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OSE. This Safety Review Report provides an assessment of residual radioactivity 

present at the Old Conservation Ydrd (OCY) located at Rockwell Internat~onal's Santa 

Susana Field L,aboratories (SSFL) following decontamination of a localized area ot the 

yard. Near- and long-term consequences due to the presence of the residual activities to 

current and future occupants of the decontaminated area were evaluated to determine it 

this location is acceptably free of radioactive contamination. 

ROUND. A comprehensive radiological survey of portions of the SSFL was per- 

formed in 1988. Included in this survey was a 5-acre area of storage and conservation 

yards which had been used in support of nuclear research and development activities dur- 

ing the 1960s and 1970s. The survey showed a 20-ft by 20-ft area of the OCY to be 

slightly contaminated with 1 3 7 ~ s  and recommended further investigation. The remainder 

of the 5-acre area was found to contain only naturally occurring radioactivity. 

ED. To reduce contamination to levels that are as  low as reasonably 

achievable (ALARA), the top layer of soil from the affected area was removed to a depth 

of about 4 inches and the area was resurveyed. The remaining 1 3 7 ~ s  activity in the soil 

was analyzed and compared with previous measurements. An analysis was performed, in 

accordance with the U.S. Department of Energy (DOE) guidelines, to determine the con- 

sequences due to the presence of this residual activity. 

S. The OCY remains an open area and is used as  a storage location for shipping 

trailers. 

ON. Based on results of the 1988 survey and the subsequent work ciescr~bed 

here, resldual radioactivity levels In the decontaminated area of the OCY and the sur- 

rounding 5-acre area are well wlth~n dcceptable regulatory lim~ts,  and pose no hayard to 

the safety and health of potential current o r  future occupants. Therefore, the site can be 

released for unrestricted use. 
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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 facilities, reasonable efforts are made to eliminate 

or reduce residual radioactive contamination to levels that are as low as reasonably 

achievable ( A). Upon completion of D&D, radiological surveys are performed, un- 

der established protocols, to determine that no  residual radioactivity exceeds applicable 

limits. Findings from the survey are also used to perform additional 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 the Old Conservation Yard and a surrounding 5-acre 

area was performed in 1988 (Ref. 2). Results of the survey showed slight soil contamina- 

tion (45 to 132 pCi/g of 137Cs) at certain locations in the OCY, with the remaining area 

containing only naturally occurring radioactivity (about 25 pCi/g-beta). As recommended 

in the survey report, investigations were carried out, during which the contaminated top 

soil was removed from a portion of the OCY for disposal, and additional surveys and 

analyses were performed. These efforts are documented in this safety review report 

(SRR). 

The findings presented in this SRR include results of a statistical treatment of the 

measured external gamma dose rates and soil residual radioactivity data, and comparisons 

against regulatory acceptance limits. While gamma exposure rates can be compared with 

a generic regulatory acceptance limit, a corresponding generic limit for allowable concen- 

tration of 1 3 7 ~ s  in soil is not available. Recently, however, the U.S. DOE has established 

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 OC'Y using 

this code, are also presented in this report. 

This report is organized as follows: A background on the OCY at SSFL, including 

its location and operating history, is provided in the next section ( ~ e c t i o n  2). A summary 

of the comprehensive radiological survey performed in 1988 and its findings are high- 

lighted 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 
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techniques and the ESRAD code. Results are provided and discussed in Section 5, and 

Section 6 states the conclusions drawn from the review. Appendices A and 

variety of related data obtained from the survey and analyses. Input data used to perform 

the RES code calculations are included in Appendix C. Appendix D provides a list 

of items of record obtained during the D&D and surveys, which are archived at Rockwell. 

Summary outputs of the RESR calculations are maintained in the archives. 
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The Old Conservation Uard is located within Rockwell International's 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 down- 

town Los Angeles. Location of the SSFL relative to Los Angeles and vicinity is shown in 

Figure 1. An enlarged map of neighboring SSFL communities is shown in Figure 2. Fig- 

ure 3 shows relevant portions of a 1967 edition of the U S .  Geological Survey (USGS) 

topographic map of the Calabasas Quadrangle where SSFL is located, with the authors' 

markup of the location of the Old Conservation Yard. Using USGS terminology, the cur- 

rent USGS location description for the Old Conservation Yard is: Township T2N; Range 

R17W, and, Section 19, Calabasas Quadrangle. 

Figure 4 is a plot plan of the western portion of the SSFL, known as Area IV, where 

the Old Conservation Yard is located. Although the term Old Conservation Yard is used 

here to contrast it with the adjoining "new" conservation yard, the terminology itself is 

recent, and requires some clarification. Figure 5 shows an aerial photograph of three 

yards in SSFL: Old Energy Systems Group (ESG) Salvage Yard, Rocketdyne Barrel Stor- 

age Yard (also known as the Conservation Yard) and New Salvage Yard (also known as 

T583). The three yards, totaling approximately 5 acres in area, were the subject of a com- 

prehensive radiological survey performed in 1988 (Ref. 2), and a portion of the Rocket- 

dyne Barrel Storage Yard was identified in the survey as requiring further investigation. 

This area has since been termed the Old Conservation Yard. Additional figures and di- 

mensions describing the affected area are given in Section 3 which provides an extensive 

summary of the 1988 radiological survey. 

2.2 AREA CHA Y 

The terrain throughout most of SSFL areas is uneven due to rock outcroppings, as 

can be seen in the photograph shown in Figure 5. The 5-acre complex of storagelconser- 

vationlsalvage yards is an irregular plateau in a mountainous area of recent geological 

age sprinkled with outcroppings above 'he more level patches. Of these, the Old Conser- 

vation Yard is a tlat area which is partially paved, with the remainder being dirt and 

gravel. The area is open (not fenced in), and currently used as a storage location for ship- 

ping trailers. 
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Figure 5 .  Aerial EX Salvage y a r  
Yard, and the New Salvage 



The SSFL has been involved in a variety of nuclear programs sponsored by the U.S. 

government since the 1950s. During various construction, refurbishing and dismantling 

phases of facilities which supported these programs, excess salvageable materials were 

kept primarily in the Old ESG Salvage Yard. This natural-terrain yard was utiiized from 

about 1952 to 1977. Because of the large amount of materials excessed during that time, 

the size of the original salvage yard spread to surrounding areas. Part of this growth ex- 

panded into the Rocketdyne Barrel Storage Yard, immediately south of the ESG Salvage 

Yard. Although not operated as radiologically controlled facilities, these areas were sur- 

veyed for contamination on a regular basis. No deliberate dumping or  placing of radioac- 

tive materials in these areas ever occurred. ecause regimented radiological controls 

were not instituted, however, contaminated items were found on occasion during per- 

formance of routine radiation surveys. These items were contaminated with either mixed 

fission products (MFP) or uranium. 

It is believed that a spill of MFP-contaminated liquid may have caused the contaml- 

nation observed at the Rocketdyne Barrel Storage Yard, although no such incident is 

known to have occurred. 

'Two restructuring phases of the Old ESG Salvage Yard and the Rocketdyne Barrel 

Storage Yard took place since the 1970s to better accommodate storage needs. First, in 

1970, Rocketdyne relocated the conservation function to the Canoga Park site. At that 

time, the Barrel Storage Yard was converted to a material storage yard for the Plant Ser- 

vices department, who then in 1986 relinquished control to the Transportation depart- 

ment. Since then, this area has been used as a parking area for trailers and other trans- 

portation vehicles. Second, in 1977, during which time major nuclear-related programs 

were winding down, salvageable materials were moved from the Old ESG Salvage Yard 

to the New Salvage Yard (also known as 7'583) or transported off-site. The Old ESG Sal- 

vage Ydrd is now completely free of ctebris. 'The new fenced-in Salvage Yard, l'583, 1s 

currently in use. 

Prior to the relocation of the Old ESG Salvage Yard, a thorough raciiat~on survey of 

this area was performed and construction of the initial phase of a fuel oil tank f;mn was 

started in a portlon of the A second tuel oil tank was added in 1982 and the area 

was fenced in. 
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A radiological survey plan (Ref. 1)  was developed in 1985 for all SSFL areas suspect 

for residual contamination with radioactive materials. The 5-acre area covered by the 

Old ESG Salvage Y x d ,  the ocketdyne Barrel Storage Yard and the New Salvage Yard 

was included in the scope of the survey because, to quote from the survey plan, "some 

radioactive items were found in this area during routine inspections - - U". 

Accordingly, a comprehensive radiological survey of the 5-acre area was performed 

in 1958 to determine if any residual radioactive contamination existed. The survey and its 

results are extensively documented in ef. 2 and are summarized in the next section of 

this report. 



Upon decontamination and decommissioning ( ) its radioactive constituents, 

releasing a facility or area for other unrestricted uses requires a formal radiological sur- 

vey to demonstrate that the applicable regulatory limits for such a release are met. 

survey is performed under an established plan, and a statistical interpretation of the re- 

sulting data is made to demonstrate that the numerical regulatory release criteria have 

been met. Together, the 1988 radiological survey of the Old ESG Salvage Yard, the 

etdyne Barrel Storage Yard and the New Salvage Yard (Ref. 2), and the follow-up work 

reported in this document, fulfill the requirements for such a survey. o r  the sake of com- 

pleteness, and for ease of future reference, a summary of the 1988 survey is provided in 

this section. 

The following areas were radiologically inspected: The Old ESG Salvage Yxd,  The 

Rocketdyne Barrel Storage Yard, and the New Salvage Yard (T583). Of these, as noted 

earlier, a portion of the Rocketdyne Barrel Storage Yard corresponds to the Old Conser- 

vation Yard (OCY). The total area covered is about 5 acres, with the OCY measuring ap- 

proximately 1 acre. 

The survey consisted of measuring gamma exposure rates 1 meter above the ground 

at locations established by a network of square grids measuring 36 rn2 each. On the 

5-acre area, gamma exposure rate measurements were made in 438 such grid locations. 

Soil samples were also collected and analyzed as required by the Survey Plan (Ref. 1) or  

because of elevated gamma e,xposure rates. For purposes of comparison, natural back- 

ground radiation data were also taken at about the same time in the three following 

SSFL locations where no radioactive materials were ever used, handled, or stored: Build- 

ing 309 area, Well No. 13 Road (Dirt), and Incinerator Road (Dirt). 

Acceptable contamination limits and gamma exposure rates for unrestricted use of a 

decommissioned facility are prescribed in Department 01- Enerhy (DOE) guidelines, the 

Nuclear Regulato~y Comm~ssion's (NRC') Regulatory Guide 1.86. the NRC I~cense 



-2 1 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 

acceptance of a facility for unrestricted use even though the corresponding DOE limit is 

/h, which is a factor of four larger. Table 1 shows the composite of  conservative 

limits derived from these references and adopted by Rocketdyne. During the 1988 survey, 

the ambient gamma exposure rate criterion (5 pR/h above background, shown in Table I )  

was first applied. Three specific "action levels7' were established and initiated if the survey 

detected radiation 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 a t  the SSFL and requires no further action. 

2. Reinsoection 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. Investigation Level - That level of exposure rate which exceeds 90% of the 
maximum acceptable limit. Specific investigation of the occurrence is required 
in this case. 

3.3.2 Survey 

For purposes of the survey, each of the three yards was treated as a single sample 

lot for characterization and data analysis. For convenience, the yards were subdivided into 

eleven zones (see Figure 6), and 6 m x 6 m-square grids were superimposed on  each 

zone. 

One ambient gamma exposure rate measurement was made in each of the 438 grid 

locations. A tripod was used to support a 1 in. x 1 in. NaI scintillation crystal coupled to a 
photomultiplier tube and fed to a Ludlum 2220-ESG scaler, 1 m above the ground. The 

detector is sensitive in nearly all directions (i.e., 4 n  geometry) and can detect variations in 

exposure rates down t o  about 0.5 pR/h, from counts obtained during one minute. For 

comparison, if an infinite slab of 20-cm-thick soil contaminated with 100 pCi/g of lS7cs 

were located 15 cm below su r fax ,  it will produce an estimated excess exposure rate of 

about 10 p,R/h, and this is readily within the sensitivity o f  the device. 

'The Nal scintillation detector is calibrated quarterly using 137Cs as  the calibration 

source in the mR/h range and cross-calibrated against a Reuter Stokes I-ligh Pressure Ion 

Chamber in the pR/h range. Count rates were converted to exposure rates using the 



le 1. a Exposure Rate an 
Soil Activity Conc (1988 Survey) 

arameter I 
Gamma exposure ratea 5 pR/h above backgroundb 
(at 1 m from surface) 

2 Soil activity concentration-a) Alpha: 21 pCi/g 
(for depth (15 cm below surface) 

b) Alpha: 31 pCi/g 
(for depth > 15 cm below surface) 

I / c) Beta: 100 pCi/g 

eference 

5 and 6 

5 and 6 

7 

'Although DOE Guide (Ref. 5) recommencls 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 p-R/h above background. For conservatism, 5 pR/h above 
background is used at Rocketdyne to compare survey results. 

 he 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). 

"Alpha activity concentration limits for 2261ia are 5 pCi/g (Ref. 5) plus that contribution 
from naturally occurring radioactivity (about 16 pCi/g, from Ref. 6, p. 93) averaged 
over the first 15 cm of soil below the surface. At a depth greater than 15 cm below the 
surface, 15 pCi/g averaged over 15-cm-thick layers of soil plus "background" is the 
limit. The total beta act~vity concentration limit is 100 pCXg (Ref. 7), including back- 
grouncl which is about 24 pc'ilg. 

11635-0123 
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6239-1 9R1 

reas Covered by the 1988 Survey; 
to the Old Conservation Yard 
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derived relationship that 215 cpm = 1 pR/h, at background exposure rates. During the 

survey, the instrument response was also checked three times daily using a 226 

Soil samples weighing about 2 lb (908 g) each were collected during the survey and 

were identified for their specific location. Each sample was dried in an oven and then 

split into a 450-ml sample and a 2-g sample. The 450-ml sample was placed in a special- 

ized beaker for counting by gamma spectrometry. The 2-g sample was ground with a 

mortar and pestle, placed in a 2-in. diameter aluminum planchette, and then counted for 

gross alpha and beta activity. Additional details on the instruments used and their calibra- 

tion are provided in Ref. 2. 

A statistical procedure is required to validate the applicability of the exposure rate 

data collected at selected locations to an entire area o r  region, such as the three yards in 

this case. A statistical method known as "sampling inspection by variables" (Ref. 8) was 

used to analyze the data from the survey. The method has been widely applied in industry 

and the military, and is essential where destructive tests must be performed (e.g., in quali- 

ty 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 distribution of the data is nor- 

mal (i.e., gaussian). The mean of the distribution, x ,  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 a tolerance filctor. The value of k is determined 

from the sample size and two other statistical sampling coefficients which are related to a 

consumer'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 facility has residual contamination below 100% of the 

applicable limit (a 90190, 100 test). The choice of values for the two coefficients is consis- 

tent with industrial sampling practices and State of California guidelines (Ref. 9). The 

sampling coefficients, and use of the resulting calculated value of 'TS for intercomparison 
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with the acceptance criteria and for establishing a plan of action for acceptance, are fur- 

ther discussed in Ref. 2. 

Data obtained from the three yards were treated using this statistical approach. The 

reduced data were plotted against the cumulative probability for a gaussian distribution, 

with the cumulative values shown on a probability-grade scale. Display of data in this 

manner permits clear identification of values with significantly greater exposure rates (and 

thus contamination) than would be expected for the lot. 

Statistical data obtained from the 1988 survey on the ambient gamma exposure 

rates measured in the Old ESG Salvage Yard, the Rocketdyne Barrel Storage Yard (in- 

cluding the Old Conservation Yard), and the New Salvage Yard locations are shown in 

Tiible 2. Also s h o w  in this table are the three sets of data for the background locations. 

The data showed that the average exposure rates calculated for each of the three yards 

were all within one standard deviation ( l a )  of each other. Examination of the data also 

showed that the standard deviations and the ranges for the yards were greater than those 

for the background locations, the values being the largest for the Rocketdyne Barrel Stor- 

age Yard. In particular, the range for the Barrel Storage Yard (17 ~ R l h )  indicated possi- 

ble localized contamination. 

The 96 individual ambient gamma exposure rate data points for the Rocketdyne 

arrel storage Yard were plotted on a probability-grade scale and are shown in Figure 7. 

Except for one significant "outlier" located in Zone 7 (now designated the Old Conserva- 

tion Ydrd or OCY), which was measured at 27.9 pR/h, the survey data follows a represen- 

tative gaussian. The calculated gaussian line is skewed with a large slope because of this 

single outlier. Figure 8 shows the same data set corrected for natural SSFL background, 

which was chosen to be the mean of the three background averages shown in Tdble 2. 

The mean of this background-subtracted data is -1.74 +- 1.73 p /h and the test statistic, 

'TS, is 0.81 pR/h. A comparison of these values with the acceptance criterion of 5 p 
shows that the area is acceptably clean. However, the single outlier still required further 

investigation, per the criteria outlined in Section 3.3.1. Accordingly, a scoping investiga- 

tion was performed and is summarized in the following section. 
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ien 

Yard 

Rocketdyne Barrel 
Storage Uard 

New Salvage Uard 
(T583) 

Background Areas 

Building 309 Area 
(1 / 19/58) 

Well No. 13 Road 
(dirt) (4129188) 

Incinerator Road 
(dirt) (4129188) 

Range 

6.3 

17.0 

5.4 

3.4 

2.2 

1.4 

Results and statistical data from the remaining two yards showed that the individual 

data, as well as the statisticai parameters (TS and x) ,  were well within the 5 pR/h above 

background acceptance limit. Although statistical plots from ef. 2 for the remaining two 

yards are not repeated here, Table 3 provides a summary of the gamma exposure rates for 

all three yards, corrected for background and tested against the acceptance lim~ts.  

As noted above, the background gamma exposure rate value for the 1988 survey 

was determined from an average of exposure rate data collected from three other SSFL 

areas. Because of differences inherent in the natural gamma exposure rates at  various lo- 

cations at the SSFL, however, this average value, 15.3 p /h, resulted in negative back- 

ground-subtracted exposure rate values for the three yards, indicating that the back- 

ground value used was not completely representative of the actual background in the yard 



Page 22 

Rate Data (Ref 2) 

Outlier 
Data Point 

0 1 1 10 50 90 99 99 9 

Cumulatwe Probabhty (Oh) 

6239-20R1 

Figure 7. Total-Gross Exposure Rates at the Rocketdyne 
(1988 Survey) 
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Old ESG 
Salvage Yard 

Rocketdyne 
arrel Storage 

Yard 

New Salvage 
Yard (T583) 

'Area passes as acceptably clean based on test statistic alone 
aximum value exceeded acceptance limit (see text) 

areas surveyed. The variability in background gamma exposure rates measured at the 

SSFL, up to 3.4 pR/h, also points out the difficulty when assessing an areas's acceptability 

based on the NRC limit of 5 pR/h. In an effort to resolve these issues, a slightly different 

approach is used in this SRR to determine the most appropriate background value for the 

OCY area. This approach is discussed later in Section 4.3.2.1. 

ecause of the finding that one location in the OCY exceeded the gamma expsirre 

limit noted previously, a scoping investigation was performed by collecting three soil sam- 

ples at the OCY in the vicinity of the outlier data grid point. Eight more soil samples 

were also collected at two other locations and analyzed, as required by the or~ginal survey 

plan. Figure 9 shows the soil sampling locations. 

Soil gross alpha and gross beta activities were obtained by analyzing the 2-g Sam- 

ples (see Section 3.3.2) from the above samples using a Canberra croportional alphalbeta 

counter. A Canberra Series 80 gamma spectrometer was used to o ~ t a i n  activity data on 

2 3 8 ~ ,  2 3 2 ~ h ,  4 0 ~ ,  all of which are naturally-occurring isotopes, and on ' 3 7 ~ s .  The spec- 

trometer is capable of measuring '37Cs activity in soil down to about 0.2 pCi/g. 





%ble 4 shows results of the average radioactivity concentrations obtained at the 

three locations. Also shown for comparison are data for background concentrations at the 

SSFL. An elevated concentration for 1 3 7 ~ s  (81.4 pCi/g average) was found in a localized 

area within the OCY, and was found to be significantly higher than the background activ- 

ity for the SSFL. The average was from three values -- 45, 67 and 132 pCi/g 137Cs -- of 

which the maximum value exceeded the acceptance limit of 100 pCi/g-beta (Table 1). 

The effect of the presence of this 1 3 7 ~ s  can also be seen in the higher than back- 

ground value of beta activity in Table 4 for the OCY. In all other aspects, the average soil 

radioactivity concentrations in this, as well as the other two yards, were all well within the 

corresponding background values shown in the table. 

The small number of soil activity data collected during this scoping investigation 

were for indication only and hence no detailed statistical analyses of these data were per- 

formed during the 2988 survey. 

ocations 

Southwest corner of Zone 1, 
Old Salvage Yarda 

Southwest corner of Zone 7, 
Rocketdyne Barrel Storage 
yardb 

SRE drainage gully, west of 
T583" 

For comparison, burn pitC 

NDA 

8 1 .W1 
+- 45.20 

0.18 
t 0.029 

0.34 
+- 0.25 

"Required by the Site Survey Plan 
" ~ e q u i r e d  because gamma exposure rate measurements exceeded the 50% reinspection 

level 
"The burn pit results show naturally occurring background radioactivity at SSFL 
" ~ a x i m u m  value of three samples was 131, pCi/g 
NDA = No detectable activity 
N/M = Not measured 
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Based on the data obtained, the 1988 radiological survey concluded that, with the 

exception of a small area within the OCY (shown in Figure 9), the areas surveyed showed 

only natural background radiation. From the limited soil activity data, and on the basis of 

the observation that the OCY is a low spot with respect to its surrounding areas, the sur- 

vey surmised that at one time a small radioactive spill occurred somewhere in the yard 

and became localized in a 20-ft x 20-ft area, perhaps 6 in. deep. ecause the contamina- 

tion level exceeded the acceptance limit only slightly (132 pCi/g of 137Cs maximum found 

vs. 100 pCi/g-beta limit), the survey concluded that the area was not a health hazard. 

The 1988 survey recommended further radiological investigation of the 400 ft2 area 

of the OCY be made to measure specifically the extent of contamination and to deter- 

mine appropriate remedial action. 

3.7 ENTATION OF NDATION 

In accordance with the recommendation of the 1988 survey, soil was removed from 

the 400 ft2 area of the OCY. Further investigations included obtaining additional gamma 

exposure rate and soil activity data at the OCY following removal of the top layer of soil. 

Comparisons were made against the 1988 survey soil activity data, and an evaluation was 

made, using the DOE computer code RES , of the consequences of the remaining 

radioactivity in the soil to potential current and future occupants of the decontaminated 

area. The technical approach used in performing the investigations, including a descrip- 

tion of the salient aspects of the RESRAD code, is provided in the next section. Results 

and conclusions from the investigations are presented in Sections 5 and 6. 



during the fall of 1989. 

The decontamination efforts were performed under a documented procedure 

(Ref. 10). Accordingly, surface soil, up to an average 4-in. depth, was first removed from 

the designated 20-ft x 20-ft area of the OCY. The removed surface soil was stored in 

-12 boxes for subsequent disposal at an authorized site. bile these boxes 

were being loaded, 13 randomly selected 2-lb samples from the removed soil were taken 

for subsequent analysis by gamma spectrometry. 

ng removal of the surface soil, a general screening gam a survey ""for indi- 

cation only" was conducted over t e surface of the 20-ft x 20-ft area using a Ludlum 

ode1 44-9 thin-window pancake G probe attached to a Ludlurn 

countrate meter. The purpose of the survey was to determine if any "measurable" activity 

could be detected which would indicate the need to remove additional soil. However, no 

activity was indicated in any part of the affecte Y area which was greater than 5 pR/h 

above natural background levels. 

ter this screening survey, 30 new 1- 

taminated area f w  detaile 

shown in Figure 10, gamma exposure rate measurements were made in all grid locations. 

while soil samples were collected in 10 of the 30 grids. Figure 10 also shows locations 

where 10 additional soil samples were collected from outside the 400-ft2 area for com- 





puison measurements. The 1988 survey had shown only natural background activity in 

this vicinity, and hence only natural activities would be expected in these additional soil 

samples. 

Upon completion of the soil removal operations, ambient gamma exposure rate 

measurements were performed using the Naf scintillation detector discussed in Section 

3.3.2. Total counts at I m above ground were measured and the resulting count rates were 

converted to exposure rates using the calibration-derived relationship that 215 cpm = 

1 pR/h. 

Gross alpha and beta determinations were made on 2-g soil samples with a Canber- 

ra proportional alphalbeta counter. Gamma spectrometry was performed on the soil sam- 

ples using a Canberra Series 80 gamma spectrometer. Both the proportional counter, the 

spectrometer, and the procedures used to calibrate them, are described in 

-2.2.2 Data Reduction 

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 counts per minute) to dose rates (in bR/h), 

and for converting the total alpha and beta counts obtained (in counts per minute) from 

the proportional counter to gross alpha and gross beta values (in pcilg). The second 

spreadsheet, called 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 concentrations of selected isotopes, and to calculate the alpha and beta activi- 

ties (in pCi/g). Appropriate formulae are included in MCASOLL* to calculate the activi- 

ties of 2 3 8 ~ ,  and 2 3 2 ~ h ,  based on the activities of their daughter products, and t o  calculate 

activities for 4 0 ~ ,  137Cs, 1 3 4 ~ s  and "'Co, from which the total alpha and beta activities are 

derived. These calculations are discussed in detail in Ref. 2. Of these data, the gamma 

exposure rate data from SOIITEMP and the ' "7~s data from MCASOII,, were statistical- 

ly analyzed for comparison with the acceptance limits described in Section 4.3 below. The 

' 1 he or~g~n,l l  vcrvon 01 MCASOIL cli\cu\\cd In lief. 2 was ~mplemented usmg .t \ottw,tre program known 
r14 SMAIII' (Sm,rrtw,~rc, Innovatlvc Soltw,trc, Inc., Lcneua, KS). With minor change\, the work reportccl 
hcrc wa\ ~rnplcrncntccl u\ing thc \ol twarc program EX('EL (M~crosoit ('orp., licdmond, WA). 



remaining SOILTE CASOIL outputs (e.g., the gross and derived total alpha and 

beta activity data) were obtained for information only, and are included in Appendices A 

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. Programs called R and 

CASRVY, developed at ockwell, were used to calculate the mean, standard deviation 

and the test statistic (TS) for each data set, and to plot the data against the cumulative 

gaussian probabilities (e.g., Figure 8). 

SRVY was developed at Rocketdyne and has been extensively used to obtain 

data of this nature on numerous previous radiological surveys, including the 1988 survey 

of the conservation yard area (Ref. 2). SRVY performs statistical analyses and plot- 

ting of gross alpha, gross beta, and gamma exposure rate data from SOILT 

MCASRVY is a derivative of RADSRVY to similarly analyze and plot isotope-specific 

output data from MCASOIL. 

-3 REVISED c 

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 mremlyear effective dose equivalent to plausible users (Refs. 3 and 11). 

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 o r  future users based on land use scenarios defined 

for the cite. 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 

mremlyear, and in terms of the effective dose equivalents for the users. 
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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 infinitely large. 

This soil activity acceptance limit, along with the above-background gamma exposure 

rate acceptance limit of 5 pR/h, will constitute determination of the effectiveness of the 

remedial action or cleanup effort. Second, realistic dose estimates can be obtained using 

, with the measured residual radionuclide concentration(s) and the dimensions 

of the affected contamination zone. The dose estimates obtained, when compared with 

the dose limit of 100 mremlyear, will provide a realistic demonstration of the effective- 

ness of the cleanup. 

Thus, there are three criteria to be met: 

1. The external gamma exposure rate, in excess of natural background, shall not 
exceed the 5 pR/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 RESR 
credible bounding scenario and for an effectively infinite contamination zone 
(defined in Section 4.3.2.2 below) for the OCY site. 

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 rnrem. 

Of the three criteria, criteria No. 1 and No. 2 will determine the effectiveness of the 

decontamination and, hence, acceptability of the site. Given that criterion No. 2 provides 

a more restrictive limit than No. 3 for acceptance, satisfying this criterion will automati- 

cally result in satisfying criterion No. 3. Nonetheless, criterion No. 3 is specified as a req- 

uisite 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 Iiegulatory Commission (NRC) for release of sites for 

unrestricted use. In Ref. 12, for example, the N C requires its licensees to demonstrate 

that the dose equivalent not exceed 10 mremlyear, which is compared with the 

calculated doses for the affected area (see Section 5.3). 

Satisfying the above criteria is required for accepting the site as radiologically clean. 

Failure to satisty 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, provided for example in ef. 6, should be applied in cases of decontami- 

nation of buildings, equipment, etc., or for release of aqueous effluents. 

Criterion No. 

Ambient gamma exposure rate data from the decontaminated OCU area for the 30 

grid locations were processed by SOILTE and then examined for comparison with the 

background measurements discussed in the following paragraphs. The background-sub- 

tracted gamma exposure rate data were then statistically compared using SRVY with 

the 5 pR/h limit. 

In contrast to the approach taken in the 1988 survey, the background value used 

here was determined from a subset of the original gamma measurements taken during the 

1988 survey in the OCY area immediately surrounding the decontaminated area. 'This ap- 

proach is more appropriate in view of the relatively large (-3 pR/h) variation in the natu- 

ral background gamma exposure rate at various locations at the SSFL, and in view of the 

topography and other features of the selected area being representative of the OCY site. 

In the original 1988 survey, a total of 84 gamma exposure measurements were taken 

in the whole OCY area (see Zone 7 in Figure 9), using a grid size of 6 m x 6 m (-388 ft2) 

each. Only one measurement on these grids showed a gamma exposure rate far higher 

than expected for the SSFL, and this grid corresponds approximately to the 20-ft x 20-ft 

area which was subsequently identified as having the L 3 7 ~ s  contamination. A11 the remain- 

ing grids showed gamma exposure rates which were generally slightly below the back- 

ground range seen in the three "background" locations shown in Table 2. 

For purposes of analyzing the present gamma exposure rates obtained from the af- 

fected area, the natural background exposure rate was determined from the remaining 

adjacent grid data. As a further precaution, data from the eight grids immediately adja- 

cent to the contaminated grid were also excluded from the analysis. Analysis of the re- 

maining 75 data points from the original 1988 survey (Ref. 2; pp. 115 and 116) gives an 

average value for the natural background gamma exposure rate a t  the OCY of 

13.1 + 0.8 (lo) pR/h. 'l'his value is 2.2 pR/h lower (i.e., more conservat~ve) than the 



e 1988 survey, an best represents the bac 

locations were reduced to 

activities for 1 3 7 ~ s  were then 

tance limits established from the 

sured at the gri locations, it was 

e 1 3 7 ~ s  activity in the soil was a re- 

se and hence an equal activity of "Sr was also released. 

was also established using RE 

the code, and the approach to establishing the acceptance limits, are discussed in the fol- 

lowing paragraphs. 

RES 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 11 shows the exposure pathway diagram used by RES for calculating the dose to 

an on-site resident from residual radioactive material. 

The following categories of input data are required to implement RES for a 

given site: (1) soil activity data, (2) site-specific geohydrological parameters, (3) dietary 

parameters, and (4) scenario-specific parameters. n all, about 80 input parameters are 

required. The RES manual (Ref. 3) provides ranges of input values for geohydro- 

logical parameters presentative dietary parameters for the United States, from 

e code employs a set of "default" input values. The code further allows modi8ing 

or eliminating e osure 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, 

ates of the annual dose (or concentration limit corresponding to the 

100 mremlyear basic ose 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. 
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Source Pathway Exposure to Dose 

On-site Ground 

Air Contamination 

On-site Biotic 
Contamination 

I 
I 

------------- J 

Ingestion 

For the case of the SSFL in general, as well as for the OCY site, four potential fu- 

ture land use scenarios were considered. T 

1. Industrial 

2. Residential 

4. Family Farm 
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Of the four, the most credible in the near term is the industrial use scenario. In the 

longer term, either the residential or  wilderness use scenarios are  most plausible. 'The 

family farm scenario is included for completeness even though it is not a credible 

scenario given the site size, geography, climate, and common land use in this area. There- 

fore, the credible scenarios for the OCY are scenarios 1, 2, and 3. 

Prior to using the RESRAD code for the case of the OCY,  a number of screening 

evaluations were performed to determine which of the approximately 80 input parameters 

required by RESRAD were of significance for the present application, and to determine 

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 scenar- 

ios 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 in the OCY is about 400 ft2 (37.2 m2) 

in area and about 8 or  4 in. (0.2 or 0.1 m) in depth before o r  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 activities (or the sta- 

tistical parameters related to the measured activities) with a limit corresponding to an in- 

finite size contaminated zone therefore provides the most restrictive (conservative) accep- 

tance criterion. Therefore, soil activity acceptance limits were calculated 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 calculation here, a depth value 

of 35 m was used, corresponding roughly to the distance from the surface to the water 

table at  the OCY site. The  actual dimensions mentioned above were subsequently used 

to estimate annual doses (see Sections 4.3.2.2.4 and 5.3). 

Cover Deoth. RESRAD can accomn~odate the input of a cover material above the 

contaminated zone to account for those instances where the contaminated region may 

have been deliberately or  inadvertently covered 0 x 1 ,  for example, during residential con- 

struction. For the residential and industrial scenarios, i t  is assumed that the area w~ll  be 

covered by a 4-in. (0.1 m) concrete slab on which residence or  oeices are typically built. 



the slab is the sa e as the surface area of t e contaminated region. 

ero for the wilderness an family farm scenarios. 

Occupancv/Inhalation Shieldin? Factors. e annual dose estimates calculated by 

from either direct e osure or by inhalation (dust) are functions of two linear 

values for the 

two factors for the family farm scenarios are 0.6 and 0.45, and are based on the assump- 

tion that 50% of a person's time is spent indoors, 25% is spent outdoors in the contami- 

nated area, an 25% is spent outdoors away fro the site. For the present study, these 

percentages were modified to yield correspondingly modified values for FO1 and FOa for 

each of the four scenarios considered. For comparison with the default values, FO1 

ranged from 0.005 for the wilderness scenario to 0.66 for the residential scenario. Simi- 

larly, F 0 2  ranged from 0.005 to 0.42 for these two scenarios, respectively. 

Dietarv Factors. RES input values for consumption of food and water taken 

frorn 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 

frorn the contaminated area; thus, all food and water pathways were zeroed out. For the 

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 kglyear and 1.4 kg/year, 

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 RES AD code, for the various scenarios, are given in Ap- 

pendix C. In all cases, site-specific data, where available, were used for the various input 

geohydrological parameters. default values were used, additional 

screening calculations showe efault parameters did not significant- 

ly influence the results. 



9 0 ~ r  soil activity limits (in pCi/g), 

ur different land use scenarios, are sum 

above, for conservatism, the limits were calculated ass 

100 mrem annual 

E guideline document (Ref. 3), the residential scenario 

therefore corresponds to the "credible bounding scenario." 

Thus, the above concentrations of 1 3 7 ~ s  an "sr are the acceptance limits against 

which the measured activities at the OCY can be compared. n 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 OCY is one that takes into account both nuclides together. The 

corresponding two-nuclide limit, for the credible bounding residential scenario, is 3 14 

pCi/g each of 1 3 7 ~ s  and 90Sr, which would result in a combined annual exposure of 100 

mrem. 

1. Industrial 

2. Residential 

4. Family Farmb 

aSingle radionuclide soil activity limits from 
for 100 mrc*m/year dose, and assuming an a 
infinite codamination extent (see text) 

default scenario (not credible to the OCY site) 



Statistical implementation of the site-specific residual activi is performed in a 

manner similar to the gamma exposure rates discussed in Section 4.3.2.1. That is, the 

test statistic for the 1 3 7 ~ s  soil acti ared against the 

tance limit stated above. 

(criterion No. 3), estimate 

ent or  future users of the site were calculated as follows: The 

was run for eac of the scenarios input 137Cs soi activity data cor- 

responding to the average obtained from the 10 grid points, and an equal value for 9 0 ~ r  

Cs and 9 0 ~ r  are man-made nuclides, it is assumed that the corre- 

activities are zero; thus, the measured/assumed activities are al- 

ready background-subtracted. Values for the area of contamination and depth of con- 

tamination for these dose calculations correspond to the actual estimated values, and are 

h r the r  justified in Section 5.3, in terms of the results obtained during the gamma and soil 

surveys. The resulting -calculated dose was then compared with the 100 mreml 

year basic dose limit and other limits. For comparison, annual dose estimates are pro- 

vided for each of the scenarios for conditions corresponding to before the present decon- 

tamination and after the decontamination. 

Three criteria, and corresponding acceptance limits, were established for the OCY 

to determine its ra iological cleanliness. For gamma e osure rates, the first criterion es- 

tablishes a 5 pR/h acceptance limit. The test statistic for the background-subtracted gam- 

ma exposure rate ata is compared with 5 pR/h. For the present case, the value used for 

the gamma exposure rate background was determined from the original 1988 survey data 

taken in the immediate vicinity of the OCY area, which better represents the area than 

the three "background" SSFL areas, and thus minimizes the effects of the inherent vari- 

ability in the natural gamma background at the SS 

criterion establishes an acceptance limit for the site-specific soil activity. 

Using site geohydrological parameters, and based on three credible scenarios for current 

o r  future site-use, and on the basis of an infinite area and depth of contamination, the 

RES code established the limit to be 314 pCi/g each of 1 3 7 ~ s  and 9 0 ~ r  for the cred- 

ible bounding scenario. The test statistic for the measured 1 3 7 ~ s  soil activity data is coni- 



he OCU site is determined to be acceptably free of resi ual radioactive contami- 

the test statistics are less t ing acceptance limits. 

criterion, as an adjunct to the seco criterion, permits comparison of the 

mrem/year) wit 

ealistic conditions of the 

e extent of resi 

Results are presented an discussed in the follo 
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Ambient gamma e,uposure rates obtained from the 30 grid location in the 20-ft x 

20-ft OCY survey area, after decontamination, are given in T'dble 6. Gamma exposure 

rates ranged from 13.07 pR/h to 15.31 pR/h, with a mean value (and l o  standard devi- 

ation) of 14.2 t 0.6 pR/h. These exposure rates are well above the 0.5 pR/h sensitivity ot 
the NaI detector. Plotted against a cumulative probability scale, these data are also shown 

in Figure 12. As is evident, the data distribution reasonably follows a gaussian, with no 

outliers. The one outlier in the 1988 survey, which showed 27.9 pR/h, is now absent. 

OCY Grids After De 

Maim ~lrn: 15.31 
Minimum: 13.07 
Averuge: 14.2 

1)075-0123 
See Figure 10 for grid locations at the OCY area. 



Data From Table 6 

Gaussian Distribution 
Calculated From Data 

0.1 1 10 50 90 99 99.9 

Cumulative Probability (%) 
6239-27R1 

Figure 13 shows the background-subtracte CY area gamma e osure rate data 

plotted against the cumulative probabili value of 13.1 1 0.8 ( l a )  pR/h deter- 

ediately adjacent a 

r value of 15.3 +- 1.1 (lo)  pR/h used in the 19 

below the acceptance limit. ermore, the inters 

is distribution is 2.1 pR/h, 

ing criterion No. 

son of this value 

tion 5.3 

ction 4.2.1, gam is was conducte 

grid locations estab- 

lished for the final OC etry results were da- 

ta-reduced by using the in-house spread resulting in derive 

ity values (in pCi/g) for certain specific isotopes, including 137~s ,  which was found in 
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1 , Acceptance L~mit 
Background - Subtracted Data 
From Table 6 

---- Gausslan Distribution 

Cumulat~ve Probability (%) 
6239-28R1 

above normal levels in the original survey conducted in 1988. For the purpose of the 

present survey, only the lj7Cs data from the grid locations are discussed here. For com- 

pleteness, however, the results of the MCASOII, analysis for all derived quantities, in- 

cluding data for the removed soil, are given in Appendix B. 

Results of the spectrometrrc analyses for '37~;s on soil samples from the ten OCY 

survey grids are given in Table 7. Measured actrvitres ranged from 3.9 to 30.6 pCi/g, with 

an average value of 13.1 p('ilg, dnd were well above the lower detection limit of 0.2 

pCi/g for the spectrometer system. In comparison, the 1988 survey showed ' j7cs  activities 

rn the range of 45 to 132 pCi/g, wrth an average value of 81 pCi/g for three samples (Sec- 

&on 3.4.2). The present decontamrnation effor-t therehre  reduced the maximum 137~:s lev- 

el from 132 t o  30.6 p( '~/g (about a tactor ot tour), and the average value from X 1 t o  13.1 

pCi/g (about a factor of six). 

In Figure 14a, the '"Cs results are plotted versus the cumulative probability. Except 

for the 30.6 pCi/g value. the data are closely gaussian in distribution. In Figure 14b. the 

same 137(7s chta are shown on a reducecf scale to include the activity limits derived from 

the RIESRAD cocle. The intersecting clashed lines indicate the test statistic ('IS) for this 



ual 1 3 7 ~ s  Activi 
contamination 

Mean: 13.1 

I Standard Deviation (1 a): 8.2 

distribution, which is 29.5 pCi/g. The TS value is strongly affected (increased) by the 

30.6 pCi/g datum. The two previously calculated RESRAD limits are  also shown, one cor- 

responding to the single radionuclide limit of 984 pCi/g, and the second corresponding to 

the two-nuclide limit of 314 pCi/g for equal activities of 1 3 7 ~ s  and '%r. Of significance is 

the fact that the TS of 29.5 pCi/g for the ' 3 7 ~ s  data distribution in the OCY grids is far 

below the two-nuclide acceptance limit and hence criterion No .  2 is satisfied. The TS and 

the average are also substantially lower than the single nuclide limit, and the 1988 sur- 

vey's criterion of 76 pCi/g beta (7Bble 1 -- 100 pCi/g total minus 24 pCi/g background) 

for soil activity. 

To demonstrate the effectiveness ot  the clemup, RESRAD was used to provide m- 

nual dose estimates to pldus~ble current oi tuture users tor edch o t  the f t w  4cenc1i IOS, be- 

fore and dfter decontam~natlon. These dose vdlues 'ire calcuhted tor tlrne4 ot 0, 1 .  10, 

100, and 1,000 years Into the future. Uvng the r ewlts  presented In Sectlons 5.1 clnd 5.3 

'ibove, the values chosen for the 'ired, depth, 'ind revductl actlv~ty concentrcitlons tor per- 

tormlng the "before" 'ind "Litter" dose c~tlcu1,~tlons are  e ~ p l ~ ~ ~ n e d  below. followrng which 
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Cumulative Probability (%) 

(a )  Expanded Scale 

, '  

Single Nuclide Lim~t = 984 pCi/g 

I 
I 

Data From Table 7 

I Two Nuclide Limit = 314 pCiig (each) 

1 I 
Test Stat~st~c (i + ks) = 29.5 pCiig 

1 10 50 90 95 99 99 9 

Cumulative Probability (%) 6239-32R1 

(b)  tVith RES 

easured 137Cs Activity in 
OCY Grids after Deconta 
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the calculated dose estimates for the four scenarios and for the selected time periods are 

presented. 

As mentioned earlier, 400 ft2 corresponds to  the area of the decontaminated por- 

tion of the O C Y  which itself measures approximately 1 acre. The decontaminated area 

has relatively higher residual 137Cs activity (13.1 pCi/g) when compared with the 1.5 pCi/g 

of 137Cs activity in the remaining area (see Tables B 1 and 2). If a larger area (e.g., all of 

the 1 acre comprising the OCY) were chosen, then a correspondingly lower area- 

weighted activity would apply for the calculations, resulting in a lower annual dose. For 

conservatism, therefore, the 400 ft2 area and the higher activity values were chosen. 

Concentrations 

Although Ref. 2 estimated the depth of contamination at 6 in., we assumed the 

depth to be 8 in. Based on  the total amount of soil that was removed from the 400 ft2 

surface area, the average depth to which the soil was excavated is calculated to be 4 in. 

'The average ' 3 7 ~ s  concentration for the removed soil, from Table B3 in Appendix B, is 

12.6 pCi/g, and that for the remaining soil is 13.1 pCi/g (Table 7). The average of these 

two values, 12.9 pCi/g, represents the concentration for the "before" case. An equal activ- 

ity of is assumed. 

While the choice of 13.1 pCi/g each of residual 1 3 7 ~ s  and "Sr activity for the "after" 

case is readily discerned, the choice of the 4-in. depth warrants additional discussion. For 

this purpose, we performed a particular RESRAD calculation, for the credible bounding 

residential scenario, in which the following were used as input: 400 ft2 area; 4-in. depth; 

13.1 pCi/g each of 1 3 7 ~ k  and '%r residual activity; and, suppression of all environmental 

pathways except for the continuous and unshielded direct gamma exposure pathway. Re- 

sults showed that the annual dose for this case is 19 mremlyear or 2.2 pR/h, which is 

about twice the 1 . 1  pR1h background-subtracted gamma e q v  ure rate discussed in Sec- 

tion 5. I .  A reduction in the RESRAD-calculated value of 2.2 pR1h can be achieved in 

this case only by reducing the depth. In fact, additional RESIXAD calculations, in which 

the depth was varied, showed that the 1 . 1  pR/h gamma exposure rate would be obtained 
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for a thickness of soil of about 1.7 in. 'Th~is, the 4.0 in. used for the "after" case is conser- 

vative. 

esults are  shown in 'Fable 8. The estimated post-decontamination annual doses to 

a potential current (time = 0 years) inhabitant of the OCY site, assuming the more con- 

servative 4.0 in. thickness, range from 0.10 to 0.39 mremlyear for the three credible sce- 

narios, and 11.8 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 9 are about 30% 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 0.39 mremlyear, which is well below the DOE 

basic dose limit of 100 mremlyear for release without radiological restriction, thus satis&- 

ing Criterion No. 3. The 0.39 mremlyear is also below the 10 mremlyear NRC limit for 

release of the site for unrestricted use. 

efore 

"Credible bounding scenario 
" "~e fo re"  represents conditions prior t o  soil removal 
"'After" represents conditions following soil removal 

Afte efore After I 



ipping trailers. 

this file. 





In accordance with the recommendation of the report on the 1985 radiological sur- 

vey of a 5-acre storage yard area at the SSFL, the top soil layer was removed in a 20-ft 

by 20-ft area of the Old Conservation Yard (OCY) where slight 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 plausi- 

ble current and future users of the affected area were also performed. The following spe- 

cific and overall conclusions are drawn from these evaluations. 

1. The average of the measured ambient gamma exposure rates in the decontami- 
nated area is 14.2 pR1h. For comparison, the background ambient gamma expo- 
sure rate in the immediate vicinity of the OCY area has an average value of 13.1 
pR/h. 

2. The test statistic for the distribution of the background-subtracted gamma expo- 
sure rates in the decontaminated area is 2.1 p Ih, which is below the acceptance 
limit of 5 pR1h (Criterion No. 1). 

3. The calculated values of the allowable, site-specific single radionuclide concentra- 
tion limits for the OCY are 984 pCi/g of 1 3 7 ~ s  and 461 pCi1g of "sr for a credible 
bounding, residential use scenario. The corresponding acceptance limit for the as- 
sumed case of both isotopes being present at the OCY is 314 pCi1g of each radio- 
nuclide. 

4. The average measured 137Cs activity presently in the decontaminated area is 13.1 
pCiIg, compared to the average of 81.4 pCi1g measured prior to decontamination. 

5 .  'The test statistic for the measured ' 3 7 ~ s  soil activity distribution is 29.5 pCi/g, 
which is well below the acceptance limit of 314 pCi/g (Criterion No. 2). 

6. Comparison of the 1.1 pR1h background-subtracted gamma exposure value with 
the 13.1 pCi/g value for the decontaminated area indicates a residual contami- 
nated soil thickness of - 1.7 inches, which suggests that.the 4-in. value assumed 
here for dose calculations is conservative. 

7. A plausible occupant of the decontaminated area, under the credible bounding use 
scenario, will receive a current annual dose of 0.39 mremlyear, which is well below 
the 100 mremlyear basic dose limit (Criterion No. 3). 

1.  Based on results of the investigations reported here, the decontaminated area of 
the Old C'onservation Yard is acceptably free of radioactive contamination. 
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2. Based on results of the 1988 survey, the remaining surveyed areas are also accept- 
ably free of radioactive contamination. 

3. The 5-acre storage yard area including the Old Conservation Yard meets all the 
acceptance criteria, and, therefore, may be released for unrestricted use. 
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Gross alpha and gross beta measurements were performed on 2-g soil samples from 

10 background locations adjacent to the decontaminated OCY area, and on 2-g samples 

from 10 of the 30 grid Iocations within the decontaminated area. The ten grid locations 

correspond to the same grids use for the larger mass gamma spectrometry analyses dis- 

cussed in Section 4.0. Soil samples for analysis were collected and analyzed in June and 

July 1989. 

Table A1 gives the gross alpha and gross beta results for the background and grid 

locations. Shown in the table are the net counts taken over a 100 minute time period, 

and the resulting calculated alpha and beta activities in pCiIg. Estimates of the standard 

deviation in the activity values are also shown. Each of the data sets was compiled using 

the SOILTEMP spreadsheet. 
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on 2-g OCY Soil Samples 

hckcround  A r e x  

# 1 

#2 

#3 

#4 

#5 

#6 

#7 

#S 

#9 

# l o  

3CY Grids 

6- 1 

6-3 

(3-5 

6-7 

G-I1 

G- 16 

(3- 19 

G 2 4  

G-26 

G 2 9  

eta 
rctivi ty 
pCi1g) 

25.0 

24.0 

24.9 

25.0 

23.9 

23.5 

22.2 

23.9 

25.7 

26.5 

31.5 

34.9 

24.4 

25.7 

34.4 

24.3 

34.3 

30.0 

33.1 

39.3 
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During the course of the decontamination of the OCY area, gamma spectrometry 

data were obtained for four sets of soil samples. These included: (1) duplicate analyses 

of samples from the 10 background locations adjacent to the O C Y  area, (2) analyses of 

soil samples randomly taken from the soil removed from the OCY area during decontam- 

ination and subsequently stored in boxes, and (3) analyses of soil samples taken from 10 

of the 30 survey grids established after decontamination. Soil samples for analysis were 

collected in June and July 1989. 

In each case, soil samples ranging in mass from about 200 to 900 g were analyzed 

using the Canberra instrument discussed in Section 4.2.2. Following analyses, the results 

were input to the MCASOIL spreadsheet, which in turn calculated derived quantities for 

total alpha and beta activity, and derived activities for selected man-made radionuclides 

and for several naturally occurring radionuclides. The  averages shown in Tables B1 

through B4 include those data points with zero values, resulting in slightly lower averages 

than expected (for comparison, see the K-40 data shown in Tables B 1 and B2). This aver- 

aging process, however, did not affect the results and conclusions presented in this report. 

Tables B1 through R4, present the data for the four different soil sample sets. 



1. Gamma Spectrometry Data from ackgrouncl OC 
(Initial Analysis) 

 SAMPLES ANALYZED BETWEEN 7/6/89 AND 7120189) 

----- --- ---- ------------ picocuries per gram of each radionuclide ----------- ------------- 
186 key 185.6 key 

U-238 Th-232 U-235 U-235 K-40 Cs-137 Cs-134 CogO Derived Alpha Derived Beta 

(from (from pCilg pCi/g 

Ra-226) U-238) 
--- --- -- -- * -- 

Sample Mass c32*1&/ c33*l&/ c34*1 e6/ c41*.045 c35*1e6/ c36*l e6/ c37*186/ c38'le6/ 8*c41+6*c42 6'c41+4'~42+4' 

Description (grams) c2 c2 c2 c2 c2 c2 c2 +7*c43 c43+sum(c44:48: 
-- -- -- 

- 
15 RYS #2 - 
16 RYS n 3  

CYS #6 683.0 0.61 1.11 0.04 0.03 X . 6 9  0.35 0.00 0.00 1 1.83 29.3: 

RYS #7 680.0 0.62 1.15 0.04 0.03 18.10 0.06 0.00 0.00 12.11 26.e 
RYS #8 670.0 0.97 1.62 0.10 0.04 0.00 0.49 0.00 0.00 18.16 13.2; 

CYS #9 600.0 0.98 0.95 0.06 0.04 21.93 0.07 0.00 0.00 13.97 31.9i 

RYS # I 0  81 0.0 0.68 0.89 0.04 0.03 0.00 0.12 0.00 0.00 11.06 7.9: 
-- 

Averaaes: 0.75 1.32 0.05 0.03 16.11 1.49 0.00 0.02 



Table B2. Gamma Spectrornetry Data from ackground OCY Soil 

 OLD CONSERVATION YARD BACKGROUND SOIL MCA DATA (Second Andysls) MCEL FILE: CYBKG2.XLS 

(SAMPLES ANALYZED ON 8/28/89) 

.......................... picocuries per gram of each radionuclide ------------- ------------ 
186 keV f 85.6 keV 

U-238 ' Th-232 U-235 U-235 K-40 Ce-137 Cs-134 Cw% Derived Alpha Derived Beta 

(from (from pCilg pCih 

Ra-226) U-238) 
--------- -- ------- ---- -pew em------* -- - --- 

Sample Mass c32*1 e6/ cm41e6/ c34*le6/ c41*.045 c35*1&1 c36*le6/ c37*le6/ c38*l e6/ $ * d l  +6*c42 6"utl+4*c42+4' 

OCY-Bkg #9 599.0 1.21 1.24 0.08 0.05 25.28 0.00 0.00 0.00 17.70 37.8; 

OCY-Bkg #10 797.0 0.74 1.04 0.04 0.03 21.02 0.00 0.00 0.00 12.39 29.7; 
----- -- -- 
Averages: 0.71 0.95 0.02 0.03 21.04 1.53 0.00 0.00 11.50 30.7: 

M ~ l S t a n d a r d  Deviations: 0.33 0.15 0.04 0.01 1.71 2.19 0.00 0.00 3.43 3.4; 



Table B3. Gamma Spectrometry Data on Randomly Selected Soil Samples 
Taken From the OCY Area During Soil Removal 

------------------------ picocuries per gram of each radionuclide --------- ------------- 
166 keV 185.6 keV 

U-238 Th-232 U235 U-235 K-40 Cs-137 Cs-134 C d  Derived Alpha Derived Beta 

(from (from 

Ra-226) U-238) 

Description (gram*) c2 c2 c2 c2 c2 c2 c2 +7*c43 c43+surn(o44:48 
--- -- 

402.1 0.62 1.12 0.00 0.03 19.16 27.31 0.00 0.00 11.69 54.7( 
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As indicated in Section 4.3, ESRAD calculations were performed for four different 

potential current and future land use scenarios for the O C Y  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 pro- 

vide realistic current and future dose estimates (in mrem/year) for the pre- and post-de- 

contamination 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 OCY area in clues- 

tion. The values input to ESRAD for each of the three runs for each scenario are  sum- 

marized in B b l e  C1. For comparison, the "dehult" values assumed by RESRAD are 

shown in the last column. 



Table C l .  Input arameters Usecl for RES 

RESRGD PARAMETER 

Area of contaminated zone (m**2) 

Thickness of contaminated zone (m) 

Length parallel to aquifer flow (m) 

Basic radiation dose limit (mremlyr) 

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) 

Initial principal radionuclide (pCi1g): Cb-137 

Initial principal radionuclide (pCi/g): Sr-90 

Cover depth (m) 

Density of cover material (g/cm*'3) 

Cover depth erosion rate (mlyr) 

Densky of contammated zone (g/crne*3) 

Contaminated zone erosion rate (mfyr) 

Contammated zone total porosity 

Contaminated zone effectwe porosrty 

Contammated zone hydraulic conductivky (rniyr) 

Contammated zone b parameter 

Evapotranspiration coeff~cient 

Precipttatton (mjyr) 

irr~gat~on (mfyr) 

lirr~gat~on mode 

Runoff coeff~c~ent 

\watershed area for nearby stream or pond (m**2) 1 

Industrial Scenario I Residential Scenario 

Before After lnfinite I Before After Infinite 

0.1 

2.35 

1E-10 

1.4 

0.001 

0.4 

0.2 

10000 

5.3 

0.7 

0.458 

0 

ditch 

0.65 

0,1 

2.35 

1 E-10 

1,4 

0.001 

0.4 

0.2 

10000 

5.3 

0.7 

0.458 

0 

ditch 

0.65 

0.1 

2.35 

1E-10 

1.4 

0.001 

0.4 

0.2 

loo00 

5.3 

0.7 

0.458 

0 

ditch 

0.65 

0.1 

2.35 

1 E-10 

1.4 

0.001 

0.4 

0.2 

loo00 

5.3 

0.7 

0.458 

0 

ditch 

0.65 

ditch 

0.65 

0.1 

2.35 

1 E-10 

1.4 

0.001 

0.4 

0.2 

loo00 

5.3 

0.7 

0.458 

0 

ditch 

0.65 

Wilderness Scenario I Family Farm Scenario 

Before After infinite ( Before ARer Infinite 

1.4 

0.001 

0.4 

0.2 

10000 

5.3 

0.7 

0.458 

0 

ditch 

0.65 

ditch 

0.65 

1.4 

0.001 

0.4 

0.2 

loo00 

5.3 

0.7 

0.458 

0 

ditch 

0.65 

RESRAC 

Defauk 

t0000 

1 

100 

100 

1 

10 

100 

1000 

10000 

0 

0 

0 

0 



Table C l .  Input Parameters Used for RES D Runs (Continued) 

RESRAD PARAMETER 

Density of saturated zone (glcm**3) 

Saturated zone total porosity 

Saturated zone effective porosity 

Saturated zone hydraulic conductivity (m/yr) 

Saturated zone hydraulic gradient 

Saturated zone b parameter 

Distance from surface to water table (m) 

Water table drop rate (m/yr) 

Well pump intake depth (m below water table) 

Model: Nondispersion (ND) or Mass-Balance (MB) 

Individual's use of groundwater (m**3/yr) 

Number of unsaturated zone strata 

Unsat. zone 1, thickness (m) 

Unsat, zone 1, soil density (g/crn**3) 

Unsat. zone 1, total porosity 

Unsat. zone 1, effective porosity 

Unsat. zone 1, soil-specific b parameter 

Unsat, zone 1, hydraulic conductivity (m/yr) 

Distribution coefficients for Cs-137 

Contaminated zone (cm**3/g) 

Unsaturated zone 1 (cm**3/g) 

Saturated zone (crn**3/g) 

Leach rate Ilyr) 

Distribution coefficients for Sr-90 

Contaminated zone (cm**3/g) 

Unsaturated zone 1 (cme*3/g) 

Saturated zone (cm**3/g) 

Leach rate Vyr) 

Industrial Scenario 

Before After lnfinite 

1.6 1.6 

Residential Scenario 

Before After lnfinite 

1.6 1.6 

Wilderness Scenario 

Before After lnfinite 

1.6 1.6 

Famib Farm Scenario 

Before After Infinite 

1.6 1.6 



. Input Parameters Used for RES D Runs (Continue 

Occupancy and shielding factor, external gamma 

Occupancy factor, inhalation 

Shape factor, external gamma 

Mixing height for airborne dust, inhaiation (m) 

Fruits, vegetables and grain consumption (kg&) 

~ e a f y  vegetable consumption (kglyr) 

Milk consumption (Vyrj 

Meat and poultry consumption (kg&) 

Fish consumption (kgi'yr) 

Other seafood consumption (kg/yr) 
Drinking water intake (Vyr) 

Fraction of drinking water from site 

Frection of aquatrc food from site 

Livestock fodder intake for meat (kglday) 

Livestock fodder Intake for milk (kglday) 

Livestock water intake for meat (Ifday) 

Livestock water intake for milk (Uday) 

Mass loading for foliar deposition (g/me3) 

Depth ot soil mixing layer (m) 

Depth of roots (m) 

Drinking water fraction from ground water 

industrial Scenerio 

M o r e  Aner Infinite 

Famib Farm Scenario 

Before After Infinite 

8400 8400 8400 

0.0002 0.0002 0.0002 

0.6 0.6 0.6 

0.45 0.45 0.45 

0.994 0.994 1 

3 3 3 



The following is an annotated list of documents on the decontamination of the Old 

Conservation Yard Area, archived in Building TI00  of Rockwell International's Santa Su- 

sana Field Laboratory (SSFL). 

Chapman, J. A., "Radiological Survey of the ESG Salvage Yard (Old), Rock- 
etdyne Barrel Storage Yard, and New Salvage Yard (T583)," Energy Technol- 
ogy Engineering Center Report GEN-ZR-0008, August 22, 1988. 

Is the primary document reporting the comprehensive radiological survey 
of a 5-acre area that included the three yards. Of the yards surveyed, a 
portion of the Rocketdyne Barrel Storage Yard was the only area found 
to be slightly contaminated with 1 3 7 ~ s  and was subsequently designated 
as the Old Conservation Yard (OCY). The above report recommended 
further investigations of a 2 0 4  by 20-ft area within the OCY. 

Parker, D., "Conservation Yard Decontamination," Rockwell International 
Detailed Work Procedure N001DWP000022, July 31, 1989. 

* Describes the operational procedures used to decontaminate the 20-ft by 
20-ft area within the OCY. 

Five photographs taken during the OCY area decontamination and survey 
operations. 

SOILTEMP spreadsheets corresponding to data from the 30 gamma exposure 
rate, 10 soil gross alpha, and 10 soil gross beta measurements. 

Gamma Mass Spectrometric Analysis (MCA) printouts and corresponding 
MCASOIL spreadsheets for the following: (1) 10 background soil samples, (2) 
repeat analysis of 10 background soil samples, (3) 13 soil samples from the 
four B-12 boxes, and (4) 10 post-decontamination soil samples from OCY 
area grid locations. 

Twelve RESRAD summary outputs (10 pages each) corresponding to ( I )  the 
family farm, (2) residential, (3) industrial, and (4) wilderness use scenarios: 
there are three outputs for each scenario showing (a) calculated values of ra- 
dionuclide concentration limits established with "infinitely" large dimensions 
for the contamination zone, (b) the estimated annual doses for a plausible 
current or future user "before" decontamination of the OCY area, and (c) the 
estimated doses "after" decontamination of the area. 

Subbaraman, 6.. and Oliver, B.M., "Final Decontamination and Radiological 
Survey of the Old Conservation Yard," Rockwell International Safety Review 
Report N704SRR990030, August 1990. 

* A released copy of the report containing this list. 




