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EXECUTIVE SUMMARY

This document presents the results of the Additional Off-Site Soil and Water Sampling at the
Brandeis-Bardin Institute and Santa Monica Mountains Conservancy. This additional sampling
was conducted in 1994 as a follow-up to the multi-media sampling program conducted in

1992. This program was conducted to determine if chemicals or radionuclides had migrated or
had been deposited on two properties adjacent to the north/northwest 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. Results from this 1992 investigation indicated that
additional sampling would be required to try to address a number of issues.

The issues that were recommended to be addressed, and their action items, are the following:

1) Re-evaluation of tritium in areas where the original data were analyzed by the gas
counting method and later withdrawn by the laboratory because the laboratory could
not validate the data. Ten areas were resampled and samples were analyzed for
tritium.

2) Confirmation of the State of California Department of Health Services laboratory
reported values of 2,470 1197 and 392 1153 picocuries per liter (pCi/L) for tritium at
Campsite Area 2. The area was resampled.

3) Remediation of mercury from the Sodium Burn Pit Watershed. The site containing
mercury-bearing sediment, identified in 1992, was excavated and resampled after
excavation to confirm the removal of sediment containing mercury.

G:\R\ROCKTDYN\060082\REPORT\TEXTFNL.6 ix ' MCLAREN/HART




Additional Off-Site Sampling
January 19, 1995

4) Determination whether the plutonium-238 reported in the vicinity of the RD-51 and
Building 59 Watersheds is statistically different from background. Additional samples
were collected in the watersheds and results were statistically compared to background.

5) Determination whether the strontium-90 and cesium-137 reported in the Sodium
Reactor Experiment Watershed is statistically different from background. Additional
samples were collected in the watershed and results were statistically compared to
background.

6) Determination whether the concentrations of tritium, cesium-137, and strontium-90
reported at Radioactive Materials Disposal Facility (RMDF) Watershed are greater than
background. Additional samples were collected in the watershed and the results were
compared to background. '

7 Further characterization of tritium and cesium-137 at the Building 59 Watershed to
determine if tritium and cesium-137 concentrations were greater than background.
. Additional samples were collected in the watershed and the results were compared to
background.

8) Characterization of the distribution of tritium, strontium-90, and cesium-137 in the
drainages between the RMDF/Building 59 Watersheds and Campsite Area 1. Samples
were collected in the drainages and the results were evaluated.

9) Collection of additional background data, at the request of the Work Group, from sites
away from the SSFL.

Number and Types of Analyses. To address these issues 40 soil/sediment samples were
collected from background areas and 124 soil/sediment samples were collected from the study
areas. All the background area samples were analyzed for tritium, strontium-90, isotopic
plutonium, and gamma emitting radionuclides. The samples collected in the study areas were
primarily analyzed for tritium with additional analyses for strontium-90, isotopic plutonium,
and gamma emitting radionuclides conducted to address the issues listed above. In addition
seven soil samples collected in the Sodium Burn Pit Watershed were analyzed for mercury.
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Two surface water samples were collected from the Campsite Area 1 and Campsite Area 2 -
Drainage. The surface water samples were analyzed for tritium and for gross alpha and gross
beta radiation.

Quality Assurance/Quality Control. A rigorous quality assurance/quality control (QA/QC)
program was implemented during the sampling to assure that the data are valid. Comparison
of the QA/QC samples (blind field duplicates, pre-spiked blind duplicates, laboratory
duplicates, field splits samples, rinsate samples, and matrix spike samples) to their respective
scheduled sample showed an overall agreement of approximately 94 percent. This level of
agreement demonstrated that the data are valid.

Data Evaluation. Soil radionuclide data from the study areas were evaluated statistically by
comparing to background data. Surface water samples were not evaluated statistically because
there were no background data points. -

Radionuclide Results and Conclusions. The investigation was conducted during March 4 and
March 15 of 1994 and revealed that with the exception the Building 59 and RMDF
Watersheds, none of the other sites had radionuclides present at concentrations statistically
higher than background values. Tritium was found at concentrations significantly above
background values in sediment samples collected from the ravine of the Building 59
Watershed. Cesium-137 concentrations in samples collected from the Building 59 Watershed
are statistically different from background levels established for this study. However the
cesium-137 levels are below the literature values for background cesium (see Table 20).

Strontium-90 concentrations measured in sediment samples collected from the RMDF
Watershed are statistically different from background values established for this study.
However, the level of strontium-90 is below literature values for background level (see Table
20).

Plutonium-238 was not detected in any samples collected in RD-51 and Building 59 watersheds
in 1994. The 1994 study results therefore do not confirm 1992 study results and plutonium-
238 is therefore not a concern.
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Mercury Results and Conclusions. Based on the sample results from the four sediment
samples collected within the excavation area within the Sodium Burn Pit Watershed, mercury
present in the watershed ( 0.35 mg/kg detected during the 1992 study) was removed during the
excavation. Mercury was not detected (<0.1 mg/kg) in the four samples collected within the
excavation area. A concentration of 0.12 mg/kg of mercury, slightly above the detection
limit, was reported in one of the samples upgradient from the excavation. Analysis of a
laboratory duplicate of the sample and analysis of an interlaboratory duplicate by USEPA were
below the detection limit. Analysis of the interlaboratory duplicate by Brandeis-Bardin
indicated a concentration of 0.14 mg/kg. Thus, the mercury (0.35 mg/kg) detected in the
Sodium Burn Pit Watershed in 1992 was removed by excavation. Mercury at near detection
level may be present upgradient from the excavation.

The Study Participants would like to acknowledge the accomplishments of Dennis Dineen,
draft author of this report. Dennis put a great deal of effort into this project by contributing
his expertise, organizational, logistical, and report preparational skills. The spirit of
cooperation he showed during the preparation of the first report and this report coordinating

. the many comments and changes suggested by study participants and the SSFL. Work Group
kept this study together.
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1.0 INTRODUCTION

On March 10, 1993, the results of the investigation at the Brandeis-Bardin Institute (Brandeis-
Bardin) and the Santa Monica Mountains Conservancy (Conservancy) were presented to the
Santa Susana Field Laboratory (SSFL) Work Group public meeting at the Simi Valley Public
Library. The results of the multi-media sampling were described in a report entitled "Multi-
Media Sampling Report for the Brandeis-Bardin Institute and the Santa Monica Mountains
Conservancy", March 10, 1993. Section 1.1 summarizes the results of the March 10, 1993
report.

Upon the review of the results reported, further work was determined to be justified by
Rockwell International Corporation, Rocketdyne Division and the SSFL. Work Group and
McLaren/Hart was instructed to carry out the recommendations. Section 1.2 and the rest of
this document describes the additional sampling performed at Brandeis-Bardin, the
Conservancy, and three background locations as a follow-up to this earlier work.

1.1 BACKGROUND

A multi-media sampling program was conducted in 1992 to determine if chemicals or
radionuclides had migrated or had been deposited on two properties adjacent to the
north/northwest 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 between 1.5 to 12.5 miles from the SSFL were sampled to provide data
on background concentrations of chemicals 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 in 1992. All soil/sediment
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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 private wells, owned and operated by the Conservancy, (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 from
the study areas. All fruit samples were analyzed for the full suite of radionuclides listed
above.

Quality Assurance/Quality Control. A rigorous quality assurance/quality control (QA/QC)
program was implemented during sampling to produce valid data or to allow the identification
of suspect data. 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 demonstrated that the
data were valid and acceptable for use in this analysis.

Data Evaluation. Radionuclide and heavy metal data from soil samples in the human use areas
were evaluated statistically by comparison to background data. Sediment data from the
Watersheds were not evaluated statistically because they were not randomly selected. All
chemical and radionuclides measured above background concentrations are shown in Figure 1.
Organic chemical data were not compared to background 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.

1 Cesium-137 was the only man-made gamma-emitting radionuclide detected in the samples; thus, only
Cesium-137 was reported in tabular form in the report.
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Groundwater at an irrigation well (the Well by the Gate at the Conservancy, located
approximately 800 feet north of the SSFL property line) had trichloroethene (TCE) in both
samples at 10 micrograms per liter of water (ug/L) and 9 ug/L. It appears that the source of
the TCE is located at SSFL because elevated levels have also been detected beneath the SSFL
and no other likely sources are currently known to exist between SSFL and the irrigation well
in question. The Well by the Gate has been added to Rocketdyne's on-going groundwater
monitoring program. No other chemicals which are known to be associated with Rocketdyne's
activities were detected in the surface water or groundwater samples collected.

Some organic chemicals that were not associated with Rocketdyne activities were 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). 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 pg/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 the pesticide 4,4'-dichlorodiphenyl-
dichloroethane (4,4'-DDT), was detected in one soil sample at the Vegetable Garden at

340 ug/kg.

Heavy metals above background and associated with Rocketdyne's 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 (located approximately 230 feet from the SSFL property line) 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, cleanup and closure.
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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 was greater than the
ninety-fifth percentile? of the measured background concentration for zinc of 112 mg/kg.
Although this value was outside of the criteria established in the report, the concentration was
the same as two soil samples collected at one of the background areas.

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 (i.e., above measured background) in soil: tritium, strontium-90, cesium-137,
and plutonium-238. Two radionuclides were detected above measured background in two
surface water samples from the RMDF Watershed: tritium and strontium-90. Radionuclide
data from the fruit from the study areas were not above 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 in the two
private wells that were sampled.

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 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 one sample from 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 was concluded that the tritium was from off-site migration from the SSFL.

Of the 118 soil/sediment samples collected, strontium-90 was detected above the ninety-fifth
percentile of the measured background [0.07 pCi/g(dry)] in three sediment samples at the
RMDF Watershed [0.08 +0.01 pCi/g(dry), 0.09 4-0.01 pCi/g(dry), and 0.15 +0.02
pCi/g(dry)] and two sediment samples at 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

2 The ninety-fifth percentile is equal to the mean of all background area samples plus two times the standard
deviation.
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associated surface water samples at the RMDF Watershed 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).

Cesium-137 and plutonium-238 were also detected in the Brandeis-Bardin Watersheds along
the SSFL property line at concentrations above the ninety-fifth percentile of the measured
background [0.21 pCi/g(dry) for cesium-137 and 0.10 pCi/g(dry) for plutonium-238].
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 40.05 pCi/g(dry) in the Sodium Reactor Experiment Watershed, and 0.23 1+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 determined if the presence of strontium-90, cesium-137 and
plutonium-238 in the sediment at concentrations above the ninety-fifth percentile of the
measured background were due to off-site migration or can be attributed to background.
When the t-tests were run (statistical comparisons of the area samples to background), the
concentrations of these radionuclides in the ravines appear similar to background levels and
therefore may be present at naturally occurring levels.

Conclusions. The purpose of the 1992-93 study was to assess whether chemicals and/or
radionuclides were present on Brandeis-Bardin or the Conservancy as a result of activities at
the SSFL. The study identified the following chemicals and radionuclides at the study site
which may be attributed to past SSFL activities:

4 Trichloroethene (TCE) in the groundwater at the Well by the Gate at the Conservancy;
> Lead in the Former Rocketdyne Employee Shooting Range at the Conservancy;

8 Mercury in one sediment sample at the Sodium Burn Pit Watershed at Brandeis-Bardin;
and
4 Tritium in the Radioactive Materials Disposal Facility Watershed and in the Building

59 Watershed at Brandeis-Bardin.

3 Ravines, watersheds, and drainage ways are used synonymously throughout this workplan.
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Recommendations. It was recommended that the sediment deposit containing the mercury be
removed by Rocketdyne and properly disposed. Additional sampling was recommended to
monitor the RMDF and Building 59 Watersheds. Recommendations were obtained from the
regulatory agencies, the SSFL. Work Group, and the public after the release of the March 10
report. The following section describes the follow-up activities formulated with the input from
these groups. |

1.2 SCOPE OF WORK

This section describes the additional sampling that was proposed to follow up on the March
10, 1993 results. Recommendations were received from the USEPA, the consultant for the
Brandeis-Bardin Institute and other(s) in their report and in a letter dated March 26, 1993
(Appendix A). Based on the March 10 report and input from the participating groups, the
following issues or questions were identified to be addressed by follow-up activities.

1) Re-evaluation of tritium in areas where the original data were analyzed by the gas
counting method and later withdrawn by the laboratory because the laboratory could
not validate the data. Ten arecas were resampled and samples were analyzed for
tritium.

2) Confirmation of the State of California Department of Health Services laboratory
reported values of 2,470 +197 and 392 +153 picocuries per liter (pCi/L) for tritium at
Campsite Area 2. The area was resampled.

3) Remediation of mercury from the Sodium Burn Pit Watershed. The site identified in
1992 to be with mercury-bearing sediment was excavated and resampled after
excavation to confirm the removal of sediment containing mercury.

4) Determination whether the plutonium-238 reported in the vicinity of the RD-51 and
Building 59 Watersheds is statistically different from background. Additional samples
were collected in the watersheds and results were statistically compared to background.
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5) Determination whether the strontium-90 and cesium-137 reported in the Sodium
Reactor Experiment Watershed is statistically different from background. Additional
samples were collected in the watershed and results were statistically compared to
background.

6) Determination whether the concentrations of tritium, cesium-137, and strontium-90
reported at Radioactive Materials Disposal Facility (RMDF) Watershed were greater
than background. Additional samples were collected in the watershed and the results
were compared to the background.

7 Further characterization of tritium and cesium-137 at the Building 59 Watershed to
determine if tritium and cesium-137 concentrations were greater than background.
Additional samples were collected in the watershed and the results were compared to
background.

8) Characterization of the distribution of tritium, strontium-90, and cesium-137 in the
drainages between the RMDF/Building 59 Watersheds and Campsite Area 1. Samples
were collected in the drainages and the results were evaluated.

9) Collection of additional background data, at the request of the Work Group, from sites
away from the SSFL.

A description of the procedures used to conduct the additional work required to address the
issues listed above are in the Work Group approved workplan, dated October, 1993. This
report describes how these recommendations were carried out. Figure 2 shows the current
sample locations in the study areas. Figure 3 shows the original and the current sample
locations for the background areas.

The additional sampling work is summarized below:
1 Additional tritium samples - A total of 50 soil samples were collected from the areas

where the original tritium results that were analyzed by the gas counting method
(Section 2.0, Table 1) and later withdrawn by the laboratory.
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2) Campsite Area 1 and 2 - Seven new samples were randomly taken from Campsite
Area 2 and analyzed for tritium.

3) Sodium Burn Pit Watershed - Four samples were taken from the Sodium Burn Pit
Watershed for mercury analysis. These samples were collected after the sediments
containing mercury were removed.

4) Plutonium-238 reported in the RD-51 and Building 59 Watersheds - Twenty-seven
additional soil samples were taken from the runoff channels and the results were
statistically analyzed to evaluate whether the findings exceeded background levels.

5) Strontium-90 and cesium-137 reported in the Sodium Reactor Experiment Watershed -
Five additional soil samples were taken from the runoff channel in the watershed and
the significance of the results compared against background levels was determined.

sample locations were selected for sampling in the runoff channels. Subsurface
samples were collected from five locations along the property boundary. A statistical
analysis was performed to evaluate whether the reported concentrations were

. 6) Tritium, strontium-90, and cesium-137 in the RMDF Watershed - Five additional soil

significantly above background levels.

7) Tritium and cesium-137 in the Building 59 Watershed - As a follow-up to the finding
of tritium in the Building 59 Watershed, additional characterization of tritium in the
watershed was accomplished by collecting 22 additional soil samples within the
watershed. The samples were also analyzed for cesium-137 to evaluate whether the
cesium-137 detected in 1992 was statistically significant above background
concentrations.

8) Campsite Area 1 Drainage way - Ten new samples were taken from the drainage way
between Campsite Area 1 and the RMDF/Building 59 Watersheds and analyzed for
tritium, strontium-90, and cesium-137.
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9) Additional background data - Ten additional samples were taken from each of two new
background sites (Wildwood Regional Park and Tapia County Park) and seven samples
from Happy Camp. The background samples were collected both from areas with a
relatively flat slope, similar to the original study area and from ravines similar to those
found on Brandeis-Bardin near the SSFL.. Samples from these areas were analyzed for

radionuclides.

In addition, up to five additional samples were collected from each of the ravines if the study
participants encountered obvious sediment deposits that might suggest that radionuclides could
have been deposited in that location. The procedure for identifying additional sample locations
in the field was based on a consensus of the work group participants. This was the same

procedure used in the initial sampling.

Soil samples were analyzed only for those radionuclides specified. Surface water samples
were analyzed for gross alpha and beta emitting radionuclides, strontium-90, tritium, and
gamma emitting radionuclides. Strontium-90, tritium, and cesium-137 (a gamma emitter)

. isotopes are generally from man-made sources (e.g., nuclear fission, neutron activation, and
weapons test fallout), but all had a history of usage/production at the Rocketdyne-Santa Susana
Field Laboratory facility.
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2.0 SAMPLING APPROACH

This section presents the sample locations, sample analyses, and the sampling protocols for
soil/sediment (hereafter referred to as soil) and surface water,

2.1 SAMPLING AREAS

This section describes the areas sampled within Brandeis-Bardin and the Conservancy and the
background sampling areas.

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

Study Participants: This term is used to refer to those parties which were actively involved in
the field activities and sample analysis, which include Rocketdyne, USEPA, California
Department of Health Services, and the consultant for the Brandeis-Bardin Institute.

Study Areas: This term is used to refer to Brandeis-Bardin and the Conservancy.

Background Areas: This term is used to refer to the locations which were sampled to establish
background levels of the radionuclides (i.e., Wildwood Regional Park, Tapia County Park,
Happy Camp, and Santa Susana Park).

Sampling Area: This term refers to an area within one of the study areas or background areas
from which samples were collected (e.g., the Building 59 Watershed at Brandeis-Bardin).

Sampling Block: This term refers to the randomly selected blocks within a sampling area grid
(refer to Section 3.3.1 for a complete description) from which discrete soil samples were
collected.
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Sampling Location: This term refers to a specific point within a sampling block or at a
designated location in a drainage sampling area where a soil or surface water sample was
collected.

Scheduled Sample: This term refers to the primary sample collected, analyzed and reported.
All other sample descriptions refer to QA/QC samples further described in Section 3.6.2.

2.1.1 Sampling Areas

Sampling areas described in Section 1.0 were selected based on the results of the March 10
report and subsequent input from the USEPA and discussion at the March 10, 1993 SSFL.
Work Group public meeting. The sampling areas in this study used the same designations as
the original study. (The italicized sample areas were resampled for tritium only):
Background (BG):
> Santa Susana Park (BG-02)

. g Happy Camp (BG-05)

Brandeis-Bardin Institute (BB):

. Dormitory Area (BB-02)

8 Campsite Area 1 (BB-03)

» Campsite Area 2 (BB-04)

8 Picnic Area (BB-05)

> House of the Book (BB-06)

, Main House Orchard (BB-12)

. Avocado Grove (BB-13)

> Old Well Campsite (BB-14)

» RD-51 Watershed (BB-15)

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

8 Sodium Burn Pit Watershed (BB-18)

. Sodium Reactor Experiment Watershed (BB-19)
» Campsite Area 1 Drainage Way (BB-20)
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Santa Monica Mountains Conservancy (SM):
. Former Rocketdyne Employee Shooting Range (SM-03)

Five additional sample areas were also sampled during this study and have the following
designations:

Background (BG):

> Wildwood Regional Park (BG-09)

» Wildwood Regional Park - Ravine (BG-10)
8 Tapia County Park (BG-11)

» Tapia County Park - Ravine (BG-12)

’ Rocky Peak - Ravine (BG-14)

The sample locations and the analyses performed at each location are discussed in Section 2.2.
2.1.2 Background Sampling Areas

The statistical analysis of the original background data showed the original background
locations were not statistically different from each other. At the request of the SSFL. Work
Group, two additional background areas at least 10 miles from the SSFL were also sampled to
provide additional documentation of background radionuclide concentrations. The new
locations include ravine areas as well as level areas similar to the original background
sampling areas. The new background areas are:

1) Wildwood Regional Park (located 13 miles west of the SSFL)
2) Tapia County Park (located 10 miles south of the SSFL)
These additional background areas were selected for their distance from the SSFL (at least 10

miles from the SSFL were specified by the SSFL Public Work Group) and because these areas
exhibit topographic characteristics similar to the topography of the SSFL/Brandeis-Bardin
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ravine areas (Figure 3). Additionally, soil samples were collected from the ravine at Rocky
Peak, (from which surface water samples were collected in the previous study).

To reduce confounding factors, reasonable judgement was used to collect samples from areas
that did not appear disturbed by human activities. Only soil samples were collected from the
background areas. Surface water was not observed at Wildwood Regional Park, Tapia County
Park, or Rocky Peak during sampling in 1994.

2.2 SAMPLING APPROACH OVERVIEW

The additional off-site sampling was limited to those areas where chemicals or radionuclides
were documented (e.g., tritium in the Building 59 Watershed and mercury in the Sodium Burn
Pit Watershed), where individual radionuclide samples were higher than the ninety-fifth
percentile of the measured background (e.g., Sr-90 and Cs-137 in the RMDF Watershed),
where tritium samples were withdrawn by the laboratory (e.g., House of the Book) or where
the duplicate tritium analysis was significantly higher than the original sample result (Campsite
Area 2).

This section provides a brief overview of the sampling approach used to collect the soil and
surface water samples. The sample locations, analyses conducted for each sample, and the
rationale for the selections of the sample locations are summarized in Table 1. A technical
description of the sampling methods is provided in Section 3.0 (Sampling Methodology and
Quality Assurance Program). The USEPA, the California Environmental Protection Agency
(Cal-EPA), the California Department of Health Services (DHS), the Conservancy, and
Brandeis-Bardin participated in this joint sampling effort to collect split samples.

2.2.1 Soil

Soil samples for the reanalysis of tritium were collected from areas where previous samples
could not be validated by the laboratory and which were subsequently withdrawn due to the
use of the gas counting method. The original randomly selected grid blocks were resampled
one foot towards the SSFL from the original sampling locations (the XY coordinates). These
tritium sample locations are located in grid areas consisting of numerous sample blocks of
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equal size. In most cases, some of the stakes denoting the sampling grid or location were still
in place and were successfully used to closely relocate the original sample locations. Discrete,
undisturbed soil samples were collected from the designated sample locations. The new
sample locations are considered closely representative of the original sampling locations.

Soil samples were purposefully collected in ravine areas and drainage ways. Each ravine and
drainage way area was sampled at a minimum of five locations. Samples were taken from the
soil surface to a depth of approximately 6 inches and analyzed as shown on Table 1.

The new background sampling locations were collected from ravines as well as from a
relatively undisturbed flat area similar in topography to the locations from which the original
background samples were collected. Wildwood Regional Park and Tapia County Park were
sampled at five locations in the ravines and in five undisturbed flat areas using a grid system.
Five soil samples, from two additional and three at previous sample locations, were collected
from the original sampling area at Happy Camp and Santa Susana Park using the random
number table generated during the original sampling. Five soil samples, from five additional
sample locations, were also collected at Rocky Peak using the next five random blocks on the
random number table generated during the original sampling (Appendix B). In addition, five
locations were sampled in the ravine at Rocky Peak, where a surface water sample had
previously been collected. Soil samples were collected from each location as described in
Section 3.3.2.

2.2.2 Surface Water

Surface water was sampled only at Campsite 1 and Campsite 2 where a sufficient flow of
surface water was present. All other sites were either dry or did not contain enough running
water to collect a representative sample from the location.
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3.0 SAMPLING METHODOLOGY AND QUALITY ASSURANCE PROGRAM

This section provides an outline of each of each sampling protocol and the associated quality
assurance procedures.

3.1 DECONTAMINATION PROCEDURES

All sampling equipment in direct contact with soil or surface water was decontaminated prior
to use in the field to prevent or minimize cross-contamination between field samples and
external sources, in accordance with the following procedure:

1) Scrub equipment in non-phosphate detergent

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

3) Rinse in distilled/deionized water
4)  Airdry

In the areas where subsurface samples were collected using a drill rig, the hollow-stem drilling
augers were steam cleaned between each boring or sampling location.

Sampling equipment was generally used immediately after decontamination to avoid cross-
contamination during storage. If decontaminated sampling equipment was transported between
locations, the equipment was wrapped in aluminum foil so no portion was exposed.

Disposable gloves were worn when handling cleaned sampling equipment. Soil sampling
equipment was not decontaminated between soil sample collections at the same depth at a
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single sample location, because these samples are taken adjacent to each other and represent a
single sample.

Decontamination waste water was placed in 5-gallon buckets and transported to the SSFL
where the water was transferred to 55-gallon Department of Transportation approved drums.
A drum inventory was maintained containing information on drum contents and date. Drum
inventory information was written on the drum labels with indelible ink. All drums were
sampled and held at the SSFL until analytical results were available.

3.1.1 Disposal

Since other chemicals were not detected above background concentrations during the Brandeis-
Bardin and Santa Monica Mountains Conservancy multi-media sampling investigation, March-
April in 1992, the decontamination waste water contained in the two 55-gallon drums
generated during the 1994 sampling event, were only analyzed for radionuclides to determine
appropriate methods of disposal. Results of the analyses indicated that tritium, gross alpha
radiation, Strontium-90, isotopic plutonium, and cesium-137 were not detected in the samples
collected from each drum. Gross beta radioactivity was detected at a level of 40+9 pCi/L and
1347 pCi/L from Drums 1 and 2, respectively. These levels are below the MCL for Gross
Beta radioactivity (50 pCi/L). Rocketdyne subsequently disposed of the drums in an
appropriate manner.

3.2 SAMPLE IDENTIFICATION AND LABELING
3.2.1 Sample Identification

Soil and surface water samples were identified using an appropriate site-specific sample
identification code as described below.

The site-specific sample identification code is a 9-digit code designed to provide a clear
indication of the location from which the sample was collected and the intended analysis. An
identical, preprinted label and a photocopy of the label were generated to identify each specific
site and maintained in a sample label binder (Figure 4). The label was affixed to the sample
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container and covered with clear plastic tape. The photocopy served as a record to identify the

sample location and description. The site-specific sample identification codes consists of the

following components:

Digit 1 and 2:

Digit 3 and 4:

Digit 5, 6, and 7:

Sul face water

Digits 8 and 9:

A two-letter code describes the facility of the samples’ origin:

BG: Background Sampling Area
BB: Brandeis-Bardin Institute
SM: Santa Monica Mountains Conservancy

A two-digit number describes the sampling area of its origin
(Table 1).

A three digit code, further describing sample location which vary
depending on the matrix being sampled:

- code indicates the sampling block number.

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

- blind field duplicates were designated by successive numbers
reflecting the order in which they were collected. The relationship
to the original sample was documented in the field label book. The
purpose of blind field duplicate samples is discussed in Section 3.5
(Quality Assurance/Quality Control).

This two letter code indicates the medium sampled and the analysis
conducted.
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Soil - S8 = strontium-90
SP = isotopic plutonium
SG = gamma scan
ST = tritium

SM = mercury

Surface water - WS = strontium-90
WG = gamma scan
WA = gross alpha and beta scans

WT = tritium
Pre-Spiked Samples - PS = strontium-90

PP = isotopic plutonium

PG = gammascan

PT = tritium

. Subsurface samples have two additional numbers at the end of the sample code to distinguish
the depth from which the sample was collected:

Digits 10 and 11: This two letter code indicates the depth in feet at which the soil
sample was collected from subsurface sample locations. All
surface samples that are collected at these locations have a two
digit number code of "00".

3.2.2 Sample Labeling

All samples received a descriptive site-specific sample label which along with identifying the
sample location and intended analysis also included the following information:

’ Project name,

» Date and time of collection,

» Requested analytical method, and
> Sampler's initials.
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This same information was recorded in the field label book for all samples.

3.2.3 Sample Documentation

A bound field log book was maintained by the sampling team leader. Daily entries were made
in ink to document the following:

- the date,

> the names of the field teams,

> weather conditions,

» location-specific entries for grid setup and sample locations, and
v sample area-specific entries for sample collection activities.

The field log book remained in the possession of the sampling team leader at all times. At the
end of each day's activities, the sampling team leader reviewed all of the day's entries for
accuracy and completeness. Each day's entries were photocopied and retained in a file at the
McLaren/Hart office. This precaution was taken to provide backup should the field log book
be lost or destroyed. '

All corrections in the field log book observed the followed guidelines:

’ Under no circumstances was "white out" or other correction materials used.

» A single line was drawn through the incorrect information and the corrected statement
or information was written in the next available space. Both were initialed and dated
by the person making the entry. Notations running along the margins were not

acceptable.

> If there was insufficient space to place the correction at the point of the deletion, then
a reference was provided to the location where the corrected information was
presented.

. If a correction was made after the file photocopies had been made, copies of the

corrected pages were appended to the original file copy.
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33 SOIL SAMPLING

Soil samples were collected from 14 areas at Brandeis-Bardin, from one area at the
Conservancy, and from eight background areas (Table 1). This section presents the protocols
for the grid and random sampling, as well as the protocol for the collection, handling, and
documentation of soil samples. Soil sample containers, container size, sample handling
procedures, appropriate preservatives, and holding times are presented in Table 2.

3.3.1 Soil Sampling Strategy

This section presents the methods used for identifying the soil sampling locations at all
sampling areas. Samples collected from the human activity areas in 1994 utilized the same
grids designated in the March 10, 1993 report.

The random grid sampling protocol used a measure of the mean radioactivity level in an area
and is appropriate for the purposes of comparing these levels to background levels.
Predetermined sampling grids were originally described in the March 1993 report contained
randomly selected sampling blocks and locations (X- and Y-coordinates). The random number
tables from the March 1993 report were reused as necessary in this study and are included in

Appendix B.

The generic sampling grids are 10,000 square feet in area and divided into 100 sampling
blocks, each 100 square feet in area (10 feet by 10 feet), wherever possible. Site specific
sampling grids may be smaller in size if the sample area could not accommodate a 100 foot by
100 foot grid. In general, the grid sampling blocks had assigned numbers starting with the
number "001" in the southwest corner and numbered sequentially to the east, then north in
rows so that the lowest number in any given row is always in the western end of the row. The
only exception is the grid sampling block for the Dormitory Area (Figure 15) where the "001"
corner originates in the southeast corner. Random numbers for each grid sampling area were
used to identify the blocks to be sampled. Tables containing the randomly generated sample
block numbers and X and Y coordinates for the specific sample locations, for the areas
sampled during this investigation are presented in Appendix B.
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Figures showing sampling areas are presented in the Figures Section for the background areas
and study areas. Selected sample locations within the grid areas were resampled. At
Campsite Areas 1 and 2 (BB-03 and BB-04), samples were collected from original locations
and from five additional locations. At Rocky Peak (BG-01), five additional samples were
collected within the original sampling grid area and combined with the original data, At
Happy Camp (BG-05) and Santa Susana Park (BG-02), two additional samples were collected
and the original sample locations were resampled. These additional randomly generated
sampling locations in each grid were selected from the random number tables in Appendix B.
The sample locations were determined from the next random block numbers and X-Y
coordinates that followed the random block numbers that were selected for the original

investigation.

Ravines were sampled using a non-randomized sampling approach. The ravines at RD-51
(BB-15) and the RMDF (BB-16) were sampled at intervals of approximately 50 feet beginning
at the last location sampled in the original sampling (i.e., at the location furthest downstream
from the Rocketdyne property line) and continuing down the ravine. Additional samples were
taken from locations closer to the Rocketdyne property line (i.e., within the area previously
sampled) in the Building 59 Watershed (BB-17), the Sodium Burn Pit Watershed (BB-18), and
in the Sodium Reactor Experiment (SRE) Watershed (BB-19). Ten samples in the Campsite
Area 1 Drainage Way (BB-20) were collected at approximately 250-foot intervals between
Campsite Area 1 and the previously sampled ravine areas.

Sampling points for all ravine samples met the following criteria:
v The sampling point was a point of potential soil deposition,

> The sampling point contained enough soil to supply all of the soil necessary for the
analytical requirements without compromising the sampling method,

’ The sampling point was accessible with the required sampling equipment and without
exceptional risk to the sampling crew.
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In sample areas were these criteria could not be met, alternate locations, which met the above
mentioned criteria, were sampled. At the Building 59 Watershed (BB-17) additional soil
samples were also collected on both sides of the drainage way to further characterize tritium,
cesium-137, and plutonium-238.

The sampling crew collected soil samples from the designated locations within each of the
designated blocks or at locations within the ravines agreed upon by the study participants as
described in Section 3.3.3. Prior to beginning each day's field operations, the sampling team
leader was responsible for having all of the necessary equipment available and functioning

properly.
3.3.2 Soil Sample Location Identification

The following procedure were followed to reestablish the previous grid locations. The
sampling team upon arriving at a sampling area examined the sample area and determined if
the marked sample stakes placed during the original investigation were still present. At most
areas, one or more stakes were present facilitating the reidentification of all previous sampling
locations.

In areas where the grid sample stakes were absent from locations at which resampling was
required, the sampling crew conducted the following procedures to establish the sampling grid
and mark the appropriate sampling locations.

1) Using the existing sample grid diagrams (generated during the original investigation),
the southwest corner of the sampling area was remarked. The southwest corner was
generally the starting point for sampling grids and the origin of the X and Y axes for
locating the sample locations within the sample blocks.

2) The four corners of the predetermined sampling grid were measured and marked with
stakes tied with colored tape. The stakes were marked with their orientation to the
origin (e.g., northeast, northwest, southeast, or southwest). A compass was used to
ensure the grid was square. The sample team leader noted any changes to the sampling
grid map and attached a copy to the field map book.
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3)

4)

5)

6)

7

Each of the predetermined (randomly identified) sampling blocks that were sampled
during this investigation, were located on the ground by measuring the appropriate
footage along the X and Y axes starting at the grid origin. A compass was used to
ensure the blocks were located in the appropriate orientation to the grid. The southwest
corner of each block was marked with a stake labeled with the appropriate block
number and tied with colored tape.

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 were measured and marked with a stake, labeled with the block number
and the location coordinates (i.e., block number, X-coordinate, Y-coordinate) and tied
with colored tape.

If the sampling location fell on an obstruction, the sample was collected at the nearest
point south of the obstruction, towards the SSFL..

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.

Before leaving a sampling area, the sample team leader verified the following
information was recorded in the field log book:

» Sample area name and location

, Date and time

> Team personnel

> Sketch of grid location and layout, including the blocks and sample locations
clearly marked

. Documentation of the bearings and landmarks used to establish the grid

> Documentation of the random numbers, bearings and coordinates used to locate

the predetermined sampling blocks and locations
8 Documentation for all photographs taken.
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For the additional soil locations which were collected at Campsite Area 1 and 2 and the
background areas, the sample crew followed Steps 3 through 8 to mark the additional sample
locations.

The following procedure were followed to implement the ravine sampling at the designated
sampling areas. The sampling team upon arriving at a sampling area walked the ravine to
determine the locations of the previous ravine sampling.

After the location of the furthest downgradient sample was identified, the sampling crew
conducted the following procedures to establish and mark the appropriate sampling locations:

1) The drainage ways were marked approximately every fifty feet with a stake to
designate the sample locations. If the specific block location did not contain soil or
was inaccessible, that specific location was not marked. At the Campsite Area 1
Ravine, sample locations were marked every 250 feet.

. 2) The sampling team proceeded to the first downstream sample location, and collected
the appropriate soil samples.

3) Soil samples were collected as described in Section 3.3.3.

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

5) Before leaving a sampling location, the sample team leader verified the following
information was recorded in the field log book:

. Sample area name and the area and location numbers

> Date and time of sampling

> A sketch of the sampling location depicting the soil sampling points.

» Documentation of the bearings and landmarks used to establish the location.
’ Documentation of photographs taken.
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3.3.3 Soil Sampling Procedure
3.3.3.1 Surface Soil Sampling Procedure

The sampling team leader was responsible for the availability and decontamination of the
necessary equipment before entering the field. The sampling team leader consulted the
sampling workplan for the locations, maps and coordinates for the sampling areas which were
sampled each day. The procedures described below were followed for soil sampling, sample
identification and documentation, and shipping and handling. Prior to collecting soil samples
from an area, the EPA's consultant conducted a radiation survey using a Ludlum Model 19
Micro-R meter.

The volume of material collected at each sample location was adequate for radionuclide or
mercury analysis for the specified locations. The soil samples were analyzed for one or more
of the following radionuclides: strontium-90, isotopic plutonium, tritium, and gamma emitting
radionuclides. At the Sodium Burn Pit Watershed, samples were analyzed only for mercury.
One sample volume was required for each analysis.

Soil samples were collected using an impact driven hand-coring sampler at specific grid
locations. The coring head was fitted with a 6-inch long brass tube. Soil samples were
collected in the following manner:

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

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

sample location stake were not removed.

3) 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.

4) The corer was pulled from the ground and the coring head disassembled.
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5) For surface samples, the brass tube was removed, a Teflon sheet and plastic end caps
were placed at the end of each tube. The end caps were taped to the brass tube using
duct tape or plastic tape.

6) The laboratory was directed to analyze the soil as marked. For tritium samples, the
soil was to be extruded from the brass tube into a glass jar, closed and sealed with
custody tape. If split samples were requested, the soil from the necessary number of
cores was to be placed into a resealable plastic bag and mixed for one minute. The
mixed soil was then divided and placed into the appropriate number of brass tubes (or
jars for tritium) with a Teflon sheet and a plastic end cap placed on each end of the
brass tube.

7) A label was filled out for each sample as described in Section 3.2.2 and placed on the
plastic bag or jar. Clear plastic label tape was placed over the label to protect against
water damage. The surface soil samples were put into clean, resealable plastic bags
and placed in a cooler for the appropriate laboratory.

The sample identification number, the location, time, date, depth of sampling, analyses
requested and name of sampler was recorded in the McLaren/Hart field log book.

At ravine locations the same sampling procedure was used with the exception that a drive
sampler was not always used to collect the soil samples. In the ravines a trowel was used to
scoop the surficial soil into the sample containers. All other procedures were followed as
described above.

3.3.3.2 Subsurface Soil Sampling Procedures
Subsurface soil samples were collected at eight locations between the Building 59 and RMDF

watersheds. Because of the rugged terrain in the ravine areas, three sampling methods were
employed during the course of this investigation.
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Five locations (B0O1 through B005) were sampled in the RMDF watershed using an all-terrain
drill rig. Soil samples were collected at the surface at all five locations using sampling method
described in Section 3.3.3.1.

Following surface sample collection a borehole was drilled to a depth of five feet. Soil
samples were collected at a depth of 5 feet at all five RMDF watershed boring locations. The
subsurface soil samples collected in the RMDF watershed were collected using three methods
as a result of subsurface conditions at each boring location. The three sample collection
methods were as follows:

1) Soil was collected off the end of the drill bit. The drill bit was advanced to a depth of
five feet then retrieved out of the borehole. The soil material on the end of the drill bit
consisted of soil from the bottom of the borehole (five feet). This method was
employed at sample location BOO1 where the subsurface soil was too hard for a
sampling device to penetrate.

2) Undisturbed samples were collected at BOO3 and B0OS using a 12-inch long split-spoon
sampler. The sampler was fitted with two 6-inch long brass tubes and driven into the
subsurface using a hydraulic hammer mounted on the drill rig.

3) Soil samples were collected using a hand auger at B002 and B004. A hand auger was
lowered down the borehole to collect soil from a depth of five feet. The soil material
within the bucket of the hand auger was then manually transferred into the appropriate
sample containers.

Three subsurface soil locations (BOO1 through B003) were sampled in the Building 59
watershed. Soil samples were initially collected at the surface at all three locations using
sampling method described in Section 3.3.3.1. Three subsurface soil samples collected in the
Building 59 watershed were all collected using a hand auger. A drill rig was not used as a
result of the steep terrain at the subsurface sample locations in the Building 59 watershed and
also due to the shallow depth to bedrock at these sample locations. The subsurface samples
were collected at different depths at each location due to the varying depth to bedrock
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conditions. Soil samples were collected at depths of 2.5, 1.5, and 3.5 feet at sample locations
B001, B002, and B0O3, respectively.

All samples collected at the subsurface sample locations in the RMDF and Building 59
watersheds were prepared and labeled per the procedures described in Section 3.3.3.1. The
boreholes generated from drilling and hand auguring activities were backfilled with the
excavated soil.

3.3.4 Split Samples

The USEPA, the California Department of Health Services (DHS), the California
Environmental Protection Agency (Cal-EPA), the Santa Monica Mountains Conservancy, and
the Brandeis-Bardin Institute were invited to analyze split samples. McLaren/Hart collected
all samples and split the samples with the study participants as requested. True split samples
were collected, i.e., the medium being sampled was mixed prior to being placed in the
appropriate sample container so that subsamples could be sent to different laboratories for
analysis. Ideally, the results of these analyses can be compared to give an indication of the
variability between laboratories on the same sample. However, environmental media,
especially soil, are very difficult to homogenize and the results may differ due to the
variability of the media, rather than the laboratories. In the event that the field split or
adjacent sample results appear different, the blind duplicates, the laboratory spikes and the
statistical variability of the data were evaluated to determine whether the apparent difference in
split or adjacent samples is real.

The study participants determined the number and locations of the split samples they received.
For all split samples collected, the location, date, time, depth of sampling, sample
identification number, analyses requested and name of sampler was recorded in the
McLaren/Hart field log book.

It was strongly recommended that all participants used the same analytical methodologies for
duplicate samples so that the results could be compared to the scheduled samples. Since the
results for tritium had the most methodological variability in the original off-site sampling, the
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methodology that was considered standard for this project was included in Appendix E of the
Workplan (October 1993).

3.3.5 Seil Sampling Documentation
It was the responsibility of the sampling team leader to have appropriate information recorded

in the field log book or field label book. Upon completion of soil sampling, the field log book
and field label book contained:

> Project name

> Date and time of sample collection

> Sample location description

> Sample method description

» Description of sample conditions (e.g., depth, unified soil classification, percentage of

gravel, sand, silt or clay, color using Munsell number, plasticity, grain size, grading,
density, and moisture). This information was only recorded at new locations in the
ravines that were not described in 1992 investigation.

> Personnel collecting samples
, Description of environmental conditions
’ Sample handling, containers, and preservation methods, register numbers and site-

specific sample identification codes, and corresponding chain-of-custody numbers.
, Split sample documentation (e.g., identification numbers and methods).

It was also the responsibility of the sampling team leader to ensure that the chain-of-custody
forms were appropriately filled out and in complete agreement with the field log book.

3.3.6 Soil Sample Handling, Shipping, and Storage

Soil samples that had been sealed, labeled, and placed in appropriate containers were placed
into the cooler without ice (with the exception of samples analyzed for mercury), for shipment
to the laboratory. The chain of custody forms were placed in a sealed plastic bag and placed
inside the cooler. All samples were shipped for overnight delivery.
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It was the responsibility of the sampling team leader for the following:

, The chain-of-custody forms were properly filled out and accounted for every sample
contained in the cooler.

’ The samples and documentation being shipped coincided with the information contained
in the field log book.

> The samples contained in the cooler were destined for the appropriate laboratory and
that all of the samples were destined for the same laboratory.

» The samples were securely packed and no empty space remains within the cooler.

v The cooler was appropriately addressed and sealed with duct tape.

Appropriate QA/QC samples were shipped with the field samples. The protocols for the
collection, shipping, and handling of QA/QC samples are presented in Section 3.5.

3.4 SURFACE WATER SAMPLING

Surface water grab samples were collected from surface water sources where possible
(Campsite Area 1 and 2). Surface water is seasonal in the Simi Valley area and was only
collected in areas where running water was present in sufficient quantities to collect the
volume of sample required for all analyses. One round of sampling was conducted at each
surface water source. Surface water samples were analyzed for the following radionuclides:

> strontium-90

> gamma scan

» tritium

> gross alpha and beta scan

Surface water sample containers, container size, sample handling procedures, appropriate
preservatives, and holding time are presented in Table 2.
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3.4.1 Surface Water Sampling Procedure

In general, when sampling surface waters, every reasonable effort was made to not disturb the
bottom sediments in the water sample collection area or upstream from that area. As such,
surface water samples were collected before sediment samples. The exact location of the
sampling location was at the discretion of the sampling team and study participants, and its
selection was based primarily on the need to submerge the sampling equipment. The location
was marked with a stake tied with a colored ribbon, and its proximity to nearby landmarks
recorded in the field log book. Upon arriving at the surface water sampling point, the
appropriate sample bottles were set aside and labels prepared. Care was taken to approach
each sampling location from below that point (i.e., downstream). The following procedures
were used for the collection of surface water samples.

1) Use a clean stainless-steel bucket to collect all surface water samples being analyzed for
radionuclides.
2) Rinse the bucket thoroughly with sampling source water and discard the rinse water

away from the sampling point.

3) Place a clean 0.45 micron Whatman glassfiber filter into the filter apparatus. Apply a
small quantity (5 milliliters) of distilled/deionized water to the filter. Apply suction to
seat the filter. Discard the rinse water from the filtrate flask.

4) Collect the surface water sample in the bucket.

5) Shake or swirl the sample and then pour it slowly into the filter funnel. Apply and
maintain suction on the filter until the water has passed through the filter and the filter
appears to be drying out.

6) Turn off the suction and disconnect the filtrate flask from the filter apparatus. Transfer
the sample filtrate from the flask to an appropriate, labeled sample bottle (i.e., a 1-liter
glass bottle for tritium or a 1-liter plastic bottle for the other radionuclide analyses)
with preservative as required (see Table 2).
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1)) Cap the sampling bottles and seal the lid with Teflon and clear plastic tape. Place a
chain-of-custody sticker across the seal.

8) The filtration apparatus and the collection buckets were decontaminated between
sampling areas. The filtration apparatus and the collection bucket were not
decontaminated between samples at the same location.

9) Discard the used filter, and repeat steps 1 through 8 for the remaining samples from the
same location.

The sample identification number, the location, time, date, analyses requested and the name of
the sampler was recorded in the McLaren/Hart field log book.

3.4.2 Split Samples _

Some study participants requested split samples for analysis at some or all of the surface water
sampling locations. The filtrate was transferred to a large, clean stainless steel bucket and
mixed. The contents were then divided between McLaren/Hart and the person or persons
requesting a split sample. Notation of all split samples collected was recorded in the field
label book.

3.4.3 Surface Water Sample Documentation

The following information was recorded in the field log book for each surface water sample
collected. |

> Project name

v Date and time of sample collection

> Sample area description

’ Sample method description

» Surface water sample identification numbers and corresponding site-specific sample

identification codes (see Section 3.2.2)
’ Chain-of-custody reference numbers
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. Filtered and preserved samples

» Location where the sample was collected on the sample area diagram
> Split sample documentation (e. g., identification numbers and methods)
8 Pertinent field notes (e.g., weather conditions)

> Personnel collecting samples

» Description of sample conditions

It was also the responsibility of the sampling team leader that the chain-of-custody forms were
appropriately filled out and in agreement with the field log book.

3.4.4 Surface Water Sample Handling, Shipping, and Storage

Surface water samples both in glass and plastic containers were sealed in resealable plastic
bags and encased in bubble wrap to prevent breakage. All radionuclide samples were placed
in a cooler without ice and shipped to the laboratory via overnight courier. The chain-of-
custody documentation was sealed inside a plastic bag taped to the underside of the cooler lid.

Appropriate QA/QC samples were shipped with the field samples. The protocols for the
collection, shipping and handling of QA/QC samples are presented in Section 3.5.

3.5 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

Quality assurance and quality control (QA/QC) samples were included in the sampling
program to provide quality control over the collection of environmental measurements and
their subsequent review, interpretation and validation of the field collection methodologies and
radionuclide measurements conducted by the analytical laboratories.

3.5.1 Field Documentation

Field documentation and quality control checks were made by the sampling team leader. At
the end of each day's field activities, all of the day's field log book entries were reviewed for
completeness, accuracy, reporting format, and thoroughness. The team leader initialed the last
page of each day's entry as an indication that this review had been undertaken and that the
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entries in the log book were acceptable. It was the responsibility of the team leader to check
that the chain-of-custody documentation agreed with the field log book entries.

3.5.2 QA/QC Sampling

The types, frequency, and numbers of QA/QC samples were collected during the field
sampling are shown in Table 3. The specific sample block where QA/QC samples were
collected is presented in Table 4. Several different types of QA/QC samples were used to
account for variability and sources of contamination in various stages of the sampling and
analytical process. The objectives and purpose of the sample types are outlined in the
following sections.

3.5.2.1 Field Rinsate Blanks

Field rinsate blanks provided a check on contamination from various sources and from
sampling instruments used to collect and transfer samples from the point of collection into
sample containers. Field rinsate blank samples were collected following the decontamination
procedure for field sampling equipment. A field rinsate blank was collected at a rate of one
per 20 sampling events. A sampling event is defined to be the sampling that occurs for a
medium at a single sampling block for soil or sampling location for water. The field rinsate
blanks were prepared with analyte free distilled/deionized water. The field rinsate blank
samples were collected in the required sample bottles for each analytical method. The
following protocol was implemented to collect field rinsate blanks:

1) Decontaminate all sampling equipment.

2) Prior to any sampling, pour the required volume of analyte-free distilled/deionized
water (i.e., 5.5 liters for a soil field rinsate blank) over the precleaned sampling
equipment into a precleaned (i.e., decontaminated) basin. Split the sample into the
appropriate 0.5-liter and 1-liter containers, each containing the appropriate preservative
for the specific analyte group.
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3) Affix a label to each rinsate container and assign a water sample register sample
identification number. Seal the bottles with custody tape and store in cooler without
ice.

4) Note in the field log book the date and the register sample number for each of the
rinsate samples. Ship samples consistently with the methods for other field samples.

3.5.2.2 Blind Field Duplicate Samples

The collection of blind field duplicate samples provides for the evaluation of the laboratory's
performance by comparing analytical results for two identical or nearly identical samples. As
such, all blind field duplicate samples were taken as described for split samples in the previous
sections. The blind samples were placed in separate containers and given distinct sample
numbers to allow for "blind" receipt by. the analytical laboratory. The true identity was
concealed from the laboratory, but the identity of the samples was thoroughly documented in
the field label book.

Blind field duplicates were collected at a target rate of one per 20 samples sent for laboratory
analysis on a radionuclide group-specific basis. The total number of blind field duplicates
prepared is summarized in Table 3. 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 5th, 6th, and 7th digits as they were collected
from new sampling areas.

Blind field duplicates were collected from randomly chosen sampling locations. For example,
a total of 147 soil samples were taken and analyzed for tritium (see Table 1). This represents
seven groups of 20 and one group of 7 samples. As shown in Table 3, eight blind field
duplicates were submitted for the tritium analysis. For each group of samples, a computer
generated random number table was used to select the location for each blind field duplicate.
For example, if the random number generator produced the number "6" for tritium, then the
location at which the sixth sample taken within this group of twenty samples was used for the
corresponding blind field duplicate. A summary of the computer generated random numbers
used for blind field duplicates is presented in Appendix C.
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3.5.2.3 Trip Blanks

Trip blanks were not collected. Trip blanks were collected during the previous sample
investigation (1992) to evaluate the cross-contamination of volatile organic compound samples
during transport. Since volatile organic compounds were not analyzed during this
investigation, trip blanks were not necessary.

3.5.2.4 Field Blanks

Field blanks are 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 are filled with analyte-free distilled/deionized water in the field. The
samples are then capped, sealed, and shipped to each of the appropriate analytical laboratories
along with the other field samples. Field blanks were collected for radionuclide groups for
which sample bottles are required (i.e. surface water samples analyzed for the radionuclides of
concern). Field blanks were collected at a rate of one per 20 samples surface water samples.
Field blanks were assigned a site-specific sample identification code.

3.5.2.5 Pre-spiked Blind Duplicate Samples

Pre-spiked blind duplicate samples are QA/QC samples that were used to test the accuracy of
the laboratory by submitting samples with known concentrations. The pre-spiked sample
contains a known level of one or more of the radionuclides of concern which is added to the
sample by another analytical laboratory. The spiked samples were sent back to the sampling
crew then sent on with the other collected samples at a rate of one per 20 samples sent for
laboratory analysis on a radionuclide group-specific basis. The total number of pre-spiked
blind duplicates prepared is summarized in Table 3. Pre-spiked blind duplicates were
designated by the number "00" in the 3rd and 4th digit of the site-specific sample identification
code and a "P" in the 8th digit. Pre-spiked blind field duplicates were numbered successively
in the 5th, 6th, and 7th digits as they were collected from new sampling areas. Only pre-
spiked water samples were sent to the laboratory for gamma scan, tritium, gross alpha and
beta radiation, strontium, and isotopic plutonium analyses because the study participants
agreed that soil samples could not be effectively homogenized. Pre-spiked soil and water
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samples were submitted for tritium analyses. All study participants analyzed at least one pre-
spiked sample for each analysis and media.

3.5.2.6 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Samples

Matrix spike and matrix spike duplicate samples are QA/QC analyses performed by the
analytical laboratory. The matrix spike is a sample to which one or more of the radionuclides
of potential concern or a surrogate (spike) is added to an aliquot of the sample by the
analytical laboratory. The matrix spike duplicate is an analysis of a second aliquot, spiked
separately, of the original sample. The results of the spike analyses are expressed in terms of
the percent recovery with regard to the amount of chemical added, and the results of the
duplicate analyses are expressed in relative percent difference from the original sample. These
results are used to evaluate the laboratory's precision in the analysis of that sample and to
determine whether the sample matrix interfered with the extraction or analyses. The MS/MSD
samples were collected at a rate of one per 20 samples (including other QA/QC samples) on an
analyte-specific basis (Table 3). MS/MSD samples were assigned a site-specific sample
identification code. For the purposes of conducting these analyses, the laboratories require a
complete set of sample volumes. Therefore, soil samples were collected specifically for the
purpose of running the MS/MSD analyses.

3.5.2.7 Split Samples

The USEPA, the DHS, Cal-EPA, and Brandeis-Bardin were present to observe the collection
of split samples for QA/QC purposes. True split samples were collected by McLaren/Hart,
i.e., the medium being sampled was mixed so that subsamples were given to those requesting
split samples and then were sent to different laboratories for analysis.

As noted previously, the results of the analyses from split samples can be compared to provide
an indication of the variability between laboratories on the same sample. However, since
environmental media, especially soil, are very difficult to homogenize, the results may differ
due to variability of the media rather than in the laboratories. In the event that the field split
or adjacent sample results appear to be different, the laboratory duplicates, the laboratory
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spikes, and the statistical variability of the data were evaluated to determine whether the
apparent difference in split or adjacent samples is real.

3.6 LABORATORY ANALYSIS

Soil and water samples were analyzed for all radionuclides of concern (gamma-emitting
radionuclides, tritium, isotopic plutonium, strontium-90) were submitted to Teledyne Isotopes.

Teledyne Isotopes

50 Van Buren Avenue
Westwood, New Jersey 07675
1-201-664-7070

Soil samples from the Sodium Burn Pit. Watershed were analyzed for mercury at MBT
Environmental Laboratories.

. MBT Environmental Laboratories
3083 Gold Canal Drive
Rancho Cordova, CA 95670
1-916-852-6600

All adjacent/split samples taken were sent to certified laboratories identified by the study
participants, independently.
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4.0 QUALITY ASSURANCE/QUALITY CONTROL SAMPLING RESULTS

The following sections discuss the results of the Quality Assurance/Quality Control (QA/QC)
sampling. The results are presented in separate sections for each QA/QC sample type and a
summary section presents conclusions regarding the validity of 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 source of the
anomaly was determined. Samples with inexplicable anomalies were identified and
reanalyzed, as necessary, to locate the source or cause of the anomaly.

4,1 QUALITY ASSURANCE/QUALITY CONTROL RESULTS SUMMARIZED BY SAMPLE TYPE

The results for the QA/QC samples collected in 1994 are summarized in the following
sections. Seven of the eight sample types were also collected in 1992. Pre-spiked duplicate
samples were only used in 1994. The QA/QC samples included in this phase of work and

discussed in this section include:

> Trip Blanks

> Field Rinsate Samples

> Field Blanks

> Laboratory Control Blanks

> Matrix Spike/Matrix Spike Duplicates

» Laboratory Duplicates

> Pre-spiked Duplicate Samples

> Blind Field Duplicate and Split Samples
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4.1.1 Trip Blanks

Trip blanks were collected during previous 1992 sampling to evaluate potential cross-
contamination of volatile organic compound samples during shipment to the laboratory. No
samples were analyzed for volatile organic compounds during this sampling; therefore, no trip
blanks were collected.

4.1.2 Field Rinsate Samples

Field rinsate samples contained distilled water used to rinse the sampling equipment after the
decontamination procedure. No rinsate samples contained a reportable level of radionuclides
or mercury. The rinsate analytical results can be found in Appendix D.

4.1.3 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. One field blank
sample was collected and analyzed for mercury and the appropriate radionuclides. No
mercury or radionuclides were found in the field blanks (only one field blank was taken in
1994). The field blank analytical results can be found in Appendix D.

4.1.4 Laboratory Control Blanks

Laboratory blank samples contained deionized water used at the time the samples were
analyzed and measure whether the laboratory equipment contributed to concentrations of
detectable mercury or radionuclides. Laboratory blank samples were run by the laboratory
concurrently with soil/sediment and water samples. No mercury or radionuclides were
detected in the laboratory blanks.

4.1.5 Matrix Spike/Matrix Spike Duplicate Samples

Matrix spike and matrix spike duplicates (MS/MSD) are QA/QC samples used to determine
whether the sample matrix (i.e., the soil/sediment or water) interfered with the extraction or
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analysis. MS/MSD samples were prepared in the laboratory by injecting a known amount of
a mercury or radionuclide into the sample matrix and measuring how much of the injected
mercury or radionuclide was recovered in the analysis. The matrix spike is an original sample
aliquot from the original spiked sample; the matrix spike duplicate is 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 mercury(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 mercury and radionuclide analyses)
and an acceptable RPD (for mercury analyses only). All but one of the radionuclide analyses
were within the acceptable percent recovery. Sample number BG-20 010-MG analyzed for
Cesium-137 exhibited a high recovery (128 percent) in the MSD sample. This is slightly
above the MSDs upper control limit of 125 percent. Laboratory blank samples MS/MSD data
is presented in Table 5. The MS/MSD analytical results can be found in Appendix D.

Matrix interference in soil/sediment and 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 measured in the one plutonium-238 sample. 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 recovery outside the control range.

4.1.6 Laboratory Duplicates

Laboratory Duplicates consist of extracting a second aliquot from the original sample and
analyzing for the same analyte. This is an internal laboratory duplicate analysis conducted to
measure the reproducibility of the laboratory method. Results from the laboratory duplicates
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were below the reporting limits similar to the original sample or contained levels of
radionuclides in the same range as the original sample levels (see Table 9).

4.1.7 Pre-spiked Blind Duplicate Samples

Pre-spiked blind duplicate samples consist of local soil from a background location or
deionized water spiked with a known amount of a radionuclide, These samples are then
submitted to participating laboratories to assess and compare the analyte recoveries. Pre-
spiked blind duplicate sample results may indicate if a particular laboratory method generates
results inconsistent with the actual spiked amount. The pre-spiked samples were prepared at
the NAREL by the USEPA consultant. The samples were placed in identical containers and
labeled similarly to other field samples so that the samples would be blind to the analyzing
laboratories. Pre-spiked water samples were spiked and analyzed for gross alpha/gross beta
radiation, tritium, plutonium-239, strontium-90, and gamma emitting radionuclides (cadmium-
109, cobalt-57, cerium-139, mercury-203, tin-113, cesium-137, yttrium-88, and cobait-60).
Pre-spiked soil samples were spiked and analyzed for tritium. The results of the pre-spiked

. samples are presented in Table 6. For the purpose of comparison, a 25 percent deviation or
less between the measured concentration and the pre-spiked concentration was considered
acceptable. The pre-spiked blind duplicate analytical results for the samples analyzed by
McLaren/Hart can be found in Appendix D.

As shown in Table 6, positive (containing analyte) tritium results were not erroneously
reported in the five blank samples analyzed. Although detected amounts varied between the
spiked amount and the analytical results, erroneous negative results were not reported. Based
on this information, it is unlikely that a sample result was incorrectly identified as positive or
below the method detection limit. Except one, all USEPA results were within the acceptance
limit of 25 percent difference. The one exception was a deviation of 27.7 percent below the
actual spiked amount for gross alpha radiation.

Recoveries for 19 out of 21 McLaren/Hart samples analyzed by Teledyne Isotopes for gross,
alpha/gross beta radiation, tritium, plutonium-239 and strontium-90 were within the acceptance
limit. One out of four samples spiked with tritium was below the spiked amount by 38.6
percent. Strontium-90 was initially reported below detection limits in all four pre-spiked
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samples. McLaren/Hart contacted Teledyne Isotopes to determine why strontium-90 was not
detected since the spiked samples contained a level of 2.2 pCi/L. Teledyne indicated in a
letter that the initial results indicated concentrations of strontium-90 at 2.2 to 2.3 pCi/L in
three of the four samples. Since the concentrations were near the detection limits the samples
were reanalyzed which produced the reported non-detectable results. The initial detectable
concentrations of strontium-90 which are in agreement with the spiked concentration are
presented in Table 6. The Teledype Isotopes letter discussing the pre-spiked strontium-90
results is presented in Appendix E.

Only two (cesium-137 and cobalt-57) of the eight gamma emitting radionuclides spiked in the
sample were initially identified and reported by Teledyne Isotopes. These analytes were not
initially reported since these specific radionuclides are not part of Teledyne's standard suite of
analytes reported for gamma scan. The Teledyne Isotopes' letter discussing the pre-spiked
gamma scan results is presented in Appendix E. The complete pre-spiked gamma scan results
are listed in Table 6. All four samples analyzed for gamma emitting radionuclides contained
amounts of one or more of the eight radionuclides above or below a 25 percent deviation of
the spiked amounts. The results for the gamma scan analysis with greater than 25 percent
deviations were: cadmium-109, two of the four sample results were above the spiked amount
by 29.2 and 31.5 percent; cobalt-57, one of the four sample results were 35.7 percent above
the spiked amount; cerium-139, one of the four sample results were 27 percent above the
spiked amounts; tin-113 of four sample results were below the spiked amount by 28.9 percent;
cesium-137, one of four sample results were below the spiked amount by 31.7 percent.

The initial gamma-emitting radionuclide results reported by Brandeis-Bardin's consultant were
in error as a result of a calculation error at the lab resulting in isotopic concentrations being
under reported by a factor of two. After the error was identified, the values were corrected.
The corrected values for Brandeis-Bardin pre-spiked results for gamma-emitting radionuclides
are presented in Table 6. A letter discussing this revision is included in Appendix E. One of
the two samples analyzed for gamma-emitting radionuclides contained two radionuclides
outside the acceptance limit (25 percent deviation between measured and pre-spiked
concentrations). The recovery of mercury-203 was 54.3 percent above the spiked amount and
the recovery of yttrium-88 was 48.5 percent below the spiked amount. The other six gamma-
emitting radionuclides reported for this sample were within the acceptance limit. One sample
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also contained an amount of strontium-90 below the spiked amount by 25.9 percent.

DHS analytical results were consistent with the spiked amount and within the acceptance limit
for the isotopic plutonium analysis. For tritium the percent deviation for both of the water
samples was 40.6 and 41.1 percent, which is outside the acceptance limit. For strontium-90
the percent deviation for both samples were 66.4 and 81.1 percent, which is outside the
acceptance limit. One of the two samples analyzed for gamma-emitting radionuclides
contained radionuclides outside the acceptance limit. Cadmium-109, cobalt-57, and yttrium-88
were 36.1 percent, 26.4 percent, and 36.1 percent above the spiked amount. The other five
gamma-emitting radionuclides reported for this sample were within the acceptance limit.

4.1.8 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, the consultant to Brandeis-
Bardin, and the DHS 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 sum of the standard deviations for the analyses (i.e., if the
range [+] of the two results did not overlap). The values for the mercury analyses were not in
agreement if the sample results differed by greater than 50 percent. Table 7 summarizes the
results of the blind field duplicates and split samples that were not in agreement with the
scheduled sample for soil/sediment. The blind field duplicate analytical results can be found in
Appendix D.

Differences between duplicate soil/sediment samples were observed in 5 samples for tritium,
4 samples for cesium-137, and one sample for strontium-90. (Table 7). (It should be noted
that isotopic plutonium was not detected by any lab in this round of sampling and that the
detection limits for strontium by USEPA and Brandeis-Bardin were above those for Teledyne
Isotopes. This resulted in agreement between samples although the analytes were not
detected.) Three of the tritium differences (BG-02-074, BB-17-006, and BB-17-007) and two
of the cesium-137 differences (BB-17-005, and BB-16-007) were only slightly (less than 10
percent) beyond the acceptance criteria. In one of the remaining sample sets (BB-20-001),
both cesium-137 results are below background and, therefore, unlikely to impact the -
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conclusions from the results. In two of the instances where differences in results were above
(greater than 10 percent) the acceptance criteria (BB-17-008 and BB-17-009), both results
indicate an impact from tritium above background levels and are not likely to change
conclusions from the study.

An additional QA/QC comparison for tritium at BG-12-005 (background, split sample with
Brandeis-Bardin) was not in agreement. The scheduled tritium result at BG-12-005 contained
a high result with associated high uncertainty (1200 + 600 pCi/L). The entire data set was
reviewed for similar instances where a high uncertainty (greater than 30 percent the value of
the result) was associated with a result, particularly for background samples. Four similar
additional occurrences were identified although there were no associated QA/QC samples for
these results (BG-12-001, BG-14-003, BG-14-004, and BG-14-005). McLaren/Hart reviewed
the analytical data with the laboratory to attempt to determine the source of these anomalous
readings. The results of that review are shown in Table 8. Two possible causes were
evaluated: cross-contamination by a previous sample and low water yield (less than 3 ml). As
shown in Table 8, low yield seems to have consistently occurred with these samples resulting
in a high degree of uncertainty in the analytical result. A separate aliquot from sample
BG-14-003 was reanalyzed for tritium, and the result was <300 pCi/L. Other sample tritium
results where yields were below 3 ml, were withdrawn from the study by the laboratory
(BG-2-001, BG-12-005, BG-14-004, and BG-14-005). A letter from Teledyne Isotopes
Laboratory documenting the withdrawal of these samples is included in Appendix E.

Only one significant difference was observed between duplicate surface water samples.
Surface water results from Campsite 1 Drainage (BB-20-002) were different for gross beta
radiation between the McLaren/Hart sample (15 + 3 pCi/L) and the USEPA sample

(<9.6 pCi/L). These results are below drinking water Maximum Contaminant Limit (MCL)
of 50 pCi/L for gross beta radiation and do not impact the study results.

One hundred and ninety-seven of the 208 blind field duplicate, interlaboratory duplicate, and
split sample results for all compounds confirmed the scheduled sample laboratory results.
Many of the comparisons were made between as many as four different laboratories each with
different equipment, technicians, and other variables, yet the interlaboratory results were
comparable for 93 percent of the duplicate samples. Additionally, the comparison criteria
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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.

4.2 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.

4.2.1 Metals (Mercury)

QA/QC samples were not collected for metals analysis as only seven soil samples were
collected during the 1994 sampling investigation. The seven soil samples were collected from
the Sodium Burn Pit Watershed (BB-18) and only analyzed for mercury. A concentration of
0.12 mg/kg of mercury, slightly above the detection limit (0.1 mg/kg), was measured in one
(BB-18-006B) of the seven samples. This result prompted some limited QA/QC analysis in
the form of analysis of a lab duplicate of this sample and submitting interlaboratory duplicates
to the USEPA and the consultant for the Brandeis-Bardin Institute for mercury analysis.
Results of these QA/QC analyses indicated that mercury was not detected in the laboratory
duplicate or the USEPA interlaboratory duplicate (<0.1 and <0.09, respectively). Mercury
was detected at a concentration of 0.14 mg/kg in the Brandeis-Bardin interlaboratory duplicate
sample. These QA/QC results for mercury are in agreement (the difference between the
scheduled sample results and the QA/QC results was less than 50 percent). Since only limited
QA/QC analysis was conducted for mercury the results are not summarized in Table 9 or
illustrated in Figures 5.

4.2.2 Radionuclides

The QA/QC data for the radionuclide analyses conducted by the Teledyne Isotopes Laboratory
(New Jersey and Illinois) are discussed in this section. A summary of the results are
presented in Table 9 (soil samples) and Table 10 (surface water samples), and Figures 5 (soil
samples) and 6 (surface water samples).
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4.2.2.1 Strontium-90

QA/QC results for strontium-90 were in agreement in 97 percent of all the duplicate and split
soil/sediment samples and in three of four of the pre-spiked water samples. All other QA/QC
results, e.g., matrix spikes, and field rinsate blanks were consistent and met the acceptance
criteria for soil/sediment and water.

4.2,.2,2 Tritium

QA/QC results for tritium in soil/sediment samples were in agreement 94 percent of the time.
Of the five samples that were not in agreement, three differed greater than 10 percent from the
acceptance criteria. In four of these cases, the conclusion that the Building 59 Watershed was
impacted with tritium holds in spite of the differences in the sample results. In two of the five
samples, the concentration of tritium detected by Teledyne Isotopes was less than that
measured by USEPA.

All other QA/QC results for tritium, e.g., matrix spikes and field rinsate blanks, were
consistent and considered acceptable for soil/sediment and water.

4.2.2.3 Gross Alpha and Gross Beta Analysis

One of the two split water samples analyzed for alpha- and beta-emitting radionuclides was not
in agreement with the sample results for beta-emitting radionuclides. 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.

4.2.2.4 Isotopic Plutonium

All duplicate and split soil/sediment and water samples analyzed for isotopic plutonium
(Pu-238 and Pu-239) were all in agreement. Isotopic plutonium was not detected in any of the
field samples collected during the study. Matrix spike samples were within control limits.
Plutonium-238 and plutonium-239 was not detected in field rinsate blanks.
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4,2.2.5 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.

Four out of thirty-five (11 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 Wildwood Regional Park Ravine (BG-10-004), the

Building 59 watershed (BB-17-005), the Campsite 1 drainage (BB-20-001) and the Radioactive
Materials Disposal Facility (BB-16-007). Although these sample results were 3 to 40 percent
outside the acceptance criteria, the results are within the range considered representative of
background and the criteria do not impact the conclusions from the study. These results are
consistent with the pre-spiked sample results where Teledyne Isotopes generally obtained
greater sample recoveries than the original spiked amount.

Matrix spike, field rinsates and field blanks for all other soil/sediment and water samples were
within control limits.

4.3 CONCLUSION

Overall agreement (based on the acceptance criteria described in Section 4.1) for this project
for the primary QA/QC soil samples (i.e., blind field duplicates, interlaboratory split
duplicates, split samples, and pre-spiked samples) was 96 percent for the following analyses:
tritium, cesium-137, plutonium-238, plutonium-239, and strontium-90. The overall agreement
is based on all QA/QC results including results that were reported as less than the detection
limit. The overall agreement for the primary QA/QC water samples was 88 percent.
However, this agreement percentage is due to small number of QA/QC samples for water and
one split sample analyzed for beta-emitting radiation. Beta-emitting radiation was not detected
in field samples above background levels. Thus, the results of the water QA/QC samples are
acceptable and support the conclusions from the field data.
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5.0 STATISTICAL ANALYSIS OF SAMPLE RESULTS

This section discusses the statistical evaluation methods used in this study. Because
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 to backgroimd to determine whether the study areas were different
from background. Finally, if a study area had a concentration that was statistically higher than
background, possible explanations for the elevated concentrations were evaluated. Section 5.1
describes the methods used to analyze the background sampling areas and to develop the range
of naturally occurring levels of radionuclides. Section 5.2 discusses the methods used to
compare analytical results for each sampling area to the results of the statistical analysis of the
background samples.

Mercury was not evaluated statistically because the majority of background values were below
the detection limit, and, thus, there were insufficient positive numbers on which to perform
meaningful statistical analyses. The majority of background samples for tritium and isotopic
plutonium were also below detection limits; statistical analysis was not used to evaluate
concentrations of these radionuclides. However, twice the maximum detection limit was used
as a benchmark to assess concentrations of tritium detected in 1994. This benchmark was
established for tritium to account for laboratory variability before declaring a sample above
background.

Surface water data were not evaluated statistically because there was only one background
sample from both rounds of sampling.
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Since the sample grids or the ravine sampling 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 radionuclides were below the detection limit, a value of one-half the detection limit
was used to calculate the mean and standard deviation for that area. The use of one-half the
detection limit is based on the conservative 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 Protection Agency, 1989).

5.1. STATISTICAL EVALUATION OF BACKGROUND SOIL SAMPLES

In accordance with the Workplan, an analysis of variance (ANOVA) was used to evaluate
whether all of the eleven background soil sampling areas (six from 1992 and five from 1994)
were representative of general background levels of the radionuclides of interest. Using the
ANOVA results, any background areas where the levels of 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.

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 should not have been measurably impacted by activities at the SSFL.
Background locations were also chosen to have no impact from surface water runoff from
SSFL.

The eleven background sample areas within a 1.5 to 12.5-mile radius of the SSFL were
selected as representative of the background. In some cases, a background area was sampled
in both 1992 and 1994. In these cases, data from 1994 was used whenever available for a
specific location. If the location was not sampled in 1994, the 1992 data was used.
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A Type I (random effects) ANOVA was used to evaluate background sample areas for each
analyte. A separate ANOVA was calculated for the following radionuclides:

3 Cesium-137
, Strontium-90

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 1 (fixed effects) ANOVA was used to determine whether all eleven 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
significance probability (p-value) less 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-
value calculated in the ANOVA was less than or equal to 0.05, the hypothesis was rejected
and the eleven background areas were considered not to have the same mean. When the p-
value was greater than 0.05, the hypothesis that the eleven background areas were from the
same population was accepted.

To determine if and which of the background sample areas was different, the results of the
Tukey "honest significant difference” (HSD) output (part of the Systaz ANOVA output) were
evaluated. In the Tukey HSD, each of the background sample areas was compared to the
other background sample areas resulting in 55 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 is 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
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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 identifiable
reasons for considering measurements at any background area to be nonrepresentative of the
full spectrum of possible background measurements, all six 1992 background sites were
considered representative and used to evaluate the results at the sampling areas. Dr. Layard
also indicated that the fixed effects ANOVA would not adequately 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 to be larger than the variance
within background sample areas. If the variance within a sample area and the variance
between sample areas differed substantially, the ANOVA would result in a p-value less than
0.05 when in actuality the sample areas are all representative of background. Based on this
analysis in the 1992 report, all sample areas were retained as representative of the full range of
background levels of metals and radionuclides, based on Dr. Layard's recommendation and
with the consensus of the USEPA representative and the consultant for Brandeis-Bardin.

However, in evaluating the more robust data set from the 1992 and 1994 data, one area for
cesium-137 and one area for strontium-90 appeared to be different from the general
background areas. For cesium-137, Wildwood Regional Park Ravine (BG-10) was shown to
be statistically different from the other background areas. A reevaluation of the cesium-137
data without including the Wildwood Regional Park Ravine, resulted in the acceptance of the
hypothesis that the remaining areas were from the same population. For strontium-90,
Wildwood Regional Park (BG-09) was shown to be statistically different from the other
background areas. A reevaluation of the strontium-90 data without including the Wildwood
Regional Park data, resulted in the acceptance of the hypothesis that the remaining areas were
from the same population. As a result, Wildwood Regional Park Ravine data was excluded
from the cesium-137 analysis, and the Wildwood Regional Park data was excluded from the
strontium-90 analysis. By excluding these two background data sets (cesium-137: Wildwood
Regional Park Ravine, and strontium-90: Wildwood Regional Park) more conservative
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background values were established. A graphical evaluation of cesium-137 and strontium-90
background results from sample areas distinguishable from background is presented on Figures
1 through 9 in Appendix F.

5.2 STATISTICAL EVALUATION OF SAMPLING AREAS

Due to the more robust data set including the 1992 and 1994 data, all sampling data, including
ravine data, was assessed as randomly collected data. Each area sampled was statistically
evaluated on an area-by-area basis because it was assumed that the sampling area represented a
separate and distinct "population”. The sample results from the randomly sampled areas were
described by a mean, range, and a standard deviation.

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 normality.
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 indicated that, assuming the sample area is within
the range of background, the probability of seeing 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.
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6.0 SAMPLING RESULTS FROM BACKGROUND AREAS

This section presents the results of the multi-media sampling program at the Background
Areas. The results are presented in two parts. Section 6.1 describes the sites and sampling
locations and Section 6.2 describes the statistical data analysis.

6.1 BACKGROUND AREA DESCRIPTIONS

Eight background areas were sampled.

v BG-01: Rocky Peak

v BG-02: Santa Susana Park

, BG-05: Happy Camp

’ BG-09: Wildwood Regional Park

’ BG-10: Wildwood Regional Park Ravine
> BG-11: Tapia County Park

> BG-12: Tapia County Park Ravine

4 BG-14: Rocky Peak Ravine

This section is a brief description of the Background Areas sampled in 1994 (Figure 3). The
analytical results for each sample area are presented in the form of tables and figures. The
table summarizes the results for the radionuclide analyses. The detection limit preceded by a
"less than" symbol (<) is used to represent radionuclide results below detection limits*. The
figure is used to present all the data above the detection limit. The sample grid and sample
locations as well as relevant landmarks are noted on the figures. Only the original sample
results (the scheduled sample, not QA/QC results) collected by McLaren/Hart (the scheduled
sample) above background levels for metals and radionuclides are shown on these figures. In

“Minimum detectable activity.
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some cases, all the results for a particular analyte are presented on a figure, although some of
those results are not considered representative of background, 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.

6.1.1 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 present along the slope. The grid location was originally
selected in 1992 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 15, 1994 at five sampling locations, in addition to the
three locations sampled in 1992, from the grid according to the approved Workplan. Four
blind field duplicate samples were collected: isotopic plutonium at Block 087, gamma scan at
Block 090, strontium-90 at Block 016, and tritium at Block 034. In addition, three rinsate
blanks were collected at this location. The sampling grid is shown on Figure 7. Summaries of
radionuclide analytical results for the soil samples are presented in Table 11.

6.1.2 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 drainage area from the
eastern slope appeared to run through the center of the sampling area, which was dry at the
time of sampling.

G:AR\ROCKTDYN\0600829\REPORTNTEXTFNL.6 6-2 ' MCLAREN/HART




Additional Off-Site Sampling
January 19, 1995

On March 10, 1994, five locations were sampled from the grid according to the approved
Workplan. Three areas were previously sampled in 1992 and two additional blocks were
identified based on the random number tables. In addition one rinsate sample and one matrix
spike sample was collected at Block 017 and Block 085, respectively. A sample split with
Brandeis-Bardin was collected at Block 074. The radiation survey of the area by the USEPA
showed an ambient radiation field of 12 (micro Roentgen/hr [uR/hr] is a unit of exposure rate
of X-ray or gamma radiation). Results from all radiation surveys conducted by the USEPA at
each sample area are presented in Appendix F. The sampling grid is shown on Figure 8. A
summary of the radionuclide analytical results for soil samples are presented in Table 12.

6.1.3 Happy Camp (BG-05)

The Happy Camp background area is located in Moorpark approximately 12.5 miles northwest
of the SSFL. The sampling area was a relatively 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 cuts through the center of the Happy Camp Area and 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. The area was
sparsely covered by grasses and small shrubs.

On March 11, 1994, five sets of soil samples were collected from the grid according to the
approved Workplan. Based on stakes still in place at the sampling location, the sample identified
as BG-05-026 in 1992 was actually collected at BG-05-027. The sample collected in 1994 was
appropriately labeled as BG-05-027. A blind field duplicate sample for gamma scan was
collected at Block 017. A split sample with USEPA was collected at Block 056. In addition,
a matrix spike was collected at Block 050. The radiation survey of the area by the USEPA
showed an ambient radiation field of 16 uR/hr. The sampling grid is shown on Figure 9. A
summary of the radionuclide analytical results for soil samples is presented in Table 13.

6.1.4 Wildwood Regional Park (BG-09)

The Wildwood Regional Park background area is located approximately 2 miles north of
Highway 101 and approximately 12.5 miles west of the SSFL facility. The sampling area was
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a large open field located west of the main parking lot. The sampling area was adjacent to and
south of a dirt access road and northwest of a dirt hiking trail. The sampling grid was located
on a flat area covered by grasses and forbs. A few shrubs were located west of the sampling
area.

On March 11, 1994, five sets of soil samples were collected from the grid according to the
approved Workplan. Blind field duplicates were collected at Block 003 for isotopic plutonium
and at Block 013 for strontium-90. A split sample with USEPA was collected at Block 003.
A split sample with DHS was collected at Block 005. Three rinsate blanks were collected at
this site. The radiation survey of the area by USEPA showed an ambient radiation field of

12 uR/hr. The sampling grid is shown on Figure 10. A summary of the radionuclide
analytical results for soil samples is presented in Table 14.

6.1.5 Wildwood Regional Park Ravine (BG-10)

The Wildwood Regional Park Ravine background area is located approximately 2 miles north
of Highway 101 and approximately 12.5 miles west of the SSFL facility. The sampling area
was a ravine located adjacent to the Santa Rosa trail. Both the Santa Rosa trail and the ravine
cross the dirt access road that leads from the main road. The ravine had a shallow grade and
spanned approximately 750 feet. The ravine was covered with grasses and contained large
rocks at various locations along the ravine.

On March 14, 1994, five sets of soil samples were collected from the ravine, randomly spaced
approximately 150 feet apart according to the approved Workplan. A blind field duplicate
sample was collected at Block 002 for gamma scan. A split sample with USEPA was collected
at Block 003. A split sample with DHS was collected at Block 004. A split sample with
Brandeis-Bardin was collected at Block 001. One rinsate blank was collected at this sampling
area. The radiation survey of the area by USEPA showed an ambient radiation field of

12 uR/hr. The sampling grid is shown on Figure 11. A summary of the radionuclide
analytical results for soil samples is presented in Table 15.
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6.1.6 Tapia County Park (BG-11)

The Tapia County Park background area is located in Malibu Canyon approximately 4 miles
south of Highway 101 and approximately 10 miles south of the SSFL facility. The sampling
area was a large open field adjacent to a dirt road. The western edge sloped to a creek located
below. The area was bordered to the north and the south by trees and shrubs. The sampling
grid was located on a flat, sloping area covered by grasses and forbs.

On March 14, 1994, five sets of soil samples were collected from the sampling grid according
to the approved Workplan. A blind field duplicate sample was collected at Block 036 for
strontium-90. A split sample with USEPA was collected at Block 011. A matrix spike sample
was collected at Block 010 and Block 031. The radiation survey of the area by USEPA
showed an ambient radiation field of 7 zR/hr. The sampling grid is shown on Figure 12. A
summary of the radionuclide analytical results for soil samples is presented in Table 16.

6.1.7 Tapia County Park Ravine (BG-12)

The Tapia County Park Ravine background area is located approximately 4 miles north of
Highway 101 and approximately 10 miles south of the SSFL facility. The sampling area was a
ravine that crosses the Tapia Spur Trail approximately 450 feet from the intersection of the
trail with the paved road. Sample locations 003, 004, and 005 were south of the trail,
approximately 50 feet apart. Samples locations 001 and 002 were approximately 25 feet apart;
Sample location 002 was approximately 60 feet from the trail. The ravine had a steep grade
above the trail and a more shallow grade below the trail. The stecp section of the ravine was
divided into two arms. One arm of this section of the ravine exhibited signs of soil
disturbance (rock slides), therefore; the undisturbed arm of the ravine was selected for

sampling.

On March 14, 1994, five sets of soil samples were collected from the ravine according to the
approved Workplan. A split sample with USEPA was collected at Block 003. A split sample
with Brandeis-Bardin was collected at Block 005. A matrix spike sample was collected at
Block 001 and Block 004. The radiation survey of the area by USEPA showed an ambient
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radiation field of 7 uR/hr. The sampling grid is shown on Figure 13. A summary of the
radionuclide analytical results for soil samples is presented in Table 17.

6.1.8 Rocky Peak Ravine (BG-14)

The Rocky Peak Ravine background area is located approximately 4.9 miles northeast of the
SSFL, north of the 118 Freeway, at the Rocky Peak exit. Sample location 005 in the ravine
was located approximately 165 feet northeast of the grid location. The ravine began as a steep
slope amidst very narrow rocky terrain. Sample locations 001 and 002 were in the steep
section of the ravine. From sample location 003 to 004, the terrain became broader, but
remained rocky. The ravine gently sloped from sample location 004 toward a culvert below
sample location 005 and was less rocky.

On March 14, 1994, five sets of soil samples were collected from the ravine according to the
approved Workplan. A matrix spike sample was collected at Blocks 001 and 003. One rinsate
sample was also collected at this sample location. The sampling grid is shown on Figure 14.
A summary of the radionuclide analytical results for soil samples is presented in Table 18.

6.2 BACKGROUND ANALYSIS SUMMARY

Soil/sediment samples were collected to provide data on the naturally occurring levels of
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 the Santa Monica Mountains Conservancy to
determine whether these sites had significantly higher 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 D.

Low levels of radionuclides are ubiquitous as a result of two sources: naturally occurring
radiomuclides such as radon and uranium and fallout from atmospheric testing of nuclear
weapons since 1945.
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The radionuclides that were evaluated and discussed are limited to the following man-made
radionuclides detected in the samples:

» Cesium-137 (Cs-137)
’ Strontium-90 (Sr-90)
. Tritium (H-3) (also naturally produced in the upper atmosphere)

Plutonium-238 and plutonium-239 man-made radionuclides were not detected in any of the
samples and, therefore, are not discussed.

6.3 SUMMARY OF BACKGROUND RESULTS

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 the majority of the background sample results for tritium were below the detection limit, an
analysis of variance was not conducted on the data. Site samples were compared with a
background concentration near the detection limits of 100 to 400 pCi/L.

As discussed previously, the significance probability (p-value) was used to determine if one or
more background sample areas were different from the other background sample areas. As
shown in Table 19, the p-values for cesium-137 and strontium-90 were less than 0.05. Upon
review of Tukey's HSD, Wildwood Regional Park Ravine (BG-10) was the source of the
significant differences between mean background concentrations of cesium-137. Reanalysis of
the remaining data was consistent with the hypothesis that remaining Background Areas were
not from different populations. Therefore, the statistical comparison of the sampling areas to
background was based on all samples from 10 of the 11 background areas for cesium-137.
Upon review of Tukey's HSD, Wildwood Regional Park (BG-09) was the source of the
significant differences between mean background concentrations of strontium-90. Reanalysis
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of the remaining data was consistent with the hypothesis that remaining Background Areas
were not from different populations. Therefore, the statistical comparison of the sampling
areas to background was based on all samples from 10 of the 11 background areas for
strontium-90.

The following sections describe the background results for cesium-137 and strontium-90 for
soil/sediment samples. Table 20 summarizes the statistical parameters (mean, standard
deviation, and range) defining measured background for each analyte as well as background
values found in the literature for soil samples.

6.3.1 Cesium-137

Cesium-137 in the 1994 background soil samples 10 of 11 Background Areas ranged from less
than 0.03 picocuries per gram of soil dried [pCi/g(dry)] at several background locations to
0.213 +0.072 pCi/g(dry) at Santa Susana Park (BG-02) with an arithmetic mean concentration
of approximately 0.087 +0.062 pCi/g(dry). [Background cesium-137 concentrations at
Wildwood Regional Park Ravine ranged from 0.215 £0.039 to 0.456 +0.052 pCi/g(dry), but
were not included in the background statistical analysis.] Their exclusion resulted in the
lowering of the Cesium-137 background and a bias toward a lower background concentration.
Cesium-137 in all 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).

6.3.2 Strontium-90

Strontium-90 in the measured background soil samples ranged from <0.01 pCi/g(dry) at
several background locations to 0.13 £0.1 pCi/g(dry) at Santa Susana Park (BG-02) with an
arithmetic mean concentration of approximately 0.052 +0.031 pCi/g(dry). [Background
strontium-90 concentrations at Wildwood Regional Park ranged from <0.1t0 0.13 +

0.05 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).
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6.3.3 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). Scheduled results for tritium in background soil samples BG-12-001, BG-12-005,
BG-14-004, and BG-14-005 indicated high levels with associated uncertainty greater than

50 percent of the sample result uncertainty. These samples also had low water yield (3 ml or
less) and the results were subsequently withdrawn by the laboratory. A level of 2000 +

700 pCi/l also measured at BG-14-003. This sample also contained a water yield of 1 ml and
a separate aliquot was reanalyzed and the result was < 300 pCi/L. Background levels of
tritium in soil were not available in the literature.
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7.0 SAMPLING RESULTS FROM OFF-SITE LOCATIONS

Fifteen off-site locations were sampled during the sampling program, nine human activity
areas and six Watershed (ravine) areas. Eight of the human activity areas were located at the
Brandeis-Bardin Institute and one was located at the Santa Monica Mountains Conservancy.
All six of the Watershed areas were along the Brandeis-Bardin/Rocketdyne property boundary.
The sampling locations were shown on Figure 2. The results from each location are discussed
in the following sections. A summary of all data from the off-site locations is presented in
Appendix D.

The nine human activity sampling areas were resampled for tritium only to supplement 1992
sampling results. As 76 percent (including 1992 data) of tritium results for the background
areas were below detection limits an analysis of variance was not conducted on the data.
Therefore, a statistical comparison of the data to measured background concentrations would
not be appropriate. The, concentrations detected in sampling areas were compared with the
range of concentrations detected in the background areas. Isotopic plutonium (plutonium-238
and 239) and mercury were not detected in background areas. For this reason, 1994 sampling
results in the off-site areas were noted when above the detection limit. Gamma scan and
strontium-90 results were evaluated using the statistical criteria described in Section 5.0.

The analytical results for each sample area are presented in the form of tables and figures.
The tables summarize 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.
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. Sample results from 1992 and only
1994 results distinguishable from background are shown on each figure. Only the original
sample results (from 1992 and/or 1994) are presented on each figure because the duplicate
split and confirmatory samples were used for QA/QC purposes. .
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7.1 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 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 1994. The area was
surrounded by trees, but was devoid of other vegetation.

On March 7, 1994, five soil samples were collected at the previously sampled grid locations
according to the approved Workplan. The five locations were resampled for tritium. The
Brandeis-Bardin consultant collected a split sample at Block 075. The USEPA radiation
survey of the area ranged from 15 to 16 uR/hr. The sampling locations are shown on
Figure 15. _

Tritium was below detection limits in all ten samples collected at the Dormitory Area in 1994.
Table 21 summarizes the radionuclide results for soil.

7.2 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 Sodium Burn Pit
watersheds. Samples were taken from a relatively 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. Several of the stakes from the previous sampling round
were relocated when the grid was reestablished.

On March 8, 1994, ten soil samples were collected from the grid according to the approved
Workplan. Four samples were collected from locations sampled in 1992, and six samples
were collected from the next five sampling locations in the random number table. Block 092
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was not resampled due to growth of poison ivy making access extremely difficult. All samples
were analyzed for tritium. Split samples were collected by the Brandeis-Bardin consultant at
Block 025 and Block 081. A lab duplicate was analyzed at BB-03. The radiation survey of the
area by the USEPA showed an ambient radiation field of 15 to 16 uR/hr. The sampling grid is
shown on Figure 16. The relationship of Campsite Area 1 to the watersheds is shown in
Figure 30.

Tritium was below detection limits in all ten samples collected at Campsite Area 1 in 1994.
Table 22 summarize the radionuclide data for soil samples.

7.3  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.

On March 4, 1994, five soil samples were collected from the grid according to the approved
Workplan. Five samples were collected from locations sampled in 1992, and five samples
were collected from the next five sampling locations in the random number table. All samples
were analyzed for tritium. The radiation survey of the area by the USEPA showed an ambient
radiation field of 16 to 18 uR/hr. The USEPA collected split samples at Blocks 021, 023,
078, 082, and 097. The Brandeis-Bardin consultant collected split samples at Blocks 084 and
097. A rinsate blank was collected at Block 021. The sampling grid is shown on Figure 17.
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Tritium was below detection limits in all ten samples collected at Campsite Area 2 in 1994.
Radionuclide analytical results for soil samples are presented in Table 23.

A surface water sample was collected from the creek approximately 500 feet upstream from
the sampling grid. Water collected for the gross alpha radiation, gross beta radiation, and
tritium analyses was filtered prior to placement in the saraple bottle. The USEPA collected a
split of the surface water at this location and also analyzed the sample for gamma radiation.
The Brandeis-Bardin consultant collected a split sample, which was analyzed for tritium. A
rinsate sample was also collected at this location. Gross beta activity was 12 +4 picocuries
per liter of water (pCi/L) for the scheduled sample and < 10 for the USEPA split.
Cesium-137 was below detection limits in the USEPA sample analyzed for gamma radiation.
Table 24 summarizes the radionuclide data for surface water samples at Campsite Area 2.

7.4  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. Stakes from the 1992 round of sampling were identified
when reestablishing the grid.

On March 7, 1994, five soil samples were collected from the previously sampled grid
locations according to the approved Workplan. All samples were analyzed for tritium. A
blind field duplicate sample was collected at Block 089. The Brandeis-Bardin consultant
collected a split sample at Block 057. The radiation survey of the area by the USEPA showed
an ambient radiation field of 15 to 16 uR/hr. The sampling grid is shown on Figure 18.

Tritium was below detection limits in all five samples collected at the Picnic Area in 1994.
Radionuclide analytical data for soil samples is summarized in Table 25.
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7.5  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. Several stakes from the 1992 round of sampling were identified
while reestablishing the grid.

On March 7, 1994, five soil samples were collected from previously sampled grid locations
according to the approved Workplan. All samples were analyzed for tritium. The Brandeis-
Bardin consultant collected a split sample at Block 066. The USEPA radiation survey of the
area was 16 yR/hr. The sampling grid is shown on Figure 19.

Tritium was below detection limits in all five samples collected at House of the Book in 1994.
Radionuclide analytical results are summarized in Table 26.

7.6 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. Several stakes from the 1992 round of sampling were
identified while reestablishing the grid.

On March 7, 1994, five soil samples were collected from previously sampled grid locations
according to the approved Workplan. The Brandeis-Bardin consultant collected a split soil
sample at Block 023. A lab duplicate was analyzed at Block 023. All samples were analyzed
for tritium. The radiation survey of the area by the USEPA showed an ambient radiation field
of 14 to 15 uR/hr. The sampling grid is shown on Figure 20.
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Tritium was below detection limits in all five samples collected at the Main House Orchard in
1994. Radionuclide analytical results for soil samples are included in Table 25.

7.7  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 (within the drip line). 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, Several stakes from 1992 round of sampling were
identified while reestablishing the grid.

On March 7, 1994, five soil samples were collected from previously sampled grid locations
according to the approved Workplan. All samples were analyzed for tritium. The Brandeis-
Bardin consultant collected a split sample at Block 039. A rinsate sample was also collected.
The radiation survey of the area by the USEPA showed an ambient radiation field of 13 to

15 uR/hr. The sampling grid is shown on Figure 21.

Tritium was below detection limits in all five samples collected at the Avocado Grove in 1994.
A summary of radionuclide analytical results is presented in Table 28.

7.8  OLD WELL CAMPSITE (BB-14)

The Old Well Campsite is approximately 4,200 feet north of the Rocketdyne property line.
The sampling area was located adjacent to, but at least 10 feet above, the run-off creek bed.
An old pump house was located in the center of the sampling area. Stagnant, standing water
surrounding the pump house on the southern, western, and eastern sides that had been present
in 1992 was not present. The southern side of the sampling area was located on a steeply
sloping hill. Oak trees and other trees and shrubs surrounded the sampling area; two trees
were selected for use as landmarks in addition to the fixed piping. Grasses of various heights
were present in areas. Several stakes from the 1994 round of sampling were identified when
reestablishing the grid.
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On March 7, 1994, five soil samples were collected from previously sampled grid locations
according to the approved Workplan. The USEPA collected a split sample at Block 094. The
Brandeis-Bardin consultant collected a split sample at Block 079. The radiation survey of the
area by the USEPA showed an ambient radiation field of 15 to 17 uR/hr. The sampling grid is
shown on Figure 22.

Tritium was below detection limits in all five samples collected at the Old Well Campsite in
1994. Radionuclide data for soil samples is summarized in Table 29.

%9  FORMER ROCKETDYNE EMPLOYEE SHOOTING RANGE (SM-03)

The Former Rocketdyne Employee Shooting Range was approximately 1,700 feet west of the
main Rocketdyne gate, bordering the property line. The soil sampling grid was located on a
level area on the north/northeast side of the dirt road where lead shot was observed and was
only one block wide. The area had moderate growth of annual grasses and forbs. Several
stakes from the 1992 round of sampling were identified when reestablishing the grid.

On March 7, 1994, five soil samples were collected from previously sampled grid locations
according to the approved Workplan. A lab duplicate was analyzed from the sample collected
at Block 012. A rinsate sample was also collected at Block 012. The radiation survey of the
area by the USEPA showed an ambient radiation field of 15 uR/hr. The sampling grid is
shown on Figure 23.

Tritium was below detection limits in all five samples collected at the Former Rocketdyne
Employee Shooting Range in 1994. A summary of the analytical results is presented in
Table 30.

7.10 RD-51 WATERSHED (BB-15)

The RD-51 Watershed is approximately 4,800 to 5,600 feet northeast of Building 59. This
area represents the watershed northwest of the well WS-13. The sampled area was a narrow
creek bed that connected to the main ravine which appeared to be connected to the stream bed
near Campsite 2.
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The drainage area was vegetated with tall grasses and some woody scrub. The drainage
channel was followed from the top of the hill (near the east end of the parking lot where the
cluster wells RD-51 A, B, and C are located) to the edge of the cliff where the water falls off
into the main ravine that originates to the northwest of WS-13. An attempt was made to locate
the property line from tanks on the Rocketdyne facility and the fence. The tanks were not
always visible and the location of the sample points relative to the fence line is only an
approximation. Some stakes from the 1992 round of sampling were identified when
reestablishing the grid.

On March 10, 1994, ten sediment samples were collected from the creek bed according to the
approved Workplan. Five samples were collected from locations 001 through 005, which
were previously sampled in 1992, and reanalyzed for tritium. Five new locations upgradient
from the 1992 samples (closer to the Rocketdyne property boundary) were sampled for
isotopic plutonium. In addition, location 001 was resampled for isotopic plutonium because
plutonium-238 was detected at location 001 at 0.22 picocuries per gram of dry soil
[pCi/g(dry)] in 1992. A split sediment sample was collected for the USEPA at location 001
and location 007 for isotopic plutonium. The USEPA also collected a split sediment sample at
location 001 for tritium. A split sediment sample was collected for the Brandeis-Bardin
consultant at location 006 and 009 for isotopic plutonium. A field duplicate sample was
collected at location 009 for isotopic plutonium. A rinsate sample for isotopic plutonium was
also collected. The radiation survey of the area by the USEPA showed an ambient radiation
field of 16 to 17 uR/hr. The sample locations and the results are shown on Figure 24,

Tritium was below detection limits in all five samples collected at the RD-51 Watershed in
1994. One split sample collected at location 003 and analyzed by the Brandeis-Bardin
consultant indicated a tritium level of 5504350 pCi/l. Isotopic plutonium was below detection
Jimits in all six samples collected at the RD-51 Watershed in 1994. Radionuclide analytical
results for the sediment samples are summarized in Table 31.

7.11 RADIOACTIVE MATERIALS DISPOSAL FACILITY WATERSHED (BB-16)

The Radioactive Materials Disposal Facility (RMDF), consists of Buildings 075, 621, 021,
022, 044, and 034. The watershed was sampled approximately 200 feet north of the north-
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west corner of the RMDF, immediately below the Rocketdyne property line. The sediment
samples were collected in the creek bed directly downstream from the RD-30 well, located on
Rocketdyne property, and the cluster wells RD-34, A, B, and C (hereafter RD-34 located on
Brandeis-Bardin). The RMDF is on the top of a hill overlooking the ravine.

Downstream from RD-34 was heavily vegetated with woody scrub, trees, and intermittent
areas of thick growths of poison ivy and poison oak. A path was made along the more level
southern side of the creek bed with sample points at turns in the stream where sediments had
accumulated. The property line at this location was clearly marked with surveyor stakes.
Some stakes from the 1992 round of sampling were identified when reestablishing the sample

locations.

On March 9, 1994, five sediment samples were collected from the creek bed downstream of
RD-34 and the 1992 sample locations according to the approved Workplan. The samples
(locations 006 through 010) were analyzed for tritium, strontium-90, and gamma scan. A split
sediment sample was collected at locations 007 and 010 for the USEPA. A split sediment
sample was collected at locations 008 and 009 for the Brandeis-Bardin consultant. A split
sediment sample was collected from locations 008 and 010 for the DHS. Field duplicate
samples were collected at location 007 (tritium and strontium-90) and at Block 006 (gamma
scan). A lab duplicate sample was analyzed for gamma scan at location 008. He radiation
survey of the area by the USEPA showed an ambient radiation field of 17 to 18 uR/hr. The
sample locations and all the 1992 results and the 1994 results distinguishable from background
are shown on Figure 25.

Tritium was detected in the five sediment samples from the ravine at concentrations ranging
from < 100 to 230 + 100 picocuries per liter of water (pCi/L). Tritium had been detected in
five of the six samples collected in 1992 at concentrations from 990 to 1,500 pCi/L.
Strontium-90 was detected in the RMDF Watershed in all five of the 1994 sediment samples at
0.08 +0.044, 0.11 +0.05, 0.15 +0.09, 0.24 +0.04, and 0.14 +0.07 pCi/g(dry) at locations
006 through 010, respectively. (Location 010 is the furthest sample down gradient from the
Rocketdyne property border.) The USEPA and the consultant for Brandeis-Bardin were not
able to detect strontium-90 at these levels as their detection limits were in the range of 0.5 to
0.74 pCi/g(dry). Strontium-90 had been detected in three of the six samples collected in 1992
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at concentrations from 0.08 to 0.15 pCi/g(dry). Cesium-137 was detected in three of three of
the five samples collected. The concentrations were 0.046 +0.022 at location 006,

0.199 +0.044 at location 009, and 0.075 +0.028 at location 010. Cesium-137 was detected
in one of the six samples previously collected in 1992 at 0.34 pCi/g(dry). Radionuclide
sediment sample results are presented in Table 32. Sample results are further discussed in
Section 8.0.

On March 9, 1994, samples were also collected from five boring locations along the
Rocketdyne property boundary at surface and at five feet below ground surface. The borings
were designated as BB-16-B001 through B005. These samples were also analyzed for tritium,
strontium-90, and gamma scan. The Brandeis-Bardin consultant collected split samples at
BOO02 at surface and BOO2 at 5 feet. A lab duplicate was analyzed for tritium at B004 at
approximately 5 feet below ground surface. The sample locations and results distinguishable
from background are shown on Figure 26 and Table 32.

Tritium was detected at one of the five boring locations. The only tritium concentration
reported was at B004 at 5 feet below ground surface. The concentration was 270 150
pCi/L. This result was confirmed by lab duplicate result. Tritium was not detected in the
sample collected at BO04 at the surface. Strontium-90 was detected at 5 feet below surface in
one of the five boring locations. The strontium-90 concentration reported at BOO1 was 0.093
+0.042 pCi/g(dry). Strontium-90 was not detected in the sampled collected at BOO1 at the
surface. Cesium-137 was detected at three of the five boring locations. The cesium-137
concentrations reported were 0.147 +0.051 pCi/g(dry) at BOO1 at the surface, 0.109 +0.044
pCi/g(dry) at BOO2 at the surface, and 0.087 +0.0415 pCi/g(dry) at BOO3 at the surface. The
Brandeis-Bardin consultant's result at BOO2 at the surface was <0.07 pCi/g(dry). Cesium-137
was not detected in the samples collected at 5 feet below ground surface at these locations.
Radionuclide sediment sample results are presented in Table 32. The results distinguishable
from the background are in Figure 26. Sample results are further discussed in Section 8.0.

7.12 BUILDING 59 WATERSHED (BB-17)

In 1992, four samples were collected from the Building 59 Watershed. The 1992 sample
locations (Block 001, 002, 003 and 004) was approximately 200 to 400 feet north of Building
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59. There were two arms of drainage in this area. Block 001 was located closest to Building
59, within 20 feet of a sample collected during a previous study (Cehn, 1991) by the Brandeis-
Bardin consultant. The block was in the arm of drainage originating north of Building 59.
Additional samples were not collected here because of heavy growth of poison oak in the
drainage. A second arm originated northeast of Building 59 and more approximate to Building
012. Block 003 and 004 were located beyond the confluence of the two drainages just below
where emergent water appeared. The area downstream of Block 004 could not be sampled due
to thick vegetation (mostly poison oak) and a steep drop. Some stakes from the 1992 sampling
round were identified when the sampling locations were reestablished.

On March 9, 1994, sixteen additional samples were collected from the Building 59 Watershed
to further evaluate locations where tritium, cesium-137, and plutonium-238 were detected and
to collect samples further down gradient from previous sampling. One sample was collected at
location 001 (named 010 in 1994). The remaining fifteen samples were collected in five sets
of three across the ravine. The primary sample (locations 006 through 009) were collected
down the center of the ravine. Samples were collected at all three 1992 locations (002 through
004). Two additional locations down gradient were also sampled. Two additional samples
were collected at each location approximately five feet on either side of the ravine on the
embankment. Samples designated as "A" were collected on the east side of the ravine, and
samples designated as "B" were collected on the west side of the ravine. Sample location 009
was approximately 150 feet down gradient of sample location 004.

Several QA/QC samples were collected from the Building 59 Watershed. Split sediment
samples were collected at locations 005, 006, 007, 008, and 009 for the USEPA. A split
sediment sample was collected at location 010 for the Brandeis-Bardin consultant. A field
duplicate sample for tritium was collected at location 008A. A matrix spike sample was
collected at location 009. Two rinsate samples were collected. Lab duplicate samples for
plutonium-238 were analyzed at locations 006 and 010. A lab duplicate sample for tritium was
analyzed at 009A. The radiation survey of the area by the USEPA showed an ambient
radiation field of 18 xR/hr. The sample locations and the results distinguishable from
background are shown on Figure 27.
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Tritium was not detected in the sediment at locations 005, 005A, 005B, or 010, which is
consistent with previous non-detect results at location 002. Tritium was not detected

(<100 pCi/l) at 010, which was collected at the former location of 001 (1992), which
contained 130+ 80 pCi/L. Tritium was detected at the four remaining locations within the
ravine: 3,500 +200 pCi/L at 006 (10,800 1300 pCi/L was detected in 1992 at 003); 2,900
4200 pCi/L at 007 (9,810 £330 pCi/L was detected in 1992 at 004); 5,400 +200 pCi/L at
008 (not previously sampled); and 3,900 +200 pCi/L at 009. Tritium was below detection
limits in all samples on either side of the ravine. USEPA split samples at locations 005, 006,
007, 008, and 009 confirmed these results although USEPA's results at 008 and 009 were
approximately 1,000 pCi/L greater.

Cesium-137 was detected at the following sample locations in pCi/g(dry): 005 (0.22 +0.04),
005A (0.15 +0.05), 005B (0.39 +0.05), 006 (0.19 10.03), 006A (0.16 +0.04), 006B 0.23
+0.06), 007 (0.22 +£0.04), 007A (0.12 +0.04), 007B (0.30 +0.05), 008 (0.12 40.05),
008A (0.25 +0.05), 008B (0.24 +0.02), 009 (0.15 +0.02), 009A (0.19 £0.04), and 009B
(0.36 +0.05). These results were consistent with USEPA's results and with results of
sampling in 1992.

Plutonium-238 and plutonium-239 were below detection limits in all samples analyzed in 1994.
The plutonium-238 result of 0.19 +£0.06 pCi/g(dry) at location 001 (location 010 in 1994) was
not confirmed.

Radionuclide sample results are summarized in Table 33. Sample results are discussed further
in Section 8.0.

On March 9, 1994, samples were also collected from three boring locations along the
Rocketdyne property boundary at surface and at 2.5 feet below ground surface. The borings
were designated as BB-17-B001 through B003. These samples were also analyzed for tritium,
strontium-90, and gamma scan. A field duplicate sample was collected at BOO3 at surface for
isotopic plutonium. USEPA collected split samples at BOO1 at the surface and at 2.5 feet
below ground surface. A lab duplicate for tritium was analyzed of a sample collected from
BOO3 at 2.5 feet below ground surface. The sample locations and results distinguishable from
background are shown on Figure 26.
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Tritium was detected at 7,600 +300 pCi/L in sample B0O2 at 2.5 feet below ground surface.
Tritium was not detected in the surface sample at B002. Tritium was also detected at 300
+110 pCi/L in sample B0O1 at 2.5 feet below ground surface. This result was confirmed by
the USEPA result. Tritium was not detected in the surface sample at BO1. Tritium was not
detected in either sample at B003. Cesium-137 was detected at 0.12 +£0.04 pCi/g(dry) in the
surface sample at BOO1 and at 0.13 £0.04 pCi/g(dry) in the surface sample at BO0O2.
Cesium-137 was below detection limits in all samples at 2.5 feet below ground surface and in
the surface sample at B00O3. Isotopic plutonium was below detection limits at all boring
sample locations.

Sampling results are discussed further in Section 8.0. Radionuclide results are summarized in
Table 33.

7.13 SobiuM BURN PIT WATERSHED (BB-18)

In 1992, the former Sodium Burn Pit Watershed was sampled approximately 600 to 1,300 feet
north/northeast of the former Sodium Burn Facility. The sampled area was directly down
stream of two run-off channels from the Facility. The natural drainage slopes away from the
Sodium Burn Facility toward the north (toward the Brandeis-Bardin Institute); any runoff
would collect into one of two channels. The first runs from the center of the former Sodium
Burn Pit Facility and crosses the property line approximately 400 feet toward the
north/northeast. The initial sampling location (Block 001B) in this channel was approximately
150 feet beyond the Rocketdyne property line. The second channel collects runoff from the
eastern area of the former Sodium Burn Facility and crosses the property line approximately
650 feet towards the northeast. The initial sampling location (Block 001A) in this channel was
approximately 25 feet beyond the Rocketdyne property line. At the location where these two
channels converged on the Brandeis-Bardin property, the initial sediment sample was collected
at Block 001. These drainage channels are hydrologically connected to Campsite Area 1
(located downgradient).

Leg B of the drainage area (Blocks 001B, 002B, and 003B) was a very narrow channel with
relatively steep rock outcrops on either side. Leg A (Blocks 001A, 002A, and 003A) was less
narrow but heavily vegetated with woody scrub, trees, and poison oak. The area around
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Block 001 was the most level and open, and below this point, the ravine narrowed again
(Blocks 002 and 003).

Samples were collected in 1994 to confirm that mercury detected in the 1992 round of
sampling had been removed from the area where legs A and B of the drainage converged. In
January and February 1994, the area was excavated and soil was collected in three 55-gallon
drums. (The drums were observed during the sampling in 1994.) Several stakes from the
1992 round of sampling were identified when identifying sampling locations.

On March 10, 1994, seven sediment samples were collected from the watershed in the vicinity
of the excavation according to the approved Workplan. Three samples, two upgradient (006A
and 006B) and one downgradient (004), were collected beyond the limits of the excavation.
Four samples (005, 005A, 005B, and 005C) were collected within the excavated area and near
sample location 001 where mercury was previously detected at 0.35 mg/kg. USEPA and the
Brandeis-Bardin consultant analyzed sample 006B for mercury. The sample locations and the
results are shown on Figure 28.

Mercury was not detected in the samples within the excavated area. Mercury was detected at
0.12 mg/kg at Block 006B, which was beyond the limits of the excavated area. A laboratory
duplicate of the sample was analyzed by the McLaren/Hart laboratory was below detection
limits (0.10 mg/kg). A split sample from Block 006B were analyzed by the USEPA and
Brandeis-Bardin. The result from the USEPA analysis indicated mercury was below detection
limits (0.09 mg/kg). Mercury was detected in the split sample analyzed by the Brandeis-
Bardin consultant at a concentration of 0.14 mg/kg. (See Section 8.0 for further discussion.)

Mercury results are summarized in Table 34.
714 SODIUM REACTOR EXPERIMENT WATERSHED (BB-19)

Building 143, the Sodium Reactor Experiment (SRE) Watershed was sampled immediately
below the Rocketdyne property line. The sampled area was directly downstream from the
SRE in the run-off creek bed. The SRE is surrounded on three sides by rock outcrops and any
surface runoff from the area drained to the northeast.
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The drainage area was heavily vegetated with woody scrub and large areas of poison oak. A
path was made along the less vegetated western side of the ravine until the property line was
reached. A path was cut along the creek bed between the property line and the cliff dropping
off toward Brandeis-Bardin Institute. The sample locations relative to the property line were
only an approximation, since the actual property line was not easy to ascertain from this area.
Samples were collected in 1994 to assess the strontium-90 and cesium-137 previously detected
in two samples in the watershed. Several stakes from the 1992 round of sampling were
identified when identifying sample locations.

On March 10, 1994, five sediment samples were collected along the creek bed according to the
approved Workplan. Samples collected in 1994 were approximately from the same locations
as 1992, with the addition of one sample approximately 100 feet upgradient (closer to the
Rocketdyne property) from the previous upgradient sample. Samples were analyzed for
strontium-90 and gamma scan. The USEPA collected split sediment samples at locations 005
and 006. The Brandeis-Bardin consultant collected a split sediment sample at location 007.
Rinsate samples were collected at locations 005 and 006. The radiation survey of the area by
the USEPA showed an ambient radiation field of 16 to 17 uR/hr. The sample locations and
the results distinguishable from background are shown on Figure 29.

Cesium-137 was detected in three samples (005, 006, and 008) at concentrations of 0.045 to
0.056 pCi/g(dry). The USEPA split samples confirmed these results (0.05 +0.01 pCi/g(dry)
at 005 and 0.06 +0.02 pCi/g(dry) at 006). These 1994 results did not match the
concentrations detected in 1992 (0.30 +0.05 pCi/g(dry) at 001 and 0.24 +0.06 pCi/g(dry) at
002). Strontium-90 was detected at 0.12 £0.08 pCi/g(dry) at 006 and 0.061 +0.041
pCi/g(dry) at 009. These results are consistent with concentrations detected in 1992,

Sample results are discussed further in Section 8.0. Radionuclide results are summarized in
Tables 35.

7.15 CAMPSITE AREA 1 DRAINAGE (BB-20)

The Campsite Area 1 Drainage is a continuation of the drainage from the Building 59
Watershed to Campsite Area 1. (Originally it was believed to be continuous with the -
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Radioactive Materials Disposal Facility (RMDF) Watershed, but a separate drainage to
Campsite Area 1 from the RMDF was identified during sampling. Accessibility to the entire
drainage was impeded by steep slopes; sampling in the drainage was initiated approximately
1200 feet downgradient of the northern-most sample in the Building 59 Watershed. Sample
001 was collected adjacent to an abandoned water tank. From sample locations 001 to 003,
the drainage channel flows to the west. A second drainage joined the main drainage between
location 001 and 002. At location 003 a third drainage (which was sampled at location 004)
joined the main drainage channel and the drainage turned sharply to the north. The drainage
from the RMDF joined the main drainage approximately 50 feet south of location 009.
Samples were collected from the Campsite Area 1 Drainage to evaluate whether radionuclides
detected in the Building 59 Watershed were present further downgradient on the Brandeis-
Bardin property.

On March 8, 1994, ten sediment samples were collected along the drainage area leading to
Campsite Area 1 according to the approved Workplan. Samples were spaced approximately
250 feet apart, except when conditions prohibited collecting a sample at that distance. Samples
were analyzed for tritium, gamma scan, and strontium-90. The USEPA collected split
sediment samples at locations 001, 003, 004, 006, and 007. The Brandeis-Bardin consultant
collected split sediment samples at locations 001, 003, and 009. Field duplicate samples were
collected at locations 003 (tritium) and 005 (gamma scan). A matrix spike sample was
collected at 010 for gamma scan and at 008 for strontium-90. Rinsate samples were collected
at locations 001, 002, and 006. Lab duplicate samples were analyzed at 004 (strontjum-90),
005 (tritium), and 010 (strontium-90). The radiation survey of the area by the USEPA showed
an ambient radiation field of 17 to 20 uR/hr. The sample locations are shown on Figure 30.

Tritium results in the Campsite Area 1 Drainage were all below detection limits. Cesium-137
was detected at location 001 at 0.11 +0.037 pCi/g(dry) and at 009 at 0.076 +0.036
pCi/g(dry). The cesium-137 results were confirmed by the Brandeis-Bardin consultant results
at both locations. Strontium-90 was detected at one location 004 at 0.18 pCi/g(dry). Sample
results are further discussed in Section 8.0. Radionuclide results are summarized in Table 36.

A surface water sample was collected from a pool of running water near sample location 010.
The water flowed along the rock and collected in a pool at the point where the samples were
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collected. Samples were analyzed for gross alpha/beta activity and tritium. USEPA collected
a split sample which they also analyzed for gamma scan. Gross beta activity was detected at
15 £3 pCi/L. Tritium and gross alpha activity was below detection limits in the sample
collected, which was confirmed by the USEPA results. Cesium-137 results for USEPA were
also below detection limits. Radionuclide results are summarized in Table 37.
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8.0 DISCUSSION OF RESULTS

In Section 4.0, the quality assurance/quality control (QA/QC) results were presented, and in
Sections 6.0 and 7.0, the sampling results were discussed by Sampling Area. After
summarizing the results of the QA/QC samples, a generalized discussion of all the results by
analysis and sampling media is presented in this section.

8.1 QUALITY ASSURANCE/QUALITY CONTROL

As discussed in Section 3.0, quality assurance/quality control (QA/QC) samples were collected
throughout the project so that the results of the study represent the concentrations of chemicals
and radionuclides in the sampling areas. Although six types of QA/QC samples were collected
and analyzed, the blind field duplicates and split samples (including interlaboratory split
samples) are key representations of data quality because the samples were analyzed blindly as
if they came from different sources and, in the case of split samples, were analyzed by entirely
different laboratories. Laboratory duplicate samples, while not analyzed blindly, also provide
perspective on the consistency of the data. A summary of the percentage that blind field
duplicate, split samples, pre-spiked samples, and laboratory duplicates were in agreement’® or
not in agreement with the respective scheduled sample for each analyte is presented in

Figure 5 for soil/sediment samples and Figure 6 for surface water samples.

As shown in Figure 5, the soil/sediment samples were in 100 percent agreement for
plutonium-238 and plutonium-239. For the strontium-90 analysis, the detection limits used by
USEPA and the Brandeis-Bardin consultant were approximately an order of magnitude greater
than that used by Teledyne Isotopes, resulting in the Teledyne results being below the
detection limits reported for the split samples. One split sample analyzed by DHS for

3 In agreement for samples analyzed for radionuclides means that the difference between the scheduled sample
results and the QA/QC results was less than the sum of the standard deviations of the sample results.
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strontium-90 was not in agreement with the Teledyne Isotopes result.  Strontium-90 samples
were in agreement 98 percent of the time. For plutonium-239 and plutonium-239, DHS was
the only lab to detect plutonium-238 in two split samples, but, due to DHS's low detection
limit, their results were below the detection limit of the Teledyne Isotopes results. Trittum
samples were in agreement 94 percent of the time. Cesium-137 samples were in agreement 91
percent of the time.

As shown in Figure 6, the surface water samples were in 100 percent agreement for tritium,
gross alpha radioactivity scan, plutonium-238, and plutonium-239. Plutonium-238 was in 100
percent agreement as results at all labs were below detection limits. Gross beta radioactivity
and strontium-90 samples were 83 percent in agreement, and gamma scan samples were 82
percent in agreement.

As shown in Figure 5, 96 percent of the QA/QC soil/sediment samples, i.e., field duplicates,
rinsate samples, split samples, pre-spiked samples, and lab duplicates compared to their
respective scheduled sample, were in agreement. Matrix spike/matrix spike duplicates
(MS/MSD) indicated that matrix interferences did not impact sample results. Equipment
rinsates indicated that cross contamination between samples analyzed did not occur. The
QA/QC soil/sediment samples validate the data.

As shown in Figure 6, 88 percent of the QA/QC water samples compared to their respective
scheduled sample were in agreement. The QA/QC water samples validate the data.

The tritium results presented in this report were validated by the laboratory and by the QA/QC
protocol established for this project. Four of the original 147 soil/sediment samples at the
study areas and background areas analyzed for tritium, were withdrawn by the laboratory
because the laboratory could not validate the tritium concentration as a low yield of water

(2 ml or less) had been extracted from the original sample. The low yield of water impacted
the reported value and associated error. An adjacent sample to one of the four samples was
reanalyzed and a significantly better yield was obtained. The result of this reanalysis was used
in this report upon the consensus of the representative of the USEPA, the DHS, and the
consultant to Brandeis-Bardin.
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8.2  RESULTS BY ANALYSIS
8.2.1 Mercury

Mercury was below detection limits in the four sediment samples collected from the area of
Sodium Burn Pit Watershed (BB-18) that had been excavated following the results of sampling
in 1992. Mercury was found in one (0.12 mg/kg) of the three sediment samples collected
outside but in the vicinity of the excavated area. The results from this sample were not
confirmed by an analysis of a laboratory duplicate of the sample or by interlaboratory split
samples with the USEPA. The interlaboratory split with the Brandeis-Bardin consultant
indicated a concentration of 0.14 mg/kg.

8.2.2 Tritium

Tritium was not detected in any of the 50 samples collected in the human activity areas in
1994. Tritium samples were collected in four ravine/drainage areas in 1994. Tritium was not
detected in samples collected from the RD-51 Watershed or Campsite Area 1 Drainage. The
majority of tritium concentrations in background samples were below detection limits. For
this reason, twice the maximum detection limit was used as a benchmark to assess
concentrations of tritium detected in 1994 to account for laboratory variability before declaring
a sample above background. The detection limit for tritium ranged from less than 100 to

300 pCi/L, therefore; the background concentration used to assess the tritium detected in 1994
was 600 pCi/L.

Sample results in the Radioactive Materials Disposal Facility (RMDF) Watershed (BB-16)
sediments indicated that concentrations of tritium were not present further downgradient from
the RMDF than previously detected in 1992. Concentrations in the RMDF Watershed in 1994
ranged from less than 100 to 230 + pCi/L. Tritium was only detected one order of magnitude
above the detection limits in the Building 59 Watershed (BB-17) and borings located
upgradient from the watershed. Concentrations of tritium in the Building 59 Watershed in
1994 ranged from less than 100 to 5,400 +200 pCi/L. Tritium was only detected in samples
in the ravine and not on either side as indicated by the results from the samples that spanned
the ravine five feet on either side. In a boring located above the Building 59 Watershed,
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tritium was detected at 7,600 +300 pCi/L. Because tritium was not detected in samples in the
Campsite Area 1 Drainage, which is directly downgradient of the Building 59 Watershed, the
impact of tritium in the Building 59 Watershed is limited to the area sampled near Rocketdyne
property boundary. The results in these Watersheds were confirmed by split samples by the
USEPA, the DHS, and the Brandeis-Bardin consultant.

Tritium was not detected above the detection limits in the surface water samples collected at
Campsite Area 2 and at the Campsite Area 1 Drainage. The California drinking water
standard for tritium is 20,000 pCi/L (22 California Code of Regulations (CCR) 64443).

8.2.3 Strontium-90

Strontium-90 samples were collected in three of the ravine/drainage sampling areas. The
results in these Watersheds were confirmed by split samples by the USEPA, the DHS, and the
Brandeis-Bardin consultant. Strontium-90 results from 1994 and 1992 (one result for each
unique sampling location) were compared statistically to background results using the Behrens-
Fisher t-Test for each of the three ravines. As a result of the analysis, the strontium-90 results
at the Sodium Reactor Watershed Building 59 Watershed and Campsite Area 1 Drainage were
not identified as statistically different from the background sampling results. The strontium-90
results for the borings at the RMDF Watershed were also not identified as statistically different
from the background sampling results. The strontium-90 results for the RMDF Watershed
were considered statistically different with a mean of 0.103 pCi/g(dry) compared to the mean
of strontium-90 in background samples of 0.052 pCi/g(dry). A summary of background
versus sample areas that are statistically different is presented in Table 38. Strontium-90 was
detected in all five of the samples collected in 1994 and five of the six samples collected in
1992. A graphical evaluation of the strontium-90 data obtained from samples collected in the
RMDF Watershed is presented in Figure 8 of Appendix F. However, strontium-90 was not
detected in the samples collected by the USEPA or the Brandeis-Bardin consultant because the
detection levels used ranged from 0.5 to 0.74 pCi/g(dry), values two to three times higher than
the highest concentration of strontium-90 detected in soil or sediment in the RMDF watershed.
Strontium-90 concentrations were detected in one of the DHS split samples in the same range
as the scheduled result.
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It should also be noted that had the Wildwood Regional Park Strontium-90 results been
included in the aggregate background data, the RMDF Watershed results would have become
statistically insignificant. It may be noted that a cleanup of a spill of Strontium-90 bearing
radioactive materials near RMDF Watershed was completed in 1978. Potential exposure
pathways and doses were evaluated and the results summarized in an environmental evaluation
report in February, 1982. The evaluation concluded that the potential doses of residual
radionuclides in the soil were orders-of-magnitude lower than the release limits for
unrestricted use.

8.2.4 Cesium-137

Four of the ravines/drainages were sampled and a gamma scan analysis conducted. The
results in these Watersheds were confirmed by split samples by the USEPA, the California
Department of Health Services (DHS), and the Brandeis-Bardin consultant. Cesium-137
results from 1994 and 1992 (one result for each unique sampling location) were compared
statistically to background results using the Behrens-Fisher t-Test for each of the three ravines.
As a result of the analysis, the cesium-137 results at the Radioactive Materials Disposal
Facility (RMDF) Watershed, the Sodium Reactor Experiment, and Campsite Area 1 Drainage
were not identified as statistically different from the background sampling results. The
cesium-137 results for the borings above the RMDF and Building 59 Watersheds were also not
statistically different from the background sampling results. The cesium-137 results in the
Building 59 Watershed were considered statistically different with a mean of 0.20 pCi/g(dry)
compared to the mean of cesium-137 in background samples of 0.087 pCi/g(dry). A summary
of background versus sample areas that are statistically different is presented in Table 38.
Cesium-137 was detected in all sixteen of the samples collected in 1994 and in all five of the
samples collected in 1992. Unlike tritium, concentrations of cesium-137 in the 1994 samples
spanned an approximately 10-foot cross-section of the ravine in five locations. Concentrations
of cesium-137 in samples on the southwest side of the ravine (designated with a "B") were
consistently higher than samples in the center of the ravine (no designation) or northeast of the
ravine (designated "A"). Concentrations of cesium-137 detected at the top of the ravine were
consistent with comparable samples (i.e., samples on the same side) at the bottom of the
ravine. Because concentrations of cesium-137 in the Campsite Area 1 Drainage, which is
directly downgradient of the Building 59 Watershed, were not significantly different than
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background, the impact of cesium-137 in the Building 59 Watershed is limited to the area
sampled near the Rocketdyne property boundary. A graphical evaluation of the cesium-137
data collected in the Building 59 Watershed is presented in Figure 9 of Appendix F. It should
also be noted that all cesium-137 values are within the range of cesium-137 found at Wildwood
Park Ravine background location.

8.2.5 Plutonium-238

Isotopic plutonium samples were collected in two ravines during the 1994 sampling.
Plutonium-238 and plutonium-239 were below detection limits in all samples collected in

1994. Thus, the plutonium-238 results from the 1992 study were not confirmed indicating that
plutonium-238 is not an issue in these ravines. The results in these Watersheds were
confirmed by split samples by the USEPA, the California Department of Health Services
(DHS), and the Brandeis-Bardin consultant.
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9.0 CONCLUSIONS

In this study, soil/sediment and surface water samples were collected from nine human activity
areas and six ravines/drainages at the Brandeis-Bardin Institute or the Santa Monica Mountains
Conservancy. The sample locations and analyses were selected to address specific issues or
questions raised after completion of the original study in 1992. Samples were also collected
from five additional background areas to provide a more robust data set for the comparison of
sample results. The soil/sediment samples were analyzed for tritium, isotopic plutonium
(plutonjum-238 and plutonium-239), strontium-90, and a gamma scan which measured 75
other radionuclides, both naturally occurring (e.g., potassium-40) and man made (e.g.,
cesium-137). Surface water was analyzed for the tritium and for gross alpha/beta
radioactivity, which would serve as an indicator for the other radionuclides. The 1992 and
1994 soil/sediment results at the designated sampling areas were compared to the results from
11 background areas (sampled in 1992 and 1994) to determine if the values in the Study Areas
exceeded the values in the Background Areas.

In reviewing QA/QC results, there was a high agreement between blind field duplicates, split
samples, pre-spiked samples, and the laboratory duplicate samples with their respective
scheduled sample. A comparison of the split samples, the blind field duplicates, the pre-
spiked samples and the laboratory duplicates with the scheduled samples indicated that the
overall agreement of these QA/QC samples with the scheduled samples was 96 percent
(soil/sediment) and 88 percent (water). The data in this report, thus, were determined to be
valid and representative.

The issues raised following the 1992 sampling activity and which were addressed by the
additional 1994 sampling and the conclusions based on the data in this report are summarized
in the rest of this chapter. The data presented are illustrated on Figure 31.
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Issue 1. Re-evaluation of locations for which tritium results were withdrawn or
dried by the Teledyne Isotopes laboratory. Results of resampling and

analyses.

Tritium samples were collected in nine human activity areas and one ravine to replace the 1992
data withdrawn by Teledyne Isotopes. All tritium results in the nine human activity areas and
one ravine were below detection limits.

Issue 2. Confirmation of the 1992 DHS sample result of 2,470 +197 pCi/L at
Campsite Area 2. Results of resampling.

Tritium in all samples collected at Campsite Area 2 in 1994, was below detection limits.

Issue 3. Remediation of mercury present in the Sodium Burn Pit Watershed (BB-18)
at Brandeis-Bardin in the vicinity of previously detected mercury. Results
of excavation and follow-up sampling.

Based on the sample results within the excavation, mercury previously measured in the
watershed (0.35 mg/kg) has been removed within the area subsequently excavated. Mercury
was not detected (< 0.1 mg/kg) in the four samples collected from within the excavation area.
A concentration of 0.12 mg/kg of mercury, slightly above the detection limit, was reported in
one of the samples upgradient from the excavation. However, an analysis of a laboratory
duplicate of the sample and analysis of an interlaboratory duplicate by the USEPA were below
the detection limit (< 0.1 and <0.09 mg/kg, respectively). Analysis of the interlaboratory
duplicate by Brandeis-Bardin indicated a concentration of 0.14 mg/kg. Thus, the mercury
(0.35 mg/kg) detected in the Sodium Burn Pit Watershed in 1992 was removed by excavation.
Mercury at near detection level may be present upgradient from the excavation.

Issue 4. Determination whether the plutonium-238 detected in 1992 in the RD-51
and Building 59 Watersheds is representative of a concentration
distinguishable from background plutonium-238. Results of additional
sampling and statistical comparison.
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Plutonium-238 was not detected in any samples collected in either watershed in 1994. The
results of the 1992 study were not confirmed by 1994 study results.

Issue 5. Determination whether strontium-90 in the Sodium Reactor Experiment
Watershed is statistically different than background. Results of additional
sampling and statistical comparison.

The collection of additional data in 1994 allowed for a statistical comparison of strontium-90
concentrations in the Sodium Reactor Experiment Watershed. Based on these results,
watershed concentrations were not considered statistically different than background.

Issue 6. Determination whether concentrations of tritium, cesium-137, and
strontium-90 in the Radioactive Materials Disposal Facility Watershed are
greater than background. Results of additional sampling and comparison
of the results with the background data.

Since a significant number of background results for tritium were below the detection limit, an
analysis of variance for tritium was not conducted on the data set. Tritium results for the
RMDF watershed samples collected in 1994 indicate that the RMDF is not significantly
different from background results. Strontium-90 results are statistically different from the
background results. Cs-137 results were not statistically different from background results.

Issue 7. Determination whether concentrations of tritium and cesium-137 in the
Building 59 Watershed are greater than background. Results of additional
sampling and comparison of the results with the background data.

Since significant number of background results for tritium were below the detection limit an
analysis of variance for tritium was not conducted on the data set. Tritium at elevated levels,
but about 50 percent or more below the MCL for drinking water (20,000 pCi/l), was measured
in the samples collected in the ravine of the Building 59 Watershed. These elevated tritium
levels were confirmed by split samples by the USEPA and the Brandeis-Bardin consultant, and
are significantly different than background. Based on results using the Behrens-Fisher t-Test
cesium-137 results are statistically different from background sampling.
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Issue 8. Determination of whether tritium, cesium-137, or strontium-90 impacted
the Campsite Area 1 Drainage Area leading to Campsite Area 1. Results of
additional sampling in the drainage and comparison of results with the
background data.

Tritium was not detected in samples collected in the Campsite Area 1 Drainage Area.
Cesium-137 and strontium-90 was detected in two of the 10 samples collected in the Campsite
Area 1 Drainage Area. The results were compared statistically to background results using the
Behrens-Fisher t-Test. Cesium-137 and strontium-90 results were not statistically different
from background sampling results. A 1,200-foot section of drainageway from the lowest
sampling point of the Building 59 Watershed (009, Figure 27) and the uppermost sample (001,
Figure 30) of the Campsite Area 1 Drainage was not sampled due to the steepness of the
terrain and vegetation constraints.
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TABLE 1

SUMMARY OF ADDITIONAL (1994) SOIL SAMPLING

Rocky Peak (BG-01) ‘Tritium 5 Background site located 2 miles from SSFL. Five additional
Strontium-90 5 Jocations were sampled in the original gridded area. Both the
Gamma Scan 5 original and new data are used as background.
Isotopic Plutonium 5
Santa Susana Park (BG-02) Tritium 5 Background site located 1.5 miles from SSFL. Original tritium data
Strontium-90 5 analyzed by the gas counting method were withdrawn by the
Gamma Scan 5 laboratory in 1992. Two additional locations and three of the
Isotopic Plutonium 5 original locations were sampled in the original gridded area.
" Happy Camp (BG-05) Tritium 5 Background site located 12.5 miles from the SSFL. Two additional
Strontium-90 5 locations were sampled in the original gridded area. Both the
Gamma Scan 5 original and new data are used as background.
Isotopic Plutonium 5
Wildwood Regional Park Tritium 5 Background site located 13 miles from the SSFL to indicate
(BG-09) Strontium-90 5 background levels of radionuclides in an undisturbed flat area.
Gamma Scan 5
Isotopic Plutonium 5
Wildwood Regional Park - Tritium 5 Background site located 13 miles from the SSFL to indicate
Ravine (BG-10) Strontium-90 5 background levels of radionuclides in a ravine.
Gamma Scan 5
Isotopic Plutonium 5
Tapia County Park (BG-11) Tritium 5 Background site located 10 miles from the SSFL to indicate
Strontium-90 5 background levels of radionuclides in an undisturbed flat area.
Gamma Scan 5
Isotopic Plutonium 5
Tapia County Park - Ravine Tritium 5 Background site located 10 miles from the SSFL to indicate
(BG-12) Strontium-90 5 background levels of radionuclides in a ravine.
Gamma Scan 5
Isotopic Plutonium 5
Rocky Peak Ravine (BG-14) Tritium 5 Background site located 2 miles from the SSFL to indicate
Strontium-90 5 background levels of radionuclides in a ravine.
Gamma Scan 5
Isotopic Plutonium 5
Brandeis-Bardin Institute
Dormitory Area (BB-02) Tritium 5 Original tritium data analyzed by the gas counting method were
withdrawn by the laboratory in 1992,
Campsite Area 1 (BB-03) Tritium 5 Original tritium data analyzed by the gas counting method were
withdrawn by the laboratory in 1992.
Tritium 5
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TABLE 1 (continued)

SUMMARY OF SOIL SAMPLING

Campsite Area 2 (BB-04) Tritium 5 Original sample blocks were resampied to evaluate the validity of
the 1992 DHS sample resuit.
Tritium 5 Five additional blocks were selected to evaluate the validity of the
1992 DHS sample result.
Picnic Area (BB-05) Tritium 5 Original tritium data analyzed by the gas counting method were
withdrawn by the laboratory in 1992,
House of the Book (BB-06) Tritium 5 Original tritium data analyzed by the gas counting method were
withdrawn by the laboratory in 1992,
I Main House Orchard (BB-12) Tritium 5 Original tritium data analyzed by the gas counting method were
withdrawn by the laboratory in 1992.
Avocado Grove (BB-13) Tritium 5 Original tritium data analyzed by the gas counting method were
withdrawn by the laboratory in 1992.
Old Well Campsite (BB-14) Tritium i 5 Original tritivin data analyzed by the gas counting method were
withdrawn by the laboratory in 1992.
RD-51 Watershed (BB-15) Tritium 5 Original tritium data analyzed by the gas counting method were
. withdrawn by the laboratory in 1992.

Isotopic Plutonium 5 Five samples were collected to determine whether plutonium-238
reported in the vicinity of the RD-51 watershed is statistically
different from background.

Radioactive Materials Tritium 15 Five samples collected to determine whether tritium, strontium-90, |

Disposal Facility Watershed Strontium-90 15 and cesium-137 reported in the vicinity of the RMDF Watershed are §

(BB-16) Gamma Scan 15 statistically different from background. Five samples were collected
at surface and at depth at locations between the RMDF and Building
59 watersheds.

Building-59 Watershed Tritium 22 Sixteen samples collected to characterize tritium in the soil in the

(BB-17) Gamma Scan - 22 Building-59 Watershed. Sixteen samples collected to determine

Isotopic Plutonium 22 whether cesium-137 and plutonium-238 reported in the vicinity of
the Building-59 Watershed are statistically different from
background. Three additional samples were collected at the surface
and at depth at locations between the RMDF and Building 59
watersheds.

Sodium Burmn Pit Watershed Mercury 7 Seven samples were collected to document that mercury within the

(BB-18) Sodium Burn Pit Watershed was removed.

Sodium Reactor Experiment Gamma Scan 5 Five samples were collected to determine whether strontium-90, and

Watershed (BB19) Strontium-90 5 cesium-137 reported in the vicinity of the Sodium Reactor
Experiment Watershed are statistically different from background.

Campsite-1 Drainage Way Tritium 10 Ten sample locations within the drainage way between Campsite

(BB-20) Strontium-90 10 Area 1 and the Building 59/RMDF Watersheds to determine

‘iimmi ﬁ‘i_a.g !!l pDOLEN 13 _|_|_o act pelow the Areas gorumented in 1992
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TABLE 1 (continued)

. SUMMARY OF SOIL SAMPLING

Santa Monica Mountains Conservancy

Tritium 5 Original tritium data analyzed by the gas counting method were
withdrawn by the laboratory in 1992, Il

Former Rocketdyne
Employee Shooting Range
(SM-03)
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TABLE 2

SAMPLE CONTAINER AND PRESERVATION SPECIFICATIONS

Soil Samples
Mercury 6-inch brass twbe® N/A none 28 days II
Strontium-90 6-inch brass tube® N/A none N/A
Isotopic Plutonium 6-inch brass tube® N/A none N/A
Gamma Scan 6-inch brass tube® N/A none N/A
Tritium 1 quart _glass jar N/A none N/A
Water Samples
Strontium-90 1 liter plastic bottle filtered® 4 ml HNO;¢ N/A
Gamma Scan 1 liter plastic bottle filtered® 4 ml HNO;® N/A
Tritium 1 liter glass bottle filtered* none N/A
Il Gross alpha and beta scan 1 liter Blastic bottle filtered* 2 ml HNOE" N/A “
N

N/A = Not Applicable

an o
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Holding time from day of collection to extraction.

A 1-gallon resealable plastic bag was used for split samples.
Samples are filtered in the field using a 0.45 micron Whatman glass fiber filter.
1:1 solution of 16 molar nitric acid and distilled/deionized water.




. TABLE 3

FIELD QUALITY ASSURANCE CONTROL SAMPLE REQUIREMENTS®

Soil Samples
Strontium-90 2 liters 4 4 N/A 0 4
Isotopic Plutonium 2 liters 4 4 N/A 0 4
Gamma Scan 2 liters 5 4 N/A 0 5
Tritium 1 liter 8 8 N/A 7 8
Water Samples
Isotopic Plutonium 2 liters 0 0 0 4 0
Strontium-90 2 liters 1 0 1 4 0
Gamma Scan 2 liters 1 0 1 4 0
Tritium 1 liter 1 0 1 2 0
Gross alpha and beta 1 liter 1 0 1 4 0
et = A
e e e—

N/A

Not Applicabie (Field blanks are for water samples only and consist of distilled water placed in sample containers

at a field location)
MS/MSD Matrix Spike/Matrix Spike Duplicate
: Based on the following number of soil analyses

[

Tritium - 147
Strontium-90 - 70
Cesium-137 -9
Isotopic Plutonjum - 67
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TABLE 4
- QUALITY ASSURANCE/QUALITY CONTROL SOIL/

. SEDIMENT SAMPLE LOCATIONS
_ o ' core o SampleBloek ] o
u. - Semplelocation . " Number
{Dormitory Area (BB-02) 045 Tritium
[|[Campsite 1 (BB-03) 026 Tritium
jCampsite 2 (BB-04) 021 Tritium Tritium
[[Picnic Area (BB-05) 089 Tritium
[House of the Book (BB-06) 092 Tritium
{{Avocado Grove (BB-13) 024 Tritium
RD-51 Watershed (BB-15) 001 Tritium
006 Pu
009 Pu
IWRMDF Watershed (BB-16) 006 Cs-137
007 Tritium, Sr-90
ﬂBuilding 59 Watershed (BB-17) B001-Surface | Tritium
B003-Surface Pu
005 Pu
006A Tritium
007B Pu
008A Cs-137 Tritium
009A Cs-137
Sodium Reactor Experiment Watershed (BB-1 005 Sr-90
. 006 Cs-137
[Campsite 1 Drainage (BB-20) 001 Sr-90 It
002 Cs-137 Tritium
005 Cs-137 ll
006 Tritium
008 Sr-90
010 Cs-137
Shooting Range (SM-03) 012 Tritium
Rocky Peak (BG-01) 016 Pu Sr-90
034 Tritium |
082 |
087 Cs-137 Pu
090 Sr-90 Cs-137
Santa Susana Park (BG-02) 017 Cs-137
076 Tritium
085 Pu
Happy Camp (BG-05) 017 Cs-137
027 Tritium
050 Sr-90

Pu - Isotopic Plutonium (Plutonium-238 and -239)
Sr-90 - Strontium-90
Cs-137 - Cesium-137
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TABLE 4 (continued)
QUALITY ASSURANCE/QUALITY CONTROL SOIL/
SEDIMENT SAMPLE LOCATIONS

—
| “Matrix Spike/Matrix-
| .:Spike Duplicate

Wildwood Regional Park Ravine (BG-10)

002 Cs-137

[Tapia County Park (BG-11) 010 Sr
031 Tritium
036 Tritium

Tapia County Park Ravine (BG-12) 001 Pu
004 Cs-137

Rocky Peak Ravine (BG-14) 001 Tritium Sr-90
002 Pu
003 Cs-137

- 005 Tritium

Pu - Isotopic Plutonium (Plutonium-238 and -239)
Sr-90 - Strontium-90
Cs-137 - Cesium-137
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. TABLE 7

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

Samta Susana Park Tritium 430 150 pCi/L
Tritium < 200 pCi/L
Wildwood Regional Park BG-09-005 DHS Stronfum-90 0.20 + 0.04 pCi/g
Teledyne Strontium-90 <0.1 pCilg
Wildwood Regional Park BG-10-004 DHS Cesium-137 0.147 + 0.014 pCi/g
Ravine Teledyne Cesium-137 0.215 + 0.039 pCi/g
Radioactive Materials BB-16-007 USEPA Cesium-137 0.06 +0.01 pCi/g
Disposal Facility Watershed Teledyne Cesum-137 < 0.04 pCi/g
Campsite 1 BB-20-001 USEPA Cesium-137 0.04 +0.01 pCi/g
Teledyne Cesium-137 0.11 +0.037 pCi/g
Building 59 Watershed BB-17-005 USEPA Cesium-137 0.15 +0.02 pCi/g
Teledyne Cesium-137 0.218 +0.043 pCi/g
‘ BB-17-006 USEPA Tritium 3970 +262 pCilL
Teledyne Tritium 3500 1200 pCi/L.
BB-17-007 USEPA Tritium 3360 +253 pCi/llL
Teledyne Tritium 2900 +200 pCi/L
BB-17-008 USEPA Tritium 6700 316 pCi/L
Teledyne Tritium 5400 +200 pCi/L
BB-17-009 USEPA Tritium 4790 +282 pCi/l.
Teledyne Tritium 3900 4200 pCi/L.
- - :

pCi/g - Picocuries per gram

pCi/l - Picocuries per liter

DHS - Department of Health Services
Teledyne - Teledyne Isotopes (New Jersey)
USEPA - United States Environmental Protection Agency

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

+ - Plus or minus
< - Less than
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BG-11-031
BG-11-031
BG-11-031

TABLE 8

WITHDRAWN TRITTUM DATA SUMMARY

Matrix Spike (1st Run)
Matrix Spike (2nd Run)
Matrix Spike (3rd Run)

“‘Water Yield
(ml)

“ BG12:001%

“ BG-12:005%

FB-00-001 Field Blank-Water
BG-11-010 Sample
BG-11-075 Sample

II BG-01-016 Sample
BG-01-034 Sample
BG-01-082 Sample
‘BG-14-005* . ‘Sample
BG-14-005 Matrix Spike (1st Run)
BG-14-005 Matrix Spike (2nd Run)
BG-14-005 Matrix Spike (3rd Run)
BG-14003** | ‘Sample
‘BG-14-004* o Samples
BG-14-001 Sample
BG-14-001 Rinsate
BG-14-002 Sample

#  Withdrawn tritum results
- Second aliquot of sample (5 ml) reanalyzed, result concentration was below detection limits (< 300)

ml  mililiters
< ‘less than
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TABLE 19

Summary of the Results of the Analysis of Variance (ANOVA)
and the Tukey Honest Significant Difference (HSD) Test
for the Background Sample Areas

Radionuclides® Significance Probability
(Soil) (P value)'

Cesium-137

Background Areas’ Differing from
More Than Two Other Background

Locations

|| Strontium-90

! P values less than 0.05 indicate At least one background sample area differs from the others

? BG-09 — Wildwood Regional Park
BG-10 — Wildwood Regional Park Ravine

was not used to evaluate concentrations of these radionuclides

G \R\ROCKTDYNWGOOSIAREPORT\TABLE19.WPD

The majority of background samples for tritium and plutonium-238 were below detection limits; statistical analysis
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. TABLE 34

Mercury Results for Soil Samples at Sodium Burn Pit Watershed (BB-18)

BB-18-004

Sample < 0.1
BB-18-005

Sample < 0.1
BB-18-005A

Sample < 0.1
BB-18-005B

Sample < 0.1
BB-18-005C

Sample < 0.1

BB-18-006A
Sample

. BB-16-006B
Sample
Lab Duplicate
USEPA

_BBI

< - Less than 0.1 mg/kg
USEPA — United States Environmental Protection Agency split sample

BBI — Brandeis-Bardin Institute split sample
Lab Duplicate — A reanalysis of the sample including extraction
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FIGURE 1

SUMMARY OF 1992

MULTI-MEDIA SAMPLING

macnnim»&. Sample

Soil / m&iwa Sample
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w:amnwﬂp Sample
Micrograms __um_. Kitogram
Micrograms Nuﬂ. Liter
Milligrams nn.. Kilogram
Picocuries Lw_. Liter

Gram {Dry)

Dichlorodi dichloroethene
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Less Than
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Below The ;Q. of 8 pCit.

NOTE: Only ;gxm: results are

shown. mmm:__m are for soil
samples ::.m% otherwise
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Brandeis-Bardin Institute
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FIGURE 2
ADDITIONAL SAMPLE AREAS
. BRANDEIS-BARDIN INSTITUTE AND
SANTA MONICA MOUNTAINS CONSERVANCY

LEGEND

@ Soil / Sediment Sample
W Surface Water Sample

Brandeis-Bardin institute

BB-02  Dormitory Area
BB03 Campsite Area 1
BB-04 Campsite Area 2
BB05  Picnic Area

BB-06 House of The Book
BB-12  Main House Orchard
BB-13  Avocado Grove
BB-14  Old Well Campsite
BB-15 RD-51 Watershed

BB-16  Radioactive Materials Disposal
Facility (RMDF) Watershed

i BB-17  Building 59 Watershed
__ BB-18  Sodium Bum Pit Watershed

BB-19  Scdium Reactor Experiment (SRE)
Watershed

BB-20 Camp Site Area 1 - Drainage

Santa Monica Mountains Conservancy
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FIGURE 4
REGISTER LABEL EXAMPLE

Project and Task #:

Soils Label Register

#s- 80418

SB/MW#.

HA#:
GS#:

Date:

Field Log #:

Analysis:

Depth:

C-0O-C #:

Initials:

Notes:

M B

11101 White Rock Road
Rancho Cordova, CA 95670

916.638.3696
#S- 80418
Project 41 oA
Depth: GS#:
Date:
Analysis:
McLaren

o

DETACHABLE ADHESIVE LABEL FOR SAMPLE CONTAINER
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SANTA ROSA TRAIL

001 @ SAMPLE LOCATION FROM 1994 INVESTIGATION
=== DRAINAGE

N MN
0 60
———
SCALE

NOTES: ALL MEASUREMENTS RELATIVE
TO MAGNETIC NORTH (MN)

FIGURE 11
WILDWOOD REGIONAL
PARK RAVINE
BG-10
SAMPLE LOCATIONS
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T To Grid

SPUR

450 Feet ~,

TAPIA
/

2
\

" — 005 N MN
m'

Salvation
Army Corp o
Gate ——
SCALE
FPavey & NOTES: ALL MEASUREMENTS RELATIVE
Cag TO MAGNETIC NORTH (MN)

FIGURE 13
TAPIA COUNTY PARK RAVINE
BG-12

l LEGEND SAMPLE LOCATIONS

001 ® SAMPLE LOCATION FROM 1994 INVESTIGATION
Drawing No.
===~ DRAINAGE [ A R S 179405023




Q‘- 001
\Q /— Abandoned Car

\.
.
\,\
BROADER, ROCKY TERRAIN Q'\
_____ ‘ 004
: !
RELATIVELY LEVEL \
TERRAIN i
\
005
K wm
Culvert
\
(,69
@ '
ROCKY PEAK
GRID LOCATION 0 50'
(BG-01) e —
SCALE

LEGEND
001 @ SAMPLE LOCATION FROM 1984 INVESTIGATION
“=+=—-——"=~ DRAINAGE
Q ROCK OUTCROPS

NOTES: ALL MEASUREMENTS RELATIVE
TO MAGNETIC NORTH (MN)

FIGURE 14
ROCKY PEAK RAVINE
BG-14
SAMPLE LOCATIONS

Drawing No.
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CAMPSITE AREA 2
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LEGEND

RANDOMLY SELECTED BLOCK
4 FROM 1992 INVESTIGATION
(RESAMPLED IN 1994)

@ ADDITIONAL RANDOMLY SELLECTED
BLOCK FROM 1994 INVESTIGATION

010 BLOCK NUMBER
e SAMPLE LOCATION
#  TREE
(4,2) X AND Y BLOCK COORDINATE
OF SAMPLE LOCATION

C:] PICNIC TABLE
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APPENDIX C
RANDOM NUMBER
TABLES FOR
BLEND FIELD DUPLICATES




Appendix C

Random Number Tables
for Blind Field Duplicates




RANDOM NUMBERS USED TO SELECT BLIND FIELD DUPLICATES

SOIL SAMPLES

Sequential Number in QA/QC Group to be used for Blind Field Duplicate
QA/QC Tritium Gamma Scan  Strontium-90  Isotopic Plutonium
Group
1 (n=20) 1 5 12 18
2 (n=20) 7 11 20
3 (n=20) 17 13 4 5
4 (n=20) 16 7 4
5 (n=20) 7 7 _ - -
6 (n=20) 13 _ - - -
7 (n=20) 9 - - -
8 (n=7) 1 - - -

QA/QC = Quality Assurance/ Quality Control.
n = Number of samples in each group.

Note: As a result of only two water samples being collected during the 1994 sampling no blind
field duplicate water samples were required.
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Appendix D

Summary of Analytical
Results by Analysis
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