isomers mg/kg 0 0.01 - 91 - 97 - 80 117 6 - - 102 - 74 - 53 140 32 25 Q TPH-g C6-C12 mg/kg a 0.1 - 102 - - - 79 123 - - - 91 - 104 - 45 134 11 30 [a,a.a-Trif)uorotolueneJ Percent 93 - - 93 - 94 - 71 131 - - - 107 - 106 - 71 131 

Batch: 8270*9755 Method: 8270- GC/HS for Semivolatile Organics. Capillary column 
Acenaphthene mg/kg 0 0.2 - 93 - 90 - 57 117 3 - - 91 - 9{) - 44 128 1 34 
Acenaphthylene mg/kg 0 0.2 - 96 - 93 - 55 136 3 
Anthracene nr:J/kg 0 0.2 - 80 84 - 57 115 4 
Benzo(a)anthracene mg/kg 0 0.2 98 - 101 - 44 138 3 
Benzo(a)pyrene mg/kg 0 0.2 - 93 - 94 - 36 128 
Benzo(b)fluoranthene mg/kg 0 0.2 - 95 - 101 - 24 137 4 
Benzo(g.h, i)perylene mg/kg 0 0.2 - 98 - 108 - 25 157 10 
Benzo(k)fluoranthene mg/kg 0 0.2 - 99 - 95 - 39 142 3 
Chrysene ng/kg 0 0.2 - 99 - 111 - 43 147 11 
Dibenzo(a.h)anthrace~e mg/kg G 0.2 95 - 104 - 30 154 9 
Fluoranthene mg/kg 0 0.2 - 75 - 85 - 39 137 12 
Fluorene rrg/kg 0 0.2 - 91 - 90 - 57 128 2 
Indeno(l.2,3-c,d}pyrene mg/kg 0 0.2 - 116 - 126 - 25 162 B 
Naphthalene mg/kg 0 0.2 - 88 - 94 - 49 106 6 
Phenanthrene mg/kg 0 0.2 - 78 - 83 - 61 122 6 
Pyrene mg/kg 0 0.2 - 99 - 97 - 52 149 2 - - 97 - 95 - 41 156 2 36 
(2-fluorobiphenyl] Percent 62 - - 102 - 98 - 43 116 - - - 87 - 86 - 38 110 
[Nitrobenzene-dS) Percent 62 - - 100 - 104 - 37 114 - - - 83 - 37 - 34 llO 
[Terphenyl-d14] Percent 52 - - 110 - 110 - 33 141 - - - 89 - 87 - !8 130 

Batch: FUEL*9735 Hethod: BOlSM- Modified 8015 
TPH-d Cl3-C22 QlJ/kg 0 100 - 107 - 120 - 37 166 12 38 
TPH-d C23-C28 mg/kg • 0 100 
[1.3-Dichlorobenzene] Percent 104 - - 105 - I<l5 



VOC ANAL YTI.J«lAU 
SUPPlEMENTAL . PORT FOR 9703317 • DATE PRrHTED: 02 APR 1997 

NON-AQUEOUS SAHPLES 

Batctl: GA$•9723162 Hetllod: 801511 - Modifi~ 8015 

87031070"1 C7032044*1 .••••••••• C7032045*1 • • • •• • • • • • 9703149*12 • •••••••••.••••••••••••••••• ..• ••••••••• 
UII!TS It! LC LT LC LT Rl R2 Sl S2 T 

Date Analyzed Date 03/14/97 03/14/97 03/14/97 03/14/97 03/14/97 03/14/97 - 03/14/97 03/14/97 03/14/97 
Date Extracted. Date 
Oilut ion Factor TIJDeS 1 1 l 1 l l - 1 2 1 

Benzene ;ng/kg 0 0.0437 0.0500 0.0487 0.0500 <O.oos - 0.0207 0. 0150 0.0152 
Toluene lDJ/kg 0 0.0442 0.0500 0.0461 0.0500 <0.005 - 0.0976 O.ll717 (}.0974 

Ethyl benzene mg/kg 0 0.0442 0.0500 0.0468 0.0500 <0.005 - 0.0215 0.0157 0.0204 
Tota 1 Xylene I somers JPg/kg 0 0.137 0.150 0.146 0.150 <Cl.Ol - 0.121 0.0875 0.119 
TPH-9 C6-C12 mg/kg 0 1.12 1.10 - - 0.23 - 1.23 1.37 1.33 
a.a.a-Trifluorotoluene Rep. III!J/kg 0.0463 46.7 0.0500 0.0471 0.0500 0.0499 - 0.0537 0.0529 0.0500 
a.a.a-TrifluorotoTuene Th. rog{kg 0.0500 50.0 0.0500 0.0500 0.0500 0.0500 - 0.0500 0.0500 0.0500 
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AS BUILT DRAWINGS 
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