


The Boeing Company 
Rocketdyne Propulsion & Power 
6633 Canoga Avenue 
P.O. Box 7922 
Canoga Park, CA 91 309-7922 

September 28, 1999 
In reply refer to 99RC-5126 

Mr. Michael E. Lopez 
US Department of Energy 
Oakland Operations Office 
1301 Clay Street 
Oakland, CA 946 12-5208 

Subject: Additional Information to be inserted in the Bl4064 Draft Certification 
Docket 

Reference: Letter from M. Lee to M. Lopez, 99RC-5029,24 September 1999 

Dear Mr. Lopez: 

The referenced letter was the submittal letter for the Draft Docket for Facility 4064, wkch 
was located in Area IV of Rocketdyne's Santa Susana Field Laboratory. The Radiological 
Assessment of the Building 4064 Fenced-In Yard was inadvertently left out of the docket. 
The Assessment report, Rocketdyne document number N704SRR990035, is enclosed with 
this letter. This report is a part of the Exhibit V, "Final Documentation and Radiological 
Survey of Facility 4064 after decontamination and decommissioning", in the docket, and 
should be inserted after SSWA-ZR-000 1 ,  "Final Radiological Survey Report of Building 064 
Interior", and before N704SRR99003 1, "Final Decontamination and Radiological Survey of 
the Building TO64 Side Yard". 

We apologize for the inconvenience. 

Should you have any questions concerning this transmittal, please contact the undersigned at 
(81 8) 586-5283. 

Sincerely, 

~d~ 
Majelle Lee 
Program Manager 
Environmental Programs 

Encl.: N704SRR99035, ''Radiological Assessment of the Building TO64 Fenced-In Yard", 2 
copies 

cc: (w/attach) Office of Scientific and Technical Information, Department of Energy, 175 
Oak Ridge Turnpike, P.O. Box 62, Oak Ridge, TN 3783 1 
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.S. Government's nuclear 

a near the eastern portion 
gamma survey in 1988 

adjacent area outside the fence. 



anies have performed nuclear 
E) and its predecessor agencies at 

constructed and operated at 
have ended, but 
ese facilities and 

to prep= them 

environmental restoration plan.(1) 
tions of the affected facilities and 

, and including its surrounding yards, 
ological assess-men 

store low-level radioactive was offsite disposal. 
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usana Field Laboratory (SSFL) 
s Angeles County 

les. A plan view of Building 
uilding," and its 

is totally fenced in with a chain-link 

580 ft2 of mostly asphaltic 
ly surrounding the building 

gle where SSFL is loca 

, its surroundings, and topography, 

its predecessor companies since 

) and its predecessor agencies' nuclear 

ackaged items of 
um, and thorium) and Special Nuclear 

OE sites by 1980. Since then, 
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sed to store nonradioactive DOE components and supplies and low-level 
the 1992 fenced-in yard survey, with 

me, and remains empty. 

on occasion for storing recoverable 

us radioactive wastes. Spent fuel 

tside the western fence line. 

ated "Seawolf" fuel pins was 
ated fuel pins had probably been 

gin. Before shipping to the 

ed to drain the radioactive 
while st i l l  containing 

yard surface. This 
the identification 

was removed and 

rovided in Refs. 

ated area of approximately 

this area, and soil analysis for 

tails are provided in Ref. 2. 

ation in the rest of the fenced-in 
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area. Accordingly, in 1989, 
-f+ area plus an 

is a detailed drawing depicting these 
logical measurements were obtained. The 

ey are documented in the 1990 

comparisons with acceptance limits 
ies, the 1990 report concluded that 
r unrestricted use. 

SES 

ological assessment o No radiologically signiFicant 

ation, including the 
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nced-in yard, following established 
ment calibration and checkouts, and data 

d gamma activity data. 
om selected grid block locations for 

and Ac 

nt: it was to be selec 

h cart over the area for five minutes 
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alpha and beta contamination, 
the 9rninute scan for average 

stationary scan at that spot to 

liance with the regulato ipment setup. In the present 
, no such spots were detec 

the surface in each of the 9-m2 grid 

was chosen randomly. A 
used to support the -minute count was made at 

that the surveyor obtain soil samples only if a 
oactive contamination. Under such conditions, 

and beta activities using 

ose used in previous surveys 

summarized below. 
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Model 43- 1 alpha probe attached 
obe is sensitive 

V. The detector was calibrated 
s similar to those 

. A calibration check was 

background response of the 

ts were made for both 1- 
Wication report forms. 

g the survey p e r i d  

ted from the field 

surements were ta probe attached to a Ludlurn 

G portable scaler. dow pancake Geiger- iiller tube. This 
slightly sensitive to x rays and gamma 

measurements were 

rements 
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for comparison to regulatory 

usted quarterly using 
was also checked three 

d detector response was 

Ga romet 

ific radionuclides, 
ion and activation 

or's Manual, and encompassed 

the cdlibration 

e survey are essentially the same 
ow for completeness. 

tained by subtracting the daily 
und measurements. 

g it by an efficiency factor 
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y multiplying it by the ratio 
obe and 20 cm2 for the beta 
on, is the conventional unit 
ncy factors used to convert 
easurements are included 

recorded as ambient gamma 

m the ambient 

les were conve rn MCA 

measwements indicate the 
und distribution is a 

the one-sided 95% confi 
ative Oower-limit) estimate of the SSA 

approximating cfB with fi, where 

activity is greater than the SSA, that 
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asurement is greater than distribution of background measurements. 
vides guidan given measurement is background or 

und plus a contarni 

strument response in the presence of 
the ins tkent  for a given application. 

latory acceptance limit for facility 

n for frnal survey measurements. 

parison with R its 

and soil radioactivity) were 
vaIues exceeded regulatory 

suxrharized in Table 1 and 
discussed individually below. 

meter 

(10) s guideline specifies 

SOW dpm/cm2 each for (a) 

(b) mixed fission p 
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exposure rate, DOE guidelines(7*10) recommend a limit of 20 pR/h above 
originally on facility screening applications. In contrast, the NRC Dismantling 

ssioning of the Rockwell L85 reactor required a limit of 5 plUh above 

or conservatism, Rocketdyne adopted the 5 pR/h above-background limit 
revio~s(~) survey applications. Note that this limit is an increase of only about 1/3 

ground value (15.3 pR/h) for the site. 

erally not available for donuclide concentrations in soil, and a pathway 
set limits on a site- and nuclide-specific basis. A pathway 

nt work using the computer code RESRAD,('~) as used 
side yard and described in some detail in that report.(3) For 

land use scenario was assumed, with a radionuclide contamination 
the area of the fenced-in yard plus Building TO64 and extending to a depth of 

an kfimite contamination depth produced no change in the results. 
used to calculate allowed 1 3 7 ~ s  and 9 0 ~ r  single-rahionuclide concentration 

ffective dose equivalent received by a plausible future user of the 
e 10 mrem/y limit was adopted as an achievable goal and 

G is the guideline val 

ave single-donuclide 

that equal concen 
each radionuclide is 3 

yzed statistically by methods used previously in final release surveys.(') 
nerated and a test statistic fTS) was obtain 

ach radiological parameter. 
tribution and a normal (Gaussian) distribution whose 

erlaying the data with the no- distribution 

t) readily identifies "outlier" data values. 
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The test statistic is defined as follows: 

e mean of the measurement distribution and s is the estimated standard deviation. 
is determined from the sample size and two other statistical sampling coefficients 
to the risk of accepting a lot, given that a fraction of the lot has rejectable items 
s chosen for these coefficients for the present survey correspond to assuring, with 

, that 90% of the area has residual contamination below 100% of the applicable 
limit (i.e., a 90/90/100 test). The test statistic typically corresponds to a cumulative probability 

about 93%, depending upon the number of data points. This value is indicated on the 

cumulative probability plot as a dashed vertical line. For a survey data set to be accepted, the 
disaibution (solid) line on the plot must pass below the intersection of the test statistic 
ty line and a horizontal line representing the acceptance limit for the measurements. 

Results from this survey are presented and discussed in the next section. Detailed data generated 
sheet calculations are included in Appendix A. A list of survey records is included 
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4. RESULTS AND DISCUSSION 

The results of the Building 7'064 fenced-in yard assessment survey are summarized in Table 2. 
In general, the survey data show that residual radioactivity in the fenced-in yard corresponds to 

und levels. The data and their analysis are discussed in more detail below. 

4. PWA ACTIVITY 

Total alpha activities were measured in 101 grid locations, averaged over a 1-m2 surface area at 
each location. Based on these measurements, the average measured activity was determined to 

12.0 dpm/lOO cm2 above the 30.3 k 12.3 dpm/100 cm2 background, with a maximum 
of 51 dpd100 cm2. These values are negligible in comparison with the 5000-dpnJ100 cm2 
acceptance limit. 

Comparisons between the individual background-subtracted activity measurements and the daily 

A values, calculated conservatively as the square root of the daily average of the background 
cate that 7 of the 101 measurements are above the SSA limit (Appendix A). 
urements are above the 28.6 dpm/lOO cm2 average SSA calculated from the 
of the full set of 5-minute ackground counts. 

etc.) besides 6 
onsewative, as the alpha and beta background counts were made at a single outdoor location. 

of the alpha activity measurements are two orders of magnitude below 
d one can conclude that the alpha detector is appropriate for these 

fenced-in yard is acceptably clean of alpha activity. 

robability plot for the total background-corrected alpha activity data is shown in 

the vertical scale was chosen to include the 5 0 d p n J 1 0 0  cm2 acceptance limit 

d the test statistic corresponding to their distribution (TS = 1.0 dpm/100 cm2) 
ally to have negligible values relative to 

same data with an expanded vertical (activity) axis to show the distribution 
figure shows that the data are consistent with a normal distribution with the 

ee to six outlier data points, all of which were flagged by the S A comparisons. 
points (and five of the highest six) are from locations on the Building T064 
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Sigma = 11.9 
TS = 20.9 

-1000 I I I I I : I 

0-1 1 10 50 90 99 99.9 
lative Probability (%) 

Figure 6. Cumulative Probability Rot of Total Background-Corrected Alpha Activity Measurements in the 
Fenced-In Yard, with the Acceptance Limit as Maximum Ordinate 
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ramp. Chapman observed similar outliers correlated with cement ramp locations during his 1988 
survey of the building interior.(2) He attributed that increased activity to the possibility of 

naturally-occurring radionuclides in the concrete used for the ramps. The present data show that, 
with the exception of one grid location on the ramp (Location D7; see Appendix A), the alpha 
activities measured at the ramps are all slightly above the average, consistent with Chapman's 
observations. 

4.2 BETA ACTIVITY 

Total beta activities were measured in 112 locations. lhcy were also averaged over a 1-m2 
surface area at each location, where the 1-m2 area was generally the same as that used for the 
alpha measurements. The average background-subtracted beta activity was found to be 239 f 
328 dpm1100 cm2, with a maximum of 1209 dpm/cm2. All values were well below the 5000- 
dpm/cm2 acceptance limit, indicating that the fenced-in yard is acceptably clean of beta activity. 

Comparisons were also made between the individual background-subtracted beta activity 
measurements and the daily SSA values, the latter calculated as the square root of the daily 
average of the background measurements. sults indicate that 41 (37%) of the 112 
measurements are above this conservative SS ndix A), although signXcantly below 
the acceptance limit. A separate analysis und measurements taken during the 

survey (at a single location) gave an average background that is equivalent to a beta activity of 

3336 f 362 dpd100 em2, and an averagc SSA of 842 dpd100 cm2 (above background). Only 
four values exceed this SSA limit. This average SSA is also well below the acceptance limit, 

validating the acceptability of the beta detector these measurements. 

A cumulative probability plot for the background-comcted beta activity data is shown in Figure 
8, with the vertical scale chosen to include the 5000dpm/cm2 acceptance limit as the upper 
boundary. All of the data and the calculated test statistic (TS = 717 dpd100 cm2) are shown 
graphically to be well below this limit. The data are replotted in Figure 9 with an expanded 

vertical axis. These data behave as a normal distribution, with the exception of two to five 

outliers. These outliers, which were also flagged by comparisons with the average SSA limit, 

do not correspond to any specific type of location, in contrast to observations for the outlier alpha 
activities. 



Cu e Probability (% 

Figure 7. Cumulativ ability Plot of T d-Corrected Alpha Activity Measurements in the 
with Expanded 



T064: Total Beta Activity TO64 B-CSV 

Sigma = 328 

0.1 1 10 50 90 99 99.9 
Cumulative Probability (%) 

Figure 8. Cumulative Probability Plot of Total Background-Corrected Beta Activity Measurements in the 
Fenced-In Yard, with the Acceptance Limit as Maximum Ordinate 
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ate data were obtained from 112 locations. The background-corrected 

e rate at each location was determined by calculating the tot& exposure rate and then 
g an average background value of 1 .3 pR/h. This provided an average net exposure 

d a maximum value of 3.47 pR/h. e corresponding cumulative 

, and includes a calculated test statistic of TS = 0.50 yR/h. 
test statistic are all below the acceptance limit. 

sed for these calculations was based on an average of previous 
nt SSFL 3, Such b und measurements have 
rate, depending upon locatio xample, Chapman (513) 

that the background values measured in the B 

hes the adopted 
Side Yard survey(3) established a background based on 
2-acre area that most closely matched the survey area 
kground value (1 ) is consistent with the 

urements that were 
at a single location 

at was known to 

comparisons based on these lower-background measurements 

based on the average SSA 

converting to exposure 

11. Although the net 

all below the S-pR/h 
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amma Exposure Rates in 
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ates calculated using the ad average facility background were 

more detail to look for bability plot in Figure 10 shows 
ure values, at grid locatio 11 (see Figure 5). Two of the 
18) were near a slightly contaminated building fiter plenum(2) that was 
ved since the survey. ation (Cill) is in the vicinity of a rain 

accumulated some that settled on the building roof and was 
recipitation. All three w acceptance limits and no further action 

een the other gamma activi measurements and previous site survey 

(2) show that the present data are consistent with previous results. 

PHA 

d asphalt samples were analy ific radionuclides by gamma 
uclides were consistent with natural 
ated 13'cs activities. 

rovides a comparison 

at the soil activity 

are shown in Figures 14, 15, and 

CVg) activities 
from naturally distributed 

three elevated data points 

tic calculated for the distribution (1.96 pCVg) 
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ince 2 3 5 ~ ,  as measured by gamma spectrorne , is an indicator of "U and 2 3 8 ~ ,  depending 
nt of the possible contaminant, an equivalent acceptance limit must be developed 

ognize these other radionuclides. ideline for 2 3 5 ~  in highly enriched uranium (HEU, 
93% 2 3 5 ~  by mass) is 0.27 pCi 235 is about five times the activity concentration in 
natural soil due to the natural s readily detected For normal uranium, the 2 3 5 ~  

a contaminant here, the lower 
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ft2 area comprising the fenced-in y that surrounds SSFL uilding TO64 was 
assess its present radiological condition. e area was divided into grid blocks, 

ta activity, and gamma exposure rate measurements were made, and samples 
asphalt were taken for laboratory analysis to measure concentration levels of man- 

e residual radioactivity. 

analysis data were compared with acceptance ts for facility release and with 

where possible. The specific and general conclusions from this work follow. 

CONCLUSIONS 

e average value for the 101 -m2-averaged, background-subtracted alpha surface 
activity measurements in the fenced- yard is 3.4 f 12.0 dpd100 cm2, the maximum 

area-averaged value is 51 dpd100 cmZ9 and the test statistic for the 
distribution is 21.0 dpm/100 crn2. values are well below the acceptance limit of 

dpd100 crn2. 

ckground-subtracted 
k 328 dpdc  , the maximum 

d the test statistic for the 

below the acceptance limit of 

for the background-subtracted g 

based on an assumed background rate of 15.3 

um measured gamma exposure rate (3.47 pR/h) and the test statistic 
rate dislribution (0.50 pR/h) are both below 

analyzing the data using the lower 
s tment  checks at a single location raises the calculated 

ut those values are also all below the acceptance 
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e measured soil concentrations of 1 specific radionuclides in the 14 soil and asphalt 
samples are consistent with na background concentrations with the exception of a 
few slightly elevated 1 3 7 ~ s  measurements. The average measured 1 3 7 ~ s  activity is 0.4 1 

ilg, and all values are below the adopted 3.2 pCig acceptance limit. 

yard remains acceptably clean of radioactive contamination, and meets the criteria 
r release for unrestricted use. 
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APPENDIX A 

SURVEY DATA SPREADSHEETS 

The following spreadsheet tables provide the input data for the individual survey measurements, 

the calculations performed to derive background-corrected exposure rates (gamma) and 
radiological activity levels (alpha, beta), and a summary of the sowasphalt radiological 
concentration measurements for '%, 13'cs, and 2 3 5 ~ .  Also included are the spreadsheet tables 
used to derive average gamma, alpha, and beta background values from the individual 
background counts performed during the survey period. 
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Alpha Activity Data 

Grid 
Point 

1 
2 

311 
3/2 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
1 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

Meas. 
Date 

2/18/92 
2/16/92 
211 8/92 
2/18/9 
2/18& 
2/16/92 
2/16/92 
2/18/92 
2/16/92 
2/18/92 
2/1 8/92 
2/19/92 
2/19/92 
2/19/92 
211 9/92 
2/19/92 
2/19/92 
2/39/92 
2/19/92 

2/ 1 9/92 
2/19/92 
2/19/92 
4/22/92 
4/22/92 
4/22/92 
411 6/92 
411 6/92 
411 6/92 
411 6/92 
4/22/92 
4/22/92 
4/22/92 
411 6/92 
411 6/92 
4/16/92 
411 6192 
4/22/92 
4/22/92 
4/22/92 
4/ 1 6/92 
4/16/92 
4/22/92 
4/22/92 

Total Cts. Total (T) Dally 
SSA 

2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
.2 

2.2 
2.2 
2.2 
1.8 
1.8 
1.8 
2.4 
2.4 
2.4 
2.4 
1.8 
1 .8 
1.8 
2.4 
2.4 
2.4 
2.4 
1.8 
1.8 
1.8 
2.4 
2.4 
1.8 
1.8 

Detector area (Aalpha) = 

SSA Test Net cpm Convem. 
('T-BSSA) 

LTD* 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
0.3 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
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Alpha Actlvity Data12 

Grid 
Polnt 

46 
47 
48 
49 
50 
51 
52 
53 
54 
56 
57 
58 
59 
60 
61 
62 
63 
64 

66 

71 

74 
75 
76 

79 
80 
81 

85 
86 
87 
88 
89 
0 
1 

92 
93 
D l  

Meas. 
Date 

4/22/92 
411 6/92 
411 7/92 
411 7/92 
4/22/92 
4122192 
4/22/92 
41'1 7/92 
411 7/92 
4/22/92 
4/22/92 
4/22/92 
411 7/92 
411 7/92 
411 7/92 
4/22/92 
4/23/92 
4/23/92 
411 7/92 
411 7/92 
411 7/92 
4/23/92 
4 m ~ 2  
4 m n 2  
411 7/92 
411 7/92 
4/20/92 
4/23/92 
4/23/92 
4/23/92 
420192 
4/20/92 
4120192 
4/20/92 
4/23/92 
4123192 
4/20/92 
420192 
420192 
420192 
420192 
4120192 
4/20/92 
420192 
4/20/92 
4120192 
420192 
4121192 

Total Cts. Total (T) Bkgd (6) 
(5 mln) 

19 
27 
11 
17 
14 
13 
9 
14 
15 
9 
11 
9 
18 
14 
16 
14 
9 
8 
8 
15 
12 
11 
14 
9 
6 
12 
12 
17 
8 
15 
8 
14 
14 
14 
14 
12 
6 
9 
15 
11 
10 
7 
11 
9 
17 
9 
15 
29 

Dally 
SSA 

1.8 
2.4 
1.6 
1.6 
1.8 
1.8 
1.8 
1.6 
1.6 
1.8 
1.8 
1.8 
1.6 
1.6 
1.6 
1.8 
1.4 
1.4 
1.6 
1.6 
1.6 
1.4 
1.4 
1.4 
1.6 
1.6 
1.4 
1.4 
1.4 
1.4 
1. 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 

SSA Test Net cpm Convers. 100 cm2 
(T-B-SSA) 

LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LT 
LTD 

LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
0.3 
LTD 
LTD 
2.7 

dprnlcpm (- bkgd) 
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Alpha Activity D a t a  

dpml dpml 
Meas. Total Cts. Total (T) Bkgd (B) Dally SSA Test Net cpm Convers. 100 cm2 100 cm2 
Date (5 mln) cpm cpm SSA (T-BSSA) (1- 6)  dpmlcpm (- Mgd) (wlbkgd] 

D2 4/21/92 22 4.4 1.7 1.4 1.3 2.7 7.1 
03 4/21192 34 6.8 1.7 1.4 3.7 5.1 7.1 

4/21/92 26 5.2 1.7 1.4 2.1 3.5 7.1 
05 4/21/92 14 2.8 1.7 1.4 LTD 1.1 7.1 
D6 4/21/92 20 4.0 1.7 1.4 0.9 2.3 7.1 
07 4/23/92 10 2.0 2 1.4 LTD 0.0 7.1 
D8 4/23/92 16 3.2 2 1.4 LTD 1.2 7.1 

aye = 
std dev z 

' LTD = "Less Than Detectable" (below SSA limit) 

Alpha Counter Background Response: 

Total cwntslshlft time 
Start Mld End 

Total Ct. 
Time (m) 

21 
21 
21 
14 
21 
21 

15 
10 
10 
15 
10 
10 

Group ave: 
6.84 

dpnr1100 em2 
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Alpha Individual Background Counting Data T064BKR2.xls a 1  9/93 

Detector Area (Aalpha) = 71 cmA2 

Date 

a 1  8/92 
24 8/92 
2/18/92 
211 9/92 
24 9/92 
2/ 1 9/92 
4 1  6/92 
4/16/92 
4/16/92 
4 1  7/92 
4/17/92 
4 1  7/92 
4/20/92 
4/20/92 
420~92 
4/21/92 
4/21/92 
4/22/92 
4/22/92 
4/22/92 
4/23/92 
4/23/92 
4/23/92 

Period 

am 
mid 
Pm 
am 
mid 
Pm 
am 
mid 
Pm 
am 
mid 
Pm 
am 
mid 
Pm 
am 
mid 
am 
mid 
Pm 
am 
mid 
Pm 

ave = 
std. dev. = 

avdminute -- 
SSA = 

Counts 

24 
19 
23 
26 
23 
17 
33 
26 
21 
13 
10 
13 
9 
8 
11 
8 
11 
20 
12 
14 
7 
11 
10 

16.0 
7.2 
3.2 
3.4 

Time Ct. Rate Convers, dpm/ 
(min) (cpm) dpmlcpm 100cm2 

ave alpha = 30.27 
std dev= 12.27 

=A = 28.55 

Daily Average 5-Minute Count SSAs (for Individual Data Comparisons): 

Ave 5-min SSA 
Date Count (cpm) 
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Beta Actlvlty Data 

Grid 
Point 

1 
2 

311 
3/2 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

Mees. 
Date 

2/18/92 
2/18/92 
2/1 8/92 
2/18/92 
3 1  8/92 
2/18/92 
2/18/92 
2/18/92 
2/18/92 
2/18/92 
2/18/92 
2/19/92 
2/1 9/92 
211 9/92 
2/19/92 
2/19/92 
2/19/92 
2/19/92 
2/19/92 
2/19/92 
2/19/92 
2/19/92 
2/19/92 
2/1 9/92 
2/19/92 
4/21/92 
4/21 192 
4/21/92 
4/17/92 
4/1 7/92 
4/17/92 
411 7/92 
4/21/92 
4/21/92 
4/21 /92 
411 7/92 
411 7/92 
4 1  7/92 
411 7/92 
4/21/92 
4/21/92 
4/21/92 
411 7/92 
4 1  7/92 
4/22/92 
4/22192 

Total Cts. 
(5 mln) 

386 
422 
393 
368 
403 
440 
409 
425 
453 
423 
405 
41 7 
425 
41 8 
427 
448 
441 
421 
475 
41 6 
510 
487 
362 
41 9 
407 
395 
450 
447 
449 
442 
423 
428 
446 
404 
41 5 
438 
420 
390 
402 
437 
428 
457 
41 1 
440 
470 
472 

Total ( 
cpm 

n.2  
84.4 
78.6 
73.6 
80.6 
88 

81.8 
85 

90.6 
84.6 
81 

83.4 
85 

83.6 
85.4 
89.6 
88.2 
84.2 
95 

83.2 
102 
97.4 
72.4 
83.8 
81.4 
79 
90 

89.4 
89.8 
88.4 
84.6 
85.6 
89.2 
80.8 
83 

87.6 
84 
78 

80.4 
87.4 
85.6 
91.4 
82.2 
88 
94 

94.4 

Dally 
SSA 

9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.7 
9.5 
9.5 
9.5 
9.1 
9.1 
9.1 
9.1 
9.5 
9.5 
9.5 
9.1 
9.1 
9.1 
9.1 
9.5 
9.5 
9.5 
9.1 
9.1 
9.1 
9.1 

Detector area (Abeta) = 20 cM2 

d m /  
SSA Test Net cpm Convem. 1 W cm2 
f-B-SSA) 

LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
4.3 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
2.7 
1.3 
LTD 
LTD 
LTD 
LTD 
LTD 
0.5 
LTD 
LTD 
LTD 
LID 
LTD 
0.9 
LTD 
0.9 
6.9 
7.3 



N704SRR990035 
Page 50 

Beta Actlvlty Data2 

Grld 
Point 

46 
47 
48 
49 
50 
51 
52 
53 
54 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
n 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
Dl  

Meas. 
Date 

4/22/92 
4/17/92 
4 1  7/92 
41 1 7/92 
m 2  
4122192 
4/22/92 
4 1  7/92 
411 7/92 
4122192 
4 m 2  
4/22/92 
411 7/92 
4/1 7/92 
4 1  7/92 
4/22/92 
4/23192 
4m/92 
411 7/92 
4/17/92 
411 7/92 
4/23/92 
4/23/92 
4/23/92 
4/17/92 
411 7/92 
4/20/92 
4/23/92 

4/23/92 
4/20/92 
4M0/92 
4/20192 
4/20/92 
4/23/92 
4/23/92 
4/20/92 
4/20/92 
4/20/92 
4120192 
4/201'92 
4/20/92 
4/20/92 
4/20/92 
4120192 
4120192 
4/20/92 
4/21/92 

Total Cts. 
(5 mln) 

462 
436 
445 
533 
442 
444 
454 
429 
445 
449 
450 
492 
51 2 
455 
480 
454 
441 
442 
402 
472 
543 
440 
457 
434 
455 
469 
442 
41 5 
462 
462 
445 
436 
426 
446 
479 
44s 
428 
433 
41 0 
471 
518 
434 
471 
473 
469 
474 
442 
407 

Total (T) 
C p m  

92.4 
87.2 
89 

106.6 
88.4 
88.8 
90.8 
85.8 
89 

89.8 
90 

98.4 
102.4 

91 
96 

90.8 
88.2 
88.4 
80.4 
94.4 
108.6 

88 
91.4 
86.8 
91 

93.8 
88.4 
83 

92.4 
92.4 
89 

87.2 
85.2 
89.2 
95.8 
89 

85.6 
86.6 
82 

94.2 
103.6 
86.8 
94.2 
94.6 
93.8 
94.8 
88.4 
81.4 

SSA Test Net cpm Conven. 
WB-SSA) 

5.3 
0.1 
1.9 

19.5 
1.3 
1.7 
3.7 
LTD 
1.9 
2.7 
2.9 
11.3 
15.3 
3.9 
8.9 
3.7 
LTD 
LTD 
LTD 
7.3 

21.5 
LTD 

1 
LTD 
3.9 
6.7 
LTD 
LTD 

2 
2 

LTD 
LTD 
LTD 
LTD 
5.4 
LTD 
LTD 
LTD 
LTD 
LTD 
2.5 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
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Beta Activlty Data13 

Grid 
Point 

D2 
D3 
D4 
D5 
D6 
D7 
08 
G 1 
G2 
G3 
G4 
65  
G6 
G7 
G8 
G9 

GI  0 
GI1 

Meas. 
Date 

4/21/92 
4/23/92 
4/21 192 
4/21 192 
4/21/92 
4/23/92 
4 m ~ 2  
4/24/92 
4/24/92 
4/24/92 
4/24/92 
4/24/92 
4/24/92 
4/24/92 
4/24/92 
4/24/92 
4/24/92 
4/24/92 

Total Cts. 
(5 mln) 

489 
422 
420 
362 
368 
394 
474 
453 
477 
463 
492 
436 
449 
514 
450 
472 
444 
454 

- - 

Total (T) 
cpm 

97.8 
84.4 
84 

72.4 
73.6 
78.8 
94.8 
90.6 
95.4 
92.6 
98.4 
87.2 
89.8 
102.8 

90 
94.4 
88.8 
90.8 

dpml dm/  
Bkgd (B) Dally SSATest Net cpm Convem. 100 cm2 100 cm2 

Beta Counter Background Response: 

Date 

411 7l92 
4/20/92 
4/21/92 
4/22/92 
4/23/92 
4/24/92 

2/18/92 
2/18/92 A 
2/18/92 P 
211 9/92 

211 9192 A 
2/19/92P 

Total countdshift time 
Start Mid End 

7.3 16.8 7.9 
LTD 3.4 7.9 
LTD 3 7.9 
LTD -8.6 7.9 
LTD -7.4 7.9 
LTD -2.2 7.9 
4.4 13.8 7.9 
0.1 9.6 7.9 
4.9 14.4 7.9 
2.1 11.6 7.9 
7.9 17.4 7.9 
LTD 6.2 7.9 
LTD 8.8 7.9 
12.3 21.8 7.9 
LTD 9 7.9 
3.9 13.4 " 7.9 
LTD 7.8 7.9 
0.3 9.8 7.9 

Total Ct. Bkgd 
Time (m) cpm 

avo L: 

sfd dev r 

Group ave: 
3313 

d m 1  00 cm2 
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Beta Individual Background Counting Data 

Detector Area (Abeta) = 20 cmA2 

Date 

2/18/92 
a 1  8/92 
2/18/92 
2/19/92 
2/19/92 
211 9/92 
4/17/92 
4 1  7/92 
4 1  7/92 
4/20/92 
4/20/92 
4/20/92 
4/21/92 
4/21/92 
4/21/92 
4/22/92 
4/22/92 
4/22/92 
4/23/92 
4/23/92 
4/23/92 
4/24/92 
4/24/92 

Period 

am 
mid 
Pm 
am 
mid 
Pm 
am 
mid 
Pm 
am 
mid 
Pm 
am 
mid 
Pm 
am 
mid 
Pm 
am 
mid 
Pm 
am 
Pm 

ave = 
std. dev. = 

avdminute = 
SSA = 

Counts 

41 8 
41 8 
41 7 
415 
405 
473 
385 
390 
377 
587 
402 
418 
41 7 
409 
424 
392 
383 
378 
402 
404 
406 
41 2 
420 

41 5.3 
42.5 
83.1 
19.8 

Time 
(min) 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

Ct. Rate Convers. 
(cpm) dpmlcpm 

ave beta = 
std dev = 

SSA = 

Daily Average 5Minute Count SSAs (for Individual Data Comparisons): 

Ave5min SSA 
Date Count (cpm) 
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Gamma Expoaure Rate Data 

Grid 
Polnt 

1 
2 

311 
3l2 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

kgam = 

Meas. 
Date 

2/18/92 
2/1 8/92 
2/16/92 
2/1 8/92 
2/16/92 
2/18/92 
2/1 8/92 
2/18/92 
2/18/92 
211 8/92 
211 8/92 
211 9/92 
2/19/92 
2/19/92 
2/19/92 
2/19/92 
2/19/92 
2/19/92 
211 9/92 
211 9/92 
2/19/92 
2/19/92 
211 9/92 
2/19/92 
2/1 9/92 
4/21/92 
4/21/92 
4/21 /92 
411 6/92 
4/16/92 
4 1  6/92 
4/1 6/92 
4/21/92 
4/21 192 
4/21/92 
4/1 6192 
411 6/92 
4/16/92 
4/16/92 
4/21/92 
4/21/92 
4/21/92 
411 6/92 
411 6/92 
4122/92 
4/22/92 

Dally 
SSA 

127.5 
127.5 
127.5 
127.5 
127.5 
127.5 
127.5 
127.5 
127.5 
127.5 
127.5 
128.1 
128.1 
128.1 
128.1 
128.1 
128.1 
128.1 
128.1 
128.1 
128.1 
128.1 
128.1 
128.1 
128.1 
122.2 
122.2 
122.2 
118.4 
11 8.4 
1 18.4 
11 8.4 
122.2 
122.2 
122.2 
1 18.4 
11 8.4 
118.4 
118.4 
122.2 
122.2 
122.2 
1 18.4 
11 8.4 
120.0 
120.0 

Indiv. bkgd subtraction ** Ave. bkgd (bgam) subtraction, 
bgam = 15.3 

SSA Test Net cpm Net Rate Total RateNet Raten 
(T-BSSA) 

LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
193.5 
LTD 
LTD 
1 82.9 
LTD 
LTD 
LTD 
7.9 

151.9 
395.9 
808.9 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
LTD 
61.8 
306.8 
290.6 
148.6 
173.6 
262.6 
8.8 

178.8 
443.8 
170.6 
LTD 
LTD 
185.6 
26.8 
180.8 
363.8 
181.6 
179.6 
164 
525 
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Gamma Exposum Rate Data12 

Grid 
Point 

46 
47 
48 
49 
50 
51 
52 
53 
54 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
n 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
01 

Mear. 
Date 

4i22192 
411 6/92 
411 7/92 
4 1  7/92 
4/22/92 
4mm2 
4/22/32 
411 7/92 
4 1  7/92 
4/22/92 
4/22/92 
m 2  
411 7/92 
411 7/92 
411 7/92 
4/22/92 
4/23/92 
4/23/92 
411 7/92 
4 1  7/92 
4 1  7/92 
4/23/92 
4/23/92 
4/23/92 
411 7/92 
411 7/92 
4/20/92 
4/23/92 
4/23/92 
4/23/92 
4/20/92 
4420192 
4120192 
41'20192 
4/23/92 
4/23/92 
4/20/92 
4/20/92 
4/20/92 
4/20/92 
4/20/92 
4/20/92 
4/20/92 
4420192 
4120/92 
4120192 
4/20I92 
4/21 192 

Total (l) 
Epm 

3344 
271 5 
2954 
3186 
3141 
3255 
3473 
2756 
3021 
31 29 
3055 
3308 
2831 
31 80 
31 43 
3131 
31 60 
3258 
3062 
301 6 
3095 
3032 
31 64 
31 82 
2921 
2956 
3111 
3068 
3093 
3208 
2934 
2893 
2958 
3176 
3030 
31 80 
2926 
2805 
2992 
3130 
3015 
2966 
3067 
2974 
3050 
3005 
3001 
2833 

Daily 
SSA 

120.0 
1 1 8.4 
121.6 
121.6 
120.0 
120.0 
120.0 
121.6 
121.6 
120.0 
120.0 
120.0 
121.6 
121.6 
121.6 
120.0 
123.4 
123.4 
121.6 
121.6 
121.6 
123.4 
123.4 
123.4 
121.6 
121.6 
121.5 
123.4 
123.4 
123.4 
121.5 
121.5 
121.5 
121.5 
123.4 
123.4 
121.5 
121.5 
121.5 
121.5 
121.5 
121.5 
121.5 
121.5 
121.5 
121.5 
121.5 
122.2 

SSA Teat Net cpm Net Rate 
(T-B-SSA) 

545 
LTD 
55.4 
287.4 
342 
456 
674 
LTD 
122.4 
330 
256 
509 
LTD 

281.4 
244.4 
332 

277.6 
375.6 
163.4 
1 17.4 
196.4 
149.6 
281.6 
299.6 
22.4 
57.4 
246.5 
1 85.6 
21 0.6 
325.6 
69.5 
28.5 
93.5 
311.5 
227.6 
377.6 
61.5 
LTD 
127.5 
265.5 
150.5 
101.5 
202.5 
109.5 
185.5 
140.5 
136.5 
LTD 

Total RateNet Raten 
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Gamma Exposure Rate D a t a  

Grid 
Point 

D2 
D3 
D4 
D5 
D6 
07 
08 
G 1 
G2 
G3 
6 4  
65  
G6 
6 7  
G8 
G9 
GI  0 
GI  1 

Meas .  
Date 

4/21/92 
4/21/92 
4/21/92 
4/21 192 
4/21/92 
4/23/92 
4/23/92 
4/23/92 
4/23/92 
4/23/92 
4/23/92 
4/23/92 
4/23/92 
4/23/92 
4/23/92 
4/23/92 
4/23/92 
4/23/92 

Total (T) Bkgd (B) SSA Test Net cpm Net Rate ' 

LTD 29 
LTD -30 
LTD 92 
LTD -505 
LTD -539 
146.6 270 
1 14.6 238 
400.6 524 
439.6 563 
202.6 326 
291.6 41 5 
441.6 565 
31 7.6 441 
498.6 622 
458.6 582 
454.6 578 
379.6 503 
857.6 98 1 

Gamma Counter Background Response: 

Total countslshlft time Total Ct. 
Date Start Mid End Tlme(m) 

4/16/92 17633 18403 18558 21 
4/17/92 19805 19069 14 
4/20/92 19281 19204 19128 21 
4/21/92 19681 19664 19656 21 
4/22/92 18354 18961 18938 21 
4/23/92 19561 19085 19300 21 

2/18/92 2886 2916 3214 3 
2/18/92 A 2886 2916 2 
2/18/92 P 2916 3214 2 
2/19/92 2901 2904 3291 3 

2119192 A 2901 2904 2 
211 9/92P 2904 3291 2 

aye = 
std dev = 

Total Rate Net RateH 
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Gamma Individual Background Counting Data 

Date 

2/1 8/92 
211 8/92 
2/18/92 
2/19/92 
24'1 9/92 
2/19/92 
41 6/92 
41 6/92 
41 6/92 
4 1  6/92 
41 6/92 
411 6/92 
41 7/92 
41 7/92 
41 7/92 
41 7/92 
4/20/92 
4/20/92 
4/20/92 
4/20/92 
4/20/92 
4/20/92 
4/21/92 
4/21/92 
4/21/92 
412 1 192 
4/21/92 
4/21/92 
4/22/92 
4/22/92 
4/22/92 
4/22/92 
4/22/92 
4/22/92 
4/23/92 
4/23/92 
4/23/92 
4/23/92 
4/23/92 
4/23/92 

Period 

am 
mid 
Pm 
am 
mid 
pm 
am 
am 
mid 
mid 
Pm 
Pm 
am 
am 
Pm 
Pm 
am 
am 
mid 
mid 
Pm 
Pm 
am 
am 
mid 
mid 
Pm 
Pm 
am 
am 
mid 
mid 
Pm 
Pm 
am 
am 
mid 
mid 
Pm 
Pm 

w e  = 
std dev = 

SSA = 

Total 
Counts 

2886 
291 6 
321 4 
2901 
2904 
3291 
2530 
2527 
2659 
2578 
261 4 
2626 
2832 
2748 
2722 
2626 
2723 
2728 
2737 
2736 
2687 
2743 
2719 
2791 
2756 
2681 
2798 
2802 
2713 
2568 
2579 
2693 
2732 
2683 
2906 
2795 
2772 
2785 
2835 
2790 

2758 
1 53 
357 

Time 
(min) 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Conversion Factor (kgam) = 

Ct. Rate 
(cpm) 

2886 
291 6 
321 4 
2901 
2904 
3291 
2530 
2527 
2659 
2578 
2614 
2626 
2832 
2748 
2722 
2626 
2723 
2728 
2737 
2736 
2687 
2743 
2719 
2791 
2756 
2681 
2798 
2802 
271 3 
2568 
2579 
2693 
2732 
2683 
2906 
2795 
2772 
2785 
2835 
2790 

wegam = 
std dev = 

SSA = 

Exp. Rate 
(PM) 

13.42 
13.56 
14.95 
13.49 
13.51 
15.31 
11.77 
1 1.75 
12.37 
1 1 99 
12.1 6 
12.21 
13.17 * 

12.78 
12.66 
12.21 
12.67 
12.69 
1 2.73 
12.73 
12.50 
12.76 
12.65 
12.98 
12.82 
12.47 
13.01 
13.03 
12.62 
1 1 9 4  
12.00 
12.53 
12.71 
12.48 
13.52 
13.00 
12.89 
12.95 
13.19 
12.98 

12.83 
0.71 
1.66 
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Gamma lndivjdual Background Counting D a t a  

Daily Average 5-Minute Count SSAs (for Individual Data Comparisons): 

Date 
Ave l-min 

Count 
SSA 

(cpm) 

127.5 
128.1 
118.4 
121.6 
121.5 
122.2 
120.0 
123.4 
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S~mmaf" of SoilIAsphalt Radiological Concentration Measurements 

Grid Sampk 
Location Type 

4OK Activity (pCilg): 

soil 
soil 
soil 
soil 
soil 

asphalt 
asphalt 
asphalt 
asphalt 
asphalt 
asphalt 
asphalt 
rock/soil 
rocWsoil 

137Cs Activity @CYg): 

8 soil 
49 soil 
51 soil 
52 soil 
80 soil 
18 asphalt 
21 asphalt 
28 asphalt 
41 asphalt 
49 asphalt 
51 asphalt 
65 asphalt 
73 roddsoil 
80 rocWsoil 

235U Activity @CUg): 

8 soil 
49 soil 
51 soil 
52 soil 
80 soil 
18 asphalt 
21 asphalt 
28 asphalt 
41 asphalt 
49 asphalt 
51 asphalt 
65 asphatt 
73 rocWsoil 
80 rocWsoi1 

Measured 
Activity 

22.46 
14.45 
21.08 
22.37 
18.70 
19.89 
20.09 
19.98 
17.83 
17.99 
20.38 
17.98 
21.76 
17.41 

0.97 
0.12 
0.05 
0.02 
0.02 
0.05 
0.08 
0.76 
0.04 
3.12 
0.09 
0.06 
0.15 
0.23 

0.08 
0.04 
0.06 
0.07 
0.05 
0.04 
0.04 
0.06 
0.03 
0.03 
0.03 
0.04 
0.06 
0.03 

2-Sigma 
Uncertainty 

0.27 
0.32 
0.15 
0.40 
0.39 
0.36 
0.42 
0.48 
0.36 
0.45 
0.49 
0.58 
0.41 
0.52 

0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0.03 
0.01 
0.05 
0.02 
0.02 
0.02 
0.02 

0.007 
0.006 
0.006 
0.009 
0.008 
0.01 
0.02 
0.10 
0.01 
0.01 
0.01 
0.02 
0.01 
0.01 

Analytical 
Background 

0.1 7 
0.15 
0.19 
0.21 
0.17 
0.1 5 
0.1 6 
0.1 5 
0.1 6 
0.1 5 
0.17 
0.17 
0.1 7 
0.1 6 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.01 
0.00 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

SSA 

0.04 
0.06 
0.03 
0.07 
0.07 
0.08 
0.1 0 
0.1 1 
0.09 
0.1 1 
0.1 3 
0.1 5 
0.10 
0.14 

0.00 
0.00 
0.00 
0.00 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

T-SOIL2.xls 
3/12/93 

Net 
Activity 

22.29 
14.30 
20.89 
22.1 6 
18.53 
19.74 
19.93 
19.83 
17.67 
17.84 
20.21 Average: 
17.81 19.29 
21.59 Std. Dev.: 
17.25 2.21 

0.97 
0.12 
0.05 
0.02 
0.02 
0.05 
0.08 
0.76 
0.04 
3.12 
0.09 Average: 
0.06 0.41 
0.15 Std. Dev.: 
0.23 0.83 

0.071 
0.036 
0.056 
0.062 
0.048 
0.03 
0.03 
0.05 
0.02 
0.02 
0.02 Average: 
0.03 0.04 
0.05 Std. Dev.: 
0.02 0.02 
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APPENDIX B 

LIST OF ITEMS IN THE BUILDING TO64 
FENCED-IN YARD RADIOLOGICAL SURVEY FDLE 

The following table provides an annotated list of the records generated during this s w e y  and 
maintained in the Building TO64 decontamination and decommissioning fdes. 
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ITEMS IN THE BUILDING TO64 FENCED-IN YARD 
RADIOLOGICAL SURVEY FILE 

1. Richards, C. D., "Building 064 Radiologic Survey and Sampling," Energy Technology 

Engineering Center, Report SS WA-SOP400 1 (February 28, 1992). (The procedures and 
- - 

sampling plan used for this fenced-in yard survey.) 

2. Original radiation survey report forms (Form 732-A, Rev 1-91) used to record the fenced- 

in yard alpha, beta, and gamma survey counting measurements. 

3. Radiation Protection and Health Physics Services Daily Instrument Qualification reports 

that record the daily instrument checks and background measurements performed during 
the survey periods. 

4. Copies of the Building 064 Operations Log pages that document personnel activities 
during the February 1992 survey measurement period. 

5. Microsoft EXCEL spreadsheets that tabulate the survey data and perform the analyses 
converting the measurements to activity and exposure rate units. 

6. Data records documenting the soil and asphalt radionuclide concentration measurements. 

7. D. W. Kneff, R. J. Tuttle, and G. Subbaramari, "Radiological Assessment of the Building 

TO64 Fenced-In Yard," Rockwell International, Rocketdyne Division Supporting 
Document N704SRR990035 (December 1993). (This final survey report.) 



The purpose of this Docket is to document the successful decontamination & 
decommissioning of Facility 4064, along with its surroundings, at the former Energy 
Technology Engineering Center (ETEC) at the Santa Susana Field Laboratory (SSFL), 
Area IV; and that the facility is suitable for release for unrestricted use. The material in 
this Draft Docket consists of documents supporting the status that conditions at the 
former facility 4064 are in compliance with applicable DOE and proposed Environmental 
Protection Agency and Nuclear Regulatory Commission standards and criteria 
established to protect human health, safety, and the environment. 



EXNI V 

Documents supporting the certification for the unrestricted use of 
Facility 4064 in Area IV at  Santa Susana Field Laboratory (SSFL) 

Sitewide release criteria for remediation of facilities a t  SSFL and 
associated documentation 

Independent verification documentation of the radiological 
condition of Facility 4064 in Area 

Facility 4064 Final Report 

Final Documentation and Radiological Survey of Facility 4064 
after decontamination and decommissioning 

National Environmental olicy Act (NEPA) documentation for 
decontamination and decommissioning of Facility 4064 





United States Government epartment of Energy 

DATE: September 2, 1 9 9 9  

REPLY TO 

ATTN OF: DOE Oakland Operations OfficeIOEPD 

SUBJECT: Release of Decontaminated Building 4 0 6 4  wi thout  Radiological Restrictions at the 
Energy Technology Engineering Center. 

TO: Robert Fleming, EM-44 

The Oakland Operations Office (OAK) has implemented environmental restoration 
projects at the site formerly known as Energy Technology Engineering Center 
(ETEC) as part of  the Environmental Restoration Program (ERP) per Headquarters 
Northwestern Area Program Office direction. The objective of the program is t o  
identify and cleanup or otherwise control facilities where residual radioactive 
contamination remains f rom activities carried out  under contract t o  the Atomic 
Energy Commission and the Energy Research and Development Administration 
during the early years of the Nation's atomic energy program. 

ETEC performed testing of equipment, materials, and components for nuclear and 
energy related programs. These nuclear energy research and development 
programs began in 1 9 4 6  and ended in 1995 .  Numerous buildings and land areas 
became radiologically contaminated as a result of  facility operations and site 
activities. One such area that  has been designated for cleanup under the ERP is 
Building 4064 .  

Building 4064,  was a facility used for the storage of  non-irradiated uranium, fuel 
material, and fuel elements manufactured at the De Soto and Santa Susana Field 
Laboratories. Equipment and containers of  radioactive material were periodically 
stored in the building's side yard. In 1989, operations at the facility were 
terminated. In 1993, the building was emptied of  all contents, both radioactive and 
non-radioactive. Then the facility was decontaminated and the area was surveyed. 
In 1 9 9 6  the building was approved for demoltion by the Department of Energy and 
the Californiat Department of Health Services. 

The Environmental Survey and Site Assessment Program of the Oak Ridge Institute 
for Science and Education (ORISE) completed an independent verification of the 
building in 1 9 9 4  and the sidyard in 1998 .  

Post remedial action surveys have demonstrated, and the DOE Oakland Operations 
Office hereby certifies, that  the subject property is in compliance w i t h  DOE 



decontamination criteria and standards established t o  protect members of the 
general public and occupants of the property. 

Final project closeout documents have been submitted t o  your office under separate 
cover. 

DOEIOAK requests approval for release of this property without radiological 
restrictions t o  Rockwell International, in accordance w i th  the closeout provisions of 
the contract, and authorization to  remove this facility f rom the DOEIOAK real 
property records. 

Michael Lopez 
ETEC PM 
Oakland Environmental 
Programs Division 





DATE: 

REPLY TO 

Operations Office(ERD) 

-KT: Radio10 ical Site Release Criteria for 

I am requesting the  approval of the radiation site release criteria for the Energy 
Technology Engineering Center. The release criteria are a critical component in 
the DOE process for releasing facilities for unrestricted use. The California 
Department of Health Services has approved the site release criteria in a letter 
dated August 9 ( see  attachment 1). 

The proposed limits were developed in the following way: 

1) Annual exposure dose. Rocketdyne proposes to use a dose limit of 15 rnremlyr 
to  comply with t he  100 rnrem pius ALARA as  required by DOE 5400.5). This 
limit is also consistent with the anticipated rules of the RC and EPA. 

2)  Ambient exposure rate. The proposed limit of 5pR/hr above natural background 
complies with the limit of 2OpR/hr, plus ALARA, as stated in DOE Order 5400.5. 
This proposed limit is consistent with NRC limits for Rocketdyne facilities at the 
Santa Susana Field Laboratory. Tnis limit would be imposed fcr accessible, or 
potentially accessible, s:ructures and land. 

31 Surface contamination. Surface c~ntamination limits comply with DOE Order 
5400.5 and specify the potential cgntaminants present in the Rocketdyne facikies. 

41 Generic Limits for Soil and Wazer. Tne generic limits for soil and water wer? 
es:abiished using the DOE pa~hwalj  analysis code FiE52AD. 



Ms.  Robison 

The pro~osed  site reieese criteria are included in "Proposed Sitewide Release 
Criteria for Remediation of . Faciiities a t  the SSXL", Revision A, NO01 SRR140127. 

Your approval is requested by September i 6,1396. 

Laurence McEwen 
AcTing airector 
f nvironrnental 
Restoration Division 

cc: R. Liadle, ESO 
M. Lopez, ERD 

.D. Williams, E M - 4 4 3  



,"o-r4) if '. 
.~,hited Ftates Government- 

p. 

DATE: 

REPLY TO 
A T I N  'OF: 

TO: 

i l l i ams,  903-8173). 

" .  i m i t s  for  Release 

. Liddle., Oak1 and Operations O f f i c  

e have reviewed Rocketdyne's proposed s i t ew i  i m i t s  for  release o f  
1 i t i e s  a t  the Santa Susana Fie1 o ra to ry  (SSFL) i t h o u t  radio1 ogical  
r i c t i o n  and are sa t i s f i ed  t ha t  r e v i  ous concern and coments have 

een addressed. 

i m i t s  are consistent w i t h  tment o f  Energy (DOE) 
d 

quirement f o r  a To se Equivalent l i m i t  o f  100 
low As Reasonably t u re  occupants, 

gu la tory  Comission u ide l ine  o f  15 

act ions taken by 
o f i n a l  survey dat 

comparable t o  methodologies o r  standard pract ices used a t  o ther  DOE s i t e s  
and the requirements o f  Nuclear Regul atory. C o q i  ss i  on Nuclear Regulation 
(NUREG)/CR-5489 (Manual . f o r  Conducting Radiological  Surveys i n  Support o f  
License Termination). 

e also received a copy o f  the l e t t e r  from C a l i f o r n i a  Department o f  
eal t h  Services s ta t ing  concurrence roposed re1 ease guide1 i nes 

t t o  incorporate these guide1 i i n t o  Rocketdyne's Cal i f o r n i  a 
a t e r i  a1 License. 

ased upon the  above information, the prop ease c r i t e r i a  ' 
o r  remediat ion o f  f a c i l i t i e s  a t .  the SSFL 

you have any questions, please c a l l  Mr. i l l i a m s  of my s t a f f  a t  
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. SOIL AND 

Since there are no federal or state regulatory limits for soil contamination for many of the 
potential or actual radionuclides of concern at SSFL, site-specific guidelines must be developed. 
This development is done, as required by the DOE Order, by use of a "pathways9' analysis 
program, which estimates the radiological dose (total effective dose equivalent) that a future user 
of the property might receive, considering the residual radioactivity and various conditions of 
use. An effort is made to make these use conditions as reasonable for the use and the local area 
as can be achieved, without greatly over-estimating or under-estimating potential doses. 

To establish these guidelines for cleanup operations at SSFL, the pathways analysis 
program RESRAD (Ref. 4), developed at Argonne National Laboratory (ANL) for use by DOE, 
has been used to calculate single radionuclide guidelines for the radionuclides of potential 
concern at SSFL. 

For soil, a dose limit of 15 millirem per year is used. For consideration of radiological 
contamination in water, which may be collected from wells, sumps, below-grade seepage, or 
surface water, concentration guidelines were calculated from the Dose Conversion Factors 
@CFs) in RESRAD, using the EPA limit of 4 millirem per year for ingested drinking water 
(Ref. 5),  and the EPA assumed intake of water, 2 liters per day. These limits are more restrictive 
than those imposed on releases from operating facilities, as provided by DOE Order 5400.5 (Ref. 
I ) ,  NRC (Ref. 6),  the State of California (Ref. 7), and EPA for uranium mines and mills (Ref. 8). 

athway Analysis 

Pathways analysis involves calculating the doses received by a person through several 
pathways: direct radiation exposure; inhalation of airborne radioactivity; drinking water 
containing radioactivity; eating foods that have accumulated radioactivity, through uptake of 
water with radioactivity from the soil, or with airborne radioactivity deposited on the foliage; and 
ingestion of small amounts of contaminated soil. 

The pathways analysis program RESRAD, was developed in the late 1980's for DOE by 
Argonne National Laboratory for the purpose of performing pathways analysis for a broad range 
of applications. Considerable flexibility is provided in the program for representing the site- 
specific conditions of exposure, to permit making the calculation as reasonable for the 
application as is possible. 

Four general types of use may be considered for land for the purpose of calculating dose, 
other than the obvious zero-dose case of non-use. These may be identified as the industrial 
scenario, the wilderness scenario (or recreatiopal, such as a park or golf course), the residential 
scenario, and the family farm scenario. Within these general use scenarios, choices are made for 
occupancy time (indoors and outdoors), water use, and food sources. Further choices are made 
to represent the contamination situation, geology, and hydrology. The program comes with a 
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complete set of generally conservative default values, and these may be changed as appropriate 
to reflect local reality in terms of usage practices and physical conditions, to produce a realistic 
pathways analysis for the specific site. The default values and the values actually used by the 
program in the analysis are listed in the output for each calculation, so departures from the 
default set are well recorded. The printed results from the calculations described in this report 
are stored in the Radiation Safety library file. 

The family farm, on which family members spend 100% of their time, drinking water fiom 
the surface or from wells, eating vegetables and h i t  grown on the land and irrigated with the 
same water, raising their meat, milk, and fish on that land, is not a reasonable scenario for the 
site. Although commercial farming is practiced in low-lying valley and coastal areas west of the 
facility, the rugged nature and topography of the SSFL, combined with poor soil quality, would 
reasonably preclude a family farm activity on the site. Further, recent land use trends in the area 
have been to conversion of previous farming property to other non-farming uses. Thus, the 
industrial, wilderness, and residential scenarios are all perhaps equally probable for the future of 
the site, and should be the scenarios considered. 

Usage Seenarios 

The basic usage conditions (per year) modeled in these calculations, for each of the three 
realistic scenarios, are summarized in Table 1. A complete listing of all RESRAD input data, for 
the three scenarios, is given in Appendix A. Discussion on specific RESRAD input parameters 
is given below in Section 3.3 

ree Realistic Scenarios 

Occupancy, off site 

Cover thickness (meters) 
Contamination area (m2) 
Contamination thickness (meters) 
Depth to water table (meters) 

ilderness 1 Residential 

Default values provided in RESRAD are considered to be conservative estimates intended 
for use when no site-specific information is available. Users of the program are encouraged, 
however, to use input data that most closely reflects actual conditions existing on their site. As 



N001SRR140131 
Page: 7 

part of several earlier efforts at the SSFL, a number of screening evaluations were performed 
using the RESRAD code to determine which of the approximately 80 input parameters required 
by RESRAD were of significance to the general SSFL area. These screening evaluations also 
were useful in determining conservative site-specific values for input to the code, when the 
default values were not used. In general, changes to most of the parameters were found to have a 
negligible effect on the final results because certain dose pathways were either not applicable or 
negligible for the given scenarios. 

Contaminated Zone Parameters: Default values for the area of contamination (1 0,000 m2) 
and the length parallel to aquifer flow (1 00 m) were assumed. For the depth of contamination, a 
conservative value of 1 meter is assumed. Measurements conducted at the site have indicated 
historical maximum values ranging from about 0.4 to 0.6 m for this parameter. 

Occupancy Parameters: The default RESRAD values for occupancy of a residence on an 
affected site are 50% of the time spent indoors and 25% of the time spent outdoors, on the site. 
Thus, 25% of the time the occupancy is assumed to be off site. For the residential scenario, 
assuming 8,760 hours in a year, this translates into 4,380 hours spent indoors, 2,190 hours spent 
outdoors on the site, and 2,190 hours spent off site. For the industrial scenario, the 
corresponding percentages are assumed to be 20%, 4%, and 76% respectively. For the 
wilderness scenario, the corresponding percentages are 0%, lo%, and 90%. 

Shielding Factors: The annual dose estimates calculated by RESRAD from either direct 
exposure or by inhalation (dust) are fknctions of two "structural" shielding parameters and the 
fraction of time an individual is assumed to spend inside a structure built on the site. Both 
shielding factors range from 0 to 1, and may be changed by the user to more appropriately match 
actual site conditions. For inhalation, the RES default is 0.4, and this value is assumed for 
the present evaluations. For direct gamma exposure, the RESRAD default is 0.7, which is a 
rather conservative estimate of gamma shielding by a structure. For the present calculations, this 
latter value was adjusted from the default, for both the industrial and residential scenarios, to 
account for local construction practice which dictate a minimum 4-inch (0.1 m) concrete slab 
under the structure. 

The gamma shielding factor used as input to RESRAD was calculated by modeling a 
typical two-story residential structure, and a single story industrial structure using the computer 
code Microshield'. MicroShield is a point-kernel gamma shielding code developed for IBM- 
compatible personal computers, based on the mainframe code ISOSHLD. For the residential 
structure, a conservative lower bound footprint (area) value of 93 m2 (1,000 ft2) was assumed. 
For the industrial structure, a 186 m2 (2,000 ft2) area was assumed. A circular area was used with 

icroShield to obtain maximum code accuracy with minimum computational time. Screening 

' MicroShield, Version 4.0, Grove Engineering, Inc., 15215 Shady Grove Road, Suite 200, Rockville, MD 20850. 
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calculations indicated no significant differences between the results for circular and square areas 
of the same volume. 

In all cases the contaminated soil was assumed to have a density of 1.5 g / c d ,  and a 
thickness of 1 meter. Dose calculations were performed for two vertical distances (lm for the 
ground floor and 3.6 m for the second story) and for three radial distances (center, midpoint, and 
edge of structure). The isotopic mix input to MicroShield was the same as that used for the 
present RESRAD calculations, with a concentration of 1 pCi1g for each isotope. Resulting 
gamma energy groups for this isotope mix ranged from 0.1 to 1.5 MeV. A factor of 0.89 was 
used to account for gamma shielding from a typical structural wall composed of approximately 1 
inch of stucco and 518 inch of drywall, and a window area of approximately 10% of the wall 
area. 

Effective gamma shielding factors obtained from the MicroShield calculations are given in 
Appendix A. For the residential scenario (the most credible), it is assumed that 12 hours are 
spent inside the structure per day. If it is further assumed that 8 of these hours are spent upstairs 
in a bedroom, 4 hours are spent downstairs in a family room, and that a person (on average) is 
located at the midpoint between the center and the edge of the structure, then the effective 
gamma shielding factor would be: (O.67)(0.6 1) + (O.33)(0.3 1) = 0.5 1. For the industrial 
scenario, the value is 0.25, which is the shielding value at the midpoint location for the single 
story structure. 

Table 2. Gamma Shielding Factor Calculations 
for Typical SSFL Structure 

Center 

Midpointa 

Perimeterb 

- 
- 
- 

Center 

Midpointa 

~erimeteb 

aMidpoint between the center and the perimeter of the structure 
b ~ d g e  of the structure. . 

0.22 

0.25 

0.58 
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It should be noted, that these values do not take into account any out-structures such as 
garages and patios, both of which would result in additional gamma shielding, and both of which 
would almost certainly be part of any residences built on the site. 

Dietarv Parameters: Default RESRAD input values for food and water consumption are 
based on the family farm scenario, where a significant portion of the diet is grown or raised on 
the site. For the three credible scenarios considered here, these parameters were adjusted as 
follows: for the residential scenario, it is conservatively assumed that a small fraction (1 0% of 
that grown on a family farm) of the fruit and leafy vegetables consumption would be from 
material grown on site. The values used are 16 kg/year per person and 1.4 kg/year per person, 
respectively. It was further assumed that water for the residence would be obtained from a well 
on the site (5 10 literdyear per person). 

For the industrial and wilderness scenarios, it was assumed that no water would be used 
that was taken from the site; thus, all water pathways were suppressed with the exception of a 

pathway via plant ingestion. In the industrial case, bottled drinking water is supplied. 
Since essentially all surface water at present is a result of the current industrial operations, no 
surface water would be available in the wilderness scenario. It is also assumed that perhaps 1% 
of the family farm fruit consumption value might be collected from wild sources, thus, 0.14 
kglyear is used for these scenarios. 

Contaminated Zone Hydrology Data: The SSFL facility is located in the Simi Hills in 
eastern Ventura County, California. The Simi Hills are in the northern part of the Transverse 
Range geomorphic province, and are composed primarily of exposures of the Upper Cretaceous 
Chatsworth Formation. This formation is a marine turbidite sequence of sandstone with 
interbedded siltstone/mudstone and minor conglomeratic lenses. The Chatsworth Formation is at 
least 1,800 m thick in locations east and north of the Facility. 

The principal geologic units at the SSFL are the Chatsworth Formation and the shallow 
alluvium which overlies the Chatsworth Formation in some parts of the Facility, notably in Area 
IV of the SSFL where the decommissioning and decontamination of nuclear sites is taking place. 
This layer is Quaternary alluvium consisting of mixtures of unconsolidated sand, silt, and clay, 
and would include the contaminated zone. Drill holes indicate that the layer may be as thick as 6 
meters in some locations. 

The density of this alluvium layer is approximately 1.5 g/cm3. The total and effective 
porosity of the contaminated zone are assumed to be 0.43 and 0.20 based on the average of data 
for sand, silt, and clay as given in the RESRAD manual. Precipitation at the facility is measured 
annually by a rain gauge located in the northeastern portion of the SSFL (Ventura County Rain 
Gauge Number 249). Based on measured dat5 since 1959, the mean annual precipitation at the 
SSFL is approximately 18.6 inch, or 0.47 meters. In general, the majority of the precipitation 
occurs during the months of January through March. 
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Saturated Zone Hvdrolonv Data: There are two groundwater systems at the SSFL: 1) a 
shallow system in the surficial alluvium and the underlying zones of weathered sandstone and 
siltstone/claystone, and isolated shallow fracture systems; and 2) a deeper regional system in the 
fractured Chatsworth Formation. The shallow zone is discontinuous, with depths to groundwater 
ranging from land surface to over 9 m. For the present study, we assume that this shallow region 
most conservatively represents the saturated zone, with an average depth to the water table of 
about 5 m. Hydraulic conductivity in the saturated zone generally ranges from about 30 to 3,000 
&year. Here, the higher value has been assumed. 

Typical pumping rates for deep wells in the Chatsworth Formation (rock) range from 60 to 
70 m3/year up to a maximum of about 300 m3/year. For the shallow (alluvium) region, however, 
pumping rates are significantly lower, typically about 35 m3/year. Further, in the shallow 
region, many wells would be dry for a good fraction of the year as the replenishment rate is 
generally low. Water table drop rates, therefore, would range up to 10 m as a result of on-site 
pumping. Without pumping, however, no data is available on any inherent lowering of the water 
table. For conservatism, therefore, the default value of 0.001 dyea r  has been assumed. 

Radon Pathway: Two default values were modified for the radon pathway. The thickness 
of the foundation was set at 0.1 m (4 inches) to correspond to the gamma shielding calculations 
discussed above. Also, the depth below ground surface was also set at 0.1 m, as basement 
structures are not typical for the local area. 

Calculated Soil and Water Guidelines from RES 

The guidelines calculated from the RESRAD code for various single radionuclides are 
listed in Table 3 for comparison of the three scenarios. Values for each of the scenarios were 
determined from separate RESRAD calculation runs using the input parameters given in 
Appendix A. Water guideline values in Table 3 were calculated from the dose conversion factors 
used in RESRAD for ingestion, using an EPA value of 2 literslday total water consumption (per 
person) from the site, and an EPA dose limit of 4 mredyear (Ref. 5). 

For radionuclides specifically regulated by the EPA (and the State of California), the Safe 
Drinking Water Act (and CCR Title 22) limits were used. These are (in pCi/l): 

............................................................................ H-3 .20,000 
Combined Ra-226 and Ra-228 ....................................... 5 
Sr-90 ..................................................................................... .8 
Gross alpha (not including radon and uranium) ................ .15 
Gross beta .......................................................................... 50 
Uranium (U-234 + U-23 5 + U-23 8) .................................... 20 . 

For U-234, U-235, and U-238, DOE imposes the EPA regulations in 40 CFR 192 (and 
parts 190 and 440). Similarly, for Ra-226, Th-228 and Th-232, DOE imposes the limits in DOE 
Order 5400.5. 
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3.5 Soil and Water Guidelines 

Based on the data in Table 3, conservative guidelines, consistent with the several 
applicable regulations governing residual radioactivity discussed above, are listed in Table 4. 
With the exception of uranium, radium, and thorium, the soil guidelines are those calculated 
from RESRAD for the residential use scenario. For uranium, the guidelines are those adopted by 
the NRC (30,30, and 35 pCi/g for U-234, U-235, and U-238, respectively, see Ref. 9). For 

able 3. RESRAD-Calculated Single Isotope Guideline Values 

Radionuclide 
Am-% 1 
CO-60 
CS-1 34 
CS-1 37 
Eu-1 52 
Eu-1 54 
Fe-55 
H-3 
K-40 
Mn-54 
Na-22 
Ni-59 
Ni-63 
Pu-23 8 
Pu-239 
Pu-240 
Pu-24 1 
Pu-242 
Ra-226 
Sr-90 
33-228 
Th-232 
U-234 
U-235 
U-238 

Industrial Wilderness 

L 

'Water guidelines &culated from RESRAD ingestion dose conversion factors, assuming t. 
EPA dose limit of 4 rnredyear (see text). 

bFor these radionuclides, the EPA Safe Drinking Water Act or the State of California CCR 
Title 22 limits should be used (see Table 4). 

Residential 
5.44 
1.94 
3.33 
9.20 
4.5 1 
4.1 1 

629,000 
3 1,900 
27.6 
6.1 1 
2.3 1 

15 1,000 
55,300 
37.2 
33.9 
33.9 
230 
35.5 
0.199 
36.0 
2.8 1 
1.53 
106 
32.1 
90.9 

Water 
(pciny 

1 S O  
204 
74.7 
110 
845 
573 

9,020 
85,600~ 

294 
1,980 
476 

26,100 
9,490 
1.71 
1.55 
1.55 
79.9 
1.63 

4 .12~ 
35.gb 
6.78 
2.0 1 
19 .3~  
20Sb 
20.4~ 
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Table 4. Soil and Water Guidelines for SSFL Facilities 

Radionuclide 

Am-24 1 
Co-60 
CS-134 
(3-137 
Eu- 1 52 
Eu- 154 
Fe-55 
H-3 
K-40 

-54 
Na-22 
Ni-59 
Ni-63 
Pu-23 
Pu-23 9 
Pu-240 
Pu-24 1 
Pu-242 
Ra-226 
Sr-90 
7%-22 
Th-232 
U-234 
U-235 
U-23 8 
Gross alpha (not including 
Gross beta 1 

Soil Guidelines 
(Pew 

5.44 
1.94 
3.33 
9.20 
4.5 1 
4.1 1 

629,000 
3 1,900 
27.6 
6.1 1 
2.3 1 

15 1,000 
55,300 
37.2 
33.9 
33.9 
230 
35.5 

5" and 15" 
36.0 

5" and 15" 
5" and 15" 

3ob 
3Ob 
35b 

radon and uranium) 

ater 
(PW 

1.5 
200 
75 
110 
840 
570 

9,000 
20,o0oa 

290 
2,000 
480 

26,000 
9,500 

1.7 
1.6 
1.6 
80 
1.6 
4.1 
8" 

6.8 
2.0 

total uranium 20" 

b Generally more consewative NRC limits for uranium isotopes are 
used. 

"DOE Order 5400.5 limits are used (5 pCi/g averaged over first 15 
cm of soil depth and 15 pCi/g averaged over 15 cm layers below 
the top 15 cm). 

radium and thorium, DOE Order 5400.5 limits are used (5 pCi/g averaged over first 15 cm of soil 
depth and 15 pCi/g averaged over 15 cm layers below the top 15 cm, see Ref. I). Guidelines 
established from the residential use scenario ~e the most restrictive of the three scenarios 
considered. 
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The choice of a basic dose limit of 15 mredyear for a11 pathways combined leads to lower 
limits than would result fiom the use of the dose limits established by the EPA for the uranium 
fuel cycle (Ref. 10) and by DOE for unrestricted release of contaminated property (Ref. 1). The 
water guidelines are those calculated from the RESRAD dose conversion factors, using the EPA 
values for the basic dose limit and daily water intake, with the Maximum Contaminant Levels 
(MCL) specified for certain radionuclides by the State of California (Ref. 11). 
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. S ACE CONTAMINATION GUIDELINES 

Surface contamination limits are specified in Figure IV-1 of Chapter IV in DOE Order 
5400.5. For SSFL facilities, these limits have been modified by specifying the potential 
contaminants present in the Rocketdyne facilities, and eliminating those that are not pertinent. 
The proposed guidelines are given in Table 5. As used in this table, dpm (disintegrations per 
minute) means the rate of emission by radioactive material as determined by correcting the 
counts per minute measured by an appropriate detector for background, efiticiency, and geometric 
factors associated with the instrumentation. 

Plutonium, Radium 
Thorium 
Uranium 
Mixed fission products 
Activation products 
Tritium 

Table 5. Surface Contamination Guidelines for SSFL Facilities 

As included in Table 5, Pu, Ra, U, Th, mixed fission products, and activation products, 
refer to those forms of radioactive material that comprise the residual activity at the SSFL. 
Plutonium is predominately Pu-239; Radium is Ra-226. It is assumed that thorium is sufficiently 
aged that all daughters are in equilibrium, Th-natural. Uranium will occur in depleted, normal, 
or enriched forms; U-233 is not present. Mixed fission products include Sr-90 and Cs-137 as 
components of the mixture. Possible activation products include Co-60, Fe-55, Mn-54, Eu-1 52, 
Eu-154, A1-26, and similar radionuclides. 

Tritium contamination limits are based on interim guidelines for removable surface 
contamination (Ref. 12). This level of removable contamination insures that any non-removable 
or volumetric contamination will not cause unacceptable exposures. 

These guidelines will be imposed for accessible (or potentially accessible) surfaces and 
structures. 
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. AMBIENTGAM TE 

A guideline of 5 @/hr above natural background, measured at 1 meter above the surface, 
is used. This value has been imposed by the NRC for decommissioning research reactors 
(Ref. 13). It is as low as reasonably measurable, due to variations in background, and is 
significantly lower than the guideline of 20 pWhr stated in DOE Order 5400.5, Chapter IV, 
Section 4.c. This guideline is imposed for accessible (or potentially accessible) structures and 
land. Our experience has been that this level can be achieved and verified in facilities that would 
be suitable for continued use. 
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6. APPLICA 

Note: The survey protocols described below were those employed at the time of issue of 
NOOlSRR140127 and have been in use up until the end of 1998. As of the beginning of 1999. 
MRSSIMprotocols will be employed (Refirence 19) utilizing the guidelines developed in this 
report as the DCGLws (derived concentration guideline limits). 

The guidelines presented above should be used in planning any decontamination effort at 
the SSFL. Analytical capability for detection of each radionuclide should be, if possible, less 
than one-tenth of the guideline values. That is, the Minimum Detectable Activity (MDA, our 
LLD) should be less than 0.1 x guideline. Field measurements used to direct removal of 
contaminated soil should be capable of practical measurements below the guideline value. 
Survey measurements and sample analyses should be corrected for the local background activity 
of each radionuclide. 

Soil Guidelines 

Sample analysis is necessary to demonstrate the successful decontamination of soil areas. 
A qualitative scan will be performed using gamma-sensitive and/or beta-sensitive detectors to 
identifj any significant areas of residual contamination. Soil samples will be taken from 
locations based on a 3x3 meter master grid. One sample will be taken from within a 1x1 meter 
grid location in each 3x3-meter section, based either on the qualitative scan survey indications at 
the area of maximum readings or, if no noticeable readings were found, at the location most 
likely to have residual contamination, by the surveyor's judgment, This selection assures a 
reasonably uniform sampling of the ground areas, at a sample density of approximately 1 1 
samples per 100 m2, 

Results from individual samples will be compared with the limit for hotspots of 9-m2 area, 
that is, 3.3 x the adopted concentration limit. Averages of adjacent samples, covering 100 m2, 
will be compared with the average limit. The overall average, assuming that the individual and 
100-m2 area averages satisfy the applicable limits, will be used for a RESRAD confirmatory 
calculation. This calculation will be performed to demonstrate that the maximum expected 
annual dose for the indicated reasonable use scenario for the facility does not exceed the 
proposed 15 rnremlyear guideline value. 

For mixtures of radionuclides in soil, the "Sum of Fractions" rule is used. The sum of the 
ratios of concentration of each radionuclide to the corresponding guideline must not exceed 1. 
This value must be satisfied when samples are averaged over each 100-m2 region. For cases in 
which the relative concentrations are known or assumed, this method is used to generate 
combined radionuclide guidelines for each radionuclide in the mixture. 

The guidelines are not intended to be spot limits, and should not be applied to individual 
measurements. If the specific sampling provides only (or fewer than) one measurement per 100- 
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m2 area, each measurement becomes, by default, the "average" for that 1 00-rn2 area, and the 
guidelines have the effect of acting as spot limits. In cases where an individual sample exceeds 
the guideline value, additional samples should be taken from within the same 1 00-m2 area, and 
used to define the average contamination in this area. 

The maximum concentrations remaining as "hot spots" must have contamination less than 
that calculated by the hot-spot rule presented in DOE Order 5400.5, Chapter IV, page 4. The 

average contamination within any area not exceeding 25 m2 shall not.be greater than J100/A 
guideline, where A is the area in m2. Reasonable efforts shall be made to remove any soil with 
contamination that exceeds 30 x guideline (Ref. 4). 

ce Contamination Guidelines 

The proposed surface contamination guidelines would be applied to all accessible surfaces 
and structures. This would include ceilings, floors, and walls, and other potentially accessible 
locations such as attics. Where surface contamination by both alpha- and beta-gamma-emitting 
radionuclides exists, the guidelines established for alpha- and beta-gamma-emitting radionuclides 
should apply independently. Measurements of average contamination are averaged over an area 
of 1 m2. For objects of less surface area, the average should be derived for each such object. The 
maximum contamination level applies to an area of not more than 100 cm2. Surfaces of facilities 
which are likely to be contaminated, but are inaccessible for purposes of measurement, shall be 
presumed to be contaminated in excess of the applicable limits. 

Following a complete qualitative scan of the facility, quantitative surface contamination 
measurements will be made over a fraction of the structural surfaces, as determined by the 
designation of the area as affected or unaffected. Affected areas will be surveyed at a nominal 
fraction of 1 1 %. Unaffected areas will be surveyed at lesser fractions. Locations for the 
quantitative survey measurements will be based on a 3x3 meter master grid. One sample will be 
taken from within a 1x1 meter grid location in each 3x3-meter section, based either on the 
qualitative scan survey indications at the area of maximum readings or, if no noticeable readings 
were found, at the location most likely to have residual contamination, by the surveyor's 
judgment. Results from individual locations will be compared with the applicable limits. 

Total surface contamination is measured by use of detectors primarily or exclusively 
sensitive to alpha or beta-gamma radiation. After a qualitative survey of the surfaces of the 
entire subject area, quantitative measurements are made on 1 -m2 areas selected uniformly 
throughout the area. These measurements are made with the detectors connected to a scaler set 
to accumulate counts for a 5-minute period. The detector is slowly scanned over the 1 -m2 grid 
location and the numerical result, after correction for background, count time, and detector 
efficiency, yields the 1-m2 average surface acthity. These detectors are calibrated against Th- 
230 for alpha activity and Tc-99 for beta activity. The emission energies of these radionuclides 
is generally less than those radionuclides found as contamination at SSFL. This results in an 
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underestimate of the efficiency of the detectors for the actual contaminant radioactivity and 
hence an overestimate of the actual measurement. 

The amount of removable activity per 100 cm2 of surface area is determined by wiping an 
area of that size with dry filter or soft absorbent paper, applying moderate pressure, and 
measuring the amount of radioactive material on the wiping with an appropriate instrument of 
known efficiency. Typically at Rocketdyne, a low background gas flow proportional counter is 
used. When removable contamination on objects of surface area less than 100 cm2 is determined, 
the activity per unit area should be based on the actual area and the entire surface should be 
wiped. It is not necessary to use wiping techniques to measure removable contamination levels if 
direct scan surveys indicate that the total residual surface contamination levels are within the 
guidelines for removable contamination. 

Smear methods for tritium detection are similar to that described above, with the exception 
that a wet swipe or piece of Styrofoam should be used. If the property has been recently 
decontaminated, a follow-up measurement (smears) should be conducted to ensure that there is 
no build-up of contamination with time. 

Measurements of the ambient gamma exposure rate provides a usehl determination of 
residual volumetric radioactivity that may not be as easily detected by surface measurements or 
sampling and analysis. For the purpose of demonstrating suitability for release, this 
measurement provides an additional test. 

The DOE established a limit of 20 pR/hr above natural background for screening radium- 
contaminated property. The NRC has imposed a 10pRIhr limit on the decommissioning of 
radioactive materials licensees, and a 5 p R k  limit on the decommissioning of research reactors. 
The 5 pFUhr limit above natural background is proposed for use at Rocketdyne. Because of the 
variability and differences in natural background, the limit of 5 pR/hr is about as low as can be 
reasonably implemented. 

uantitative measurements of the ambient gamma exposure rate will be made over a 
fraction of the structural surfaces, as determined by the designation of the area as affected or 
unaffected. Affected areas will be surveyed at a nominal fraction of 1 1 %. Unaffected areas will 

surveyed at lesser fractions. Locations for the quantitative survey measurements will be based 
on a 3x3-meter master grid. One measurement, covering one 1 -m2 grid location, will be made at 
each grid location chosen for the surface contamination measurements. Results from individual 
locations will be compared with the applicable limits. 

At Rocketdyne, gamma exposure rate iCgenerally measured by use of a 1x1 inch NaI(T1) 
detector/photomultiplier probe, connected to a scaler to provide objective numerical values. The 
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detector is placed 1 meter above the local (ground or floor) surface. This instrument is calibrated 
by reference to a High Pressure Ion Chamber (HPIC) in a background area. 

Statistical Validation of Survey Data 

The statistical approach employed at RocketdyneETEC for establishing that survey data 
meets guideline values is a method referred to as Sampling Inspection by Variables (Ref. 14). 
This method has been widely applied in industry and the military and is essential where the lot 
size is impractically large. Application of this method to the remediation of contaminated sites 
has been discussed in detail elsewhere (see for example, Ref. 15). 

In sampling inspection by variables, the number of data points on which measurements are 
obtained is first chosen to be large so that the parameters of the distribution are likely to have a 

normal distribution (i.e., Gaussian). The mean of the distribution, x ,  and its standard deviation, 
s, are then related to a "test statistic", TS, as follows: 

- 
where x = average (arithmetic mean of measured values) 

s = observed sample standard deviation 
k = tolerance factor calculated from the number of samples to achieve 

the desired sensitivity for the test 
TS and x are then compared with an authorized acceptance limit, U, to determine 

acceptance or other plans of action, including rejection of the area as contaminated and requiring 
further remediation. 

The sample mean and standard deviation are easily calculable quantities; the value of k, the 
tolerance factor, bears further discussion. Of the various criteria for selecting plans for 
acceptance sampling by variables, the most appropriate is the method of Lot Tolerance Percent 
Defective (LTPD), also referred to as the Rejectable Quality Level (RQL). The LTPD is defined 
as the poorest quality that should be accepted in an individual lot. Associated with the LTPD is a 
parameter referred to as consumer's risk (P), the risk of accepting a lot of quality equal to or 
poorer than the LTPD (or 10%). NRC Regulatory Guide 6.6 (Ref. 16) states that the value for 
the consumer's risk should be 0.10. Conventionally, the value assigned to the LTPD has been 
10%. 

The State of California, Department of Radiological Health Branch, has stated that the 
consumer's risk of acceptance (p) at 10% defective (LTPD) must be 0.1 (Ref. 17). For those 
choices of p and LTPD, Kg = K, = 1.282. The number of samples is n. Values of k for each 
sample size are calculated in accordance with - the following equations: 
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where k = tolerance factor, 

Kp = the normal deviate exceeded with probability of P, 0.10 (from tables, 
K, = 1.282, see Ref. 18), 

K, = the normal deviate exceeded with probability equal to the LTPD, 
10% (from tables, Kp = 1.282, see Ref. 18)', and 

n = number of samples. 

The statistical criteria for acceptance of a remediated area are presented below. 

a) Acceptance: If the test statistic ( x  + ks) is less than or equal to the guideline (U), accept the 
area as clean. If any single measured value exceeds 80% of the limit, decontaminate that 
location to as near background as is possible, but do not change the value in the analysis. 

b) Collect additional measurements: If the test statistic (x  + ks) is greater that the limit 0, but - 
x itself is less than U, independently resample and combine all measured values to determine 
if x + ks S = U for the combined set; if so, accept the area as clean. If not, the area is 
contaminated and must be remediated. 

C) Rejection: If the test statistic (x + ks) is greater than the limit (U) and ; > = U, the region 
is contaminated and must be remediated. 

Thus, based on sampling inspection, we are willing to accept the hypothesis that the proba- 
bility of accepting an area as not being contaminated which is, in fact, 10% or more 
contaminated is 0.10. Or in other words, the final survey acceptance criteria corresponds to 
assuring with 90% confidence that 90% of an area has residual contamination below 100% (a 
90/90/100 test) of the authorized limit. 
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Appendix A 

Input Parameters for RESRAD Calculations (Sheet 1 of 3) 

Parameter 

Area of contaminated zone (m2) 
Thickness of contaminated zone (m) 
Length parallel to aquifer flow (m) 
Basic radiation dose limit (mremlyr) 
Time since placement of material (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Times for calculations (yr) 
Cover depth (m) 
Density of cover material (g/cm3) 
Cover depth erosion rate (mlyr) 
Density of contaminated zone (g/cm3) 
Contaminated zone erosion rate (mlyr) 
Contaminated zone total porosity 
Contaminated zone effective porosity 
Contaminated zone hydraulic conductivity (mlyr) 
Zontaminated zone b parameter 
Humidity in air (g/cm3) 
Evapotranspiration coefficient 
Precipitation (m/yr) 
[rrigat ion (mlyr) 
[rrigation mode 
Runoff coefficient 
Watershed area for nearby stream or pond (m2) 
4ccuracy for waterlsoil computations 
Iensity of saturated zone (&m3) 
saturated zone total porosity 
Saturated zone effective porosity 
Saturated zone hydraulic conductivity (mlyr) 
Saturated zone hydraulic gradient . 
Saturated zone b parameter 
Water table drop rate (mlyr) 
Well pump intake depth (m below water table) 

Vah 
Industrial 

1.000E+04 
1.000E+00 
1.000E+02 
1 SOOE+O 1 
0.000E+00 
1.000E+00 
3.000E+00 
1 .OOOE+O 1 
3.000E+O 1 
1.000E+02 
3.000E+02 
1.000E+03 
3 .OOOE+O3 
1 .OOOE+04 
0.000E+00 

not used 
not used 

1.500E+00 
1.000E-03 
4.3OOE-0 1 
2.000E-0 1 
3 .OOOE+03 
5.300E+00 
8.0OOE+OO 
5.000E-0 1 
4.700E-0 1 
2.000E-01 
overhead 

2.000E-01 
1.000E+06 
1.000E-03 
1 .5OOE+0O 
4.300E-01 
2.000E-01 
3.000E+03 
2.000E-02 
5.300E+00 
1.000E-03 
1.000E+0 1 

Used for Sc 
Wilderness 

1.000E+04 
2.000E+00 
1.000E+02 
1.500E+01 
0.000E+00 
1.000E+00 
3.000E+00 
1 .OOOE+O 1 
3.000E+O I 
1 .OOOE+02 
3.000E+02 
1.000E+03 
0.000E+00 
0.000E+00 
0.000E+00 

not used 
not used 

1 SOOE+OO 
1.000E-03 
4.300E-01 
2.OOOE-01 
3 .OOOE+03 
5.3 00E+00 
8.000E+00 
5.000E-01 
4.70OE-0 1 
2.000E-0 1 
overhead 

2.000E-01 
1.000E+06 
1.000E-03 
1.5OOE+OO 
4.300E-01 
2.000E-0 I 
3.000E+03 
2.000E-02 
5.300E+00 
1.000E-03 
1.000E+O 1 

iario 
Residential 

1.000E+04 
1.000E+00 
1.000E+02 
1 SOOE+Ol 
0.000E+00 
1.000E+00 
3.000E+00 
1.000E+O 1 
3 .OOOE+O I 
1 .OOOE+02 
3.000E+02 
1 .OOOE+03 
3 .OOOE+03 
1 .OOOE+04 
0.000E+00 

not used 
not used 

1.500E+OO 
1.000E-03 
4.300E-0 1 
2.000E-0 1 
3.000E+03 
5.30OE+OO 
8.000E+00 
5.000E-0 1 
4.700E-0 1 
2.000E-0 1 
overhead 

2.000E-0 1 
1.000E+06 
1.000E-03 
1.500E+00 
4.300E-0 1 
2.000E-0 1 
3.000E+03 
2.000E-02 
5.3OOE+OO 
1.000E-03 
1 .OOOE+O 1 

RESRAD 
Default 

I .OOOE+04 
2.000E+00 
1.000E+02 
3.000E+O 1 
0.000E+00 
1.000E+00 
3 .OOOE+OO 
1.000E+0 1 
3 .OOOE+O 1 
1.000E+02 
3.000E+02 
1.000E+03 
0.000E+00 
0.000E+00 
0.000E+00 
1 .5OOE+0O 
1.000E-03 
l.5OOE+OO 
1 .OOOE-03 
4.0OOE-0 1 
2.000E-0 1 
1.000E+O 1 
5.300E+00 
s.ooo~+oo 
5.000E-01 
1.000E+00 
2.000E-0 1 
overhead 

2.000E-01 
1.000E+06 
1.000E-03 
1.500E+00 
4.000E-0 1 
2.000E-01 
1.000E+02 
2.000E-02 
5.300E+00 
1.000E-03 
1.000E+0 1 
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Input Parameters for  RESRAD Calculations (Sheet 2 of 3) 

Parameter 
Model: Nondispersion (ND) or Mass-Balance (MB) 
Well pumping rate (m3/yr) 
Number of unsaturated zone strata 
Unsat. zone 1, thickness (m) 
Unsat. zone 1, soil density (&m3) 
Unsat. zone I, total porosity 
Unsat. zone 1, effective porosity 
Unsat. zone 1, soil-specific b parameter 
Unsat. zone 1, hydraulic conductivity (mlyr) 
Inhalation rate (m3/yr) 
Mass loading for inhalation (g/m3) 
Dilution length for airborne dust, inhalation (m) 
Exposure duration 
Shielding factor, inhalation 
Shielding factor, external gamma 
Fraction of time spent indoors 
Fraction of time spent outdoors (on site) 
Shape factor flag, external gamma 
Fruits, vegetables and grain consumption (kg/yr) 
Leafy vegetable consumption (kg/yr) 
Milk consumption (L/yr) 
Meat and poultry consumption (kg/yr) 
Fish consumption (kglyr) 
Other seafood'consumption (kg/yr) 
Soil ingestion rate (g/yr) 
Drinking water intake (Llyr) 
Contamination fraction of drinking water 
Contamination fraction of household water 
Contamination fraction of livestock water 
Contamination fraction of irrigation water 
Contamination fraction of aquatic food 
Contamination fraction of plant food 
Contamination fraction of meat 
Contamination fraction of milk 
Livestock fodder intake for meat (kglday) 
Livestock fodder intake for milk (kg/day) 
Livestock water intake for meat (Wday) 
Livestock water intake for milk (L/day) 
Livestock soil intake (kg/day) 
Mass loading for foliar deposition &/m3) 
Depth of soil mixing layer (m) 
Depth of roots (m) 

Valr 
Industrial 

ND 
not used 

I 
4.000E+00 
1.500EMO 
4.300E-0 1 
2.000E-0 1 
5.300E+00 
3 .OOOE+03 
8.400EM3 
2.000E-04 
3.000E+00 
3.000E+O 1 
4.000E-0 1 
2.500E-0 1 
2.000E-01 
4.000E-02 
1.000E+00 
1.6OOE+OO 
0.000E+00 

not used 
not used 
not used 
not used 

3.650EM 1 
not used 
not used 

1.000E+00 
not used 

1.000E+00 
not used 

- 1 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

1.000E-04 
1.500E-01 
9.000E-0 1 

Used for Sc 
Wilderness 

ND 
not used 

1 
4.000E+00 
1.500E+00 
4.3 OOE-0 1 
2.000E-0 1 
5.300E+00 
3 .OOOE+03 
8.400E+03 
2.000E-04 
3.000E+00 
3.0OOE+O 1 
4.000E-0 1 
7.000E-01 
0.000E+00 
1.000E-01 
1.000E+00 
I .600E+00 
0.000E+00 

not used 
not used 
not used 
not used 

3.65OE+O 1 
not used 
not used 

0.000E+00 
0.000E+00 
1.000E+00 
not used 

- 1 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

1.000E-04 
1.500E-01 
9.000E-0 1 

lario 
Residential 

ND 
7.OOOE+O 1 

I 
4.000E+00 
1.500E+00 
4.300E-01 
2.000E-0 1 
5.300E+00 
3 .OOOE+O3 
8.400E+O3 
2.000E-04 
3.000E+00 
3.000E+O 1 
4.OOOE-01 
5.100E-01 
5.000E-0 1 
2.500E-01 
1.000E+00 
1.6OOE+O 1 
1.400E+00 
not used 
not used 
not used 
not used 

3.650E+O 1 
5.100E+02 
1.000E+00 
1.000E+00 
not used 

1.000E+00 
not used 

- 1 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

1.000E-04 
1.500E-0 1 
9.000E-0 1 

RESRAD 
Default 

ND 
2.500E1-02 

I 
4.000E+00 
1.500E+00 
4.OOOE-0 1 
2.000E-0 1 
5.300E+00 
1.000E+O 1 
8.400E+03 
2.000E-04 
3.000E+00 
3.000E+O 1 
4.000E-0 1 
7.000E-0 1 
5 -000E-0 1 
2.500E-01 
1.000E+00 
1.600E+02 
1.4OOE+O 1 
9.200E+Ol 
6.300EMI 
5.400E+00 
9.000E-01 
3.65OE+Ol 
5.1 00E+02 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
5.000E-01 

- 1 
- 1 
- 1 

6.8OOE+O 1 
5.500E+01 
5.000E+O 1 
1.600E+02 
5.000E-01 
1.000E-04 
1.500E-0 1 
9.000E-01 
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Input  Parameters for  RESRAD Calculations (Sheet 3 of 3) 

Parameter 
Drinking water fraction from ground water 
Household water fraction from ground water 
Livestock water fraction from ground water 
Irrigation fraction from ground water 
C- 12 concentration in water (&m3) 
C- 12 concentration in contaminated soil (glg) 
Fraction of vegetation carbon from soil 
Fraction of vegetation carbon from air 
C- 14 evasion layer thickness in soil (m) 
C-14 evasion flux rate from soil (l/sec) 
C- 12 evasion flux rate from soil ( I  /sec) 
Fraction of grain in beef cattle feed 
Fraction of grain in milk cow feed 
Storage times of contaminated foodstuffs (days): 
Fruits, non-leafy vegetables, and grain 
Leafy vegetables 
Milk 
Meat and poultry 
Fish 
Crustacea and mollusks 
Well water 
Surface water 
Livestock fodder 

Thickness of building foundation (m) 
Bulk density of building foundation (glcm) 
Total porosity of the cover material 
Total porosity of the building foundation 
Volumetric water content of the cover material 
Volumetric water content of the foundation 
Diffusion coefficient for radon gas (mlsec): 
in cover material 
in foundation material 
in contaminated zone soil 

Radon vertical dimension of mixing (m) 
Average annual wind speed (mlsec) 
Average building air exchange rate (llhr) 
Height of the building (room) (m) 
Building interior area factor 
Building depth below ground surface (m) 
Emanating power of Rn-222 gas 
Emanating power of Rn-220 gas 

Val I 
Industrial 
1.000E+00 
not used 

1.000E+00 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

l.4OOEM 1 
1.000E+00 
not used 
not used 
not used 
not used 

1 .OOOE+OO 
1.000E+00 
not used 

1 .OOOE-0 1 
2.400E+00 

not used 
1.000E-0 1 
not used 

3.000E-02 

not used 
3.000E-07 
2.000E-06 
2.0OOE+OO 
2.000E+00 
5.000E-0 1 
2.500E+00 
0.000E+00 
1.000E-0 1 
2.500E-01 
not used 

ue Used for Scenario 
Wilderness 
1.000E+00 
not used 

1.000E+00 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

1.400EH I 
1.000E+00 
not used 
not used 
not used 
not used 

1.000E+OO 
1.00OE+00 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

Residential 
1.000E+00 
1.000E+00 
1.000E+00 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

1.4OOE+O 1 
1.000E+00 
not used 
not used 
not used 
not used 

1.000EM0 
1 .OOOE+OO 
not used 

1.000E-0 1 
2.40OE+OO 

not used 
1.000E-0 1 
not used 

3.000E-02 

not used 
3.000E-07 
2.000E-06 
2.000E+00. 
2.000E+00 
5.000E-0 1 
2.5OOE+OO 
0.000E+00 
1.000E-0 1 
2.500E-01 
not used 

RESRAD 
Default 

1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
2.000E-05 
3.000E-02 
2.000E-02 
9.800E-0 1 
3.000E-0 1 
7.000E-07 
1.000E- 10 
8.000E-0 1 
2.000E-01 

1.4OOE+O I 
1.000E+00 
1.000E+00 
2.000E+O 1 
7.000E+00 
7.000E+00 
1.000E+00 
1 .OOOE+00 
4.500E+OI 
1 SOOE-01 
2.400E+00 
4.000E-0 1 
1.000E-01 
5.000E-02 
3.000E-02 

2.000E-06 
3.000E-07 
2.000E-06 
2.000E+00 
2.000E+00 
5.000E-0 1 
2.500E+00 
0.000E+00 
- 1.000E+00 
2.500E-0 1 
1.500E-01 
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Appendix B 
Agency Approvals 

1. Letter from Gerard Wong (DHS) to Majelle Lee (Rocketdyne), "Authorized Sitewide 
Radiological Guidelines for Release for Unrestricted Use", 96ETEC-DRF-0455, August 9, 
1996. 

2. Memorandum from Sally A. Robison (DOE-ER) to Roger Liddle (DOE-OAK), Sitewide 
Limits for Release of Facilities Without Radiological Restriction", 007857RC, September 17, 
1996. 





O A K  R I D G E  INSTITUTE F O R  SCIENCE AND EDUCATION 

January 25, 1999 

Mr. Anand Gupta 
U.S. Department of Energy 
EM-43 
Cloverleaf Building 
Washington, DC 20585-0002 

SUBJECT: SECOND m D E N D U M  TO THE VERIFICATION SURVEY OF THE 
BUILDING TO64 SIDE YARD, SANTA SUSANA FIELD LABOFUTORY, 
WNTURA COUNTY, CALIFORiUIA (ORISE 1993 1995) 

Dear Mr. Gupta: 

The Environmental Survey and Site Assessment Program (ESSAP) of the Oak Ridge Institute for 
Science and Education (ORISE) recently completed the third verification of the Building TO64 (now 
known as 4054) Side Yard at the Santa Susana Field Laboratory (SSFL) in Ventura County, 
California (Fisure 1). RocketdyneBoeing, formerly known as Rockwell, operates the SSFL. The 
Energy Technology En,oineering Center (ETEC) is that portion of the SSFL operated for the US .  
Department of Energy (DOE), where nuclear energy research and development programs were 
performed. Contract work for the Atomic Energy Commission (AEC) and the Energy Research and 
Development Administration (ERDA), predecessor agencies to the DOE, began in the early 1950's. 
Specific programs conducted for AEC/ERDA/DOE involved engineering, developing, testing, and 
manufacturing operations for nuclear reactor systems and components. RocketdyneBoeing is 
currently decommissioning a number of those facilities that were associated with the various nuclear 
research programs. 

One of these SSFL facilities, the Building TO64 Side Yard (Figure 2), was occasionally used for 
storage of recoverable uranium scrap, irradiated fuel elements, and miscellaneous radioactive wastes. 
In the early 19601s, the drain plug of a lead-pig cask containing irradiated "Seawolf' fuel and 
contaminated water failed and allowed the contaminated water to leak into the side yard. A 65 m2 
area was excavated immediately following the incident. However, a 1988 comprehensive 
radiological survey of the area around Building TO64 identified elevated soil concentrations of Cs- 
137 (and an assumed equivalent amount of Sr-90). Further investigations determined that a 47 m2 
area of contamination was located within the northeast fence line and extended in the northeast 
direction past the fence line over an additional area of 370 m2. A Cs-137 guideline was developed 
and the top 41 cm of soil was, subsequently, excavated from the area and a post-remedial action 
survey performed and documented. However, ESSAP verification surveys performed in 1992, and 

P. 0. BOX 11 7, OAK EIDGE, TENNESSEE 3783 1-01 17 

Monoged ond operated by Ook Ridge Assoc~oled Unwers~ties loi the U.S. Deportment of Energy 
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then again in 1995, identified the presence of contamination in excess of the guideline (ORISE 1993, 
and 1995). Further remedial activities in 1996 included the removal of additional soils and a septic 
tank and its leach field. The additional soil excavated from the side yard extended southeast under 
G street to an area approximately 45 meters in diameter on the south side of the street. After these 
areas were decontaminated by Rocketdynemoeing, core sampling was performed to document the 
final radiological status of the area (Boeing 1998). 

On September 29, 1998, ESSAP performed a reverification survey of the Building TO64 Side Yard 
and the additional remediated land areas. The survey was conducted in accordance with a DOE 
approved site-specific survey plan (ORISE 1998). Survey procedures included gamma surface scans 
using NaI scintillation detectors coupled to ratemeters with audible indicators, exposure rate 
measurements using a microrem meter, and soil sampling. 

ESSAP's surface scans of the area identified elevated direct gamma radiation in an area due west 
of the location where Building TO64 formerly stood and outside of the project remediation boundary 
(Figure 2). Surface scans of the remaining excavated area did not identi@ any locations of elevated 
direct radiation. Soil samples were collected from 19 locations-four of which represented samples 
from the area of elevated direct gamma radiation detected by surface scans and the remaining 15 
were from randomly selected locations (Figure 3). Exposure rate measurements were performed at 
one meter above each sampling location. RocketdyneBoeing personnel were notified that 
contamination was suspected in the area of elevated direct gamma radiation and they elected to 
perform additional remediation while ESSAP was on-site. ESSAP personnel then collected two 
post-remedial action samples. 

Samples were analyzed by gqnma spectroscopy at ESSAP's laboratory in Oak Ridge, Tennessee. 
Analytical results are provided in Table 1. Cesium-1 37 concentrations in soil samples from random 
locations ranged from less than 0.06 to 2.9 pCi/g and those collected from the area of elevated direct 
gamma radiation ranged from 23.4 to 80.6 pCi/g. The Cs-137 concentrations in the two post- 
remedial action samples were 0.4 and 0.6 pCi/g. Exposure rates ranged from 9 to 13 plUh. 

The verification survey results were compared with the guidelines established for the SSFL (DOE 
1996 and State of California 1996). The site-specific criterion for Cs-137 is 9.2 pCi/g (Table 2). 
After the additional remediation, Cs-137 concentrations were within this criterion. The DOE 
exposure rate guideline is 20 pR/h above background (DOE 1 990). However, Rocketdyne~Boeing 
has elected to use a more conservative criterion of 5 pR/h above background. Exterior background 
exposure rates for the SSFL average 14 pWh. The TO64 Side Yard exposure rates ranged from 9 
to 13 pWh and therefore, satisfy this criterion. 

In summary, ESSAP's verificztion survey supports RocketdyneBoeing's conclusion that the TO64 
Side Yard satisfies the criteria for release for unrestricted use. However, it is ESSAP's opinion that 
the source of the contaminated area that ESSAP identified outside of the project area should be 
investigated and addressed by RocketdyneBoeing. 
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Please contact me at (423) 576-5073 or Eric Abelquist at (423) 576-3740 should you have any 
questions or require additional information. 

Timothy J. a t k u s  
Survey Projects Manager 
Environmental Survey and 
Site Assessment Program 

TJV :dkh 

Enclosure 

cc: M. Lopez, DOE/OAK 
H. Joma, DOEIOAK 
W. Beck, ORISEESSAP 
E. Abelquist, ORISEESSAP 
Files1357 and 402 
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FIGURE 2: Santa Susana Field Laboratory Area IV, Plot Plan - 
Location of Building TO64 Side Yard 
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FIGURE 3:  Building TO64 Side Yard - Measurement and Sampling Locations 
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TABLE 1 

CS-137 CONCENTRATIONS IN SOIL AND EXPOSURE U T E S  
BUILDING TO64 SIDE YARD 

SANTA SUSANA FIELD LABORATORY 
VENTURA COUNTY, CALIFORMA 

Exposure Rates a t  Cs-137 Concentration 
Locationa 

1 m ( P R ~  ( P C W  

5 1 I I 27.75 i 0.28b 

7 0 
(Post-Remedial Action from 

Locations 5 1-54) 

7 1 
(Post-Remedial Action from 

Locations 5 1-54) 

"Refer to Figure 3. 
buncertainties are total propogated uncertainties at the 95% confidence level. 
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TABLE 2 

SITE-WIDE LIMITS FOR SOIL AND WATER 
(REFERENCE NOOlSRR140127)" 

SANTA SUSANA FIELD LABORATORY 
VENTURA COUNTY, CALIFORNIA 

Grosstiha --- 
(not includmg ra o and &urn) 

Radionuclide 

Am-24 1 

Gross beta 1 --- 50b 

"eference taken from RocketdynefBoeing 96ETEC-DRF-0374, Enclosure A, June 28, 1996. 
bState of California Maximum Contaminant Levels, CCR Title 22. 
Yjenerally more conservative NRC limits for uranium isotopes are proposed. 
dDOE Order 5400.5 limits are proposed (5 pCi/g averaged over first 15 cm of soil depth and 15 pCi/g averaged over I5  cm layers 

below the top 15 cm). 

Soil Guidelines (pCi1g) 

5.44 

S a m  Susana Field Laboratory (402) Januarj' 25,  1999 

Water (pCi/L) 

1.5 
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October 23, 1995 

h4r. Don \ViUians 
U. S. Department of Encrgy 
EM-421 
Cloverleaf Building 
Washington, DC 20585-0002 

SUBJECT: ADDITIONAL SURVEYS OF THE 064 SIDE Y A W ,  SANTA 
SUSANA E'IE:I,D L A B 0  COUNTY, CALLFORhW 

Dear Mr. Williams: 

h Junt? 1992, the Environmental Survey and Site Assessment Program (ESSAP) of the Oak Ridge 
Institu~e for Sciei~ce and Education (ORISE) performed a verification survey of the Building 1064 
Side Yaid located at the Santa Susana Ficld Laboratory an3 idcnrifiul several areas of rcsidual Cs- 
137 soil contamination. Rockwcll pcrso~lncl lclcr performed rcrucdiation in two of thc Lhrcc areas 
ESSAP had icfentified. At the rcqucsr of the U. S. Deparirnenr of Energy, ESSAP pzrlormcd a follow 
up s u m y  of the subjcct arca during thc week of September 11, 1995 in order to determine whcthcr 
the areas had bccn adcquakly rcmcdiated. 

Rockwell ckarej the blush &om the ma and ESSAP then perfomed gamma surface scans using NaI 
schtillation detectors coupkd to memeters with audihle indicators. 11.1 addition to the uncxcavatcd 
hor spiit that ESSAY hitidly identified in  1992 (location A on Figurc 1), two additional locations of 
elevated d i r w  radiatiori whclc idciltificd during the September 1395 survey, Both locarions were 
contiguous to the other two h o ~  spots p~.cviously identified in 1992 (locations B and C on Figure I), - Surhce (0 lo 15 ccniimctcss) soil sampIcs wcrc collected from six locations in and around the areas 
01ekvate.d direct gatnnla mdhrion (loca~ions 1 through 6 on Figure 1). 111 acidition a subsurface (15 
Ln 30 ccnricnclcrs) soil samplc was collcc~d from sampling location # 1. 

The saniples woia a ia lyxd by gmma spwtronmry at ESSAP's hhrato~y in 0,a.k Ridge, Tcnilcssee. 
Anal yticul resulis are provided in Table 1. Cs-137 activity concenvalion levels ranged from 0'6 to 
72.1 pCUg fur suiface snmples. The single su bsultace sample contained 8.1 p W g  of Cs- 137. Six 
ofthe eight suuplcs collected contain Cs-137 activity concc~ltration lcvcls in cxccss of the 7.08 pCilg 
cleanup criteria that Kockweli h a  used for ihc Sidc Yard arm. Thcrc wcrc no othcr gamma cmiltiiip 
rdionuclides identified in samples, othcr than thosc that a x  namt~ally occul~ing. 

P. 0. BOX 1 17, OAK RIDGE. TENNESSEE 37831.01 17 
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Please contact me at (423) 576-5073 or W. L. (Jack) Beck at (423) 576-5031 should you have my 
questions or we may provide additional informalion. 
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Environmental Project Leader 
EnvironmentaI Survey and 
Site Assessment Program 

cc. A, Kluk, DOEIHQ 
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ell International's Rocketdyne Division tes the Santa Susana Field Laboratory 

Technology Engineering Center C) is that portion of the SSFL, 

OE) , which performs testing of equipment, materials, 

nents for nuclear and energy related programs. Contract work for the Atomic Energy 
- 

Commission (AEC) and the Energy Research and Development Administration (ERDA), 

predecessor agencies to the DOE, pecific programs conducted for 

AE OE involved the engineering, development, testing, and manufacturing operations 

of nucl ctor systems and components. Other SSFL activities have also been conducted for 

the National Aeronautics and Space Administration, the ent of Defense, and other 

government related or affiliated organizations and agencies. Some activities have been licensed 

by the Nuclear Regulatory Commission. 

Numerous buildings and land contaminated as a result of the various 

operations which included ten reactors, seven criticality test facilities, fuel fabrication, reactor 

sembly, laboratory work, and on-si e of nuclear material. 

radioactive contaminants identifi (in natural and enriched isotopic 

ces) , plutonium, americium-24 1, fission products rimarily cesium- 137 and 

), activation products (cobalt-60, europium-152, nickel-63, promethium- 147, and 

tantalum-182), and tritium. Chemical contaminants, mainly chlorinated organic solvents, have 

also been identified in groundwater. 

* 
Decontamination and decommissioning of facilities began in the late 1960's and continues as 

other DO out and msitioned to -40. RockwelURocketd yne 

has recently co the decommissioning d final status radiological surveys of three SSFL 

facilities. These facilities are Buildings 005, 023, and 0 



Building 005 was built in the late 1950's for testing proposed coolants for the Organic 

Moderated Reactor Experiment and Piqua reactors. There was no radiological material use in 

the facility during this period; however, the facility was later converted for uranium h i d e  fuel 

fabrication. Fuel fabrication activities were performed from 1966 to 1967. At the conclusion 

of the fuel fabrication project, uranium contaminated uipment and surfaces were either 

or decontamh to permit non-radiological use of the building. Additional facility 

: decontamination was initiated during 1978 and completed in phases, ending in 1992. 

Decontamination activities included cleaning and/or removal of wntaminated floors, equipment, 

duct work, drain pipes, and storage tanks. RockweIl/Rwketdyne 
- 

radiological survey in 1993. 

Stridies of radioactive contamination transport in a sodium loop were performed in the portions 

of Building 023 constructed in 1962 (referred to as Old Building 023). A second section, 023A, 

on to the building in 1976. There were two fires documented within the facility that 

the sodium loop. Contaminants involved were Cs-137, -54, and Co-60. In 

addition, the facility was also used to store a Dew-Point meter containing a Ra-226 source. 

Plans called for the disassembly of the meter; however, the disassembly was not attempted and 

the intact meter was removed from the facility. st of the contamination identified in the 

building involved the radioactive liquid holdup d the associated drain lines and sink. 

Facility decontamination included the removal of m loop, holdup tank, drain lines, sink, 

and the ventilation exhaust system, and remediation of an area of the floor where 

the sodium Imp was previously located. RwkweIl/Rwketdyne's final radiological survey was 

qnducted in 1993. 

The third building, Building 064, was constructed in 1958 (a second bay was added on in 1963) 

to serve as a storage and repackaging facility for s p e d  nuclear and source radioactive material. 

Source and special nuclear material, including processed natural uranium, depleted uranium, 

enriched uranium, uranium-233, thorium, and plutonium, were stored in the building until 1980. 

ost recently, packaged soil contaminated with Cs-137 as stored in the facility. Exterior yard 

areas were occasionally used for storage of recoverable uranium scrap, irradiated fuel elements, 

and miscellaneous radioactive wastes. Interior surfaces were determined to be contaminated 



from the uranium repackag"Ing process. Initial facility decommissioning involved removal of 

equipment and fixtures, and finally, removal of the contaminated soil. RockwelURocketdyne 

the final radiological surveys of the interior and exterior grounds of the building. 

nmental Restoration, Northwestern Programs is responsible for 

remedial actions that conducted at the SSFL. It 

rm independent (third ) verification of remedial action 

Offlce of Environm . The purpose of these 

is to confirm that rem effective in meeting 

that the documentation accurately and adequately describes the post- 

action radiological conditions at the site. e Envimmental Survey and Site 

AP) of the Oak Ridge Institute for Science and Education (ORISE) 

nsible for this task at SSFL. 

The SSFJd is located in the Simi Hills of southeastern Ventura County, California approximately 

mi) northwest of downtown Los geles (Figure 1). The site is comprised of 

approximately 1 hectares (2700 acres) and is ivided into four administrative areas (Areas 

and a Buffer Zone. DOE Rockwell International- 

owned and DOE-owned facilities lwa e EXEC portion of Area 

consists of government-owned buil plot plan is 

and indicates the 

Building 005 is located within the central portion of and is bordered on the north and 

northeast by B Street, to the southwest by 17th Street, and to the southeast by the Old Coal 

torage Yard and G Street (Figure 3). The facility is a lilt-up concrete structure with Butler 

aluminum siding and has approximately 430 m20f flmr . A number of concrete pads are 

on the east end of the building. These pads formerly held equipment used in the Molten 

dation Ploject and the filter plenums from the fuel fabrication project. The building 

interior is subdivided into an administration area, change rooms, chemistry laboratories, storage 



rooms, and a high-bay area. Figure 4 shows those rooms that wore included in the radiological 

control. area. 

BuiIding 023 js located jn the central section of Area XV. Facility boundaries are 12th Street to the 

north, B Street to the south and east and Building 032 to the west (Figure 5). Building 023 is a single 

story structure with galvanized steel walls and roof and a concrete slab floor. The sodium test loop 

was located in the western, or "old", portion of the building. The ''new" building section held an 

analytical chemjstry laboratory and a storage and set-up room m e  waste boldup tank was formerly 

located in an exterior sub-grade vault at the east end of the building (Figwe 6). 

Building 064 is located in the northeast quadrant of Area XV. Facility boundaries include paved yard 

areas to tbe north, and west, "0" Smt to tbe south, and a paved area an$ the Sideyard to fhe east 

(Figure 7). Tbis Side-Yard includes an excavated atea from whkh tfie 0-137 contaminated soil, 

previously stored in Building 064, originated. BSSAP pexformcd the verification of the Side-Yard 

during a previous survey.' The 41 0 m2 building is coastmcted of mbforced concrete with two large 

open bays, Rooms 1 10 and 1 14. Other xooms include a material handling area (Room 1 l6), office 

and supply and storage space: (Room 120), and a rest room ( F i p  8). 

The objectives of the veMkation surveys were to provide independent document reviews and 

measurement and sampling data for use by the DOE in determining the radiological status of tach 

facility and whether or not the facility m e e l  the guideline requirements for release to unrestricted 

use. 
,". 



ESSAP reviewed Rockwell's radiological survey, decontamination and decommissioning, and 

final status survey reports for Buildings 005, 023, and .2-'2 Rwdures and methods used 

by Rockwell were reviewed for adequacy and appropriateness. The post-remedial action data 

for adequacy, completeness, and compliance with guidelines. 

A survey from ESSAP visited the SSFL during the period July 18 through 21, 1994 and 

visual inspections and independent measurements and sampling inside building 

structures as well as exterior areas. Survey activities were conducted in accordance with a site : 

specific survey plan submitted to and approved by the ~ 0 E . l ~  Additional information regarding 

major instrumentation and survey and analytical procedures may be found in Appendices A 

the 1 rn X 1 m grid system established by Rockwell, where intact, for referencing 

measurement and sampling locations. Survey locations on upper walls, ceilings, or other 

ungridded surfaces were referenced to the floor or lower wall grid or to prominent building 

features. Survey references of exterior areas w& made to either the existing grid or to 

prominent site features. 

Interior surface scans for alpha, beta, and gamma activity were performed on floors, lower 

walls, upper walls, and ceilings of each building, and on pations of concrete exterior surfaces 

(ramps, walkways, and a tank vault). Exterior soil and paved areas, and the Building 005 and 

roofs were scanned for gamma activity. Scans were 

GM, and/or NaI detectors coupled to ratemeters or ratemeter-scalers with audible indicators. 



Scan coverage, with the exception of upper walls and ceilings, ranged from 25 % in rooms or 

areas without a radiological use history, up to 100 46 for radiological use areas. Approximateiy 

5% of accessible upper wall and ceiling surfaces were scanned. Locations of elevated direct 

radiation identified by surface scans were marked for further investigation. 

Direct measurements to determine total alpha and to surface activity levels were 

performed in 68 floor and lower wall grid blocks. Grid blocks selected for survey were chosen 

either randomly or as a result of elevated direct radiation detected by surface scans. One set of 

five direct measurements was obtained from each grid block with measurements performed at 

the center and four points equidistant from the center and grid block corners. Since the time of 

ioactive material use in Building 005, new tile k e n  placed over most of the original 

floor. Rather than addressing these areas with grid block measurement., tiles were removed 

from 10 randomly selected locations within 4 rooms (Rooms 108, 110, 1 13, and 1 14) associated 

with the fuel fabrication work and single-point measurements performed. An additional 

165 single-point alpha and beta direct measurements were performed on floor, lower wall, upper 

wall and ceiling surfaces, as well as equipment, exterior paved areas around each building, the 

attic area in Building 005, and the tank vault outside of Building 023. measurements were 

made using ZnS and GM detectors coupled to ratemeter-scalers. A smear sample for 

determining removable alpha and beta activity was collected from the location within each grid 

that corresponded to the highest total direct measurement, and fiom each single-point 

measurement location. Figures 9 through 28 show measurement and sampling locations. 

Quantitative site exposure rate measurements, at 1 m above the surface, were made at 

7 locations within Building 005, 6 locations within Building 064, and at two soil sampling 

locations (Figures 20 and 21 and 26 through 28) using a pressurized ionization chamber (PIC). 

Exposure rates in all remaining areas were determined qualitatively and were based on gamma 



surface scan data. Rockwell/Rocketdyne developed background exposure rate data, which was 

used by ESSAP for data comparisons. 

tion of the southeast side of Building , all exterior areas around the buildings 

were paved. One surface (0 to 15 cm) soil sample was collected from the southeast side of 

and 2 samples were collected, through cores previously made by Rockwell, from 

beneath the asphalt to the northeast of Building 005. Figures 20 and 28 show sampling 

locations. 

SIS DATA 

Samples ,and data were returned to ESSAP's Oak Ridge, Tennessee laboratory for analysis and 

interpretation. Soil samples were analyzed by solid state gamma spectrometry. Spectrum were 

reviewed for uranium and gamma-emitting activation and fission products (primarily Cs-137). 

Results were reported in piwuries per gram @Ci/g). Smear samples were analyzed for gross 

and gross beta activity using a low background proportional counter. These results were 

reported together with direct measurement data in units of disintegrations per minute per 100 cm2 

cm2). Exposure rates were reported in microroentgens per hour kwh) .  

Results were compared to the DOE guidelines which are provided in Appendix C. 
J 

INGS 

identified a number of areas in the documentation submitted by RockweWRocketdyne, 

principally related to guideline selection, survey methodology, and final status documentation 

where clarification or additional information was necessary. SAP provided these comments 



to the DOE in March 22 and April 4, 1994 co~espondences.'~,'~ Rockwell/Rocketdyne 

subsequently issued a response to each comment in a June 2, 1994 conespondence.l6 

Alpha, beta, and gamma scans of the interior and exterior areas of each building identified 

4 locations of elevated direct beta radiation requiring additional investigation. One location, 

measuring less than 15 cm2, was in Building 064 Room 11 grid block F, 8 (Figure 26). The 

second location was in Building 005 Room 10511 12 grid block Q, 19 (Figure 10). The remaining 

two locations were identified in the Control Room of Building 023. One area was contiguous 

which RockweWRocketdyne had previously remediated (grid blocks D, 1 and D,2 

Figure 22). The second location measured less than 15 cm and was located in grid block B,5 : 

(Figure 22). The location in Building 064 Room 114 and the small area of contamination in grid 

block B,5 of Building 023 Control Room were decontaminated by RockweWRocketdyne. 

personnel performed post-remedial action surface scans at each location and found the 

beta surface activity to be comparable to background levels. Additional investigation of the 

residual activity detected in Building 005 Room 1051112 grid block Q,19 and Building 023 

Control Room grid blocks D, 1 and D,2 determined that the activity could be averaged over 1 m2 

for guideline comparison. 

LE 

Surface activity levels for each of the buildings surveyed are summarized in Table 1. Total 

activity levels for the interior of Building 005 ranged from less than 66 to 360 dpm1100 c d  for 

alpha and less than 1,500 to 7,100 dpm1100 cm2 for beta. The average activity in 1 m2 grid 

blocks was less than 66 dpd100 cm2 for alpha and less than 1,500 to 2,100 dpmI100 cm2 for 

beta. Total activity levels for the exterior areas of Building 005 ranged from less than 66 to 

360 dpmI100 cm2 and less than 1,500 to 1,900 dprnl100 cm2 for alpha and beta, respectively. 

Final survey results for total surface activity levels inside of Building 023, listed in Table 1, 

were less than 66 to 400 dpm1100 cm2 for alpha and less than 1,400 to 6,700 dpm1100 cm2 for 



beta. The average activity ?h 1 m2 grid blocks was less than 66 dpm/100 cm2 for alpha and less 

than 1.,400 to 2,400 dpmI100 cm2 for beta. The activity levels on exterior surfaces, including 

the holdup waste tank vault, were less than 66 dprn/100 cm2 to 120 dpd100 cm2 for alpha and 

less than 1,500 to 1,600 dpd100 cm2 for beta. or to remediation, the activity level of the 

"hot spot" in the Control Room was 20,000 dpd100 em2. 

dpd100 cm2. 

I 

survey results for total activity, p able 1, ranged from less than 

cm2 for alpha and less than 1,500 to dpd100 cm2 for beta. The 1 m2 

grid block averages were less than 66 dpd100 em2 and less than 1,500 dpm/ 100 cm2 for alpha 

and beta, respectively. Exterior sufface activity levels were less than 66 dpm/lOO cm2 for alpha 

and ranged from less than 1,400 to 2,200 dpmI100 cm2 for beta. The beta activity level of the 

t" in Room 114 was 46,000 dpd100 cm2 prior to additional remediation, and 

100 cm2 after decontamination. 

Removable activity levels for all measurement locations, summarized in Table I,  were less than 

the minimum detectable activities of the procedure which were 12 dpd100 cm2 for gross alpha 

and 16 dpd100 cm2 for gross beta. 

Background exposure rates as measured by RockweURocketdyne were 8 pWh (in Building 038 

for comparison with Buildings 005 and 023), 15 pR/h (in Building 

), and 15 pR/h for exterior . Building and exterior exposure rates are 

in Table 2. Exposure rates ranged from 10 to 11 pRlh and 14 to 17 pWh for the 

interiors of Buildings 005 and 064, respectively. Exterior exposure rates ranged from 12 to 

14 pWh. Qualitative verification exposure rates in Building 023 were comparable to background 

levels. 



RDIONUCLDDE CONC TIONS 0 

The radionuclide concentrations in the soil samples collec from Buildings 005 and (MQ are 

summarized in Table 3. Concentration ranges were as follows: Cs-137, less than 0.1 to 

2.7 pCi/g; U-235,O. 1 to 0.5 pCiJg; and U-238,0.7 to 3.8 

radionuclides of significance, other than natural1 

Surface activity levels in each of the three buildings were co to the aF'Pf0priate residual 

radioactive material guidelines specified in DOE 

sum in Appendix C. The applicable guidelines for Building 005 and 064 are those for 

uranium which are as follows: 

5,000 cr d p d  100 cm2, average in a 1 m2 area 

15,000 a dpmi100 cm2, maximum in a 100 em2 area 

Removable Activity 

The guidelines for Building 023 are those for beta-gamma emitters which are: 

5,000 / 3 ~  dpmf100 em2, average in a 1 m2 area 

15,000 /3-y dpm.1100 cm2, maximum in a 100 cm2 area 

Removable Activity 

1,000 fly dpml100 cm2 



The uranium guidelines noted above specify alpha activity. However, because rough, dirty, 

damp, or porous materials may selectively attenuate the dpha radiation emitted by uranium, the 

beta radiation (emitted by the uranium daughters) was also measured, in addition to alpha 

activity, and used for guideline comparison. Alpha to beta decay ratios range from 1:1 for 

natural and lowenriched (c 1 %) uranium to as high as 9: 1 for the reported 12.67% enriched 

uranium used in the he1 fabrication project. ESSAP previously requested additional information 

fiom Rockwernwketdyne that would define the ted alpha-to-beta decay ratios for the 

vatious isotopic uranium cdmpositions used in the facility." on RockweWRocketdyne's 

response, a 1:1 alpha to beta activity ratio was u for comparing beta surface activity levels, 

as well as the alpha surface activity levels, to the alpha guidelines for this survey.16 All of the 
- 

independent measurements were below both sets of uideline levels. 

Soil concentration guidelines for uranium and 0-137 are oped on a site-specific basis using 

computer code developed for that process s-137 guideline developed for 

Side Yard was 7.08 pCi/g average in a 100 mZ area and a maximum "hot spot" 

concentration level of 70.8 pCi/g. Cesium-137 levels in vetification samples were well below 

the average concentration guideline. Uranium levels in verification samples were comparable 

to expected background levels. 

The DOE exposure rate guideline, identified in Appendix , is 20 pR/h above background, at 

1 m. However, RockweWRocketdyne has elected to decommissioning work to meet 

a more restrictive exposure rate criteria of less than 5 pR/h above background. All exposure 

rates were below this guideline. 

The Environmental Survey and Site Assessment Program of the Oak Ridge Institute for Science 

and Education has conducted verification activities for Buildings 005, 023, and 064 at the Santa 

Susana Field Laboratory in Ventura County, California. Verification activities included 

document reviews and during the period July 18 through 21, 1994 ESSAP personnel visited the 

site and performed independent surface scans, surface activity measurements, exposure rate 

measurements, and soil sampling. 



ESSAP identified two small areas of above guideline contamination, one each in Buildings 023 

and 064, during the verification survey. RockwelURocketdyne personnel subsequently 

decontaminated both areas to below guideline levels. All remaining ESSAP measurements and 

sampling support Rockwell/Rwketdyne's conclusion that Building 005, 023, and 064 meet the 

DOE requirements for release to unrestricted use. 
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I 
surveys or resurveys of selected sites were initjatPrl in 1985. Sites surveyed in these recent 

investigations included the Old Conservation Yard (OCY), Building T064 Side Yard, and 

Building T028. 

From 1952 until 1977, the OCY. and surrounding land areas were used for the storage of 

excessed equipmeat some of which was contamhatd with either uranium or mixed fission 

products. The 1988 radiological survey of the OCY identified elevated concentrations of Cs-137 

in soil, with assumed equivalent concentrations of Sr-90. Although there is no available 

confirming documentation, the source of the contamination is believed to be the result of a 
contaminated liquid spill. Thc area was further investigated to delineate the d extent of 

con tamination. This investigation identified a 37 m? (400 ffl area with contamination to a depth 

of 15 cm (6 in). A Cs-137 clean-up guideline was established through the ust of the DOE 

computer d e  RESRAD.' Contmhated soil was excavated, and post-remedial action 

measurements and sampling were performed and documented. 

Building T064, which was formerly known as the Source and Special Nuclear Material Storage 

Facility, was used for the storage of packaged items of source and special nuclear materials prior 

to 1980; it is currently used to store non-nuclear components and equipment and metal boxes 

containing low-level contaminated soil. Site history indicates that the area around the building 

and the side yard was occasionally used for storage of recoverable uranium scrap, inadiated fuel 

elements, and rnisceilanmus radioactive wastes, which included in the early 1960's a lead-pig 

cask containing irradiated 'Seawolf" fuel and contaminated water. The drain plug in the cask 

failed, allowing the water to leak onto the Side Yard. A 65 m2 area was excavated immediately 

following the incident; however, a 1988 comprehensive radiological survey of the area around 

Building T064 identified elevated soil concentrations of Cs-137 (assumed equivalent amount of 

Sr-90). Further investigations determined that a 47 m2 area of contamination was located within 

the northeast fence line and extended in a northeast direction past the fence line over an 

additional area of 370 m2. A Cs-137 guideline was developed and the top 41 cm of soil was 

subsequently excavated from the area and a post-remedial action survey performed and 
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This report summarizes the Decontamination and Decommissioning (D&D) process for the former 
Fuel Storage Facility. The facility consisted of the building, B4064, and a fenced-in area (See Figure 
1-4). This building is referred to in this document as Building 4064. In other documentation and 
references this building can be called T064, 064 or B/064 depending on the designation at the time. 
The D&D process of this facility included the building, the fenced-in area, and "Surrounding Areas", 
that were found to be slightly contaminated (Fig. 1-4). The surrounding areas included a "Side 
Yard", which was an approximately 4,500 ft2 area east of the building, of which approximately 4,000 
ft2 was outside the security fence. 

Constructed in 1958, the Fuel Storage Facility was a vault, built to provide secure storage for non- 
irradiated fissionable nuclear materials (enriched uranium and plutonium) used to make reactor fuel. 
The building was constructed aboveground of concrete and concrete blocks, to meet the Atomic 
Energy Commission (AEC) criteria for vaults for storage of fissionable material. It was equipped 
with intrusion alarms. Closed containers of radioactive waste were also stored outside on a concrete 
pad within the locked, fenced facility perimeter. 

All nuclear materials were removed from the building by 1993. The building was decontamiminated 
and a final survey of the building was performed in 1993 (Ref. 3). In 1996, the building was released 
for demolition by the Department of Energy (DOE) and the California Department of Health Services 
(DHS) Radiation Branch. The building was demolished in 1997 and the waste was shipped off-site as 
clean waste. 
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Surrounding Areas of 
During the operating history of Building 4064, the concrete pad northeast of the building had been 
built to store sealed containers of radioactive material. During this period of handling containers of 
radioactive material, the side yard became contaminated with Cs-137 (Ref. 8). 

In 1988, a Characterization Survey (Ref. 1)  was performed which identified the location of 
contaminated soil. Remedial excavation was performed and a subsequent Rocketdyne survey was 
conducted. A follow-up verification survey was performed by ORISE (Oak Ridge Institute of 
Science & Education) in 1992 and additional excavation was performed in 1993. 

The Area IV Survey, performed in 1994 and 1995, identified two more locations above release limits. 
These areas, including a septic tank and the leach field, were excavated in 1997. Subsequent scoping 
surveys indicated the area was below release limits. 

In May 1998, sub-surface core sampling down to bedrock was performed under the original building, 
in the side yard, under the main access road, "6" street, and east of "G" street (Ref. 10). All sample 
results proved to be within the range of background levels. 

The Rocketdyne Final Status Survey of the entire 2 acre-area (Ref. lo), and the ORISE verification 
survey were conducted in September 1998. In October 1998, the California Department of Health 
Services (DHS) also performed a verification survey. 

) Characterization survey ) July 1988 

Remediation / 1989 

I Interim final survey 
I 

/ October 1990 



NO.: EID-04600 
Page: 6 of 32 

Date: 8/23/99 

Facility 4064 was located within the former Rockwell International Santa Susana Field Laboratories 
(SSFL) in the Simi Hills of Southeastern Ventura County, California, adjacent to the Los Angeles 
County Line and approximately 29 miles northwest of downtown Los Angeles. Location of the SSFL 
relative to Los Angeles and vicinities is shown in Figure 2-1. An enlarged map of neighboring SSFL 
communities is shown in Figure 2-2. Figure 2-3 is a plot plan of the western portion of SSFL, known 
as Area IV, where Building 4064 was located. Figure 2-4 shows the relative locations of the 
building, the Side Yard and the surrounding areas including the locations of a septic tank and its leach 
field. A drawing (plan view) of Building 4064 and its adjoining areas is shown in Figure 2-5. Figure 
2-6 shows the former building in the Area IV of SSFL and the surrounding area. Building 4064 was 
totally fenced in with a chain-link fence (Ref. 1). An aerial photograph of the 4064 site prior to 
demolition is shown in Figure 2-7. 

Using USGS terminology, the USGS description for the Building 4064 is: Township T2N; Range RI 
; and Section 30, Calabasas Quadrangle. 
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Figure 2.6, Loca 
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ON AND NU 

uilding 4064 was designed and built as a special nuclear material and source radioactive material 
storage building. It was constructed in two phases. The first phase was constructed in 1958. This 2137 
ft2 portion (Room 110) was a reinforced concrete structure with 1 1-in. thick walls on a concrete slab. 
The building eaves height was 16 ft and the structure was open bay except for a 12 ft x 13 ft  material 
handling area in the southeast corner of the building. A fume hood was installed in this small 
southeast corner (Room 104). 

In 1963, the building was enlarged by adding a bay to the north (Room 1 14) bringing the total square 
footage of the building to 441 8 ft2. This addition used 12-in. concrete block construction with cores 
filled with concrete. Total square footage included a small 150 ft2 office (Room 100) and a 50 ft2 
restroom (Room 102), both located on the dock on the east side of the building. On the northwest 
comer was a small supply and storage room, about 50 ft2 (Room 1 16). Room 1 14 was accessible from 
the east through a 20 ft  x 15 ft electrically driven rollup door and a conventional hinged door. Room 
110 was accessible from the east through a heavy secured door. Ramps leading to each room allowed 
easy transport of materials via forklift. 

The concrete slab floors were covered with 12-in. square vinyl-asbestos tiles. The concrete-block 
walls were painted. In 1980, the entire facility was reroofed; interior wall surfaces were patched and 
painted; floor tile was removed and replaced; the restroom and office were restored; plumbing was 
repaired; heating and ventilation was repaired; a window air-conditioner was installed in the office; 
and yard asphalt was patched. New fluorescent lights were installed. Storage racks were constructe 
to accommodate fbel. 

Since nuclear material was only stored here, there was no processing equipment within the building. 
No sinks were installed in the storage areas. The only water supply was to the restroom (Room 102). 
Initially sanitary waste water was discharged to a septic tank and leach field. In about 1960 the 

was connected to the local sewage system. The facility was not air-conditioned. Each room 
was ventilated by dedicated blowers through a plenum containing pre-filters and WEPA filters. Room 
104 had a fume hood that exhausted through the south filter plenum. 

A disconnected sanitary leach field existed just north of the access road to "6" Street on the southeast 
section of the property. The building was surrounded by a chain link fence, located from 20 to 30 ft 
from the exterior walls of the building. The area enclosed, including the building, was about 11,000 
ft2. 

There were three points of access to the site location of Building 4064. One access was directly from 
the north through the 513 parking area, which was on the east side of 10th Street. A second point of 
access was directly off 10th Street at the northwest corner of the facility, and the third was a paved 
roadway connecting the southeast comer of the facility with "G" Street to the east. There were two 
gates for accessing the fenced-in storage yard; one from the northeast comer off the 5 13 parking lot, 
and the other from the southeast corner off "6" Street. 
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The facility sat atop a plateau about 25 ft above "6" Street and slightly above the 513 parking lot. 
Figure 3-1 shows the building and surrounding area during demolition (half of the building was 
demolished at the time of this picture). Rock outcroppings exist up slope to the north-northeast and 
down slope in every other direction. Water runoff was primarily due east at the southern end of the 
facility. 

The "fenced-in yard9' was a 6,580 square foot area within the security fence as shown in Figure 2-5. 

uilding 4064 Side yard9' was a wignation given to approximately 4500 square foot 
dal area near building 4064 for D& 

The "Surrounding Areas" included a 2-acre area of the former 4064 facility, including drainage 
pathways, former parlung lot areas, surrounding areas, and the Side yard area (Ref. 10). The septic 

and the leach field that had serviced the ng 4064, were located within the Surrounding 
Areas (Fig. 2-4). Figure 3-2 shows the septi in the ground after the surrounding soil was 
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Building 4064 was used primarily for storage of packaged items of source material (normal uranium, 
depleted uranium, and thorium), and packaged special nuclear material (enriched uranium, plutonium, 
U-233) of various forms and configurations. Originally Room 114 and Room 110 contained steel 
racks for storing material. Room 110 was primarily used for storage of highly enriched uranium and 
plutonium; Room 1 14 was primarily used for source material and low enriched uranium storage. 

Enriched uranium powders and source material powder packages were split into smaller units or 
combined into larger units in a glove box located in the small work area alcove (Room 104) in the 
southeast comer of Room 110. Plutonium was handled only in packaged form; never in a loose form. 
No plutonium handling was done other than transferring sealed packages between containers. 
Transfers of solid metallic forms of material generally were handled in the glove box; however, on 
occasion, larger solid metallic pieces were transferred and repackaged within the room. 

During the early 1960's, a changed storage configuration was required. The metal racks from the 
south half of Room 110 were removed in order to store material in storage containers and drums. This 
storage included large quantities of special nuclear material recoverable scrap. 

During this time, recoverable scrap storage space was needed. As a result, the yard area in front of the 
building (east), the side (north), and the back (west) was used to store 55-gallon drums of low 
enriched recoverable scrap. This material was shipped off-site from Rocketdyne to various 
government sites in the mid-to-late 1960's and early 1970's. 

No plutonium or U-233 packages were ever opened in thts facility. Any residual radioactive 
contarnination was enriched uranium, normal uranium, depleted uranium, or thorium and came from 
handling bare metallic pieces (Ref. 1). 

During the mid-1970's to early-198OYs, most of the major DOE nuclear development and reactor 
contracts had ended. Later, following removal of all fissionable material, miscellaneous equipment 
and containers of radioactive waste (principally soil) were stored in the building. The building was 
emptied of all contents (both radioactive and non- radioactive) by 1993 (Ref. 5). 

The building was decontarniminated and a Rocketdyne final survey of the building interior and also 
the fenced-in yard was performed in 1993 and was documented in 1994. The Oak Ridge Institute of 
Science and Education (ORISE) and the California Department of Health Services (DHS) performed 
verification surveys in 1994. In 1996, the building was released for demolition by the Department of 
Energy (DOE) (Appendix 1) and the California DHS (Appendix 2). 

In May, 1997, the alarm system was removed from the building to prepare for demolition. The 
asbestos and paint were removed from the building by a contractor specializing in asbestos 
abatement. The building demolition process was completed in August, 1997, and the waste was 
shipped off-site as conventional waste. 
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e yard and Surrounding Areas of 

In 1988, a Characterization Survey was performed which confirmed the location of contaminated soil. 
Remedial excavation was performed to remove the contaminated soil. A subsequent Rocketdyne 
survey comprising of one-meter gridded exposure measurements and soil sampling was documented 
in 1990. A follow-up verification survey was performed by ORISE in 1992. Further excavation was 
performed in two locations in 1993, following imposition of more stringent clean-up standards by the 
Department of Energy, and documented in a revision to Rocketdyne's 1990 survey report (Ref. 6). 

During the Area IV Survey in 1994 through 1995, two locations, one in the original side yard and one 
located across the other side of "G" Street were identified as remaining above release limits. These 
areas were excavated in 1997 including the removal of an abandoned septic tank and leach field that 
had serviced Building 4064. Scoping surveys and soil samples conducted during and after excavation 
proved the 4064 area beneath the previous building foundations, and surrounding yard areas were 
non-contaminated. 

ay, 1998, sub-surface core sampling down to bedrock was performed under the original building, 
in the side yard, under the main access road, "6" street, and east of "G" street (Ref. 10). All sample 
results proved to be w i t h  the range of background. 

In September, 1998, the Final Status Survey was conducted in the entire 2 acre site, including 
drainage pathways, former parking lot areas, surrounding areas, and the side yard area. One hundred 
and thirty one (131) soil samples were taken, 553 one-meter gridded exposure measurements were 
taken and a surface exposure survey of all two acres was performed. All measurements demonstrated 
that the facility met cleanup standards for release for unrestricted use. The Final Status Survey 
Report was issued in April, 1999 (Ref. 10). 

In September, 1998, the Oak Ridge Institute of Science and Education (ORISE) performed a 
verification survey (Reference 9). In October, 1998, the California Department of Health Services 
(DHS) performed a verification survey. 
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A radiological survey of the facility structure and yard was performed in 1987188 (Ref. 1). That 
survey revealed low level contamination on most of the fixtures inside Room 110 and in the two 
exhaust systems that were serving Rooms 110 and 114. The office, restroom and a janitor's closet 
showed no signs of contamination. The floor tiles were surveyed for radiological contamination, none 
was found, and the tiles were removed from these rooms during the asbestos containing material 
(ACM) abatement of the facility. 

5.1.1 Room 114 

After work had ceased at Building 4064, miscellaneous packaged components and approximately 
125 cubic yards of containerized soil were stored in Room 114. The remediation work performed in 
Room 114 consisted of the removal of these stored items. During the removal of the equipment and 
boxes of soil, frequent area contamination surveys were performed by radiation protection personnel 
to assure that container integrity and contamination control were maintained. All contaminated 
equipment, components and soil that had been stored in Room 114 were transported to the 
Radioactive Materials Handling Facility ( HF) for temporary storage and eventual disposal at an 
approved DOE burial site. 

5.1.2 Room 110 
Most items in Room 110 had been used for operations at Building 4064 and were contaminated to 
varying degrees. When practical, size reduction and packaging were performed on site. However, 
some of the equipment required more aggressive techniques for size reduction and contamination 
control. These items included: a fume hood that had been used to package enriched uranium powders 
and source materials, two large balances (Fig. 5-I), and several 6 in. diameter x 5 ft. long steel 
shipping drum inserts. All of these items were transferred to the HF for size reduction and 
packaging for disposal. The fluorescent light fixtures in this room were also contaminated. The 
fixtures were taken down, disassembled and the PCB containing ballasts removed. The fixtures less 
ballasts and bulbs were packaged and disposed of as radioactive waste, the ballasts were surveyed and 
found to be radiologically clean and were disposed of as hazardous PCB waste, the fluorescent bulbs 
were decontaminated and disposed of as conventional waste. The storage racks (Fig. 5-2) contained 
fixed radioactive contamination and were disassembled, size reduced and packaged on site and 
transferred to the HF for eventual shipment to an approved disposal facility. 

5.1.3 HEPA Filtered Exhaust Systems 

To maintain contamination control during the size reduction of the HEPA filter plenums, size 
reduction was done at the RMHF. The plenums were detached from the buildings and blowers as 
intact units and transported to the RMHF. Because of the large size of the exhaust plenums this effort 
required the fabrication of custom boxes to assure contamination containment during transport. Inlet 
(Fig. 5-3) and outlet openings were sealed, the units were disconnected from the building, placed in 
the boxes and transferred to the RMHF. The plenums were cut into manageable size pieces using a 
plasma torch and packaged for disposal as radioactive waste. 
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Because the facility had been used for storage for several years, special attention was given to 
identifying hazardous or potentially hazardous materials requiring disposition. Two scales were found 
to contain oil and one also contained lead. A 4-02 quantity of oil from one of the scales was 
determined to contain radioactive contamination and was effectively treated during the Molten Salt 
Oxidation (MSO) Bench Scale Unit tests being performed at the RMHF. The other oil and the lead 
were certified as "Containing no DOE-Added Radioactivity," in accordance with ER-SP-0001 (Ref. 
2) and were disposed of in accordance with the Rocketdyne Environmental Control procedures. The 
ballasts removed from the light fixtures in Room 110 were hermetically sealed units and after a 
thorough radiological survey were also certified as "Containing No DOE-Added Radioactivity" and 
were disposed of in accordance with the Rocketdyne Environmental Control procedures. 

Because the floor tiles throughout the facility had been determined to contain asbestos, and were in a 
deteriorated state, their removal was required. A sampling plan was developed and implemented in 
accordance with ER-SP-0001. Randomly selected tiles were removed and the tiles and subfloor were 
surveyed for total contamination. The results of this survey sampling concluded that the tiles and 
subfloor had no detectable activity (NDA) above background; therefore, all tiles were certified as 
"Containing No DOE-Added Radioactivity." An asbestos abatement contractor was employed to 
remove a total of 4,352 ft2 of tile. The tile and abatement-related ACM wastes were packaged and 
placed in an approved hazardous waste container and were disposed at an approved disposal facility. 
Copies of certifications were forwarded to the DOE. 

Surrounding Areas 
The characterization survey of 1988 indicated areas of contaminated soil, which were subsequently 
removed. In 1993, the Department of Energy imposed stricter clean-up standards, and soil was 
excavated fiom two additional locations (Ref. 6). The demolition of building 4064 was placed on 
hold until removal of all contaminated soil was completed. 

The Area IV survey of 1994-95 identified two more locations with elevated readings, one in the 
original Side yard, and the other located across the other side of "G" street. The remediation of these 
locations was performed in 1995. Soil samples fiom these locations were taken to determine the 
amount of soil needed to be removed. Roll-off containers were used for interim storage of 
contaminated soil. The removal of soil areas with elevated readings was completed by the end of 
1995. 

The location of the abandoned septic tank was confirmed during the above-described excavations. 
A methodology was developed to determine the extent of side yard contamination. It was decided to 
auger holes 18" deep and measure activity using a NaI detector. Additional side yard samples were 
taken using this methodology. The removal of elevated radiological spots was completed by the end 
of 1995. In April, the leach field distribution box was surveyed in detail and contamination was 
found in both the inlet and outlet lines. The distribution box was removed in June and sent to the 
Radioactive Materials Handling Facility (RMHF) for further processing. The box was packaged at 

HF for shipment to the DOE-Hanford disposal site. It was shipped in March, 1999. 

The radiological boundary determination showed that an area inside of the drip line of an oak tree 
needed to be excavated. In January, 1996, a radiological survey of the buried septic tank showed no 
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radioactivity. In February, the water and sludge samples from the tank were analyzed and found to be 
non-hazardous. The tank then was decanted and the non-contaminated water was allowed to 
evaporate. Permits to remove the septic tank and to excavate around oak trees were obtained in June 
1996. The Critical Lift procedure was modified for the septic tank, and the tank and piping were 
removed in July 1996 (see Fig. 5-4) and sent to RMHF for processing. Low Level contamination was 
detected in the sludge in the tank. The sludge was absorbed in diatomaceous earth. The tank was 
size reduced (rubblized) and packaged for shipment to the DOE-Hanford disposal site. Figure 5-5 
shows the locations of the tank and its leach field after excavation. 

The soil sampling based on the boundary determination methodology was completed in 1996. The 
soil defined by this methodology was excavated and was shipped to the Envirocare facility in Utah. 
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6.1 Overview 
Upon D&D of radioactive constituents, releasing a facility or area for unrestricted use requires a 
formal radiation survey to demonstrate that the applicable regulatory limits for such a release are met. 
The survey is performed under an established plan, and a statistical interpretation of the resulting data 
is made to verify that the regulatory release criteria have been met. References 3, 8 and 10 provide 
information that demonstrates that Building 4064 and the Area 4064, which includes the Side yard 
and the "Surrounding Areas", meet DOE, NRC, and State of California criteria for release of the 
facility for unrestricted use. 

6.2 Scope of the Survey 

6.2.1 Building 4064 

For the final radiological survey of Building 4064, the interior rooms and office were separated into 
sample lots. These sample lots are graphically shown in Figure 6 of Reference 3. Sample lots were 
treated separately for the purposes of statistical data analyses. Distinguishable properties for selecting 
the sample lots were areas or rooms, which contained contaminated components that were recently 
decontaminated. The chosen sample lots or areas are shown in Table 1 of Reference 3 with the 
corresponding type of survey performed. 

6.2.2 Area 4064 (Side yard and the Surrounding Areas) 
The entire 2-acre lot was surveyed and sampled including a direct qualitative surface gamma scan 
(1 00%) for contamination, ambient gamma exposure measurements at 1 meter above the ground at 10 
ft by 10-ft grids, and both surface and subsurface soil sampling (Ref. 10). 

6.3 Survey Summary and Conclusions 

6.3.1 Building 4064 

Survey measurements were made for surface contamination (alpha and beta) on the interior walls, 
floors, and ceilings in Building 4064, and for ambient gamma exposure rate at 1 meter above the 
interior floors. These measurements were tested statistically for compliance with acceptable 
contamination limits for enriched uranium, activation products, and mixed fission products, and for 
ambient exposure rate. 

All tests for surface contamination showed that the facility was suitable for release without 
radiological restrictions. Interpretation of the gamma exposure rate measurements for the Building 
4064 interior is based on the average gamma exposure rate background value (15.76 pR/hr) for a 
building of similar construction (Building S445) that has never been used for any radiological 
purposes. The probability distributions for the comparisons between these measurements shows no 
local contamination, except for two measurements that were affected by the near proximity of smoke 
alarm units containing approximately 80 pCi Am-241. The results indicate a naturalhormal 
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background distribution for the building, with an average value of 14.7 pR/hr. Therefore, the 
Building 4064 interior average gamma exposure rate was consistent with the average gamma 
exposure rate for Building S44.5. 

A confirmatory survey of the building was performed by ORISE ( Ref. 4 ). The results of the final 
survey and the confirmatory survey showed that the building was suitable for release for use without 
radiological restrictions. 

An inspector from the State of California, Department of Health & Services-Radiologic Health 
Branch (DHS-RHB) accompanied the confirmatory survey team and also made independent 
measurements. The results of these measurements were consistent with the confirmatory survey. (see 
attached letters in the Appendix). 

6.3.2 Area 4064 (Side yard and the Surrounding Areas) 

The test statistic for the distribution of the background -subtracted gamma exposure rate is 4.1 pR/hr, 
which is below the acceptance limit of 5 pR/hr. 

The [post-remediation] soil samples indicate that the Cs-137 contamination, historically observed at 
Area 4064, has been remediated and is now below the clean-up standard of 9.2 pCi/gm. Most 
samples indicated no Cs-137, while a small number of samples showed trace levels of Cs-137 above 
background levels with a maximum level of 3.1 pCi/gm. 

All soil sample and radiation exposure measurements are below the Department of Energy's and 
California Department of Health Services' approved release limits. The 4064 area, including 
surrounding areas, is suitable for release for unrestricted use (Ref. 10). 

Verification Surveys 

A verifcation survey of Area 4064 was performed by ORISE (Ref. 9). This report concludes that the 
4064 Side Yard satisfies the criteria for release for unrestricted use. A verification survey of Area 
4064 was performed by DHS-RHB and confirmed the Rocketdyne and ORISE conclusions. 
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7.0 WASTE VOL E GENERATED AND DISPOSAL 

The types of waste materials generated during the D&D of Building 4064 included steel (exhaust 
hoods, parts, and storage racks) and miscellaneous items (HEPA, filters, fiberboards, and glass, etc.). 
Table 7-1 lists actual amounts of generated waste. 

Additionally, the demolition contractor disposed of several tons of non-hazardous building material, 
such as walls and roof, in 1997. The contractor also disposed of some asbestos containing materials. 

The excavation from the Side yard and the Surrounding Areas include soil, asphalt and concrete fiom 
the distribution box. Table 7-2 lists the amounts of waste. 

TABLE 7-2 

Asphalt 
Soil & as~halt  

Additionally, the size-reduced septic tank, weighing approximately 25,000 lb., is in a roll-off (-405 
~ t ~ )  awaiting shipment to the DOE-Hanford Disposal Facility. 

Concrete (From Distribution 
Box) 

3 13,000 
684,400 

3,700 
8,560 

6,000 140 
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ERSONNEL RADIATION EXPOSURE 

No personnel radiation exposure was anticipated or encountered from the D&D activities for Building 
4064, the Side yard or the Surrounding Areas. 
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PROJECT COST SUMMARY 

The total cost associated with the decontamination and decommissioning of Building 4064 in Table 

TABLE 9-1 

D&D plans and performance 

Burial and transportation 

Survey & Reporting 

Building structure demolition & disposal 

Asbestos abatementlpaint removal 

TOTAL 

The cost associated with sampling, excavating, packaging and disposing the debris from the Side yard 
and the Surrounding Areas is given in Table 9-2. 

Labor including overhead (Radiation Protection $1 14,000 
Department - approx. 40% of total) 

Roll-off rental for soil storage $ 92,000 

Soil sampling $ 9,000 

Disposal including transportation & fees $3 10,000 

Misc. Materials, leases $ 21,000 

OTA 546,000 
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epartment of 
Oakland Operations Office 
7301 Clay Street, N700 

Oakland, CA 9461 2-5208 

June 25, 1996 

MajeIIe Lee 
Program Manager 
Environmental Programs 

Energy Technology Engineering Center 
Rocketdyne Division 
Rockwell international Corporation 
P.O. Box 7930 
Canoga Park, CA 9 1 309-7930 

Subject: Demolition of Building 064 

Dear Ms. Lee: 

e cleanup of radioactive decontaminatio complete- OR!= has 
e condition of the val is given for the 
of B064. The em bined with the BOG4 

one release site. This releas be ready for a d e a s e  
ed use in N97, after the remediation of deyard is completed. 

incerely, 

ETEC PM 
Environmental 
Restoration Division 
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APPENDIX &S LETTER T O  ETEC. 

S A T E  W~CMIK)RMA'--HEAL~~ AND W A R E  AGENCi 

DEPARTMENT OF HEALTH SERVICES 
n4/7u F STRE3 
Fa. BOX P m x !  
s.Oumano.0. 9 4 t Y m  

August 19, 1996 

Mr. Phil Rutherf ord, Manager 
Environmental Remediation 
Rocketdyne Division 
Rochell International Corporation 
P. 0. Box 7930 
Canoga Park, CA 91309-7930 

Subject: Demolition and Disposal of Structural Material from 
Building To64 at SSFL 

Dear Mr. Rutherford: 

This letter is to acknowledge the receipt of your letter dated .July 
30, 1996, with attachments, requesting conCUT;Tence of the above 
subject. Based on the review of your submittal and the results of 
the surveys performed by the inspection staff of our Los Angeles 
off ice, the Radiologic Health Branch (RHB) concurs that you may 

.-p-ed-~ith the demolition of the Building TO64 and that you also 
may dispose of the structural material resulting from such 
demolition as conventional waste. 

If you have any questions concerning this matter, please feel free 
to call Mr. Stephen Hsu of this office at (916) 322-4797. 

Sincerely, 
f 

Gerard Wong, Ph.D., Chief ! 

Radioactive Material Licensina ~eckion 
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1.0 INTRODUCTION 

This report summarizes the recent (post 1990) activities performed during the 

decontamination and decommissioning (D&D) of Building 064. This facility, known as the 

Source and Special Nuclear Materials Storage Vault, is located in Area IV of the Santa 

Susana Field Laboratory. Cleanup performed in the early 1960's (ref. 1) and in the late 

1980's (ref. 1) has been previously documented and is not addressed in this report. 

2.0 BACKGROUND 

Building 064 was a high security facility originally consisting of a - 2100 fth"vault" 

(Room 110) and a small office area. In 1963, a second - 2100 ft' "warehouse" (Room 114) 
was added (Figure I). The facility was utilized for support of Atomic Energy Commission 

(AEC), Energy Research and Development Administration (ERDA) and Department of 

Energy (DOE) related nuclear programs for the storage and repackaging of source and 

special nuclear materials, and for sectioning and repackaging fresh fuel elements. Plutonium 

was also handled at the facility in packaged form but never as "loose" powder. The yard 

area was also used for storage of drums of low enriched uranium recoverable scrap. 

As public acceptance and funding for nuclear research programs and related activities 

waned in the late 1970's and early 1980's the facility was relegated to the storage of 

radioactively contaminated equipment and as an "overflow" waste container storage facility 
for the RMDF. 

Room 110 contained several pieces of contaminated equipment including weighing 

scales, tools, a fume hood, empty storage containers and empty shipping drums. There were 

also four floor to ceiling, earthquake reinforced, "safe" storage racks in the northern portion 

of the room. Items stored in room 114 were containerized and consisted of contaminated 

pumps, equipment control consoles and packaged soil that had been excavated during the 

1980's cleanup of the eastern yard and adjacent area. Both rooms' 110 and 114 were 

equipped with high efficiency particulate air (HEPA) filtered exhaust systems which were 

operational during fuel handling operations at the facility. 
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2.1 Facility Status Prior To D&D 

A radiological survey of the facility structure and yard was performed in 1987/88, that 

survey revealed low level contamination on most of the fixtures inside room 110 and in the 

two exhaust systems that were serving room 110 and 114. The office, restroom and a 

janitors closet showed no signs of contamination and were not included as a part of the 

radiological D&D of the facility, however the floor tiles were removed from these rooms 

during the asbestos containing material (ACM) abatement of the facility. 

3.0 SUMMARY O F  WORK PERFORMED 

To release the facility for use without radiological restrictions all contaminated 

equipment and fixtures had to be removed in preparation for a final radiological survey. 

In addition, all hazardous materials and wastes in the facility had to be properly disposed. 

Where practical and cost effective, equipment was decontaminated and either disposed as 
non R/A waste or surplused. Some equipment required disassembly in order to remove 

hazardous materials such as oils, grease and lead. Most of the items, however, could not 

be readily decontaminated and some equipment had areas that could not be surveyed with 

the confidence level necessary for release without radiological restrictions. Analysis of the 

floor tiles indicated that the tiles and mastic glue throughout the facility contained asbestos 

and would require removal and disposal. 

3.1 Room 114 

The work performed in room 114 consisted of the removal of miscellaneous packaged 

components and approximately 195 cubic yards of containerized soil (photo #5).  All of the 

items stored in room 114 were brought to the facility for storage after work had ceased at 

B/064 and had been properly packaged to prevent release of contamination. During the 

removal of the equipment and boxes of soil, frequent area contamination surveys were 

performed by Radiation Protection and Health Physics Services (RP&HPS) representatives 

to assure that container integrity and contamination control were maintained. All 

contaminated equipment, components and soil that had been stored in room 114 were 

transported to the RMDF for temporary storage and eventual disposal at an approved DOE 

burial site. 
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3.2 Room 110 

Most of the items in room 110 had'been used for operations B/064 and were 

contaminated to varying degrees. When practical, size reduction and packaging were 

performed on site. However, some of the equipment required more aggressive techniques 

for size reduction and contamination control. These items included: a fume hood that had 

been used to package enriched uranium powders and source materials, (photo #1) two large 

balances (photo #1) and several 6 in. diameter X 5 ft. long steel shipping drum inserts. All 
of these items were transferred to the RMDF for size reduction and packaging for disposal. 

The fluorescent light fixtures in this room were also contaminated. The fixtures were taken 

down, disassembled and the PCB containing ballasts removed. The fixtures less ballasts and 

bulbs were packaged and disposed of as R I A  waste, the ballasts were surveyed and found 

to be radiologically clean and were disposed of as hazardous PCB waste, the florescent bulbs 

were decontaminated and disposed of as conventional waste. The storage racks (photo #2 

& 4) contained fixed R/A contamination and were disassembled, size reduced and packaged 

on site and transferred to the RMDF for eventual shipment to an approved disposal facility. 

3.3 HEPA Filtered Exhaust Systems 

To maintain contamination control during the size reduction of the HEPA filter 

plenums, size reduction was done at the RMDF. The plenums were detached from the 

buildings and blowers as intact units and transported to the RMDF. Because of the large 

size of the exhaust plenums this effort required the fabrication of custom boxes to assure 

contamination containment during transport. Inlet (photo #3) and outlet openings were 
sealed, the units were disconnected from the building, placed in the boxes and transferred 

to the RMDF. The plenums were cut into manageable size pieces using a plasma torch and 

packaged for disposal as R I A  waste. 
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This report summarizes the Decontamination and Decommissioning (D&D) process for the former 
Fuel Storage Facility. The facility consisted of the building, B4064, and a fenced-in area (See Figure 
1-4). This building is referred to in this document as Building 4064. In other documentation and 
references this building can be called T064, 064 or B/064 depending on the designation at the time. 
The D&D process of this facility included the building, the fenced-in area, and "Surrounding Areas", 
that were found to be slightly contaminated (Fig. 1-4). The surrounding areas included a "Side 
Yard", which was an approximately 4,500 ft2 area east of the building, of which approximately 4,000 
ft2 was outside the security fence. 

Constructed in 1958, the Fuel Storage Facility was a vault, built to provide secure storage for non- 
irradiated fissionable nuclear materials (enriched uranium and plutonium) used to make reactor fuel. 
The building was constructed aboveground of concrete and concrete blocks, to meet the Atomic 
Energy Commission (AEC) criteria for vaults for storage of fissionable material. It was equipped 
with intrusion alarms. Closed containers of radioactive waste were also stored outside on a concrete 
pad within the locked, fenced facility perimeter. 

All nuclear materials were removed from the building by 1993. The building was decontamiminated 
and a final survey of the building was performed in 1993 (Ref. 3). In 1996, the building was released 
for demolition by the Department of Energy (DOE) and the California Department of Health Services 
(DHS) Radiation Branch. The building was demolished in 1997 and the waste was shipped off-site as 
clean waste. 
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Surrounding Areas of 
During the operating history of Building 4064, the concrete pad northeast of the building had been 
built to store sealed containers of radioactive material. During this period of handling containers of 
radioactive material, the side yard became contaminated with Cs-137 (Ref. 8). 

In 1988, a Characterization Survey (Ref. 1)  was performed which identified the location of 
contaminated soil. Remedial excavation was performed and a subsequent Rocketdyne survey was 
conducted. A follow-up verification survey was performed by ORISE (Oak Ridge Institute of 
Science & Education) in 1992 and additional excavation was performed in 1993. 

The Area IV Survey, performed in 1994 and 1995, identified two more locations above release limits. 
These areas, including a septic tank and the leach field, were excavated in 1997. Subsequent scoping 
surveys indicated the area was below release limits. 

In May 1998, sub-surface core sampling down to bedrock was performed under the original building, 
in the side yard, under the main access road, "6" street, and east of "G" street (Ref. 10). All sample 
results proved to be within the range of background levels. 

The Rocketdyne Final Status Survey of the entire 2 acre-area (Ref. lo), and the ORISE verification 
survey were conducted in September 1998. In October 1998, the California Department of Health 
Services (DHS) also performed a verification survey. 

) Characterization survey ) July 1988 

Remediation / 1989 

I Interim final survey 
I 

/ October 1990 
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Facility 4064 was located within the former Rockwell International Santa Susana Field Laboratories 
(SSFL) in the Simi Hills of Southeastern Ventura County, California, adjacent to the Los Angeles 
County Line and approximately 29 miles northwest of downtown Los Angeles. Location of the SSFL 
relative to Los Angeles and vicinities is shown in Figure 2-1. An enlarged map of neighboring SSFL 
communities is shown in Figure 2-2. Figure 2-3 is a plot plan of the western portion of SSFL, known 
as Area IV, where Building 4064 was located. Figure 2-4 shows the relative locations of the 
building, the Side Yard and the surrounding areas including the locations of a septic tank and its leach 
field. A drawing (plan view) of Building 4064 and its adjoining areas is shown in Figure 2-5. Figure 
2-6 shows the former building in the Area IV of SSFL and the surrounding area. Building 4064 was 
totally fenced in with a chain-link fence (Ref. 1). An aerial photograph of the 4064 site prior to 
demolition is shown in Figure 2-7. 

Using USGS terminology, the USGS description for the Building 4064 is: Township T2N; Range RI 
; and Section 30, Calabasas Quadrangle. 
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Figure 2.6, Loca 
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ON AND NU 

uilding 4064 was designed and built as a special nuclear material and source radioactive material 
storage building. It was constructed in two phases. The first phase was constructed in 1958. This 2137 
ft2 portion (Room 110) was a reinforced concrete structure with 1 1-in. thick walls on a concrete slab. 
The building eaves height was 16 ft and the structure was open bay except for a 12 ft x 13 ft  material 
handling area in the southeast corner of the building. A fume hood was installed in this small 
southeast corner (Room 104). 

In 1963, the building was enlarged by adding a bay to the north (Room 1 14) bringing the total square 
footage of the building to 441 8 ft2. This addition used 12-in. concrete block construction with cores 
filled with concrete. Total square footage included a small 150 ft2 office (Room 100) and a 50 ft2 
restroom (Room 102), both located on the dock on the east side of the building. On the northwest 
comer was a small supply and storage room, about 50 ft2 (Room 1 16). Room 1 14 was accessible from 
the east through a 20 ft  x 15 ft electrically driven rollup door and a conventional hinged door. Room 
110 was accessible from the east through a heavy secured door. Ramps leading to each room allowed 
easy transport of materials via forklift. 

The concrete slab floors were covered with 12-in. square vinyl-asbestos tiles. The concrete-block 
walls were painted. In 1980, the entire facility was reroofed; interior wall surfaces were patched and 
painted; floor tile was removed and replaced; the restroom and office were restored; plumbing was 
repaired; heating and ventilation was repaired; a window air-conditioner was installed in the office; 
and yard asphalt was patched. New fluorescent lights were installed. Storage racks were constructe 
to accommodate fbel. 

Since nuclear material was only stored here, there was no processing equipment within the building. 
No sinks were installed in the storage areas. The only water supply was to the restroom (Room 102). 
Initially sanitary waste water was discharged to a septic tank and leach field. In about 1960 the 

was connected to the local sewage system. The facility was not air-conditioned. Each room 
was ventilated by dedicated blowers through a plenum containing pre-filters and WEPA filters. Room 
104 had a fume hood that exhausted through the south filter plenum. 

A disconnected sanitary leach field existed just north of the access road to "6" Street on the southeast 
section of the property. The building was surrounded by a chain link fence, located from 20 to 30 ft 
from the exterior walls of the building. The area enclosed, including the building, was about 11,000 
ft2. 

There were three points of access to the site location of Building 4064. One access was directly from 
the north through the 513 parking area, which was on the east side of 10th Street. A second point of 
access was directly off 10th Street at the northwest corner of the facility, and the third was a paved 
roadway connecting the southeast comer of the facility with "G" Street to the east. There were two 
gates for accessing the fenced-in storage yard; one from the northeast comer off the 5 13 parking lot, 
and the other from the southeast corner off "6" Street. 
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The facility sat atop a plateau about 25 ft above "6" Street and slightly above the 513 parking lot. 
Figure 3-1 shows the building and surrounding area during demolition (half of the building was 
demolished at the time of this picture). Rock outcroppings exist up slope to the north-northeast and 
down slope in every other direction. Water runoff was primarily due east at the southern end of the 
facility. 

The "fenced-in yard9' was a 6,580 square foot area within the security fence as shown in Figure 2-5. 

uilding 4064 Side yard9' was a wignation given to approximately 4500 square foot 
dal area near building 4064 for D& 

The "Surrounding Areas" included a 2-acre area of the former 4064 facility, including drainage 
pathways, former parlung lot areas, surrounding areas, and the Side yard area (Ref. 10). The septic 

and the leach field that had serviced the ng 4064, were located within the Surrounding 
Areas (Fig. 2-4). Figure 3-2 shows the septi in the ground after the surrounding soil was 
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Building 4064 was used primarily for storage of packaged items of source material (normal uranium, 
depleted uranium, and thorium), and packaged special nuclear material (enriched uranium, plutonium, 
U-233) of various forms and configurations. Originally Room 114 and Room 110 contained steel 
racks for storing material. Room 110 was primarily used for storage of highly enriched uranium and 
plutonium; Room 1 14 was primarily used for source material and low enriched uranium storage. 

Enriched uranium powders and source material powder packages were split into smaller units or 
combined into larger units in a glove box located in the small work area alcove (Room 104) in the 
southeast comer of Room 110. Plutonium was handled only in packaged form; never in a loose form. 
No plutonium handling was done other than transferring sealed packages between containers. 
Transfers of solid metallic forms of material generally were handled in the glove box; however, on 
occasion, larger solid metallic pieces were transferred and repackaged within the room. 

During the early 1960's, a changed storage configuration was required. The metal racks from the 
south half of Room 110 were removed in order to store material in storage containers and drums. This 
storage included large quantities of special nuclear material recoverable scrap. 

During this time, recoverable scrap storage space was needed. As a result, the yard area in front of the 
building (east), the side (north), and the back (west) was used to store 55-gallon drums of low 
enriched recoverable scrap. This material was shipped off-site from Rocketdyne to various 
government sites in the mid-to-late 1960's and early 1970's. 

No plutonium or U-233 packages were ever opened in thts facility. Any residual radioactive 
contarnination was enriched uranium, normal uranium, depleted uranium, or thorium and came from 
handling bare metallic pieces (Ref. 1). 

During the mid-1970's to early-198OYs, most of the major DOE nuclear development and reactor 
contracts had ended. Later, following removal of all fissionable material, miscellaneous equipment 
and containers of radioactive waste (principally soil) were stored in the building. The building was 
emptied of all contents (both radioactive and non- radioactive) by 1993 (Ref. 5). 

The building was decontarniminated and a Rocketdyne final survey of the building interior and also 
the fenced-in yard was performed in 1993 and was documented in 1994. The Oak Ridge Institute of 
Science and Education (ORISE) and the California Department of Health Services (DHS) performed 
verification surveys in 1994. In 1996, the building was released for demolition by the Department of 
Energy (DOE) (Appendix 1) and the California DHS (Appendix 2). 

In May, 1997, the alarm system was removed from the building to prepare for demolition. The 
asbestos and paint were removed from the building by a contractor specializing in asbestos 
abatement. The building demolition process was completed in August, 1997, and the waste was 
shipped off-site as conventional waste. 
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e yard and Surrounding Areas of 

In 1988, a Characterization Survey was performed which confirmed the location of contaminated soil. 
Remedial excavation was performed to remove the contaminated soil. A subsequent Rocketdyne 
survey comprising of one-meter gridded exposure measurements and soil sampling was documented 
in 1990. A follow-up verification survey was performed by ORISE in 1992. Further excavation was 
performed in two locations in 1993, following imposition of more stringent clean-up standards by the 
Department of Energy, and documented in a revision to Rocketdyne's 1990 survey report (Ref. 6). 

During the Area IV Survey in 1994 through 1995, two locations, one in the original side yard and one 
located across the other side of "G" Street were identified as remaining above release limits. These 
areas were excavated in 1997 including the removal of an abandoned septic tank and leach field that 
had serviced Building 4064. Scoping surveys and soil samples conducted during and after excavation 
proved the 4064 area beneath the previous building foundations, and surrounding yard areas were 
non-contaminated. 

ay, 1998, sub-surface core sampling down to bedrock was performed under the original building, 
in the side yard, under the main access road, "6" street, and east of "G" street (Ref. 10). All sample 
results proved to be w i t h  the range of background. 

In September, 1998, the Final Status Survey was conducted in the entire 2 acre site, including 
drainage pathways, former parking lot areas, surrounding areas, and the side yard area. One hundred 
and thirty one (131) soil samples were taken, 553 one-meter gridded exposure measurements were 
taken and a surface exposure survey of all two acres was performed. All measurements demonstrated 
that the facility met cleanup standards for release for unrestricted use. The Final Status Survey 
Report was issued in April, 1999 (Ref. 10). 

In September, 1998, the Oak Ridge Institute of Science and Education (ORISE) performed a 
verification survey (Reference 9). In October, 1998, the California Department of Health Services 
(DHS) performed a verification survey. 
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A radiological survey of the facility structure and yard was performed in 1987188 (Ref. 1). That 
survey revealed low level contamination on most of the fixtures inside Room 110 and in the two 
exhaust systems that were serving Rooms 110 and 114. The office, restroom and a janitor's closet 
showed no signs of contamination. The floor tiles were surveyed for radiological contamination, none 
was found, and the tiles were removed from these rooms during the asbestos containing material 
(ACM) abatement of the facility. 

5.1.1 Room 114 

After work had ceased at Building 4064, miscellaneous packaged components and approximately 
125 cubic yards of containerized soil were stored in Room 114. The remediation work performed in 
Room 114 consisted of the removal of these stored items. During the removal of the equipment and 
boxes of soil, frequent area contamination surveys were performed by radiation protection personnel 
to assure that container integrity and contamination control were maintained. All contaminated 
equipment, components and soil that had been stored in Room 114 were transported to the 
Radioactive Materials Handling Facility ( HF) for temporary storage and eventual disposal at an 
approved DOE burial site. 

5.1.2 Room 110 
Most items in Room 110 had been used for operations at Building 4064 and were contaminated to 
varying degrees. When practical, size reduction and packaging were performed on site. However, 
some of the equipment required more aggressive techniques for size reduction and contamination 
control. These items included: a fume hood that had been used to package enriched uranium powders 
and source materials, two large balances (Fig. 5-I), and several 6 in. diameter x 5 ft. long steel 
shipping drum inserts. All of these items were transferred to the HF for size reduction and 
packaging for disposal. The fluorescent light fixtures in this room were also contaminated. The 
fixtures were taken down, disassembled and the PCB containing ballasts removed. The fixtures less 
ballasts and bulbs were packaged and disposed of as radioactive waste, the ballasts were surveyed and 
found to be radiologically clean and were disposed of as hazardous PCB waste, the fluorescent bulbs 
were decontaminated and disposed of as conventional waste. The storage racks (Fig. 5-2) contained 
fixed radioactive contamination and were disassembled, size reduced and packaged on site and 
transferred to the HF for eventual shipment to an approved disposal facility. 

5.1.3 HEPA Filtered Exhaust Systems 

To maintain contamination control during the size reduction of the HEPA filter plenums, size 
reduction was done at the RMHF. The plenums were detached from the buildings and blowers as 
intact units and transported to the RMHF. Because of the large size of the exhaust plenums this effort 
required the fabrication of custom boxes to assure contamination containment during transport. Inlet 
(Fig. 5-3) and outlet openings were sealed, the units were disconnected from the building, placed in 
the boxes and transferred to the RMHF. The plenums were cut into manageable size pieces using a 
plasma torch and packaged for disposal as radioactive waste. 
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Because the facility had been used for storage for several years, special attention was given to 
identifying hazardous or potentially hazardous materials requiring disposition. Two scales were found 
to contain oil and one also contained lead. A 4-02 quantity of oil from one of the scales was 
determined to contain radioactive contamination and was effectively treated during the Molten Salt 
Oxidation (MSO) Bench Scale Unit tests being performed at the RMHF. The other oil and the lead 
were certified as "Containing no DOE-Added Radioactivity," in accordance with ER-SP-0001 (Ref. 
2) and were disposed of in accordance with the Rocketdyne Environmental Control procedures. The 
ballasts removed from the light fixtures in Room 110 were hermetically sealed units and after a 
thorough radiological survey were also certified as "Containing No DOE-Added Radioactivity" and 
were disposed of in accordance with the Rocketdyne Environmental Control procedures. 

Because the floor tiles throughout the facility had been determined to contain asbestos, and were in a 
deteriorated state, their removal was required. A sampling plan was developed and implemented in 
accordance with ER-SP-0001. Randomly selected tiles were removed and the tiles and subfloor were 
surveyed for total contamination. The results of this survey sampling concluded that the tiles and 
subfloor had no detectable activity (NDA) above background; therefore, all tiles were certified as 
"Containing No DOE-Added Radioactivity." An asbestos abatement contractor was employed to 
remove a total of 4,352 ft2 of tile. The tile and abatement-related ACM wastes were packaged and 
placed in an approved hazardous waste container and were disposed at an approved disposal facility. 
Copies of certifications were forwarded to the DOE. 

Surrounding Areas 
The characterization survey of 1988 indicated areas of contaminated soil, which were subsequently 
removed. In 1993, the Department of Energy imposed stricter clean-up standards, and soil was 
excavated fiom two additional locations (Ref. 6). The demolition of building 4064 was placed on 
hold until removal of all contaminated soil was completed. 

The Area IV survey of 1994-95 identified two more locations with elevated readings, one in the 
original Side yard, and the other located across the other side of "G" street. The remediation of these 
locations was performed in 1995. Soil samples fiom these locations were taken to determine the 
amount of soil needed to be removed. Roll-off containers were used for interim storage of 
contaminated soil. The removal of soil areas with elevated readings was completed by the end of 
1995. 

The location of the abandoned septic tank was confirmed during the above-described excavations. 
A methodology was developed to determine the extent of side yard contamination. It was decided to 
auger holes 18" deep and measure activity using a NaI detector. Additional side yard samples were 
taken using this methodology. The removal of elevated radiological spots was completed by the end 
of 1995. In April, the leach field distribution box was surveyed in detail and contamination was 
found in both the inlet and outlet lines. The distribution box was removed in June and sent to the 
Radioactive Materials Handling Facility (RMHF) for further processing. The box was packaged at 

HF for shipment to the DOE-Hanford disposal site. It was shipped in March, 1999. 

The radiological boundary determination showed that an area inside of the drip line of an oak tree 
needed to be excavated. In January, 1996, a radiological survey of the buried septic tank showed no 
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radioactivity. In February, the water and sludge samples from the tank were analyzed and found to be 
non-hazardous. The tank then was decanted and the non-contaminated water was allowed to 
evaporate. Permits to remove the septic tank and to excavate around oak trees were obtained in June 
1996. The Critical Lift procedure was modified for the septic tank, and the tank and piping were 
removed in July 1996 (see Fig. 5-4) and sent to RMHF for processing. Low Level contamination was 
detected in the sludge in the tank. The sludge was absorbed in diatomaceous earth. The tank was 
size reduced (rubblized) and packaged for shipment to the DOE-Hanford disposal site. Figure 5-5 
shows the locations of the tank and its leach field after excavation. 

The soil sampling based on the boundary determination methodology was completed in 1996. The 
soil defined by this methodology was excavated and was shipped to the Envirocare facility in Utah. 
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6.1 Overview 
Upon D&D of radioactive constituents, releasing a facility or area for unrestricted use requires a 
formal radiation survey to demonstrate that the applicable regulatory limits for such a release are met. 
The survey is performed under an established plan, and a statistical interpretation of the resulting data 
is made to verify that the regulatory release criteria have been met. References 3, 8 and 10 provide 
information that demonstrates that Building 4064 and the Area 4064, which includes the Side yard 
and the "Surrounding Areas", meet DOE, NRC, and State of California criteria for release of the 
facility for unrestricted use. 

6.2 Scope of the Survey 

6.2.1 Building 4064 

For the final radiological survey of Building 4064, the interior rooms and office were separated into 
sample lots. These sample lots are graphically shown in Figure 6 of Reference 3. Sample lots were 
treated separately for the purposes of statistical data analyses. Distinguishable properties for selecting 
the sample lots were areas or rooms, which contained contaminated components that were recently 
decontaminated. The chosen sample lots or areas are shown in Table 1 of Reference 3 with the 
corresponding type of survey performed. 

6.2.2 Area 4064 (Side yard and the Surrounding Areas) 
The entire 2-acre lot was surveyed and sampled including a direct qualitative surface gamma scan 
(1 00%) for contamination, ambient gamma exposure measurements at 1 meter above the ground at 10 
ft by 10-ft grids, and both surface and subsurface soil sampling (Ref. 10). 

6.3 Survey Summary and Conclusions 

6.3.1 Building 4064 

Survey measurements were made for surface contamination (alpha and beta) on the interior walls, 
floors, and ceilings in Building 4064, and for ambient gamma exposure rate at 1 meter above the 
interior floors. These measurements were tested statistically for compliance with acceptable 
contamination limits for enriched uranium, activation products, and mixed fission products, and for 
ambient exposure rate. 

All tests for surface contamination showed that the facility was suitable for release without 
radiological restrictions. Interpretation of the gamma exposure rate measurements for the Building 
4064 interior is based on the average gamma exposure rate background value (15.76 pR/hr) for a 
building of similar construction (Building S445) that has never been used for any radiological 
purposes. The probability distributions for the comparisons between these measurements shows no 
local contamination, except for two measurements that were affected by the near proximity of smoke 
alarm units containing approximately 80 pCi Am-241. The results indicate a naturalhormal 
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background distribution for the building, with an average value of 14.7 pR/hr. Therefore, the 
Building 4064 interior average gamma exposure rate was consistent with the average gamma 
exposure rate for Building S44.5. 

A confirmatory survey of the building was performed by ORISE ( Ref. 4 ). The results of the final 
survey and the confirmatory survey showed that the building was suitable for release for use without 
radiological restrictions. 

An inspector from the State of California, Department of Health & Services-Radiologic Health 
Branch (DHS-RHB) accompanied the confirmatory survey team and also made independent 
measurements. The results of these measurements were consistent with the confirmatory survey. (see 
attached letters in the Appendix). 

6.3.2 Area 4064 (Side yard and the Surrounding Areas) 

The test statistic for the distribution of the background -subtracted gamma exposure rate is 4.1 pR/hr, 
which is below the acceptance limit of 5 pR/hr. 

The [post-remediation] soil samples indicate that the Cs-137 contamination, historically observed at 
Area 4064, has been remediated and is now below the clean-up standard of 9.2 pCi/gm. Most 
samples indicated no Cs-137, while a small number of samples showed trace levels of Cs-137 above 
background levels with a maximum level of 3.1 pCi/gm. 

All soil sample and radiation exposure measurements are below the Department of Energy's and 
California Department of Health Services' approved release limits. The 4064 area, including 
surrounding areas, is suitable for release for unrestricted use (Ref. 10). 

Verification Surveys 

A verifcation survey of Area 4064 was performed by ORISE (Ref. 9). This report concludes that the 
4064 Side Yard satisfies the criteria for release for unrestricted use. A verification survey of Area 
4064 was performed by DHS-RHB and confirmed the Rocketdyne and ORISE conclusions. 
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7.0 WASTE VOL E GENERATED AND DISPOSAL 

The types of waste materials generated during the D&D of Building 4064 included steel (exhaust 
hoods, parts, and storage racks) and miscellaneous items (HEPA, filters, fiberboards, and glass, etc.). 
Table 7-1 lists actual amounts of generated waste. 

Additionally, the demolition contractor disposed of several tons of non-hazardous building material, 
such as walls and roof, in 1997. The contractor also disposed of some asbestos containing materials. 

The excavation from the Side yard and the Surrounding Areas include soil, asphalt and concrete fiom 
the distribution box. Table 7-2 lists the amounts of waste. 

TABLE 7-2 

Asphalt 
Soil & as~halt  

Additionally, the size-reduced septic tank, weighing approximately 25,000 lb., is in a roll-off (-405 
~ t ~ )  awaiting shipment to the DOE-Hanford Disposal Facility. 

Concrete (From Distribution 
Box) 

3 13,000 
684,400 

3,700 
8,560 

6,000 140 
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ERSONNEL RADIATION EXPOSURE 

No personnel radiation exposure was anticipated or encountered from the D&D activities for Building 
4064, the Side yard or the Surrounding Areas. 



NO.: EID-04600 
Page: 29 of 32 

Date: 8/23/99 

PROJECT COST SUMMARY 

The total cost associated with the decontamination and decommissioning of Building 4064 in Table 

TABLE 9-1 

D&D plans and performance 

Burial and transportation 

Survey & Reporting 

Building structure demolition & disposal 

Asbestos abatementlpaint removal 

TOTAL 

The cost associated with sampling, excavating, packaging and disposing the debris from the Side yard 
and the Surrounding Areas is given in Table 9-2. 

Labor including overhead (Radiation Protection $1 14,000 
Department - approx. 40% of total) 

Roll-off rental for soil storage $ 92,000 

Soil sampling $ 9,000 

Disposal including transportation & fees $3 10,000 

Misc. Materials, leases $ 21,000 

OTA 546,000 
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epartment of 
Oakland Operations Office 
7301 Clay Street, N700 

Oakland, CA 9461 2-5208 

June 25, 1996 

MajeIIe Lee 
Program Manager 
Environmental Programs 

Energy Technology Engineering Center 
Rocketdyne Division 
Rockwell international Corporation 
P.O. Box 7930 
Canoga Park, CA 9 1 309-7930 

Subject: Demolition of Building 064 

Dear Ms. Lee: 

e cleanup of radioactive decontaminatio complete- OR!= has 
e condition of the val is given for the 
of B064. The em bined with the BOG4 

one release site. This releas be ready for a d e a s e  
ed use in N97, after the remediation of deyard is completed. 

incerely, 

ETEC PM 
Environmental 
Restoration Division 



NO.: EID-04600 
Page: 32 of 32 

Date: 8/23/99 

APPENDIX &S LETTER T O  ETEC. 

S A T E  W~CMIK)RMA'--HEAL~~ AND W A R E  AGENCi 

DEPARTMENT OF HEALTH SERVICES 
n4/7u F STRE3 
Fa. BOX P m x !  
s.Oumano.0. 9 4 t Y m  

August 19, 1996 

Mr. Phil Rutherf ord, Manager 
Environmental Remediation 
Rocketdyne Division 
Rochell International Corporation 
P. 0. Box 7930 
Canoga Park, CA 91309-7930 

Subject: Demolition and Disposal of Structural Material from 
Building To64 at SSFL 

Dear Mr. Rutherford: 

This letter is to acknowledge the receipt of your letter dated .July 
30, 1996, with attachments, requesting conCUT;Tence of the above 
subject. Based on the review of your submittal and the results of 
the surveys performed by the inspection staff of our Los Angeles 
off ice, the Radiologic Health Branch (RHB) concurs that you may 

.-p-ed-~ith the demolition of the Building TO64 and that you also 
may dispose of the structural material resulting from such 
demolition as conventional waste. 

If you have any questions concerning this matter, please feel free 
to call Mr. Stephen Hsu of this office at (916) 322-4797. 

Sincerely, 
f 

Gerard Wong, Ph.D., Chief ! 

Radioactive Material Licensina ~eckion 
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1.0 INTRODUCTION 

This report summarizes the recent (post 1990) activities performed during the 

decontamination and decommissioning (D&D) of Building 064. This facility, known as the 

Source and Special Nuclear Materials Storage Vault, is located in Area IV of the Santa 

Susana Field Laboratory. Cleanup performed in the early 1960's (ref. 1) and in the late 

1980's (ref. 1) has been previously documented and is not addressed in this report. 

2.0 BACKGROUND 

Building 064 was a high security facility originally consisting of a - 2100 fth"vault" 

(Room 110) and a small office area. In 1963, a second - 2100 ft' "warehouse" (Room 114) 
was added (Figure I). The facility was utilized for support of Atomic Energy Commission 

(AEC), Energy Research and Development Administration (ERDA) and Department of 

Energy (DOE) related nuclear programs for the storage and repackaging of source and 

special nuclear materials, and for sectioning and repackaging fresh fuel elements. Plutonium 

was also handled at the facility in packaged form but never as "loose" powder. The yard 

area was also used for storage of drums of low enriched uranium recoverable scrap. 

As public acceptance and funding for nuclear research programs and related activities 

waned in the late 1970's and early 1980's the facility was relegated to the storage of 

radioactively contaminated equipment and as an "overflow" waste container storage facility 
for the RMDF. 

Room 110 contained several pieces of contaminated equipment including weighing 

scales, tools, a fume hood, empty storage containers and empty shipping drums. There were 

also four floor to ceiling, earthquake reinforced, "safe" storage racks in the northern portion 

of the room. Items stored in room 114 were containerized and consisted of contaminated 

pumps, equipment control consoles and packaged soil that had been excavated during the 

1980's cleanup of the eastern yard and adjacent area. Both rooms' 110 and 114 were 

equipped with high efficiency particulate air (HEPA) filtered exhaust systems which were 

operational during fuel handling operations at the facility. 
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2.1 Facility Status Prior To D&D 

A radiological survey of the facility structure and yard was performed in 1987/88, that 

survey revealed low level contamination on most of the fixtures inside room 110 and in the 

two exhaust systems that were serving room 110 and 114. The office, restroom and a 

janitors closet showed no signs of contamination and were not included as a part of the 

radiological D&D of the facility, however the floor tiles were removed from these rooms 

during the asbestos containing material (ACM) abatement of the facility. 

3.0 SUMMARY O F  WORK PERFORMED 

To release the facility for use without radiological restrictions all contaminated 

equipment and fixtures had to be removed in preparation for a final radiological survey. 

In addition, all hazardous materials and wastes in the facility had to be properly disposed. 

Where practical and cost effective, equipment was decontaminated and either disposed as 
non R/A waste or surplused. Some equipment required disassembly in order to remove 

hazardous materials such as oils, grease and lead. Most of the items, however, could not 

be readily decontaminated and some equipment had areas that could not be surveyed with 

the confidence level necessary for release without radiological restrictions. Analysis of the 

floor tiles indicated that the tiles and mastic glue throughout the facility contained asbestos 

and would require removal and disposal. 

3.1 Room 114 

The work performed in room 114 consisted of the removal of miscellaneous packaged 

components and approximately 195 cubic yards of containerized soil (photo #5).  All of the 

items stored in room 114 were brought to the facility for storage after work had ceased at 

B/064 and had been properly packaged to prevent release of contamination. During the 

removal of the equipment and boxes of soil, frequent area contamination surveys were 

performed by Radiation Protection and Health Physics Services (RP&HPS) representatives 

to assure that container integrity and contamination control were maintained. All 

contaminated equipment, components and soil that had been stored in room 114 were 

transported to the RMDF for temporary storage and eventual disposal at an approved DOE 

burial site. 
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3.2 Room 110 

Most of the items in room 110 had'been used for operations B/064 and were 

contaminated to varying degrees. When practical, size reduction and packaging were 

performed on site. However, some of the equipment required more aggressive techniques 

for size reduction and contamination control. These items included: a fume hood that had 

been used to package enriched uranium powders and source materials, (photo #1) two large 

balances (photo #1) and several 6 in. diameter X 5 ft. long steel shipping drum inserts. All 
of these items were transferred to the RMDF for size reduction and packaging for disposal. 

The fluorescent light fixtures in this room were also contaminated. The fixtures were taken 

down, disassembled and the PCB containing ballasts removed. The fixtures less ballasts and 

bulbs were packaged and disposed of as R I A  waste, the ballasts were surveyed and found 

to be radiologically clean and were disposed of as hazardous PCB waste, the florescent bulbs 

were decontaminated and disposed of as conventional waste. The storage racks (photo #2 

& 4) contained fixed R/A contamination and were disassembled, size reduced and packaged 

on site and transferred to the RMDF for eventual shipment to an approved disposal facility. 

3.3 HEPA Filtered Exhaust Systems 

To maintain contamination control during the size reduction of the HEPA filter 

plenums, size reduction was done at the RMDF. The plenums were detached from the 

buildings and blowers as intact units and transported to the RMDF. Because of the large 

size of the exhaust plenums this effort required the fabrication of custom boxes to assure 

contamination containment during transport. Inlet (photo #3) and outlet openings were 
sealed, the units were disconnected from the building, placed in the boxes and transferred 

to the RMDF. The plenums were cut into manageable size pieces using a plasma torch and 

packaged for disposal as R I A  waste. 



SSllA-AR-0002 
August 13, 1993 

Page 7 

3.4 Hazardous Materials And Wastes 

Because of the potential of discovering removable contamination during the D&D, 

process rooms 110 and 114 were designated as Radioactive aterial Management Areas 

). In accordance with the DOE Performance Objectives established for the removal 

of hazardous materials from a (RMMA) an established procedure for defining and 

dispositioning hazardous wastes from a RMMA was implem ed. This procedure, ER-SP- 

0001 "Management and Disposition of Known or Potentially ardous Wastes Originating 

" provides step by step direction for determining if a material is; 1) a hazardous 

material, and 2) if so does it contain any DOE added radioactivity. 

Because the facility had been used for storage for a number of years, special 

attention was given to identifying hazardous or potentially hazardous materials requiring 

disposition. Two scales were found to contain oil and one also contained lead. A four 

ounce quantity of oil from one of the scales was determined to contain radioactive 

contamination and was safely treated during the Molten Salt Oxidation (MSO) Bench Scale 

Unit tests being performed at the RMDF. The other oil and the lead were certified as 
"Containing No DOE Added Radioactivity," in accordance with ER-SP-0001 and were 
disposed of in accordance with the Rocketdyne Environmental Control Manual. The 

ballasts removed from the light fixtures in room 110 were hermetically sealed units and after 

a thorough radiological survey were also certified as "Containing No DOE Added 

Radioactivity" and were disposed of in accordance with the Rocketdyne Environmental 

Control Manual. 

Because the tiles throughout the facility had been determined to contain asbestos and 

were in a deteriorated state their removal was required. A sampling plan was developed 

and implemented in accordance with ER-SP-0001. Randomly selected tiles were removed 

and the tiles and subfloor were surveyed for total contamination. The results of this survey 

sampling concluded that the tiles and subfloor had No Detectable Activity (NDA) above 

background, therefore, all tiles were certified as "Containing No DOE Added Radioactivity." 

An asbestos abatement contractor was employed to remove a total of 4,352 ft.* of tile (photo 

#6 & 7). The tile and abatement related ACM wastes have been packaged and placed in 

an approved hazardous waste container and will be disposed at an approved disposal facility. 

Copies of certifications were forwarded to the DOE. 
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(# 1) Room 110, Fume Hood (left) and Voland Balance 

( # 2 )  Room 110, Storage Racks 
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L 
(#3) HEPA Flltered Exhaust Inlet (Typlcal Room 110 & 114) 
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$6) Room 110, After D&D 

#7) Room 114, After D&D 
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On September 1998, A Final Status Survey was completed in Area 4064 at the Santa 
Susana Field Laboratory confuming that the facility meets release limits approved by the 
Department of Ene and the State Department of Health Services. Accordingly, the 
facility is suitable for release for "unrestricted use". 

The 4064 building at the SSFL was decontaminated, surveyed and released; then 
demolished and shipped off site in 1996. er all soil decontamination efforts were 

leted, a comprehensive inal Status Survey of the facility concluded in September 

This report presents an extent of infomation regarding the Final Status Survey. The 
entire 2-acre lot was surveyed and sampled including a direct qualitative surface gamma 
scan (100%) for contamination and ambient gamma exposure measurements at 1 meter 
above the ground at 10-ft by 10- grids. Surrounding areas were surveyed. All 
measurements were tested statistically for compliance ithin the regulatory acceptable 

ideline limits @CGLs) of activation products, mixed fission 
products, and ambient exposure rates. 

In soil samples taken after the excavation, the highest Cs- 137 activity was 3.1 pCi/g, or 
28% of the cleanup standard of the Cs-137 9.2 pCVg guideline limits. All tests for soil 
concentrations confirmed that Area 4064 is suitable for release without radiological 
restrictions and posses no threat to the safety and health of the public. 
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OCATION AND STRUCTU 

Area 4064 is located between 10" street and G Street within Area IV of the Santa Susana 
Field Laboratory (see Reference 1) on 2 acres of land. Onginally Building 4061, a 175- 
feet by 150-feet facility used for storage existed on the site uilding itself consisted 

of galvanized steel walls and roof, with vario lls partitions. 

There was also a 25-ft by 50-ft load as shown in Figure 1. 
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Building 4064 was a facility used for the storage of non-irradiated uranium, he1 material, 
and &el elements manufactured at the De Soto and Santa Susana Field Laboratories (see 
Reference 2). Equipment and containers of radioactive material were periodically stored 
in the building's side yard (see Reference 3). In 1989, operations at the facility were 
terminated. The building was emptied of all contents (both radioactive and non- 
radioactive) in 1993. In 1993, the buildin was decontaminated, the building and fenced 
yard were then surveyed (see References and 19). In 1994, ORISE performed a 

rvey (see Reference 6). In 1996, the building was approved for demolition 
States Deparlment of Ene (USDOE) (see Reference 8 

California Department of Health Servic CSDHS) (see Reference 9), 
demolished, packaged and shipped off site in 1997. 

uilding 4064 operating history, the concrete pad northeast of the building 
had also been built to store containers of radioactive material. At one time, a cask 
containing spent nuclear he1 and contaminated water, developed a leak and the side yard 
northeast of Building 4064 became contaminated with Cs-137. 

In 1988, a Characterization Survey was performed (see Reference 3) which confirmed the 
location of contaminated soil. Remedial excavation was performed to remove the 
contaminated soil. A subsequent survey comprising of one meter (grided) exposure 
measurements and soil sampling was documented in 1990 (see Reference 4). A follow-up 
verification survey was performed by RISE in 1992, and documented in October, 1993 
(see Reference 5). Further excavation was performed in two locations in 1993, following 
imposition of more stringent clean-up standards by the Department of Energy, and 
documented in (see Reference 20). 

During the Area IV Survey in 1994 through 1995 (see Reference 21), two locations, one 
in the original side yard and one located across the ','G" Street road were identified as 
remaining above release limits. These areas were excavated in 1997 including the 
removal of an abandoned septic tank and leach field that had serviced 
Scoping surveys and soil samples conducted after excavation proved the 4064 area 
beneath the previous building foundations, and surrounding yard areas were below 
release limits. 

ay 1998, core sampling and soil sampling were performed under the main access 
road, "G" street, and a 50-yard diameter area around "6" stre 
proved free of radioactive contamination (see Reference 10 a 

n September 1998, the Final Status Survey was conducted in the entire 
4064, including drainage pathways, former parking lot areas, surroundi 
side yard area (see Reference 11). The soil sa pling results were docu 
Reference 12, which is provided in Appendix 

) RS-00003, documents the results of the inal Status Survey an 
results of samp eptember 1998; including the results of the core 
sampling perfo 
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two hundred feet 
square (200-ft x 200-A) land sectors were established throughout SSFL by geodetic 
surveys. 
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Locations within each grid block were identified (descri low) using block R-24 as an 
example. The survey team laid a measuring tape betwee grid stake markers fiom R-24 
to R-25. This line depicted a south bo line of the block being surveyed. A second tape 
was placed at the R-24 to S-24 stakes lish the west boundary line of the survey block 

survey team then laid a 5 to S-25 to form 
line. This action located ft. square survey 

a concept of t  ion of the survey points 
were described distance coordinates of feet 

rn the southwest to the survey location. 

this s u w  block the iological survey measurements were made at 10-ft 
intervals of northlsouth, and east/west grid lines superimposed upon the grid. At each 
survey location, one-minute g es were measured a 1-meter height &om the 
ground. - 

East Boundary line 

LOCK 
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The gamma activity of any hot spot located was measured at the ground surface and at a 
1- meter height above the ground. If the ambient gamma activity at any potential hot 
spot was greater than 4040cpm (equivalent to 5 over the normal background, 
measured at a I-meter, or gamma peaks greater 1 OOcpm, measured at the surface, 
then the location of that activity peak was m The coordinates were recorded using 

pe method described above. ot spot data was entered on a Walk- 
t Spot Data Record. If an indicated hot spot prompted a marker during 

noted this fact on the "Hot-Spot" Data Record for 
that survey block. 

As the walk-about survey of ground surface gamma activity was an active search for "hot 
spots" or peaks in the gamma count-rate, wire stakes with colored flags were used to mark 
hot spots and coordinates. An  iridescent pink hot spot flag marked any location where a local 
peak in gamma activity occurred. Locations where these flags were used were considered 
radiological suspect locations that required soil sampling and analysis. 

Several sampling locations were identified during the gamma survey that had elevated 
exposure levels. Soil samples were taken at these locations. The "hot spot" soil samples 
were in addition to a set of 133 surface samples taken at regular 25-ft intervals over the 
entire 4064 and surrounding area including south of "G" Street. (Refer to map in 
Appendix B). The location of the soil samples were centered around Building 4064, it's 

south of 6 street. In addition, soil samples were taken down the slope of 
e that migration of contamination had not occurred. Areas with indications 
ion were investigated hrther to determine the need for additional 

remediation. Soil wascollected into half-liter, maranelli beakers, labeled with a sample 
identifier, nt to the laboratory for a g ma spectral analysis with the Canberra 
Series 100 System with High-Purity rmanium Detector and a "Chain of 
Custody" tracking form. 

The soil sample information was provided for each sample obtained, entered in the Field 
Logbook, and tracked by Chain of Custody by the Health Physics technician listed as 
follows: 

Sample Depth 

ation - recorded observations and information pertinent to the 
interpretation of results of the soil sample analyses (e.g. soil coloration, presence of 
foreign objects nearby, proximity to Geological features, etc.). 
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Suwey Instrumentation and Techniques 

To accurately obtain 1-meter survey measurements in the ambient gamma survey, the 
Ludlum Model 2221-ESG ScalarfRate meter was used, with a Model 44-2 sodium iodide 
detector probe mounted on a lightweight PVC fixture tripod ented towards the ground 

1-meter height. Its use eliminated errors due to detector tance or orientation. 

4-2 High-Energy Gamma, sodium iodide detector probe was also 
mounted at the end of a balanced boom, to enable the surveyor to sweep the detector over 
a large area while walking along the survey path. The fixture for this survey has 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, with a shoulder strap 
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 stepping along a straight line. 

The gamma survey instruments are calibrated quarterly and measurement integrity of the 
instruments were monitored throughout all parts of gamma surveys by daily checks of the 
instrument's response to normal background radiation and to the Cs-137 check source. 
The conversion factor used was 215 cpm per mRJhr, based on comparisons with a 
Reuter-Stokes High Pressure Ion Chamber (HPIC). The daily records of Instrument 
Qualification Reports are maintained in Building 4487. 

The principal contadnant of concern in the soil at Area 064 has been Cs-137 as 
documented in References 4 and 5. Although other radi clides including Uranium, 

um, Strontium-90, Cobalt-60, Europium- 152 and Europium1 54 had 
ilding 4064, none of these isotopes had been found in the soil, without 

the accompanying presenc -137. Cesium was therefore used as a tracer for all 
potential contaminants and s for the scanning portion of the survey based on Cs- 137 
detectability. 

The DCGLw for Cs-137 in soil is 9.2 pCUg above background. ackground Cs- 13 7 in 
the vicinity of the site has an upper range of 0.2 to 0.8 pCi/ which is sufficiently less than 
the DCGLw that gross (not net or background subtracted) Cs-137 data is used. 
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OIL RELEASE ITS 

Acceptable contamination limits for releasing Area 4064 for unrestricted use are 
described in Table 1 

oil Guidelines 

5 and 15 

36.0 

5 and 15 

5 and 15 

3 0 

3 0 

35 
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amma Analysis 

The Final Status Survey had to confirm that Area 4064 and surrounding areas were 
acceptable for unrestricted use. Therefore, the results of the survey must be validated 
using statistical analysis. A distribution analysis was performed in which the activity was 
plotted against the cumulative probability using Cumplot 2.20 (see Reference 13). A 
statistical procedure was used to validate the applicability of the raw Ambient Survey 
data for selected sample lot areas. The statistical method known as "sampling inspection 
by variables" was used. This method is widely applied in the industry and military (see 
Reference 14). 

In sampling inspection by variables, the data is assumed to be normally (i.e., Gaussian) 
distributed. The mean of the distribution x ,  and its standard deviation s, are then related 
to a "test statistic," TS, as follows: 

- 
where x = average (arithmetic mean of measured values) 

s = observed sample standard deviation 

= tolerance factor calculated from the number of samples to achieve 
the desired sensitivity for the test 

and ; are then compared with an acceptance limit, U, to determine acceptance or 
other plans of action, including rejection of the area as contaminated and requiring hither 
remediation. 

The sample mean and standard deviation are easily calculable quantities; the value of 
the tolerance factor, is examined. Of the various criteria for selecting plans for 
acceptance sampling by variables, the most appropriate is the method of Lot Tolerance 
Percent Defective (LTPD) also referred to as the Rejectable Quality Level (RQL). The 

D is defined as the poorest quality that should be accepted in an individual lot. 
Associated with the L D is a parameter referred to as "consumer's risk" (P), the risk of 
accepting a lot of quality equal to or poorer than the LTPD. 
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Assigning values for LTPD and P, and given the sample size n, a value for 
calculated as follows: 

where = tolerance factor, 
K2 = the normal deviate exceeded with probability equal to the LTPD, 
Kg = the normal deviate exceeded with probability of b, 
n = number of samples. 

Depending on the data collected, the statistical test may result in one of three 
conclusions illustrated below: 

: If the test statistic (; + ks) is less than or equal to the limit (U); accept 
the region as clean. If any single measured value exceeds 80% of the limit; 
decontaminate that location to as near background as is possible, but do not change 
the value in the analysis. Graph A is an example of the sample lot acceptance by the 
test. 
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. Collect additional measure ents: If the test statistic (; + k.s) is greater that the 
limit 0, but x itself is less than U, and if independently re-sampling and combining 
all measured values to determine if x + k.s 5 U for the combined set occurs; then 
accept the region as clean. If not, the region is contaminated and must be remediated. 
Graph B gives an example of additional measurements that must be taken in the 
sample l i t  to accept or reject it. 

.ooo. ,  I I I I I I 

4--- Mean (?) = 309 

/Test Statistic (TS = 1,600) 

I six  I 
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. Rejection: If the test statistic (i + k.s) is greater than the limit 0 and ; > U; the 
region is contaminated and must be remediated. Graph C gives an example of 
sample lot rejection by the test. 

4 ambient gamma survey was using a Lot Tolerance Percent 
= LTPD = 5%, for the choices = 1.645 for a region of rejection, 

. The 5% value used in the example is more conservative than the 10% 
er Risk (see Reference 15) used by the USNRC wegulatory Guide 6.61, 

and State of California (see Reference 16). 

If the statistical tests met the acceptance criteria above, we were willing to accept the 
hypothesis that the probability of accepting a Sample Lot as not being contaminated, 
which is in fact 5% or more contaminated. In other words, if the test statistic is less than 
the release criteria, we are 95% confident that over 95% of the Sample Lot has residual 
contamination below 100% of the release criteria. This is referred to as the (951951100) 
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Ambient gamma counts were tested against the acceptance criteria for gamma radiation. 
Measurements for the survey were taken over the period from 8/5/98 through 9/5/98, 
based on entries from the D&D logbook from Area 4064. Raw data measurements were 
adjusted for daily instrument background and statistically tested using the Cumplot 
method. Data was plotted on a cumulative probability graph (Refer to Appendix A). The 
more linear the data, the closer it approached normal distribution. The test statistic - 
(TS = x  + k-s) was calculated and applicable exposure acceptance limits were compared. 

The minimum number of samples collected was determined through statistical analysis 
the following equation from The Hazardms Waste Consultant 

November/Decem ber 1992: 

where: 
n = number of samples 

(, = two tailed t-value at an a level of significance and (n-1) degrees of 
freedom (obtained from standard statistical tables) = approximately 1.99 
for 95% confidence level 

= coefficient of variation = 95% 

= allowable margin of error = 20% (suggested by Mason, Benjamin J., 
Preparation of Soil ling Protocol: Techniques and Strategies, EPA- 
600/4-83-020, August 1983) 

Using the above equation and assumptions, the minimum number of soil samples is 90 
regardless of area size. More sampling locations were added based on past history 
practice and fbrther ambient or walkabout survey results. A total of one hundred thirty 
three (133) grid systematic soil samples were taken in addition to six samples at hot spot 
areas identified by exposure measurement. 
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In April 1998, fifty-two (52) subsurface core samples were obtained fiom Area 4064 and 
analyzed. No contamination was found. The results are presented in Appendix C. 

Prior to the systematic soil sampling, five-hundred fifty three (553) ambient gamma 
survey points were t en from sectors R-24, R-25, R-26, -25: wherever Area 
4064 was located in those secto e ambient gamma background corrected 

endix A) with four potential 
. The potential hot spots 

required fbrther analysis. 

The statistical analysis of the highest ambient gamma measurements (>5.0 CIR/hr) or hot 
spots revealed a slight deviation from normal distribution efer to Appendix A). Soil 
samples were subsequently taken fiom these locations and measured in a one-minute 
count using a 3"x3" NaI probe attached to a multi-channel analyzer (MCA). During the 
one-minute survey, each sample was placed in a half cylindrical lead pig with the NaI 
probe pointing down at the sample. A11 the samples were cooled to room temperature 
before conducting the radiation survey. The results of the NaI screening are shown in 

able 3 (Table 1 of Appendix : samples 064-98-0 199 through 064-98-0202). 
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Since each screening result is less than the mean value of all the samples screened, (see 
Appendix B) it can be concluded that all four ambient gamma samples in Table 5 were 
less then the cleanup level of 9.2 pCi/g. The high ambient gamma measurements at these 
locations were likely due to the nearby large rocks which have higher naturally occuring 
Thorium content than alluvial soil. 

tatistic Results 

The survey data results, shown in Figur of Appendix A, demonstrates for the 
it (UL), the correspondi t statistic (TS) value is less than the upper 

UL). Therefore, the measurements (lot) pass the "sampling 
inspection by variables9' test and are 66accepted" as radiologically clean. The Area 4064 
background-subtracted gamma exposure corresponds with a 95% confidence that 95% of 
the ambient gamma measurements are below 100% (a 95/95/100 test) of the applicable 
DOE and State of California approved limit for radiation exposure shown in Table 4. 

ed Ambient Gamm 
ements (TS) 

Appendix B shows the results of the systematic and "hot spot9' soil sampling. A total of 
133 soil samples were taken as shown in Appendix , Figure 1. Three areas of slightly 
elevated Cs- 137 levels were identified in Appendix B, Table 3. Cesium 137 levels were 
above background, but below the release limit for 9.2 pCi/gm. However, these locations 
were excavated to reduce Cs-137 levels even further. The highest post-excavation (3-137 
measured in the locations was 1.3 pCi/gm (14% of the clean-up standard of 9.2 pCi/gm). 
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Sample and Remediation 

During the subsequent ORISE verification survey in September 1998, only one hot spot 
was discovered. The sloping area to the southwest of the Area 4064 parking lot, shown in 
Figure 4, revealed a hot spot sd sector R-23, location NSE1 14 with Cs-137 in the range 

s was immediately remediated and post-excavation soil samples 
st-excavation soil samples found a maximum of 3.1 pCi/gm of Cs- 

low the clean-up standard of 9.2 pCY 
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The test statistic for the distribution of the background-subtracted gamma exposure rate is 
4.1 CrR/hr, which is below the acceptance limit of 5 p B . h .  

The [post-remediation] soil samples indicate that the Cs- 13 7 contamination, historically 
observed at Area 4064, has been remediated and is now below the clean-up standard of 

ost samples indicated no Cs-137, while a small number of samples showed 
trace levels of Cs-137 above background levels with a maximum level of 3.1 pCi/gm. 

1 soil sample and radiation exposure measurements are below the Department of 
's and California Department of Health Services' approved release limits. The 

area, including surrounding areas, is suitable for release for unrestricted use. 
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Appendix A 
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APPENDIX 

SURFACE SOIL SAMPLE RESULTS 



Date: September 24, 1998 

To: Philip Rutherford 
Dl641,055, T487 
(818)586-6140 

The Boeing Company 6633 Canoga Ave. 
Rocketdyne Propulsion 8 Power P.O. Box 7922 

Canoga Park, CA 91 309-7922 

No.: SHEA- 16228 (Revision) 

From: John Shao 
D/641,055, T487 
(8 l8)586-8024 

Subject: Soil Sampling Results for Building 064 area at SSFL (Revision) 

This report summarizes the fin ings from a radiation survey performed on samples from SSFL7s Building 
64 area following extensive excavation. The soil sampling method and the analytical techniques used are 
also described. 

In the past, in order to ascertain the levels of radioactivity in soil, a relatively large series of soil samples 
was taken and then counted on a GeLi gamma spectroscopy system. This resulted in a significant 
investment of project schedule ime for sample analysis. A technique using a screening process for 
preliminary sample selection was needed in order to reduce schedule impact. The screening process and 
the results of analysis are described below. 

All together, a total of 137 soil samples were screened from the Building 64 area. Each soil sample was 
placed in a plastic bag, uniquely numbered, and subsequently placed in a " "-box in numerical order. The 
samples were then removed frbm the "B"-box and measured in a one-mi e count using a 3"x3" NaI 
probe attached to a multi-channel analyzer CA). During the one-minute survey, each sample was 
placed in a half cylindrical lead pig with the NaI probe pointing down at the sample. All the samples were 
cooled to room temperature before the radiation survey. 

The screening results from the NaI probe are presented in Table 1 and Drawing 064-01. The gamma 
measurements range fiom 8274 to 10857 countdminute with the mean value at 9668 countdminute. To 
better understand the results of the survey, fbrther statistical analysis was performed. A cumulative 
probability chart was plotted using Cumplot Version 2.20' (see Cumulative Probability Plot). This chart 
shows that the gamma exposure results have nearly ideal normal distribution. Only minimal variance fiom 
normal distribution was detected at the lower extreme of the cumulative probability. Since the soil gamma 
exposure measurements suggested that the soil radioactive content was normally distributed, the highest, 
lowest, and mid-range samples were selected for analysis. Each sample was transferred to a marinelli, 
weighed, and analyzed in the lab using a high GeGi) gamma spectrometer. The highest, mid-range, and 
lowest samples were found to contain 2.69, 0.11, and 0.41 pC of Cs-137 respectively (the location of 
the highest countdminute sample is one of the areas excavated). T additional samples were then 
selected (at the c'1/4'7 point and the "314" point of the distribution). th "114" point and the"314" point 
samples had 0.03 pWg of Cs-137. Table 2 summarizes the results from the gamma spectroscopy analysis. 
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Locations with High Ambient Gamma Measurements 

Prior to soil sampling, the ambient gamma survey was performed every 10 ft2 in the Building 64 area. 
Statistical analysis of the survey results revealed four locations with high ambient gamma measurements 
(Y5.0 CLR/hr) that deviated slightly from normal distribution. Soil samples were subsequently taken from 
these locations and were screened with a 3"x3" NaI probe. The results of the NaI screening are shown in 
Table 1 (samples 064-98-0199 thru 064-98-0202). Since each screening result is less than the mean value 
of all the samples screened, it can be concluded that all four samples are less then the cleanup level of 9.20 
pCi/g. The high ambient gamma measurements at these locations are likely due to the nearby large 
boulder(s). 

Excavation an xcavation Sample Analysis 

During the NaI screening process, samples from four locations (R24-37.5- 190, R24- 1 12.5- 137.5, 424- 
162.5- 12.5, and 424- 159.5- 12.5) revealed a Cs- 137 peak on the portable multi-channel analyzer. These 
samples were therefore analyzed on the laboratory Ge(Li) gamma spectrometer and found to contain Cs- 
137 concentrations that ranged from 2.57 to 6.34 pCi/g (see Table 3). 

A solid asphalt sample taken at R24-37.5- 190 revealed a Cs-13 7 concentration of 13.68 pCi/g, which is 
higher than the release limit. To determine whether the radiological contamination was also in the soil, the 
asphalt from bag #064-98-0186 was separated from the soil by a sieve with 0.033 1-inch mesh. After 
analyzing the two separated samples, the Cs-137 contamination was found to be in both the soil (7.36 
pCi/g) and in the asphalt (3.93 pCi/g). The asphalt and soil from this location were removed. Subsequent 
sampling at R24-37.5- 190 indicated only 0.53 pCi/g activity. 

Areas surrounding the other three locations were also excavated and resampled. Table 3 summarizes the 
Cs-137 concentrations before and after excavation at all four locations. The highest post-excavation Cs- 
137 activity at 424-162.5-12.5 and the neighboring 424-159.5-12.5 is 1.30 pCi/g, or 14% of the cleanup 
standard of 9.2 pCi/g. 

A soil sample representing the background at SSFL was taken approximately 150 feet west of Building 
020, in an area unaffected by Building 20 operations. Using the same sodium iodine detector and the same 
method, ten measurements were taken. The mean background soil measurement was 8927 counts/minute, 
and the experimental standard deviation was 77 countdminute (see Table 4). The gamma spectroscopy 
result confirms the background sample has less than the minimum detectable activity of Cs- 13 7 (see Table 
2) .  

In summary, four of the 137 samples screened have Cs-137 concentration higher than fall out 
concentration. Immediate areas surrounding these four samples were excavated and removed. Analysis of 
samples taken after the excavation indicates cesium-137 activity well below the release limit of 9.2 pCi/g. 
The remaining 133 samples can be concluded to be below the release limit based on: 1) the screening 
results are normally distributed, 2) all five representative samples are less than the release limit of Cs-137, 

ciency demonstrated by the 3"x3" NaI probe. The greater efficiency provided by the 3"x3" 
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NaI probe and the multi-channel analyzer is an improvement to the screening technique over the l"x1" 
NaI detector. The results presented in this report suggest that the screening process technique used has a 
great potential for reducing the time and costs of field sample analysis. 

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

John Shao 

Radiation Safety 

cc: Philip Horton 

James Barnes 

Building 64 File 

1 Proprietary Software. Boeing 
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Santa Susana Field g: 064-01 
Date: 9/23/98 









/ CountsIMinute / Grid Number 1 Feet North eet East 
Sample Depth I Iftl 

* Samples that showed a Cs-137 peak when surveyed by a 3" x 3 Nal probe attached to a multi-channel analyzer. 
Note: Samples selected for gamma spectroscopy analysis are in boldprint. 



background 
" Sample that showec 

8927 <MDA I sandy clay 
I Cs-137 peak when surveyed by a 3 x 3 Nal probe attach1 

imples. 

Bag # 

to a mutti-channe 

Sample # 

ENV980206 

nalyzer. 
" The minimum detectable activity (MDA) of Cs-137 is 0.02 pCilg. 



Sample Location 

sample 
R2437.5-190 : Particles 

from ENV980196 smaller 
than 0.0331 inch 

* Samples that showed a Cs-$2 
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STRACT 

A comprehensive radiological survey of Building 064 and its 
surrounding area at the SSFL was performed in 1988. In 
accordance with the recommendation made in that survey report, 
remedial efforts were undertaken to remove residual radioactively 
contaminated components from the Building 064 structure and 
grounds. After the decontamination efforts were completed, a 
comprehensive final survey of the building interior was performed 
to-demonstrate regulatory compliance for release without 
radiological restrictions. 

Results of surveys demonstrate that Building 064 meets the 
requirements of DOE, NRC, and State of California for releasing 
Building 064 for use without radiological controls. 
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1. INTRODUCTIO 

Decontamination and decommissioning (D&D) of a number of 
formerly used nuclear facilities and sites is underway at 
Rockwell International's Santa Susana Field Laboratory 
(SSFL). During D&D of these facilities, reasonable efforts 
are being made to eliminate or to reduce residual 
radioactive contamination to levels that are as low as 
reasonably achievable (A ) Upon completion of D&D, 

-radiological surveys are performed under established 
protocols to determine that any remaining radioactivity 
does not exceed applicable regulatory limits. Findings 
from the surveys are also used to perform additional D&D or 
radiological investigations, as needed. The scope of the 
surveys includes both known and suspected areas of 
contamination in the Building 064 interior. 

In accordance with a broad radiological survey plan for the 
SSFL (Ref. I), a comprehensive radiological survey of 
Building 064 and its surrounding area was performed in 1988 
(Ref. 2). Results of that survey showed th,at the soil of 
the Side Yard was radioactively contaminated (which was 
subsequently cleaned [Ref. 131) and that some items within 
the building and the ventilation exhaust filter plenums 
were contaminated. This report resents the final status 
survey results following removal of the contaminated items 
and the filter plenums, and removal of the floor tiles. 

This report is organized as follows: first, the summary of 
the results of the survey and the conclusions and 
recommendations; second, he background information 
concerning past radiological status, D&D efforts, and 
current radiological status; third, the survey results and 
the technical approach used in the data collection, 
analyses, and limit criteria; and fourth, the supporting 
documentation and calculations for historical records and 
report completeness. 

Survey measurements were made for surface contamination 
(alpha and beta) on the interior walls, floors, and 
ceilings in Building 064, and for ambient gamma exposure 
rate at 1 meter above the interior floors. These 
measurements were tested statistically for compliance with 
acceptable contamination limits for enriched uranium, 
activation products, and mixed fission products, and for 
ambient exposure rate. 

tests for surface contamination showed that the 
facility is suitable for release ithout radiological 
restrictions. Interpretation of the gamma exposure r 
measurements for the Building 064 interior is based o 
average gamma exposure rate background value (15.76 p 
for a building of similar construction (Building 5445 
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has never been used for any radiological purposes. The 
probability distributions of the comparisons between these 
measurements shows no local contamination, except for two 
measurements that were affected by the near proximity of 
smoke alarm units containing approximately 80 pCi Am-241. 
The results indicate a natural/normal background 
distribution for the building, with an average value of 
14.7 pR/hr. Therefore, the Building 064 interior average 
gamma exposure rate is consistent with the average gamma 
%xposure rate for Building S445. 

Building 064 is located within Rockwell International's 
SSFL in the Simi Hills of southeastern Ventura County, 
California, adjacent o the Los Ange es County line and 
approximately 29 mile northwest of ~ ~ m t o w n  Los Angeles, 
irectly south of the City of Simi V lley. Location of the 
SSFL relative to Los Angeles and vicinities is shown in 
Figure 1. An enlarged map of neighboring SSFL communities 
is shown in Figure 2. Figure 3 is a 
western portion of SSFL kno as Area IV, ere Building 
064 is located. Building 064 is located on government- 
optioned land, subject to the Health and Safety Clause of 
the operating contract with DOE, and is exempt from 
licensing. 

TO64 was designed and uilt as a special nuclear 
and source radioactive material storage building. 

It was constructed in two phases. The first phase was 
constructed in 1958. This 2137 ortion, (room 110), is 
a reinforced concrete structure 11-in thick walls on a 
concrete slab. The building eave height is 16 ft, and the 
structure is open bay except for a 12 ft x 13 ft material 
handling area in the southeast corner of the building. A 
fume hood was installed in this small southeast corner, 
(room 104). 

In 1963, the building was enlarged by adding a bay to the 
north (room 114) bringing the total square footage of the 
building to 4418 ft2. This addition used 12-in concrete 
block construction with cores filled with concrete. Total 
square footage includes a small 150 ft2 office (room 100) 

a 50 ft2 rest room (room 1021, both located on the dock 
on the east side of the building. On the northwest corner 
is a small supply and storage room, about 50 ft2, (room 
116). 
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Figure 1. Location of SSFL in relation to Los Angeles and Vicinity 
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The concrete-slab floors were covered with 12-in square 
vinyl-asbestos tiles. The concrete-block walls are 
painted. In 1980, the entire facility was reroofed; 
interior wall surfaces were patched and painted; floor tile 
was removed and replaced; the rest room and office were 
restored; asphalt was patched; plumbing was repaired; 
heating and ventilation as repaired; and a window air- 
conditioner was installed in the office. Ten-ft-long 
fluorescent lights were suspended from the 16-ft high 
"ceiling. Storage racks were constructed to accommodate 
fuel. Room 114 is accessible from he east through a 20 ft 
x 15 ft electrically driven rollup oor and a conventional 
hinged door. Room 110 is accessible from the east through 
a heavy secured door. These two rooms are extremely 
secure. Ramps leading to each roo allow easy transport of 
materials via forklift. 

Since nuclear materia as only stored here, there was no 
processing equipment ing. No sinks were 
installed in the stor only water supply was 
to the rest room (room 102); t as released to the 
sewer. The facility is not tioned. Each vault 
was ventilated by dedicated hrough a plenum 
containing pre-filters and HEP rs. Room 104 had a 
fmne hood which exhausted thro south filter plenum. 

Figure 4 is a plot plan of the ng and immediate 
surrounding yard area. The fa sits atop a 
about 25 ft above '@Gn Street a htly above 
parking lot. Rock outcro slope to the north- 
northeast and downs1 irection. Water 
runoff is primarily hern end of the 
facility. A sanitary leach fi sted several years ago 
just north of the access road Street on the 
southeast section of the prope e building is 
surrounded by a chain link fenc ich is located from 20 
to 30 ft from the exterior wall the building. The area 
it encloses, including the bui s about 11,000 ft2. 

There are three points of access o the site location of 
Building T064. One access is irectly from the north 
through the 513 parking area ich is on the east side of 
10th Street. A second point access is directly off 10th 
Street at the corner of the facility, and the third is a 
short paved ro ay connecting orner of the 
facility with "GI1 Street to the There are two 
for accessing the fenced-in sto d. One from the 
northeast corner, off of the 51 g lot. The other 
from the southeast corner, off 
an aerial photo of Building TO6 
side of the facility including , office, crane, and 
main entrance. 
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Rdg. 061 
Side-Yard 

Area 

Figure 4. Building 064 Plan View 
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: Aerial Photograph of Building 064, Viewing Eastside 
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This building was used primarily for storage of packaged 
items of source material (normal uranium, depleted uranium, 
thorium) and special nuclear material (enriched uranium, 
plutonium, U - 2 3 3 )  of various forms and configurations. 
Originally both the north (room 114) and the south (room 
110) vaults contained steel racks for storing material. 
The south side as primarily used for storage of highly 
enriched urani and plutonium bearing items; the north 
side was primarily used for source material and low 
enriched uranium storage. 

Enriched uranium powders and source material 
packages were spli smaller units or combined into 
larger units in a ox located in the small 
alcove (room 104) southeast corner of roo 

oved from the uilding. Plu- 
ever in a loose 

packages between contai~ers. Transfers 
orms of material generally were handled 

n occasion, larger pieces were 
vault area. 
rogram, exces 
a1 was sectioned into 

lengths suitable for packaging for shipment in DOE (AEC) 
containers. This was done near the edge of the south side 
alcove in the vault. The floor was covered ith plastic 

ts before t as sectione sing a common hack 

During the early 1960fs, a changed storage configuration 
was required. The metal racks from the south half of room 
110 was removed in order to store material in 8tbirdcagestt 
and drums. This storage included large quantities of 
special nuclear material recoverable scrap. 

During this time, recoverable scrap space was at a premium. 
As a result, the entire yard area in front of the building 
(East) , the side (North) and the back (West) 
with 55 gallon drums of low enriched recoverable scrap. 
This material was shipped to various recovery sites in the 
mid-to late 1960,s and early 1970's. 

No plutonium or U-233 ackages were ever opened in either 
vault. Any residual r dioactive contamination is enriched 
uranium, normal ura depleted uranium, or thorium and 
generally could be ave come from " 
handling bare metall 

During the mid 1970's to early 19801ss, most of the major 
DOE nuclear develo ment and reactor contracts had ended- 
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No special nuclear material powders were handled or 
repackaged after 1980. Most of the material had been sent 
to other DOE sites for recovery and use. A new roof was 
installed on the facility in 1980 to correct leaks. 
Shortly afterward, the walls were repainted and other 
repairs were made. The racks from the north vault were 
removed and the area converted to storage of non-nuclear 
DOE components. 

No reports of contamination incidents occurring within the 
building were recorded in the overall incident file. 

To release the facility for use ithout radiological 
restrictions, all contaminated e uipment and fixtures had 
to be removed in preparation for the final radiological 
survey. In addition, all hazardous materia and wastes in 
the facility had to be properly disposed. ere practical 

cost effective, equipment as decontami tea and either 
posed as non-RA waste or surplused. one equipment 

required disassembly in order to remove azardous materials 
as oils, grease, and lead Most of the items, 
ver, could not be readily amhated and some 

equipment had areas that could e surveyed with the 
confidence level necessary for release without radiological 
restrictions. Analysis cf the floor tiles indicated that 
the tiles and mastic glue throughout the facility contained 
asbestos and would require removal and 

The decommissioning work erformed in room 114 consisted of 
the removal of miscellane 
approximately 195 cubic ya 
containerized soil tempora 
items stored in room 114 were brought to the facility for 
storage after work with nuclear materials had ceased at 
B/064 and had been properly packaged to revent release of 
contamination. During the removal of th 
boxes of soil, frequent area contamination 
performed by Radiation Protection and Health Physics 
Services (RP&HPS) representatives to assure that container 
integrity and contamination control were maintained. All 
contaminated equipment, components, and soi that had been 
stored in room 114 were transported to the 
temporary storage awaiting eventual disposal at an approved 
DOE burial site. 

Most of the items in room 110 had 
at B/064 and were contaminated to varying deg 
practical, size reduction and packaging were 
the facility. However, some of the equipment required more 
aggressive techniques for size reduction and contamination 
control. These items included: a fume hood that had been 
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used to package enriched uranium powders and source 
materials, two large balances, and several steel shipping 
drum inserts. All of these items were transferred to the 
RMDF for size reduction and packaging for disposal. The 
fluorescent light fixtures in this room were found to be 
contaminated and were taken down, isassembled, and the PCB 
containing ballasts were removed. The fixtures (less 
ballasts and bulbs) were nd disposed of as 
radioactive waste. The re surveyed and found to 
be radiologically clean d of as hazardous 
PCB waste. The fluorescen econtaminated and 
disposed of as c ventional waste. The storage racks 
contained fixed contamination and were disassembled, 
size reduced, and packaged, and t ansferred to the RMDF for 
eventual shipment to an approved isposal facility* 

To maintain contamination control uring the size reduction 
of the HEPA filter plen as done at the . The plenums wer ildings and 
blowers as intact unit 
Because of the large s 
effort required the fa xes to assure 

nation contr et and outlet 
s were seala 
g, placed in 

The plenums were cut into manageable pieces using a plasma 
torch and packaged for disposal as radioactive waste. 

use the facility had 
ears, special attenti 

hazardous or p 
isposition. 
also contained 
of the scales 
contamination 
Salt Oxidation f 

DF. The other oil and the 1 
ng No DOE-Added Radi~activity,'~ 

ER-SP-0001 and were dispose 
Rocketdyne Environmental Control Manual. The ballasts 
removed from the light fixtures in room 110 were 
hermetically sealed unit d after a thorough radiological 
survey were also certifi s "Containing No DOE-Added 
Radioactivityw and were osed of in accordance with the 
Rocketdyne Environmental Control Manual. 

Because the tiles throug the facility 
determined to contain as 
state their removal was 
developed and implemente 
Randomly selected tiles 
subfloor were surveyed f 
results of this survey sampling e 
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and subfloor had no detectable activity (NDA) above 
background; therefore, all tiles were certified as 
"Containing No DOE-Added Radioactivity." An asbestos 
abatement contractor was employed to remove a total of 
4,352 ft2 of tile. The tile and abatement-related ACM 
wastes have been packaged and in an approved 

waste container and e disposed at an 
isposal facility. c of certifications were 

forwarded to the DOE. 

Upon D&D of radioactive constituents, releasin 
or area for unrestricted use requires a formal 
survey to demonstrate that the 
for such a release are met. T erf 0med under 
an established pretation of 
the resulting 
release eriter c-nt provides 
information that demonstrat ing 064 meets DOE, 

State of Californi r release of the 
facility for unrestricted use. 

For the final radiological survey of Building 064 ,  the 
interior rooms and office were se 
These sample lots are graphically 
Sample lots ere treated separate 
statistical data analyses. Disti 
selecting the sample lots were areas 
contained contaminated components th 
d-econtaminated. The chosen sample lots or areas are shown 
in Table 1 with the corresponding type of survey performed. 
(The Fenced-In Yard has bee surveyed an 
[Ref. 121. The Side Yard, o the east, 
surveyed and reported [Ref. 131). 
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(I1 The type of survey performed f o r  each sample l o t  was 
dependent on t h e  type of surface  being measured (e.g.,  
concrete f loor ,  walls ,  asphal t ,  gravel  roof ,  t i l e  f l o o r s ,  
e t c .  ) 
Ambient gamma readings a r e  performed only on t h e  hor izonta l  
walking surfaces  a t  1 meter. 

0, 20% of a l l  s t r u c t u r a l  surfaces  w e r e  surveyed i n  each sample 
Lot f o r  t o t a l  alpha, t o t a l  be ta ,  removable alpha, and 
removable beta.  
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The survey methods used for Building 064 interior are 
described in detail in Ref. 15. Maps, diagrams, and raw 
data for the final survey are also found in Ref. 15. 
Described belo is a summary of hose methods. 

1. Sampling Method 

- The method and ype of survey measurements depended on 
the type of sur aces involved. For each sample lot, a 
3-meter by 3-meter grid was su erimposed on the floors, 
walls, ceilings, or g sample lot 
area. A 100% direct Y 3-3 grid 
then performed = A 1-meter by 
1-meter area wa 3-m by 3-m area 

revious D&D knowledge, randomly, or 
s of elevate s from the 100% direct 

frisk. 

ation was then surveyed 
e of surface involved. 
California 
10% of an area 
ically in Figure 7. 

urveyed for total 
alpha and beta activity, removable alpha and beta 
activity and maxim activity, if a "hot 

s detected 

1 meter above the 
structural surface 
etc.) were surveye 
beta activity. co 
the same manner as 
around the buildi 
was reported in Ref. 12). 

2. Instrument Cali 

Measurements of the d maximum alpha su 
activities were made pha scintillation 
sensitive only 
exceeding about 

a Th-230 a 
min integra 

Measurements of 
activities were 
Geiger-Mueller tube. 
a Tc-99 beta so 
5-min integrate 
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re 7 :  Typical Room or Area 3~Meter by 3-Meter Grid Markings 
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Measurements of removable surface activity (a1 ha and 
beta) were made by wiping approximately 100 cmP of 
surface area using standard smear disks. The activity 
on the disks were measured using a low-background 
gas-flow proportional counter. The counters 
calibrated using Th-230 and Tc-99 standard sources, 

eable to NIST. A I-min integrate 

The ambient exposure rates at 1 m from s 
measured using a 1-in. NaI scintillatio 
These instruments were cali 
Stokes high-pressure ionization chamber 
background, and daily che 
source, traceable to NIST 
A I-min integrated count 

background 
Reference 
environmental surveys. 

Soil analyses were performed 
detector gamma-spectroscopy s 

Criteri a and Their Implementation 

Acceptable contamination limits and 
for releasing a f 
prescribed in DOE 
conservative) lim re chosen fro 

he final surv 
inguishable c 

from the guidelines. 

The surface contamination limits 
ere excerpted from 
tate of California 
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b) The ambient gamma exposure rate limits at 1 m were 
excerpted from NRC Dismantling Order for the L-85 
reactor decommissioning (Ref. 9) for conservatism 
and consistency with past decommissioning efforts. 
Although DOE Order 5400.5 (Ref. 7) recommends a 
value of 20 pR/hr above background, the value of 
5 pR/hr from the NRC  isma ant ling Order (Ref. 9) was 
used for consistency, conservatism, and in keeping 
with ALARA principles. 

Determination of an appropriate value for gamma 
exposure rate background has been a continuing 
problem, due to the variability of natural radiation 
on the site and differences &ween indoors and out. 
Reference values that have been used are 8.10 pR/hr 
inside a steel-walled and -roofed building with 
plasterboard office walls, and from 14.0 to 16.6 
pR/hr in outside areas. This uilding does not 
correspond to either case, eing an empty concrete 
structure. 

To resolve this difficulty, a uilding with similar 
construction was sought for th purpose of 
determining a comparable radiatio background- 
Building S445, near the entrance 0 SSFL and never 
used for nuclear or radioactive m terials, was 
selected. This building was a concrete slab floor, 
cast-in-place concrete walls up to about 3 ft above 
grade with concrete blocks above, and a. poured 
concrete roof. The ambient amma exposure rate was 
measured, in the same manner as for a final survey, 
at 40 locations uilding 445, on an evenly 
spaced 1-n grid. A cumulativ robability plot of 
these measurements is shown i igure 8. This shows 
that the majority of values, h the exception of 
one anomalously low measurement, fit a Gaussian 
distribution very well. (The low value was measured 
adjacent to the steel ouble doors of the building, 
one open, the other closed.) The average of these 
values is 15.76 pR/hr, and the acceptance limit for 
gamma exposure rate in buildings of this sort is 
20.76 pR/hr. 

Table 2 provides a summary of the contamination limit 
criteria. Table 3 demonstrates that the detection 
limits (SSAs) for the instruments and method are well 
below the established limit criteria (from regulatory 
requirements) shown in Table 2. 



Gamma exposure rate measured in Bldg. 445. Concrete building (Bldg. 445) 
has construction similiar to that of TO64 and no radiological history. Confidence bounds 
(95%) on least-squares fit of data are close to the derived Gaussian line. One value is 
anomalously low due to measurement near doorway. See Appendix B for data measurements. 
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Ibam~ e&xure 155 @/hr above backgrocnd a t  1 m i n t e r i o r  I 10 

Table 2. Building 064 Contamination Limit Criteria 

' As used i n  t h i s  table, (d is in tegrat ions per minute) means the r a t e  o f  emission by rad ioact ive 
orrect ing the counts per minute measured by an appropriate detector fo r  

t r i c  fectors  associated with the instrunentat ion. 

Parameter 

A l  lowable Total 

2 ere surface contemination by both alpha- arid beta-gamne-emitting radiormciides exists, the l i m i t s  
estaSlished f o r  alpha- and beta-g -emi t t ing radionucl ides should apply independently. 

Measurements o f  average conternination should no averaged over an area of more than 1 m2. For cb- 
jec ts  o f  less surface area, the average should r i ved  f o r  each such object.  

L i m i t  

~adionucl ides"  Averagea." Maxi  nun'^.^' Removab 1 el4," 

dose rates associated w i th  surface contamination r e s u l t i n g  from beta-gamna 
emitters should no t  exceed 0.2 mrad/h and 1.0 mrad/h, respectively, a t  1 cm. 

Reference 

contamination Level appties t o  an area o f  not  more than 100 cm2. 

r 100 cmz o f  surface area should be determined by wiping an area o f  
bsorbent paper, applying moderate pressure, and measuring the amount 

of rad ioact ive mater ia l  on the wiping wi th  an appropriate instrunent o f  knom ef f ic iency.  When 
removable contamination on objects o f  surface area less than 100 an2 i s  determined, the a c t i v i t y  per 
mi: area should be based on the actual area and the e n t i r e  surface shouid be wiped. It i s  not 
necessary t o  use wiping tech s t o  measure removable conternination leve ls  i f  d i r e c t  scan surveys 
ind icate tha t  the t o t a l  r e s i  surface contamination Levels are w i t h i n  the  l i m i t s  f o r  removable 
contaminat ion. 

*SSA = 1.645 x SQRT ( 2  x c ts)  x area factor  x e f f i c iency  factor /miwtes = 
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2 .  Data Analyses and Statistical Criteria 

A statistical procedure was used to validate the 
applicability of the raw survey data for selected sample 
lots or areas. The statistical method known as 
'tsampling inspection " (Ref. 11) was used. 
This method has been in industry and the 

e lot size is 
In the case of 
n in Building 06 

unacceptably time consum ng and not co 
measure and document 100 uilding - However, by 

riables methods, 
acceptable confidence in the conclusion made about the 
level of contamination can be achieved. 

In sampling inspection by variables, the number of data 
points on which measur ained is first 

to be large so @ters of the 
ution are like1 istribution 

- 
where x = average (arithmetic mean of measured 

values) 

s served sample standard 

lculated from the 
o achieve the 

desired sensiti 

UL = acce tance limit 

TS and x are then compare 
(such as those shown i 
acceptance or other plans of 
of the area as contaminated 
remediation. 

The sample mean, stand 
limit are easily calcu 
the tolerance factor, ussion. of 
various criteria for s acceptance 

LTPD is defined as the hat should be 
accepted in an individual lot. Associated with the LTPD 
is a parameter referred to as consumer's risk ( P ) ,  the 
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risk of accepting a lot of quality equal to the LTPD. 
USNRC Regulatory Guide 6.6 ("Acceptance Sampling 
Procedures for Exempted and Generally Licensed Items 
Containing By-product Materialt1) states that the value 
for the consumer's risk shoul e 0.10. Conventionally, 
the value assigned to the LTP as been 10%. 

The State of California has stated that the consumer's 
risk of acceptance ( p )  at 10% efective (LTPD) must be 
0.1. For those choices of f l  a d LTPD, Kg = H2 = 1.282. 
The number of samp es is n. Value of k for each sample 
size are calculate in accordance ith the following 
equations: 

K 

The 
064 

a 1 

where = tolerance factor 

te exceeded 
, 0.10 (fro 

= 1.282)' 

Kg = the normal cieviate exceeded with 
al to the LTPD, 10% 
= 1.282)' 

- - ber of samples 

statistical criteria for acceptance of the Building 
interior final survey are resented below. 

Acceptance: If t est statistic (2 + ks) is less 
than or equal to limit (UL), accept the region 
as clean. (If any single measured value exceeds 80% 
of the limit, decontaminate that location to as near 
background as is ossible, but do not change the 
value in the analysis. See Figure 9 for an example 
of the sample lot acce y the test. 

in he values chosen for these coefficients for the survey 
to assuring, 
a1 contaminati 

90/90 /100  test). The eho the two coefficients 
is consistent with indust &ices and State of 
California guidelines (Ref. 8). 
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b) Collect additional measurements: If the test 
statistic (2 + ks) is greater that the limit (UL), 
but 2 itself is less than UL, independently resample 
and combine all measured values to .&ermine if 2 + 
ks I = UL for the combined 0, accept the 
region as clean. If not, t on is contaminated 
and must be remediated. Se e 10 for an 
example of addit. onal measurements that must be 
taken in the sam or reject i 

c) Rejection: If the test statistic - (5 + ks) is 
greater than the limit (U > = UL, the region 
is contaminated and must iated. See 
Figure 11 for an example of sample ot rejection by 
the test. 

Thus, based on sampling inspe e willing to 
accept the hypothesis that th Y of accepting 
a lot as not being contaminat in fact, 10% 

ive is 0.10. Or in 0th e Building 064 
survey corresponds to a 90% confidence 

that 90% of the area has resi nation below 
90/90/180 test) of th 
ed in Table 2. 

1. Sample Lot 1 

Description 

le Lot 1 consis the southern 
ion of the buil 

fume hood had been instal 

Analyses of Sample Lot 1 Data 

Raw data measurements for Sample 
subtracted for daily instr 
for ambient gamma exposure rates 
cumulative probability graph as 
reviously. For stat stical compar sons (using the 
sampling inspection y variablesm ethod) , similar 
areas within Sample L ned together and 
hen analyzed for the specific 
easurement made on the surface 

measurement data and instrument grounds are 
provided in Appeneix A. 
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TQOSDOC. CLU 
ShHPLI INEPLCTIOW TEST 

I I I I I 

Cunul r t l u r  F ~ o b  

Figure 11. Example of Sample Lot Rejection, where TS(=%+~S) 
> UL and 2 > UL 
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Table 4. Sample Lot 1 Results 

~arenthesis refer re numbers. 
** The acceptake limit for am & m a  exposure rate in pR/hr 

was determined by calculati average ambient indoor 
background (15.76 pR/hr) from 40 locations inside a known 
uncontaminated building (Bldg. S445)  and adding the 
acceptance criteria fro Table 2 (<5 pR/hr above background) 

hieve a final indoor ambient a exposure rate limit 
.76 pR/hr. Al values, exclu the ambient gamma 
ure rate, in t is table are subtracted for daily 

instrument bac 
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Sample lot results are summarized in - Table 4 for 
comparing the test statistic (TS = x + ks) with 
applicable, established contamination criteria or 
acceptance limit (UL) from Table 2. The 
corresponding figures for the 

ed cumulative lot are also 
s used as gr 
in Appendix 

Initial review of the gamma exposure rate 
use of the eumula 

rent discrepa 
location 5,1 

that a wall- 

The radioac 

etation of Results for Sam 

Figures 12 through 16 and Table emonstrate that 
for each applicable acceptance 1 t (UL) from 
Table 2, the correspond est statistic (TS) value 
is less than the UL or 
figures for 
inspection 
radiologica 

64 Sample Lot 1 
a 90% confid 

residual contami 
90/90/100 tes 
State of Cali 

l3b. ) Expanded Scale 

: TO64 - LOT 1 Removable Alpha Activity 
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aoa 

Lot 1 Total Beta t>l 
I I I I 1 

14a.) Scale  inc luding  Acceptance Limit  (UL) 

Lot 1 Tot;al Beta Activi 
I I I 1 t 

t iwe Probability (35) 

14b.)  Expanded Sca le  

: TO64 - LOT 1 Tota l  Beta A c t i v i t y  
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TO64 Lot 1 Removable Beta Activity 

1200 0 

15a.) Scale including Acceptance Limit (UL) 

15b.) Expanded Scale 

: TO64 - LOT 1 Removable Beta A c t i v i t y  
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641011 ag.av 01-31-94 
TO64 Lot 1 Gamma Exposure Rate 

22 I I I I I 

-9 

16) Scale including Acceptance Limit (UL) 

: TO64 - LOT 1 Floors Ambient Gamma Exposure Rate 
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2. Sample Lot 2 

a) Description 

Sample Lot 2 consists of room 114, the northern 
section of the building. 

b) Analyses of Sample Lot 2 

Raw data measurements for Sample Lot 2 were taken, 
subtracted fo ily instrument background (except 

rates) and plotted on a 
cumulative pr h as explained 

1 comparisons (using the 
iablesw method), similar 
ere combined together and 
fic type of radiation 

measuremen face. Individual raw 
ackgrounds are 

id locations in room 1x0 
easurements made in 
e set of data.) 

Sample lot results are tabulated in - Table 5 for 
comparing the test statistic (TS = x + ks) with 
applicable, established contamination criteria or 
acceptance limit (UL) from Table 2. The 

figures for raphs of each 
robability lot are also 
ample resul s used as graph 

rovided in Appendix B. 
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Table 5. Sample Lot 2 Results 
ir 

* Numbers in parenthesis refer to figure nunbers. 
** The acceptance limit for ambient gamma exposure rate in pR/hr 

was determined by calculating the average ambient indoor 
background (15.76 pR/hr) from 40 locations inside a known 
uncontaminated 445) and addin 
acceptance crit m Table 2 (<5 pR/hr abo 
to achieve a final indoor ambient gamma exposure rate xi~it 
of 20.76 pR/hr. All values, excluding the ambient gamma 
exposure rate, 'in this able are subtracted for 
instrument background. 
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c) ~nterpretation of Results for Sample Lot 2 

Figures 17 through 21 and Table 4 demonstrate that 
for each applicable acceptance limit (UL) from 
Table 2, the corresponding test statistic (TS) value 
is less than the UL or TS <UL. Therefore, the nine 
figures for Sample Lot 2 ass the 8gsampling 
inspection b variables8@ test and are "Acceptedee as 
radiological y clean. Or in other words, the 
Building 064 Sample Lot 2 survey corresponds to 
assuring with a 90% confidence that 90% of Sample 
Lot 2 has residual contamination below 100% (a 
90/90/100 test) of the appl cable NRC, DOE, and 
State of ~alifornia limits escribed in Table 2. 

3. Sample Lot 3 

a) Description 

Sample Lot 3 co e office (room 120) and 
rest room, and closet, room 116. 

b) Analyses of Sample L 

Raw data measurements for Sample Lot 3 
subtracted for daily instrument backgro 
for ambient gamma exposure rates) and plotted on a 
cumulative probability graph as explained 
previously. F tical compariso 
"sampling insp 

measurement ma 
measurement da 
provided in Ap 

Sample lot results are tabulated in Table 6 for 
comparing the atistic (TS = Z + ks) 
applicable, es ished contamination criteria or 
acceptance lim rom Table 2. The 

raphs of each 
calculated c 
provided. 
data for Sa 

This lot also d an outlier in 
exposure rate 
value was due 
alarm unit. T 

e original meas 
been left in t bulational results. 
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TO64 Lot 2 Total Alpha Activity 

6000, 

17a.) Scale including Acceptance Limit (UL) 

641otZa.csd 01-1 1-94 
Lot 2 Total Alpha Activity 

1 5 1 - -  I I '  1 

Mean = 1.72 
Sigma - 2532 

l7b. ) Expanded Scale 

re 17: TO64 - LOT 2 Total Alpha Activity 
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TO64 Lot 2 R e m o ~ b l e  Alpha Activity 

mulative ProbabiliQ (%) 

18a.)  Sca le  including Acceptance L i m i t  (UL)  

641oP2~csv 
TO64 Lot 2 Removale Alpha Adivit 

-L 

.1 1 1 0 99 99.9 
Cumulative Probabili 

18b.) Expanded Scale  

: TO64 - LOT 2 Removable Alpha Act iv i ty  
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64lo12acsv 01-1 2-94 
Lot 2 Total Beta Activity 

19a . )  Sca l e  inc lud ing  Acceptance Limit  (ZL) 

64lot2acsv 01-1 2-94 
Lot 2 Total Beta Actii 

l9b .  ) Expanded S c a l e  

: TO64 - LOT 2 T o t a l  B e t a  A c t i v i t y  
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641otZa.c~~ 01-1 1-94 
Lot 2 Removable Beta Activity 

1200 I I I I I 1 

-9 
Cumulative ProbabiliEy (YI )  

20a. ) Scale including Acceptance Limit (UL) 

Lot 2 Removable 

20b.) Expanded Scale 

: TO64 - LOT 2 Removable Beta Activity 
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641ot2ag.c~~ 01-31-94 
TO64 Lot 2 Gamma Exposure Rate 

-9  

2 1 )  Sca l e  inc lud ing  Acceptance Limi t  (UL) 

: TO64 - LOT 2 Floors  Ambient Gamma Exposure Rate 
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structure 

Table 6. Sample Lot 3 Results 

Calculated Tes 

Total 

Alpha 
(dpm/100 
cm2) 

Beta 
(dpm/100 
em2 ) 

5000 

- 
; Statistic (TS = x + ks\ 

Removable 

Alpha Beta 
(dpm/100 
cm2 ) 

1000 

Gamma 
Exposure 
Rate 

(pR/hr @ 
1 m> 

20.76** 

* Numbers in parenthesis refer to figure numbers. 
** The acceptance limit for ambient gamma exposure rate in pR/hr 

was determined by calculating the average ambient indoor 
background (15,76 pR/hr) from 40 locations inside a known 
uncontaminate g (Bldg. S445) nd adding the 
acceptance crite om Table 2 (<5 pR/hr above background) 
to achieve a fin oor ambient gamma exposure rate limit 
of 20.76 pR/hr. All values, excluding the ambient gamma 
exposure rate,'in this table are subtracted for daily 
instrument background. 
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Interpretation of Results for Sample Lot 3 

Figures 22 through 26 and Table 6 demonstrate that 
for each applicable acceptance limit (UL) from 
Table 2, the corresponding test statistic (TS) value 
is less than the UL or TS <UL. Therefore, the nine 
figures for Sample ~ o t  3 ass the "sampling 
inspection by variablesvt 
tadiologically clean. Or 
Building 064 Sample Lot 3 survey corresponds to 
assuring with a 90% confidence that 90% of Sample 
Lot 3 has residual contamination below 100% (a 
90/90/100 test) of the appl cable NRC, DOE, and 
State of California limits @scribed in Table 2. 
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TO64 Lot 3 Total Alpha Activity 
I I I 1 I 

22a.)  S c a l e  i nc lud ing  Acceptance Limit  (UL) 

01-11-94 

2 2b. ) Expanded Sca l e  

: TO64 - LOT 3 T o t a l  Alpha A c t i v i t y  
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1-1 1-94 
Lot 3 Removable 

I I I I 1 

23a.) Sca le  inc luding  Acceptance L i m i t  (UL) 

Expanded Scale 

: TO64 - LOT 3 Removable Alpha Ac t iv i ty  
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Lot 3 Total Beta Adivity 

24a.) Scale  inc luding  Acceptance Limit  (UL)  

01-11-94 

24b. ) Expanded Scale 

: TO64 - LOT 3 Total Beta A c t i v i t y  
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01-11-94 

TO64 Lot 3 Removable 

Sigma = 7.008 

25a.) Scale including Acceptance Limit (UL) 

25b.) Expanded Scale 

Fi : TO64 - LOT 3 Removable 
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641ot3ag.n~ 01-31-94 
TO64 Lot 3 Gamma Exposure Rats 

.9 
Cumulative Probability (%) 

26) Scale including Acceptance Limit (UL) 

2'064.- LOT 3 Floors Ambient Gamma Exposure Rate 
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4. Supplemental Measurements 

In addition to the standard survey measurements, several 
supplemental measurements were made to provide 
additional assurance of the quality of the 
decontamination effort. Special samples of paint from 
the walls were analyzed in gamma spectrometry. The 
detected activities are shown below: 

All values are below the applicable limits and in 
agreement with the measurements for removable alpha and 
beta measurements results from the smears. 
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SURVEY DATA FOR LOT 1 Page 3 of 3 

SAMPLE 
NAME REM 

GROSS COUNTS IN 5 MINUTES In 1 MIN 
GAMMA 
TOTAL 

GRID 
NAME TOTAL 

ALPHA 
MAX 

SMEAR 
BACKG 1 EFACT BACKG TOTAL REM 

SMEAR 
BACKG 1 EFACT 

GAMMA 

EFACT 

1 ALPHA 
INSTRUMENT 
EFACT 1 AFACT 

BETA 
MAX BACKG 

( BETA 
{NSTRUMENT 
EFACT 1 AFACT 



SURVEY DATA FOR LOT 2 Page 1 of 2 

SAMPLE 
NAME 

Floors - Rrn 114 
Floors - Rrn 114 
Floors - Rrn 1 14 
Floors - Rrn 114 
Floors - Rm 1 14 
Floors - Rm 114 
Floors-Rrn114 
Floors - Rm 114 
Floors - Rm 114 
Floors- Rm 114 
Fbors- Rm 114 

~ - 
Floors - Rrn 1 14 
Floors- Rm 114 
Fkms  :Em 114 
Floors - Rm 114 
Floors- Rm I14 
F b o n  I Rrn 114 
Floors - Rrn 114 
Floors - Rm 1 14 
Floors - Rm 13 -- 

Celllng - Rm 114 
, Cenlng - Rrn 114 
1 Celllng - Rm 114 
Celllng - Rm 114 
Celllng - Rrn 114 
Ceilhg- Rm 114 
Celllng - Rrn 114 
Celllng - Rm 114 
Celllng - R m i i 4  
Celllng - Rm 114 
Celllng - Rrn 114 
Cellhg - Rm 114 
Celllng - Rm 114 
Celllng - Rm 114 
Cettlng - Rm 114 
C e k g  - Rm 114 
Celtlng - Rm 114 
C e k g  - Rm 114 
CeNlng - Rrn 114 

, - ,  

GRID 
NAME 

1,4 
2,1 
3,7 
230 
5,12 

4,5 
5.2 
6,6 
7.3 
8,8 
7,11 

9 , 4  
10,l 
11,7 
12,6 
12,IO 
13,1 
14,5 
15,2 
15,11 

1,l 
2,4 
3,6 
4,3 
5 2  
6.6 
7,7 
8,9 
9.4 
10,5 
11.9 

12.2 
13,4 
14,7 
15,5 
13,12 
10,lO 
8,12 
4,11 

TOTAL 

3 
2 
6 
0 
4 
7 
4 
3 
5 
2 
2 
6 
5 
7 
6 

1 6 
8 

1 7 
1 5 
1 5 
1 4 
1 
1 4 
1 5 
1 6 
1 I 
1 8 

3 
6 
7 
4 
6 
4 
5 
2 
7 

. 6  
4 
2 

ALPHA 
MAX 1 REM 

1 
1 
1 
1 
1 
[ 
1 
1 
1 
( 
I 
1 
1 
1 

1 

GROSS COUNTS IN 5 MINUTES 
I BETA I 1 GAMMA 

TOTAL I MAX I REM I TOTAL 

I ALPHA I BETA GAMMA 
INSTRUMENT SMEAR INSTRUMENT SMEAR 

BACKG 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

01 
0 
1 

1 0 1  
01 

1 0 1  
11 

0 1  
I 11 
1 0 1  

0 1  
I 01 
1 11 

0 1  
0 1  
1 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 

397 
402 
360 
391 
412 
383 
377 
394 
367 
413 
391 
393 
355 
3821 
395 

1 3351 
3621 
369 

3481 
3841 
268 
2561 
2291 
252 
2751 
2361 
224 

238 
256. 
248 
246 
246 
227 
277 
248 
265 
238 
267 
270 

~ 

5 
4 
2 
4 
1 ----- 
7 
2 . .  
6 
5 
3 
2 
G 
6 
8 
2 
4 

1 31 
' 2 '  

1 31 
1 41 

5 

1 21 
1 71 

2 

1 51 
1 41 

1 

5 
4 
2 
4 
2 
4 
7 
3 
2 
4 
3 
0 

3294 
3314 
3172 
3487 
3373 
2966 
3110 
3102 
312C 
3083 
3192 
3079 
2932 
2083 
3017 
3252 
3 ~ 7 1  
30G5 
3~ :01  
3181 

. 

1 

2.563 
2.563 
2.563 
2.563 
2.563 
2.563 
2.563 
2.563 
2.563 

2.56? 
3.167 
3.167 
3.:671 
3.167 
3.1671 
3 .1~7)  
3.i67! 
3.1671 

1 3.1671 
3.3331 

1 3.3331 
1 3.3331 

3.3531 
1 32331 
1 3.3331 

3.3331 
3.3331 
3.3331 
3.333 
3.333 
3.333 
3.333 
3.333 
3.333 
3.333 
3.333 
3.333 
3.333 

4.407 
4.407 
4.407 
4.407 
4.407 
4.407 
4.407 
4.407 
4.407 

2 . 5 6 5 1 - 7 1  
4.407 
4.394 
4.394 
4.394 
4.394 
4.394 
4.394 
4.394 
4.394 
4.394 
4.434 
4:434 
4.434 
4.434 
4.434 
4.434 
4.434 
4.434 
4.434 
4.434 
4.434 
4.434 
4.434 
4.434 
4.434 
4.434 
4.434 
4.434 
4.434 

-- 1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 

1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
4 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.411 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 

1 . 4 1  -- 

1.41 
1.41 
1.41 
1.4% 

0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 

0.3 

1 0.31 
/ 0.31 
' 0.31 

0.31 

1 0.31 
1 0.31 
1 c.31 
1 0.31 
1 0.31 
( 0.31 

0.31 
0.3 

1 0.3 
1 0.3 

0.3 
0.3 
0.3 
0.3 
0.3 
0.3 - 
0.3 
0.3 
0.3 
0.3 

2.75 

-1 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 

1 0 . 3 1 2 . 7 5 1  
2.75 
2.75 
2.751 
2.75' 
2.751 
2.751 
2.751 
2.751 
2.751 
2.75 
2.751 

2.75 
1 2.75 
1 2.75 

2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 

274.833 
274.833 
274.833 
274.833 
274.833 ~ - ~ - ~ ~ ~ ~  
274.833 
274.833 
274.833 
274.833 

274.8331 
293.1671 
293.1671 
293.167 
293.1671 
293.1671 
293.1671 
293.1671 
293.1671 
293.1671 
281.3331 
281.3331 
281.3331 
281.3331 
281.3331 

2.75/281.3331 
281.3331 
281.3331 
281.333 
281.3331 
281.3331 
281.3331 
281.333 
281.333 
281.333 
281.333 
281.333 
281.333 
281.333 

7.995 
7.995 
7.995 
7.995 
7.995 
7.995 
7.995 
7.995 
7.995 

274.833-1 
7.995 
7.775 
7.775 
7.775 
7.7751 
7.7751 
7.7751 
7.7751 
7.7751 
7.7751 
7.3581 
7.3581 
7.358 
7.3581 
7.3581 
7.3581 
7.3581 
7.358 

1 7.358 
7.358 
7.358 
7.358 
7.358 
7.358 
7.358 
7.358 
7.358 
7.358 
7.358 

5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

51 
5 

51 
5 

51 
5 

51 
1 5 

51 
51 
5 
5 

1 5 
/ 5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

2.7 

v \ - T E -  
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 

1 2.7 
2.7 
2.7 

1 2 . 7 1  
( 2.7 

2.7 
1 2.7 

2.7 
1 2.7 

2.71 
1 2.7 

2.71 
1 2.7 

2.7 
2.7 

1 2.7 
1 2.7 
/ 2.7 
1 2.7 

2.7 
2.7 

1 2.7 
2.7 
2.7 
2.7 - 
2.7 
2.7 
2.7 
2.7 

2.55 

2.55 
2.55 
2.55 

0.00465 
0.00465 
0.00465 
0.00465 
0.00465 

2.55 
2.55 --- 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 

--- 

0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 

2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 

1 2.55 
2.55 
2.55 

1 2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 

- 2.55 
2.55 
2.55 
2.55 
2.55 

- 

0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 



SAMPLE 
NAME 

Celllng - Rm 114 
Wall - South Rm 114 
Walt - South Rm 114 

Wall - South Rm 114 
Wan- South Rm 114 
Wall - South Rm 114 
Wan - South Rm 114 
Wan - South Rrn 114 
Wall. South Rm 114 
Wall - South Rm 114 
Wall - West Rm 114 
Wall - West nrn 114 
Wall - West Rm 114 
Wall - West Rm 114 
Wall - West Rrn 114 
Wall - West Rm 114 
Wall - North Rrn 1 14 

Wall - North Rm 114 . 

Wall - Nor!h Rm 114 
W~11- North Rm 114 
Wall - North Rrn 114 
Wall - North Rm 114 
Wall - North Rrn 114 
Walt - North Rm 114 
Wall - North Rrn 1 11 
Wall - East Rm 114 

ALPHA 
MAX 

1 
4J 

1 

1 

GRID 
NAME 

1,10 

3,1 
4,4 
5 2  
4 3  
8 s  
10,l 
11,J 
13,3 
15,5 
17,2 
202 
23,1 
26.3 
21,4 
254 

2 2  
4,3 
7,l 
10,3 
13,1 

3,4 
9.5 
11,4 
15,4 

1172 

REM 

I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

01 
0 
0 
0 '  

I 1 
0 

1 0 1  
1 1 
1 0 1  
1 0 1  
1 0 1  
1 0 1  

0 1  
1 0 1  
I 0 1  
1 0 1  
I 0 

0 
0 
0 
0 
0 
0 

0 

GROSS 

TOTAL 

248 
311 
278 
276 
257 
257 
263 
283 
278 
293 
362 
370 
341 
339 
300 
349 
368 
307 
3CO 
318 

/ 358 
372 
2311 
364 
319 
313 
323 
234 
315 
376 
360 
242 
278 
280 
263 
277 
291 

TOTAL 

2 
5 

5 
3 
2 
2 
4 
4 
2 
3 
4 
4 
3 
3 
2 
3 
5 
3 
1 
2 

1 1 
1 5 
1 4 

3 

1 6 
1 

IN 5 

REM 

2 
5 

2 
7 
1 
3 
2 
I 
1 
3 
5 
2 
2 
6 
4 
3 
6 
6 
3 
3 
2 
2 

1 6  
0 

1 2  
1 6  
1 

4 

1 3  
5 
0 
3 
7 
4 
3 
1 
1 

COUNTS 
1 BETA 

MAX 

1 2 
1 5 
1 3 

a 
4 
4 
3 
5 
8 
6 

12 

SURVEY DATA 

1 ALPHA 

Wall - East Rrn 114 
Walt - East Rm 114 
Wall - East Rm 114 
Wall - East Rm 114 
Wan - East Rm 114 
Structure - Trusses Rm 114 NW 
Sructure - Trusses Rm114 Cente 

MINUTES 
GAMMA 
TOTAL 

" 

FOR LOT 2 

INSTRUMENT 
EFACT 

4.434 
4.379 

4.379 
4.379 
4.379 
4.379 
4.379 
4.379 
4.379 
4.379 
4.379 
4.379 
4.290 
4.290 
4.379 
4.290 
4.379 
4.290 
4.379 
4.250 
4.379 
4.290 
4.290 
4.379 
4.290 
4.379 
4.379 
3.082 
4.379 
3.082 
4.290 

' 4.467 
4.467 
4.467 
4.467 
4.467 

4.467 

1 BETA 

20,2 
23,l 
26,l 
19,1 
27,4 
St-1 
St-2 

Page 2 of 2 

BACKG 

3.333, 

2.167 
2.167 
2.167 
2.167 
2.167 
2.167 
2.167 
2.167 
2.167 
2.167 
2.167 
2.G67 
2.667 
2.167 
2.667 
2.167 
2.667 
2.167 
2.667 
2.167 
2.667 
2.667 
2.167 
2.667 
2.167 
2.167 
2.200 
2.:67 
2.233 
2.667 
2.667 
2.667 
2.667 
1.667 
2.667 
2.667 

AFACT 

1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1 4  
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.4: 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41 
1.41' 
1.41 
1.41 
1.41 

1.41 

INSTRUMENT 
EFACT 

7.358 
7.995 

7.421 
7.995 
7.995 
7.421 
7.995 
7.421 
7.421 
7.421 
7.995 
7.995 
7.995 
7.808 
7.421 
7.421 
7.995 

7.421 
7.995 
7.421 
7.995 
7.421 
7.421 
7.421 
7.421 
7.995 
7.995 
7.051 
7.421 
7.051 
7.421 
8.015 
8.015 
8.015 
8.015 
8.015 

BACKG 

281.333 
274.833 
278.333 
274.833 
274.833 
278.333 
274.833 
278.333 
278.333 
278.333 
274.833 
274.833 
274.833 
287.833 
278.333 
278.333 
274.833 
278.333 
274.833 
278.333 
274.833 
278.333 
278.333 
278.333 
278.333 
274.833' 
274.833 

1 
AFACT 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

8.015,- 5 

Slructurs - Truasoe Rm114 SE 
SImcturs. Bnnrnr Rm 114 North 
Structure - Bs~rns Rrn 114 Center 

,Slructure - Beams Rm 114 South 

1 
SMEAR 

BACKG 

0.3 
0.3 

0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3' 
0.3 
0.3 
0.3 
0.3 
0.3 
0.31 
0.31 
0.31 
0.31 
0.31 

51-3 
Sb-1 
Sb-2 
Sb-3 

BACKG 
SMEAR 

BACKG 

2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7' 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 
2.7 

2.7 

EFACT 

2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 

1 2.75 
2.75 
2.75 
2.75 
2.751 
2.75 

0.31 
0.31 
0.3 
0.31 
0.3 
0.3 
0.3 

-0.3 
0.3 
0.3 

GAMMA 

EFACT 

0.00465 

0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 
0.00465 

0.00465, 

EFACT 

2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 

1 2.55 
2.55 
2.55 
2.55 

1 2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 

2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 

2.75 

233.5 
278.333 

233.5 
278.333 
281.333 
281.333 
281.333 
281.333 
281.333 
281.333 



w w l l s e t l  ~3 - IleM 
W O ~ J ~ S Q ~ ~  WON - II~IV\ 
WWJiSetJ WM - l P M  

~ m i s e t l  - W P ~  
w w J i s e t l  - s ~ o o ~  

OZ 1 w t l  WoS - lleM 
OZL W t l  lsP3 - lleM 
OZL w t l  lSe3 - lleM 

OZL w t l  WM - lleM 
OZ L w t l  WM - IPM 

021 w t l  - 6uii!w 
OZL w t l  - B U ! I I ~  
OZ 1 Ulj - S J W U  
OZ 1 U t f  - S l W U  
OZL W t l  - S J ~ U  
OZL W t l  - S J w U  

9 1 1 W t l  W o S  - lleM 
9 1 1 W t l  Pa3 - IleM 

9 1 1 Uti WON - IleM 

9 1  1 W t j  lseM - lleM 
V u i 1 ! * 3  

911 Wid - S J w U  
9 1  1 Utl - S J W U  

z 
LE 

Z 1 
Z 
E L 

1 

E 

E ---- 
L 

P 
5 

S 
6E 

SZ 

0 1 

8 
9 

P 

E -- 
Z 

Z 

Sb 

9 

0 

0 

0 
0 
0 
0 

0 
0 
1 

0 
0 

0 

0 
0 

0 

0 
0 

0 

0 

Z 

1 

0 

0 

L'L 

2's 

Z'E 
1 -3  
1- j 

L'P 1 

2'21 

1'6 

E'P 
- Z' 1 

b'E 
P' 1 

1'8 

E'L 

E'P 

C'E 
Z'O I. 
C'L 

1'5 

1 '2  -- 
1-3 

1 2-3 

1-3 

9 

Z 

1 
0 
L 
Z 

E l  

Z 
P 

9 
2 

6 

P 

.E 

Z 

Z 

E 

P 

L 

S 

Z 

L 

L 

182 

8LE 

ZSZ 
OEZ 
SSE 
661 

ZEZ 
Z8Z 

OPZ 

PZZ 

8LZ 
PPZ 

6% 

ZSE -- 
LSE 
8LE 

OLE 

6LE 

OEP 

Z6E 

962 

ZEP 

LEV 
I 

E6E'P 

EGE'P 
p~ 

EGE'P 
CGE'P 
C6E'P 
E6t" t  

EGE'P 

E6E'P 
E6E'P 

E6E'P 
E6E'P 

E6CP 

CGE'V 

E6E't ' 

E6E'P 

EGE'P 

L9VP 

L9P'P 

L9t'P 

LSP'P 

L9P'P 

L9P'P 

E'O 

E'O 

E.0 
E'O 
E'O 
E'O 
E.O 

E'O 

6 0  
E'O 

E'O 
E'O 

E'O 
E'O 

E'O 
E'O 
E'O 

E'O 

E'O 

E'O 

E'O 

CO 
E'O 

S9POo'O 

S9POo'O 

S9POO'O 
S9POo'O 
SSPOO'O 
S9POo'O 

S9POo'O 
S9POO'O 
S9POO'O 

S9Poo'O 
S9POO'O 
S9P00.0 

S9POO'O 

S9P00'0 

S9Poo'O 

S9POO'O 

S9t.00'0 

S9POo'O 

S9POO'O 

S9POO'O 

S9POO'O 

S9POO'O -- 
S9POo'O 

EEE'Z 

EEE'Z 

EEE'Z 
EEE'Z 
EEC'Z 
EEE'Z 
EEE'Z 

EEB'Z 

EEE'Z 
EGE'Z 

EEE'Z 
ECE'Z 

EEC'Z 

EEE'Z 

EECZ 
EEE'Z 

L 9 9 Z  

L99'3 

L99'Z 

L99'2 

L99'Z 

L99'Z 
L99'Z 

L'Z 

L'Z 

L'Z 
L'Z 
L'Z 
L'Z 

L'Z 
L'Z 

L'Z 
L'Z 

L'Z 
L'Z 

L'Z 

L'Z 

L'Z 

L'Z 

L'Z 

L'Z 

L'Z 

L'Z 

L'Z 

f '  
L'Z 

LP'L 

1P'L 

1P'L 
LVL 
1P' l  ---------- 
LP'L 

IP'L 

LP'L 
L 

LP'C 
IP'L 

LP' I  
LP'L 

LP'! 
lP'1 
!P'L 
L t ' l  

1 

LVL 

1 1  

LP'L 

LP'L 

lP '1  

SS'Z 

SS'Z 

SS'Z 
SS'Z 
SS'Z 

SS'Z 
55.2 

SS'Z 
9S.Z 

SS'Z 
SS'Z 
55.2 

SS'Z 

SS'Z 

59 '1  
SS'Z 

SS'Z 

95'2 

SS'Z 

SYZ 

SS'Z 

SS'Z 

SS'Z 

OOZZ 

8EOZ 

S6EZ 

PlPZ 

8P8Z 

-p-p---- 

L98Z 

SZLE 

S ' 

S 

9 
S 
S 
S 

S 
S 

S 
S 
S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 
-- ~ 

IS 

EE8'6LZ 

EE8'6LZ 

EE8'6LZ 
CEO'6LZ 
EE8'6LZ 

EE~.~Lz 
EE8'6LZ 
EE8'6LZ 

EE8'6LZ 
EEW6LZ 

EE8'6LZ 
CE8'6LZ 

EE8'6LZ 

EE8'6LZ 

EE8'6LZ 
EEC'L8Z 

EEE'18Z 
EEE'l8Z 

EEE'LSZ 

EEE'L8Z 

EEE'L8Z -- 
EEE'L8Z 

GLS'L 

GLS'L 

6LS.L 
6LS'L 
GLS'L 
U S ' L  

6 . ~ 5 . ~  
6LS'L 

6LS'L 
6LS'L 

GLS'L 
6LS'L 

6LS'L 

GLS'L 

6LS'L 

6LYL 
S W 8  

910.8 

910'8 

510'8 

910.8 

510'8 

1 ~ 1 0 ' 8  

SL'Z 

SL'Z 
SL'Z 
SL'Z 
SL'Z 
SL'Z 
SLZ 

SL'Z 

SL'Z 
SL'Z 

SL'Z 
SL'Z 

SL'Z 

IiL'Z 

SL'Z 

SL'Z 
SL'Z 

SL'Z 

SL'Z 

SL'Z 

SL'Z 

SL'Z 
-- ~ 

SL'Z 
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BUILDING 06 SURYEY CALCULATED RESULTS FOR LOT 1 Page 1 of 3 

Floors - Rrns 104 & 110 

Floors- Rrns104&1lO 
Floors- Rrns 104& 110 
Floors- Rrns104&llO 

Floors- Rrns104&110 
Floors- Rrns 104& 110 
Floors- Rrns104& 110 

Floors- R ~ s  104 & 110 
Floors- Rrns 104& 110 

1.1 
1.1 1 

2.6 
3.9 
4.7 

5,4 
5,12 

6.5 

7 2  

5.52 

6.76 

1.79 
5.52 

3.03 
8.00 
9.24 

3.03 
-0.70 

~ loors-  Rrns104&llO 
Floors- Rrns104&110 
Floors- Rrns104&llO 

noors- ~ r n s  to4&110 
Floors- Rrns 104& 110 
Floors- Rms 104 & 110 
Floors- Rrns 104 & I10  
Floors- Rrns104&110 
Floors- Rrns104&110 

,FIG- ~ r n s  104 &110 
Ceiling - Urns 104 & 110 
Ceiling- Rrns 104&110 

Csiling- Rrns 104&110 

Ceiling- Rrns 104 & 110 
Ceiling - Rrns 1 04 & 1 1 0 
Ceiling - Rrns 104 & 1 1 0 
Ceiling- Rms104&llO 

Ceiling- Rms 104& 110 

Ceiling- Rrns 104&l lO 
Goiling - Rrns 104 & 1 1 0 

Geiling- Rrns 10484 110 

Gelling- Rrns 104&1lO 

Ceiling- Rrns104&110 

Ceiling - Rrns 104 & 110 

4.04 
3.42 
3.84 
2.93 

3.18 
2.93 
3.18 
3.18 
4.23 
3.04 
3.42 
3.1 1 
2.56 
3.58 

2.85 
2.56 
3.1 1 
3.36 

3.1 1 

4.19 

3.36 
3.1 1 

4.00 

3.11 

3.36 

3.84 

4.04 
3.18 
3.84 

3.42 
4.23 
4.41 

3.42 
2.65 

8,8 
9,3 
10.6 

11,4 
12.7 
12.10 
13.5 
14.1 1 
14.2 
153 

1 .5 
2.8 
3.12 

3 2  

4'6 
5.9 
6.4 
6.1 1 

7,1 
8,3 

9,7 
9.12 
10,!Ll 

11,2 

3.03 
5.52 
0.54 

1.79 
0.54 
1.79 
1.79 
8.00 
5.52 
3.03 
2.30 

-0.21 
4.80 

1.04 
-0.21 
2.30 
3.55 

2.30 

8.57 

3.55 
2.30 

7.31 

2.30 

3.55 

-0.83 

-0.83 
-0.03 
-0.b3 

-0.83 

- 

1 { 
1 

-- 
-~ 

1.51 

1.51 
1.51 
1.51 
1.51 

-0.a3 
-0.83 
-0.83 
-;.83 

1 .a3 
-0.83 
-0.83 
-0.83 
4.83 
-0.03 

-0.83 
-0.83 
-0.83 

-0.83 
-0.83 
1.93 

-0.83 
-0.83 

-0.83 

-0.83 

-0.83 
-0.83 

1.93 

-0.83 

-0.83 

0.76 
-1.79 
0.76 

10.96 

-1.79 
5.87 
5.87 
0.76 

-4.34 
8.42 

3.31 
-1.79 

~ 3.31 

13.52 
3.31 

13.52 

--- 8.42 
0.76 

-1.79 

5.87 
10.96 

-1.79 
-4.34 

3.31 

5.87 

662.81 
880.18 

1134.43 
695.27 
926.40 

-0.83 
1.93 

-0.83 
-0.83 

1.51 
1.51 
1.57 
1.51 

3.14 
1.51 
1 .51 
1.51 
1.51 
1.51 

1.51 
1.51 
1.51 
1.51 
1 .51 

3.14 

_ _ _ _ _ _ - - - -  1.51 
1.51 

1.51 

1.51 
1.51 
1.51 

3.14 

1.51 

1.51 

5.87 
-1.79 

5.87 
-1.79 

6.09 
5.53 
6.09 
7.94 

5.53 
7.08 
7.08 
6.09 
4.91 
7.52 
6.60 
5.53 
6.60 

8.34 
6.60 
8.34 

7.52 
6.09 
5.53 

7.08 

7.94 
5.53 

194.57 

199.99 
204.03 
1913.39 

200.87 

1.51 
3.14 

1.51 
1.51 

795.43 

872.47 
895.58 

804.77 

1038.20 
787.72 
918.70 
826.24 

1041.97 
602.81 
864.77 

-2.55 
127.47 

471.64 
127.47 
112.17 

112.17 
12.75 

127.47 

364.57 
-2.55 

203.95 

242.19 

249.84 

356.92 

4.91 

6.60 

7.08 

7.08 
5.53 

7.08 
5.53 

14.39 
14.75 
14.75 
14.86 

14.97 
14.62 
13.82 
14.67 
14.81 
15.15 
12.88 

- 

0.26 
0.26 
0.26 
0.26 

0.26 
0.26 
0.25 
0.26 
0.26 
0.27 
0.24 

1196.06 
1018.86 

972.63 
1003.45 

198.35 
199.84 
200.28 
199.69 

203.95 
198.20 
200.73 
198.94 
203.00 
194.57 
199.69 
178.44 
181.21 

188.33 
181.21 
180.88 

180.88 
178.77 
181.21 

186.14 
178.44 
182.81 

183.61 

183.77 

185.99 

14.49 
17.54 

14.35 
15.43 

205.98 
202.64 

201.76 
202.35 

-- 

______---_____.-- 

-6.89 

8.42 

16.07 
0.76 

-1.79 
0.26 
0.29 

0.26 
0.27 

4.19 

7.52 
8.72 
6.09 

5.53 

14.64 

14.91 
15.15 
14.96 

14.43 

0.26 

0.26 
0.27 
0.26 

0.26 
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Wall South - Rrn 104(deconned) 

Wall West - Rrn 104 
Wall West - Rrn 104 

Wall North - Rrn 104 

Wall North - Rm 104 
Structure - Trussas Rrn 104 
Structure - Trusses Rrn 104 

Structure - Trusses Exit Rrn 11 0 
Structure - Trusses NE corner Rrn 11 0 
Structure - Trusses near C(4.10) 

Structure - Trusses near Center 
Structure - Trusses C(6,4) near HTR 
Structure - Beam Ledges - West 
Structure - Beam Ledges - Center West 

Structure - Beam Ledges - Center 

Structure - Beam Ledges - Csnlor East 

5.1 
8.3 
10,1 
12.3 

14,2-3 
St-1 
St-2 

51-3 
St-4 
St-5 

St-6 
St-7 
Sb-1 

Sb-2 
Sb3 

Sb-4 

Sb-5 
511-1 
Sh-2 

Sh-3 

13.83 

8.57 
41.15 
12.33 

9.82 
193.64 
164.72 

57.84 
98.08 
57.84 

44.01 
26.41 
94.30 
44.01 

71.67 

137.OG 

155.92 
5.03 
2.51 

0.00 

4.87 

4.1 9 
7.64 
4.72 

4.37 
15.81 
14.61 

8.09 
11.39 
0.89 

7.85 
6.29 

11.18 

7.85 
9.82 

13.37 

14.23 
3.66 
3.08 

2.51 

282.91 19.03 1.93 
-0.83 
23.93 
-0.83 

i .93 
2 .93 

-3.83 

7.43 
-0.03 
1.53 

-0.33 
1.93 
4.6C 
1.93 

4.68 

-0.83 

-0.83 
-0.33 
1.93 

-0.83 

3.14 

1.51 
8.39 

1.51 

3.14 
3.14 
1.51 

5.00 
- 1.51 

3.14 

1.51 
3.14 
4.17 

3.14 
4.17 

1.51 

1.51 
1.51 
3.14 

1.61 

249.03 
-p--pppp- 

-86.68 
58.64 

196.30 

35 09 
460.32 
41 1.61 

-3:6.13 
434.84 
388.39 

272.26 
365.16 
-99.35 

-153.55 

101.94 

148.39 

233.55 
-21.94 
24.52 

-230.97 

184.81 
176.63 
179.75 

182.65 

179.26 
:38.98 
188.18 

172.57 
188.66 
187.70 
135.29 
187.23 
177.36 
176.17 
181.70 

-- 182.68 
184.48 
179.04 
180.04 

774.47 

117 

- 

182 

- 

1 

-4.34 

8.42 
31.37 
0.76 

0.76 
5.87 

16.07 

-1.79 
-4.34 
0.76 

-1.79 
13.52 
0.76 
0.76 
5.87 

3.31 

-1.79 
-1.79 
0.76 

5.87 

4.91 

7.52 
10.73 
6.09 

6.09 
7.08 
8.72 

5.53 
4.91 
6.09 

5.53 
8.34 
6.09 
6.09 
7.08 

6.60 

5.53 
5.53 
(3.09 

7.08 

- 
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. 

14,7 

15,6 

13.12 

10.10 
8,12 

4,11 

1.10 

3,l 

4,4 

5.2 

8.3 
8.5 
10.1 
11,4 

13,3 

15,s 

17,2 
20,2 
23,l 

26.3 

21.4 

25.4 

22 

4,3 

7.1 
10.3 

13,l 

3.4 
9.5 
11,4 

154 

-- 

Ceiling - Fim 1 1  4 
Ceiling - Rm 114 
Ceiling - Rrn 1 14 
Ceiling - Rrn 114 
Ceiling - Rrn 114 
Ceiling - Rm 114 
Ceiling - Rrn 114 
Wall - South Rm 114 
Wall - South Rm 114 
Wall - South Rm 1 14 
Wall - South Rm 114 
Wall - South Rrn 114 
Wail - South Rm 114 
Wall - South Rrn 1 14 
Wall - South Rm 114 
Wall - South Rni 114 
Wall - West Rrn 1 14 
Wall - West Rrn 114 
Wall - West Rrn 114 
Wall - West Rm 1 14 
Wall - West Rm 114 
Wall - West Rm 114 
Wal - North Um 114 
Wall - North Rrn 1 14 
Wall - North Rm 114 
Wall - North Rrn 114 
Wall - North Rrn 114 

Wall - North Rm 114 
Wall- North Rrn 114 - 
Wall - North Rm 114 
Wall - North Rm 114 

2.08 

- 1.67 
4.58 

3.33 

0.83 

-1.67 

-1.67 

3.50 
3.50 

1.03 

-0.21 
-0.21 

2.26 
2.26 

-0.21 

1.03 

2.26 
2.26 
0.40 
0.40 

-0.21 

0.40 

3.50 
0.40 

-1.44 

-0.81 

-1.44 

2.82 

1.61 
1.03 

4.03 

Wall - East Rm 114 
Wall - East Rrn 1 14 

2.26 

-0.21 
172- 
20.2 

3.61 

2.89 
4.02 

3.82 

3.39 

2.89 

2.89 
3.31 
3.31 

2.81 

2.52 
2.52 
3.07 

3.07 
2.52 

2.81 

3.37 
3.07 

2.88 
2.88 

2.52 

2.86 

3.31 

2.88 

2.20 

2.61 

2.20 

3.35 
3.12 

2.81 

3.56 

3.07 

2.52 

-0.83 

-0.83 

-0.83 

7.52 

4.91 

1.51 

1.5t 

1.51 

-31.89 

1 

305.12 

385.07 

6.09 

5.53 

6.60 

6.09 

4.19 
5.53 

7.08 
5.53 

7.94 

4.91 
6.09 
5.53 

4.91 
4.91 

6.09 

7.08 
5.53 
5.53 

7.52 
6.60 

6.09 

7.52 

7.52 

6.09 

6.09 

5.53 

5.53 
7.52 

4.19 

5.53 

173.87 

-0.83 

-0.83 
-0.83 

1.93 

-0.83 
-3.83 

-0.03 

-0.83 

-01!3 
-0.83 
-0.83 

-0.83 

-0.83 

-0.03 
.';.83 

-0.83 
-6.63 

-0.03 

-6.83 

-6.83 

: .93 
-0.83 

-0.83 

1.93 

-0.83 

-0.83 

-0.83 

-0.83 
193.83 

195.47 

-~ - 

8.42 

1 -4.34 

10.96 

1.51 

1.51 

1.51 

3.14 

1.51 
1.51 

1.51 

1.51 
1.51 
1.51 

1.51 

1.51 

1.51 

1.5; 
1.51 
1.61 

1.51 

1.51 

1.51 

1.51 

3.14 

1.51 

1.51 

3.14 -- 
1.51 

1.51 

1.51 

1.51 

7.94 

-- 

-- 

o ' d m  
I - ' D r n  
19 1 
rcDP 
.P I 
\ O N  
u , W Y  
.P I 

0 
0 
0 
I-' 

-318.85 

-105.47 
-83.39 

-245.27 
289.14 
-2.47 

9.33 

-142.57 
-158.31 

-94.60 
34.63 

-2.47 

108.84 

69fi.86 
760.0: 

528.97 

399.5:: 
160.78 

524.39 

744.82 

2 12.73 

680.87 

294.35 

664.88 

695.07 
93.99 

635.70 

301.77 

167.68 

172.30 

172.77 
169.29 

193.50 
175.03 

187.63 

184.37 

171.69 
185.40 
175.81 

175.03, 

177.37 

20i.75 

233.01 
198.39 

195.50 

178.46 

185.86 

202.69 

179.53 

201.43 

181.21 

201.11 

189.24 
177.06 

188.07 

181.36 

~~-~~~ 

3.31 

0.76 

-6.89 

-1.79 
5.87 
-1.79 

10.96 
-4.34 

0.76 
-1.79 
-4.34 

-4.34 

0.76 

5.87 
-1.79 

-1.79 

8.42 

3.31 

0.76 

8.42 

8.42 

0.76 

0.76 

-1.79 

-1.79 
8.42 

-6.89 

- 1.79 
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, 
Maxlrnum: 
Minimum: 
Average: 

11.76 

-3.18 

1.91 

4.82 

1.99 

3.23 

1.93 

-0.83 

-0.43 

3.14 

1.51 

1.74 

1104.58 

-421.86 

269.40 

209.67 

152.45 

186.41 

10.96 

-6.89 

1.84 

7.94 

4.19 

6.23 

16.21 

13.63 

14.67 

0.27 

0.25 

0.26 
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REM 

10.96 

10.96 

-1.79 

5.87 

-4.34 

3.31 

0.76 

- 1.79 

-1.79 

0.76 

3.31 

0.76 

-1.79 

8.42 

3.31 

-1.79 

26.27 
-1.79 

10.96 

3.31 

-4.34 

- 1.79 

8.42 

26.27 

-4.34 

3.31 

SAMPLE 

NAME 

Floors - Rrn 1 16 

Floors - Rrn 1 16 

Ceiling - Rrn 11 6 

Wall - West Rrn 116 

Wall - North Rrn 116 

STD DEV 

3.71 

8.70 

2.72 

2.72 

3.00 

3.25 

~ 3.71 

3.98 

4.35 

6.48 

7.96 

3.35 

3.35 

3.12 

3.78 

2.86 

2.86 

2.26 
4.85 

2.58 

4.69 

7.15 

2.58 

8.70 

2.26 

4.09 

REM 

-0.83 

-0.83 

1.93 

4.68 

-0.83 

-0.83 

-0.83 

-0.83 

-0.83 

-0.83 

-0.83 

-0.83 

-0.83 

-0.83 

1.93 

-0.83 

-0.83 
-0.83 

-0.83 

-0.83 

-0.83 

-0.83 

-0.83 

4.68 

-0.83 

-0.35 

STD DEV 

7.94 

7.94 

5.53 

7.08 

, 1 4.91 

6.60 

6.09 

5.53 

5.53 

6.09 

6.60 

6.09 

5.53 

7.52 

6.60 

5.53 

10.10 

5.53 

7.94 

6.60 

4.91 

5.53 

7.52 

10.10 

4.91 

6.49 

GAMMA 

GRID- 

NAME 

F- 1 

F-2 
C- 1 

2.2 

5.1 

BETA 

TOTAL 

17.32 

13.30 

13.24 

11.23 

11.14 

9.48 

10.23 

17.32 

9.48 

12.28 

STD DEV 

1.51 

1.51 

3.14 

4.17 

1.51 

1.51 

1.51 

1.51 

1.51 

1.51 

1.51 
1.51 

1.51 

1.51 

3.14 

1.51 

1.51 

1.51 

1.51 

1.51 

1.51 

1.51 

1.51 

4.17 

1.51 

1 .76L 

TOTAL 

4.20 

53.33 

-0.84 

-0.84 

0.42 

ALPHA 

( 
MAX 

(uwh) 
STD DEV 

0.28 

0.25 

0.25 

0.23 

0.23 

0.21 

1 
0.22 

0.28 

0.21 

0.24 

1.68 

-- 4.20 r 7.02 

9.50 

28.08 

45.42 

3.30 

3.30 

2.06 

5.78 

0.83 

0.83 

-1.65 

13.21 

-0.41 

11.97 

35.51 

-0.41 

53.33 

-1.65 
9.85 

MAX 

DPM/100CM2) 

STD DEV 

-- 

Wall - East Rrn 116 

Wall - South Rrn 1 16 

-1 
Floors - Rm 120 

Floors - Rrn 120 

Floors - Rrn 120 

Celllng - Rm 120 

Ceiling - Rrn 120 

Wall West Rm 120 

Wall - West Rrn 120 
Wall - East Rrn 120 

Wall - East Rrn 120 

Wall - South Rrn 120 

Floors - Restroom 

TOTAL 

1247.73 

1207.65 

117.56 

887.04 

1191.62 

782.84 

229.77 

743.97 

539.35 

546.92 

599.97 
-271.57 

-13.89 

-423.14 

-301.88 

16.42 

-362.51 

-612.61 

569.66 

-377.67 

-210.94 

289.25 

8.84 

1247.73 

-612.61 

278.45 

(DPMI100CM2) 

STD DEV 

7,3 
10.2 

3,l 

4.3 

7,3 

8,l 
1,4 

3,1 

1.2 
4,3 

9.1 
12,2 

14.1 

F-1 
C- 1 

STD DEV 

214.83 

214.08 

192.59 

207.99 

213.78 

205.97 

194.91 

194.38 

190.35 

190.50 

191.55 
173.46 

179.00 

170.111 

172.79 

179.64 

171.46 

165.84 

190.95 

171.12 

174.77 

185.30 

179.48 

214.83 

165.84 

188.04 

Wall - West Restroorn 
Wall - North Restroorn 
Wall - East Restroorn 

M a x l r n u r n ~  -- 
Minlrnurn: 
Average: 

3,2 

5,2 

7,1 
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Gamma exposure rate in BMg. 445 
counts11 min 

3205 
31 89 
3362 
3366 
3149 
31 94 
31 87 
31 09 
326 1 
3365 
31 50 
31 81 
31 83 
3237 
3252 
3380 
31 79 
3231 
3264 
3242 
3322 
3274 
3263 
31 91 
3336 
3228 
3275 
31 74 
3209 
321 2 
3162 
3264 
3144 
2794 
3332 
3277 
321 9 
3376 
31 91 
3049 

uR/hr uncertainty 
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. This Safety Review Report provides an assessment of residual radioactivity 
present at the uilding TO64 Side Yard, located in Rockwell International's Santa Susana 

oratories (SSFL), following its decontamination. Near- and long-term conse- 
ue to the presence of the residual activities to current and future occupants of 

ere evaluated to determine if this location is acceptably clean of radioactive 
materials. 

D. Since the late 1950s' its fenced-in yard were utilized 

ell and its predecessor firms in support of a number of the US government's 
nuclear programs. In the early 1960s, a contamination incident involving radioactive 
mixed fission products from a reactor fuel-element shipping cask occurred in an area 

near the eastern portion of the fenced-in yard. area was cleaned up in 1963 to then- 

existing requirements for radiological cleanline ubsequently, a comprehensive 1988 

radiological survey report on the building and surroundings reconlmended remedial ac- 
tions to further reduce residual activities in a 4,000 ft2 area of the Side Yard near the 
eastern fence to current requirements. ortions of the fenced-in yard 
were found to be free of contamination. 

ORK rther reduce contamination to levels that are as low as rea- 
sonably achievable ( ), top layer materials he Side Yard were removed to 

depths varying from several inches to several feet. esidual activity in the soil, fol- 

lowing decontamination, was analyzed and compa h previous measurements. An 
s performed, in accordance with the U artment of Energy (DOE) guide- 

lines, to determine the consequences resulting from the presence of this residual radio- 

The Side Yard remains vacant and no radioactive materials or equipment are 

to be brought to the yard. uilding TO64 itself is being used as a storage facility 
for the soil excavated from the Side Yard and from other SSFL locations. The slightly 
contaminated soil is contained in tight steel boxes. rther determination of the radio- 

status of the building will be one after the planned disposal of the soil. 

ased on results of the 1988 survey an the subsequent work described 

ere, radiation and contamination levels in ide Yard and other surveyed areas sur- 

uilding TO64 are well below acceptable regulatory limits, and pose no hazard 
to the safety and health of potential current or future occupants. erefore, the Side 

other surveyed areas can be released for use thout radiological restrictions. 
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Decontamination and decommissioning (D&D) of a number of formerly used nu- 

clear facilities and sites is underway at Rockwell International's Santa Susana Field Labo- 

ratories (SSFL). During D&D of these faciIities, reasonable efforts are being made to 

eliminate or reduce residual radioactive contamination to levels that are as low as reason- 

ably achievable (ALARA). Upon completion of D&D, radiological surveys are per- 

formed, under established protocols to determine that any remaining radioactivity does 

not exceed applicable regulatory limits. Findings from the surveys are also used to per- 

form additional D&D or radiological investigations, as needed. The scope of the surveys 

includes both known and suspected areas of contamination. 

In accordance with a broad radiological survey plan for the SSFL (Ref. I), a com- 

prehensive radiological survey of Building T064, its fenced-in storage yard, and a sur- 

rounding 2-acre area was performed in 1988 (Ref. 2). th respect to the area surround- 

ing T064, results of the survey showed elevated radiation levels dbe to 1 3 7 ~ s  radionuclide 

contamination in an approximately 4,000 ft2 area, in the vicinity of the fenced-in yard. 

As recommended in the survey report, top soil was removed from portions of a larger 

4,500 ft2 area; follow-up investigations were carried out by performing additional surveys 

and analyses, which are the subject of this present safety review report (SRR). The radio- 

logical status of Building TO64 per se is not addressed in this SRR because the building 

continues to be under radiological control, pending authorized disposal of slightly con- 

taminated items stored there. 

The findings presented in this SRR include a statistical treatment of the measured 

external gamma dose rates and soil activity data from the Side Yard. While gamma expo- 

sure rates can be compared with a generic regulatory acceptance limit, corresponding ge- 

neric limits for allowable concentrations of artificial radionuclides in soil, such as 1 3 7 ~ s ,  

have not been set. Recently. however, the U.S. DOE has established dose and interpreta- 

tion guidelines and developed an associated computer code called RESRAD, by means of 

which a limit for residual activities in soil may be derived on a site-specific basis (Ref. 3). 

The code was used and results of analyses of the soil activity data from the TO64 Side 

Yard using this code are also presented in this report. 

This report is organized as follows: A background on the Building TO64 Side Yard 

that includes its location and operating history is provided in the next section (Section 2). 

A summary of the comprehensive radiological survey performed in 1988 and its findings 
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with respect to the Side Yard are highlighted in section 3. Section 4 describes the technical 
approach used to implement the recommendation of the 1988 survey and to analyze the resulting 
data using statistical techniques and the RESRAD code. Results are provided and discussed in 
section 5, and section 6 states the conclusions drawn from the review. 

Additional data and information are provided in the following 
dix A is a document d ntamination incident in 
t led to the 1988 surv and C provide a variety of 

related data obtained from the present i dorm the RESRAD 
code calculations are included in Appe a list of items of record 
obtained during the D&D and surveys, which are ell. Appendix F describes 
additional soil removal accomplished limit of 10 mrem/y. Sum- 

outputs of the RES calculations are maintained in the archives. 
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2.1 LOCATIO 

Building TO64 is located within Rockwell International's Santa Susana Field Labo- 

ratories (SSFL) in the Simi Hills of Southeastern Ventura County, California, adjacent to 

the Los Angeles County Line and approximately 29 miles northwest of downtown Los 

Angeles. Location of the SSFL relative to Los Angeles and vicinities is shown in Figure 1. 
An enlarged map of neighboring SSFL communities is shown in Figure 2. Figure 3 is a 

plot plan of the western portion of SSFL, known as area IS4 where Building TO64 is lo- 

cated. 

A drawing (plan view) of Building TO64 and its adjoining areas is shown in Figure 4. 

As shown, TO64 is totally fenced in with a chain-link fence. Two photographs of the north 

and east sides of TO64 are shown in Figures 5 and 6, respectively. Of these, the eastern 

fence, shown in Fig. 6, runs through an approximately 4,500 ft2 trapezoidal area, which is 

shown in Figure 7. This 4,500 ft2 area is referred to as the "Building TO64 Side Yard" and 

was designated for D&D after a smaller -4,000 fi2 area to the east of the fence was iden- 

tified for remedial action following a 1988 radiological survey of the building and sur- 

rounding areas (Ref. 2). Thus, the Side Yard, although never identified as such in previous 

documents including the 1988 survey, is a part of the fenced-in yard and the adjoining 

area surrounding the fenced-in yard. Additional figures and dimensions of the affected 

area are provided in subsequent sections of this report. 

Figure 8 shows relevant portions of a 1967 edition of the U.S. Geological Survey 

(USGS) topographic map of the Calabasas uadrangle where the SSFL is located. The 

map in Figure 8 includes the authors' markup of the location of the Building TO64 Side 

Yard. Using USGS terminology, the USGS description for the Building TO64 Side Yard 

is: Township T2N; Range R17W; and Section 30, Calabasas Quadrangle. 

ISTICS AND TO 

Figure 9 is a photograph of Building TO64 taken from the south end of the complex. 

The facility sits atop a plateau about 25 f t  above "G" Street (Figure 3). As shown in Fig- 

ure 9, the terrain throughout most of the SSFL areas is uneven due to rock outcroppings. 

ock outcroppings exist upslope to the north-northeast and downslope in every other di- 

rection. Water run-off is primarily due east at the southern end of the facility. The fen- 

ced-in yard surrounding the building was paved with asphalt. Except for the portion of 
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ap of Los Angeles Area 
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6239-2 

Figure 2. Map of Neighboring SSFL Communities 
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aterial Storage 
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Parking 

6239-52 

Figure 7. Building TO64 Side Yard 
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the Side Yard where the asphalt was removed during the present effort, the surrounding 

yard space within the fence remains paved. 

Access to the open portion of the Side Yard is from G Street. A paved asphalt road 

leads to the gated portion of the eastern fence from this street. The fenced-in portion of  

the yard may be  accessed through this southeastern gate or  through the second gate in 

the northeast corner. 

TING HISTORY 

Building T064, formerly known as the Source and Special Nuclear Material Storage 

Facility, has been operated by Rockwell International and its predecessor companies since 

1958 in support of US DOE'S (and its predecessor agencies') nuclear programs. As the 

name implies, TO64 was used for the storage of packaged items of source material (nor- 

mal uranium, depleted uranium, thorium) and special nuclear material (enriched uranium, 

plutonium, U-233). Since nuclear material was only stored there,+there was no  processing 

equipment within the building. Following an active period of use until the mid 1970s, 

most of the major D O E  nuclear development and reactor contracts had ended at the fa- 

cility, and by 1980, most of the material had been sent to other D O E  sites. Since then, 

the building has been used to store non-nuclear D O E  components and supplies and 

equipment for Atomics International. Currently, steel boxes containing soil from several 

SSFL decontamination operations are stored inside the building prior to their planned 

disposal. A detailed description of the utilization of TO64 during the early years is pro- 

vided in Ref. 2. 

The fenced-in yard surrounding TO64 was used on occasion for storing recoverable 

uranium scrap, irradiated fuel elements, and miscellaneous radioactive wastes. Spent fuel 

shipping casks and shipping trailers were also stored just outside the western fence line. 

Except for residual radioactivity from a contamination incident at the eastern section of 

the fenced-in area in the early 1960's (described below), the remaining yard areas were 

clean of radioactive material. 

During the early 196O's, a special lead-pig cask containing irradiated "Seawolf" fuel 

elements was stored in the east site of the fenced-in yard. The irradiated fuel elements 

had probably been transferred to the cask in a fuel-storage pool a t  the site of their ori- 

gin. Before shipping to the SSFL, the drain plug on the bottom of the cask should have 

been removed to drain the radioactive water, but was not. The cask was shipped and 

stored here while still containing water. The drain plug eventually rusted out, and water 
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leaked out to the yard surface. The water contained mixed fission products which contam- 

inated the area. A large area (-700 ft2) was excavated, and disposed of. After the remov- 

al of the contaminated material, radiation levels were measured to be between 0.04 

mradlh and 0.5 mrad/h, which was considered acceptable. Consequently, the yard was 

backfilled and repaved. Appendix A is an Internal Letter, dated November 11, 1963, de- 

scribing the incident. 

A broad 1985 radiological survey plan (Ref. 1) was developed for all areas at the 

SSFL that were involved in operations with radioactive materials. Building T064, the 

above mentioned yard, and a surrounding 2-acre area were included in the survey plan. 

In accordance with the plan, a comprehensive radiological survey of the designated areas 

was performed in 1988 to evaluate the building and the site for residual contamination. 

The survey and its results are extensively documented in Ref. 2. The survey methods and 

results applicable to the Side Yard are summarized in the next section of this report. 
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3.1 OVERVIEW 

Upon decontamination and decommissioning (D&D) its radioactive constituents, 

releasing a facility or  area for other unrestricted uses requires a formal radiation survey 

to demonstrate that the applicable regulatory limits for such a release are met. The sur- 

vey is performed under an established plan, and a statistical interpretation of the resulting 

data is made to determine if the regulatory release criteria have been met. Together, the 

1988 radiological survey of the Building TO64 Side Yard and surrounding areas (Ref. 2) 

and the follow-up work reported in this document fulfill the requirements for such a sur- 

vey. For the sake of completeness and ease of future reference, a summary of applicable 

portions of the 1988 survey is provided in this section. 

SCOPE OF SU 

The overall scope of the 1988 survey included the followin~radiological inspections: 

the interior building areas were characterized by measuring average, maximum, and re- 

movable alphalbeta contamination; the fenced-in storage yard and surrounding 2-acre 

area were characterized by measuring ambient gamma exposure rates 1 meter above the 

surface. If the gamma measurements indicated contamination, surface samples were ac- 

quired and analyzed by gamma spectrometry or  for gross alphalbeta activity. For pur- 

poses of comparison, natural background gamma exposure rates were measured at about 

the same time in the following SSFL locations where no radioactive materials were ever 

used, handled, o r  stored: (a) the Building 309 area, (b) the Well No. 13 Road (Dirt), and 

(c) Incinerator Road (Dirt). 

As noted earlier, a 4,500 f t h r e a  comprising portions of the fenced-in yard and ad- 

joining portions of the surrounding 2-acre area constitutes the Building TO64 Side Yard. 

Criteria and Their Implementation 

Acceptable contamination limits and gamma exposure rates for unrestricted use of a 

decommissioned facility are prescribed in Department of Energy (DOE) guidelines, the 

Nuclear Regulatory Commission's (NRC) Regulatory Guide 1.86, the NRC's license 

SNM-21 to Rocketdyne, and other references. Typically, the lowest (most conservative) 

limits are chosen. For example, the 5 pR/h (above background) limit is used to determine 
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acceptance of a facility for unrestricted use even though the corresponding DOE limit is 
20 j~R/h, which is a factor of four larger. Table 1 shows the composite of conservative . 

limits derived from the aforementioned references and adopted by Rocketdyne with re- 

spect to the Building TO64 fenced-in yard and the surrounding 2-acre area surveyed dur- 

ing 1988. 

aximum Acceptable G ate and Soil Activity 
centration Limits (1988 TO e Area Survey) 

c) Beta: 100 pCi/g 

aAlthough DOE Guide (Ref. 5 )  recommends a value of 20 pR/h above background for 
gamma exposure rate, the NRC Dismantling Order for the L-85 reactor decommis- 
sioning (Ref. 4) required 5 pR/h above background. For conservatism, 5 pR/h above 
background is used at Rocketdyne to compare survey results. 

b ~ h e  average background gamma exposure rate at the SSFL has a value of about 
15 pR/h with a range (maximum-minimum) of about 3.5 pR/h (Ref. 2). 

CAlpha activity concentration limits for enriched uranium (formerly stored in Building 
T064) is 30 pCi/g (Ref. 6) plus that contribution from naturally occurring radioactivity 
(about 16 pCi/g, from Ref. 7, p. 93). The total beta activity concentration limit is 
100 pCi/g (Ref. 8), including background which is about 24 pCi/g. 

D635-0 13'1 

During the survey, the ambient gamma exposure rate criterion ( 5  pR/h above back- 

ground, shown in Table 1) was first applied. If the surveyor detected radiation, three "ac- 

tion levels" were established and initiated according to the following criteria: 

1. Characterization Level - That level of exposure rate which is less than 50% of 
the maximum acceptable limit. This level encompasses the range of natural 
background levels at the SSFL and requires no further action. 
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2. Reinspection Level - That level of exposure rate which is between 50% and 
90% of the maximum acceptable limit. A general survey of the area and a few 
additional soil samples are required in this case. 

3. Investi~ation Level - That level of exposure rate which exceeds 90% of the 
maximum acceptable limit. Specific investigation of the occurrence is required 
in this case. 

33.2 Survey 

For purposes of the TO64 radiological survey, the building, the fenced-in storage 

yard, and the surrounding 2-acre area were treated as separate sample lots for character- 

ization and interpretation. Figure 10 shows the survey sampling area. For the fenced-in 

yard, a 3-meter square grid was superimposed on the area; for the 2-acre area, a 6-me- 

ter square grid was superimposed. This gridding arrangement resulted in obtaining 58 and 

168 (total 226) ambient gamma exposure-rate measurements, respectively, in the two ar- 

eas. 

In each 9-m2 cell (in the fenced-in yard) and in each 36-m2 cell (in the surrounding 

area), a gamma exposure-rate measurement was made 1 m from the surface. The particu- 

lar location in each cell was chosen randomly and identified on a map. A tripod was used 

to support a 1 in. x 1 in. NaI scintillation crystal (detector) 1 m from the ground. The NaI 

scintillation detector was coupled to a photomultiplier tube and fed to a Ludlum 

2220-ESG scaler. The NaI scintillation detector is sensitive in nearly all directions (i.e., 

4~-geometry) and can detect variations in exposure rates down to 0.5 pR/h from counts 

obtained during one minute. For comparison, if an infinite slab of 20-cm-thick soil were 

located 15 cm below surface and contaminated with 100 pCi/g of '37Cs (see limits in 

Table I), it would produce an estimated excess exposure rate of about 10 pR/h, which is 

readily within the sensitivity of the device. 

The Nal scintillation detector is calibrated quarterly using 1 3 7 ~ s  as the calibration 

source in the mR/h range and, cross-calibrated against a Reuter Stokes High Pressure 

Ion Chamber in the yRlh range. Count rates were converted to exposure rates using the 

derived relationship that, at background exposure rates, 215 cpm = 1 wR/h. During the 

survey, the instrument response was also checked three times daily using a Ra-226 

source. 

Two soil samples weighing about 2 Ib. each were collected during the survey of the 

yard for information purpose and were identified for their specific location. Each sample 

was dried in an oven and split into a 450-ml sample and a 2-g sample. The 450-ml 
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sample was placed in a specialized beaker for counting by gamma spectrometry. The 2-g 

sample was ground with a mortar and pestle, placed in a 2-in. diameter aluminum plan- 

chet, and then counted for gross alpha and beta activity. Additional details on the instru- 

ments used and their calibration are provided in Ref. 2 

33.3 Data Analyses and Statistical Criteria 

A statistical procedure is required to validate the applicability of the exposure-rate 

data collected at selected locations to an entire area or region (such as the fenced-in yard 

and the surrounding area of T064). A statistical method known as "sampling inspection 

by variables" (Ref. 9) was used to analyze the data from the survey. This method has been 

widely applied in industry and the military and is essential where destructive tests must be 

performed (e.g., in quality control) or where the lot size is impractically large. 

In sampling inspections by variables, the number of data points on which measure- 

ments are obtained is first chosen to be large so that the distributi-on of the data is nor- 

mal (i.e., gaussian). The mean of the distribution, %, and its standard deviation, s, are 

then related to a "test statistic", TS, as follows: 

TS = X + ks. 

TS and x are then compared with an acceptance limit, U, (such as those shown in Table 

1) to determine acceptance or other plans of action, including rejection of the area. In the 

above expression k is known as the tolerance factor. The value of k is determined from 

the sample size and two other statistical sampling coefficients that are related to a con- 

sumer's risk of accepting a lot, given that a fraction of the lot has rejectable items in it. 

The values chosen for these coefficients for the survey correspond to assuring, with 90% 

confidence, that 90% of the area has residual contamination below 100% of the applica- 

ble limit (a 90/90/100 test). The choice of values for the two coefficients is consistent with 

industrial sampling practices and State of California guidelines (Ref. 10). The sampling 

coefficients and use of the resulting calculated value of TS for comparison with the accep- 

tance criteria and establishing a plan of action for acceptance are further discussed in 

Ref. 2. 

Data from the survey are typically treated using this statistical approach. The re- 

duced data are plotted against the cumulative gaussian probability on a probability-grade 

scale. Display of data in this manner permits clear identification of values with sjgnificant- 

ly greater exposure rates than expected for the lot, based on the gaussian distribution. 
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Probability plots are shown in the next section for the fenced-in TO64 yard and the 

surrounding 2-acre area. However, a complete treatment of the 1988 survey data for the 

purpose of determining the test statistics was not necessary because the findings readily 

revealed the need for remedial action. 

Results from the 1988 survey for the fenced-in TO64 yard and the surrounding 

2-acre area are presented in this section with some recent corrections. These corrections 

apply to the portion of these areas that later became known as the Building TO64 Side 

Yard, the subject of the present investigation. Details of the survey results for Building 

TO64 proper may be found in Ref. 2. 

Gamma Exposure Rates 

Statistical data on the ambient gamma exposure rates measured in the fenced-in 

TO64 yard and the the 2-acre surrounding area are summarized in Table 2. Also shown in 

this table are the sets of data for the three SSFL background locations. These data show 

the average ambient gamma exposure rates at the two TO64 areas to be 20.1 pR/h and 

16.6 pRIh, respectively, compared with the 14.0 pR/h to 16.2 pR/h average for the three 

background locations. As shown, the standard deviations and ranges (maximum - mini- 

mum) are substantially larger than the respective values for the background areas. The 

maximum values recorded corresponded to 76 pR/h in the fenced-in yard and 110 pR/h 

in the surrounding 2-acre area, respectively. 

Statistical plots of the ambient gamma exposure rates for the five locations identi- 

fied in Table 2 are shown in Figures 11 through 15. Effects of the large standard devi- 

ations and ranges for the data at the fenced-in yard and the 2-acre surrounding area 

(Figures 11 and 12) can be clearly seen when compared with the three statistical plots 

(Figures 13, 14 and 15) for the background areas. While the background data show a 

nearly uniform gaussian distribution, the fenced-in storage yard and the surrounding 

2-acre area each show a gaussian-distributed "clean" area, and a set of "outlier" data 

corresponding to contaminated areas. Changes in the slopes of the statistical plots in Fig- 

ures 11 and 12 further demonstrate the abnormal distributions obtained from the data for 

the two TO64 area locations. 

According to Ref. 2, the grid locations corresponding to the high gamma exposure 

rates at the fenced-in yard and the surrounding 2-acre area were in an -4.000 ft2 area 
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Table 2. Ambient Gamma Radiation at SSFL Compared to 
TO64 Measurements (before decontamination) 

ocation 

Surveyed Areas: 

TO64 fenced-in 
storage yard 

TO64 surrounding 
2-acre area 

Background Areas: 

Building 309 Area 
(1119188) 

Well No. 13 Road 
(dirt) (4129188) 

Incinerator Road 
(dirt) (4129188) 

Number of 
easurements 

Average 
Exposure Standard 

Deviation 

which borders and is outside the eastern fence. Figure 11 shows twelve outlier data points 

for the fenced-in yard area, and Figure 12 shows eight outliers in the 2-acre area. How- 

ever, a recent review of the 1988 survey map of the fenced-in yard showed that six of the 

locations were right at the fence line and the remaining six data were from inside the fen- 

ced-in yard at locations believed to be uncontaminated. This finding raises a question as 

to whether the additional areas within the fenced-in yard are suspect. 

In an attempt to clarif). the above situation, the data logs of the surveyor were reex- 

amined and found to contain erroneous recordings for the data obtained at these six loca- 

tions. In addition, an "indication only" survey was performed at  these and other back- 

ground locations in August 1990 with a Ludlum Model 12s-Micro-R meter. The data 

from this survey showed that radiation levels at the six suspect locations inside the fen- 

ced-in yard indeed correspond to background levels at the SSFL, confirming that all the 
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Figure 11. 
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Ambient Gamma Radiation in Fenced-In Storage Yard (1988 Survey) 
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Figure 12. Ambient Gamma Radiation in Surrounding 2-Acre Area (1988 Survey) 
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contaminated grid points (six, instead of twelve, from Figure 11 and the eight from Figure 

12) with ambient exposure rates from 20 to 110 pR/h are at the fence line and east of it. 

Figure 16 shows the general vicinity of this contaminated area. Within this area, a 

300 ft2 area was seen as being significantly contaminated with gamma exposure rates in 

the range of about 50-100 pR/h. 

Overall, it is readily seen that the outlier ambient gamma exposure-rate data at the 

fence line and in the adjoining 2-acre area portion constituting the 4,000 ft2 area are well 

above the ambient exposure rates for the three background areas shown in Figures 13, 

14, and 15, and, in most instances, exceed the 5 pR/h limit specified in Table 1. 

With respect to the background gamma exposure-rate data shown in Figures 13, 14, 

and 15, their distributions are normal, as would be expected. However, the data also 

show that the relatively high variability in background gamma exposure rates measured at  

the SSFL (up to 3.4 pR/h) approaches the acceptance limit of 5 j.@/h. This points out the 

need to select background locations which have similar topographic and other features 

with respect to the area being compared so that this variability can be minimized. Noting 

the availability of data from uncontaminated background areas which are topographically 

G Amb~ent Gamma Exposure 
Rate Data - Gaussian Distribut~on 
Calculated from Data 

Cumulative Probability (%) 
6239-57 

igure 13. Ambient Gamma Radiation at Area Surrounding Building 309 
(Background Distribution) 
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O Ambient Gamma Exposure 
Rate Data - Gaussian Distribution 
Calculated from Data 

Figure 14. Ambient Gamma Radiation at Area Well No. 13 Road 
(Background Distribution) 
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Figure 15. Ambi 
Distribution) 
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similar to the Side Yard, the most appropriate background exposure rate was established 

for the present investigation and is discussed in Section 4.3.2.1. 

3.4.2 Soil Activity 

Alpha analysis results of the 2-g samples from two soil samples collected from the 

300 ft2 area showed alpha activity concentrations of 23.8 and 31.4 pCi/g, which are both 

below the 46 pCiIg limit shown in Table 1. However, beta analysis results on the same 

samples showed beta activity concentrations at 1,153 and 1,187 pCiIg, much higher than 

the 100 pCi/g limit shown in the same table. Additionally, gamma spectrometric analysis 

of the two 450-ml samples from the same locations showed 2,500 and 2,700 pCi/g of 

1 3 7 ~ s  activity, which are much higher than normal 1 3 7 ~ s  activity concentrations (between 

0.1 and 1.0 pCi/g) at the SSFL, and fitrther corroborated the findings of high ambient 

gamma exposure rates. 

3.5 CONCLUSIONS OF 1988 SU 

Based on the data obtained, the 1988 radiological survey concluded that contamina- 

tion existed in a 4,000 ft2 area bordering and outside the TO64 eastern fence (Figure 16). 

The remaining fenced-in yard and surrounding 2-acre area were determined to have only 

background radiation levels. The survey report surmised that 9 0 ~ r ,  which usually accompa- 

nies 1 3 7 ~ s  in mixed fission product contamination, is probably present in the contami- 

nated area. Although the gamma exposure rates and 137Cs activity levels were too high to 

meet release limits, the survey concluded that the area was not hazardous in its contami- 

nated condition. This conclusion was further confirmed explicitly by RESRAD analyses 

during this study. 

ENDATION OF 1988 SU 

The 1988 survey report recommended remedial action with respect to the 4,000 ft2 

area identified in Figure 16, as well as further investigation to measure specifically the 

extent of contamination. 

.7 ENTATION OF 

In accordance with the recommendation of the 1988 survey, remedial actions were 

undertaken by removing the top-layer material from contaminated parts of the desig- 

nated 4.000 ft2 area plus, as a safeguard. an additional 500 ft2 area on the western side of 

the fence. This combined 4,500 ft2 area, which approximates the trapezoid geometry 
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previously shown in Figure 7, was designated as the Building TO64 Side Yard, as shown in 
Figure 16. 

The investigation included coIIection of additional gamma exposure-rate and soil- 

activity data at the Side Yard following removal of the top-layer material. For compari- 

son, soil-activity measurements were also made on the soil removed from the site. Final- 

ly, an evaluation was made of the consequences of the remaining radioactivity in the soil 

to potential current and future occupants of the Side Yard using the DOE computer code 

RES . The technical approach used in performing the recommended investigation, 

including a description of the salient aspects of the R E S R .  code, is provided in the 

next section. Results and conclusions from the investigation are presented in Sections 5 
and 6, respectively. 
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OACN 

4.1 OVERVIEW 

As recommended by the report on the 1988 radiological survey, remedial actions 

were undertaken during the summer of 1989 to remove the contamination found in the 

building TO64 Side Yard. Figure 17 shows the affected 4,500 ft2 area, including the two 

primary regions from which top soil and asphalt were removed to varymg depths. Upon 

removal of the top layer, exposure rate and soil activity measurements were made to de- 

termine if the site is now acceptably free of radioactive contamination. The technical ap- 

proach used to perform the investigations and the modified criteria established to deter- 

mine acceptability of the decontaminated area are discussed in this section. Establishment 

of site-specific criteria was made possible by the availability of the DOE computer code 

RESRAD during the fall of 1989. 

Decontamination and Survey 

The decontamination efforts were performed under a documented procedure 

(Ref. 11). Accordingly, surface soil, up to an average 16-in. depth, was first removed from 

the designated areas of the Side Yard. Localization of the soil areas and the extent of soil 

removal was guided continually by "indication only" surveys using a Ludlum Model 

12s-Micro-R meter. In addition, twenty-four 2-lb surface soil samples were collected 

and analyzed using the gamma spectrometer for 1 3 7 ~ s  and other radionuclide activities 

(see Table B1, Appendix B) at locations being decontaminated. Soil and asphalt removal 

was continued in this manner until the indications became indistinguishable from ambient 

conditions. The removal operations became focused in two primary regions, as shown in 

Figure 17, totalling about 2,050 ft2, the remainder of the area having no significant indi- 

cations. 

The removed surface soil was stored in 64 type B-12 boxes for subsequent disposal 

at an authorized site. While these boxes were being loaded, 256 randomly selected 2-lb 

samples from the removed soil were collected, four from each box. The four 2-lb samples 

from each box were then uniformly mixed and then subsampled to produce a single 2-lb 

sample. Combining samples in this manner, 64 such 2-Ib samples were obtained for sub- 

sequent analysis by gamma spectrometry. 
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Following removal of the surface soil, a general screening gamma survey "for indi- 

cation only" was conducted over the surface of the 4,500 ft2 area using a Ludlum Model 

44-9 thin-window pancake GM probe attached to a Ludlum Model 12 countrate meter. 

The purpose of the survey was to determine if any "measurable" activity could be de- 

tected which would indicate the need to remove additional soil. However, no activity was 

indicated in any part of the Side Yard which was measurably above natural background 

levels. 

After this screening survey, 60 new 1-m x 1-m grids were established in the decon- 

taminated areas for detailed gamma exposure rate and soil activity measurements. These 

grid locations are also shown in Figure 17. Eighteen additional non-grid gamma exposure 

rate measurements were also obtained from locations around the perimeter of the two 

decontaminated regions for comparison measurements. The 1988 survey had shown only 

natural background activity in these locations, and hence only ambient exposure rates 

were expected. 

-2. rocedu res 

Laboratory Procedures 

Upon completion of the soil removal operations, ambient gamma exposure rate 

measurements were performed using the NaI scintillation detector discussed in Section 

3.3.2. Total counts at  1 m above ground were measured and the resulting count rates were 

then converted to exposure rates using the calibration-derived relationship that 

215 cpm = 1 pR/h. 

Gross alpha and gross beta determinations were made on 2-g soil samples with a 

Canberra proportional alphalbeta counter. Gamma spectrometry was performed on the 

soil samples using a Canberra Series 80 gamma spectrometer. Both the proportional 

counter, the spectrometer, and the procedures used to calibrate them, are described in 

Ref. 2. 

Two types of spreadsheets, both based on the EXCEL software for Personal Com- 

puters, were utilized for data reduction. The first, called SOILTEMP, was used to convert 

the ambient gamma exposure count data (in total counts) to dose rates (in bR/h), and for 

converting the total alpha and beta counts obtained (in total counts) from the proportion- 

al counter to gross alpha and gross beta values (in pCilg). The second spreadsheet, called 
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MCASOIL, was used to convert the multichannel analyzer (MCA) outputs (i.e., quantity 

of isotope for each peak analyzed) from the gamma spectrometer, in pCi, to concentra- 

tions of selected isotopes, and to calculate the alpha and beta activities (both in pCi/g). 

Appropriate formulae are included in MCASOIL* to calculate the activities of U 8 ~ ,  

and u2Th, based on the activities of their daughter products, and to calculate activities for 

4 0 ~ ,  1 3 7 ~ ~ ,  1 3 4 ~ ~  and 6 0 ~ o ,  from which the total alpha and beta activities are derived. 

These calculations are discussed in detail in Ref. 2. Of these, the gamma exposure rate 

data from SOILTEMP and the 1 3 7 ~ s  data from MCASOIL, were statistically analyzed for 

comparison with the acceptance limits described in Section 4.3 below. The remaining 

MCASOIL and SOILTEMP outputs (e.g., the derived total and gross alpha and beta ac- 

tivity data) were obtained for information only, and are included in Appendices B and C, 

respectively. 

The techniques discussed in Section 3.3.3 were also used to obtain and display sta- 

tistical parameters derived from the laboratory data and to compare them against regula- 

tory acceptance criteria to determine compliance. A program called RADSRVY was used 

to calculate the mean, the standard deviation, and the test statistic (TS) for each data set 

and to plot the data against the cumulative gaussian probability (e.g., Figure 11). 

RADSRVY was developed at Rocketdyne and has been extensively used to interpret data 

of this nature on numerous previous radiological surveys, including, for example, the re- 

cent radiological survey of the Old Conservation Yard (Ref. 12). 

AND THEIR I 

.3. evised Criteria 

The ambient gamma exposure rate limit specified in Table 1 applies to the current 

investigation. The soil activity concentration limits in the table, however, were replaced 

with the more recent guidelines provided by the DOE, which call for a site-specific deter- 

mination of acceptable residual radioactive material based on a maximum "basic dose 

limit" of 100 mrem/year effective dose equivalent to plausible users (Refs. 3 and 13). 

*The original version of MCASOIL discussed in Ref. 2 was implemented using a software program known 
as SMART (Smartware, Innovative Software, Inc., Lenexa, KS). With minor changes, the work rcported 
here was implemented using the software program EXCEL (Microsoft Corp., Redmond. WA). 
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The site-specific determination of effective dose equivalent is accomplished by uti- 

lizing the DOE-supplied RESRAD code which performs environmental and dietary path- 

way analyses for measured activities of identified nuclide(s) at a given site, and estimates 

annual exposures to plausible current or future users based on land use scenarios defined 

for the site. RESRAD, which is further described in Section 4.3.2.2, provides results both 

in terms of a calculated activity limit corresponding to a basic radiation dose limit of 100 

mrem/year, and in terms of the effective dose equivalents for the users. 

Although these results are equivalent, for a given nuclide and a site-specific scenar- 

io, the code readily allows establishing two related criteria. First, conservative soil activity 

acceptance limits can be obtained by treating a contaminated site as being effectively infi- 

nitely large. Second, realistic dose estimates can be obtained using RESRAD, with the 

measured residual radionuclide concentration(s) and the actual dimensions of the affected 

contamination zone. 

Thus, there are three criteria to be met: 

1. The external gamma exposure rate, in excess of natural background, shall not 
exceed the 5 ~ R l h  limit given in Table 1. 

2. The site-specific residual activity of man-made nuclides shall not exceed the 
soil activity concentration limit calculated using the RESRAD code for a 
credible bounding scenario and for an effectively infinite contamination zone 
(defined in Section 4.3.2.2 below) for the TO64 Side Yard. 

3. The site-specific annual effective dose equivalent received by a plausible cur- 
rent or future user of the decontaminated area, calculated using RESRAD 
with the measured man-made radionuclide activities and with the actual di- 
mensions of the contaminated zone, shall not exceed 100 mrem. 

Of the three criteria, criteria No. 1 and No. 2 will determine the acceptability of the 

decontamination and, hence, the acceptability of the site. Given that criterion No. 2 pro- 

vides a more restrictive limit than No. 3 for acceptance, satisfytng this criterion will auto- 

matically result in satisfying criterion No. 3. Nonetheless, criterion No. 3 is specified as a 

requisite for demonstrating the effectiveness of the cleanup. Dose estimates calculated for 

this purpose may also be used to compare against similar criteria established by other 

agencies such as the U S .  Nuclear Regulatory Commission (NRC) for release of sites for 

unrestricted use. In Ref. 14, for example, the NRC requires its licensees to demonstrate 

that the dose equivalent not exceed 10 mremiyear. 
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Satisfymg the above criteria is required for accepting the site as radiologically clean. 

Failure to satisfy the criteria will require additional investigations including remediation 

efforts. Statistical implementation of the criteria, and establishment of a soil activity limit 

and dose estimates based on RESRAD calculations, are discussed in the next section. 

The criteria above are best suited for application to large open sites and yards. Ad- 

ditional criteria, such as those provided in Ref. 13, should be applied in cases of decon- 

tamination of buildings, equipment, etc., or for release of aqueous effluents. 

Implementation of Criteria 

Criterion No. 1 

Ambient gamma exposure rate data from the decontaminated TO64 Side Yard for 

the 60 grid locations were processed by SOILTEMP and then examined for comparison 

with the background measurements discussed in the following paragraphs. The back- 

ground-subtracted gamma exposure rate data were then statistically compared using 

SRVY with the 5 pR/h limit. 

Because the variability in the background gamma exposure rates at the SSFL ap- 

proaches the 5 pR/h limit shown in Table 1, the choice of an appropriate area to deter- 

mine the background gamma exposure rate value to be applied to a localized decontami- 

nated site is of critical importance. For the present TO64 Side Yard, the natural back- 

ground exposure rate was determined from the portion of the surrounding 2-acre area 

which most closely matched the affected area topographically and in other physical fea- 

tures. This area corresponds to an elevated northeastern portion of the 2-acre area pre- 

viously shown in Figure 10 and includes twenty-four 3m x 3m grid data points from the 

1988 survey (Ref. 2, Appendix D.3). 

The 24 data points are shown in Figure 18 plotted against the cumulative gaussian 

probability. The mean and standard deviation (lo) of the distribution is 15.5 rt 0.8 pR/h. 

By comparison, the three "background" areas studied for the 1988 survey yielded ambient 

gamma exposure values of 15.6, 16.2, and 14.0 pR/h respectively, with an average value 

of 15.3 pR/h. Although the 15.5 pR/h value used here is slightly higher than the 

15.3 pR/h value, the present value is well within the range of variability observed at the 

SSFL, and best represents the background in the immediate vicinity of the TO64 Side 

Yard. It is also of interest to note that two of the three "background" values used in the 

1988 survey are higher than 15.5 pR/h. 
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. Background Gamma Exposure ate Data in the Vicinity of the 
TO64 Side Yard Site 

3.2.2 Implementation of RESRAD (Criteria No. 2 and No. 3) 

Gamma spectrometry data for the ten surveyed grid locations were reduced to 

derived activity values using MCASOIL. The derived soil activities for 137Cs were then 

statistically compared, using RADSRVY, to the acceptance limits established from the 

RES code. Although 9 0 ~ r  activities were not measured at the grid locations, it was 

assumed that the contamination incident that led to the 137Cs activity in the soil was a re- 

sult of mixed fission product release and hence an equal activity of 9 0 ~ r  was also released. 

Thus, an acceptance limit for w ~ r  was also established using RESRAD. An overview of 

the code, and the approach to establishing the acceptance limits, are discussed in the fol- 

lowing paragraphs. 

ESRAD Code Overview 

RESRAD calculates the effective dose equivalent to an occupant (current or future) 

by performing environmental and dietary pathway analyses resulting from the presence 

and transport of radioactivity through terrestrial media (both living and inanimate). Fig- 

ure 19 shows the exposure pathway diagram used by RESRAD for calculating the dose to 

an on-site resident from residual radioactive material. 



N704SRR99003 1 
Page 40 

Source to Exposure Pathway Exposure to Dose 

On-site Ground External 
Radiation Radiation 

On-site 
Air Contamination 

Inhalation 

I On-site Biotic 
Contamination 

I 
I I 

On-site Water 
Contamination 

Ingestion 

Figure 19. RESRAD Exposure athway Diagram (Ref. 3) 

The following categories of input data are required to implement RESRAD for a 

given site: (1) soil activity data, (2) site-specific geohydrological parameters, (3) dietary 

parameters, and (4) scenario-specific parameters. In all, about 80 input parameters are 

required. The RESRAD manual (Ref. 3) provides ranges of input values for geohydro- 

logical parameters and representative dietary parameters for the United States. from 

which the code employs a set of "default" input values. The code further allows modifying 

or eliminating exposure pathways, as necessary, for a given scenario. Thus, using mea- 

sured soil activity values for isotopes of specific concern and using the default input data, 

screening estimates of the annual dose (or concentration limit corresponding to the 
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100 mrem/year basic dose limit) can be obtained for a specified scenario. For obtaining 

realistic dose estimates, the manual suggests use of site-specific geohydrological parame- 
ters whenever such data are available. 

For the SSFL in general, as well as the TO64 side yard, four potential future land 

use scenarios were considered. These are: 

1. Industrial 

2. Residential 

3. Wilderness 

4. Family Farm 

Of the four scenarios, the most credible for the near term is the industrial use sce- 

nario, an extension of the present use. In the longer term, either the residential or wilder- 

ness use scenarios are most plausible. The family farm scenario isincluded for complete- 

ness even though it is not. credible, given the site size, geography, climate, and common 

land use in this area. Therefore, the credible scenarios for the TO64 Side Yard are scenar- 

ios 1, 2, and 3. 

D Input Parameters for Scenarios 

As part of a previous effort toward the final decontamination and radiological sur- 

vey of the Old Conservation Yard at the SSFL (Ref. 12), a number of screening evalua- 

tions were performed using the RESRAD code to determine which of the approximately 

80 input parameters required by RESRAD were of significance to the general SSFL area. 

These screening evaluations also helped in determining conservative values for input to 

the code. In general, changes to most of the parameters were found to have a negligible 

effect on the final results because certain dose pathways were not applicable for the given 

scenarios. The critical input parameters for the scenarios identified from the screening 

runs are briefly discussed below: 

Dimensions of Contaminated Zone. Based on data from Ref. 2 and subsequent esti- 

mates, the actual extent of the contaminated zone at the TO64 Side Yard is 4,500 ft2 

(421 m2) in area and about 32 or 16 in. (0.81 or 0.41 m) in depth before or after cleanup, 

respectively. Increasing the dimensions of a contaminated zone will have the effect of 

lowering the maximum soil activity acceptance limit. Comparison of the measured activi- 

ties (or the statistical parameters related to the measured activities) with a limit corre- 
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sponding to an infinite size contaminated zone therefore provides the most restrictive 

(conservative) acceptance criterion. Therefore, soil activity acceptance limits were calcu- 

lated assuming an "infinite" contamination area and depth rather than the actual values 

given above. The screening runs showed that using an area of - 100,000 m2 and a depth 

of - 1 m lead to asymptotic convergence of the RESRAD results. For the calculations 

here, a depth value of 35 m (115 ft) was used, corresponding roughly to the distance from 

the surface to the water table at  the TO64 Side Yard. The actual dimensions of the site 

were subsequently used to estimate annual doses (see Sections 4.3.2.2.4 and 5.3). 

Occupancy/Inhalation Shieldin? Factors. The annual dose estimates calculated by 

RESRAD from either direct exposure or by inhalation (dust) are functions of two linear 

parameters called the Occupancy and Shielding Factor (FO1) and the Inhalation Occu- 

pancy Factor (FOz). Equations for the calculation of these factors are provided in the 

RES manual (Ref. 3). The factors range from 0 to 1 and may be changed by the user 

to accommodate different land use scenarios. The "default" RESRAD values for the two 

factors for the family farm scenarios are 0.6 and 0.45. These values are calculated by as- 

suming that 50% of a person's time is spent indoors, 25% is spent outdoors in the con- 

taminated area and 25% is spent outdoors away from the site, and by using indoor gam- 

ma dose and dust inhalation attenuation factors of 0.7 and 0.4, respectively. For the pres- 

ent study, the occupancy percentages and the gamma attenuation factor were each modi- 

fied, as appropriate, for the three credible scenarios considered, yielding correspondingly 

modified values for FO1 and FOz, which are given in Appendix D. 

For the industrial and residential scenarios, modification of the default indoor gam- 

ma attenuation factor was chosen as a more realistic method of accounting for indoor 

gamma shielding than the use of a cover layer over the entire affected site. Thus, it was 

assumed that any residence or office building occupying the site would typically have a 

4-in. (0.1 m) concrete slab floor. Gamma attenuation by a 0.1 m slab is -85%, yielding a 

modified gamma attenuation factor of 0.15. This attenuation factor is included in the cal- 

culation of the FO1 and FOz values shown in Appendix D for these two scenarios. 

Dietary Factors. RESRAD input values for consumption of food and water taken 

from the contaminated site are based on the default family farm scenario, where a signifi- 

cant fraction of the diet is grown or raised on the site. For the three credible scenarios 

considered here, these dietary values were modified as follows: for the industrial and wil- 

derness scenarios, it was assumed that no water or food would be used that was taken 

from the contaminated area; thus, all food and water pathways were zeroed out. For the 
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residential scenario, it was assumed that a small fraction (10% of that for a family farm) 

of the leafy vegetable and fruit consumption would be from material grown on the con- 

taminated site. The values used for this scenario are 16 kg/year and 1.4 kglyear, 

respectively. As in the industrial and wilderness scenarios, water consumption from the 

site was zeroed out for the residential scenario. 

Input data used in the RESRAD code, for the various scenarios, are given in Ap- 

pendix D. In all cases, site-specific data, where available, were used for the various input 

geohydrological parameters. Where the RESRAD default values were used, additional 

screening calculations showed that variation of the default parameters did not significant- 

ly influence the results. 

.3.2.23 Soil Activity Acceptance Limits from (Criterion No. 2) 

The 1 3 7 ~ s  and ? S r  soil activity limits (in pCiIg), determined from the RESRAD 
code for the four different land use scenarios, are summarized in Table 3. As discussed 

above, for conservatism, the limits were calculated assuming an "infinite" contamination 

area and depth, rather than the estimated dimensions of the affected area. From the data 

shown in Table 3, it can be seen that, among the three credible scenarios, the residential 

scenario leads to the lowest permissible concentrations of 1 3 7 ~ s  or (70.8 and 409 

Table 3. RESRAD-Caliculated Soil Activity Limits for 

"Sjngle radionuclide soil activity limits from RESRAD 
for 100 mrem/year dose, and assuming an approximately 
infinite contamination extent (see text) 

b ~ E ~ ~ ~ ~  default scenario (not credible for the TO64 
Side Yard) 

Dh35-01.79 
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pCilg, respectively) that would result in a 100 mrem annual radiation dose from either 

nuclide. In the terminology of the DOE guideline document (Ref. 3), the residential sce- 

nario therefore corresponds to the "credible bounding scenario." 

The above concentrations of 1 3 7 ~ s  and 90Sr. therefore, are the acceptance limits 

against which the measured activities at the TO64 Side Yard can be compared. In view of 

our assumption, however, that both 1 3 7 ~ s  and 9 0 ~ r  are present in equal concentrations, a 

more appropriate acceptance limit for the TO64 Side Yard is one that takes into account 

both nuclides together. The corresponding two-nuclide limit for the credible bounding 

residential scenario is 60.4 pCi/g each of 137Cs and 9 0 ~ r ,  which would result in a combined 

annual exposure of 100 mrem. 

Statistical implementation of the site-specific residual activity is performed in a 

manner similar to the gamma exposure rates discussed in Section 4.3.2.1. That is, the 

SRVY calculated test statistic for the 1 3 7 ~ s  soil activity data is compared against the 

corresponding two-nuclide acceptance limit stated above. 

3.2. Dose Estimates from RES 

For demonstrating the effectiveness of the cleanup (criterion No. 3), estimated an- 

nual doses to plausible current or future users of the site were calculated as follows: The 

RES code was run for each of the scenarios with input 1 3 7 ~ s  soil activity data cor- 

responding to the average obtained from the 60 grid points, and an equal value for % ~ r  

activity. Since both 1 3 7 ~ s  and 9 0 ~ r  are man-made nuclides, it  is assumed that the corre- 

sponding background activities are zero, even though a small amount exists from global 

fallout; thus, the measured/assumed activities are already background-subtracted. Values 

for the area of contamination and depth of contamination for these dose calculations cor- 

respond to the actual estimated values, and are further justified in Section 5.3, in terms of 

the results obtained during the gamma and soil surveys. The resulting RESRAD-calcu- 

lated dose was then compared with the 100 mrem/year basic dose limit and other limits. 

For comparison, annual dose estimates are provided for each of the scenarios for condi- 

tions prior to and after the present decontamination effort. 

Three criteria, and corresponding acceptance limits, were established for the TO64 

Side Yard to determine its radiological cleanliness. For gamma exposure rates, the first 

criterion establishes a 5 pR/h acceptance limit. The test statistic for the background- 
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subtracted gamma exposure rate data is compared with 5 pR/h. For the present case, the 

value used for the gamma exposure rate background was determined from a 24-grid area 

in the vicinity of Bldg. T064, which better represents the area than the three "back- 

ground" SSFL areas, and thus minimizes the effects of the inherent variability in the natu- 

ral gamma background at the SSFL. 

The second criterion establishes an acceptance limit for the site-specific soil activity. 

Using site geohydrological parameters, and based on three credible scenarios for current 

or future site-use, and on the basis of an infinite area and depth of contamination, the 

RESRhD code established the limit to be 60.4 pCi/g each of 137Cs and w ~ r  for the cred- 

ible bounding scenario. The test statistic for the measured 1 3 7 ~ s  soil activity data is com- 

pared with the 60.4 pCilg limit. Statistical behavior of the 9 0 ~ r  is assumed to follow that 
of 137Cs. 

The TO64 Side Yard is determined to be acceptably free of residual radioactive con- 

tamination if both test statistics are less than the corresponding acceptance limits. 

The third criterion, as an adjunct to the second criterion, permits comparison of the 

basic dose limit (100 mremlyear) with the calculated annual doses to a plausible current 

or future user under realistic conditions of the actual dimensions of the contaminated 

zone and measured values of the extent of residual radioactivity. 

Results are presented and discussed in the following section. 
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5.1 GAMMA EXPOSURE RATE DATA (CRITERION NO. 1) 

Ambient gamma exposure rates obtained from the 60 grid location in the 4,500 ft2 

survey area, after decontamination, are given in Table 4. Gamma exposure rates ranged 

from 15.21 to 20.27 pR/h, with a mean value (t la standard deviation) of 17.7 t- 

0.9 pR/h. These exposure rates are well above the 0.5 pX/h sensitivity of the NaI detec- 

tor. Plotted against a cumulative probability scale, these data are also shown in Figure 20. 

As is evident, the data distribution reasonably follows a gaussian, with no outliers. The 

outlier data, with maximum values of 76 pR/h (Figure 11) and 110 pR/h (Figure 12) ob- 

tained in the 1988 survey of these locations are now absent. 

Figure 21 shows the background-subtracted TO64 Side Yard gamma exposure-rate 

data plotted against the cumulative probability. Here, the value of 15.5 pR/h determined 

from the immediately adjacent area was used for background substraction. The upper 

limit of the graph is the acceptance limit of 5 pR/h. All of the background-subtracted 

data are below the acceptance limit. Furthermore, the intersecting dashed lines show that 

the test statistic of 3.6 pR/h for this distribution is below the acceptance limit, thus satis- 

fjrlng criterion No. 1. The mean of the background-subtracted data is 2.2 pR/h. Compari- 

son of this value with the residual soil activity measured at the TO64 Side Yard is provided 

in Section 5.3 

ITERION NO. 2) 

As discussed in Section 4.2.1, gamma spectrometry analyses were performed on soil 

samples collected from the 64 B-12 boxes, and from the 60 grid locations established for 

the final TO64 Side Yard decontamination survey. The spectrometry results were data-re- 

duced using the in-house spreadsheet code SRVY, resulting in derived activity val- 

ues (in pCiIg) for certain specific isotopes, including 137~s .  which was found in significant- 

ly above-normal levels in the original survey conducted in 1988. For the purpose of the 

present survey, only the 1 3 7 ~ s  data from the grid locations are discussed here. For com- 

pleteness, however, the results of the MCASOIL analysis for all derived quantities, in- 

cluding data for the removed soil, and data from the 2-g sample analyses, are given in 

Appendices B and C, respectively. 

Results of the spectrometric analyses for 'j7Cs on soil samples from the 60 survey 

grids are given in Table 5 .  Measured activities ranged from < 0.2 to 17.6 pCi/g, with an 
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Table 4. Ambient Gamma Exposure Rates in the 
TO64 Side Yard Grids After Decontamination 

Grid Exposure 
Vumber* Rate (pRIh) 

Maximum: 20.27 
Minimum: 15.21 
Average: 1 7.73 

Grid Exposure 
Number* Rate (pR/h) 

*See Figure 17 for grid locations at the TO64 Side Yard. 

Dh35-0139 
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I Data from Table 4 

Cumulative Probability (%) 
6239-64 

Figure 20. Ambient Gamma Exposure Rates in TO64 Side Yard 
Grids After Decontamination 

0.7 1 10 50 90 93 99 99.9 
Cumulative Probability (%) 6239-65 
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Table 5. Measured Residual 137Cs Activity in TO64 Side Yard 
Grids After Decontamination 

TO64 Site Measured 
Grid 1 3 7 ~ s  Activity 

NumbeP ( P C W  

G- 1 11.4 
G-2 17.6 
6-3 10.1 
6-4 17.1 
G-5 5.5 
G-6 3.5 
6-7  < 0.2 
G-8 0.7 
6-9 2.1 
6-10 1.3 
6-11 1.4 
6-12 13.0 
6-13 1.9 
6-14 5.1 
6-15 3.7 
G-16 9.9 
6-17 0.4 
6-18 12.0 
6-19 3.0 
6-20 5.6 
6-2  1 2.0 
6-22 1.3 
G-23 5.3 
(3-24 12.8 
6-25 2.1 
6-26 2.8 
6-27 1.7 
6-28 2.7 
6-29 6.2 
6-30 5.4 1 
Mean: 4.9 
Standard Deviation (1 a): 4.5 

TO64 Site Measured 
Gri 1 3 7 ~ s  Activity 

NumbeP ( P C W  

6-3 1 5.3 
6-32 8.2 
6-33 4.5 
6-34 6.5 
6-3 5 9.3 
6-36 8.7 
6-37 8.9 
6-3 8 7.0 
G-3 9 5.7 
6-40 5.9 
6-4 1 4.6 
6-4 1 " 3.0 
G-42 3.6 
6-43 1.3 
6-44 9.1 
6-46 16.7 
6-47 1 .O 
G-48 2.1 
G-49 0.9 
G-50 < 0.2 
6-5 1 0.2 
6-52 1.7 
6-53 1.9 
6-54 0.4 
6-55 0.3 
6-56 0.3 
6-57 2.1 
6-58 2.0 
6-59 2.6 
6-60 1 .0 

T e e  Figure 17 for grid locations at the TO64 Side Yard 
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average value of 4.9 pCi/g, well above the lower detection limit of 0.2 pCi/g for the spec- 

trometer system. This average value of 4.9 pCi/g after decontamination is lower than: 
(1) the average of 32.8 pCi/g for the soil removed from the decontamination operations 

(average of 64 samples from the B-12 boxes, Appendix B, Table B2), (2) the average of 

277 pCi/g for the surface soil samples collected in the early stages of decontamination 

(average of 24 samples, see Appendix B, Table Bl), and (3) the 2,500 and 2,700 pCi1g 

values obtained in the 1988 survey (two samples, see Section 3.4.2). If the 277 pCifg 1 3 7 ~ s  

activity concentration is taken as a representative average of the extent of contamination 

prior to cleanup, then a factor of 56.5 (277 + 4.9) reduction was achieved. 

In Figure 22, the 1 3 7 ~ s  results are plotted versus the cumulative probability. The in- 

tersecting dashed lines indicate the test statistic (TS) for this distribution, which is 11.7 

pCi/g. The two previously calculated RESRAD limits are also shown, one corresponding 

to the single radionuclide limit of 70.8 pCi/g, and the second corresponding to the two- 

nuclide limit of 60.4 pCilg for equal activities of 1 3 7 ~ s  and 9 0 ~ r .  Of significance is the fact 

that the TS of 11.7 pCi1g for the 1 3 7 ~ s  data distribution in the side Yard grids is substan- 

tially below the two-nuclide (and single nuclide) acceptance limit and hence criterion 

-.-.....--*...-.. .......-........-..-.... I 
Single Nuclide Limit = 70.8 pCi/g 

Test Statistic (?+ ks) = 11.7 pCi/g 

1 Data from Table 5 

Gaussian Distributio 

Cumulative Probability (%) 
6239-68 
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No. 2 is satisfied. The TS and the average are also lower than the 1988 survey's criterion 

of 76 pCi/g beta (Table 1 -- 100 pCi/g total minus 24 pCi/g background) for soil activity. 

53 DOSE ESTIMATES (CRITERION NO. 3) 

To demonstrate the effectiveness of the cleanup, RESRAD was used to provide an- 

nual dose estimates to plausible current or future users for each of the four scenarios, be- 

fore and after decontamination. These dose values are calculated for times of 0, 1, 10, 

100, and 1,000 years into the future. Using the results presented in Sections 5.1 and 5.2 

above, the values chosen for the area, depth, and residual activity concentrations for per- 

forming the "before" and "after" dose calculations are explained below, following which 

the calculated dose estimates for the four scenarios and for the selected time periods are 

presented. 

The portion of the TO64 Side Yard which was decontaminatgd consisted of two sep- 

arate regions, as shown in Figure 17. The western region lies immediately adjacent to the 

Building TO64 east fence, and the eastern region lies below the rock peak area -75 ft 

east of the fence. The areas of these two regions are - 1,300 and -750 ft2, respectively, 

for a total area of -2,050 ft2. As a safeguard, however, the contaminated area is assumed 

to comprise the trapezoidal area encompassing both regions, resulting in a total assumed 

contaminated area of -4,500 ft2. This larger area is used to calculate estimated doses to 

potential current and future users of the site. 

Depth and Concentrations 

The 1988 survey assumed, for purposes of calculation, a depth of contamination of 

- 12 in. The actual average depth of soil that was removed during the decontamination, 

however, is calculated to be - 16 in. This value is based on the mass of soil in the 64 

B-12 boxes and the area of the two decontaminated sections. For the purpose of calculat- 

ing dose estimates before decontamination, the depth of the original contaminated layer 

is conservatively assumed to be -32 in., or twice the calculated amount. 

The average 1 3 7 ~ s  concentration measured in the removed 16 in. of soil, from 

Table 82  in Appendix B, is 32.8 pCi/g. Although the remaining soil at the TO64 Side Yard 

shows an average residual activity of only 4.9 pCi/g (Table 5) .  in order to  conservatively 
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calculate the surface gamma dose rate, the 32.8 pCi1g value was assumed for the entire 

32-in. depth. An equal activity of 9 0 ~ r  was also assumed. 

For this "after" case, the average measured 1 3 7 ~ s  value of 4.9 pCi/g from Table 5 
was used for 1 3 7 ~ s  and 9 0 ~ r .  The depth of the contaminated soil remaining at the side 

yard is assumed to be - 16 in., which is equal to the depth of original soil removed during 

the decontamination. The 16-in. depth value is consistent with the measured back- 

ground-subtracted ambient gamma exposure rate of 2.2 pR/h for the TO64 site. This is 

evidenced by the fact that the gamma exposure rate calculated by RESRAD for the TO64 

Side Yard credible bounding scenario is 19.0 mremlyr or 2.17 pRIh. This calculation as- 

sumed a depth of 16 in. and a 137Cs contamination of 4.9 pCi/g; all environmental path- 

ways were suppressed, except for the continuous and unshielded direct gamma exposure 

pathway. Increasing the soil depth beyond the 16-in. value results in a negligible increase 

in the calculated RESRAD gamma exposure rate because of gamma shielding by the up- 

per soil layers. Conversely, reducing the thickness to less than 16 in. unrealistically re- 

duces the gamma exposure rate. Thus, the 16-in. value can be considered as an effective 

upper limit for the purpose of establishing the external gamma exposure to any potential 

current or future occupant of the site. 

Results are shown in Table 6. The estimated post-decontamination annual doses to 

a potential current (time = 0 years) occupant of the TO64 Side Yard site range from 0.09 

to 5.2 mremlyear for the three credible scenarios and 13.3 mremlyear for the family farm 

scenario. All values, including that for the family farm scenario, are significantly less than 

the basic dose limit of 100 mremlyear. The "after" exposure values in Table 6 are about a 

factor of 6 to 8 lower than those calculated to have resulted if no decontamination efforts 

had been undertaken. 

The values shown in the table decrease further with time as a result of radioactive 

decay and other time-dependent site parameters. The dose for an occupant under the 

credible bounding residential scenario is 5.2 mremlyear, which is well below the DOE 

basic dose limit of 100 mremlyear for release without radiological restriction, thus satisfy- 

ing Criterion No. 3. The 5.2 mremlyear is also below the 10 mremlyear NRC limit for re- 

lease of the site for unrestricted use. 
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Table 6. Estimated Annual Dose (Above 
from Residual Radionuclide Activity at TO64 Side Yard 

Estimated Annual Dose from Residual Contamination (mremlyear) 

Industrial Residen tiala 

Before 

aCredible bounding scenario 
b"~efore" represents conditions prior to soil removal 
C"After" represents conditions following soil removal 

Before 

Farm 

After 

Figures 23 and 24 show photographs of the TO64 Side Yard taken during the 1989 

decontamination efforts at the two regions previously shown schematically in Figure 17. 

The fenced-in and open portions of the Side Yard are not presently being used. Building 

TO64 currently stores the slightly contaminated soil removed from the Side Yard and from 

other SSFL locations, pending their planned disposal at an authorized site. A final survey 

and safety review of the building proper should be performed following these activities. 

Findings from Ref. 2 that are applicable to the building should be reviewed as part of this 

safety review. 

A decommissioning file for the TO64 Side Yard site has been established and is cur- 

rently archived at Rockwell's SSFL Building T100. Appendix E contains a list of items 

documented in this file. 
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In accordance with the recommendation of the report on the 1988 radiological sur- 

vey of Building T064, its fenced-in yard, and a 2-acre surrounding area at the SSFL, the 

topsoil layer was removed in a 4,500 ft2 area of the Building TO64 Side Yard where 1 3 7 ~ s  

contamination had been found. Additional gamma exposure surveys and soil analyses 

were performed. The required analyses of the consequences due to the remaining activity 

in the soil to plausible current and future users of the affected area were also performed. 

The following specific and overall conclusions are drawn from these evaluations. 

ECIFIC CONCLUSIONS 

The average of the measured ambient gamma exposure rates in the decontami- 
nated area is 17.7 pR/h. For comparison, the background ambient gamma expo- 
sure rate in the immediate vicinity of the TO64 Side Yard has an average value of 
15.5 pR/h. 

The test statistic for the distribution of the background-subtracted gamma expo- 
sure rates in the decontaminated area is 3.6 pR/h, which is below the acceptance 
limit of 5 pR/h (Criterion No. 1). 

The calculated values of the allowable, site-specific single radionuclide concentra- 
tion limits for the TO64 Side Yard are 70.8 pCi/g of 137Cs and 409 pCi/g of 90Sr for 
a credible bounding residential use scenario. The corresponding acceptance limit 
for the assumed case of both isotopes being present in equal concentrations at the 
Side Yard is 60.4 pCi/g of each radionuclide. 

The test statistic for the measured 137Cs soil activity distribution is 11.7 pCi/g, 
which is well below the acceptance limit of 60.4 pCi/g (Criterion No. 2). 

The average measured 1 3 7 ~ s  activity presently in the decontaminated area is 
4.9 pCi/g, compared to the average of 277 pCi/g measured prior to decontarnina- 
tion. Thus, the present decontamination effort resulted in a reduction of 1 3 7 ~ s  ac- 
tivity by a factor of about 60. 

A plausible occupant of the decontaminated area under the credible bounding use 
scenario will receive a current annual dose of 5.2 mrem/year, which is well below 
the 100 mremlyear basic dose limit (Criterion No. 3). 

The 2.2 pR/h background-subtracted gamma exposure value is consistent with the 
assumed 16-in. depth and the 4.9 pCi/g contamination value for residual contami- 
nation at the TO64 Side Yard. Increasing the assumed contaminated soil thickness 
beyond 16 in. results in essentially no further increase in the external gamma dose 
to an occupant of the site. 
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0 CONCLUSION 

1. Based on the results of the investigations reported here, the Building TO64 Side 
Yard is acceptably free of radioactive contamination. 

2. Based on results of the 1988 survey, the remaining surveyed fenced-in yard and 
2-acre surrounding area are also acceptably free of radioactive contamination. 

3. The Building TO64 fenced-in yard and the 2-acre surrounding area meet all the 
acceptance criteria, and, therefore, may be released for use without radiological 
restrictions. 
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DE DATA FROM 

During the course of the decontamination of the Side Yard, gamma spectrometry 

data were obtained for three sets of soil samples. These included: (1) 18 randomly se- 

lected scoping samples taken from the surface prior to decontamination, (2) 64 soil sam- 

ples randomly taken from the soil removed from the Side Yard area during decontamina- 

tion and subsequently stored in B-12 boxes, and (3) 60 soil samples taken from the sur- 

vey grids established after decontamination. Soil samples for analysis were collected in 

July and August 1989. 

In each case, samples ranging in mass from about 600 to 900 g were analyzed using 

the Canberra instrument discussed in Section 4.2.2 and Ref. 2. Following analyses, the 

results were input to the MCASOIL spreadsheet, which in turn cajculated derived quanti- 

ties for total alpha and total beta activity, and derived activities for selected man-made 

radionuclides and for several naturally occurring radionuclides. A zero value in the data 
tables indicates that the signal was less than the detection limit of the Canberra instru- 

ment. For 1 3 7 ~ s  (the nuclide of interest), this detection limit was -0.2 pCiIg. 

Tables B1 through B3, present the data for the three different soil sample sets. 



ectrometry Data om Initial Seo ing Survey of the Si 

plcocurles per gram of each radionuclide 

186keV 185.6keV 
U-238 Th-232 U-235 U.235 K-40 Cb-137 Cs-134 6060 Dertved Alpha Derived Beta 

(from (from  flu^ Pc@J 
Re-226) U-238) 

-- 
Sample M c32*1&/ c33*1@/ &$*I&/ c41*.045 c35*l&/ c36*le6/ c37*le6/ c38*1 $*dl +6*d12 6*~41+4*c42+4' 

Description (grams) c2 c2 c2 c2 c2 c2 c2 +7*c43 c43+eurn(o44:48 



(Soil Analyzed: 8/4/89 to 8/9/69 

Excel File: boxee.xla 

picocuries per gram of each radionuclide 

Sample 
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Yard.xls 

U-238 Th-232 U-235 U-235 K-40 Cs-137 CS-1 Derived Alpha Derived 

Sample (from (from P C ~  P C ~  

scription Ra-226) U-238) 

marks c38*l e6/ 8.~41 +B9o42 6*041+4*042+ 
c2 c2 c2 62 c2 c2 c2 +7%43 c43+sum(c44:48 

T / M  Sample Grid (3-1 1 

T / W  Sample Orid G-15 

T I W  Sample Grid G-16 



Sample Qrid G-26 

Sample Qrid 0-27 

Sample Qrid 6-28 

Sample Qrid (3-29 
Sample Qrld Q-30 

Sample Qrid 0-40 
Sample Qrld 0-41 

Sample Grid G-42 

Sample Grid 0-48 

Sample Grid 0-49 

1064 Sample Qrid Q-50 

Sample Grid 6-51 

Sample Qrid 6 5 2  
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DATA ON TO64 SIDE 
ION 

Gross alpha and gross beta measurements were performed on 2-g soil samples from 

the 60 grid locations within the Building TO64 Side Yard decontaminated area. Soil sam- 

ples for analysis were collected and analyzed in June and JuIy 1989. 

Table C1 gives the gross alpha and gross beta results for the grid locations. Shown 

in the table are the net counts taken over a 100 minute time period, and the resulting cal- 

culated alpha and beta activities in pCi/g. Estimates of the standard deviation in the ac- 

tivity values are also shown. The data were compiled using the SOILTEMP spreadsheet. 
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easurernen ts 
amples (Sheet 1 

Deviation 

3.4 
3.5 

3.5 
3.5 
3.5 
3.3 
3. 
3.1 
3.1 
3.5 
3.2 
3. 
3. 
3.2 
3.3 
3.5 
3.1 
3.4 
3.1 
3.2 
3.1 
3.1 
3. 
3. 
3.2 
3.1 
3.3 
3.4 
3. 
3.5 
3.1 

Standarc 
Deviatior 

1.2 
1.0 
0.9 
0.9 
0.9 
0.9 
0.9 
0.9 
1.1 - 
1.0 
1.0 
0.9 
1.0 
0.9 
1.1 
0.9 

1.1 

1.0 
1.0 
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NPUT I) 

RESRAD calculations were performed for four different potential current and fu- 

ture land use scenarios for the TO64 Side Yard area. Each scenario was analyzed three 

times to yield acceptance limits for 1 3 7 ~ s  and 9 0 ~ r  (in pCi/g) and to provide realistic cur- 

rent and future dose estimates (in mremlyear) for the pre- and post-decontamination 

conditions. 

Each of these 12 analyses involved the input of about 80 different parameters, many 

of which were researched to provide site specific values for the SSFL Side Yard area in 

question. The values input to RESRAD for each of the three runs for each scenario are 

summarized in Table Dl. For comparison, the "default" values assumed by RESRAD are 

shown in the last column. 



RESWD PARAMETER 
4rea of contaminated zone (m**2) 

Thickness of contaminated zone (m) 

Length parallel to aquifer flow (m) 

Bask radiation dose limit (mremfyr) 

Times for calculations (yr) 

Times for calculatlons (yr) 

Times for calculations (yr) 

Times for calculatlons (yr) 

Times for calculations (y r) 

Times for calculations (yr) 

Times for calculatlons (yr) 

Times for calculations (yr) 

Times for calculations (yr) 

lnttial principal radionuclid 

Initial principal radionuclld 

Cover depth (m) 

Density of cover materi 

Cover depth sroslon rate (mtyr) 
Density of contaminated zone (glcm**3) 

Contamlnated zone eroalon rate (mfyr) 

Contamlnated zone 

Contaminated zone 

Contamlnated zone hydraulic conductivity (m/yr) 

Contaminated zone b parameter 

Evapotranspiration coefficlent 

Precipitation (mlyr) 

Irrigation (m/yr) 

Irrigation mode 

Runoff coefficient 

Watershed area for nearby stream or pond (m**2) 

Industrial Scenario 

Before After Infinite 

421 

0.81 

34 

100 

1 

10 

100 

loo0 

0 

0 

0 

0 

0 

32.8 
32.8 

0 

1.4 

0.001 

0.4 

0.2 

1 

5.3 

0.7 

0.458 

0 

ditch 

0.65 

421 

0.41 

34 

100 

1 
10 

100 

loo0 

0 

0 

0 

0 

0 

4.9 

.9 

0 

1.4 

0.001 

0.4 

0.2 

1 

5.3 

0.7 

0.458 

0 

ditch 

0.65 

1 m  

34.9 

316 
100 

1 

10 

100 

loo0 

0 

0 

0 

0 

0 

4.9 

.9 

0 

1.4 

0.001 

0.4 

0.2 

1 

5.3 

0.7 

0.458 

0 

ditch 

0.65 

Residential Scenario 

Before After Infinite 

421 

0.81 

34 

100 

1 

10 

100 

loo0 

0 

0 

0 

0 

0 

32.8 
32. 

0 

1.4 

0.001 

0.4 

0.2 

loo00 

5.3 

0.7 

0.458 

0 

ditch 

0.65 

421 

0.41 

34 

100 

1 

10 

100 

loo0 

0 

0 

0 

0 

0 

4.9 

.9 

0 

1. 

0,001 

0.4 

0.2 

10000 

5.3 
0.7 

0.458 

0 

ditch 

0.65 

35 

31 6 

100 

1 

10 

100 

1m 
0 

0 

0 

0 

0 

4.9 

.9 

0 

I .  

0.001 

0.4 

0.2 

loo00 

5.3 

0.7 

0.4 

0 

ditch 

0.65 

Wilderness Scenario 

&fore After lnflnite 

421 

0.81 

34 

100 

1 

10 

100 

loo0 

0 

0 

Q 
0 

0 

32.8 
32. 

0 

1.4 

0.001 

0.4 * 
0.2 

1 

9.3 

0.7 

0.458 

0 

ditch 

0.65 

421 

0.41 

34 

100 

1 

10 

100 

loo0 

0 

0 

0 

0 

4.9 

.9 

0 

0.001 

1 

5,3 
0.7 

0. 

0 

dltch 

0.65 

1 

31 6 

id) 
1 

10 

100 

loo0 

0 

0 

0 

0 

0 

0 

0.4 

0.2 
1 

5.3 
0.7 

0.4 

0 

ditch 

0.65 

Family Farm Scenario 

Before After Infinite 

nerhead overhead overheac 

0.5 0.5 0.5 

3ESRAD 

Default 

1 m  

1 

100 

100 

1 

10 

100 

loo0 

loo00 

0 

0 

0 

0 

0 

0 

0 

3.6 

0.001 

1.6 

0.001 

0.4 

0.2 

10 

5.3 
0.6 

1 

0.2 

~verhead 

0.2 

1 O W  
P 



D Runs (Sheet 

Saturated zone total porosity 

Saturated zone ef-fectke poroslty 

Saturated zone hydraulic conductivity (m/yr) 
Saturated zone hydraullc gradient 

Saturated zone b parameter 

Distance from surface to water table (m) 

Water table drop rate (m/yr) 
Well pump intake depth (rn below water table) 

Model: Nondispersion (ND) or Mass-Balance (ME 
Individual's use of groundwater (mC*3/yr) 

Number of unsaturated zone Mrata 

Dlarlbu(lon co&lcleMa for Ce-137 

Contaminated zone (cm**3/ 

Unsaturated zone 1 (crna93/g) 

Saturated zone (cmeC3/g) 

Leach rate Vyr) 

Distribution coefficients for Sr-90 

Contaminated zone (cm9*3/g) 

Unsaturated zone 1 (crnC*3/g) 

Saturated zone (cmn*3/g) 

Industrial Scenarlo 

Before Atter lnflnile 

Residential Scenario 

Before After Infinite 

Wilderness Scenario 

Before After InfinNe 

Famiiv Farm Scenario 

Before After Infinite 



RESRAD PARAMETER 

Inhalation rate (mf'3/yr) 

Mass loading for inhalation (g/mf *3) 

Occupancy and shielding factor, external gamma 

Occupancy factor, inhalation 

Shape factor, external gamma 

Mixing height for airborne dust, inhalation (m) 

Fruits, vegetables and grain consumption (kglyr) 

LeaQ vegetable consumption (kgJyr) 
Milk consumption (Vyr) 

Meat and pouitty consumption (kg/yr) 

Fish consumption (kgtyr) 

Other seafood consumption (kgbr) 

Drlnklng water intake (Uyr) 

Industrial Sconarlo 

Before After Infinite 

8400 8400 8400 

Reaidemtiat Scenario 

Before After Infinite 

Wilderness Scenario 

Before After Infinite 

Famih Farm Scenario 

Before After lnfinhe 

RESRAC 

Defautt 

8400 

0.0002 

0.6 

0.45 

1 

3 

160 

14 

92 

63 

5.4 

0.9 

41 0 

1 

0.5 

68 

55 
50 

160 

0.0001 

0.1 5 
0.9 

1 

1 

1 
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The following is an annotated list of documents on the decontamination of the 

Building TO64 Side Yard. The documents listed below are archived in Building TlOO of 

Rockwell International's Santa Susana Field Laboratory (SSFL). 

1. Chapman, J. A., "Radiological Survey of the Source and Special Nuclear Ma- 
terial Storage Vault- ldg. T64," Energy Technology Engineering Center Re- 
port GEN-ZR-0005, August 19, 1988. 

The primary document reporting the comprehensive radiological survey 
of Building T064, its fenced-in yard, and a 2-acre surrounding area. Of 
the open areas (the fenced-in yard and 2-acre surrounding area) sur- 
veyed, a 4,000 ft2 area in the vicinity of the eastern fence was found to be 
contaminated with 1 3 7 ~ s  and a larger, 4,500 ft2 total area was subse- 
quently designated as the Building TO64 Side Yard. The above report 
recommended further investigations of the Side Yard area. 

2. Parker, D., "Building 064 Soil Decontamination," Rockwell International De- 
tailed Work Procedure NOOlDWP000023, July 3 1, 1989. 

Describes the operational procedures used to decontaminate the Build- 
ing TO64 Side Yard. 

3. Five photographs taken during the Side Yard decontamination operations. 

4. SOILTEMP spreadsheets corresponding to data from the 78 (60 grid locations 
and 18 perimeter locations) gamma exposure rate, 60 soil gross alpha, and 60 
soil gross beta measurements. 

5. Gamma Mass Spectrometric Analysis ( CA) printouts and corresponding 
CASOIL spreadsheets for the following: (1) 18 scoping analyses (pre- 

decon) soil sample, (2) 64 soil samples from the B-12 boxes, and (3) 60 post- 
decontamination soil samples from the TO64 Side Yard grid locations. 

6. Twelve RESRAD summary outputs (10 pages each) corresponding to (1) the 
industrial, (2) residential, (3) wilderness, and (4) family farm use scenarios. 
There are three outputs for each scenario showing (a) the estimated annual 
doses for a plausible current or future user "before" decontamination of the 
Side Yard, (b) the estimated doses "after" decontamination of the Side Yard, 
and (c) calculated values of radionuclide concentration limits established with 
"infinitely" large dimensions for the contamination zone. 

7 .  Subbaraman, G., and Oliver, B.M., "Final Decontamination and Radiological 
Survey of the Building TO64 Side Yard," Rockwell International Safety Re- 
view Report N704SRR990031, October 1990. 
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During the independent verification survey donned by the Oak Ridge Institute of 
o hot spots were detected uilding TO64 Side Yard. 

Side Yard and Building 
Park, Californi%" ORISE, 

SE data is summarize 

*Criterion for average of 100m2 is 60.4 pCi/gm based or 1 
Hot spot criterion for area ( lm2 is ( 1 0 0 / ~ ) ~ n  x 60.4 = 604 pCi/g (assuming 
equal quantities of Cs-137 and Sr-90). 

10 etdyne criteria based on 100 mremly. 

ose criterion on the TO64 
centration criterion being uced by a factor 

the above table the 

ased on retroactive D 
for 100 rn2 average, 60. assuming equal quantities 
of Cs-137 and Sr-90). 
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o hot spots therefore now failed the revised soil concentration limits. 

The two lm2 hot spot locations were excavated during July 1993 and additional samples 
n. One sample was taken from each hot spot location. In addition, two wmposite samples 

ple included soil Erom the hot spot 
g the same protocol as ORISE. 

d results were as follows: 

Since the ORISE sample results confirmed very low levels of Sr-90, the combined 
has been replaced in the above table by the single Cs- 

ese results, the hot s en removed and the 
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D r .  D. C. Gibbs 
General  Manager 
Energy Technology Engineering Center 
Rockwell I n t e r n a t i o n a l  Corporation 
P, 0. Box 7930 
Canoga Park,  CA 91309 

Sub jec t :  Approved NEPA Categorical  
P r o j e c t s  

D r .  Gibbs: 

DOE-SF has  r e v i e  ed the proposed ~c t i ons  to 
. . o u r  

EM-funded p r o j e c t s  a t  ETEC. It  has been determined t h a t  t h e  

requi rements  f o r  a CX h a s  been met. The two 
ek time for  

EH-25) comments has  
his letter 

s e r v e s  a s  approval  t o  proceed with the  p ro je  

enc losures .  

Should you have any ques t ions ,  please contac 1 

onna Spencer (818) 586-5420. 

Enclosures  : (1) ET-EM-92-7 
( 2 )  ET-EM-92-10 
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ar in scope under the 
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ended) and those taken as partid dosur 
conective action .... (12) Use of chemicals 
of the reIease or to mitigate its efiects, where the use of such chemicals would 
reduce the spread of, or direct contact with, the contamination; (and) .... (16) 

reatment (including incineration), recovery, storage or d 
existing facilities permitted for the of waste resultin 
action, where needed, to reduce th 
exposure." 

not affect historic, archaeologicd, or ar 
not impact enviro 
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