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EXECUTIVE SUMMARY 

On June 1, 1999, a MARSSIM final status Survey was completed at the 17th Street Drainage 
Area confirming that the area meets release limits approved by the Department of Energy, and 
the Department of Health Services. Accordingly, the area is suitable for release for unrestricted 
use. 

During 1998, a comprehensive decontamination and decommissioning effort was initiated in the 
17th Street Drainage Area. Afler D&D efforts, a comprehensive final status survey of the area 
concluded in 1999. The final status survey classified the area into a Class I survey unit, since 
contamination had been identified, above the DCGLw. This area comprised a 120-ft by 2004  
section of land. All measurements were tested statistically for compliance within the regulatory 
acceptable derived concentration guideline limits (DCGLs), and ambient exposure rates. 

In all of the Class I area, the highest background subtracted ambient gamma measurement was 3 
W h r  (see Appendix A). A 100% qualitative surface radiation exposure survey found no 
detectable activity. The soil results proved all samples taken were well below the DCGL, for 
each radioisotope (see Appendix B). The survey unit also passed the multi-isotope Wilcoxon 
Rank Sum test using the unity rule (see Appendix C). 
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1.0 INTRODUCTION 

The final status survey conducted by Rocketdyne Propulsion and Power for the 17th Street 
Drainage Area followed the protocols of the Multi-Agency Radiation Survey and Site 
Investigation Manual (MARSSIM), Reference 6.1. The objective of this survey was to 
demonstrate that no residual contamination remains that could result in any exposure or risk to 
current or future occupants. 
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2.0 FACILITY HISTORY 

2.1 Background 

At Rocketdyne Propulsion and Power, Santa Susana Field Laboratory, a natural rainwater 
channel is located in Area IV, south of the intersection of "G" Street and 1 7 ~  Street. In 1962, a 
berm was constructed around the area to provide a 30-ft. by 30-R hold-up pond. The pond was 
fimctional for many years. It cycled through periods of evaporative drying in summer seasons, 
and refilled during rainy seasons causing the low-lying area to be marshy. In subsequent years, 
the area became overgrown with shrubs and trees, and filled with silt. 

In 1995, during the Area IV radiological survey, the pond area was found to be completely 
overgrown, marshy, and inaccessible. Soil from the drainage areas to the north and south of the 
pond area was sampled, but no contamination was found in those locations. 

In 1997, during an assessment of historical aerial photos, the existence and location of the pond 
was identified and investigated. Several soil samples were taken in the area (which was then 
dry), and two of the soil samples indicated Cs-137 exceeding the cleanup standards by 50%. A 
radiation scoping survey was subsequently conducted in the pond area, and any locations found 
over the background limits were identified. 

In 1998, the entire drainage area was cleared of shrubs and trees. The original bermed pond area 
was mapped, gridded and surveyed, including all upper flow intake to the pond; and lower 
discharge drainage out of the pond. The one-meter high, exposure measurements conducted did 
not exceed 18.4 pRihr in a background of 15 p R h .  Some elevated radiation measurements in 
localized areas at ground level were observed at a maximum of twice the background levels. 

All locations exceeding ground level exposure rates of more than 5 pRihr above background 
were identified and marked. All elevated radiation areas were sampled at varying depths of soil. 
However, most of the soil samples indicated naturally occurring radionuclides. Soil samples in 
areas immediately north and immediately south of the berm indicated levels of radionuclides 
above local background levels. Cs-137 was found at 2 pCi/g, which was less than the cleanup 
standard of 9.2 pCig. Th-228 was found at 6 pCig, which was close to the cleanup standard 
limit. Uranium isotopes were found at 4 pCiig, which was less than the cleanup standard of 30 
pCi/g. All uranium sample results showed ratios of uranium isotopes consistent with naturally 
occurring uranium. 

There were no processed or enriched uranium isotopes found typical of the nuclear &el used at 
the SSFL. Although thorium-228 was discovered at 6 pCig, its parent isotope thorium-232 was 
found at background levels of 1 pCi/g. Since this specific thorium isotope was not processed or 
used at the SSFL, the origin or cause of elevated thorium-228 is presently unknown. 
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Although the majority of the soil samples did not exceed cleanup standards, and did not pose a 
health risk, portions of the 1 7 ~  Street Drainage area were excavated. Post excavation soil 
sampling showed that excavation had been effective in reducing soil concentrations much hrther 
below the cleanup standards. Prior sampling and remediation is described in Reference 6.2, and 
is included here in Appendix D. The results fiom Reference 6.2 demonstrated that the drainage 
channel both upstream and downstream of the bermed area undergoing a MARSSIM final 
release survey were indeed fiee of contamination. 

2.2 Approach 

Table 1 depicts the survey and remediation schedule for the 1 7 ~  Street Drainage Area. 

r TASK I SCHEDULEDDATE I 
Initial Soil Sampling 1995 

Follow-up Soil Sampling 1997 

Rocketdyne Characterization Survey September 1998 

Remediation October 1998 

I Post-remediation Survey I November 1998 I 
I 

Rocketdyne Final Survey June 1999 

/ ORISE Verification Survey I October 1999 I / DHS Verification Survey I October 1999 I 
TABLE 1: KEY MILESTONES 



3.0 SURVEY DESIGN 

The MARSSIM final status survey for the 1 7 ~  Street Area followed the guidelines of the 
Rocketdyne Procedure R21-RF-RS00005 (see Reference 6.4). The objective of this survey was 
to demonstrate that no residual contamination remained that could result in any exposure or risk. 

3.1 Identification of Radionuclides of Concern 

The principle contaminant of concern at the 1 7 ~  Street Drainage Area was (3-137. Uranium and 
Thorium isotopes were also found in the soil but always with the accompanying presence of Cs- 
137. Cesium was used as a tracer for all potential contaminants and MDCs for the scanning 
portion of the survey (refer to Section 3.9) was based on the Cs-137 detectability. Soil sample 
analysis was performed for all gamma emitting radionuclides, Sr-90, Am-241 and isotopic 
Plutonium, Thorium, and Uranium. 

3.2 Derived Concentration Guideline Limits @CGL) 

The objective of the survey was to demonstrate that residual contamination in excess of the 
derived concentration guideline limits (DCGLs) was not present at the site. The DCGL, for Cs- 
137 in soil is 9.2 pCi/g above background and other isotope DCGLs are provided in Reference 
6.3 and Appendix B. 



3.3 Classification of Areas Based on Contamination Potential 

3.2.1 Impacted Areas 
The impacted area was considered to be the area within geodetic land blocks L18 and L19 that 
surrounded the berm (see Figure I ) .  This is an area of 120 ft x 200 ft  = 24,000 ft2 
(approximately 2230 m2) 

.- 

FIGURE 1: TOPIGRAPHICAL MAP OF STREET DRAINAGE AREA 
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CLASS I 
The impacted area was determined to be the entire Class I area. The area is enclosed within four 
corners-identified by Area IV's geodetic coordinate system as: 

Block L18 located North at 0-ft and East at 120-ft, 
Block L18 located North atl20-ft and East at 120-ft, 
Block L19 located North at 0-ft and East at 120-ft, and 
Block L19 located North at 120-ft and East at 120-ft. 

CLASS I1 

There are no Class 11 areas in this survey. Survey results reported in Appendix C demonstrated 
that no contamination exists in the drainage channel to the North and South of the identified 
Class I Survey Unit. 

CLASS III 

There are no Class III areas in this survey. Survey results reported in Appendix C demonstrated 
that no contamination exists in the drainage channel to the North and South of the identified 
Class I Survey Unit. 

3.3.2 Non-Impacted Area 

Areas surrounding the impacted area were surveyed in earlier projects (see Reference 6.2) and 
demonstrated to be non-contaminated. These surrounding areas were not part of the survey. 

3.4 Identification of Survey Units 

3.4.1 Area Classification 

Roadmap-6, from the MARSSlM Manual, limits the maximum Survey Unit areas as shown in 
Table 2: 

TABLE 2: AREA CLASSIFICATION 

CLASSIFICATION 
Class I 
Class I1 
Class III 

MAX SURVEY UNIT AREA 
2,000 m2 
2,000 m2 to 10,000 m2 
No limit 



Figure 2 depicts the Class I area, which consisted of one survey unit of 24000- ft2 (2230m2). This 
diagram is an example, and not true to scale. 

FIGURE 2: LOCATION OF SURVEY UNIT 
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3.5 Decision Objectives 

The objective of the survey was to achieve release of the area for unrestricted use. 

The null hypothesis m) for the survey unit was that the residual radioactivity concentrations 
exceed the release criterion. The null hypothesis had to be rejected for the site to be released 
for unrestricted use. 

Acceptable decision error probabilities were a (regulatory risk) = 0.05 and P (users risk) = 

0.05. Where Alpha (a) is defined as the probability that the known hypothesis will be 
rejected when in fact it is true (e.g. a contaminatedsite is declared clean). Beta (P) is 
defined as the probability that the null hypothesis will be accepted when in fact it is false 
(e.g. a clean site is declared contaminated). 

The derived concentration guideline limits (DCGLw) for the primary contaminant of concern 
((3-137) was 9.2 pCi/g, equivalent to an annual dose to a residential user of 15 mrern/year. 

The lower bound of the gray area (LBGR) used was one halfof the DCGLw or 4.6 pCi/g of 
CS-137. 

The regulator's risk (a) was established for the DCGLw. 

The user's (Rocketdyne) risk (P) was established at the LBGR. 

3.5.1 Powercurve 

The desired power curve indicated the gray region extended from 4.6 pCi/g to 9.2 pCi/g of Cs- 
137. The survey was designed for the statistical test to have a 95% power to decide the survey 
unit containing less than 4.2 pCi/g of Cs-137 met the release criterion. For the same test, a 
survey unit containing over 9.2 pCYg of Cs-137 had less than 5% probability of being released. 

3.6 Area Preparation 

3.6.1 Number of Survey Units 

There was a total of one (I), Class I, Survey Unit of 24,000-fi2 (or each 2230 m2). The number 
of surface soil samples taken was derived in Section 3.7. 

I Survev Unit 1 consists of 24,000-ft2 (2230-m2) 1 



3.7 Analysis Procedures 

3.7.1 Statistical Test 

Since the gross (non-background subtracted) Cs-137 data are to be subjected to statistical test, 
the Wilcoxon Rank Sum test was used as recommended by MARSSIM. 

3.7.2 Relative Shift 

The shift A is the DCGL, minus the LBGR (A= DCGL, - LBGR). In other words, the shift was 
the width of the gray region. a was the expected standard deviation of the measurements of the 
survey unit. B~ased on prior sampling of the land and excavations at the 17& Street Drainage 
Area, the o for Cs-137 resulted in 3.39 pCi/g. 

The relative shift No was therefore (9.2 - 4.6)/3.39 = 1.4 

3.7.3 Number of Data Points (Soil Samples) 

From Table 5.5 of Reference 6.1, the number of samples required for a relative shift of 1.4 and a 
= $ = 0.05 was 20. However, the Class I area (2230 m2) was 11% larger than the recommended 
size of 2000 m2. Therefore, the number of sample was adjusted accordingly to reflect this size 
difference. The adjusted number of samples was 22. Locations of soil samples were also be 
obtained at these locations. 

Total number of sample points required for 24,000 ft2 (2230 mz) was 22. 
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3.8 Reference Coordinate System 

3.8.1 Sample Point Spacing 

For the Survey Unit, the grid spacing and scan area between sample points (for a square grid) 
were calculated as follows: 

Scan Area = A = 24,000 f&22 = 1090.9-ft2 = 101 m2 
L = d ~  = .\11090.9= 33.02-ft (10.06 meters) distance apart 

In accordance with the MARSSIM Manual, Survey Planning and Design, page 5-38, "Grid 
spacing should generally be rounded down to the nearest distance that can be measured in the 
Jield". Therefore, the distance between sample points was 33-ft or 10 meters. 

I Distance (L) between sample points was 33-ft or 10 meters I 

3.8.2 Starting Point Coordinates 

In order to designate the starting point of soil sample locations, a pair of random numbers was 
generated from Table 1.6 of the MARSSIM Manual, Reference 1. Rectangular coordinates from 
the southwest corner of the survey unit were then calculated by multiplying by the dimensions of 
the survey unit (120 ft x 200 ft). Survey unit coordinates were designated as follows: 

Starting fi-om the southwest corner origin of the Survey Unit, the point of origin to begin 
measuring was: 

(X) East 141.5-ft (43. lmeters) 
(Y) North 51.1-ft (15.5 meters) 

In summary, a minimum of 22 soil samples was taken at 33-R (or 10-m) distances apart; 
beginning at the (E141.5-ft, N51.1-ft) or (E43.1-m, N15.5-m) coordinates. 
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Figure 3 shows the soil locations in the Class I survey unit. Refer to Table 3 on page 16 for the 
identification numbers. 

=starting point Location number = 17s-99:00X, see page 16. 

NOTE: SURVEY UNIT IS 200-FT BY 120-FT (60.9-M X 36.5-M). SAMPLE POINTS ARE 33-FT 
(1 0-M) DISTANCE APART. 

FIGURE 3: SURVEY UNIT SOIL SAMPLE GRID 



Table 3 shows the soil sample identification numbers attached to the sample location coordinates 
in Figure 3, page 15. 

I GRID COORDINATES (NORTHLEAST) I SOIL SAMPLE NUMBER 

TABLE 3: SOIL SAMPLE LOCATIONS 

N5.5E3.1 
N15.5E13.1 
N15.5E23.2 
N15.5E33.1 
N25. 5B53.1 
N25.5E43.1 
N25.5E33.1 
N25.5EZ3.1 
N25.5EC13.1 
N25.5E3.1 
N35.5E23.2 
N35.5E33.1 
N35.5E43.1 
N35.5E53.1 
N5.5E3.1 

BLIND SPLIT FROM N15.5E43.1 
MATRE SPIKE SAMPLE FROM N5.5E53.1 
'ORIGIN MEASURING FROM THE NOlEO COORDINATE, 

178-99-0008 
178-99-0009 
178-99-0010 
178-99-00 11 
178-99-0012 
178-99-0013 
173-99-0014 
178-99-0015 
178-99-0016 
178-99-0017 
178-99-001 8 
178-99-00 19 
178-99-0020 
173-99-0021 
178-99-0022 
178-99-0023 
178-99-0024 

SOUTHWEST CORNER OF THE SURVEY UNIT 



3.9 Instrumentation and Techniques 

3.9.1 Required Scan MDC 

Scanning of soil sample grids was performed to ensure small areas of contamination did not 
remain undetected. The DCGL was calculated in RESRAD 5.6' using default of 10,000 m2. 
Running RESRAD with smaller areas progressed to a relatively higher release criteria. From 
Table 5.6 ofReference 6.1, the area dose factor for 101 m2 for Cs-137 is 1.4. Therefore the 
elevated measurement concentration DCGLEMc was: DCGLEMC = DCGLw x Area Factor = 9.2 x 
1.4 = 12.9 pCYg 

Required Scan MDC = 12.9 pCilg 

3.9.2 Actual Scan MDC 

Surface scans were performed with a 1 in. x 1 in. NaI detector moving at 1 Wsec. Actual scan 
MDC for this technique was calculated below following the procedure outlined in page 6-45 of 
MARSSIM, Reference 1. 

Background = B = 3000 countslmin 
Assumed hot spot dimensions = 1.5 R x 1.5 ft 
Assumed hot spot depth = 0.5 ft 
Scan speed = 1 Wsec 
Observation interval = 1.5 sec 
Delectability index 1.38 
Surveyor efficiency 0.5 
CPM~Exposure ratio = 215 cpm per pR/h 

Minimum Detectable Count Rate (MDCR) = - ~ 

1.38 x (3000 x 1.5160 )'.$ / ((1.5160) x 0.5'.~ ) = 676 countslmin 

Minimum Detectable Exposure Rate (MDE) = 676l215 = 3.1 C1R/h 

A microshield analysis was performed for the hot spot size defined above, for cesium-137 and its 
progeny barium-137 at a 1 pCifg concentration and soil density of 1.4 gIcm3. The exposure rate 
at 2 in. fiom the surface was 0.3 C1R/h. 

Actual Scan MDC = 3. U0.3 = 10.3 pCi/g 
. . 

Since the actual scan MDC of 10.3 pCi/g was less than the required scan MDC (or DCGLEMc) of 
~ ~ 

12.9 pCi/g, the scanning technique was adequate for detecting hot spots above DCGLEMc 
between the soil sample locations. Therefore no adjustment to the number of soil samples to 
account for elevated activity was necessary. 



3.9.3 Instrument Performance Check 

Measurement integrity of the instruments was monitored throughout all parts of gamma surveys 
by periodic checks of the instrument's response to normal background radiation, and to a Field 
Check Source. A record of these instrument checks was maintained by the daily completion of 
Instrument Qualification Reports. 

3.9.4 Environmental Calibration Site 

A Reuters-Stokes ambient gamma exposure site was the location where the instrument 
calibration and efficiency checks were conducted. The detector was source checked at the 1- 
meter height, and remained the daily source check area throughout the Area 1 7 ~  Street Drainage 
Area surveys. 

3.9.5 Representative Reference Background Areas 

3.9.5.1 Soil 

When performing the WRS Test, samples from a "reference" background area to the immediate 
south of the Santa Susana Field Lab (SSEL) were used. These samples taken in 1998 are judged 
as representative since the geology and terrain are similar to the SSFL. 

3.9.5.2 Exposure level 

A series of background exposure levels were obtained around the entire survey unit area within 
grid blocks L-18, and L-19. This action assisted in determining the average and highest 
background levels where the survey was conducted. 

3.9.6 Ambient Survey Detector Fixtures 

To accurately obtain a 1-meter ambient gamma measurement at each sample point location, the 
sodium iodide detector was mounted on a lightweight PVC fixture. This fixture held the 
detector oriented towards the ground at a 1-meter height. Its use facilitated quick placement at 
each measurement location, while eliminating errowdue to detector distance or orientation. 

3.9.7 Walk-about Survey Detector Fixtures 

During the walk-about survey, a sodium iodide detector probe was mounted at the end of a 
balanced boom, so the surveyor could sweep the probe over a large area while walking along the 
survey path. The fixture for this survey had a length of stainless steel tubing for the boom, with 
a bracket at one end to hold the detector upright to the ground, and a counterbalance weight at 
the other end. A shoulder strap was attached to the balance point of the fixture. The arrangement 
allowed the surveyor to sweep the detector over an area about 5 feet wide while walking a 
straight line. 

3.10 Pre-survey Preparation 

Brush was cleared from the survey unit prior to conducting the Final status survey. 

- .  .. -- - -- 
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4.0 SURVEY RESULTS 

4.1 Class I Survey Results 

4.1.1 Surface Exposure Rate 

The average, gross surface walk-about exposure level observed was 3268 cprn (15.2 m). 
The maximum surface walk-about exposure level observed was 4050 cprn (18.8 m). When 
the background level of 2704 cprn (12.6 m) was subtracted for these values, the net average 
and maximum surface exposure levels were 564 cprn (2.6 pR/hr) and 1346 cprn (6.3 pNhr) 
respectively. 

4.1.2 Ambient Exposure Rate 

The average, gross, 1-meter ambient exposure level observed was 3259 cprn (15.2 plUhr). 
The maximum 1-meter ambient exposure level was 3719 cprn (17.3 @h). When the background 
level of 2943 cprn (13.7 pR/hr) was subtracted from these numbers, the net average and maximum 
1-meter ambient exposure levels were 316 cprn (1.5 CLR/hr), and 776 cprn (3.6 m) 
respectively. Both these numbers are below the approved DCGLw of 5 W h r  above background 
(see Appendix A). 

Table 4 shows how the average background dose rates were established prior to conducting the survey. 

1 BACKGROUND 1 BACKGROUND 

TABLE 4: B~ACKGROUND DOSE RATE LEVELS 



4.1.3 Soil Radioisotope Concentfations 

Soil radioisotope concentrations are summarized in Appendix B. Note that some results are 
reported as negative. This is a common occurrence if the laboratory counter blank background count 
exceeds the sample count. 

CS-137 
Initial Analysis 
Fourteen samples were non-detect. Eight samples had detectable cesium between 0.63 and 1.9 
pCi/gm (gross). All samples were below the of 9.2 pCi/gm (net) clean-up standard. (Refer to Table 
B 1). 

Reanalysis 
It was observed that the initial gamma analysis reported very high MDAs for Cs-137 (0.2 to 0.4 
pCi/gm). As a result, many samples were non-detect. Contact with the radiochemistry laboratory 
indicated that a small mass and low count time had been used. The laboratory was requested to 
reanalyze the original samples to achieve the contractually required MDA of 0.02 pCi/gm. Reanalysis 
results ranged from 0.01 to 2.93 pCi/gm (gross) with one non-detect. All samples were below the 
9.2 pWgm (net) clean-up standard (see Table B. 1.1). 

Th-228 
Thorium 228 results ranged from 1.07 to 2.61 pCi/gm (gross). These results are typical of 
background levels and below the 5 pCi/gm (net) clean-up standard. 

Th-230 
Thorium 230 results ranged fi-om 0.87 to 2.7 pCi/gm (gross). These results are typical of 
background levels and below the 5 pCi/gm (net) clean-up standard. 

Th-232 
Thorium 232 results ranged from 0.87 to 1.65 pCi/gm (gross). These results are typical of 
background levels and below the 5 pCi/gm (net) clean-up standard. 

U-234 
Uranium 234 results ranged fi-om 0.59 to 1.71 pCi/gm (gross). These results are typical of 
background levels and below the 30 pCi/gm (net) clean-up standard. 

U-235/236 
Uranium 2351236 results had 17 non-detects. Detectable U-2351236 in 5 samples ranged 
from 0.069 to 0.25 pCi/gm (gross). These results are typical of background levels and below 
the 30 pCigm (net) clean-up standard. 

U-238 
Uranium 238 results ranged from 0.56 to 2.01 pCi/gm (gross). These results are typical of 
background levels and below the 35 pCi/gm (net) clean-up standard 

Isoto~ic Ratios of U-234 /U-238 
Isotopic ratios of uranium 2341238 results ranged from 0.48 to 1.64 with an average of 1.07. This 
is typical of non-enriched, non-processed, naturally occurring uranium. 



Pu-238 
All plutonium 238 soil samples were non-detect. 

Pu-2391240 
All plutonium 239/240 soil samples were non-detect. 

Am-241 
All americium 241 soil samples were non-detect. 

Sr-90 - 
Twenty strontium 90 soil samples were non-detect. Two soil samples had detectable Sr-90 
at 1.42 and 3.08 pCi/gm However, these samples are below the 36 pCi/gm (net) clean up 
standard. 

4.2 Wilcoxon Rank Sum Test 

The survey unit measurements were compared to the reference area measurements using the 
multi-isotope Wilcoxon Rank Sum (WRS) test designed to test the null hypothesis for all isotopes 
combined. Table C1 uses the original Cs-137 results, while Table C2 uses the reanalyzed Cs-137 
results. 

The reference area measurements used in the WRS test were taken from the 1998 Bell Canyon 
soil sampling project (see Reference 6.5). From Table C2 , the sum of the reference area ranks is 
71 1. This exceeds the critical value of 565 calculated from equation I. 1 of Reference 6.1 for 22 
SU area samples, 22 reference area samples and an a of 0.05. Hence, the null hypothesis "that 
residual radioactivity concentrations exceed the release criteria" is rejected. 

In simple terms, this means that the statistical test has demonstrated to a confidence level of 95% 
that residual radioactivity is below the clean-up standards. 
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5.0 CONCLUSION 

All radiation exposure measurements and soil radioisotope concentrations were below the 
Department of Energy approved DCGLws. The survey unit also passed the multi-isotope 
Wilcoxon Rank Sum test using the unity rule. Based on the results of the investigations reported 
here, the 1 7 ~  Street Drainage Area meets the Department of Energy-approved acceptance 
criteria. The area is therefore suitable for release for "unrestricted use" with no radiological 
restrictions. 
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APPENDIX A 

AMBIENT GAMMA SURVEY RESULTS 



Table A.I. Ambient Gamma Exposure 

I I I I 

* Background subtracted using a background of 2943 cpm [13.7 mWhr] 

LOCATION I DATE 
I 

GROSS 
CPM 1 ~ W h r  

I 

NET 
CPM* I ~ W h f  

I 
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APPENDIX B 

SOIL SAMPLING RESULTS 
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Table 61 : Soil Samples for Cesium-137 (pCilg) 

MDA = Minimum Detectable Activity 
DCGLw = Derived Concentratration Guideline 9.2 pCi/gm net 
ND = Non-detect. Gamma spec. results reported as <MDA. For the 
purposes of statistical analysis, non-detects are quantified as MDAl2. 

Soil ID Result 
+I- 1 

sigma 
error 

Detect ? 
MDA 
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Table B1.l Cesium-137 (pCilg) Re-analysis 

MDA = Minimum Detectable Activity 
DCGLw = Derived Concentratration Guideline 9.2 pCi/gm net 

Soil ID 

ND = Non-detect. Gamma spec. results reported as <MDA. For the purposes of 
statistical analysis, non-detects are quantified as MDN2 

Result 
+I- 1 

sigma 
error 

Non- 
Detect ? 

MDA 
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Table B2: Soil Samples for Thorium-228 (pCilg) 

+I- 1 Non- 
Soil ID Result sigma Detect ? 

MDA 
error 

(R21-RF) RS-00009 
Page 32 of 70 

MDA = Minimum Detectable Activity 
DCGLw = Derived Concentratration Guideline 5 pCi/gm net 
ND = If result is less than MDA then result is non-detect. 
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Table B3: Soil Samples for Thorium-230 (pCilg) 

MDA = Minimum Detectable Activity 
DCGL, = Derived Concentratration Guideline 5 pCi/gm net 
ND = If result is less than MDA then result is non-detect. 

Soil ID Result 
+I- 1 

sigma 
Non- Detect 

3 MDA 
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Table B4: Soil Samples for Thorium-232 (pCilg) 

+I- 1 
Soil ID 

Non- 
Result sigma 

Detect ? 
MDA 

error 

MDA = Minimum Detectable Activity 
DCGLw = Derived Concentratration Guideline 5 pCi/gm 
ND = If result is less than MDA then result is non-detect. 
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Table B5: Soil Samples for Uranium-234 (pCilg) 

+I- 1 
Soil ID Result sigma Non- 

Detect 3 MDA 

MDA = Minimum Detectable Activity 
DCGL, = Derived Concentratration Guideline 30 pCi/gm net 
ND = If result is less than MDA then result is non-detect. 
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Table B6: Soil Samples for Uranium-2351236 (pCilg) 

MDA = Minimum Detectable Activity 
DCGL, = Derived Concentratration Guideline 30 pCi/grn net 
ND = If result is less than MDA then result is non-detect. 

Soil ID Result 
+I- I 

sigma 
error 

Non- 
Detect ? MDA 
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Table 67: Soil Samples for Uranium-238 (pCilg) 

MDA = Minimum Detectable Activity 
DCGL, = Derived Concentratration Guideline 35 pCi/gm net 
ND = If result is less than MDA then result is non-detect. 

Soil ID Result 
+I- 1 

sigma 
error 

Non- 
Detect ? 

MDA 
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TABLE B7.1: U2341238 RATIOS 

AVERAGE 
MAXIMUM 
MINIMUM 

1 .I 
1.7 
0.6 

1 .I 
2.0 
0.6 

1 .I 
1.6 
0.5 
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Table 68: Soil Samples for Pu-238 (pCilg) 

+I- 1 
Soil ID 

Non- 
Result sigma 

Detect ? 
MDA 

error 

MDA = Minimum Detectable Activity 
DCGLw = Derived Concentratration Guideline 37.2 pCiIgm net 
ND = If result is less than MDA then result is non-detect. 



FIGURE 89: 17th St Soil Samples for Pu-2391240 

11 22 samples were 
Mean = .OD959 Plutonium 
Sigma = -0243 I L S  = -0663 ( I 2391240 Clean-up 

Standard = 33.9 pCi/gm I 

10 50 90 
Cumulative Probability (94) 
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Table B9: Plutonium-2391240 (pCilg) 

+I- 1 
Soil ID Non- 

Result sigma 
Detect 3 MDA -- 

MDA = Minimum Detectable Activity 
DCGL, = Derived Concentratration Guideline 33.9 pCi/gm net 
ND = If result is less than MDA then result is non-detect. 
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Table B l  0:  Soil Samples for Americium-241 (pCilg) 

+I- 1 Non- 
Soil ID Result sigma Detect ? 

MDA 

- 
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MDA = Minimum Detectable Activity 
DCGLw = Derived Concentratration Guideline 5.44 pCi/gm net 
ND = If result is less than MDA then result is non-detect. 
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Table B11: Soil Samples for Strontium-90 (pCilg) 

MDA = Minimum Detectable Activity 
DCGL, = Derived Concentratration Guideline 36 pCi1gm net 
ND = If result is less than MDA then result is non-detect. 

Soil ID Result 
+I- 1 

sigma 
error 

Non- 
Detect ? 

MDA 
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APPENDIX C 

WILCOXON RANK SUM TESTS 
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Table C2: 17th Street Soil Sampling 
Wilcoxon Rank Sum Test With Reanalysis 

Sum of Reference Ranks = W R g =  711 
Survey unit sample number = n= 22 
Reference areasample number = m= 22 

a= 0.05 
z =  1.645 

Critical Value = WRS,= 565 - 
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APPENDIX D 

1998 SOIL SAMPLE RESULTS 
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The Boeing Company 6633 Canoga Ave. 
RodeMvne Propulsion & Power P.O. Box 7922 

Canoga park, CA 91309.7922 

Date: December 21,1998 No.: SHEA-0 16779 

TO: Philip Rutherford 
D1641,055, T487 

. . (818)586-6140 
. . 

From: John Shao 
D/641,055, T487 
(8 18)586-8024 - 

Subject: 17th Street Drainage Area -Radiation Characterization Surveys and Ehavation 

This report summarizes past and present soil sampling results, radiation characterization surveys, and 
soil excavation at the 17th Street Drainage Area. 

1995 Soil Sampling and ~adiakon Survey Results 

Soil samples from five locations were taken as part ofthe Area N Characterization Survey (see Figure 
I). The samples were sent to an outside laboqtory for gamma spectroscopy, isotopic thorium, isotopic 
uranium, and strontium analyies. The analytical d t s  indicated all  five sampling locatio~ were at . 

background or slightly above background iadiological activity (see Table I), therefore, no remediation 
was deemed necessary at this time. Ambient gamma and walkabout surveys were conducted as shown in . .  . 

Figures B-89, B-97, and B-98 for grid blocks K19, L18, aid Ll9 (from A4CM-ZR-OOll]. However, : 
areas of dense inaccessible brush'madk a complete survey of the drainage area impossible. 

. 1997 Soil Sampling Results 

In'1997, seven iodations were sampled and analyzed in-house for gamma spectroscopy during a 
subsequent iadiation survey. The sampling results are shown in Table 1, and the locations are shown in 
Figure 1. Two'of the samples (ENV-97-0035 & ENV-97-0036) contained Cs-137 levels above the 
release limit. ~owevec as the 1 d 8  'characterization survey and soil sampling will show, all soil 
containing Cs-137 activity above the release limit was removed by the act of sampling in 1997. Three 
other samples @NV-97-0049, ENV-97-0052, & ENV-97-0056) contained slightly above background 
Cs-137 and above background Th-232 daughters. These five sampling locations were included in the 
excavation that took place in 1998. t :. 

I .  Radiition Characterization Survey (1998) 
The area surveyed is outlined in Figure 2. Both walkabout and ambient gamma surveys were conducted 
in the area using two separate Ludium 2221 l"x1" NaI detectors. The walkabout gamma k e y  was 
performed by swinging a NaI probe near the d a c e  as the health physics technician walked the entire 
area. The 1-minute ambient gamma survey was measured at 1-meter height at 1 0 4  square grid spacing. 
Background measurements for both surveys were taken at Area N's solar dish area. 

FORM 131-R-1 REV. 4-98 



A total of 66 hotspot locations were found during the walkabout survey (see Figure 2). A hobpot Page 58 of 77C 

; - location is where the total gamma radiation is greater than 5 over the background level, For this 
survey, a hotspot location was calculated to be 2 4100 counts per minute for the detector used. 

The ambient gamma survey resulted in only one hotspot location (see Figure 3). This location (L19- 
20N-60E) was located next to hotspot #6 and was included in the excavation. The gross and net gamma 
survey data were also plotted using Cumplot Version 2.20' (see Figures 4 & 5). Two other locations 
(near hotspots #8 and #26) that exhibited net ambient gamma close to 5 p R h  over the background were 
also excavated. In calculating the net gamma activity, daily background readings were subtracted fiom 
gross gamma activity. 

SoiI Sampling of Hotspots (1998) 

A total of 13 representative mhe walkabout hotspot locations were sampled and analyzed to 
characterize the hotspot areas (see Figure 2). Initially, samples from six hotspots were analyzed in-house 
using a Ge(Li) gamma spectrometer. Hotspot #7 was found to contaia thorium and uranium daughters 
higher than background levels. In order to determine the actual thorium and uranium isotope 
concentrations, and to ascertain whether these isotopes were naturally occurring or not, samples from 
hotspot #7 and eight other hotspots m sent to Mowtain States Analytical, Inc. for alpha isotopic 
analysis. 

Table 2 summarizes the soil sampling results from in-ho~e and outside laboratories. Hotspots #7, .#Is, 
#24, and #3 1 were found to contain above background Cs-137 levels as high as 2.1 1 pCYg, but were 
below the release limit of 9.20 pCiig. Hotspots #7 and #13 aIso contained high Th-228 concentrationqat 
6.24 and 4.01 pCi/g respectively (release limit is 5 pWg over background). ib determine whether the 
Th-228 levels were natural background or not, the Th-228IIb-232 ratios were calculated for these'two 
samples. Th-228ITh-232 ratios of hotspots #7 and #13 were 4.00 and 2.78 respectively, which indicated 
they were not natural (ratio of natural thorium s 1). The parent isotope Th-232 was very typical of 
background at n 1 pCig, therefore, the cause of elevated Th-228 (its daughter) is not apparent. 
Although the parent U-238 was somewhat elevated over typical background in some samples, the 
isotopic ratios of U-234N-238 were all E 1 indicating non-enriched, non-pro~essed uranium. 

Hotspots #7 #13, #24, and #31 and their surrounding areas were eventually excavated (see Figure 2). 
Although hotspot #1 also showed higher than natural Th-228ITh-232 ratio at 2.36, this location was not 
excavated because it contained low level of Th-228 (average = 1.84 pCi/g) and background level of Cs- 
137 (average = 0.21 pCi/g). The qst of the sampling locations were also not excavated because they 
were at background radiological activity. 

Post-Excavation SampIe Results (1998) 

,: I 
Table 3 lists the excavation areas apd compares the results of radiological activity before and after 
excavation. The highest post-excavation Cs-137 activity is 0.72 pCdg, or 8% of the cleanup standard of 
9.20 pCi/g. Since isotopic thorium is not analyzed for in post-excavation sample, the post excavation 
Th-228 is calculated by averaging the Th-232 daughters and then comparing this average to the pre- 
excavation ratio of Th-228 to average Th-232 daughters. The highest post-excavation Th-228 is ! 

estimated to be 1.4 pCYg, typical of background. 

' Proprietary Software. Boeing 

FORM 131-R-1 REV. 490 
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1 .  
- ,  Summary 

Several areas north of the berm were excavated because they had (3-137 and Th-228 levels higher than 
background levels but below release One ark south of the berm was excavated because it 
contained 73-228 close to the release limit. The total area excavated was approximately 14.00 ft2. The . 
volume of soil removed was approximately 2100 ff' or 78 ~ d ~ .  Results h m  postexcavation sampling 
indicate the excavated areas are now at levels well below the radiological release limits. Representative 
samples from other hotspot areas indicate only background or slightly above background levels of 
radiological activity. Therefore, the radiation remediation effort has been completed, and no M e r  
excavation is necessary. 

If you have any questions regarding this report, please d me at (8 18) 586-8024. ' 

John Shao 

Radiation Safety 

cc: James Barnes 

Robert Hardy 

Philip Horton 

Rodney Meyer 'r 

17" Street Drainage Area File 
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Table I. 
17th Street Dralnage Area 

1995 and 1997 Sol1 Sampllng ~esulti  

DA NIC NIC <MDA 
0.70 0.04 . 0.67 4 D A  NJC NIC 0.17 
1.20 0.06 1-10 <MDA NIC NIC 0.67 

0.05 120 <MDA NIC NIC 0.09 
0.03 0.58 <MDA NIC NIC 0.12 
0.06 0.74 <MDA NIC NIC 0.23 

I 7.10 1 1.20 1 1.10 0.05 1.00 <MDA NIC NIC 0. W 

EN-9740W 4.5  - - - - - -- - - -.-- 1.50 1.50 13.50 

1997 

ENV-974036 

ENV-97404W 

EN-974050 

ENV-974051 

ENV-97405T 

ENV-97-0056 
'areas excavated in 1098 

4 . 5  

4.5 

4 . 5  

(0.5 

4.5 

4 .5  

"-" means no data 
MDA = minimum detectable actlvity 
NIC = not calculated 

6.60 

- 
- 
- 
- 
- 
- 

3.00 

- 
- 
- 
- 
- 
- 

1.02 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
. 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

200 

4.00 

1.60 

1.00 

270 

1.40 

3.00 

2.50 

2.20 

200 

14.90 

1.49 

0.44 

0.25 

1.60 



Table 2. 
17th Street Drainage Area 

Hotspot Soll Sample Results (1998) 

31' 

33 

Ll848N-178E 

LIMN-150E 

1.3 - 2 

4 . 5  

4 .6  

4 .5  

lowtlons Included in the excavatlon 
"-* means no data 7J a 2 0 j, q 

Pbg 
.I ge 
o m  

ENV-95254 

017-98-0015 

EN-98255 

ENV-95258 

017-984010 

ENV-95253 

47 

49 

53 

61 

ENV-98249 

017-984317 

017-98-0014 

- 
1.14 

- 
- 

1.15 

- 

Kl9-130N-44E 

Kl9-115N-62E 

Kl9-80N-80E 

K19-41N-93E 

- 
2.20 

0.95 

4.5 

4.5 

4 .5  

4.5 

65 K19-ION-105E 

- 
1.13 

- 
- 

1.11 

- 4 .5  

- 
1.88 

0.m 

- 
0.98 

- 
- 

1.16 

- 
1.81 

0.78 

- 
I .93 

- 
- 

1.93 

- 

- 
2.80 

1.97 

- 
0.28 

- 
- 

0.13 

- 

- 
0.08 

0.18 

- 

- 
237 

2.83 

- 

- 
1.37 

1.22 

- 
1.48 

. - 
- 

1.78 

- 

- 
1.18 

0.75 

0.76 

- 
- 

0.62 

- 
1 9  

- 
- 

1.00 

- 

- 
0.03 

0.06 

-0.11 

- 
0.00 

- 
0.14 

a.04 

0.05 

0.05 

0.11 

1.30 

- 
- 

1.08 

- 

0 . 2 5 .  

0.78 

0.30 

0.18 

- 
- 

0.07 

- 

0.28 

0.30 

0.02 

0.95 

0.01 
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+cation - 

NORTH 

OF . 

BERM 

Table 3. 
17th Street Dralnage Aha 

Pre- And Post-Excavation Soll Sample Results 

I Pm-Excavaffon I Post-Excavation 

Cornposlte 1 R%dlolsotope of Interest I I Radlolsotope d Interest 
(PCV~) (PCV~) Sample # 

12 

13' 

*. calwlated ih-228 conwnbntlon (see text) 
"-" means no sample taken 

SOUTH 
,FBERM 

L1 94 04N-106E 

LIMOQN-IOSE 

' hotspot sampled . 

5,6,7,8 

- 
CS-137 1. 1.07 
Th-228-4.01 

LIQ-23NSZE 

~~ ~-~ 

. 
017-9M018 

Cs-I 37 = 1.37 
Th-228 = 6.24 

avg. ofTh-232 daughters a 5.0 

~ 

&I37 = 028 
am. of Th-232 daughters e 1.1 

Cs-I37 = 0.34 
avg. dlh-232 daughtem e 1.0 

EN-98-268 

ENV-98-269 

017-98-0005 
Ew-98450 

-137 = 0.08 
, Th-228elP 

avg. of Th-232 daughtersi 1.1 
ENV-98-267 
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1995 and 1997 Soil Sampling Locations for Page 63 of 70 

1, - 117th Street Drainage Channel 
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@ Pagg 64 cg.70 - 17th Street Drainage Area Soil Excavation and Sample Loca~ion. 



. .il 
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' 17" St. Drainage Area ~ m b i e n t  Gamma Survey (@ 1 metor) Page 65 of 70 
Raw data converted to pR5. Contour Intervals 2.0 pRh. Data on 10 ft x 10 ft Grid. 

'. Triangle indicates a &ding = 18.4 pRh and squares indicate < 18 pRh. (I~w&~(zM 



- ~igure 4 . 
Gross Ambient 1-Meter   am ma Measurements (17th St.] 

I... .", 
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Figure B-89. Ambient Gamma Survey ResuIfs - Survey Block K19 

i s .  1s.s 
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'Figure B-97. Ambient Gamma Survey Results - Survey Block Ll8 
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Figure B-98. , Ambient Gamma Survey ResuIts - Survey Block L19 
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