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MULTI-MEDIA SAMPLING PROGRAM
MaRrcCH 10, 1993

This document presents the results of a multi-media sampling program which was conducted
to determine if chemicals or radionuclides had migrated or had been deposited on two
properties 'adjacent to the mnorth/morthwest property line of Rockwell International
Corporation, Rocketdyne Division’s Santa Susana Field Laboratory (SSFL). The two
properties (referred to as study areas) were the Brandeis-Bardin Institute and the Santa
Monica Mountains Conservancy (hereafter, Brandeis-Bardin and the Conservancy,
respectively). In addition to the study areas, six background locations that were from 15
to 12.5 miles of the SSFL were sampled to provide data on background concentrations of

metals and radionuclides.

Number and Types of Analyses. Eighteen soil samples were collected from background areas
and 118 soil/sediment samples were collected from the study areas. All soil/sediment
samples were analyzed for: 37 volatile organic compounds (VOCs), 67 semi-volatile organic
compounds (SVOCs), 13 priority pollutant metals, 75 naturally occurring and man made
radionuclides as a gamma scan as well as, tritium, isotopic plutonium (i.e., plutonium-238
and plutonium-239), iodine-129, and strontium-90. One surface water sample was collected
from a background area and seven surface water samples were collected from the study
areas. All surface water samples were analyzed for the same chemicals and radionuclides
cited for soils/sediments as well as for gross alpha and gross beta radioactivity.
Groundwater was sampled from two wells (a minimum of two times each) and analyzed for
the same analytes as surface water except for metals. Fifteen fruit samples were collected
from background areas. Nine fruit samples were collected at the study areas. All fruit

samples were analyzed for the full suite of radionuclides listed above.
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Quality Assurance/Quality Control. A rigorous quality assurance/quality control (QA/QC)
program was implemented during sampling to assure that the data were valid. Comparison
of the QA/QC samples (blind field duplicates, field split samples, and interlaboratory split
samples) to their respective scheduled sample showed an overall agreement of
approximately 97 percent. This level of agreement (completeness) demonstrated that the

data were valid.

Data Evaluation. Soil radionuclide and heavy metal data from the human use areas were
evaluated statistically by comparing to background data. Sediment data from the
Watersheds were not evaluated statistically because they were not randomly selected.
Organic chemical data were not evaluated statistically because organic chemicals are
generally not naturally occurring. Fruit and water samples were not evaluated statistically

because there were not enough background data points.

Results of Chemical Analyses. No VOCs or SVOCs associated with activities at the SSFL
were detected in any of the 118 soil/sediment samples collected in the study areas.
Groundwater at an irrigation well (the Well by the Gate at the Conservancy) had
trichloroethene (TCE) at 10 micrograms per liter of water (ug/L) and 9 ug/L. It is assumed
that the TCE has migrated from the SSFL because elevated levels have been detected
beneath the site. The Well by the Gate has been added to Rocketdyne’s ongoing
groundwater monitoring program. No other chemicals associated with Rocketdyne were

detected in the surface water or groundwater samples collected.

Some organic chemicals that were not associated with Rocketdyne activities were also
reported in this study. Toluene was detected in two soil samples at the Visitor Center

Parking Lot at the Conservancy at 7 and 9 micrograms per kilogram of soil (ug/kg).
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Toluene is a component of gasoline and is found in partially combusted gasoline such as car

exhaust.

At Brandeis-Bardin, 4-methylphenol, a chemical found in disinfectants and pesticides, was
detected in one soil sample at the Dormitory Area at 670 ug/kg; bis(2-ethylhexyl)phthalate,
one of the most abundantly produced plasticizers, was found in five soil samples at the
Counselor-in-Training Area ranging from 370 to 8,500 ug/kg; and 4,4’-dichlorodiphenyl-
dichloroethene (4,4-DDE), a breakdown product of 4,4’-dichlorodiphenyldichloroethane
(4,4-DDT), was detected in one soil sample at the Vegetable Garden at 340 ug/kg.

Heavy metals from Rocketdyne activities were reported at two locations: lead in all five soil
samples taken from the Former Rocketdyne Employee Shooting Range at the Conservancy
ranging from 59 to 280 milligrams per kilogram of soil (mg/kg) and mercury in one of nine
sediment samples at the Sodium Burn Pit Watershed at Brandeis-Bardin at 0.35 mg/kg.

The Former Rocketdyne Employee Shooting Range was previously used for skeet and trap
shooting practice and lead shot was visible on the ground throughout the area. Rocketdyne
began cleanup of the lead shot on October 19, 1992, Mercury was known to be contained

in the former Sodium Burn Pit, which is currently undergoing excavation and cleanup.

Zinc was detected in one of six sediment samples taken at the Radioactive Materials
Disposal Facility (RMDF) Watershed at a concentration of 120 mg/kg, which is greater than
the ninety-fifth percentile’ of the measured background concentration for zinc of 112
mg/kg. Although this value is outside of the criteria established in the report, the

concentration is the same as two soil samples collected at one of the background areas.

' The ninety-fifth percentile is equal to the mean of all background area samples plus

two times the standard deviation.
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Radionuclide Results. Four radionuclides were detected in sediment samples in the
watersheds at Brandeis-Bardin which exceeded the ninety-fifth percentile of the measured
background concentrations in soil: tritium, strontium-90, cesium-137, and plutonium-238.
Two radionuclides were detected in two surface water samples from the RMDF.
Radionuclide data from the fruit from the study areas were below background. No
radionuclides were detected above measured background in any of the human activity areas
at either the Conservancy or Brandeis-Bardin. Radionuclides were not detected in

groundwater.

Tritium exceeded the ninety-fifth percentile of the measured background [552 picocuries per
liter of water (pCi/L] in seven of the 118 soil/sediment samples. Tritium concentrations
in these sediment samples were: 1,100 +100 picocuries per liter (pCi/L), 990 +150 pCi/L,
1,300 +300 pCi/L, 1,300 +200 pCi/L, and 1,500 +200 pCi/L in the RMDF Watershed and
10,800 +300 pCi/L and 9,810 +330 pCi/L in the Building 59 Watershed. Of the seven
surface water samples, tritium was detected in the RMDF Watershed at a concentration of
1,500 +100 pCi/L. [The maximum contaminant limit (MCL) for tritium in drinking water
is 20,000 pCi/L.] It is concluded that the tritium was from off-site migration from the SSFL.

Of the 118 soil/sediment samples collected, strontium-90 was detected in five sediment
samples above the ninety-fifth percentile of the measured background [0.07 pCi/g(dry)] at
the RMDF Watershed [0.08 +0.01 pCi/g(dry), 0.09 +0.01 pCi/g(dry), and 0.15 +0.02
pCi/g(dry)] and the Sodium Reactor Experiment Watershed [0.08 +0.002 pCi/g(dry) and
0.09 +0.02 pCi/g(dry)]. Strontium-90 was also detected in two associated surface water
samples at the RMDF at 1.1 +0.03 pCi/L and 1.8 +0.05 pCi/L. (The MCL for strontium-
90 in drinking water is 8.0 pCi/L).
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Cesium-137 and plutonium-238 were also detected in the watersheds at concentrations above
the ninety-fifth percentile of the measured background [0.21 pCi/g(dry) and 0.10 pCi/g(dry),
respectively]. Cesium-137 was detected in four of the 118 soil/sediment samples collected
in this study at a concentration of 0.34 +0.04 pCi/g(dry) in the RMDF Watershed, 0.24
+0.06 pCi/g(dry) and 0.30 +0.05 pCi/g(dry) in the Sodium Reactor Experiment Watershed,
and 0.23 +0.03 pCi/g(dry) in the Building 59 Watershed. Plutonium-238 was detected in
two of the 118 soil/sediment samples at 0.19 +0.06 pCi/g(dry) and 0.22 +0.07 pCi/g(dry)
in the Building 59 and RD-51 Watersheds, respectively. Because the data from the ravines
were not statistically evaluated, it could not be definitively concluded whether the
concentrations of strontium-90, cesium-137, and plutonium-238 in the sediment above the
ninety-fifth percentile of the measured background were due to off-site migration. When
the t-tests were run, the concentrations of these radionuclides in the ravines were not

different from background.

Conclusions. The purpose of this study was to determine whether chemicals and/or
radionuclides near the SSFL property line were present on Brandeis-Bardin or the
Conservancy as a result of activities at the SSFL. The study identified the following
occurrences of chemicals and radionuclides which were present as a result of the SSFL

activities:

> Trichloroethene (TCE) in the groundwater at the Well by the Gate at the
Conservancy;

> Tead in the Former Rocketdyne Employee Shooting Range at the
Conservancy,

> Mercury in one sediment sample at the Sodium Burn Pit Watershed at

Brandeis-Bardin; and
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> Tritium in the Radioactive Materials Disposal Facility Watershed and in the
Building 59 Watershed at Brandeis-Bardin.

Recommendations. Tt is recommended that the sediment deposit containing the mercury be
removed by Rocketdyne and properly disposed. Additional sampling may be warranted, for
example, to monitor the RMDF and Building 59 Watersheds. Recommendations will be
solicited by Rocketdyne from the regulatory agencies, the SSFL work group, and the public
after review of this report. Appropriate follow-up activities will be conducted after the

recommendations are received.
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Multi-media sampling was conducted on behalf of Rockwell International Corporation,

Rocketdyne Division, to assess if there had been migration and/or deposition of
chemicals/radionuclides off-site onto two properties adjacent to the Rocketdyné Santa
Susana Field Laboratory (hereafter, SSFL). The two adjacent properties were the Brandeis-
Bardin Institute and the Santa Monica Mountains Conservancy (hereafter, Brandeis-Bardin
and the Conservancy, respectively). A Workplan entitled "Workplan for Multi-Media
Sampling at the Brandeis-Bardin Institute and the Santa Monica Mountains Conservancy”
(hereafter, the Workplan) was prepared in February 1992. Prior to implementation, the
Workplan was reviewed and approved by the United States Environmental Protection
Agency (USEPA), the California Environmental Protection Agency-Department of Toxic
Substance Control (Cal-EPA-DTSC), the Department of Health Services (DHS), the
Regional Water Quality Control Board-Los Angeles Region (RWQCB), Brandeis-Bardin,
and the Conservancy. Comments and/or suggestions were also solicited from the
Community members. Comments and/or suggestions made by these organizations and
individuals were addressed and, when appropriate, were incorporated into the Workplan.
The Workplan fully described the approach to be used for evaluating Brandeis-Bardin and
the Conservancy properties. Figure 1-1 shows the approximate locations of the Rocketdyne

SSFL, Brandeis-Bardin, and the Conservancy properties.

The Multi-Media Sampling Program was designed as a screening tool to determine whether
chemicals and/or radionuclides from operations at the SSFL were present on the adjacent
properties during the period sampled. The study was not intended to reconstruct potential
historical off-site impacts (i.e.,historical dose reconstruction).
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The analytical results of the Multi-media Sampling Program were evaluated in two steps:

1) Background levels of chemicals and radionuclides were documented by collecting
representative samples in local background areas. (These levels were strictly
applicable only to the random sampled areas but were also used as a qualitative basis

of comparison for the watersheds).

2) Analytical results for chemicals and radionuclides associated with operations at the
SSFL from samples collected from Brandeis-Bardin and the Conservancy were
compared to background levels from similar properties to determine whether the
subject properties have significantly elevated levels of chemicals or radionuclides

relative to the background levels.

Samples of the soil, groundwater, surface water, and fruit were collected to make the
comparisons between the study areas and background. These media were selected because
they represent the most likely current or future exposure pathways. For example, soil could
be inadvertently ingested and/or inhaled by persons hiking, driving, or camping on the
properties. Groundwater could be used for irrigation and surface water could be contacted
directly by hikers or campers. Fruits could be impacted by particulate deposition or
chemical uptake through the roots. (Vegetable samples were not collected because
vegetables were not available during the sampling period). Although the potential for
exposure by any of these pathways is low, data were gathered for all these media to

determine whether chemicals and/or radionuclides were present in the areas sampled which

may have been the result of Rocketdyne’s activities.
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Three potential sources of chemicals and radionuclides were evaluated as part of the

sampling effort:

> Naturally occurring background levels of metals and radionuclides

> Chemicals resulting from activities unrelated to Rocketdyne such as
polynuclear aromatic hydrocarbons (PAHSs) and other combustion byproducts
from campfires, vehicle exhaust, or the use of pesticides

> Chemicals or radionuclides resulting from activities at the SSFL.

Of these three potential sources, chemicals or radionuclides from activities at the SSFL were
the primary focus of the sampling effort. A survey of present and historical activities at the

Rocketdyne facility was used to characterize potential sources of chemicals and

. radionuclides.

To meet the stated objectives, this report contains the following information:

> Identification of chemicals and radionuclides associated with operation at the

SSFL (Section 2.0)

> Sampling approach and methodologies (Sections 3.0 and 4.0)
> Quality assurance and quality control (QA/QC) methodologies and results,
statistical analysis methodologies, and sampling results from Background

Areas (Sections 5.0 through 8.0)

> Sample results from Brandeis-Bardin and the Conservancy properties

(Sections 9.0 and 10.0).
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> A discussion of the results and a summary of the conclusions drawn from this

study (Sections 11.0and 12.0).

> A list of references cited in this report and additional outside reading

(Section 13.0).
1.1  Sampling History At Adjacent Properties

This section discusses the results of previous sampling activities at Brandeis-Bardin and the

Conservancy.
1.1.1 Brandeis-Bardin Institute

Soil samples were collected by Mr. Joel I. Cehn, C.H.P. (consultant to Brandeis-Bardin) at
the Brandeis-Bardin property and analyzed for tritium and other radionuclides (Cehn, 1991).
Cesium-137 was detected in one sample at 0.671 picocuries per gram of dry soil (pCi/g(dry))
in the watershed (ravine) leading from the Radioactive Materials Disposal Facility (RMDF).
This sample was near sample location BB-16-003 in this report.

Samples of naturally occurring vegetation were also collected by Mr. Cehn. Potassium-40
(K-40) was detected in seven of the eight samples at concentrations ranging from 5.92to0 16
picocuries per gram of undried vegetation (pCi/g(wet)), which were concluded to be within
the range of natural background (Cehn, 1991). Three of the eight samples were analyzed
for tritium, which was detected in one sample at the detection limit of 0.100 pCi/g(wet).

This level was also concluded to be within natural background levels (Cehn, 1991).
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Samples from artesian wells 0OS-1, 0OS-2, OS-3, OS-4 and OS-10A were collected in May
1991 by Mr. Cehn. The analytical results for tritium and gamma scan were below the
detection limits of 200 picocuries per liter of water (pCi/L) for tritium and 4.0to 5.0pCi/L
for cesium-137 (gamma scan). These samples were not analyzed for volatile organic

compounds {(Cehn, 1991).

Wells (e.g. artesian wells OS-1, 0S-2, 0S-3, 0S-4, and O8-5) and springs (e.g.,0S-8) on the
Brandeis-Bardin property within a one mile radius of the SSFL are currently sampled
annually, at a minimum, by Groundwater Resources Consultants, Inc. (GRC) as part of the
Rocketdyne Groundwater Monitoring Report. As recently as September 1991, analytical
results have been below the limits of detection for volatile organic compounds and
radionuclides in these wells and springs. Cal-EPA collected split samples with GRC from
the off-site wells and springs during the quarterly sampling in September 1991. Therefore,
at the recommendation of the USEPA and the consultant to Brandeis-Bardin, and with the
agreement of Mr. Howard Kaplan, Director of Finance and Development of Brandeis-

Bardin, these wells were not sampled as part of this survey.

Cluster wells (RD-34 A, B, and C) were constructed in July and August 1991 at Brandeis-
Bardin near the SSFL property line in the watershed below the Radioactive Materials
Disposal Facility (RMDF). Samples were collected in August 1991 by the Cal-EPA and
GRC. Tritium was detected in the shallow well (RD-34 A, open from 16 to 60 feet below
ground surface) at concentrations ranging from 3,380 to 5,410 pCi/L, which is below the
drinking water standard of 20,000 pC/L [California Code of Regulations (CCR), Title 22,
Section 64443]. Samples taken from the intermediate and deep- wells (RD-34 B and
RD-34 C, open from 179 to 240 feet and 378 to 450 feet below ground surface, respectively)
were below the detection limit of 500 pCi/L. The wells were resampled in October 1991
and March 1992. Tritium was detected in RD-34 A at concentrations ranging from 6,628
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to 7,069 pCi/L. and in RD-34 B at concentrations ranging from 500 to 637 pCi/L. Tritium
was below the detection limit of 500 pCi/L in samples collected from RD-34C. During the
most recent sample collection in June 1992, tritium was detected at 2,529pCi/L in RD-34A
and at 534 pCi/L in RD-34B (detection limit of 500 pCi/L). Tritium was below the
detection limit of 500 pCV/L in samples collected from RD-34C.

A former water supply well, referred to as the "Old Well," is located in the southeastern
portion of the Brandeis-Bardin property. (This is shown as the pump house on Figure 9-14
in this report.) The pump motor was damaged as a result of vandalism and dismantled by
the head ranch hand of Brandeis-Bardin; the pump has not been operated since 1973
(Personal Communication, 1992). Since this well was not functional and was not being used,
nor were there any plans to reactivate this well in the future, and with the agreement of Mr.
Howard Kaplan, Director of Finance and Development of Brandeis-Bardin, groundwater

was not sampled from the Old Well as part of this survey.
1.1.2 Santa Monica Mountains Conservancy

Air, soil, and groundwater were sampled in 1989 and 1990 by consultants for the

Conservancy.

Air samples were collected at a background location, at the perimeter, in the meadow, and
at the residence at the Conservancy by the California Air Resources Board (CARB) from
June 5 to June 8, 1990. Samples were analyzed for nine chlorinated hydrocarbons, five of
which were quantified above reporting limits. Blank samples contained the following
chemicals: perchloroethene [0.05 parts per billion (ppb)] 1,1,1-trichloroethane (0.62 ppb),
trichloroethene (0.08 ppb), and chloroform (0.07 ppb), indicating laboratory contamination.

In comparison to background samples, only carbon tetrachloride, trichloroethene, and
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chloroform were present at levels slightly above the two background Ilevels (two
measurements from one location). The concentrations of these compounds were less than
0.07 ppb greater than background. As noted by CARB in their cover letter, only 1,1,1-
trichloroethane was detected consistently at the site. The range of ambient concentrations
of 1,1,1-trichloroethane was 0.23 to 0.98 ppb. Given the limited number of background
samples, and the fact that blank samples contained perchloroethene, 1,1,1-trichloroethane,
trichloroethene, and chloroform, volatile organic compounds were not detected at levels

significantly above background.

Ten soil samples were analyzed by FGL Environmental Analytical Chemists for volatile
organics using USEPA Method 8240. All chemicals were below the reporting limits of 5 to

25 micrograms per kilogram of soil (ug/kg). The ten soil samples were also analyzed for
gross alpha and gross beta radioactivity. The mean levels of radioactivity ranged from 7 to
23 picocuries per gram of wet soil [pCi/g(wet)] for gross alpha radioactivity and 18 to 32
pCi/g(wet) of soil for gross beta radioactivity.

Three groundwater samples were collected and analyzed for metals and other water quality
parameters, such as total dissolved solids, total hardness, specific minerals, color, odor,
coliform bacteria, fluoride, and gross alpha and beta radioactivity by Lee and Ro
Environmental Laboratory. Only iron at concentrations of 2.31and 0.51 milligrams per liter
(mg/L) in two of the three wells tested exceeded the maximum contaminant level (MCL)
for iron established by the State of California for drinking water (0.30 mg/L). A surface

water sample was collected near an on-site personnel building and analyzed for the same

constituents as the groundwater. The results for all constituents analyzed were below the
MCLs.
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1.2  Organic Compounds

The organic compounds included in this study are not naturally occurring or may be
associated with specific activities, such as campfires or engine exhaust. Any results
indicating the presence of organic compounds were not statistically compared to background
levels (as described in Section 1.3 for the metals and radionuclides) but were included in
the results if they were greater than the reporting limits for volatile and semi-volatile
organic compounds for each analysis (refer to section 5.3.1.6for a discussion regarding

reporting limits).

1.3 Naturally Occurring Metals and Radionuclides

Heavy metals and most radionuclides are naturally occurring constituents of soil and rock.
Background levels of these chemicals vary widely from location to location based on the
type of rock or soil. For this reason, this study uses statistics to compare data from study
areas to data from background areas to determine whether the chemicals were typical of
measured background or could have originated from activities at the SSFL (see Section 7.0).
In addition to background data, Section 8.0 of this report references published studies on

naturally occurring and background concentrations of heavy metals and radionuclides.
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The analyses implemented during the Multi-Media Sampling Program focused on those
chemicals that were used or that may have been produced during operations at the SSFL.
Based on a review of the environmental monitoring data collected at the SSEL and the
historical use of chemicals at the SSFL, the chemicals and radionuclides that were used or

that may have been produced are discussed in this section.
2.1 Volatile Organic Compounds (VOCs)

Industrial solvents used for cleaning and degreasing consisting of VOCs have been used at
the SSFL. Surface water and groundwater samples were analyzed for VOCs because VOCs
were used at the SSFL. VOCs [primarily trichloroethene (TCE) and its degradation
products] have been detected in the groundwater at the SSFL. Subsurface soil samples
(from 6 to 12 inches) were analyzed for VOCs to provide a comprehensive analysis of the
off-site properties.

In this sampling program, samples were analyzed for the complete suite of VOCs using
USEPA Method 8240, which includes the solvents used at Rocketdyne, degradation products
of these solvents, and other compounds that were never used at this facility. Since these
compounds are not considered to be naturally occurring, this report includes a discussion

of all of the VOCs that exceed the reporting limit ! for the analysis. (See Section 5.3.1.6for

! Reporting limit is the minimum amount reported by the laboratories.
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a discussion of reporting limits.) Table 2-1 lists the volatile organic compounds included in

the Method 8240 analysis.

Several of the chemicals analyzed by Method 8240, such as acetone and methylene chloride,
are also used in analytical laboratories for cleaning laboratory glassware and for extracting
organic chemicals from soils and sludges. Since these chemicals are very volatile, they
sometimes contaminate clean samples and show up in the results. One way to determine
whether a VOC is a laboratory contaminant is to send a sample of pure water (a trip blank)
along with the sample. If the sample of pure water contains these VOCs, it is assumed that
they resulted from chemicals in the laboratory or contamination during transport. If these
same VOCs are seen in samples shipped concurrently with the trip blank it is assumed that
these, too, are from the laboratory. Trip blanks and other quality assurance samples were
included in this study to identify any VOCs that were a result of laboratory contamination.
Two common laboratory contaminants that are often detected are acetone and methylene

chloride.
2.2  Semi-Volatile Organic Compounds (SVOCs)

Semi-volatile organic compounds are a class of compounds that include chlorinated
pesticides and polynuclear aromatic hydrocarbons (PAHs). These chemicals are relatively
heavy, have low vapor pressures, and are not readily mobile in the environment. Since these
chemicals could have been aerially deposited onto surface soils in dust particles or carried
by water as sediments, surface soil samples and water samples were analyzed for SVOCs.
The PAHs are potential by-products associated with the experimental coal gasification
facility at the SSFL; however, they also occur naturally and may be present as a result of

burning wood in campfires or natural fires unrelated to Rocketdyne.
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1,1-Dichloroethane Carben Disulfide
1,1-Dichloroethene Carbon Tetrachloride
1,1,1-Trichloroethane Chiorocbenzene
1,1,2-Trichloroethane Chiorcethane
1,1,2,2-Tetrachloroethane Chloroform
Chloromethane

¢is-1,2,-Dichloroethene

trans-1,2-Dichloroethene

cis-1,3-Dichloropropene

trans-1,3-Dichloropropane Dibromochloromethane
1,2-Dichloroethane Ethylbenzene
1,2-Dichloropropane Methylene Chloride
2-Butanene - Styrene
2-Chioroethylvinylether Tetrachloroethene
2-Hexanone Trichlorofluoromethane
Toluene

4-Methyl-2-Pentanone

m-, p-, & o-Xylene

Acetone
Benzene trans-1,3-Dichloropropene
Bromodichioromethane Trichloroethene
Bromoform Vinyl Chloride
Bromomethane

2-3

Table 2-1 identifies the standard svite of volatile organic compounds analyzed by USEPA Method 8240. Groundwater, surface water, and soil
were analyzed for VOCs using USEPA Method 8240.
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In this sampling program, soil samples and most associated equipment rinsate samples were
analyzed for the complete suite of SVOCs using USEPA Method 8270. Water samples and
some equipment tinsate samples were analyzed only for PAHs using USEPA Method 610
because PAHs were the primary semi-volatile organic compound of interest. Table 2-2 lists
the compounds that are reported for each analysis using these USEPA methods. Since
SVOCs are not normally considered to be natrally occurring, this report includes a
discussion of any SVOC that exceeds the reporting limit for the analysis.

2.3  Priority Pollutant Metals

Priority pollutant metals have low vapor pressures and low solubilities and are generally
found relatively close to their source. The most likely mode of migration of metals away
from 2 source would be as sediments in surface water runoff or as airborne particulates
following rocket engine testing. The major potential source of metals within the study area
is at the former Rocketdyne Employee Shooting Range (located on the Conservancy
property) which had visual evidence of lead shot on the surface. All priority pellutant

metals were analyzed in surface soils and surface water at all locations studied.

Metals are naturally occurring in soils and rocks. Metal concentrations, however, vary with
type of soil or rock and it may not necessarily be obvious whether a metal that is detected
in soil or water is naturally occurring or from activities at the SSFL. Statistical methods, as
described in Section 7.0,are used in this report to determine the concentration of naturaily
occurring heavy metals and to determine how much, if any, could have come from activities
at the SSFL.

Table 2-2 identifies the full suite of semi-volatile organic compounds (SVOCs) analyzed by
USEPA Method 8270. Soil and most equipment rinsate samples were analyzed for SVOCs

24




SEMI-VOLATILE ORGANIC COMPOUNDS (SVOCs)
(USEPA METHODS 8270 AND 610)

1,2-Dichlorobenzene

TABLE 2-2

4-Methylphenol

MULTI-MEDIA SAMPLING PROGRAM

MaRrcH 10,1993

Dibenzo(a,h)anthracene *

1,2,4-Trichlorobenzene

4-Nitroaniline

Dibenzofuran

1,3-Dichlorobenzene

4-Nitrophenol

Diethylphthalate

1,4-Dichlorobenzene

4,6-Dinitro-2-methylphenol

Dimethylphthalate

2-Chloronaphthalene

Acenaphthene *

Endosulfan sulfate

2-Chlorophencl

Acenaphthylene *

Fluorene *

2-Methylnaphthalene Anthracene * Fluoranthene *
2-Methylphenol Benzo(a)anthracene * Heptachlor Epoxide
2-Nitroaniline Benzo(a)pyrene * Hexachlorobenzene
2-Nitrophenol Benzo(b)fluoranthene * Hexachlorobutadiene
2.,4-Dichlorophenol Benzo(g,h,i)perylene * Hexachlorocyclopentadiene
Hexachloroethane

2,4-Dimethyliphencl

Benzo(k)fluoranthene *

2,4-Dinitrophenol

Benzoic Acid

Indeno(},2,3-c.d)pyrene *

2 4-Dinitrotoluene Benzyl Alcohol Isophorone
2.4,5-Trichlorophenol Bis(2-chloroethoxy)methane N-Nitroso-di-N-propylamine
2.,4,6-Trichlorophenol Bis(2-Chloroethybether N-Nitrosodiphenylamine

2,6-Dinitrotoluene Bis(2-Ethylhexyl)phthalate Naphthalene *

3-Nitroaniline Bis-(2-chloroisopropyl)ether Nitrobenzene
Butyl benzyl phthaiate Pentachlorophenol

3,3 -Dichlorobenzidine

4-Bromophenyl phenyl ether Chrysene * Phenanthrene *
4-Chloro-3-methylphenol Di-n-butylphthalate Phenol
4-Chloroaniline Di-n-octylphthalate Pyrene*

4-Chlorophenyl phenyl ether
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using USEPA Method 8270. Compounds marked with an asterisk (*) are the polynuclear
aromatic hydrocarbons (PAHs) analyzed using EPA Method 610. Water samples and some
equipment rinsate samples were analyzed for PAHs using USEPA Method 610. The USEPA
methods used in this study (6000 and 7000 Series Methods) provided data on 13 priority
pollutant metals (Table 2-3). Seven metals associated with Rocketdyne activities were evaluated
in this report. These metals were cadmium (Cd), total chromium (Cr), copper (Cu), nickel (Ni},
zinc (Zn), lead (Pb), and mercury (Hg). Although not discussed explicitly in the text, the data
for the other six priority pollutant metals are included in Appendix D.

2.4 Radionuclides

Radionuclides were used in nuclear power research in Area IV of the SSFL. Based ona review
of the available data for Area IV, including the resuits of the North Slope Runoff Monitoring
Program, it was concluded that the best indicators of potential impact of the SSFL activities on
the adjacent properties would be strontium-90 (Sr-90), tritium (H-3), and gamma emitting
radionuclides. Strontium-90, tritium, cesium-137 (a gamma emitter) and cobalt-60 (a gamma
emitter) are isotopic by-products from nuclear fission and neutron activation. Some tritium is
also naturaily produced in the upper atmosphere. At the request of the SSFL work group,
analyses for@ (a beta emltter) and isotopic plutommp (Eﬂpha and bemﬂ)ltters) were
addedt{thfic?}# of work. e

Surface water and groundwater were analyzed for strontium-90, iodine-129, isotopic plutonium,
tritium, gamma-emitting radionuclides (a gamma scan), gross alpha radioactivity, and gross beta
radioactivity. Soil and fruit samples were analyzed for the same radionuclides as the other
media with the exception of gross alpha and gross beta radioactivity, which are not typically
analyzed in soil. For each sample, a minimum of 18 commonly detected gamma emitting
radionuclides (including cesium-137 and cobalt-60) were reported by the taboratory. The gamma
scan actually covered a full suite of 75 gamma-emitting radionuclides which were in the
laboratory’s analysis library (Table 2-4). The laboratory reported values for any of these other

57 radionuclides if they were detected.
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TABLE 2-3

PRIORITY POLLUTANT METALS (USEPA METHOD 6000 AND 7000 SERIES)

Antimony Mercury*
Arsenic Nickel*
Beryllium Selenium
Cadmium* Silver
Chromjum* Thallium
Copper* Zinc*
Lead*

Table 2-3 Identifies the full suite of priority pollutant metals analyzed for this project. The asterisk (*) identifies
the seven metals associated with activities at Rocketdyne.




TABLE 2-4

GavMa EMITTING RADIONUCLIDES IN THE GAMMA ScanN LIBRARY
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Actinium-228 Iodine-134 Silver-110
Americium-241 Todine-135 Sodium-22
Antimony-125 Iron-51 Sodium-24
Argon-41 Iron-59 * Strontium-85
Barium-140 * Krypton-85 Strontium-91
Beryllium-7 * Krypton-87 Strontium-92
Bismuth-207 Krypton-88 Tellurium-129
Bismuth-214 Lanthanum-140 Thallium-208
Bromine-141 Lead-210 Thorium-228 *
Cerium-139 Lead-212 Thorium-234
Cerium-141 * Lead-214 Tin-113
Cerium-143 Manganese-54 * Tungsten-187
Cerium-144 * Manganese-56 Uranium-235
Cesium-134 * Mercury-203 Xenon-131M
Cesium-136 Molybdenum-99 Xenon-133
Cesium-137 * Neptunium-239 Xenon-133M
Cesium-138 Nickel-65 Xenon-135
Chlorine-38 Niobium-95 Yitrium-88
Chromium-51 Nobelium-147 Yirrium-91
Cobalt-57 Potassium-40 * Yttrium-92
Cobal1-58 * Radium-226 * Yttrium-93
Cobalt-60 * Radium-228 Zirconjium-95 *
Copper-64 Rhodium-105 Zirconium-97
Todine-131 * Ruthenium-103 * Zinc-65 *
Todine-133 Ruthenium-106 * Zinc-69

Table 2-4 identifies the full suite of 75 radionuclides
asterisk (*) identifies the 18 gamma emitting radionuct
reported above detection limits are discussed in this report.
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This section presents the selection criteria for the sampling areas and the sampling approach

for soil, sediments, surface water, groundwater, and fruits at these locations. This sampling
plan was designed as a screening effort to determine whether any chemicals or radidnuclides
from Rocketdyne activities were present off-site, particularly in areas that could result in
human exposure. The purpose of the sampling was to collect samples from the off-site
locations where the potential for human exposure would be highest ("human use areas") and
where the potential for chemical concentrations would be the greatest (the "ravines" or
uwatersheds” closest to Area IV of the SSFL). The data from these "study areas" were then
compared to data from the background areas to determine whether the chemicals could

have originated from Rocketdyne or from other human activities.
3.1 Sampling Areas

This section describes the areas that were sampled and the rationale for their selection. For

the purposes of clarity in this discussion, the following terms are defined:

Study Areas : This term is used to refer to the two properties which were sampled: Brandeis-

Bardin and the Conservancy.

Background Areas: This term is used to refer to the six locations at least 1.5 miles away

from the SSFL that were sampled to establish background levels of the chemicals and

radionuclides.
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Sampling Area: This term refers to an area within one of the study or background areas

from which samples were collected.

Sampling Block: This term refers to the randomly selected blocks within a sampling area
grid or from the non-random sample locations in the ravine areas from which discrete soil

samples were collected. (Refer to Section 4.3.1for a complete description.)

Sampling Location : This term refers to a specific point where a soil/sediment sample or
surface water sample was collected. The term also refers to the specific tree or well from

which fruit or groundwater samples were obtained.

3.1.1 Background Sampling Areas

Background areas were sampled to provide a basis of comparison to distinguish naturally
occurring concentrations of heavy metals and radionuclides from heavy metals and
radionuclides that may have originated from Rocketdyne. The source of heavy metals and
some radioactive elements in background areas is the rock from which the soil is derived.
The deposition of airborne material (e.g.,world-wide fallout from nuclear weapons testing)

and subsequent surface runoff is another source of certain radionuclides.

Several factors were considered in selecting the background sampling locations: soil type,
surface geology, slope, €xposure, similarity of vegetation, wind direction, accessibility, and
distance from Rocketdyne. Recommendations from the regulatory agencies, local citizens,

and the Committee to Bridge the Gap were received and accepted for background study

areas.
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It should be noted that the background soil samples were from areas that were generally
open and level. Radionuclides from airborne deposition on surface soils would be expected
to be evenly distributed in the open, level background areas, and comparisons between
background and the randomly sampled study areas are accurate comparisons. Sediments
in the ravines are composed of clay, silt, and sand that have eroded from the surrounding
hillsides. Radionuclides from weapons testing (Sr-90, Cs-137, and Co-60) and other soil-
borne chemicals could be at slightly higher concentrations in the ravine sediments.
Therefore, comparing sampling results from the ravines to the results of the selected
background areas would be conservative and could result in some ravine samples being
declared different than background because of the accumulation of chemicals and

radionuclides in sediments deposited by run-off.

In addition to soil and surface water samples, fruit samples were collected from trees at
orchards near Happy Camp (BG-05) and from a local supermarket in the San Fernando
Valley. The purpose of the samples from the orchards near Happy Camp was {o compare
fruit grown outside the area of potential impact around the SSFL to fruit grown in the study
areas. The purpose of the samples from the local supermarket was 10 provide a basis of
comparison of fruit presumably grown on soil outside of the study areas, but still consumed

by the members of local communities. The Background Areas are:

»Rocky Peak (BG-01) »Happy Camp (BG-05)

»Santa Susana Park (BG-02) »Santa Monica Mountains National Recreation Area (BG-06)
»Bell Canyon (BG-03) »Orchards near Happy Camp (BG-0T)

»Western Sampling Site (BG-04) »Ralph’s Supermarket (BG-08)

Soil samples were collected from six background areas (BG-01 through BG-06). One
surface water sample was collected at Rocky Peak (BG-01). Fruit samples {avocados and
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lemons) were collected from the orchards near Happy Camp (BG-07) and oranges,
avocados, and tangerines were purchased from Ralph’s Supermarket (BG-08). Figure 3-1

shows the locations of the background sampling areas.
312 Study Area Sampling Areas

Two types of sampling areas were selected. Sampling areas in the ravines nearest the SSFL
were selected because they are closest to Rocketdyne and are most likely to have been
affected. Since this is rugged terrain and not easily accessible, humans are not likely to be
exposed to the soil/sediments or surface water in these ravines. These sampling areas are

referred to as "ravines” or "watersheds”.

A second type of sampling area was selected based on the frequency of human use, which
could result in human exposure if chemicals or radionuclides from the SSFL were present
at high concentrations. These areas included playgrounds, parking lots, campgrounds, or
other areas where humans are likely to be. Samples were also collected of fruit, surface
water, and groundwater that may result in exposure, by eating the fruit or using the water
for drinking or irrigation. The areas where a potential for human exposure exists were

referred to as "Human Activity Sampling Areas.”

Each of the sampling areas within the study areas is discussed below.

3.1.2.1 Brandeis-Bardin Institute

The following sampling areas were identified after consultation with Mr. Howard Kaplan

(Director of Finance and Development at Brandeis-Bardin), Mr. Joel Cehn (a private

consultant to Brandeis-Bardin), and Rocketdyne personnel.

34
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The locations are shown with the location designations used in this sampling effort:

HUMAN ACTIVITY SAMPLING AREAS

»Perimeter of the Playground (BB-01) »Potential Development Site 1 (BB-(8)
»Dormitory Area (BB-02) »Potential Development Site 2 (BB-09)
»Campsite Area 1 (BB-03) »Potential Development Site 3 (BB-10)
»Campsite Area 2 (BB-04) »Vegetable Garden (BB-11)

»Picnic Area (BB-05) »Main House Orchard (BB-12)
»House of the Book (BB-06) »Avocado Grove (BB-13)
»Counselor-In-Training Area (BB-07) »0Old Well Campsite (BB-14)

RAVINE SAMPLING AREAS
@  rosi Waershed BB15)

»Radioactive Materials Disposal Facility (RMDF) Watershed (BB-16)
»Building 59 Watershed (BB-17)

»Sodium Burn Pit Watershed (BB-18)

»Sodium Reactor Experiment (SRE) Watershed (BB-19)'

Soil/sediment samples were collected at all of the above locations. Surface water was
collected at five of these locations (BB-03, BB-04, BB-16, BB-18, BB-19). Tangerines and
lemons were sampled from the main house orchard (BB-12) and avocados were sampled
from the avocado groves (BB-13). Figure 3-2 shows the locations of the sampling areas on

the Brandeis-Bardin property.

1

The location designations for the RD-51 Watershed and the Sodium Reactor Experiment Watershed
.\ were reversed in the Workplan.
!
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3.1.2.2 Santa Monica Mountains Conservancy

Based on the frequency of human use, the following eight sampling arcas were identified

after consultation with Ms. Rorie Skei, the Conservancy Program Manager:
HUMAN ACTIVITY SAMPLING AREAS

»Visitor Center Parking Lot (SM-01)
»Existing Road System (SM-02)
»Former Rocketdyne Employee Shooting Range (SM-03)
»Orange Groves (SM-04)
»Antenna Well (SM-05)
;. »Well by the House (SM-06)
»Well by the Gate (SM-07)
»A Spring (SM-08)

Soil samples were collected from four areas (SM-01, SM-02, SM-03, and SM-04). Fruit
samples (oranges) were collected from the Orange Groves (SM-04). Groundwater was
sampled from two groundwater wells (SM-05 and SM-07) and spring water was sampled
from one location (SM-08). The Well by the House (SM-06) was not sampled because the

Conservancy was not planning to use the well for drinking water or irrigation. Figure 3-3

shows the locations of the Conservancy sampling areas.
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3.2 Sampling Approach Overview

This section provides a brief overview of the sampling approach used for each medium

being sampled. Additional details are presented in Sections 4.0 and 5.0.

3.2.1 Soil/Sediment

This section discusses the approach used to select soil or sediment sample locations.
3.2.1.1 Background Sampling Areas

Soil samples were collected from each of the Background Sampling Areas using a stratified
random sampling method. A sampling grid (100 square feet) was marked off over an area
that was as pristine as possible. Each grid consisted of 100 sampling blocks, each 10 feet
by 10 feet. Three blocks were randomly selected in each of the study sampling areas. Each
selected sampling block was then sampled at a randomly determined location. In this way,
samples were obtained that would be considered representative of the area. Variations of
the method were used if the sampling area was too small in either dimension to
accommodate the 100-square foot sampling grid. Discrete, undisturbed soil samples were
collected in brass tubes 1 using a drive sampler from each sampling location at a depth of 0
Mand anm/ym_iffjolloysz (1) semi-volatile organic compounds (SVOCs); (2)

i et

priority pollutant heavy metals (metals); (3) gamma scan and tritium; (4) strontium-90
(Sr-90) and iodine-129 (I-129); and (5) isotopic plutonium (Pu-238 and Pu-239). An
additional sample was taken at a depth of 6 to 12 inches and analyzed for volatile organic

compounds (VOCs).
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3.2.1.2 Human Activity Sampling Areas

The approach to the human activity sampling areas was identical to the background
sampling areas except that each human activity sampling area was sampled at five discrete
locations rather than three. The 100-square foot sampling grid was marked off over an area
that is used, or could potentially be used, for human activity. The same analyses were

conducted as in the background sampling areas.

3213 Ravine Sampling Areas

Sediment samples were collected from five ravine sampling areas (Brandeis-Bardin sampling
areas BB-15 through BB-19) using a purposeful sampling approach. In the purposeful
approach, sample locations were selected from those areas most likely to contain chemicals
or radionuclides rather than a random sampling of a uniform area.  Locations within the

drainage pathways where sediment deposition was observed were selected for sampling.

The determination of which areas most likely contained chemicals or radionuclides was
based on the expected behavior of chemicals and radionuclides in the environment and is
somewhat subjective given variations in geology and terrain. The cationic radionuclides of
concern (Sr-90, Pu-238, Cs-137, Co-60) and the heavy metals generally bind to soil particles
and move as suspended sediments along with surface water. When the rate of water
movement slows, as would be expected at the bottom of a hill or the bend of a stream, the
sediments settle out of the water and are deposited at the bottom of the stream bed or at
the inner margin of the bend (Muller, 1978; Sprugel, 1978). Consequently, by sampling at
low points in the ravines in areas with deposits of sediments, any residual accumulation of
radionuclides or heavy metals would most likely be detected. Radionuclides from fatlout

from nuclear weapons testing and most heavy metals would be subject to accumulation in
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sediments as surface clays, silts, and sands containing these compounds eroded and were

deposited as sediments (Sprugel, 1978; Muller, 1978).

Chemicals that are less tightly bound to soil particles (such as trittum, iodine-129, and
volatile organic compounds) would be expected to move along with the water with far less
attenuation as they pass through the soil. The areas "most likely" to contain these chemicals
and radionuclides would be in emergent water and associated stream beds closest to the

source, as their potential for migration once released is great.

Each of the ravines was walked to verify the connection with Rocketdyne facilities and to
select those locations within the drainages that contained sufficient sediments for sample
collection. Four to nine sample locations were identified in each drainage area; locations

were approximately 50 to 60 feet apart.

Samples were collected for VOC analysis by using the brass tube and pressing it by hand
into the sediments. The remainder of the tube was filled, as necessary, using a hand trowel.
Samples for the remaining analyses were collected in the ravine sampling areas using a hand
trowel because the depth of sediments was too shallow, or the sediments were too saturated

to use the drive sampler.

3.2.2 Surface Water

Surface water was collected at locations where sufficient flowing surface water was available
to obtain a representative sample. For the purposes of this project, surface waters included
emergent groundwater (springs) and streams. Surface water samples were analyzed for:
{1) VOCs, (2) SVOCs, (3) priority pollutant metals, (4) strontium-90, (5) iodine-129, (6)
gamma scan, (7) isotopic plutonium, (8) tritium, and (9) gross alpha and gross beta
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radioactivity. Ms. Jennifer Schroll, from the California Environmental Protection Agency,
Department of Toxic Substances Control (Cal-EPA-DTSC) suggested that one round of
surface water samples would provide sufficient information; therefore, only one round of
" surface water was collected rather than two as proposed in the Workplan. The decision was
then made to sample more areas once rather than to sample fewer areas twice. Thus, data

could be obtained from a greater number of sampling areas.

3.2.3 Groundwater

Groundwater was sampled from two wells at the Conservancy rather than three as originally
proposed. The Well by the House (SM-06) was not sampled because the well was non-
functional and was no longer used. Groundwater was analyzed for: (1) VOCs, (2) SVOCs,
(3) strontium-90, (4) iodine-129, (5) gamma scan, (6) isotopic plutonium, (7) tritium, and
(8) gross alpha and gross beta radioactivity. A minimum of two rounds of sampling were
conducted one week apart and the results of the groundwater sampling were compared to
drinking water standards established by the State of California.

3.2.4 Fruits

Samples were taken from fruit trees that were bearing fruit at the time of sampling (lemons,
oranges, tangerines, and avocados). Three samples were collected from each orchard
sampling area. Three trees within each sampling area were randomly selected and the fruit
was collected from the side of the tree facing the SSFL. The three fruit samples from each
sampling area were analyzed for: (1) strontium-90, (2) iodine-129, (3) gamma scan,

(4) isotopic plutonium, and (5) tritium.
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Background samples were collected from two sources: lemons and avocados from the
Orchards near Happy Camp (BG-07) and avocados, oranges, and tangerines from Ralph’s

Supermarket in the San Fernando Valley (BG-08). Three samples of each fruit type were
collected.
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This section provides an outline of each component of the sampling protocol.

4.1 Decontamination Procedures

All sampling equipment was decontaminated prior to use in the field to prevent or minimize

cross-contamination between field samples and contamination from external sources. In the

Workplan, decontamination procedures were set up as follows:

1)
. 2)

3)

4)
5)
6)

1)
2)

3)
4)
5)

Wash and scrub in a non-phosphate detergent

Rinse in tap water

Rinse or soak in 10% nitric acid (trace metal or higher grade nitric acid
diluted with distilled/deionized water)

Rinse in distilled/deionized water

Air dry

Wrap in clean aluminum foil (shiny side out) and seal with custody tape

Decontamination in the field was conducted in accordance with the following procedure:

Washed and scrubbed in trisodium phosphate detergent

Rinsed or soaked in 1% nitric acid (trace metal or higher grade nitric acid
diluted with distilled water)

Rinsed in distilled water

Air dried

Wrapped in clean aluminum foil
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Four steps described in the Workplan (formerly steps 1, 2, 3, and 6) were altered in the
field. Trisodium phosphate detergent was used rather than a non-phosphate detergent.
Sampling equipment was not washed in tap water because there was no source of tap water
in most of the remote areas. The nitric acid solution was a 1% solution rather than a 10%
solution. The sampling equipment was not wrapped in aluminum foil if it was used
immediately after washing and air drying; custody tape was not used to wrap sample
equipment if sampling equipment did not leave the sampling teams’ possession between

decontamination and sample collection.

Disposable gloves were worn at all times when handling cleaned sampling equipment. Trip
blanks, field rinsate samples, and field blanks were collected to detect any contamination
associated with handling the sample or sampling equipment. Sampling equipment that was
reused at different sampling locations was decontaminated between sampling locations.
Sampling equipment was not decontaminated between sample cores at a single sample
location, because these cores were taken adjacent to each other and represented a single

sample.

Decontamination waste water was placed in 5-gallon buckets and transferred to 55-gallon
Department of Transportation approved drums at the end of each day. The drums were
appropriately labeled, characterized by chemical and radionuclide analyses, and properly
disposed by Rocketdyne after the laboratory results for the chemical and radionuclide

analyses were received.
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4.2 Sample Identification and Labeling

4.2.1 Sample Identification

Soil, sediment, surface water, groundwater, and fruit samples were identified using a sample

register number and a site-specific sample identification code. A register number was a

preprinted, sequential number assigned to each individual sample linking the sample to

descriptive information recorded in the sample register book. The site-specific sample

identification code was a 9-digit code designed to provide a clear indication of the sample

location from which the sample was collected and the intended chemical or radionuclide

analyses. The site-specific sample identification codes consisted of the following

components:

Digits 1 and 2:

Digits 3 and 4:

Digits 5, 6, and 7:

SOIL/S EDIMENT -

SURFACE WATER -

GROUNDWATER -

A two-letter code described the sample’s origin:
BG: Background Sampling Area

BB: Brandeis-Bardin Institute

SM: Santa Monica Mountains Conservancy

A two-digit number described the sampling area of origin.
Table 4-1 summarizes the codes for digits 1 through 4.

A three-digit code described the medium being sampled:

code indicated the sampling block number for the grid samples
or the sample location number for Ravine Sampling Areas.

code indicated the number of the sample in the order of
collection (i.e.,001, 002, 003, etc.)

code indicated the number of the sample in the order of
collection (i.e.,001, 002, 003, etc.)
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TABLE 4-1

SAMPLE AREA IDENTIFICATION CODES

Background {BG) Rocky Peak 01
Santa Susana Park 02

Beil Canyon 03

Western Sampling Site 04

Happy Camp 05

Santa Monica Mountains National Recreation Area 06

Orchards Near Happy Camp o7

Ralph’s Supermarket 08

Brandeis-Bardin (BB) Human Activity Sample Areas

. Perimeter of the Playground 01
Dormitory Area 02

Campsite Area 1 03

Campsite Area 2 : 04

Picnic Area . 05

House of the Book 06

Counselor-in-Training Area o7

Potential Development Site 1 08

Potential Development Site 2 09

Potentiat Development Site 3 i0

Vegetable Garden ) 11

Main House Orchard- 12

Avocado Grove - 13

Old Well Campsite . 14

44
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TABLE 4-1

SAMPLE AREA IDENTIFICATION CODES

Brandeis-Bardin (BB) Ravine Sampling Areas
RD-51 Watershed - 15
Radioactive Materials Disposal Facility Watershed 16
Building 59 Watershed . 17
Sodium Burn Pit Watershed 18
Sodium Reactor Experiment Watershed 19

Santa Monica Mountains Human Activity Sampling Areas

Conservancy (SMMC)
Visitor Center Parking Lot 01
Existing Road Systemn - 02

. Former Rocketdyne Employee Shooting Range . 03

Orange Groves - 04
Antenna Well - 05
Well By The House 06
Well By The Gate 07
Spring - 08

BG, BB, SMMC Blind Field Duplicates All Areas 00
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FRUITS - code indicated the number assigned to the soil sampling block
within which the fruit was taken or the number of the sample in
the order of collection for store bought background samples (001 to
012).

BLIND FIELD blind field duplicates were designated by sequential numbers

DUPLICATES - reflecting the order in which they were collected. The relationship
to the original sample was documented in the field log book. The
purpose of blind field duplicate samples is discussed in '
Section 5.1.2.

Digits 8 and 9: This two-letter code indicated the medium sampled and the
analysis to be conducted. In some cases, a single sample was used
for more than one type of analysis and the designations for
soil/sediment, groundwater, and surface water were not necessarily
the same. In this report, the analysis and the medium sampled will
be identified in the headings of the tables rather than relying on
this code. Table 4-2 summarizes these codes.

. 4.2.2 Sample Labeling

All samples received two sample identification numbers: (1) the register number, which was
the serial number printed on the register sample label, and (2) a site-specific sample
identification code. Additional information such as project name, date and time of
collection, the requested analytical method, and the sampler’s initials were also recorded in

the sample register book and on the sample labels (Figure 4-1).
4.2.3 Sample Documentation

In addition to the sample register books, other information was recorded in bound field log
books. Daily entries documented the date, the names of the field teams, weather conditions,
location-specific entries for grid setup and sample locations, locations of split samples, and

miscellaneous entries. The field log book remained in the possession of the sampling team
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FIGURE 4-1
REGISTER LABEL EXAMPLE

Aﬁ’a%@ 188401

Label Register / Water Sample

Sampler: \/JE@ Smh Date: __ 12/ il !oi o
Client/Site: Rocketd %{\6/"

Well / Location: ___1OS OC) w B

COC #: T 149711 Lab: Mo L areq !Ha( t
Sampling Method: ___ 100\ 1 €0

Time Sampled: 122y 0 QM.
Analysis: \DCS

. Container / Preservative: DNV \O  (w, HCA
Submitted or Shipped to Lab: Me laven ! Yoot

Date: Time:

Comments:

: Check if Muttiple Vial, of Sample #

2/ ez
2= e p~r?%
areh o Svvit .
A\\'\ Aq-%'ﬂ.'_ SXNOSCOI W T
11101 White Rock Road N 05@91{0)
Rancho Cordova. CA 95670
/ 916.638.3696 188401

. DETACHABLE ADHESIVE LABEL FOR SAMPLE ViIAL
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and at the end of the sampling activities, the sampling team leader reviewed all entries for

accuracy and completeness.
4.2.4 Sample Handling, Shipping, and Storage

Samples were sealed, labeled, and placed in plastic coolers for shipment to the appropriate
analytical laboratory. Glass containers were packed in foam shipping blocks. Glass and
plastic water sample containers were wrapped in bubble wrap and packed securely in ice
chests. The coolers destined for the McLaren/Hart laboratory were lined with double-
bagged crushed ice or blue ice packs. Coolers with samples for radioactivity analyses were
shipped without ice. The chain of custody forms were placed in a sealed plastic bag inside
the cooler. The coolers were sealed with a custody seal and shipped via overnight courier.

Samples were shipped via courier to the McLaren/Hart laboratory on a daily basis.

Samples collected after the courier departed were stored on ice and shipped the following
day. Radionuclide samples were held for up to three days before shipment to the
appropriate Teledyne Laboratory. Appropriate quality assurance/quality control (QA/QC)
samples were shipped with the field samples.

4.3  Soil/Sediment Sampling

Soil samples were collected from six background areas, fourteen areas at Brandeis-Bardin,
and four areas at the Conservancy. Sediment Samples were collected from five areas at
Brandeis-Bardin. Three locations were sampled in each of the background sampling areas
and at least five locations were sampled in each of the sampling areas at Brandeis-Bardin
[except at the Building 59 Watershed (BB-17) and the Sodium Reactor Experiment

Watershed (BB-19) where only four sediment samples were collected] and the Conservancy.
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This subsection presents the protocols for the grid sampling and purposeful (deterministic)
sampling approaches, as well as the protocol for the collection and handling of soil/sediment
samples and documentation of soil/sediment sampling. Soil/sediment sample containers,
container size, appropriate preservatives and holding times are presented in Table 4-3.
Appendix A lists the reporting and detection limits for the various analyses (refer to

Section 5.3.1.6for a discussion of reporting and detection limits).

4.3.1 Soil/Sediment Sampling Strategies

This subsection presents the methods that were used to select the soil/sediment sample
locations. Grid sampling was conducted in the Background Areas and Human Activity
Areas at Brandeis-Bardin and the Conservancy. Purposeful sampling was conducted in the

Ravine Sampling Areas at Brandeis-Bardin.

43.1.1 Grid Sampling Approach

A grid sampling approach was used in areas where surface conditions were relatively
uniform. Sampling locations were selected from the grid on a random basis. The random
sampling was expected to provide an unbiased measure of the mean chemical or

radionuclide concentration in the sampling area.

Sampling locations were randomly selected prior to going into the field and plotted on
figures that were inciuded in the Workplan. Each figure was accompanied by the
corresponding table that contained the complete list of randomly selected sample blocks.
This list was used in the field to select alternate sampling blocks if any of the original blocks
could not be sampled. The sample grids also included the precise sample location

(randomly selected X- and Y-coordinates) which identified the sample location down to the
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TABLE 4-3

SOIL/SEDIMENT SAMPLE CONTAINER AND PRESERVATION SPECIFICATIONS

MCLAREN/HART LABORATORY

VOCs 2 inch x 3 inch brass tube 4oCd 14 days
SVOCs 2 inch x 3 inch brass tube 4°C 14 days
Priority Pollutant Metals 1 gallon plastic resealable bag 4°C 6 months

TELEDYNE, NEW JERSEY

Gamma scan 1 gallon plastic resealable bag none N/A
Tritium 1 galion plastic resealable bag none N/A
Isotopic Plutonium 1 gallon plastic resealable bag none N/A

TELEDYNE, ILLINOIS

Strontium-90 1 gallon plastic resealable bag none N/A
. lodine-129 1 gallon plastic resealable bag none N/A

N/A = Not Applicable
VOCs = Volatile organic compounds
SVOCs = Semi-volatile organic compounds

4 Holding time from day of collection to extraction.
bgoc =4 degrees centigrade temperature in the cooler.
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nearest foot. The sampling grids were generally 10,000 square feet in area and divided into
100 sampling blocks, each 100 square feet in area (10 feet by 10 feet). The grid sampling
blocks were assigned numbers starting with the number "001"in the southwest cormer and
numbered sequentially so that the lowest number in any given row was always in the western
end of the row. Individual sites varied if the standard grid did not fit in the layout of the
sampling area. Figure 4-2 is an example of a sampling grid. The random number tables

used to identify sampling locations are included in Appendix B.

4.3.1.2 Purposeful (Deterministic) Sampling Approach

Sediment samples were collected from those locations where transported clay, silt, and sand
had accumulated, most likely biasing the sampling toward higher concentrations of chemicals

or radionuclides than those in the gridded areas.

Prior to conducting sampling activities in the ravines, the sampling crew and regulators
familiar with the facility hiked the ravines to identify and record the drainage pathways and
to select sampling locations most likely to be subject to runoff. With two exceptions at the
Building 59 (BB-17) and Sodium Reactor Experiment (BB-19) Watersheds, a minimum of
five sampling locations were selected in each ravine and marked with a wooden stake and
a red plastic ribbon. Detailed descriptions of the sampling location, compass coordinates
of visible landmarks and/or distance to the location from a known point were recorded in
the log book. A representative from the USEPA, the California DHS, Cal-EPA, and the
consultant to Brandeis-Bardin participated in selecting the sampling locations immediately

prior to sampling.
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FIGURE 4-2

. SAMPLING BLOCK NUMBERING SCHEME
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The ravine sampling locations met the following criteria:

> The sampling points were within the natural drainage below the SSFL;

> The sampling points were at a location where sediment containing chemicals
or radionuclides was likely to accumulate;

> The sampling points contained enough sediment to supply the quantity
necessary for all analytical requirements;

> The sampling points were accessible without exceptional risk to the sampling
crew.

4.3.2 Soil/Sediment Sample Location Identification
. This subsection discusses the format used to identify soil/sediment samples.
43.2.1 Grid Set Up and Sample Location Identification

The procedures described in the Workplan were followed to implement the sampling grids
at the designated sampling areas. The maps, grid diagrams, sample block numbers, and
sample location coordinates were obtained from the Workplan for each area. The sampling
team conducted the following steps to establish the sampling grid and mark the appropriaie

sampling locations.

1) The southwest comner of the sampling area, the grid origin, was established.
The southwest corner was always the starting point for all sampling grids and
the origin of the X and Y axes for designating the sample locations within the
sample blocks with the exception of the Dormitory Area (BB-02) at Brandeis-
Bardin, and the Visitor Center Parking Lot (SM-01) at the Conservancy.
Whenever possible, the grids were oriented in a north-south (y-axis)/east-west
(x-axis) fashion.
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Two visual landmarks ({(e.g., trees, physical structures) were established and
noted in the field log book. The distances from a grid corner to the
landmarks were measured using a 500-foot tape. Distances and compass
readings were recorded in the field log book.

The four corners of the predetermined sampling grid were measured and
marked with wooden stakes tied with red ribbon. The stakes were marked
with their orientation to the origin (e.g.,north, east, northeast). A compass
was used to ensure the grid was square.

Each of the predetermined (randomly identified) sampling blocks was located
on the ground by measuring the appropriate footage along the X and Y axes
starting at the grid origin. The origin of the block was marked with a wooden
stake, tied with a red ribbon and labeled with the block number. A compass
was used to ensure the blocks were located in the appropriate orientation to
the grid.

Each predetermined (randomly identified) sampling location within a
sampling block was located using the values for the X and Y coordinates
(increments of 1 foot). The sample location was measured and marked with
a wooden stake, tied with an orange ribbon, and labeled with the block
number and the location coordinates (i.e., block number, X-coordinate,
Y-coordinate).

When the sampling location fell on an obstruction smaller than the grid block
(e.g.,small rock, plant) the sample was collected at the nearest point south of
the obstruction, towards the SSFL. When the sampling location fell on an
obstruction larger than the grid block (e.g.,a large rock outcrop), the next
grid block from the random numbers table was selected.

The placement of the grid and the sampling locations was documented
photographically, and an entry in the field log book was made describing each
photograph.
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Purposeful Sampling Location Identification

Sampling locations within the Ravine Sampling Areas were selected using the following

steps:

1)

2)

3)

4)

The team leader consulted the sampling plan to determine the building
location and the drainage areas onto Brandeis-Bardin.

Initial sample locations were selected as close as possible to the property line
in locations where sediment in surface runoff was most likely to have
accumulated (i.e., depressions, pools, or bends in the stream bed). These
locations were marked with wooden stakes and red ribbon was tied to nearby
bushes or trees. Plants were cleared from an area about three feet around
the sample location.

Sediment samples were collected as described in Section 4.3.3. The sample
location was marked with a stake that had a red or orange ribbon tied to it,
and labeled with the sample location code.

The location of the sample collected was documented in the field log book
and photographed.

4.3.3 Soil/Sediment Sampling Procedure

A soil/sediment sample was defined as the total of six 6-inch soil cores that were collected

at each sampling location. Five cores were collected from O to 6 inches in depth within one

foot of the staked sampling location. These samples were anatyzed for SVOCs, metals, and

radionuclides (strontium-90, iodine-129, isotopic plutonium, tritium, and a gamma scan).

Each sample collected for radionuclide analyses was extruded into a clean resealable plastic

bag and mixed for one minute. After mixing, the bag was sealed for transport to the

analytical laboratory. The sample taken for SVOC analyses was extruded into a glass bowl

and mixed for one minute. One-half of the soil/sediment to be analyzed for SVOCs was
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packed into a clean 3-inch brass tube. The remaining soil/sediment (for metals analysis)
was placed in a resealable plastic bag and sealed for transport to the analytical laboratory.
For those sample locations where split samples were requested (see subsection 4.3.4),
additional cores were collected from the same sampling radius (i.e., within one foot of the
location stake) and mixed for one minute with the core(s) taken for the McLaren/Hart

samples. After mixing, the contents were divided between McLaren/Hart, the consultant
to Brandeis-Bardin, the DHS, or the USEPA, as appropriate.

A sixth soil sample (analyzed for VOCs) was collected from a depth of 6 to 12 inches below
ground surface in two 2-inch by 3-inch brass tubes. The upper 3-inch tube was analyzed at
the McLaren/Hart Analytical Laboratory and the lower tube was available for use as a split
sample. It was acknowledged in the Workplan that this adjacent sample was not a true split
sample. However, this sampling method was agreed upon by all participants in the study
and was utilized to avoid loss of volatile organic compounds as a result of mixing the sample
in the field.

Soil samples were collected using an impact driven hand coring sampler. The coring head
contained two-inch diameter brass tubes: one 6-inch long tube for surface samples (O to 6
inches) or two 3-inch long tubes for the 6 to 12 inch deep samples. Soil samples were

collected in the following manner:

1 A pre-cleaned coring head and brass tube(s) were assembled and connected
to the coring device. Clean latex gloves were worn by the samplers at all
times.

2) The sampling location was cleared of surface rocks, sticks and other loose
debris.
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The cutting head was placed directly on the surface soil and the impact
hammer was dropped on the coring head repeatedly until the top of the
coring head was flush with the soil surface.

The corer was pulled from the ground and the coring head disassembled.

For surface samples (0 to 6 inches), the brass tube was removed and the soil
extruded into a resealable plastic bag (radionuclides) or into a glass bowl
(SVOCs and metals). The sample was mixed for one minute to blend the soit
in an attempt to homogenize the sample. When split samples were requested,
the soil from the necessary number of cores was placed into the same plastic
bag or glass bowl and mixed for one minute. The mixed soil was then divided
into the appropriate number of separate plastic bags (radionuclides and
metals) or 3-inch brass tubes (SVOCs). The plastic bags were sealed with tape
and placed in a second sealed bag. The ends of each brass tube were covered
with a clean piece of teflon film, capped with clean plastic endcaps, sealed
with duct tape, and placed in a sealed plastic bag.

For subsurface samples (6 to 12 inches), the two brass tubes (2 inch x 3 inch)
were removed from the coring head and placed on a clean sheet of aluminum
foil. The ends of the brass tube were immediately covered with a clean piece
of teflon film and capped with clean plastic end caps. The end caps were
sealed with teflon tape and then wrapped with duct tape.

Prior to sealing the plastic bags or brass tubes, each sample was surveyed for
radioactivity according to the procedures outlined in Appendix F of the
Workplan. The results for samples above 0 millirems per hour were recorded
in the field log book. The USEPA also surveyed their samples at the
microroentgen range; all samples were the same as the general background
level measured in the area (USEPA, 1992).

A label was filled out for each sample as described in Section 4.3.2and placed
on the brass tube or plastic bag. Clear plastic tape was placed over the label
tfo prevent water damage. The soil samples were put into secondary, separate,
clean, resealable plastic bags and placed in the ice filled cooler for the
McLaren/Hart laboratory or the cooler without ice for the Teledyne
laboratories.

The sample identification number, the location, time, date, depth of sampling,
analyses requested, and name of sampler were recorded in the McLaren/Hart
sample register book.
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Sediment samples were collected using a hand trowel in the following manner:

1y

2)

3)

4)

)

A hand trowel was decontaminated and, thereafter, handled by persons
wearing clean latex gloves.

The sampling location was cleared of rocks, sticks, and other loose debris.

For surface samples (0 to 6 inches), a sufficient amount of sample (estimated
visually based on volume) was scooped into a resealable plastic bag
(radionuclides and metals). For SVOCs the sample was scooped into a glass
bowl. The sample was mixed for one minute in an attempt to homogenize the
sample. When split samples were requested, the amount of sediment
necessary was placed into the same plastic bag or glass bowl and mixed for
one minute. The mixed sediment was then divided into the appropriate
number of separate plastic bags (radionuclides and metals) or 3-inch brass
tubes (SVOCs). The plastic bags were sealed with plastic tape and double-
bagged. The ends of each brass tube were covered with a clean piece of
teflon film, capped with clean, plastic end caps, and sealed with teflon tape,
and then wrapped with duct tape.

For subsurface sediment samples (6 to 12 inches), soil was scooped from
beneath the area previously sampled. The sediment was collected directly
into a 2 inch by 3 inch brass tube that was sealed on one end with teflon film,
capped with a clean plastic end cap, and sealed with teflon tape. A piece of
teflon film and a plastic end cap were placed on the other end, the cap was
sealed with teflon tape and then both ends were wrapped with duct tape.

See steps 7, 8, and 9 as described for soil sampling.

4.3.4 Split Samples

The USEPA, the DHS, and the Brandeis-Bardin consultant were invited to collect and

analyze split samples. Whenever possible, the sampling protocols allowed for true split

samples to be collected, i.e.,the medium being sampled was mixed and the split samples

were sent to different laboratories for analysis. (For samples being analyzed for VOC:s, field

mixing would have resulted in the loss of these analytes through volatilization. In these
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cases, two adjacent samples were used instead of true splits.) Ideally, the results of the
analyses can be compared to give an indication of the variability between laboratories.
However, environmental media, especially soil/sediment, are very difficult to truly
homogenize in the field and the results may differ due to the variability of the media rather
than the laboratories.

The USEPA, the DHS, and/or the Brandeis-Bardin consuitant determined the number and
locations of the split samples they collected. For the USEPA and the DHS split samples
collected, the location, date, time, depth of sampling, sample identification number, analyses
requested and name of sampler was recorded in the soil register book. The Brandeis-Bardin

consultant opted to label his own samples.

After field work was completed and the original samples were analyzed, additional splits of
selected samples were made by sending samples from one laboratory to another. These
were considered true splits because the sample remaining after the initial analysis by the
first lab was sent to the second laboratory for analysis. In some cases the remaining sample,
after the initial analysis, at one laboratory was split between two laboratories and analyzed.
However, since splitting of samples after submittal to the laboratory was not in the
Workplan, we have identified these as "interlaboratory splits" or "laboratory splits” to
distinguish them from the other quality assurance/quality control (QA/QC) samples
discussed in the Workplan.

4.4  Water Sampling
Water samples were collected from surface streams and groundwater wells. For each

sampling event, separate samples were collected for VOCs [four 40-milliliter (ml) glass vials

with 4 drops of 12 molar (M) hydrochloric acid as a preservative], SVOCs (one 1-liter amber
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glass bottle), priority pollutant metals (1-liter plastic bottle with 4 ml of one to one nitric
acid solution as a preservative), gamma scan {two 1-liter plastic bottles with 4 ml of a 16M,
one to one nitric acid), gross alpha/beta scan (one 1-liter plastic bottle with 4 ml of a 16M,
one to one nitric acid), iodine-129 (two 1-liter plastic bottles with 4 ml of a 16M, one to one
nitric acid solution), isotopic plutonium (one 0.5-liter plastic bottle with 4 mi of a 16M, one
to one nitric acid solution), strontium-90 (two 1-liter plastic boitles without preservative),
and tritium (one 1-liter glass bottle without preservative). Table 4-4 summarizes
information on sample containers. Appendix A lists the reporting and detection limits for

each analysis.

4.4.1 Surface Water Sampling Procedure

Surface water was collected from flowing streams which were deep enough to submerge a
1-liter bottle or 5-gallon stainless steel pail. Care was taken to ensure that the bottom
sediments at the sample location or upstream were not disturbed in the area where the
surface water was collected. If sediment samples and surface water were collected at the
same location, the water was collected first and the sediment was collected afterward. The
location was marked with a wooden stake tied with an orange or red ribbon and labeled
with the sample location code. The distances to nearby landmarks were recorded in the
field log book.

4.4.2 Groundwater Sampling Procedure

The groundwater wells were purged to remove standing water and sampled twice within a
two week period. The objective of the groundwater sampling was to obtain a volume of
water that was as representative (i.e., chemically similar) to the water in the aquifer as

possible. To meet this objective, the following minimum guidelines were implemented:
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> All stagnant water in the casing was pumped from the well so that fresh water

from the aquifer was entering the well at the time of sample collection.

> The sample was extracted from the well with as little disturbance and as little

exposure to the atmosphere as possible.

> The sample was not allowed to come in contact with any materials which may
influence or alter the chemicals or radionuclides of potential concern in any

way.

> Aliquots of the sample were treated to preserve those analytes that would
otherwise be altered in transport to the laboratory.

An estimate of the well casing volume was made using the available documentation on
groundwater depth and well casing diameter to calculate the volume of water in the well
and determine the volume to be purged. The time required to purge three well casing
volumes of water was calculated using standard well sampling tables. Each well was purged

prior to sample collection using the dedicated pump inside the well.

The standing water was drawn down from the surface to ensure that fresh water from the
aquifer moved into the well. At least three well volumes were evacuated prior to sample
collection until field parameters were stabilized. Stabilization was defined by the following
parameters: 1) pH was constant to within ¢.1pH units; 2) conductivity did not vary by more
than 10 percent from the previous reading; and 3) the temperature was within 1 degree

centigrade of the previous reading.

4-23




. MULTI-MEDIA SAMPLING PROGRAM
MARCH 10, 1993

The wells scheduled for sampling on the Conservancy property were used for irrigation,

therefore, the purged water, consistent with its normal use, was discharged to irrigated land.
4.4.3 Surface Water And Groundwater Sample Collection

The following procedures were followed for the collection of surface water and groundwater

samples.

4431 Volatile Organic Compound Sample Collection

1) The 40 ml glass sample vials contained 4 drops of 12 molar hydrochloric acid.
The caps were removed and the vials were filled by submerging the bottles
into the surface water or by filling them directly from the sample port on the
well.

After the sample bottle was filled completely, the bottle was checked to make
sure that no air bubbles were present and the cap containing a teflon septum
was carefully replaced. The vial was then inverted to mix the preservative
with sample and to verify that no air bubbles were visible in the sample.

3) The bottles were dried and the sample label was attached. The bottle was
then packed in foam and put into the ice chest cooled with ice to
approximately four degrees centigrade (4 °C).

The sample identification number, the location, time, date, analyses requested, and the
name of the sampler were then recorded in the McLaren/Hart sample register book. Split

samples consisted of randomly selecting four of eight vials as the split sample.
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Other Sample Collection

A clean stainless steel pail was used to collect all surface water samples to be
analyzed for radionuclides, SVOCs, or metals. Groundwater wells were
sampled by placing a clean stainless steel pail below the sample port.

The stainless steel pail and sample bottle were rinsed thoroughly with
sampling source water which was discarded away from the sampling point.
Surface water was either collected in the sample bottle and poured into the
pail or collected directly in the pail until a minimum of two liters of water
were in the stainless steel pail.

Water for SVOC analysis was mixed in the stainless steel pail and poured into
two 1-liter amber bottles through a funnel. One sample was dried, labeled
and placed into a foam case in a cooled ice chest (4 °C). The second sample
was given to the USEPA as a split.

Other samples were also collected in the stainless steel pail but were filtered
in the field. A clean 0.45 micron Whatman glass fiber filter was placed into
the clean filter apparatus using a pair of tweezers. A small quantity (5 mls)
of the sample water was sprinkled onto the filter.

Approximately 1 liter of the water in the bucket was poured into the filtering
apparatus. The hand pump was attached to the filtering apparatus and the
sample that passed through the filter paper was collected into a clean 5-gallon
stainless steel pail.

Pressure was continually applied to the filtering apparatus with the hand
pump until all of the water passed through the filter.

The apparatus was disconnected and a new fiiter and additional sample was
added. After sufficient sample was filtered, the filtered sample was divided
into two sample bottles for split samples.

The sample bottle(s) was capped and the process repeated until all samples
were collected.

The sample identification number, the location, time, date, analyses requested
and the name of the sampler were recorded in the sample register log book.
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4.5  Fruit Sampling

Fruit was sampled from orchards near Happy Camp, from the Conservancy, and from
Brandeis-Bardin. Fruit purchased at a Ralph’s Supermarket inthe San Fernando Valley was

also sampled.

For avocados, the edible portions of the fruit samples were analyzed for radionuclides to
evaluate the uptake of radionuclides into the fruit through the root system. For citrus fruits
(lemons, oranges, and tangerines), the entire fruit was analyzed to evaluate the deposition
of dust containing radionuclides on the surface of the fruit as well as root uptake. Table 4-5
summarizes sample collection information. Appendix A lists the reporting and detection

limits for each analysis.

It was assumed that some people eat the peel of citrus fruit such as oranges. Therefore, for
citrus samples, both the skin and the pulp were processed together for amalysis. The skin

and pit of avocados typically are not eaten and only the meat was processed for analysis.

4.5.1 Fruit Sample Location Identification

Following soil sampling, the first three grid blocks on the random number table containing
a fruit-bearing tree were selected to be sampled, these usually corresponded to the same soil
sampling blocks. The trees were assigned the sample block number associated with the soil
sampling grid. Detailed sketches of the orchards were recorded in the field log book, noting
the location of the selected trees and their orientation to the soil sampling block numbering

scheme,
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TABLE 4-5

FRUIT SAMPLE CONTAINER AND PRESERVATION SPECIFICATIONS

TELEDYNE, NEW JERSEY

Fruits

Gamma scan 1 gallon plastic resealable bag N/A none N/A
Tritium 1 gallon plastic resealable bag N/A none N/A
Strontium-50 1 gallon plastic resealable bag N/A none N/A
Iodine-129 1 gallon plastic resealable bag N/A none N/A
Isotopic Plutonium 1 gallon plastic resealable bag N/A none N/A

N/A = Not Applicable
. 3 Holding time from day of collection to extraction.
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4.5.2 Fruit Sample Collection

Only ripe or nearly ripe fruit was collected to ensure that the fruit had been exposed for the
maximum amount of time possible. Fruit was collected from the outer branches on the
southern side of the designated trees at approximately mid-height to ensure consistency
between trees and to reduce the variability between samples due to deposition. of dust
related to the position of the fruit on the tree. Since there were few ripe avocados, fruits
were taken from the entire tree. A minimum of four kilograms of fruit per sample were
taken for the required radionuclide analyses. This sample weight corresponded to
approximately 18 to 20 large oranges, 38 to 40 lemons or tangerines, and 28 to 30 large

avocados per sample.

Fruit samplers wore latex gloves during all fruit sampling activities. The fruit collected from
each tree was placed in individual, clean resealable plastic bags. The sample bags were
sealed, assigned appropriate sample identification codes, sample register codes, and labeled
(see Section 4.2.2). The sample identification number, the location, time, date, analyses

requested and the name of the sampler were recorded in the sample register book.

4.5.3 Split Samples

The USEPA collected split samples at some of the fruit sample locations. At each selected
location, sufficient fruit for two samples was collected from a single tree or a sufficient
amount of fruit for all samples was purchased, placed in a large bag, mixed, and split into
appropriate number of split samples. Split samples were collected at the same time and
treated using the same handling, shipping, and storage protocols as previously noted.
Notation was made in the field log book for all split samples collected.
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The previous section discussed the methodology used to sample the environmental media

for chemicals and radionuclides. This section describes the Quality Assurance/Quality
Control (QA/QC) procedures that were used. The QA/QC sample results are discussed

in Section 6.0.

The purpose of the QA/QC samples was to identify any discrepancies in the analytical data
and to provide the basis for establishing that the data are a valid representation of the
conditions in the study areas. Six different types of QA/QC samples were collected
throughout this project, each of which is described below. In addition, routine laboratory
QA/QC protocol and the internal laboratory data verification procedures were conducted.
Subsection 5.1 presents the types of QA/QC samples. Subsection 5.2 presents sample
collection frequency and location. Subsection 5.3 presents internal laboratory QA/QC

procedures.

5.1 Field QA/QC Sample Types

The six types of QA/QC samples which were collected during the field sampling are
described in this section. The number and purpose of each type of QA/QC sample is
discussed here.

5.1.1 Field Rinsate Samples

Field rinsate samples provided a check on possible cross contamination from sampling

equipment. After the equipment was decontaminated, field rinsate samples were collected
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by rinsing the equipment with distilled water and collecting the rinse water for analysis.
Field rinsate samples were collected at a rate of one per 20 sample locations for each
medium and for each analysis. Field rinsate samples were not collected for fruit samples

because no equipment was used to collect the fruit.

Each field rinsate sample for soil/sediment, surface water and groundwater was analyzed
for one of the following: VOCs, SVOCs, priority pollutant metals, tritium, gamma scan,
isotopic plutonium, iodine-129, and strontium-90. For SVOC analysis, rinsate samples were
analyzed using the method corresponding to the appropriate media: soil rinsate samples for
SVOCs were analyzed using USEPA Method 8270; water rinsate samples were analyzed
using USEPA Method 610. All water field rinsate samples were also analyzed for gross-
alpha and gross-beta emitting radionuclides. The following protocol was implemented to

. collect field rinsate blanks:
1) All sampling equipment was decontaminated as described in Section 4.1.
2) Distilled water was poured over the cleaned sampling equipment into a clean
stainless steel bucket or directly into the sample bottles. Preservatives for

rinsate samples were the same as those discussed in Section 4.4.

3) Rinsate samples were assigned a water sample register identification number,
sealed, and stored in a sample storage cooler at approximately 4 °C.

4) The sample identification, the date, the time, and the sampler’s initials for

each of the rinsate samples were recorded in the sample register book. The
samples were shipped consistent with the methods for other field sampies.

5.1.2 Blind Field Duplicate Samples

Blind field duplicate samples were collected to provide an evaluation of the laboratory’s

performance by comparing analytical results for two identical or nearly identical samples.

1l
.j

5-2




MULTI-MEDIA SAMPLING PROGRAM
MARCH 10, 1993

As such, all blind field duplicate samples were collected as described for split samples in
Section 4.0. As described previously, collecting true split samples for volatile organic
compounds is not practical due to potential losses from volatilization. However, samples
taken immediately adjacent to (or below) one another provided a sufficient measure of

consistency.

The blind duplicate samples were placed in separate containers and given distinct sample
numbers to allow for "blind" receipt by the amalytical laboratory. The true identity was
concealed from the laboratory, but the identity of the samples was thoroughly documented
in the field log books and sample register books. Blind field duplicates were designated by
the number "00"in the 3rd and 4th digit of the site-specific sample identification code.
Blind field duplicates were numbered successively in the Sth, 6th, and 7th digits in the order
they were collected from the sampling areas. Blind field duplicates were coliected at a rate

of one per 20 samples for all analyte groups.

5.1.3 Trip Blanks

Trip blanks were collected for the purpose of evaluating the cross-contamination from
volatile organic compounds during transport or in the laboratory. One trip blank was
shipped to the McLaren/Hart laboratory each day samples were shipped. Trip blanks
consisted of distilled water that was poured into a 40-milliliter vial at the staging area near
the Rocketdyne gate, at the beginning of each day. The sample was taken into the field and
placed in a cooler on ice, but was not opened. The sample was then shipped to the
McLaren/Hart laboratory with the field samples for volatile organic analysis. Trip blanks
were mot given location specific identification, but were given water sample register

numbers. Appropriate notations regarding date, time, and sample were made in the field

log book and sample register book.
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5.1.4 Field Blanks

Field blanks were used to evaluate the cleanliness of the sample collection bottles and
possible sources of contamination related to the field sampling environment. Field blanks
consist of sample bottles that were filled with distilled water in the field. The sample bottles
were then capped, sealed, and shipped to each of the appropriate analytical laboratories
along with the other field samples. Field blanks were collected for all analyte groups at a
rate of one for every 20 surface water, groundwater, and rinsate samples. Field blanks were
assigned sample identification numbers from the water sample register book only.
Appropriate notation regarding date, time, and sample were made in the field log book and

sample register book.
. 5.1.5 Matrix Spike/Matrix Spike Duplicate Samples

Matrix spike and matrix spike duplicate (MS/MSD) samples are QA/QC analyses
performed by the analytical laboratory using material (soil/sediment or water) from the
field. The matrix spike is a sample to which one or more of the chemicals or radionuclides
or a surrogate ' (spike) is added by the analytical laboratory. Matrix spike duplicates were
analyzed for chemicals at McLaren/Hart using a second aliquot of the same sample, spiked
separately. The results of the spike and duplicate spike analyses are expressed in terms of
the percent recovery of the added chemical. The results of the spike and the duplicate

analyses are compared by the relative percent difference between the results. These results

! Surrogate chemicals are not reported as part of the standard analyses, but are chemically similar to the

analytes of interest and are used to identify problems with the analytical method, due to matrix

‘ interferences.
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are used to evaluate the laboratory’s precision > and accuracy® in the analysis of samples,

respectively.

The MS/MSD samples were collected at a rate of one per 20 samples (including other
QA/QC samples) for each analyte group. The MS/MSD samples were assigned sample
register identification numbers only. The McLaren/Hart laboratory performed matrix spike
and matrix spike duplicate analyses for soil and water samples. Teledyne Isotopes in New
Jersey conducted matrix spike analyses for fruit, water and soil/sediment samples. Teledyne
Isotopes in [llinois conducted matrix spike analyses for soil and water samples. Additionally,

all laboratories performed laboratory matrix spike/matrix spike duplicate control samples.

5.1.6 Split Samples

The USEPA, the DHS, and the consultant to Brandeis-Bardin were invited to collect and
analyze split samples for QA/QC purposes. Whenever possible, the medium being sampled
was mixed so that split samples analyzed at different laboratories were representative of the
same sample. Only the samples analyzed for volatile organic compounds were not true
splits but adjacent samples (soil/sediment) or consecutive samples (water). The decision
was made to collect adjacent or consecutive samples rather than mixing in the field because

mixing may have resulted in the loss of organic compounds by volatilization.

The results of the analyses from split samples were compared to provide an indication of

the variability between laboratories when analyzing the same sample. However, since

2 Precision refers to the consistency of the laboratory’s results.

3 Accuracy refers to the proximity of the laboratory’s results to the concentration.
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environmental media, especially soil, are very difficult to homogenize, some differences
between samples may be due to variability of the medium rather than the laboratories. In
those cases where the field split or adjacent sample results appear to be different, the
laboratory duplicates, the laboratory spikes, and when appropriate the statistical variability
of the data were evaluated to determine whether the apparent difference in split samples

was significant.

5.2  Quality Assurance/Quality Control (QA/QC) Sample Selection

Six types of quality assurance and quality control (QA/QC) samples were included in the
sampling program to provide quality control over the collection, handling, and analysis of
the soil/sediment, water, and fruit samples. This section discusses the numbers of QA/QC

samples and how the sample locations were selected.

The project QA/QC goal was to have one QA/QC sample of every type (e.g.,blind field
duplicates, field rinsate blanks, etc.) for every 20 samples analyzed. For example, a total
of 136 soil/sediment samples were collected for priority pollutant metals in this study,
representing six groups of 20 and one group of 16 samples. Blind field duplicates were
collected for priority pollutant metals at seven sample locations throughout the project,
thereby achieving the project QA/QC goal of one QA/QC sample for blind duplicates for
every 20 priority pollutant metal analyses performed. Tables 5-1,5-2, and 5-3 summarize
the number of QA/QC samples by analyses for soil/sediment, water, and fruit, respectively.
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MULTI-MEDIA SAMPLING PROGRAM
MARCH 10, 1993

One field rinsate sample was collected for each group of analytes at separate locations for
soil/sediment samples. For water samples, the field rinsate blanks for each analysis were
collected at the same location. Prior to field activities, sample locations were grouped by
sets of 20 and field rinsate samples were collected at the first eight locations in each group
(one for each analysis type). Blind field duplicate sample locations for soil/sediment and
fruit were selected randomly prior to field activities. Prior to field activities, sample
locations were grouped into sets of 20 based on the sampling order. A random number
generator was used to select seven sample locations from each group of twenty sample
locations. For analyses requiring smaller volumes of soil, more than one analysis was
conduéted on the same volume of soil/sediment (e.g.,strontium-90 and iodine-129, gamma
scan and tritiumn). Blind field duplicate samples for water were collected from one location
and analyzed for the full suite of water analyses (i.e., VOCs, SVOCs, priority pollutant
metals, strontium-90, iodine-129, isotopic plutonium, gamma scan, and gross alpha/beta

scan).

Matrix spike and matrix spike duplicate (MS/MSD) samples were collected from one
sampling location within a group of 20. Samples were collected from that location for all
soil analyses. The location was chosen once the locations of all other QA/QC samples were
known. The MS/MSD sample locations were selected to spread the QA/QC sample
collection evenly throughout all sample blocks.

Trip blanks were prepared at the beginning of each day that VOC samples were collected
for shipment. Based on the number of groundwater, surface water, and rinsate samples,
only one set of field blank samples for all water analyses was required. The field blank
sample was collected at the staging area. Split samples were collected at locations

designated by the appropriate representative in the field.
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Table 5-4 is the QA/QC sample collection schedule used for soil/sediment samples
collected for this project. Table 5-5 and 5-6 are the QA/QC sample collection schedules

used for surface water, groundwater, and fruit samples, respectively.

5.3 Laboratory QA/QC

Soil/sediment and water samples for volatile organic compounds (VOCs), semivolatile
organic compounds (SVOCs), and priority pollutant metals (metals) were submitted to the
McLaren/Hart Analytical Laboratory, a State of California certified laboratory in Rancho
Cordova, California. Soil/sediment and water samples analyzed for gamma-emitting
radionuclides, tritium, and isotopic plutonium as well as fruit samples analyzed for gamma-
emitting radionuclides, tritium, isotopic plutonium, strontium-90, and iodine-129 were
submitted to Teledyne Isotopes in Westwood, New Jersey. Groundwater and surface water
samples for gross alpha and gross beta radioactivity were also sent to Teledyne Isotopes,
New Jersey. Soil/sediment and water samples for strontium-%0 and iodine-129 were
analyzed by Teledyne Isotopes in Northbrook, Illinois to expedite sample analysis by using

more than one laboratory.

Both the McLaren/Hart and Teledyne laboratories followed standard internal quality
assurance/quality control (QA/QC) procedures to ensure that the data presented in this
report are accurate and to provide the basis for identifying any discrepancies in the data.
These procedures covered all aspects of laboratory procedures from sample identification
and tracking through the analytical procedures to data entry. The following sections provide
a detailed description of the steps taken by each laboratory to ensure the quality of the data.
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TABLE 54

SOIL/SEDIMENT QUALITY ASSURANCE/QUALITY CONTROL SAMPLE COLLECTION SCHEDULE

MULTI-MEDIA SAMPLING PROGRAM
MARCH 10, 1993

Santa Susana Park BG-{2 3/10 076%A, DOTRE.USEPAX g 74RC

Rocky Peak BG-01 3/10 100RD-FDE (QSRE, QORRF

The Existing Road System SM-02 3/11 044RC, 004RH, (032FDB, 021, D19VSEPA

The Orange Groves SM-04 3/11 041724 003FPP, 028, 026, 024FDF

Near The Former Rocketdyne Employee SM-03 3/11 012, 015, 009, 001 VSEPA (] 4RAFDEFDC

Shooting Range

The Visitor Parking Lot SM-01 3/23 008RE, 021RC, Q20R0, QO4REUSEPA  (7RF

Santa Monica National Recreation Area BG-06 312 0G6RGFDAFDB (RgRHFDD (333X

Bell Canyon BG-03 3/12 001, 019, O59VSEPA

Western Site BG-04 3/13 0257°F, 090, 029USEPA

Happy Camp BGOS 3/13 0747°C, 026%, 016

Western Site BB-04 3/16 021USEPA (023, Q97RADES (82RB (26RC

Old Well Campsite BB-14 3/16 03780, 04 REFDF (7QREFDEUSERPA (jg4RG
044RH.FDA

Santa Monica National Recreation Area BB-06 3/17 017, 007, 092USEPA_ 066, 013

Campsite Area 1 BB-03 3/17 025, 092%, O79%F, 017FPC, pQ5USEPA

Avocado Grove BB-13 3/17 (24FDB.USEPA  )37FDD (3QRAFDD n11RE ] (RC

Picnic Area BB-05 3/18 DQG3RD-FOB OQORE (QGRF, Q57RY, (77RH USERA

Main House Orchard BB-12 3/18 006FPE, (19, 02388 (20FPRUSERA (03

Perimeter Of The Playground BB-01 3/18 056USEPA 041, 001FPC, (27, 038704

Vegetable Garden BB-11 3/18 0188581 Q61USEPA QSTRAFOD (32RB (Q6RC

Potential Development Site 1 BB-08 3/19 0348DFDE (35REX (Q3RF, (22RC.8B (38RH

Dormitory Area BB-02 3/19 07188045, 060FPC, (75, 078

Potential Development Site 2 BB-09 3/19 070FP8, 092881 (31FDF 051X, 100F0A

Counselor-In-Training Area BB-07 3/19 035581, 036%, 05874, 0128, 038%C

Potential Development site 3 BB-10 3/19 (67R%0-FOD.FDF, (7gREFDC (g RF.BEL ()73RG)
02984

Sodium Burn Pit Watershed BB-18 4/21 001APHS, 002A, 003A, 001B, 002B,

003BFTE, 001VSEPABR (002, 003
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TABLE 54

SOIL/SEDIMENT QUALITY ASSURANCE/QUALITY CONTROL SAMPLE COLLECTION SCHEDULE

Building 59 Watershed BB-17 4/21 | ODIVSEPA 002, 0O3DES, OO4FDBB8!

Radioactive Materials Disposal Facility BB-16 4/22 001A, 001BYSEPA Q02FPA ((3RA.FDE,

Watershed Q04RB.DHS ((SRC.BEI

RD-51 Watershed BB-15 4122 OOIRD.FDA‘DHS’ 002RE.FDD.FDC’ 003%, D04RCEBI
OOSRH,USEPA

Sodium Reactor Experiment Watershed BB-19 4/23 001, DO2ZFPFDES Q3USERA  (j04FDB-EEL (G5

Note:  This table is organized in order of date sampled. The only exception is the Visitor’s Center Parking Lot (SM-01) which
was sampled out of order, but the QA/QC analyses were not adjusted.

Superscripts indicate an additional sample (split, duplicate, matrix spike, or rinsate) was collected at the specified location.
The superscripts are defined below. No superscript indicates that only the scheduled sample was collected.

SOIL SAMPLING SCHEDULE EXPLANATION OF CODES

Field Rinsate Blanks Sample Volume Lab

and Container
RA Strontium-90 2, 1 Tliter plastic Teledyne,IL
RB Isotopic Plutonium 0.5 liter plastic Teledyne, NJ
RC Iodine-129 2, 1 liter plastic Teledyne,IL
RD Gamma Scan 2, 1 liter plastic Teledyne, NJ
RE Tritium 1 liter glass (clear) Teledyne, NJ
RF Metals USEPA 6000&7000 1 liter plastic McLaren/Hart
RG SVOCs USEPA 610 3, 1 liter glass (amber) McLaren/Hart
RH VOCs USEPA 8240 4, 40 milliliter vials McLaren/Hart
Blind Field Duplicates Lab
FDA Strontium-90/Todine-129 1 quart ziplock bag Teledyne, IL

FDB Isotopic Plutonium
FDC Gamma Scan/Tritium

1 quart ziplock bag
1 gallon ziplock bag

Teledyne, NJ
Teledyne, NI

FDD SVOCs USEPA 8270 3-inch brass tube McLaren/Hart

FDE VOCs USEPA 8240 3-inch brass tube McLaren/Hart

FDF Metals USEPA 600087000 1 quart ziplock bag McLaren/Hart

Split Samples

USEPA - Additional set of samples were split with the United States Environmental Protection Agency for entire suite of
soil/sediment anaiyses.

DHS - Additional soil/sediment samples split for gamma scan and tritium analyses.

BEI - Additional soil/sediment samples split for strontium-90, gamma scan, and selected tritium analyses.

Matrix Spike/Matrix Spike Duplicate (MS/MSD)

X- Additional set of samples collected for entire suite of soil/sediment analyses for matrix spike and matrix spike
duplicate for Mclaren/Hart contracted labs.
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TABLE 5-5

GROUNDWATER AND SURFACE WATER ANALYSES QUALITY ASSURANCE/QUALITY CONTROL
SaMPLE COLLECTION SCHEDULE

SURFACE WATER

Rocky Peak BG-01-002 3/12 USEPA

Campsite Area 2 BB-04-001 3/16 USEPA

Campsite Area 1 BB-03-001 3/17 USEPA

Spring SM-08-001 3/18 USEPA

Sodium Burn Pit Watershed BB-18-003 4/21 USEPA, DHS, Rinsate, Field

Duplicate
Radioactive Materials Disposal Facility BB-16-001A 4/22
Watershed
BB-16-001B 4/22 USEPA

. BB-16-RD30 4/22 USEPA

Sodium Reactor BB-19-003 4/23 Field Blank

Experiment Watershed

GROUNDWATER

Antenna Well SM-05-001 3/11 USEPA
Well By The Gate SM-07-001 3/11 USEPA
Well By The Gate SM-07-002 3/18

Antenna Well SM-05-002 3/18

Antenna Well SM-05-003 3/23

Note:  Sample locations are organized in order of date sampled. Superscripts indicate an additional sample (spiit, duplicate,
matrix spike, or rinsate) was collected at the specified location. The superscripts are defined below. No superscript
indicates that only the scheduled sample was collected.

Field Blank - A field btank sample was collected for analysis of the entire suite of water analyses, including metals.
Field Duplicate - A blind field duplicate was collected for the entire suite of water analyses, including metals.

Rinsate - A rinsate sample was collected for analysis of the entire suite of water analysis, including metals.
USEPA - Additional water samples were coliected and split with the United States Environmental Protection Agency for
analysis of the entire suite of water analyses, including metals.
DHS - Additional water samples were collected and split with the Department of Health Services for analysis of
. gamma-emitting radionuclides, gross alpha and gross beta radioactivity, and tritium.
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TABLE 5-6

FRUIT ANALYSES QUALITY ASSURANCE/QUALITY SAMPLE COLLECTION SCHEDULE

F
Orange Groves SM-04 Orange 3/11 003, 0260, (028F0
Orchards Near Happy BG-07 Avocado 3/13 Q01YSEP2 002, 003
Camp Lemon 3/13 004YSEPA 005, 006
Avocado Grove BB-13 Avocado 3/17 024, 011, 039
Ralph’s Supermarket BG-08 Orange 3/18 001, 002, 003%
Main House Orchard BB-i2 Tangerine 3/18 020

Lemon 3/18 0262, QQGUSERA
Local Supermarket BG-08 Tangerine 3/23 004YSEPA 005,006
Avocado 3/23 007, 008, 009

Note: Sample locations organized in the order of date sampled.

Field Duplicate - A bind field duplicate sample was collected for analysis of the entire suite of fruit
analyses.

. X - A matrix spike sample was collected for analysis of the entire suite of fruit analyses.

USEPA - Additionat fruit samples were collected and split with the United States
Environmental Protection Agency for analysis of the entire suite of fruit analyses.
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5.3.1 McLaren/Hart Analytical Laboratory

The McLaren/Hart Analytical Laboratory (laboratory) has prepared a detailed document
outlining the standard operating procedures that were used for this project (McLaren/Hart,
1992). A summary of the information contained in the McLaren/Hart Laboratory Operating
Procedures is presented in this section. Additional detail and/or documentation of these

procedures can be found in the laboratory document.

5.3.1.1 Sample Receipt and Distribution

Samples are received by the laboratory Sample Control Department, which is responsible
for entering each sample into the laboratory’s computerized and manual tracking system.
The tracking system ensures that the sample is properly stored and verifies that the number
and type of samples received corresponds to the chain-of-custody (COC) forms. Any
discrepancies in the COCs are resolved by contacting the sampler prior to distribution and
analysis. Any changes to the COCs are made in ink and are initialed and dated by the
person making the change.

Each shipment of samples is assigned a laboratory project (LP) number. A separate
laboratory folder is created for each type of analysis (e.g., volatile organic compounds,
priority pollutant metals). Any special requirements are noted on a Project Notification
Form. Each folder is then distributed to the appropriate laboratory section leader.

53.1.2 Sample Preparation and Analysis

Each laboratory section has established procedures for tracking a sample through sample

preparation and analysis. Depending on the type of instrumentation, sample numbers are
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either handwritten on each container or entered info a computer software program. A
second reviewer verifies that the sample identification numbers are correct. Each laboratory
section is responsible for retrieving the sample from the sample control department. Any
time a sample is moved within the laboratory, its movement is tracked by check-in/check-

out sheets located at each potential storage location.

All samples are prepared and analyzed according to Standard Operating Procedures (SOPs)
written by the laboratory. Each SOP contains detailed instructions regarding sample
handling, analytical equipment, and laboratory QA/QC samples or procedures {e.g.,
laboratory spikes/spike duplicates, method blanks, calibration, surrogate compounds). Any
special requirements noted on the Project Notification Form are communicated directly to
the technician performing the sample preparation or chemist performing the analysis. Any
problems that are encountered during preparation or analysis are documented on a
laboratory communication form. The communication form is routed to the Laboratory
Operations Manager who discusses the problem and resolution with the appropriate

analytical section lead. This form is then retained in the appropriate analysis folder.

Following the analysis, the chemist transcribes the data from the instrument to the analysis
tracking sheet. The method blank and reference quality control information are also copied
and placed in the analysis folder. The chemist reviews the entire folder for accuracy and
completeness, and then forwards it to the laboratory section leader for review. The section
leader then performs a complete review of the analysis folder. This review verifies that all
data have been calculated and/or transcribed correctly and that all of the required
information is included. The tracking sheets are initialed and dated, and a Project
Assignments and Quality Control Checklist is completed and initialed. The entire folder is
then forwarded to the Laboratory Quality Control department.
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53.1.3 Laboratory Quality Control Department Review

Each analysis folder is reviewed in detail by a chemist in the Laboratory Quality Control
(QC) Department. This process entails:

> Review of all COC forms
> Review of the Project Notification Form for any special requirements
> Verification that all required data for all samples requested are present

> Review of the analysis tracking sheets for batch number, date analyzed and

extracted (to ensure that hold times were met), correct sample identification

number, appropriate method (as stated on the COC form), appropriate units

and matrix, correct number of significant figures, proper documentation of

dilutions and associated changes in reporting limits, all applicable surrogates

. and internal standards to ensure they were within control limits and all final
results were entered.

> Review of the method blank for batch number, date analyzed, positive resuits,
appropriate method, units and matrix, and all applicable surrogates and
internal standards to ensure they were within control limits.

> Review of the Laboratory Control Spike/Eaboratory Control Spike Duplicate
(LCS/LCSD) and/or Matrix Spike/Matrix Spike Duplicate (MS/MSD)
samples for batch number, date analyzed, appropriate method, units and
matrix, correct spike identification number, results that are out of specified
limits, the use of proper comments, and that the sample concentrations
correspond to those reported on the analysis tracking sheet (MS/MSD
samples only).

Any problems are noted on the previously described communication form. If necessary, the

analysis folder is returned to the chemist for revisions. The chemist returns the revised

folder to the QC chemist for final review.
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The QC chemist creates a case narrative for each LP number. The case narrative consists
of a cover sheet describing the contents of the data package (e.g., number and type of
samples, analyses performed), quality control definitions, quality control reports for method
blanks, LCS/LCSD and MS/MSD samples, a list of abbreviations, and a summary of the
comments. Once the final review and case narrative have been completed, the QC chemist

signs the Folder Cover Sheet and forwards the folder to the Data Control Department.
5.3.14 Data Entry

All analysis folders are logged, typed, and proof read according to the laboratory SOP.
When the final report is complete, it is routed to the Quality Control Department for review

and signature.
5.3.1.5 Signing Reports and Final Review

The QC chemist reviews the case narrative and each typed data sheet for appropriate
method, units and matrix, correct sample identification number, description, date received,
date extracted, batch number, date analyzed, positive values, reporting limits where
appropriate, and the use of proper comments. If necessary, the report is returned to the
Data Control Department for revisions. The QC chemist signs all reviewed data sheets and

the folder is routed to the Laboratory Director for final review.

The Laboratory Director reviews the project for positive results, quality control samples
outside of limits, and comments. Following this review, the Laboratory Director signs the
first page of the case narrative. The folder is then returned to the Data Control
Department for distribution.
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5.3.1.6 Reporting Limits and Detection Limits

Chemicals and radionuclides are reported by the laboratories when the concentration of the
chemical or radionuclide is sufficient to be detected by the analytical equipment. The
minimum detectable concentration varies with many factors including the extraction method,

matrix, and the analytical equipment.

For chemical analyses, each analysis has both a detection limit and a reporting limit. The
detection limit is the minimum concentration that can be observed. However, because the
minimum detectable concentrations vary with factors such as extraction method, the matrix,
and analytical equipment, these minimum levels are not necessarily reproducible. The
minimum detectable concentration that is reproducible is called the reporting limit. A
recent directive by the DHS made after the analyses for this project were completed
requires analytical laboratories, participating in the California State DHS laboratory
certification program, to report only those values that exceed the reporting limit. Values
exceeding the reporting limits are presented in the text of this report.

In radionuclide laboratories, there is no concept analogous to the reporting limit used in
chemistry laboratories. For radionuclide analyses, the minimum concentration reported is
the minimum detectable activity, henceforth referenced as the detection limit or the method
detection limit. All radionuclides detected above the detection limit are presented in the

text of this report.

5.3.2 Teledyne Isotopes Laboratory

Teledyne Isotopes has developed a series of quality control and quality assurance manuals

to ensure the quality of measurements of radioactive materials in environmental media. The
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primary document in this series is the Quality Control Manual, which describes the
organization of the laboratory, the overall quality assurance program, and each step taken
to track samples, reagents, equipment performance, and the integrity of results. In addition,
the procedures for corrective action and internal laboratory audits are discussed. A

summary of this information is provided in the following sections.

5.3.2.1 Laboratory Organization

The position of Quality Assurance Manager was established by Teledyne Isotopes to
develop, implement, and update quality control programs. The responsibilities of the
Quality Assurance Manager include approving all data prior to computer entry and all data
reports prior to release, evaluating the results of spiked, blank and replicate samples,
conducting internal audits, and, if necessary, recommending corrective actions and

establishing or revising quality assurance programs.

The quality assurance functions of the Quality Assurance Manager are supported by the
Technical Vice President whose primary responsibilities are to perform the final check of
all analytical results, inform the contractor of all results not within limits, and take actions
to correct problems within the laboratory.

5.3.2.2 Quality Assurance Program

The quality assurance program is designed to provide the procedures that will ensure the

results obtained are accurate, precise and valid. The objectives of this program are to:

> Assure that technical personnel are qualified and adequately trained,
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> Provide assurance that methods and procedures are documented and
approved,

> Ensure that the required QA/QC documentation is generated and the records
are adequate and complete.

> Assure prompt corrective action measures are implemented to correct
conditions of unacceptable quality, and

> Provide a quality assurance documentation file which is identifiable and
traceable to all items.

Each of these objectives is met through implementation of the following standards.
5.3.23 Qualification of Personnel

. Teledyne Isotopes has established minimum education and work history requirements for
each job classification. All personnel are required to complete a training program that is
specific to their respective job classifications and the proficiency of each employee is
monitored by periodic performance reviews. These reviews may entail the analysis of
standards or spiked samples, observations of the actual procedures by a qualified analyst and

demonstration of competence by attaining specified precision and accuracy.
5.3.2.4 Sample Receipt and Report Control

Following receipt of a shipment of samples, a sample receipt technician verifies that all
samples listed on the Chain-of-Custody form have been received. Any discrepancies are
immediately reported to a supervisor for resolution. Samples are entered onto a Sample
Receipt form, logged into an appropriate notebook, and assigned a Teledyne Isotopes
number. A computer generates a work order from the sample receipt form, which is sent

to each laboratory manager.
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After receiving the sample receipt form, a laboratory technician or supervisor processes the
sample according to approved procedures. All pertinent information is reported in a
laboratory notebook, which is checked for accuracy at least once per month. Following
analysis, determination of activity level from counting results is performed by a computer.
All computer programs are verified before being put in use, and are re-verified following

any modifications.

5.3.25 Acceptance of Sample Results

All results are checked to ensure that they meet the specified requirements and that all
calculations are correct. Before a work sheet is approved by the Quality Assurance
Manager or a qualified designate, at least 5% of the results are recalculated. The yields of
the analytes being monitored must be within the limits specified in the procedure. If the
work sheet is approved, the data are transferred from a computer disk to the main
computer. Any edits that are required as a result of the QA review are made on the
computer disk and an accompanying printout prior to being entered into the main computer.
A printout of any data that are being transferred to the main computer directly from tape
is examined for errors and is initialed by a qualified technician.

If the results are not approved, the sample is returned to the laboratory for a recount. If
a longer count, decay check, recount on another system, or recalculation does not give

acceptable results, a new aliquot of the same sample is analyzed.

When all required data have been entered, a completed report for that work order is
generated by the computer. The completed report is examined for errors and signed by the

Quality Assurance Manager or a designated representative prior to release. Any revision
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to a report containing final data are also signed by the Quality Assurance Manager or a

designated representative.
53.2.6 Analysis of Quality Control Samples

Blank, spiked, and replicate samples are analyzed at a frequency of at least one of each type
of quality control sample for every group of 20 samples (i.c.,5%). The results of blank and
spiked samples are reported to and evaluated by the Quality Assurance Manager who
recommends corrective action, if necessary. The acceptance criteria depend on the
particular analysis, but should fall within three normalized deviations of the spiked sample
with a known concentration. Teledyne Isotopes participates in a nationwide monitoring
program in which samples received from the USEPA are analyzed and reported back to the
USEPA. All USEPA cross-check results are documented in the Quality Control Manual.

5.3.2.7 Audits

Comprehensive periodic audits are conducted to verify the implementation of the quality
assurance program. Audits are conducted in accordance with procedures outlined in
Teledyne Isotope’s quality assurance and quality control manuals. Audits are conducted by

the Quality Assurance Manager or a qualified designee.

Following an audit, a review form citing any adverse findings is submitted to the laboratory
supervisor. A copy of the audit check list and review form is maintained by the Quality
Assurance Manager. All recommendations require action within 30 days of the audit. Audit
findings and recommendations are accepted when the conditions cited have been corrected.

A re-audit will be conducted until corrective action is satisfactory.
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This section discusses the results of the Quality Assurance/Quality Control (QA/QC)

sampling. The resuits are presented for each QA/QC sample type and conclusions are
drawn regarding the validity of all data presented in this report.

The QA/QC sampling was designed to validate the analytical results and to identify
discrepancies within the data set. When anomalous results were identified, the reason for
the anomaly was determined. Samples with inexplicable anomalies were tagged and the

sample (or a sample from another laboratory) was reanalyzed.

A summary of all sample results organized by media and analysis type, including results for
split samples, can be found in Appendix C.

6.1 Quality Assurance/Quality Control Results Summarized by Sample Type

The results for the six types of quality assurance/quality control samples are discussed in this

section.
6.1.1 Trip Blanks
Trip blanks were collected to evaluate potential cross-contamination of volatile organic

compound samples during shipment to the laboratory. The results of the trip blank analyses

are shown in Table 6-1. These results show that methylene chloride (a commonly used

laboratory chemical often found to be a contaminant) was detected in one sample at 12




)
. TABLE 6-1

SUMMARY OF TRIP BLANK RESULTS

ANALYTE REPORTING

SOIL CONCENTRATION LIMIT

DATE  REGISTER # CHEMICAL ug/L (ppb) ug/L (ppb)
03/10/92 196894 <RL
03/11/92 196667 <RL.
03/12/92  196895-96 <RL.
03/13/92  196899-900 <RL.
03/16/92  170731-30 <RL.
03/16/92  170733-32 <RL
03/18/92  196832-35 <RL
03/19/92  197962-63 <RL.
03/19/92  197964-65 <RL.
. 03/23/92  171058-59 <RL.
04/21/92 171813 <RL

04/22/92 171815 Methylene Chloride 12 5
04/23/92 171833 <RL

Trip blanks are distilled water samples collected prior to sampling which travel with the sampies
from the field to the laboratory. Trip blanks are analyzed for volatile organic compounds to
ensure sample integrity was maintained throughout transport.

.f < R.L. - No analytes were found to be above reporting limits
ug/L -- micrograms per liter
ppb -- parts per billion
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reviewed for contamination with methylene chloride.

Methylene chloride was detected in the rinsate sample for the water sample collected at the
Sodium Burn Pit Watershed (BB-18-003) and in the field duplicate sample collected at the
RD-51 Watershed (BB-15-005) at 17 ug/kg. Based on the trip blank results, the methylene
chloride in these samples was attributed to contamination during transport or handling at

the laboratory.

6.1.2 Field Rinsate Samples

Field rinsate samples were composed of distilled water used to rinse the sampling
equipment after the decontamination procedure. The rinsate samples contained a
reportable level of chemicals and/or radionuclides in seven cases. Table 6-2 is a summary
of the field rinsate samples for all analytes in which chemicals and/or radionuclides were
above reporting or detection limits, respectively. Positive values were obtained for six
different analytes at seven locations. Copper and zinc [up to 170 micrograms per liter of
water (ug/L) and 120 ug/L, respectively] were attributed to leaching from the brass
sampling tubes. Methylene chloride was identified in the trip blank associated with the
rinsate sample in which methylene chloride was detected. Lead (8 ug/L), chromium (11
ug/L), and potassium-40 [49.7 picocuries per liter of water (pCi/L)] may have resulted from
soil particles which adhered to the equipment after decontamination. The concentrations
of metals and potassium-40 were 800 to 1,000 times less than the mean background
concentrations in soil. Since the naturally occurring background levels in soil are so much

higher than the concentrations in the rinsate, the levels detected would not result in false

positives or interfere with the statistical analysis of the data.
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TABLE 6-2

RINSATE SAMPLES ABOVE REPORTING OR DETECTION LIMITS*

Rocky Peak BG-01-100-RD Potassium-40 49.7 pCi/L
Picnic Area BB-03-006-RF Copper 120 ug/L
Zinc 37 ug/L
Potential Development BB-08-003-RF Copper 53 ug/L
Site 1 Zinc 180 ug/L
Potential Development BB-10-081-RF Copper 29 ug/L
Site 3 Zinc 38 ug/L
Old Well Campsite BB-14-079-RF Copper 170 ug/L
Zinc 120 ug/L
RD-51 Watershed BB-15-005-RD Methylene Chloride 14 ug/L**
Visitor Center Parking SM-01-007-RF Chromium 11 ug/L
Lot Copper 33 ug/L
Lead 8 ug/L

* _ Reporting limits for chemicals and detection limits for radionuclides.

** . Methylene chloride was detected in the associated trip blank at 12 ug/L and is a laboratory contaminant. (Refer

to Table 6-1)

pCi/L - Picocuries per liter of water
ug/L - Microgram per liter of water

Rinsate samples were collected to ensure proper rinsing of field equipment. Afier sampling equipment was
decontaminated, rinsate samples were collected, by pouring distilled water over the equipment (e.g., sample driver

and brass sleeve} and collecting the water in appropriate sample containers.

6-4
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6.1.3 Field Blanks

Field blanks were used to evaluate the cleanliness of the water sample collection bottles and
possible sources of contamination related to the field sampling environment. The results
of the field blank samples are shown in Table 6-3. These results indicated that the sample
containers for water samples did not contribute measurable levels of chemicals or

radionuclides, since no chemicals or radionuclides were found in the field blanks.

6.1.4 Matrix Spike/Matrix Spike Duplicate Samples

Matrix spike and matrix spike duplicate (MS/MSD) samples are QA/QC analyses used to
determine whether the sample matrix (i.e.,the soil/sediment or water) interfered with the
extraction or analysis. MS/MSD samples were prepared in the laboratory by injecting a
known amount of a chemical or radionuclide into the sample matrix and measuring how
much of the injected chemical or radionuclide was recovered in the analysis. The matrix
spike duplicate is an analysis conducted for chemical analyses which consists of a second
aliquot of the same sample matrix, spiked separately. The results of the spike analyses are
expressed as percent recovery of the added chemical. The results of the MS and the MSD
are indicators of accuracy (how closely the results reflect the actual amount of the
chemical(s) or radionuclide(s) injected). The results of the MS and the MSD analyses are
compared and expressed as the relative percent difference (RPD). The RPD is then used
to evaluate the precision (consistency) of a particular analysis. The MS/MSD samples were
collected at a rate of one per 20 samples (including other QA/QC samples) for each analyte

group.

Each analyte has an acceptable range of recovery (for both chemical and radionuclide

analyses) and an acceptable RPD (for chemical analyses only). All radionuclide analyses
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TABLE 6-3

FIELD BLANK SAMPLE RESULTS

Volatile Organic Compounds <R.L.
Semi-Volatile Organic Compounds <R.L.
Priority Pollutant Metals <R.L.
Gamma Scan <D.L
Gross Alpha <D.L.
Gross Beta <D.L.
lodine-129 <D.L
. Strontium-90 <D.L.
Tritium <D.L.

<R.L.- Less than reporting limit (See Appendix A)
<D.L.- Less than detection limit (See Appendix A)

Field blank samples were collected to ensure sample containers (bottles), used for water
samples did not affect sample results. Water sample bottles containing the appropriate
preservative(s) (refer to Table 4-3) were filled with distilled water and analyzed for the
analytes noted above.
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were within the acceptable percent recovery. Some of the results for organic chemicals and
priority pollutant metals were outside the acceptable range (control limits) of percent
recovery and/or RPD. For soil/sediment samples, the MS/MSD analyses beyond control
limits are summarized in Tables 6-4, 6-5, and 6-6 for VOCs, SVOCs, and metals,
respectively. One of a total of 27 MS/MSD samples was beyond control limits for one of
the VOCs in soil. In that sample, toluene, which exhibited a low recovery (43%) in the
MSD sample, was below the lower control limit of 59% (Table 6-4).

Five of the 29 MS/MSD samples analyzed for SVOCs in soil/sediment were beyond the
control limits for 6 compounds: pentachlorophenol, tribromophenol, phenol, 1,4-
dichlorobenzene, N-Nitroso-di-N-propylamine, and 1,2,4-trichlorobenzene (Table 6-5).
Since none of these compounds were found in the soil samples collected for this project,

these results do not impact the validity of the SVOC data.

Results for metal analyses in soil/sediments show matrix interference in 19 of the 168
MS/MSD samples (24 samples analyzed for seven metals). As shown in the Table 6-6,
matrix interference was also apparent in five other metals analyzed. For water samples,
matrix interference was observed in five of 98 MS/MSD samples for water (Table 6-7).

Only matrix samples showing interference are presented in Tables 6-6 and 6-7.

Results from the other McLaren/Hart laboratory QA/QC analyses, laboratory control
samples 'and laboratory blanks > were acceptable. Matrix interference in soil/sediment and

Laboratory control sampie is similar to a matrix spike except the spike is injected onto a clean sand or
distilled water (media which don’t result in interference).

Laboratory blanks are, aliquots of distilled water, run between samples to ensure laboratory equipment
does not affect sample results.

6-7
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TABLE 6-4

SUMMARY OF RECOVERIES BEYOND CONTROL L1MITS FOR VOLATILE ORGANIC COMPOUNDS
MATRIX SPIKE/MATRIX SPIKE DUPLICATES - SOIL SAMPLES

5727009 3/18/92

" Control Limits (Acceptance Limits) II 59-139 59-139 <21 H

Spike Rec% - Percent of spike recovered by analysis
Dup Rec% - Percent of duplicate spike recovered by analysis
RPD - Relative percemt difference

Matrix spike samples were collected in the field and analyzed by the laboratory. A knmown amount ("spike”) of the chemical(s) of interest
was added to the sample. The percent recovery of the chemical is an estimate of the accuracy of the sample measarements as affecied by
the environmental matrix. Accuracy refers te the proximity of a measurement to its true value.
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TABLE 6-5

SuMMARY OF RECOVERIES BEYOND CONTROL LIMITS FOR SEMI-VOLATILE ORGANIC COMPOUNDS
MATRIX SPIKE/MATRIX SPIKE DUPLICATES - SOIL SAMPLES

LCSS26/LCSDS26 3/25/92

5745-001 3/25/92 - - -

1.CSS30/LCSD530 3/30/92 99 87 12

5868-002 4127/92 - - -

Control Limits (Acceptance Limits) 26-90 26-90 <35

3/31-4/1/92

5761-001

38-107 38-107 <23 ||

Control Limits {Acceptance Limits}

"--"- Sample was within control limits

Spike Rec% - Percent of spike recovered by analysis

Pup Rec% - Percent of duplicate spike recovered by analysis
RPD - Relative percent difference

*Surrogate analytes are compounds which are not reported as part of the method; surrogates are used to test method quality assurance/quality control.

Matrix spike samples were coliected in the field and analyzed by the laboratory. A known amount ("spike”) of the chemical(s) of interest was added to the sample.
The percent recovery of the chemical is an estimate of the accuracy of the sample measurements as affected by the environmental matrix. Accuracy refers to the
proximity of a measurement to its true value.
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TABLE 6-6 (LEGAL} SEE THE END OF REPORT FOR ACTUAL TABLE
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TABLE 6-7

MULTI-MEDIA SAMPLING PROGRAM

StaniARY OF RECOVERIES BEYOND CONTROL LIMITS FOR METALS
MATRIX SPIKE/MATRIX SPIKE DUPLICATES - WATER SAMPLES

MARCH 10, 1993

5715-041 3/16-3/18/92 - - - - - - 40 41 2
5727-003 3/24-3/25/92 - - - 88 76 15 || - - -
5868-018 5/1/92 143 140 2 - - - 163 156 4
Control Limits (Acceptance Limits} 80-120 | 80-120 <20 80-120 80-120 <20 80-120 | 80-120 <20

. 5715-041 3/16-3/18/92 228 228 0 - - - - - -
5727003 3/24-3/25/92 - - - 135 133 1 69 61 12
5761016 3/30/92 - - -- || 68 74 8 - - -~
5868-018 5/1/92 - - - - - - 74 82 10
Control Limits (Acceptance Limits} 80-120 | 80-120 <20 80-120 80-120 <20 80-120 | 80-120 <20

Spike Rec% - Percent of spike recovered by analysis (control limits 80-120%)
Dup Rec% - Percent of duplicate spike recovered by analysis (control limits 80-120%)
RPD - Relative percent difference (control limits <20}

Matrix spike samples were coltected in the field and analyzed by the laboratory. A known amount {spike) of the chemical(s) of interest was added
to the sample. The percent recovery of the chemical is an estimate of the accuracy of the sample measurements as affected by the environmental

matrix. Accuracy refers to the proximity of 2 measurement to its true value. Only MS/MSD samples showing matrix interference are presented in
Table 6-6.
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water samples is not uncommon due to the effects of the media on the analysis. Because
matrix interference is the result of highly variable soil/sediment and water chemistry, the
sample results reported by the laboratory were not adjusted to account for the interference.
It would not be appropriate to assume that the percent recovery for one sample would be
applicable to a second sample. Since the percent recoveries are within an order of
magnitude of the control limit, the conclusions of this study would remain the same if the

sample results were adjusted to account for the recoveries outside the control range.

6.1.5 Blind Field Duplicate and Split Samples

Blind field duplicate samples were evaluated by comparing the results of the duplicate
sample with the scheduled sample. Split samples collected by the USEPA (USEPA, 1993),
the consultant to Brandeis-Bardin (Cehn, 1993), and the DHS (DHS, 1993) were evaluated
in the same manner as blind field duplicate samples. The values for radionuclide analyses
were not in agreement if the difference between the two sample results was greater than the
sumn of the standard deviations for the analyses. The values for the chemical analyses were
not in agreement if the sample results differed by greater than 50 percent. Tables 6-8 A and
B, 6-9, and 6-10 summarize the results of the blind field duplicates and split samples that
were not in agreement with the scheduled sample for soil/sediment, water, and fruit,

respectively.

Differences between duplicate soil/sediment samples were observed in 14 samples
(Table 6-8 A and B). The compounds that showed differences were methylene chloride,
copper, plutonium-238, cesium-137, and tritium. Eleven of the 14 differences occurred in
samples that both results were below background levels or above the ninety-fifth percentile

of the measured background; therefore, the differences have no impact on conclusions or
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TABLE 6-8A

SIGNIFICANT! DIFFERENCES BETWEEN THE SCHEDULED SAMPLE AND THE RESPECTIVE DUPLICATE
AND/OR SPLIT SOIL/SEDIMENT SAMPLE

Happy Camp BGO5074 Teledyne Tritium 490 +184 pCi/L
Teledyne (FD)} Tritum 140 480 pCi/L
Santa Monica Mountains BGO6096 Teledyne Plutonium-238 0.13 +0.03 pCi/g(dry)
National Recreation Area Teledyne (DC} Plutonium-238 0.11 +0.04 pCi/g{dry)
Teledyne (LD} Plutonium-238 < 0.02 pCi/g(dry)
Teledyne {FD} Plutonium-238 0.012 30.002 pCi/g(dry}
Teledyne (DC) Plutoninm-238 < .04 pCifgidry)
Teledyne (LD) Plutonium-238 < 0.01 pCifg{dry}
Campsite Area 2 BB04097 Teledyne (LS-TI} Tritium < 200 pCYL
DHS Tritium 2470 +197 pCi/L**
USEPA (LS-TT) Tritinm < 192 pCil
Picnic Area BBO5077 Teledyne Cesium-137 0.155 $0.036pCifg{dry}
USEPA Cesium-137 0.0864 $+0.0137pCifg(dry)
Main House Orchard BB12020 Teledyne Cesium-137 0.149 +0.03 pCifg{dry)
Teledyne (LD) Cesium-137 0.091 +0.03pCi/g{dry)
USEPA Cesium-137 0.084 +0.017pCi/g(dry}
| 0Old Well Campsite BB14079 Teledyne Phutonium-238 0.12 +0.03 pCifg{dry)
USEPA Piutoninm-238 < 0.021pCifgidry)
Teledyne (LD) Plutonium-238 < .08 pCifg{dry)
Teledyne (DC) Plutonium-238 0.10 +0.03 pCi/g(dry}
M/H Copper *22 mg/ke
USEPA Copper 9.5mg/kg
BB14041 M/H Copper *6 mgfkg
M/H {FD) Copper *14 mg/kg

(DC) - Duplicate count of sample immediately above

(FD} - Field duplicate of original sample

(LD) - Laboratory duplicate using original sample

(LS-TT) - Lab split-Teledyne, [linois

DHS - Department of Health Services

M/H - McLaren/Hart Analytical Laboratory

mgfkg - Milligrams per kilogram

pCi/g(dry} - Picocuries per gram of dried sampie

pCVL - Picocuries per liter of water

Teledyne - Teledyne Isotopes (Iliincis or New Jersey)

USEPA - United States Environmental Protection Agency

* - Matrix spike samples analyzed during the same period showed evidence of matrix interference.

** _ A second analysis was conducted 3 months later by DHS with a result of 392 +153 pCi/L, which was lower than the initial analysis possibly due to
long-term storage

ISignificant means that the sum of the standard error did not account for the difference between the two analytical values for radionuclide samples.
For chemical samples, significant means the values differed by greater than 50%.

+ - Pius or minus

< - Less than
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TABLE 6-8B

SIGNIFICANT' DIFFERENCES BETWEEN THE SCHEDULED SAMPLE AND THE RESPECTIVE DUPLICATE
AND/OR SPLIT SOIL/SEDIMENT SAMPLE

RD-51 Watershed BB15005 Teledyne Methylene Chloride <5uglkg
USEPA Methylene Chloride 17 uglkg
Radicactive Materials BB16004 Teledyne Tritum 1300 +200 pCi/L
Disposal Facility Watershed DHS Tritium 1902 +186 pCi/L
Teledyne (LS-TI) Tritium 1600 4200 pCi/L
Teledyne Cesium-137 0.34 +0.04 pCi/g(dry)
DHS Cesium-137 0.60 +0.03 pCi/g(dry)**
Building 59 Watershed BB17001 Teledyne Plutonium-238 0.19 +0.06 pCi/gldry)
Teledyne (DC) Plutonicm-238 0.15 + 0.05pCi/g(dry)
USEPA Plutonium-238 0.027 + 0.03pCi/g{dry)
Teledyne (LD) Plutonium-238 < 0.009pCifg{dry)
BB17004 Teledyne Plutonium-238 < Q.04 pCilgldry)
Teledyne (FD) Piutonium-238 0.33 +0.08 pCi/g{dry)
Teledyne (LD) Plutonium-238 < 0.06 pCifgldry)
Teledyne (DC) Plutonium-238 0.27 +0.07 pCif/g(dry)
Sodium Reactor Experiment BB19002 Teledyne Tritium < 100 pCi/L
Watershed DHS Trittum 444 +153 pCi/L

{DC) - Duplicate count of sample immediately above

(FD) - Field duplicate of

(LD} - Laboratory duplicate using original sample

(LS-TT) - Lab split-Teledyne, Hlinois

DHS - Department of Health Services

M/H - McLaren/Hart Analytical Laboratory

mg/kg - Milligrams per kilogram

pCi/g(dry) - Picocuries per gram of dried sample

pCi/L. - Picocuries per liter of water

Teledyne - Teledyne Isctopes (Efinois or New Jersey)

USEPA - United States Environmentai Protection Agency

* - Matrix spike samples analyzed during the same period showed evidence of matrix interference
** _ Reanalysis of a second aliquot by the DHS detected cesium-137 at a concentration of 0.48 +0.02 pCi/g(dry).
< - Less than

+ - Plus or minus

ISignificant means that the sum of the standard error did not account for the difference between the two analytical values for radionuchide samples.
For chemical samples, significant means the values differed by greater than 50%.
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TABLE 6-9

SIGNIFICANT DIFFERENCES BETWEEN THE SCHEDULED SAMPLE AND THE RESPECTIVE DUPLICATE AND
SPLIT WATER SAMPLES

Radioactive Materials BB16001B M/H Strontium-90 1.8 £0.5 pGi/L

Disposal Facility USEPA Strontium-90 7.8 £0.5 pCi/L

Watershed

Sodium Burn Pit BB18003 M/H Methylene chloride <'5ug/L.

Watershed M/H (FD) Methylene chloride *16 ug/L

Teledyne Strontium-90 < 0.3 pCi/'L
Teledyne (FD) Strontinm-90 1.0 £0.4 pCi/L
ug/L.

(FD) - Field duplicate of original sample

M/H - McLaren/Hart Analytical Laboratory

ug/L - Micrograms per liter of water

pCi/L - Picocuries per liter of water

Teledyne - Teledyne Isotopes (Illinois or New Jersey)

USEPA - United States Environmental Protection Agency

* _ Methylene chloride is a typical laboratory contaminant which was detected in the associated trip blank at 12
< - Less than

<+ - Plus or minus

1Significant means that the sum of the standard error did not account for the difference between the two analytical
values for radionuclide samples. For chemical sampies, significant means the values differed by greater than 50%.
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TABLE 6-10

SIGNIFICANT DIFFERENCES BETWEEN THE SCHEDULED SAMPLE AND THE RESPECTIVE DUPLICATE AND SPLIT FRUIT
SAMPLES

Ralph’s Supermarket BG08004T* Teledyne Tritium <100 pCi/L
USEPA Tritium 400 +200 pCi/L
Teledyne Strontium-90 0.021 4+0.005 pCi/g(wet)
USEPA Strontium-90 <0.004 pCi/g(wet)

pCi/g(wet) - Picocuries per gram of undried sample
pCi/L - Picocuries per liter of water

Teledyne - Teledyne Isotopes (New Jersey)

USEPA. - United States Environmental Protection Agency
*T - Tangerines

< - Less than

+ - Plus or minus

ISignificant means that the sum of the standard error did not account for the difference between the two analytical values for

. radionuclide samples.
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recommendations made in this report. The remaining three differences (tritium and plutonium-
238) are significantly different and are above the ninety-fifth percent upper confidence limit of

the measured background if the higher of the two results are used.

The first difference was at Campsite Area 2, sample block BB-04-097. The DHS sample for
tritium was over 10 times higher at this location (2,470 +197 pCi/L) than either the scheduled
sample (<200 pCi/L)’ or the split sample sent to the USEPA (<192 pCi/L). A second
analysis was conducted three months later by the DHS with a result of 392 +153 pCi/L, which
was lower than the initial analysis. This was attﬁbuted to the long term storage by the DHS
(DHS, 1993). None of the other scheduled samples, including the originally scheduled split by
the USEPA, had elevated levels of tritium. Additionally, there was no documented upgradient
source of tritium. Campsite Area 2 and the drainage system into Campsite Area 2 was not
associated with Area IV of the SSFL where radionuclides were handled.

The second difference was in the Radioactive Materials Disposal Facility (RMDF) Watershed,
sample block BB-16-004. In this location, the DHS sediment sample for tritium was slightly
higher than the scheduled sample (1,902 +186 pCi/L compared to 1,300 +200 pCi/L).
Analysis of a second aliquot of the sediment taken from the same sample block produced results
that were midway between these two results (1,600 +200 pCi/L), suggesting that the differences
between the two were normal variations. In the same sample, the DHS reported a value for
cesium-137 (Cs-137) of 0.60 +0.03 pCi/g compared to the scheduled sample of 0.34 +0.04
pCi/g(dry). A reanalysis of a second aliquot by the DHS of their original sample showed
cesium-137 at a concentration of 0.48 +0.02 pCi/g (DHS, 1993). In both the case of tritium
and Cs-137, the scheduled sample and the duplicate concentrations were above the ninety-fifth

percent upper confidence limit of the measured background.

The third difference occurred at the Building 59 Watershed. The field duplicate for plutonium-
238 was 0.33 +0.08 pCi/g(dry) while the original sample result was less than 0.04 pCi/g(dry).

3 This result was for a laboratory split sample for both the USEPA and the scheduled sample because

the original sample was inadvertently dried.
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A duplicate count of the field duplicate sample agreed with the 0.33 value [0.27 + 0.07
pCi/g(dry)] while the laboratory duplicate result [less than 0.06 pCi/g(dry)] agreed with the
original sample. Another scheduled sample at a different sampling location at the Building 59
Watershed showed plutonium-238 at 0.19 +0.06 pCi/g (dry) compared to the USEPA split
sample result of 0.027 +0.03 pCi/g (dry). This difference is attributed to the relatively small
quantities of plutonium-238 present making true homogenization (complete mixing) prior to

sample analysis difficult.

No differences were observed between split groundwater samples. Three differences were
observed between duplicate surface water samples (Table 6-9). Surface water results from the
Sodium Burn Pit Watershed (Sample Block BB18-003) were different for methylene chioride and
strontium-90 (Sr-90). The difference in methylene chloride was attributed to laboratory
contamination since methylene chloride was also detected in the associated trip blank at 12 ug/L
(refer to Table 6-1). The difference in Sr-90 (<0.3 pCi/L compared to 1.0 + 0.4 pCi/L) was
attributed to normal variation and not to laboratory contamination. Surface water results from
the Radioactive Materials Disposal Facility (RMDF) Watershed (BB-16) differed for strontium-
90 between the McLaren/Hart sample (1.8 + 0.5 pCi/L) and the USEPA sample (7.8 +0.5
pCi/L). This was attributed to an inexplicable laboratory anomaly.

Two differences were observed between duplicate fruit samples (Table 6-10). Tangerines (BG-
08-004) from the local Ralph’s Supermarket showed small differences in tritium and strontium-
90. The USEPA analysis for tritium (400 +200 pCi/L) was higher than the scheduled sample
(<100 pCi/L) for tritium. The scheduled sample analysis for strontium-90 (0.021 +0.005
pCi/g) was higher than the USEPA split (<0.004 pCi/g). Both of these differences were
attributed to normal variation in the samples. Since the sample was a background sample and
since the values were very low, when compared to literature values (Section 8.0) these

differences did not significantly impact the conclusions or recommendations in this report.

In general, the blind field duplicate, interlaboratory duplicate, and split sample results for all
compounds confirmed the scheduled sample laboratory results (Table 6-11). Many of the

comparisons were made between as many as four different laboratories each with different
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equipment, technicians, and other variables, yet the interlaboratory results were comparable for
the majority of the duplicate samples. Additionally, the comparison criteria used for this report
for radionuclides are considered conservative because the standard deviation only accounts for
the error in the counting statistics. Other sources of error, including sample preparation, sample
weight, and technician variance, are not accounted for in the standard deviation of the counting

statistics.
6.1.6 Laboratory Control Blanks

Laboratory blank samples were samples of deionized water which were analyzed at the time
the samples were anmalyzed to ensure that laboratory equipment did not contribute to
concentrations of chemicals or radionuclides. Laboratory blank samples were run by the
laboratory concurrently with soil, water and fruit samples. The results for all laboratory
blanks were below the reporting limit for all chemicals and below the detection limit for all

radionuclides.
6.2 QA/QC Results Summarized by Analysis Type

In this section, the results of the QA/QC samples are organized and discussed by analysis
to evaluate whether any trends were evident in the QA/QC for individual analyses.

6.2.1 Chemicals

The QA/QC data for the chemical analyses conducted by the McLaren/Hart Analytical

Laboratory are summarized in this section.
6.2.1.1 Volatile Organic Compounds
Methylene chloride was detected in the trip blank sample collected on April 22,1992, which

was attributed to laboratory contamination. This trip blank was transported to the
laboratory with the rinsate sample from the Radioactive Materials Disposal Facility
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Watershed (BB-15-005) and the surface water sample from the Sodium Burn Pit Watershed
(BB-18-003). The positive findings of methylene chloride in these two samples was,
therefore, also attributed to contamination during transport or in the laboratory.

The duplicate spike recovery was 16 percent below control limits for one soil matrix spike

sample analyzed for toluene.

The QA/QC samples results for the blind field duplicate, interlaboratory duplicate, and the
split samples were 96 percent in agreement compared to their respective scheduled sample
for soil/sediment samples and 100 percent for water samples. Fruit samples were not
analyzed for VOCs.

6.2.1.2 Semi-Volatile Organic Compounds

Matrix interferences were observed for six SVOCs used to spike soil/sediment samples. The
six SVOCs that showed matrix interferences had chemical structures and properties that
were different from the SVOCs of concern in this study. It was concluded that the observed
soil matrix interferences were not relevant since the agreement among the scheduled
samples to the respective blind field duplicates, interlaboratory duplicates, and split samples
was 100 percent. The QA/QC split and duplicate samples for water were also in 100

percent agreement with their respective scheduled samples.
6.2.1.3 Metais
Metals were observed in the equipment rinsate results and some matrix interference was

observed in the MS/MSD results. Copper and zinc were detected in four of the seven

rinsate samples for soil sampling equipment at concentrations up to 120 ug/L and 180 ug/L,
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respectively. One of the seven rinsate samples also had low levels of chromium and lead
(11 ug/L and 8 ug/L, respectively). The copper and zinc were attributed to leaching of
these metals from the brass sampling tubes due to the 1% nitric acid. The chromium and
lead were assumed to be from residual soil particles. In all cases, the levels of metals were
approximately 800 to 1,000 times lower than the levels detected in soils and, therefore,
would not significantly affect the sample results.

Matrix interference was observed in the MS/MSD soil/sediment samples at approximately
11 percent, 89 percent of the MS/MSDs showed no matrix interference for the metals of
concern in their study. Matrix interference occurred in three of the 14 MS/MSD water
samples analyzed for the seven metals of interest, which is equivalent to 97 percent without

mairix interference.

The QA/QC split and duplicate samples for metals were in 99 percent agreement with their
respective scheduled samples. One hundred percent of the water sample splits/duplicates

were in agreement.

6.2.2 Radionuclides

The QA/QC data for the radionuclide analyses conducted by the Teledyne Isotopes

Laboratory (New Jersey and Illinois) are discussed in this section.
6.2.2.1 Strontium-90
QA/QC results for strontium-90 were not in agreement in two out of nine (22 percent)

duplicate water samples. The field duplicate result (1.0 +0.4pCi/L) was different than the
original scheduled sample result (<0.3pCi/L) at the Sodium Burn Pit Watershed (BB-18).
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At the Radioactive Materials Disposal Facility (RMDF) Watershed (BB-16), the USEPA
sample (7.8 0.5pCi/L) was different than the original scheduled sample (1.8 +0.5pCi/L).
The result of one out of ten fruit samples from the local Ralph’s Supermarket [0.021 pCi/g
wet)] was different from the result reported by the USEPA [< 0.004 pCi/g (wet)]. These
differences were not traced to specific causes and were attributed to normal variation.
Overall, QA/QC results for split/duplicate samples were in agreement 78 percent of the
time for water samples and 90 percent for fruit. Results for duplicate analysis of
soil/sediments were in agreement 100 percent of the time. All other QA/QC results matrix
spikes, field blanks, and field rinsate blanks were consistent for soil/sediment, water, and

fruit samples, as appropriate.
6.2.2.2 Tritium

Preliminary tritium results for soil/sediment samples showed QA/QC differences between
the scheduled samples and duplicate samples. These were traced to two related sources:
1) the inadvertent drying of the samples at the laboratory and 2) the subsequent use of gas
counting rather than liquid scintillation counting for those samples with an insufficient

quantity of water needed to perform liquid scintillation.

According to the Workplan, the Teledyne Isotopes Laboratory in New Jersey would use
either a liquid scintillation method or a gas-counting method to quantify the amount of
tritium in the soil/sediment samples. According to the laboratory, the method selection was
dependent on the amount of moisture present in the soil; samples with low soil moisture
(subsequently defined as less than 9 grams of water per kilogram of soil) were usually
analyzed using the gas-counting method and samples with high soil moisture (subsequently
defined as greater than 9 grams of water per kilogram of soil) were usually analyzed using
the liquid scintillation method. Although Teledyne has several years of data showing good,
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consistent results using the gas-counting method, the method had primarily been used for
water samples. Dr. David Martin, Technical Vice President for Teledyne, stated that the
soil/sediment sample results using the gas counting methods could not be validated.
Teledyne withdrew the data for 16 samples analyzed using the gas-counting method, which
included both low and high values.

Using laboratory split samples Teledyne re-extracted and reanalyzed those samples
containing sufficient moisture for the liquid scintillation method. Of the 16 samples
originally analyzed by the gas counting method, 10 were reanalyzed, using liquid scintillation.
These results are included in this report. Additional laboratory split samples were run by

the USEPA to demonstrate the reproducibility of the liquid scintillation analyses over time.

Four out of 42 (10 percent) of the QA/QC split/duplicate soil/sediment sample results were
not in agreement with the respective scheduled sample. Three of the four split samples not
in agreement were DHS splits at Campsite Area 2, the RMDF Watershed, and the Sodium
Reactor Experiment. The fourth was a background sample (Happy Camp) where the blind
field duplicate was higher than the scheduled sample.

The DHS laboratory reanalyzed the sample from Campsite Area 2 several months after the
original analysis. The result of the reanalysis was 392 +153 pCi/L compared to the original
value of 2,479 +197 pCi/L. The DHS laboratory attributed the lower value to long term
storage. However, other samples from this study were reanalyzed by USEPA and Teledyne
after as much as seven months in storage. The results of these reapalyses were all in
agreement with the original analysis, including the sampie from the Building 59 Watershed
(BB-17-003) which had trittum detected at 10,800 +300 pCi/L.
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One hundred percent of the QA/QC split/duplicate samples for water were in agreement
with the respective scheduled sample. In one of the background fruit split samples
(tangerines from the local Ralph’s Supermarket), the USEPA reported a value that was not
in agreement with the scheduled sample. Overall, 90 percent of the split/duplicate fruit

samples were in agreement.

The remaining QA/QC data for tritium matrix spikes, field rinsates, and field blanks were

consistent and considered acceptable for soil/sediment, water, and fruit.

6.2.2.3 Iodine-129

All duplicate and split samples analyzed for iodine-129 in soil/sediment, water, and fruit
were in 100 percent agreement. Matrix spike samples were within the control limits.

Iodine-129 was not detected in field rinsate blanks.

Water samples were collected using sample bottles that contained 4 milliliters of 16 M nitric
acid. After analyses were in process, a concern was raised that the preservative would
impact the analytical results. All water samples were reanalyzed using water that was
collected without a preservative. None of the samples, with or without preservatives, had

detectable levels of iodine-129.

6.2.2.4 Gross Alpha and Gross Beta Analysis

All duplicate and split water samples analyzed for alpha- and beta-emitting radionuclides
were in 100 percent agreement. Alpha- and beta-emitting radionuclides were not detected
in the water rinsate sample indicating that sampling methods did not affect the analytical

results. Matrix spike samples were within control limits.
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6.2.2.5 Isotopic Plutonium

Eighty-five percent (23 out of 27) split/duplicate soil/sediment samples for plutonium-238
were in agreement. To evaluate this, these samples were reanalyzed using different aliquots
of the same sample and by recounting the original material. In all four cases, the duplicate
count supported the original sample result. However, the four laboratory duplicates were
significantly different from the original sample and the duplicate count results. These
differences were attributed to normal variation of plutonium-238 concentrations within small
volumes of soil. All duplicate and split samples analyzed for plutonium-238 in water and
fruit were in 100 percent agreement. Matrix spike samples were within the control limits.

Plutonium-238 was not detected in field rinsate blanks.

All duplicate and split samples analyzed for plutonium-239 in soil/sediment, water, and fruit
were in 100 percent agreement. Matrix spike samples were within the control limits.

Plutonium-239 was not detected in field rinsate blanks.

6.2.2.6 Gamma Scan

Cesium-137 was the only analyte detected in the gamma scan analysis that was not naturally
occurring and, therefore, the only radionuclide from the gamma scan analysis evaluated in
this study. Naturally occurring radionuclides (i.e., potassium-40, and radium-226, and

thorium-228) were detected in most of the soil samples, but are not discussed.

Three out of 50 (6 percent) QA/QC split/duplicate samples for soil/sediment were not in
agreement with their respective scheduled sample. The split or duplicate soil/sediment
samples not in agreement were at the Picnic Area (BB-05-077), the Main House Orchard
(BB-12-020), and the Radioactive Materials Disposal Facility (BB-16-004). The water and
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fruit split/duplicate samples analyzed for cesium-137 were in 100 percent agreement with

the respective scheduled samples.

Matrix spike, field rinsates, field blanks, for all other soil/sediment, water and fruit samples,

as appropriate, were consistent.
6.3 Conclusion

A standard of 90 percent completeness is suggested in the USEPA Interim Guidelines and
Specifications for Preparing Quality Assurance Project Plans (USEPA, 1983). Completeness
refers to the percentage of QA/QC sample results, primarily blind field duplicates and split
samples, that are consistent or in agreement. Overall completeness for this project for the

primary QA/QC samples (i.e.,blind field duplicates, interlaboratory split duplicates, and

split samples) was 97 percent. Therefore, the data from the McLaren/Hart and Teledyne

Laboratories were determined to be valid.
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This section discusses the statistical evaluation methods used in this study. Since heavy

metals and radionuclides are naturally occurring and because certain radionuclides are
deposited throughout the world as a result of nuclear weapons testing, the goal of the
statistical evaluation was to determine whether chemicals or radionuclides in the study areas
were different from background concentrations. The statistical evaluation of the background
areas and the study areas was conducted in three steps. First, the background area data
were evaluated to determine the background concentration range and mean. Second, the
study area data were evaluated relative 1o background to determine whether the study areas
were different from background. If a study area had a concentration that was statistically
higher than background, possible explanations for the elevated concentrations were
evaluated. Section 7.1 describes the methods used to analyze the background sampling
areas to develop a range for naturally occurring levels of metals and radionuclides. Section
7.2 discusses the methods used to compare analytical results for each sampling area to the

results of the statistical analysis of the background samples.

Volatile and semi-volatile organic compounds were not evaluated statistically because these
compounds are not naturally occurring or, in the case of polynuclear aromatic hydrocarbons,
are combustion products that could be found in campfires and would not be widespread
throughout the study areas. If any volatile or semi-volatile organic compounds were
detected in the study area, potential reasons for this occurrence were evaluated.
Additionally, mercury and cadmium were not evaluated statistically because the majority of
the background samples were below the reporting limits for these compounds. Thus, there

were insufficient positive numbers on which to perform meaningful statistical analyses.
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Water data were not evaluated statistically because there was only one background sample.
Fruit data were not evaluated statistically because the number of background and scheduled
fruit samples with radionuclides above the detection limit was not large enough to make

statistical comparisons.

Since the sample grids were considered to be representative of an entire area and since the
sample locations were randomly selected, it was assumed that if the mean concentration of
all samples from a sampling area was statistically at or below the mean concentration of the
background areas, then the area had not been impacted by activities at the SSFL. If metals
were below the reporting limjLor\Ec_Iigguclides were below\the detection limit, a value of /\f

ne- the reporting limit or detection limit was used to calculate the mean and standard ¢

A e

assumption that some level of the chemical is present throughout the area and is consistent

with USEPA’s Risk Assessment Guidance for Superfund (United States Environmental 9
Protection Agency, 1989).

7.1. Statistical Evaluation of Background Soil Samples

In accordance with the Workplan, an analysis of variance (ANOVA) was used to evaluate
whether all of the six background soil sampling areas were representative of general
background levels of the metals and radionuclides of interest. Using the ANOVA resulits,
any background areas where the levels of metals or radionuclides in soil were significantly
different from the other background area soils could be identified. If an area was identified
as different, the appropriateness of including the sample area in the group of background

sample areas was further evaluated.
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The purpose of collecting background samples was to determine the range and distribution
of metals and radionuclides in soil that was similar to the soil in the study areas (i.e.,of
similar geologic origin and composition) but that was physically removed from the SSFL.
Because all background were a minimum of 1.5 miles from the SSFL and none of the
background locations were in the predominant wind direction (based on a windrose for the
SSFL), it was assumed that soils would not have been significantly impacted by activities at
the SSFL. Chemicals or radionuclides that would have moved in surface runoff or have
been dissolved in rainwater flowing from the SSFL on to neighboring properties would not

have impacted the background areas.

Six sample areas within a 1.5to 12.5-mile radius of the SSFL were selected as representative
of the background. A Type I (random effects) ANOVA was used to evaluate background
sample areas for each analyte. A separate ANOVA was calculated for the following metals

and radionuclides:

> Chromium > Cestum-137

> Copper > Plutonium-238
> Lead > Strontium-90
> Nickel > Tritium

> Zinc

Each of the background areas was treated as a separate sample set for each analyte. A
computer program, Systat (Systat, Inc.,1989), was used to perform the ANOVA calculations.
The Type I (fixed effects) ANOVA was used to determine whether all six background areas
were from the same population (i.e., general background) or whether one or more of the
six sample sets was statistically different from the others. The hypothesis being tested in this

analysis is that the sample sets have the same mean concentration as background. A
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significance probability (p-value) greater than 0.05 indicates that under the hypothesis that
all background sample areas are from the same population, the chance of seeing differences
as great as those observed between sample areas is less than 5 percent. Therefore, when

the p-valqg 7;:alc1_1w13tqq in the ANOVA was less than or equal to 0.05, the hypothesis was

rejected and the six background areas were considered to have different means. (Only if
the sample area mean was greater than background was the sample area considered to be
above background levels.) When the p-value was greater than 0.05,the hypothesis that the

six background areas were from the same population was accepted.

To determine which of the background sample areas was different, the results of the Tukey
"honest significant difference” (HSD) output (part of the Sysrar ANOVA output) were
evaluated. In the Tukey HSD, each of the background sample areas was compared to the
other background sample areas resulting in 15 comparisons. Each comparison was
characterized by a p-value. As with the ANOVA for the group of background sample areas,
if p-values were greater than 0.05,the hypothesis that the sample areas were from the same
population was accepted. If the p-value is less than or equal to 0.05,the chance of seeing
differences as great as those observed between sample groups are less than 5 percent and

the hypothesis is rejected.

To further evaluate the appropriateness of deleting a background location based on the
statistical results, Dr. Max Layard of Layard Associates, was consulted. According to Dr.
Layard, an "appropriate benchmark (for background) would be the overall average from all
the sites, and this average would be interpreted as an estimate of the average in all possible
background sites. This assumes that there are no identifiable reasons for considering the
measurements from any location to be nonrepresentative, such as known analytical errors”
(personal communication, 1992). In other words, because the background sites were

specifically identified to be representative of the general area and if there were no

7-4




MULTI-MEDIA SAMPLING PROGRAM
MARCH 10, 1993

identifiable reasons for considering measurements at any background area to be
nonrepresentative of the full spectrum of possible background measurements, all six

background sites should be considered representative and used to evaluate the results at the

s}gp;pling areas. Dr. Layard also indicated that the fixed effects ANOVA would not
adeq:lé;ly represent the variability of the overall mean because it does not account for
variability between sample areas. Because the sampling areas were relatively small (i.e.,
10,000 square feet) when compared with the entire background area population (i.e.,all soil
within a 12.5 mile radius of the SSFL), the variance between background—sample areas
would be expected igqg@ than the variance within background sample areas. If the
variance w1thm a sample area and the variance between sample areas differed substantially,
th@wouid result in @ less than@when in actuality the sample areas are

all representative of background. Therefore, all sample areas were retained as representative
of the full range of background levels of metals and radionuclides, based on Dr. Layard’s

P : L
recommendation and with the consensus of the USEPA representative and the consultant

for Brandeis-Bardin.
7.2  Statistical Evaluation of Sampling Areas

The sampling areas were divided into two groups based on whether random or deterministic
(purposeful) sampling was conducted. Each randomly sampled area was statistically
evaluated on an area-by-area basis because it was assumed that the sampling area
represented a "population”. The sample results from the randomly sampled areas were
described by a ;;an, fé:nge, and a standard deviation. The data from deterministically
sampled areas (the watersheds adjacent to the SSFL property border) were not analyzed

statistically but were evaluated on a sample-by-sample basis because the distribution of

chemicals in the ravines could be expected to vary at each sampling location. These ravine
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samples were not collected randomly, and therefore, they were not representative of the

area (a "population”).
7.2.1 Randomly Sampled Areas

Initial comparisons between the randomly sampled areas and background data were made
using the Behrens-Fisher t-Test. This test provides a statistical comparison of the means
between two data sets assuming the data are normally distributed. The t-Test is an
appropriate procedure because the test is known to be only slightly affected by departures
from normahty The data at a sample area were considered to be the same as background
if the! p-value was greater. than 0. 05‘ A p-value less than 0.05 mdlcates that, assuming the
sample area is within the range of background, the probablhty of seelng a difference as

great as those observed between the sample area and background is less than 5 percent.

Dr. Layard was also contacted regarding the appropriateness of using the Behrens-Fisher
t-Test to identify when a sample area was different from background. Dr. Layard indicated

that the use of the Behrens-Fisher t-Test may be overly conservative since the variance

within the background sample areas is not considered. At his recommendation, in cases
where the sample area failed the t-Test (i.e.,considered different from background), the t-
effects ANOVA in the place of th&\standard error of the backgrg}'mdi sa{gples. The standard
error of the mean incorporates the variance between background areas as well as the
variance within background areas producing a more appropriate measure for comparison

with the sample areas.
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7.2.2 Deterministically Sampled Areas

Soil/sediment data from the deterministically sampled areas (Watersheds) were ’1/1:)?
analyzed statistically. Comparisons were also made between the background areas ;m/g
individual sampling locations within the Watersheds. This comparison provides a more
conservative threshold for defining an area as different from background but was used to
provide a consistent threshold for identifying data that require further evaluation. The

reasons that this comparison is more conservative are:

1) When individual points rather than means or ranges are compared to
background, some points that would be within the normal range appear to be
different than background; and

2) The background areas were representative of the soils taken from a relatively
level area. However, the sediment in the ravines most likely contains sand,
silt, and clay which has eroded from the hillsides. Because chemicals and
radionuclides are deposited in the top 2 to 3 inches, sediments eroded from
the hillsides could have slightly higher chemical or radionuclide concentrations
than the soil obtained in the background areas. Ideally, samples from the
ravine study areas should have been compared to ravine background areas,
but no ravine background areas were sampled.

Each chemical or radionuclide concentration at a sample location was compared to the
ninety-fifth percentile of the background samples. The upper and lower ninety-fifth
percentile intervals were two standard deviations above and below the mean, respectively.
Any chemical or radionuclide concentration greater than the upper ninety-fifth percentile
was considered to be different from background and subject to further evaluation.
Chemicals or radionuclides which were below the lower 95th percent confidence interval
were not evaluated further because they were less than background. This comparison was
a highly conservative procedure that may have incorrectly identified purposeful sampling
locations as different from background because five percent of the background concentration

is expected to fall above the ninety-fifth percentile.
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This section presents the results of the multi-media sampling program at the Background
Areas. The results are presented in two parts. Section 8.1 describes the sites and sampling

locations and Section 8.2 analyzes the data statistically.

8.1 Background Area Descriptions

Six background areas were sampled.

> BG-01: Rocky Peak

> BG-02: Santa Susana Park

> BG-03: Bell Canyon

> BG-04: Western Sampling Site

> BG-05: Happy Camp

> BG-06: Santa Monica Mountains Recreation Area

This section is a brief description of the Background Areas (Figure 8-1). The analytical
results for each sample area are presented in the form of tables and figures. The first table
for each sample area summarizes the results for the chemical analyses. Only results above
the reporting limits' are presented in this table. The second table summarizes the results
for radionuclide analyses. The detection limit preceded by a "less than” symbol (<) is used

to represent radionuclide results below detection limits’ For fruit analyses, one table is

! Reporting and detection limits are discussed in detail in Section 5.3.1.6.
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used to present all the data as only radionuclide analyses were conducted. The sample grid
and sample locations as well as relevant landmarks are noted on the figures. Only the
original sample results collected by McLaren/Hart (the scheduled sample) above reporting
limits for volatile organic compounds and semi-volatile organic compounds or background
levels for metals and radionuclides are shown on these figures. In some cases, all the results
for a particular analyte are presented on a figure, although some of those results are not
considered significant, to show the trend in that particular area. Results of splits, duplicate
counts, and interlaboratory samples are only reported in the tables as they were used solely

for quality assurance/quality control (QA/QC) purposes.
8.1.1 Rocky Peak (BG-01)

The Rocky Peak background sample area is approximately 4.9 miles northeast of the SSFL,
north of the 118 Freeway, at the Rocky Peak exit. The sample grid was located along the
north side of a fire road directly above the parking area. The grid was on a steeply sloping
area near the northern edge of the grid and on a more level area along the southern margin
of the grid. The grid was partially covered by grasses with some shrubs. Numerous
sandstone outcroppings and boulders were also exposed along the slope. The grid location
was selected because the distance and height above the freeway was considered sufficient

to avoid the majority of the chemical deposition from freeway traffic.

Soil samples were collected on March 10, 1992 at three sampling locations from the grid
according to the approved Workplan. A blind field duplicate sample for VOCs and an
Matrix spike/Matrix spike duplicate (MS/MSD) sample were collected at Block 100. In
addition, three rinsate blanks were collected at this location. The radiation survey of the
area by the United States Environmental Protection Agency (USEPA) showed an average
radiation of 14 to 15 microroentgens per hour (uR/hr) (USEPA, 1992b).
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The sampling grid is shown on Figure 8-2. Summaries of the chemical and radionuclide

analytical results for the soil samples are presented in Tables 8-1 and 8-2, respectively.

The soil collected at Rocky Peak was silty sand, dark brown to black fine to medium
grained, poorly graded, plastic, moist, with organic material and roots. No volatile or semi-

volatile organic compounds were detected at Rocky Peak.

A surface water sample was collected from a stream about 165 feet east of the grid,
approximately 60 feet north of the point where the water entered a concrete spillway which
drained toward the freeway. This water is shown on geologic maps as originating at the
Hawaiian Spring. The surface water was sampled to provide an estimate of background
levels of chemicals and radionuclides in surface water in the Simi Valley area. The surface
water was sampled on March 12 according to the approved Workplan. USEPA coilected
split samples at this location. Zinc was detected in both the scheduled sample and the
USEPA split [29 micrograms per liter of water (ug/L) and 20 ug/L, respectively]. No
radionuclides were detected above the detection limit. Chemicals were not detected in the
surface water that exceeded reporting limits (for volatile and semi-volatile organic
compounds). Tables 8-3 and 8-4 summarize the chemical and radionuclide analytical data,

respectively.

812 Santa Susana Park (BG-02)

Santa Susana Park is located approximately 2 miles south of the 118 Freeway and
approximately 3 miles north of the SSFL main gate. The area that was sampled was a
plateau south of the main park area. The plateau was bounded on the north by a short
slope and to the south by a gradual hill leading to a steeper hill. The area was partially

devoid of grass or plants except around the perimeter; several trees were present. A small
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drainage area from the eastern slope appeared to run through the center of the sampling
area, which was dry at the time of sampling. The location of the sample in Block 076 was
moved from coordinates (4,7) to (5,4) in accordance with the Workplan protocol because

of the presence of a tree.

On March 10, 1992, three sets of soil samples were collected from the grid according to the
approved Workplan. In addition, a USEPA split sample was collected at Block 007. Three
rinsate blanks were collected at this area. The radiation survey of the area showed an
average radiation of 13 to 14 uR/hr (USEPA, 1992b). The sampling grid is shown on
Figure 8-3. Summaries of the chemical and radionuclide analytical results for soil samples

are presented in Tables 8-5 and 8-6, respectively.

The soil collected at Santa Susana Park was a brown sand, fine to medium grained, poorly
graded, and dry. No volatile or semi-volatile organic compounds were detected in the soil
at Santa Susana Park. Acetone was detected in the USEPA split sample (12 ug/kg), which
was below the McLaren/Hart reporting limit of 25 ug/kg.

8.1.3 Bell Canyon (BG-03)

The Bell Canyon location is approximately 6.5 miles south of the 118 Freeway and
approximately 2.5 miles southwest of the SSFL main gate. The area that was sampled was
near the top of a hillside, which faced northwest. The antenna at the Santa Monica
Mountains Conservancy could be seen in the distance at 10 degrees west of north. The hill
overlooks Bell Canyon Boulevard; the area was accessed by a fire road that continued

beyond the grid location up the hill. Approximately two-thirds of the way down the hillside,

a four to six-foot ridge was formed that traversed the sampling area, possibly the result of
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a land slide. The area was covered with grasses and forbs except along the roadway; a few

trees were present southeast of the sampling area.

On March 12, 1992, three sets of soil samples were collected from the grid according to the
approved Workplan. In addition, a USEPA split sample for all soil analyses was collected
at Block 059. Bedrock was encountered during sampling at Block 059. The sampling grid
and the results are shown on Figure 8-4. Summaries of the chemical and radionuclide

analytical results for soil samples are presented in Tables 8-7 and 8-8, respectively.

The soil collected at Bell Canyon was a brown sand, fine to medium grained, poorly graded,
and dry. Volatile and semi-volatile compounds were not detected above reporting limits at

Bell Canyon.

8.1.4 Western Location (BG-04)

The Western Location is approximately 4.5 miles south of the 118 Freeway and
approximately 2 miles west of the Rocketdyne water tank, a visible landmark from the
sampling area. The sampling area was part of a southward facing slope and adjacent to a
barbed wire fence. The northwest corner of the grid was located 65 feet due east of the
17th fence post north of a gate accessing the roadway. The area was used as a cow pasture;
several cows were present to the south across the dirt access road. Tire tracks were present
in the southeast corner of the site near the location of Block 029. The slope was covered

predominantly by grasses.

On March 13, 1992, three sets of soil samples were collected from the grid according to the
approved Workplan. In addition, a blind field duplicate for metals was collected at Block
025. A USEPA split sample, for all soil analyses, was collected at Block 029. The radiation
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MULTI-MEDIA SAMPLING PROGRAM
MARCH 10, 1993

survey of the area by USEPA showed an average radiation of 13 uR/hr (USEPA, 1992b).
The sampling grid is shown on Figure 8-5. Summaries of the chemical and radionuclide

analytical results for soil samples are presented in Tables 8-9 and 8-10, respectively.

The soil collected at the Western Sampling Site was clayey sand, dark brown, medium to
fine grained, moist, with organic material. Volatile and semi-volatile compounds were not

detected above the reporting limits at this site.

8.1.5 Happy Camp (BG-05)

The Happy Camp background area is located in Moorpark approximately 12.5 miles feet
northwest of the SSFL. The sampling area was a flat area located between two plateaus
seemingly created by erosion off the Middle Ridge Fire Road approximately one mile from
the main gate. A stream bed ran through the center of the Happy Camp Area and ran west
of the sampling area (the stream bed was dry during the sampling). The northeast corner
of the sampling grid was located 60 feet west of a large double-trunked oak tree. Tire
tracks were present across the southwest corner of the site near the road. The area was

sparsely covered by grasses and small shrubs.

On March 13, 1992, three sets of soil samples were collected from the grid according to the
approved Workplan. In addition, a matrix spike duplicate was collected at Grid 026. The
radiation survey of the area by the USEPA showed an average level of radiation of 10
uR/hr (UPEPA, 1992). The sampling grid is shown on Figure 8-6. Summaries of the
chemical and radionuclide analytical results for soil samples are presented in Tables 8-11

and 8-12, respectively.
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MULTI-MEDIA SAMPLING PROGRAM
MARCH 10, 1993

The soil collected at Happy Camp was clayey sand, dark brown, medium to fine grained,
moist, with organic material. Volatile and semi-volatile compounds were not detected above

the reporting limits at Happy Camp.

8.1.6 Santa Monica Mountains National Recreation Area (BG-06)

The Santa Monica Mountains National Recreation Area (SMMNRA) background area is
located in Agoura approximately 2 miles north of Highway 101 and approximately 4.5 miles
southwest of the SSFL facility. The sampling area was 20 feet north of the Los
Angeles/Ventura County Line and approximately 1.5 miles north of a Los Angeles County
Class IIT Landfill. The sampling area was adjacent to and west of the dirt access road and
east of a dry creek bed. The sampling grid was located on a flat area covered by grasses

and fords. A few trees were located outside of the sampling area.

On March 12, 1992, three sets of soil samples were collected from the grid according to the
approved Workplan. Blind field duplicates were collected at Block 089 for SVOCs, and at
Grid 096 for strontium-90, iodine-129, and isotopic plutonium. An MS/MSD sample was
collected at Block 033. Two rinsate blanks were collected at this site. The radiation survey
of the area by USEPA showed an average radiation of 14 uR/hr (USEPA, 1992b). The
sampling grid is shown on Figure 8-7. Summaries of the chemical and radionuclide

analytical results for soil samples are presented in Tables 8-13 and 8-14, respectively.

The soil collected at the Santa Monica Mountains Recreation Area was silty sand, dark
brown to black, fine to medium grained, poorly graded, plastic, moist, with organic material
and roots. Volatile and semi-volatile compounds were not detected above reporting limits

at the Santa Monica Mountains National Recreation Area.
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8.1.7 Orchards Near Happy Camp (BG-07)

Lemon and avocado samples were collected from groves and orchards located
east/southeast of and adjacent to Happy Camp. The orchards were located on the eastern
plateau across from the Happy Camp parking lot. The groves and orchards were
approximately 11 miles from the SSFL facility. Three sets of samples for both avocados and
lemons were collected in this area. The USEPA collected splits of both avocados (001) and
lemons (004). The approximate sample locations are shown in Figure 8-8. Summaries of
the analytical results for avocado and lemon samples are presented in Tables 8-15 and 8-16,

respectively.

8.1.8 Ralph’s Supermarket (BG-08)

Orange, tangerine, and avocado samples were purchased for use as background samples
from the Ralph’s Supermarket located at the intersection of Topanga Canyon Road and
Roscoe Boulevard in Chatsworth, California. Three sets of samples for each fruit (oranges,
tangerines, and avocados) were purchased at this location. The USEPA collected splits of
tangerines (004). An MS/MSD sample for oranges and a blind field duplicate of the
oranges (001) and avocados (009) were also collected. Summaries of the radionuclide
analytical results for orange, tangerine, and avocado samples are presented in Tables 8-17,
8-18, and 8-19, respectively.

8.2 Background Summary by Analysis
Soil, surface water, and fruit samples were collected to provide data on the naturally

occurring levels of heavy metals and radionuclides in the soil within a fifteen-mile radius of

the SSFL. These data were compared to the data from the Brandeis-Bardin Institute and
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the Santa Monica Mountains Conservancy to determine whether these sites had significantly
higher chemical and/or radionuclide concentrations, which may have been due to activities
at the SSFL. The measured data were tabulated for all of the background areas. A
complete summary of all the data by analysis is included in Appendix C.

8.2.1 Volatile Organic Compounds

Of the 18 analyses for volatile organic compounds (USEPA Method 8240) from the six
Background Areas, none of the samples contained volatile organic compounds (VOCs)above
the laboratory reporting limits. (Refer to Table 2-1 for a list of VOCs analyzed for a
discussion on reporting limits refer to Section 5.3.1.6). The surface water sample likewise
did not have any reportable VOCs. This indicated that there was not a background level
of VOCs in soil or surface water; any VOCs detected in the study areas were attributable

to a specific source.

8.2.2 Semi-Volatile Organic Compounds

Of the 18 soil analyses for semi-volatile organic compounds (SVOCs) using USEPA Method
8270 from the six Background Areas, none of the samples had SVOCs above the laboratory
reporting limits. (Refer to Table 2-2 for a list of SVOCs analyzed. For a discussion on
reporting limits, refer to Section 5.3.1.6). The surface water sample likewise did not have
any reportable SVOCs. This indicated that there was not a background level of SVOCs in
soil or surface water; any SVOCs detected in the study areas were attributable to a specific

source.
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8.2.3 Heavy Metals

Heavy metals are naturally occurring throughout the Background Areas. As stated in
Section 2.0, all 13 priority pollutant metals on the California Assessment Manual list of
metals were analyzed in this study, but only those five metals known to be associated with
activities at the SSFL (chromium, copper, lead, nickel, and zinc) were subjected to statistical
analysis. (Cadmium and mercury, reportedly used at Rocketdyne, were not present in
background samples above reporting limits in a sufficient number of samples for statistical

analysis).

8.2.4 Radionuclides

Low levels of radionuclides are ubiquitous as a result of two sources: naturally occurring
radionuclides such as radon and uranium and fallout from atmospheric testing of nuclear

weapons since 1945.

The radionuclides that were evaluated and discussed are limited to the following man-made

radionuclides detected in the samples:

> Cesium-137 (Cs-137)

> Plutonium-238 (Pu-238)

> Strontium-90 (Sr-90)

> Tritium (H-3) (also naturally produced in the upper atmosphere)

fodine-129 and plutonium-239 were not detected in any of the samples and, therefore, are

not discussed.
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8.3 Summary of Background Information

The measured background data sets for metals and radionuclides were evaluated using
analysis of variance (ANOVA) and Tukey’s "honest significant difference” (HSD) statistical
methods to determine if all of the background data sets had the same mean and therefore
considered to be from the same population. The ANOVA was used to indicate whether or
not any of the data sets were different and Tukey’s HSD was used, if necessary, to indicate

which sample area(s) was significantly different.

As discussed previously, the significance probability (p-value) was used to determine if one
or more sample areas were different from the other background sample areas. As shown
in Table 8-20, the p-values for copper, chromium, nickel, zinc, and strontium-90 were less
than 0.05. However, based on discussions with Dr. Max Layard (Section 7.1) and with the
consensus of the USEPA and the consultant to Brandeis-Bardin, all Background Areas were
included as representative of the range and distribution of background levels of each analyte
in soil. Therefore, the statistical comparison of the sampling areas to background was based
on all eighteen background samples. The following sections describe the background results
for analytes of interest for soil and selected analytes for fruit and surface water. Tables
8-21, 8-22, and 8-23 summarize the statistical parameters (mean, standard deviation, and
range) defining measured background for each analysis as well as background values found

in the literature for soil, fruit, and water, respectively.
8.3.1 Chromium
Chromium concentrations in the measured background soil samples ranged from 14

milligrams per kilogram (mg/kg) at Santa Susana Park (BG-02) to 96 mg/kg at Bell Canyon
(BG-03) with an arithmetic mean concentration of 30 +23 mg/kg. The ninety-fifth
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TABLE 8-20

SuMMARY OF THE RESULTS OF THE ANALYSIS OF VARIANCE (ANOVA) AND TEE TUKEY HONEST
SIGNIFICANT DIFFERENCE (HSD) TEST FOR THE BACKGROUND SAMPLE AREAS

Chromium 0.001 BG-03

Copper 0.000 BG-03

Lead 0.319

Nickel 0.000 BG-03; BG-06

Zinc 0.011 BG-03
. Cesium-137 0.296

Plutonium-238 0.061

Strontium-90 0.023 BG-05

Tritium 0.582

P values less than 0.05 indicate at least one background sampie area differs from the others.
BG-01 - Rocky Peak

BG-02 - Santa Susana Park

BG-03 - Bell Canyon

BG-04 - Western Location

BG-05 - Happy Camp

BG-06 - Santa Monica Mountains National Recreation Area

=

This table indicates that for some of the metals and one radionuclide a difference occurred at the Background Areas
as shown. However, based on discussions with an independent statistician, Dr. Max Layard, and by consensus with
the USEPA and the consultant to Brandeis-Bardin, alt Background Areas were included in the analysis as valid
representations of background.
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TABLE 8-23

BACKGROUND LITERATURE VALUES OF TRITIUM IN WATER

100 - 200 Drinking Water USEPA, 1992a
100 - 300 Precipitation Layton, 1991
100 - 2600 Surface Water USEPA, 1992a
37 - 1230 Surface Water Layton, 1991

pCi/L - picocuries per liter of water
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percentile was 76 mg/kg. The geometric mean 'chromium concentration in the contiguous
United States is 37 + 2.37mg/kg (Shacklette and Boerngen, 1984) and the arithmetic mean *
concentration in the Western United States is 41 mg/kg with a range from 3 to 2,000 mg/kg
(Shacklette and Boerngen, 1984). The chromium arithmetic mean concentration in the
Background Areas was slightly lower than the published arithmeticmean background
concentrations for soils in the Western United States and within the published range for the
Western United States.

8.3.2 Copper

Copper concentrations in the measured background soil samples ranged from 10 mg/kg at
Santa Susana Park (BG-02) to 72 mg/kg at Bell Canyon (BG-03), with an arithmetic mean
concentration of 24 +18 mg/kg. The ninety-fifth percentile was 60 mg/kg. The geometric
mean copper concentration in the contiguous United States is reported as 17 2.4 mg/kg
(Shacklette and Boerngen, 1984) and the arithmetic mean concentration in the Western
United States is 27 mg/kg with a range of 2 to 300 mg/kg (Shacklette and Boerngen, 1984).
The copper arithmetic mean concentration in the Background Areas was slightly lower than
the published arithmetic mean background concentration for soils in the Western United

States and within the published range for soils in the Western United States.

Geometric mean - Average concentration in soils for lognormally distributed data sets calculated by
summing the logarithm of the sample results and dividing by the total number of samples.

Arithmetic mean - Average concentration in soils for normally distributed data sets calculated by
summing all sample results and dividing by the total number of samples.
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8.3.3 Lead

Lead concentrations in the measured background soil samples ranged from 5.5 mg/kg at
Bell Canyon (BG-03) to 26 mg/kg at Rocky Peak (BG-01) with an arithmetic mean
concentration of 13 +8 mg/kg. The ninety-fifth percentile was 29 mg/kg. The geometric
mean lead concentration in the contiguous United States is reported as 16 +1.9 mg/kg
(Shacklette and Boerngen, 1984) and the arithmetic mean concentration in the Western
United States is 17 mg/kg with a range from less than 10 to 700 mg/kg (Shacklette and
Boerngen, 1984). The arithmetic mean concentration for the Background Areas was slightly
lower than the published arithmetic mean background concentration for soils in the Western

United States and the Background Area values were within the published background range.

8.3.4 Nickel

Nickel concentrations in the measured background soil samples ranged from 9.1 mg/kg at
Santa Susana Park (BG-02) to 82 mg/kg at Bell Canyon (BG-03) with an arithmetic mean
concentration of 29 +23 mg/kg. The ninety-fifth percentile was 75 mg/kg. The geometric
mean nickel concentration in the contiguous United States is reported as 13 +2.31mg/kg
(Shacklette and Boerngen, 1984) and the arithmetic mean concentration in the Western
United States is 15 mg/kg with a range from less than 5 to 700 mg/kg (Shacklette and
Boerngen, 1984). The arithmetic mean concentration for the Background Areas was higher
than the published arithmetic mean background concentration for soils in the Western

United States, but the range of Background Area values was within the published range.
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8.3.5 Zinc

Zinc concentrations in the measured background soil samples ranged from 18 mg/kg at
Happy Camp (BG-05) to 120 mg/kg at Bell Canyon (BG-03) with an arithmetic mean
concentration of 60 +26 mg/kg. The ninety-fifth percentile was 112 mg/kg. The geometric
mean zinc concentration in the contiguous United States is reported as 48 +1.95 mg/kg
(Shacklette and Boerngen, 1984) and the arithmetic mean concentration in the Western
United States is 65 mg/kg with a range from 10 to 2,100 mg/kg (Shacklette and Boerngen,
1984). The arithmetic mean concentration for the Background Areas was slightly lower than
the published arithmetic mean background concentration for soils in the Western United

States and the range of Background Area values was within the published range.

8.3.6 Cesium-137

Cesium-137 in the measured background soil samples ranged from less than 0.04 picocuries
per gram of soil dried [pCi/g(dry)] at Santa Susana Park (BG-02) to 0.19 +0.03 pCi/g(dry)
at the Western Location, with an arithmetic mean concentration of approximately 0.09+0.06
pCi/g(dry). The ninety-fifth percentile was approximately 0.21 pCi/g(dry). Cesium-137 in
the Background Areas was well within the background cesium-137 range from published
reports, which range from 0.001 pCi/g(dry) (Layton, 1990) to 1.3 pCi/g(dry) (Ritchie and
McHenry, 1977 and 1982).

8.3.7 Plutonium-238
Plutonium-238 in the measured background soil samples ranged from less than 0.003

pCi/g(dry) at the Western Location (BG-04) to 0.13 +0.03 pCi/g(dry) at the Santa Monica
Mountains National Recreation Area (BG-06), with an arithmetic mean concentration of
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approximately 0.029 +0.036 pCi/g(dry). The ninety-fifth percentile was approximately 0.10
pCi/g(dry). Background concentrations for plutonium-238 were reported in the literature
prior to atmospheric nuclear weapons testing the 1960’s and prior to the reentry of the
TRANSIT SA satellite in 1964 as 0.00004 to 0.0018 pCi/g(dry) (Beck, 1992). The
plutonium-238 measured background value therefore could not be compared to published
literature. Since the literature does mnot have documentation of plutonium-238
concentrations that are representative of expected plutonium-238 concentration due to

fallout.

8.3.8 Strontium-90

Strontium-90 in the measured background soil samples ranged from less than 0.01
pCi/g(dry) at several background locations to 0.08 +0.02 pCi/g(dry) at Happy Camp (BG-
05) with an arithmetic mean concentration of approximately 0.029 +0.020pCi/g(dry). The
ninety-fifth perceniile was approximately 0.07 pCi/g(dry). The strontium-90 in the
Background Areas was less than the published background levels of strontium-90 in soil
[0.16-0.32 pCi/g(dry)], which were calculated based on inventories from above-ground
nuclear weapons testing through 1965 (Eisenbud, 1987). The average concentration
reported by UNSCEAR (1969 and 1970) was 0.027 pCi/g(dry).

Strontium-90 was detected in eleven background fruit samples ranging approximately from
0.002 to 0.02 picocuries per gram of wet sample [pCi/g(wet)]. The arithmetic mean was
0.006 +0.006pCi/g(wet) and the ninety-fifth percentile was approximately 0.02 pCi/g(wet).
Background levels of strontium-90 in fruit from published reports were 0.0013 pCi/g(wet)
(Eisenbud, 1987) and 0.0022 pCi/g(wet) (Stroube and Jelinek, 1985).
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8.3.9 Tritium

Tritium in the measured background soil samples ranged from less than 100 picocuries per
liter of water (pCi/L) at several background locations to 750 +200 pCi/L at the Western
site (BG-04), with an arithmetic mean concentration of approximately 274 +139 pCi/L.
The ninety-fifth percentile was 600 pCi/L. Background levels of tritium in soil were not

available in the literature.

Tritium was below detection limits in the background surface water sample (less than 100
pCi/L). Background levels of tritium in surface water are reported as 37 to 1,230 pCi/L
(Layton, 1991) and as 100 to 2,600 pCi/L (USEPA, 1992a). Levels of tritium in drinking
water are reported between 100 and 200 pCi/L (USEPA, 1992a).

Tritium levels in the background fruit samples were less than 200 pCi/L with one sample
having a detected level of 160 +100 pCi/L. [The USEPA had two detectable levels of
tritium in the fruit samples both at concentrations of 400 +200pCi/L]. Background levels
of tritium in fruit from published reports were 0.0022pCi/g (Eisenbud, 1987) and 150 pCi/L
(Layton, 1990). The measured tritium level detected in the background fruit samples was

approximately the same as that cited in the published literature.
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Nineteen sites were sampled at Brandeis-Bardin, 14 human activity areas and five

Watershed (ravine) areas. The sampling locations were shown on Figure 3-2. The results
from each section are discussed below. A summary of all data from the Brandeis-Bardin

Institute 1is presented in Appendix C.

Results for the 14 human activity areas were evaluated using the statistical criteria described
in Section 7.0. For the five ravine areas, individual sample points were compared to
background levels because the ravines were sampled deterministically (purposefully) rather
than randomly, and a comparison using the mean value for a ravine sampling location was

not appropriate (see Section 7.0).

The analytical results for each sample area are presented in the form of tables and figures.
The first table for each sample area summarizes the results for the chemical analyses. Only
results above the reporting limits are presented in this table (for a discussion on reporting
limits refer to Section 5.3.1.6). The second table summarizes the results for radionuclide
analyses. The detection limit preceded by a "less than" (<) symbol is used to represent
radionuclide results at or below detection limits. For fruit analyses, one table is used to
present all the data as only radionuclide analyses were conducted. The sample grid and
sample locations are noted on the figures as well as relevant landmarks. Buildings and
areas on the Rocketdyne property are referenced as landmarks only and are not intended
to suggest a source of any chemicals detected. Only sample results considered for further
evaluation (results above the reporting limits for volatile and semi-volatile organic
compounds or the measured background levels for metals and radionuclides) are shown on

each figure. In some cases, to show the trend in that particular area, all of the results for
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a particular analyte are presented on a figure, although some of those results are not
considered significant. Only the original sample results are presented on each figure

because the duplicate split and confirmatory samples were used for QA/QC purposes.

9.1 Perimeter of the Playground (BB-01)

The playground is approximately 6,500 feet north of the Rocketdyne property line. The
playground itself was comprised of cultivated grass, planters, and sand-filled areas. The area
that was sampled was the natural soil surrounding the cement-curbed boundary of the
playground. The sampling blocks were numbered starting in the southwest corner and
moving east and then north in a rectangle around the playground area. Because the
playground was not a perfect rectangle, extension of the grid along the southern side
resulted in grid blocks in the creek bed (which was partially dry at the time of sampling).
Samples were not collected from blocks in the creek bed because sediment from the creek
bed was not representative of soil at the perimeter. The perimeter of the playground was
devoid of vegetation except near the creek bed and on the eastern side; gravel was present

at some sample blocks to the south and west of the playground.

On March 18, 1992, five soil samples were collected from the grid according to the approved
Workplan. Because the ground was too hard at Block 052 and because Blocks 020 and 015
fell in the creek, Blocks 001, 027, and 038 respectively, were substituted in accordance with
the random sampling tables in the Workplan. The USEPA collected a split sample for all
analyses at Block 056. Field duplicate samples were collected at Blocks 001 (gamma scan
and tritium) and 038 (strontium-90 and iodine-129). The USEPA radiation survey of the
area ranged from 12 to 15 microroentgen per hour (uR/hr) (USEPA, 1992). The sampling
grid and the results are shown on Figure 9-1. A summary of the chemical and radionuclide

analytical results for soil is presented in Tables 9-1 and 9-2, respectively.
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Soil at the Perimeter of the Playground was a dark grayish brown sand, fine to medium
grained, poorly sorted, non-plastic, and moist. No chemicals were detected in the soil at the
Perimeter of the Playground that exceeded background levels (for heavy metals and

radionuclides) or the reporting limit (for volatile and semi-volatile organic compounds).

9.2 Dormitory Area (BB-02)

The Dormitory area is approximately 7,000 feet north of the Rocketdyne property line. The
area to be sampled was located between dormitory buildings to the north and the creek
(partially dry) to the south. The sampling area was nearly perfectly level and the top layer
of soil was a silty sand. Many boulders and rocks were present leading to the assumption
that the area had been washed out by the creek during heavy storms in February. The area

was surrounded by trees, but was devoid of other vegetation.

On March 19,1992, five soil samples were collected from the grid according to the approved
Workplan. A field duplicate sample was collected at Block 060 (gamma scan and tritium).
The sampling grid and the results are shown on Figure 9-2.

Soil at the Dormitory Area was a brown sand, fine to medium grained, poorly graded, non-
plastic, and dry. The compound 4-methylphenol was detected in the soil at Block 060. (See
Section 11.0 for further discussion.) No other chemicals were detected in the soil at the
Dormitory Area that exceeded background levels (for heavy metals and radionuclides) or
the reporting limit (for volatile and semi-volatile organic compounds). Tables 9-3 and 9-4

summarize the chemical and radionuclide results for soil, respectively.
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9.3 Campsite Area 1 (BB-03)

Campsite Area 1 is approximately 3,500 feet northwest of the Rocketdyne property line and
is connected by stream beds to the runoff from the Building 59, RMDF, and the Sedium
Burn Pit watersheds. Samples were taken from a flat area approximately 250 feet
north/northeast of a large red water tank. A creek ran through the center of the sampling
area and a water sample was collected downstream. The access road ran along the
southwest side of the sampling area. The area was covered with grasses and forbs, including
abundant growth of poison oak. Several trees were located on both sides of the creek; three

trees were used as landmarks to anchor the grid.

On March 17,1992, five soil samples were collected from the grid according to the approved
Workplan. The USEPA collected a split sample at Block 005. A field duplicate sample was
collected at Block 017 (gamma scan and tritium). A matrix spike sample was collected at
Block 092. The USEPA radiation survey of the area ranged from 13 to 15 uR/hr. The
sampling grid and the results are shown on Figure 9-3. The relationship of Campsite 1 to

the watersheds is shown in Figure 3-2.

Soil at Campsite Area 1 was brown to black silty sand, fine grained, poorly graded, plastic,
moist, with organic material and roots. Acetone was detected in a USEPA split sample
slightly above the McLaren/Hart detection limit. Although, Campsite 1 is downgradient
from the ravines that showed tritium, cesium-137, strontium-90, and plutonium-238, no other
chemicals were detected at Campsite Area 1 that exceeded background levels (for heavy
metals and radionuclides) or the reporting limit (for volatile and semi-volatile organic
compounds) in the soil. Tables 9-5 and 9-6 summarize the chemical and radionuclide data

for soil samples, respectively.
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A surface water sample was collected from the creek approximately 300 feet downstream
from the sampling grid. The water was murky due to disturbances by a bulldozer upstream.
Water collected for the gamma scan, tritium, isotopic plutonium, strontium-90, iodine-129,
and metals analyses was filtered twice due to the large quantities of solids present on the
filter after the first filtration. The USEPA collected a split of the surface water at this
location. Zinc was detected in the surface water sample at 21 micrograms per liter of water
(ug/L) by McLaren/Hart and at 16 ug/L by the USEPA, which was less than background
sample result (29 ug/L). Gross beta activity was 7.8 +3.3 picocuries per liter of water
(pCi/L) and 5.2 +1.5pCi/L for the scheduled sample and the USEPA split, respectively.
(See Section 11.0for further discussion.) No other chemicals or radionuclides were detected
in the surface water sample at Campsite Area 1. Tables 9-7 and 9-8 summarize the

chemical and radionuclide data for water samples, respectively.

9.4 Campsite Area 2 (BB-04)

Campsite Area 2 was an amphitheater with concrete bleachers in the center of the hillside
soil. Samples were collected from the level area in front of the bleachers in an area with
picnic benches and fire pits. One area in the center of the amphitheater was used for camp
fires. A small creek ran along the north side of the sampling area and a larger stream ran
down from the RD-51 Watershed on the south side. The area was sparsely vegetated and

trees were present to the north and northwest.

Campsite Area 2 is approximately 2,400 feet north of the Rocketdyne property line, near
the vicinity of the RD-51 Watershed (BB-15). Campsite Area 2 is hydrologically connected
to the RD-51 Watershed by the stream that passes through the southwest portion of the area
approximately 150 feet from the grid which potentially carries runoff from the SSFL.
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On March 16, 1992, five soil samples were collected from the grid according to the approved
Workplan. The USEPA collected a split sample at Block 021. The DHS collected a split
sample at Block 097. Two rinsate blanks were collected at this sampling area. The
sampling grid and the results are shown on Figure 9-4.

Soil at Campsite Area 2 was silty sand, dark brown to black, fine to medium grained, pootly
graded, plastic, and moist. No chemicals were detected at Campsite Area 2 that exceeded
background levels (for heavy metals and radionuclides) or the reporting limit (for volatile
and semi-volatile organic compounds) in the scheduled soil samples. A DHS split soil
sample detected tritium at 2,470 +197 pCi/L, which was substantially higher than the
scheduled sample or the USEPA interlaboratory duplicate. The DHS later reanalyzed this
sample which resulted in a value of 392 +153, which was more in line with the other resulits.
However, the DHS laboratory attributed this reduction to losses during storage. (Section
6.1.5discusses this in greater detail.) Chemical and radionuclide analytical results for soil
samples are presented in Tables 9-9 and 9-10.

A surface water sample was collected from a running stream located approximately 450 feet
downstream from the amphitheater. The water flowed along a concrete stream bed at the
point where the samples were collected. A complete set of water samples was collected and
split with the USEPA. No chemicals or radionuclides above detection or reporting limits,
respectively, were detected in the surface water samples at Campsite Area 2. Chemical and
radionuclide analytical data for the surface water samples are summarized in Tables 9-11
and 9-12.
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MULTI-MEDIA SAMPLING PROGRAM
MARCH 10, 1993

95 Picnic Area (BB-05)

The Picnic Area is approximately 7,000 feet north of the Rocketdyne property line. The
sampling area was located on a sloped area under several trees. Picnic tables, a fire pit, a
sink, and a drinking fountain were located in the area. An amphitheater was located to the
west. The sampling area was generally devoid of vegetation at the southern end of the slope

and was sparsely vegetated at the top.

On March 18, 1992, five soil samples were collected from the grid according to the approved
Workplan. The USEPA collected a split sample at Block 077. Five rinsate blanks were
collected at this area. A field duplicate sample was collected at Block 003 (isotopic
plutonium). The USEPA radiation survey of the area ranged from 12 to 15 uR/br. The
sampling grid and the results are shown on Figure 9-5. Soil at the Picnic Area was a dark
brown silty sand, fine to medium grained, moderately well graded, plastic, and moist. No
chemicals were detected at the Picnic Area that exceeded background levels (for heavy
metals and radionuclides) or the reporting limit (for volatile and semi-volatile organic
compounds) in the soil. Chemical and radionuclide analytical data for soil samples are
summarized in Tables 9-13 and 9-14.

9.6 House of the Book (BB-06)

The House of the Book is approximately 6,500 feet north of the Rocketdyne property line.
The area sampled was a flat grassy area located across the parking lot north of the House
of the Book. The sampling area was bordered by an access road to the south. One tree was
present in a depression west of the sampling grid. The area was uniformly covered with

annual grasses and forbs.
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MULTI-MEDIA SAMPLING PROGRAM
MaRrcH 10, 1993

On March 17, 1992, five soil samples were collected from the grid according to the approved
Workplan. The USEPA collected a split sample at Block 092. The USEPA radiation
survey of the area ranged from 13 to 15 uR/hr. The sampling grid and the results are
shown on Figure 9-6.

Soil at the House of the Book was a brown silt, fine grained, poorly graded, plastic, and
moist. Chemicals were not detected at the House of the Book that exceeded background
levels (for heavy metals and radionuclides) or the reporting limit (for volatile and semi-
volatile organic compounds) in the soil. Chemical and radionuclide analytical results are

summarized in Tables 9-15 and 9-16.

9.7 Counselor-in-Training Area (BB-07)

The Counselor-in-Training Area is approximately 5,600 feet north of the Rocketdyne
property line. The area sampled was a vegetable garden bordered on all sides by fences;
the sampling grid corresponded to the area within the fence. The main dirt road ran along
the northern perimeter of the garden and another dirt road ran along the northwest
perimeter between the garden, the horse stable and storage sheds. The area had been tilled
and prepared for planting prior to the time samples were collected. In general, vegetation
was not present although some grasses and trees grew around the perimeter of the

sampling area.

On March 19, 1992, five soil samples were collected from the grid according to the approved
Workplan. The Brandeis-Bardin consultant collected a split soil sample of Block 035 for
gamma scan and strontium-90. Three rinsate blanks were collected at this area. A matrix
spike sample was collected at Block 036. The USEPA radiation survey of the area ranged
from 12 to 13 uR/hr. The sampling grid and the results are shown on Figure 9-7.
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MULTI-MEDIA SAMPLING PROGRAM
MARCH 10, 1993

Soil at the Counselor-in-Training Area was a dark grayish brown silty sand, fine to
mediumgrained, moderately graded, slightly plastic, and moist. Bis(2-ethylhexyl)phthalate
was detected in all five soil samples at concentrations ranging from 370 to 8,500 ug/kg. (See
Section 11.0 for further discussion.) No other chemicals were detected at the Counselor-in-
Training Area that exceeded background levels (for heavy metals and radionuclides) or the
reporting limit (for volatile and semi-volatile organic compounds) in the soil. Chemical and

radionuclide results are summarized in Tables 9-17 and 9-18.

9.8 Potential Development Site 1 (BB-08)

The Potential Development Site 1 is approximately 5,400 feet north/northwest of the
Rocketdyne property line. The sample grid was approximately 40 feet northwest of a small
corral and approximately 200 feet west of the main dirt road. Drainage to the west
appeared to run across the southeast corner of the sampling area. The area had been

planted with hay which had grown 6 to 12 inches.

On March 19, 1992, five soil samples were collected from the grid according to the approved
Workplan. The Brandeis-Bardin consultant collected a split sample of Block 022. Five
rinsate blanks were collected at this location. A field duplicate was collected at Block 034
(VOCGCs). A matrix spike sample was collected at Block 035. The USEPA radiation survey
of the area ranged from 12 to 13 uR/hr. The sampling grid and the results are shown on

Figure 9-8.

Soil at the Potential Development Site 1 was a grayish brown silt, poorly graded, semi-
plastic, and moist to dry. No chemicals or radionuclides were detected at the Potential
Development Site 1 that exceeded background levels (for heavy metals and radionuclides)

or the reporting limit (for volatile and semi-volatile organic compounds) in the soil. A
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MULTI-MEDIA SAMPLING PROGRAM
MARCH 10, 1993

summary of the chemical and radionuclide analytical results for soil samples is presented
in Tables 9-19 and 9-20.

9.9 Potential Development Site 2 (BB-09)

Potential Development Site 2 is approximately 5,700 feet north of the Rocketdyne property
line. The area is located on a plateau overlooking Potential Development Site 1 with a
small dry creek to the south and east. The nearest landmark is a tree located 470 feet from
the southeast corner on the opposite side of the creek. The sampling area was flat but

surrounded by hills in the distance. The area was covered with freshly planted grasses.

On March 19, 1992, five soil samples were collected from the grid according to the approved
Workplan. A matrix spike sample was collected at Block 051. Field duplicate samples were
collected at Block 031 (metals), Block 070 (isotopic plutonium), and Block 100 (strontium-90
and iodine-129). The Brandeis-Bardin consultant collected a sample at Block 092. The

sampling grid and the results are shown on Figure 9-9.

Soil at Potential Development Site 2 was a grayish brown silt, poorly graded, semi-plastic,
and moist to dry. No chemicals were detected at Potential Development Site 2 that
exceeded background levels (for heavy metals and radionuclides) or the reporting limits (for
volatile and semi-volatile organic compounds) in the soil. Chemical and radionuclide

analytical results for soil samples are summarized in Tables 9-21 and 9-22.
9.10 Potential Development Site 3 (BB-10)
Potential Development Site 3 is approximately 7,900 feet north of the Rocketdyne property

line. The area sampled was in the center of a 180 degree curve in the dirt road. Two trees

on opposite sides of the grid were used as landmarks. The area was generally flat,

9-36
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MULTI-MEDIA SAMPLING PROGRAM
MARCH 10, 1993

but sloped up to the road on the northern border. The area was densely covered with
grasses and forbs; several trees were located along the southern and western borders. On
March 19, 1992, five soil samples were collected from the grid according to the approved
Workplan. The Brandeis-Bardin consultant collected a split sample at Block 081. Field
duplicates were collected at Block 067 (SVOCs and metals) and Block 079 (gamma scan and
tritium). Five rinsate samples were collected. The USEPA radiation survey of the area
showed 12 uR/hr for all five readings. The sampling grid and the results are shown on
Figure 9-10.

Soil at the Potential Development Site 3 was a grayish brown silt, poorly graded, semi-
plastic, and moist to dry. No chemicals were detected at Potential Development Site 3 that
exceeded background levels (for heavy metals and radionuclides) or reporting limits (for
volatile and semi-volatile organic compounds) in the soil. Chemical and radionuclide

analytical results are summarized on Tables 9-23 and 9-24.

9.11 Vegetable Garden (BB-11)

The Vegetable Garden is approximately 9,400 feet north of the Rocketdyne property lme.
The area that was sampled extended past the borders of the cultivated garden and into the
flower beds along the northern border. The main road ran along the northern border of the
flower beds. A partially dry creek ran along the southwestern edge of the garden, about 30
feet south. A shack was located near the southwestern corner of the sampling area. The
vegetable garden had been cultivated and prepared for planting, but vegetation had not
been planted. Petunias were growing in the flower bed.

On March 18, 1992, five soil samples were collected from the grid according to the approved
Workplan. The USEPA collected a split sample at Block 061. A field duplicate was
collected at Block 057 (SVOCs). The Brandeis-Bardin consultant collected a sample at

9-42
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MULTI-MEDIA SAMPLING PROGRAM
MARCHE 10, 1993

Block 018. Three rinsate blanks were collected at this location. The sampling grid and the
results are shown on Figure 9-11. A summary of the chemical and radionuclide analytical

results are presented in Tables 9-25 and 9-26.

Soil at the Vegetable Garden was a dark brown silty sand, fine grained, poorly graded,
slightly plastic, and moist. Pesticide residues, dichlorodiphenyldichloroethene (4,4’-DDE),
was detected in one of the five soil samples at a concentration of 340 ug/kg and in the field
duplicate of another sample at 360 ug/kg. (See Section 11.0 for further discussion.) No
other chemicals were detected at the Vegetable Garden that exceeded background levels
(for heavy metals and radionuclides) or the reporting limits (for volatile and semi-volatile

organic compounds) in the soil.
9.12 Main House Orchard (BB-12)

The Main House Orchard is approximately 9,800 feet north of the Rocketdyne property line.
The sampling area encompassed the entire orchard and extended slightly beyond on the
northwestern side. Several trees had fruit (lemons, tangerines and grapefruit) while others
were barren. There were large gaps between adjacent trees. A house was located to the
south of the sampling area. The main road ran alongside the northern edge of the sampling

area. The soil was devoid of vegetation.

On March 18, 1992, five soil samples were collected from the grid according to the approved
Workplan. The USEPA collected a split sample for all analyses at Block 020. The
Brandeis-Bardin consultant collected a split soil samples at Block 019 and 023. Field
duplicate soil samples were collected at Block 006 (VOCs) and Block 020 (metals). The
sampling grid and the results are shown on Figure 9-12.

9-46
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MULTI-MEDIA SAMPLING PROGRAM
MARCH 10, 1993

Soil at the Main House Orchard was a dark brown, silty sand, fine grained, poorly to
moderately graded, semi-plastic, moist and contained organic fibrous material. No chemicals
were detected at the Main House Orchard that exceeded background levels (for heavy
metals and radionuclides) or the reporting limits (for volatile and semi-volatile organic
compounds) in the soil. Chemical and radionuclide analytical results for soil samples are

included in Tables 9-27 and 9-28.

Fruit samples were collected from two trees located in the blocks where soil was sampled
(Block 020 and Block 006). Blocks 019, 023, and 003 did not have any fruit bearing trees;
therefore, per the Workplan, Block 026 was selected for a fruit sample. Two lemon samples
(Blocks 026 and 006) and one tangerine sample (Block 020) were collected for radionuclide
analyses. A field duplicate sample was collected from Block 026 (lemons). The USEPA
collected a split sample at Block 006 (lemons). No radionuclides were detected above
background levels in the fruit. Table 9-29A summarizes the radionuclide analytical results

for the lemon samples and Table 9-29B summarizes the tangerine sample.

9.13 Avocado Grove (BB-13)

The Avocado Grove is approximately 7,100 feet north of the Rocketdyne property line. The
sampling area encompassed the southeastern portion of the avocado grove, that was ten
trees long and three trees wide. A wire hutch was located near Block 034. Samples were
collected from the soil underneath the trees. A production bee hive was located adjacent
to the road leading up to the southeastern part of the grove. The area between the trees

was vegetated with grasses and forbs.

On March 17, 1992, five soil samples were collected from the grid according to the approved
Workplan. The USEPA collected a split sample at Block 024. Field duplicates were
collected from Block 024 (isotopic plutonium), Block 037 (SVOCs), and Block 039 (SVOCs).

9-51
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