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ABSTRACT 

A radiological survey was performed in five SSFL areas used to 

support nuclear-related facil ities by storing excess materials and com- 
ponents, drums and barrels, and as parking lots and access pathways from 
facility to facility. These natural terrain areas include: 1) T513 Parking 
Lot, 2) Old Radioactive Laundry Area, 3) Plot 333 (referred to as the SRE 
Storage and Trash Dump), 4) a field located between SRE and RMDF, and 5) a 
field located between KEWB and RMDF. These areas are flat, open fields 
surrounded by numerous sandstone outcroppings. No buildings occupy the 

premises. All that is left in some areas are concrete slabs. The T513 
Parking Lot is the only paved area. Various materials (some perhaps 
contaminated with radioactivity, but unlikely) were moved from facility to 
facility through these pathways, or were stored for future applications. 
The nuclear-related facilities which these areas serviced were SRE, RMDF, 
KEWB, ETB, T030, and T064. No known contamination incidents occurred at 
these facilities to such a magnitude that would result in contaminating 
these inspected areas. Residual radioactivity is not suspect. The radio- 
logical survey was performed to determine if any radioactive material has 
been accidentally left behind to such an extent that further surveying or 

decontamination is warranted. 

All combined, a 2.5-acre area was inspected. Ambient gamma 

exposure rate measurements were performed on a 6-m square plot plan. Soil 
sample collection and analysis was not required and not performed. 

Results of this survey and analysis show that all five inspected 
areas are not contaminated with residual radioactivity. Gamma exposure rate 

measurements plotted against cumulative probability show Gaussian distribu- 

tions with no outliers or anomalies. All sample lots, when corrected for 
ambient "background" radiation, (and this includes that background due to 

natural phenomena, instrument noise, and RMDF skyshine) pass acceptance 
criteria for unrestricted use. No further investigation is necessary in 

these 1 ocat i ons . 
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1.0 INTRODUCTION 

Five a reas  l oca t ed  in  Area IV of Rockwell I n t e r n a t i o n a l ' s  Santa  

Susana F ie ld  Labora tor ies  (SSFL) were inspected and analyzed f o r  r e s idua l  

r a d i o a c t i v e  m a t e r i a l .  These a reas  have been used f o r  va r ious  func t ions :  
s t o r i n g  excess  sa lvageable  m a t e r i a l s  and sc rap  components; holding equip-  

ment; parking;  and a s  access  t o  f a c i l i t i e s  which handled r a d i o a c t i v e  

ma te r i a l .  These na tu ra l  t e r r a i n  a r e a s  supported A E C ,  ERDA, and DOE nuc lear -  

re1 a ted  programs and i  ncl ude: 

1. T513 Parking Lot; 

2. Old Radioact ive (R/A) Laundry Area; 

3 .  P lo t  333, known a s  t h e  SRE Storage and Trash Dump; 

4.  SRE-to-RMDF F i e l d ;  and 

5 .  KEWB-to-RMDF F ie ld .  

Each a rea  was inspec ted  f o r  r a d i o a c t i v i t y  t o  determine whether any r ad io -  

a c t i v e  ma te r i a l  has been a c c i d e n t a l l y  l e f t  behind and i f  f u r t h e r  i n v e s t i g a -  

t i o n  i s  necessary o r  remedial ac t ion  i s  r equ i r ed .  This  r ad io log ica l  survey 

was conducted a s  p re sc r ibed  i n  t h e  "Radiological  Survey Plan f o r  SSFL," 

(Reference 4, Sec t ions  5.4.3.2,  5 .4.4,  5.4.8,  and 5 .4 .9) .  

Located in  Ventura County, C a l i f o r n i a ,  Area IV of Rockwell 

I n t e r n a t i o n a l ' s  SSFL has been used t o  develop and t e s t  nuc l ea r  powered 

r e a c t o r s ;  f a b r i c a t e  r e a c t o r - g r a d e  nuc lear  f u e l s ;  and disassemble i r r a d i a t e d  

fue l  e lements .  These programs were funded by t h e  AEC, E R D A ,  and D O E .  Many 

of t h e s e  government-sponsored n u c l e a r - r e l a t e d  programs have ended, and t h e  

f a c i l  i t i e s  t h a t  supported t h e s e  programs have been reass igned  and modified 

f o r  o t h e r  non-nucl e a r  DOE programs. 

The a r e a s  inspec ted  f o r  r a d i o a c t i v i t y  covered in  t h i s  r e p o r t  

supported severa l  o f  t hose  f a c i l i t i e s .  These inspected a r e a s  a r e  near  o r  

were used in  support  o f  f i v e  nuc lea r - r e l a t ed  f a c i l i t i e s :  

1 .  Sodium Reactor Experiment (SRE), Building T143; 

2 .  Engineering Tes t  Building (ETB), Building T003; 
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3. Radioactive Laundry Facility; 
4. Radioactive Materi a1 Disposal Faci 1 i ty (RMDF) ; and 
5. Kinetic Experiment Water Boiler, (KEWB). 

The SRE and KEWB were nuclear reactors. Both were dismantled and 

decommissioned by the early 1980s. The SRE building is still in place; the 
facility is in use as a warehouse. The KEWB consisted of three small 
bui 1 dings constructed mostly underground. These buildings were removed from 
the site. The area is now a natural terrain field. ETB contained a large 
hot cell used in support of SRE projects for examination and tests of SRE 
components. ETB was decommissioned. The building is still in place and 
used on a limited basis for miscellaneous equipment storage. The Radio- 
active Laundry Facility was torn down about the same time SRE was dis- 
mantled. The only remaining structure is the concrete-slab floor. When the 
SRE, ETB, Radioactive Laundry, and KEWB facilities were dismantled and 
decommissioned, a radiation survey was performed to ensure that residual 
radioactivity levels met unrestricted-use acceptance 1 

facilities are known to be "clean." The RMDF is still 
significant amounts of radioactive material awaiting d 
site. RMDF operations elevate the surrounding ambient 
exposure rate. 

imits. The four 

in use and contains 

isposition to a burial 
gamma-radiation 

Areas inspected for radioactivity were used as pathways between, 
parking lots for, and equipment storage yards of these nuclear-related 
facilities. The T513 Parkinq Lot survey covered asphalt areas which 
supported ETB, and two other nuclear-related facilities: Buildings TO30 and 

T064. It was used as a pathway between these facilities and the R/A Laundry 
facility. Some spills of radioactive material may have occurred between 

these facilities. The Old R/A Laundry Area is natural terrain except for 
the remaining concrete pads. Contaminated laundry from SRE, ETB, and RMDF 
was brought here for cleaning. Residual contamination is not suspect. Plot 
333 is a natural terrain field now and contains no debris; it was used for - 
storing SRE equipment. No contaminated items are known to have been found 

there. The SRE-to-RMDF Field was used in the same capacity as Plot 333. No 
contamination incidents are known. Skyshine from the RMDF affects ambient 
exposure rate in this location. The KEWB-to-RMDF Field supported KEWB, and 
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is very close in proximity to a previously operated nuclear reactor--the L- 
85 (Building T093). KEWB and L-85 are known to be "clean." No residual 
contamination is suspect in the surrounding field which was inspected. 

Although some minor radiological contamination incidents might have occurred 

in these areas, it was common practice to decontaminate and return an 
affected location to its natural condition. The purpose of this survey was 
to detect any radioactive materi a1 accidentally left behind. 

As part of the DOE SSFL Site Survey (Reference 4, sections 
5.4.3.2, 5.4.4, 5.4.8 and 5.4.9), a radiation survey was performed in these 

areas to determine if any residual contamination exists. Ambient gamma 

exposure rates were measured on a 6-m by 6-m grid. These radiation measure- 

ments are sensitive to radiations emitted from radioactive materials handled 
at the nuclear facilities: mixed fission products and activation products. 
If radioactive contamination was indicated during performance of the gamma 
measurements, samples were to be collected and analyzed for radioactivity. 
Further sampling inspection was not required for this particular survey. 

All ambient gamma exposure rate data were input into a Personal 

Computer (PC) graphics program which plots the radiation measurement value 
against its cumulative probability. The software also calculates a test 

statistic using inspection by variables techniques. This test statistic is 

that value greater than the mean value of the distribution, which cor- 

responds to a consumer's risk of acceptance of 10% probability with a Lot 
Tolerance Percent Defective (LTPD) of 0.10. This method assumes the data 
follow a Gaussian probability density function. Inspection by variables 
techniques allows a thorough, understandable, and conclusive study for 
assessing the contamination level in an area. 

Radiation measurements are compared against DOE residual radio- 

activity limits specified in "Guidelines for Residual Radioactivity at 
FUSRAP and Remote SFMP Sites," (Reference 1). This guide generally agrees 
with previously published guides and standards, including ANSI Standard 
N13.12 (Reference 7), Regulatory Guide 1.86, and USNRC License SNM-21 

(Reference 2). Limits for acceptable ambient gamma exposure rates differ 

between the DOE and NRC. DOE specifies 20 pR/h above background while NRC 
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s p e c i f i e s  5 pR/h above background as acceptable gamma exposure r a t e  l i m i t s .  

Natural "background" a t  SSFL i s  very d i f f i c u l t  t o  determine because of a 

l a r g e  observed v a r i a b i l i t y  in the  measurements. Because of t h i s  l a r g e  

v a r i a t i o n ,  t o t a l - g r o s s  gamma measurements made in a survey area  a re  p lo t t ed  

and compared agains t  t h r e e  independent "natura l"  background d i s t r i b u t i o n s .  

Then the  average "background" exposure r a t e  of the  th ree  "natura l  back- 

ground" d i s t r i b u t i o n s  i s  subt rac ted  from each data  s e t  t o  compare the  

r e s u l t s  aga ins t  the  5 pR/h above background c r i t e r i a .  F i n a l l y ,  because the  

ambient exposure r a t e  in  some of these  inspected areas i s  influenced by RMDF 

opera t ions ,  an es t imate  of t h a t  cont r ibut ion  i s  necessary and was performed, 
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2.0 IDENTIFICATION OF FACILITY PREMISES 

2.1 Locat i  on 

The a reas  covered in  t h i s  r e p o r t  a r e  i d e n t i f i e d  i n  t h e  "Radio- 

l o g i c a l  Survey Plan f o r  SSFL," (Reference 4)  a s  fo l lows:  

1. T513 Parking Lot ( s e c t i o n  5 .4 .3 .2 ) ;  

2 .  Old Radioact ive (R/A) Laundry Area ( s e c t i o n  5 .4 .3 .2) ;  

3 .  SRE Storage and Trash Dump, P l o t  333 ( s e c t i o n  5 .4 .4 ) .  

4. SRE-to-RMDF Fie ld  ( s e c t i o n  5 . 4 . 8 ) ;  and 

5. KEWB-to-RMDF Fie ld  ( s e c t i o n  5 .4 .9 ) .  

SRE r e f e r s  t o  Sodium Reactor Experiment; RMDF t o  Radioact ive 

Mate r i a l s  Disposal F a c i l i t y ;  and KEWB t o  K ine t i c  Experiment Water B o i l e r ,  

Each of  t h e s e  f a c i l i t i e s  handled r a d i o a c t i v e  m a t e r i a l ,  o r  r a d i o a c t i v e l y  

contaminated equipment. Most of t h e  surveyed a reas  a r e  in te rconnect ing  

f i e l d s .  

These a reas  a r e  c l o s e  t o  each o t h e r ,  and a r e  l oca t ed  wi th in  

Rockwell I n t e r n a t i o n a l ' s  Santa  Susana F ie ld  Laboratory (SSFL) i n  t h e  Simi 

H i l l s  of  southeas te rn  Ventura County, C a l i f o r n i a .  SSFL i s  ad jacent  t o  t h e  

Los Angeles County l i n e  and i s  approximately 29 miles  northwest of downtown 

Los Angeles. The SSFL l o c a t i o n  re1 a t i v e  t o  t h e  Los Angeles a r ea  and 

surrounding v i c i n i t y  i s  shown in  Figure 2.1.  Figure 2.2 i s  an enlarged map 

of neighboring SSFL communities. 

The f i v e  a r eas  covered in  t h i s  r e p o r t  a r e  l oca t ed  in  t h e  western 

por t ion  of SSFL, r e f e r r e d  t o  a s  Area IV. Figure 2.3 i s  a  p l o t  plan of Area 

IV showing t h e  l o c a t i o n s  of sub jec t  a r e a s .  All of t h e  a r e a s  a r e  l oca t ed  

wi th in  t h e  90.26-acre Government-Optioned Area. 
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Figure 2 .1  Map o f  Los Angeles Area 
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Figure 2.2 Map of Neighboring SSFL Communities 
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Topography, Uti l izat ion,  and Present Radioloqical Condition 

These s i t e s  are located on an irregular plateau in a  mountainous 

area of recent geological age sprinkled with outcroppings above the more 

level patches. Outcroppings of Chico sandstone formation are numerous. 

Many of the areas are surrounded by large sandstones, some towering u p  t o  50 

f t .  Topography maps of these areas are presented in Figures 2 . 4  and 2.5. 

The general slope of Area IV i s  in a  southerly direction. Water 

runoff i s  directed to  the retention reservoirs which are part of the SSFL 

industrial eff luent  control system. Liquid effluent discharge from the 

property into the Bell Canyon drainage occurs only a f t e r  controlled effluent 

hold-up and sampling. Because some of the subject areas border the 

northern property l ine ,  however, some surface drainage i s  northerly t o  Simi 

Val 1  ey . 

Most of the subject areas consist of natural te r ra in  with some 

asphalt paving. The natural terrain areas were primarily used during 

operation of the SRE as equipment holding areas. Paved locations were 

parking l o t s  or access roads serving the SRE vicini ty .  Figure 2.6 i s  a  

photograph of the areas surveyed. The following sections describe in more 

detail  each area's t e r r a in ,  use, and present radiological condition. 

2.2.1 T513 Parkinq Lot 

This area i s  located on the east  side of 10th Street .  Over the 

years i t  has served as a  parking area for  personnel working in Buildings 

T030, T641, and T064. The asphalt concrete paving i s  connected with a  yard 

area paving jus t  north of TO64 and has, therefore, also served as an access 

t o  1064. Also included as part of t h i s  sampling designation, i s  part of "E "  

Street from the Engineering Test Building (T003) t o  i t s  intersection with 

10th St ree t .  This road i s  constructed with asphalt concrete, and a  large 

portion of the road i s  cut through a  rock outcropping. This en t i re  paved 

area was used for  parking and access t o  the Sodium Reactor Experiment (SRE) 
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Old R/A Laundry Area ,  and P l o t  333 
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and KEWB-to-RMDF F i e l d  

F i gu re  2 .5  Topography Map o f  SRE-to-RMDF F i e l d ,  
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compl e x ,  ETB (TOO3), and t h e  Source  and Speci a1 Nuclear  Materi  a1 S t o r a g e  

V a u l t ,  T064. Al l  o f  t h e s e  f a c i l i t i e s  handled r a d i o a c t i v e  m a t e r i a l  o r  

r a d i o a c t i v e l y  contaminated equipment.  Rad ioac t ive  con taminan ts  a r e  s l i g h t l y  

s u s p e c t  i n  t h i s  pathway because  o f  s p i l l s  and o t h e r  minor i n c i d e n t s  which 

a r e  thought  t o  have o c c u r r e d  d u r i n g  o p e r a t i o n  o f  t h e s e  f a c i l i t i e s .  

2 .2 .2  Old R a d i o a c t i v e  ( R / A )  Laundry Area 

The a r e a  i d e n t i f i e d  a s ' t h e  Old R/A Laundry Area c o v e r s  an a r e a  

n o r t h  o f  "EM S t r e e t  a t  i t s  i n t e r s e c t i o n  wi th  10 th  S t r e e t .  Al l  t h a t  remains  

o f  t h e  R/A p r o t e c t i v e  c l o t h i n g  l a u n d r y  and s t o r a g e  b u i l d i n g s  (T273 and 

T283),  a r e  t h e  c o n c r e t e  s l a b s .  Most o f  t h e  a r e a  i s  n a t u r a l  t e r r a i n .  These 

f a c i l i t i e s  suppor ted  o p e r a t i o n  o f  t h e  SRE. Opera t ion  was d i s c o n t i n u e d  i n  

1971, and t h e  b u i l d i n g s  were demolished i n  1976. Another small  g e n e r a l  

s t o r a g e  b u i l d i n g  known a s  Bui ld ing  TO63 was demolished a t  t h e  same t ime .  

Only t h e  c o n c r e t e  f l o o r s  remain o f  t h e s e  s t r u c t u r e s ,  which f o r  s e v e r a l  y e a r s  

were u t i l i z e d  f o r  s t o r i n g  b o t t l e d  i n d u s t r i a l  g a s e s .  A pathway connec t ing  

t h e  l aundry  a r e a  w i t h  t h e  o l d  component c l e a n i n g  f a c i l i t y  t o  t h e  n o r t h  was 

a l s o  inc luded  i n  t h i s  su rvey .  The o l d  c l e a n i n g  e n c l o s u r e  which was iden-  

t i f i e d  a s  Bui ld ing  724 was removed i n  1976, and o n l y  t h e  c o n c r e t e  pad 

remains .  

No major i n c i d e n t s  a r e  known t o  have occur red  a t  t h e  R/A l a u n d r y  

f a c i l  i  t y ,  ,a1 though minor con tamina t ion  i n c i d e n t s  and s p i l l  s  may have 

occur red .  Because contaminated p r o t e c t i v e  c l o t h i n g  was s t o r e d  i n  t h e s e  

f a c i l i t i e s ,  con tamina t ion  may have been spread  d u r i n g  o p e r a t i o n .  When t h e  

f a c i l i t i e s  were d i s m a n t l e d ,  a  r a d i a t i o n  survey  was performed t o  e n s u r e  t h a t  

no con tamina t ion  was l e f t  behind.  C u r r e n t l y ,  t h e  a r e a  i s  n o t  s u s p e c t  o f  

r a d i o a c t i v e  c o n t a m i n a t i o n .  

2 .2 .3  SRE S t o r a q e  and Trash Dump, P l o t  333 

P l o t  333 i s  an open n a t u r a l  t e r r a i n  a r e a  e a s t  o f  t h e  SRE complex 

t h a t  was used a s  a  ho ld ing  o r  s t a g i n g  a r e a  f o r  equipment and/or m a t e r i a l  

awai t ing  d i s p o s i t i o n .  I t  i s  a d j a c e n t  t o  t h e  o l d  ESG Sa lvage  Yard (Refe rence  
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21 ) ,  and was a l s o  c l ea red  of a l l  m a t e r i a l s  p r i o r  t o  t h e  r e l o c a t i o n  of t h e  

sa lvage  yard i n  January 1977. 

No contaminat ion i n c i d e n t s  a r e  known t o  have occurred.  Curren t ly ,  

t h e  a r ea  i s  no t  suspec t  of  r a d i o a c t i v e  contaminat ion.  

2 .2.4 SRE-to-RMDF Fie ld  

Figure 2.7 shows t h i s  l o c a t i o n .  J u s t  west of t h e  c u r r e n t l y  

e x i s t i n g  Sodium Disposal F a c i l i t y  (T133) i s  t h i s  p l a t eau  a rea  where con- 

s t r u c t i o n  m a t e r i a l s  and t r a s h  from t h e  SRE were s to red  in  t h e  1970s. Some 

r a d i o a c t i v e  mater ia l  s t o r a g e  b a r r e l s  may have been s t o r e d  t h e r e .  A t  t h e  

western boundary of t h i s  a r ea  i s  a  s i g n i f i c a n t  drop-of f  of  about 25 f t  i n t o  

t h e  o ld  RMDF s a n i t a r y  leach  f i e l d  (shown in  t h e  f i g u r e ) .  The photograph in 

Figure 2.7 was taken i n  1974; i t  shows t h a t  an a rea  j u s t  e a s t  of t h e  f i e l d  

surveyed was used f o r  mater ia l  s t o r a g e .  That l oca t ion  i s  c u r r e n t l y  occupied 

by T133. There i s  a  rock r idge  on t h e  south ( p i c t u r e d )  and one on t h e  north 

(ou t  of  view).  J u s t  south of  t h i s  f i e l d  was an a rea  which housed t h e  

In te r im Storage  F a c i l i t y  ( ISF) .  This  f a c i l i t y  was used t o  s t o r e  spent  fue l  

e lements ,  shipping and s t o r a g e  casks ,  and hot waste from t h e  SRE. Decon- 

taminat ion and decommissioning of  ISF was completed i n  1975. A f i n a l  

r a d i a t i o n  survey performed then showed t h a t  t h e  a r ea  met u n r e s t r i c t e d - u s e  

requirements  (Reference 25) .  Figure 2 .8  shows t h e  ISF l o c a t i o n  surveyed in 

1975. This  a r ea  was not  resurveyed under our  cu r r en t  plan - -  i t  i s  con- 

s ide red  "c l ean . "  

No r a d i o a c t i v e  contamination i n c i d e n t s  a r e  known t o  have occurred 

in  t h i s  f i e l d .  The a r e a  i s  p r e s e n t l y  c lean  of d e b r i s ;  contamination i s  not 

suspec t .  

2 .2.5 KEWB-to-RMDF Fie ld  

This  f i e l d  between TO93 and t h e  RMDF i s  c u r r e n t l y  na tu ra l  t e r r a i n .  

This a r ea  used t o  suppor t  a nuc lear  r e a c t o r .  Figure 2.9 i s  a  photograph 

which shows what t h i s  a r ea  used t o  look l i k e  during ope ra t ion  a s  t h e  KEWB 

through t h e  ear ly-1970s.  The Kine t i c  Experiment Water Bo i l e r  (KEWB) Test  
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Figure 2.8 In te r im Storage F a c i l i t y  Location and Survey Area (1975) 



GEN-ZR-0009 
Page 23 
08/26/88 

F i g u r e  2.9 Photograph of KEWB-to-RMDF Area (1961) 

5 . fi KEWB 
i s  

L-85 REACTOR " Removed and Decommissioned 
DECOMMISSIONED) in 1975, Now this area is 

natural terrain field. 
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F a c i l i t y  was l o c a t e d  i n  an a r e a  between 1 2 t h  S t r e e t ,  t h e  RMDF, and t h e  L-85 

r e a c t o r  f a c i l i t y  (T093).  KEWB provided t h e  means f o r  e x p e r i m e n t a l l y  d e t e r -  

mining t h e  dynamic behav ior  o f  homogenous, w a t e r - b o i l e r  t y p e  r e a c t o r s  

(Refe rence  2 2 ) .  KEWB was d i smant led  and decommissioned i n  1975, a l though  

p a r t s  o f  t h e  underground c o n c r e t e  s t r u c t u r e  a r e  s t i l l  i n  p l a c e .  Every 

e f f o r t  was made t o  be c e r t a i n  t h a t  a l l  induced r a d i o a c t i v i t y  had been 

removed. Remaining c o n c r e t e  i s  n o t  a c t i v a t e d  (Refe rence  26) .  The s i t e  was 

graded and a  r a d i o l o g i c a l  su rvey  performed. Rad ia t ion  l e v e l s  observed 

d u r i n g  t h a t  1975 survey  d i d  n o t  exceed normal r a d i a t i o n  background l e v e l s  

(Refe rences  24 and 2 6 ) .  

T h i s  a r e a  i s  now overgrown wi th  n a t u r a l  v e g e t a t i o n .  A t  t h e  

n o r t h e r n  boundary i s  a  ve ry  l a r g e  ou tc ropp ing  a t  l e a s t  50 f t  h igh .  Although 

some con tamina t ion  i n c i d e n t s  d i d  o c c u r  a t  KEWB, by t h e  t ime  o f  f a c i l i t y  

decommissioning,  no r e s i d u a l  r a d i o a c t i v i t y  e x i s t e d .  T h i s  f i e l d  a r e a  i s  

c u r r e n t l y  c o n s i d e r e d  t o  be " c l e a n . "  
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3.0 SURVEY SCOPE 

The f o l l o w i n g  a r e a s  were r a d i o l o g i c a l l y  i n s p e c t e d  by measuring 

ambient gamma exposure  r a t e s  1 meter  above t h e  ground i n  l o c a t i o n s  s p e c i f i e d  

by t h e  "Radio log ica l  Survey Plan f o r  SSFL," (Reference 4 ) :  

1. T513 Parkinq Lot (Refe rence  4 ,  s e c t i o n  5 . 4 . 3 . 2 )  

* Survey t h e  pa rk ing  l o t  s u r f a c e  f o r  mixed f i s s i o n  p r o d u c t s .  
* Survey 1 0 t h  S t r e e t  and " E N  S t r e e t  f o r  mixed f i s s i o n  

p r o d u c t s .  

2 .  Old R a d i o a c t i v e  Laundrv Area (Refe rence  4 ,  s e c t i o n  5 . 4 . 3 . 2 )  

* Survey o l d  R/A l a u n d r y  a r e a  i n c l u d i n g  p a t h  t o  sodium steam 

pad f o r  mixed f i s s i o n  p r o d u c t s .  

3 .  SRE S t o r a q e  and Trash Dump, P l o t  333 (Refe rence  4 ,  s e c t i o n  

5 . 4 . 4 )  

* Survey s u r f a c e  f o r  mixed f i s s i o n  p r o d u c t s .  O n  i n d i c a t i o n  

perform gamma s p e c t r o m e t r y  on samples .  

4.  SRE-to-RMDF F i e l d  (Refe rence  4 ,  s e c t i o n  5 . 4 . 8 )  

* Survey s u r f a c e ,  west  form park ing  l o t  t o  RMDF l e a c h  f i e l d  

and n o r t h  and s o u t h  between rock  r i d g e s .  Survey f o r  mixed 

f i s s i o n  p r o d u c t s .  

5.  KEWB-to-RMDF F i e l d  (Refe rence  4 ,  s e c t i o n  5 . 4 . 9 )  

* Survey o p e n - f i e l d  f o r  mixed f i s s i o n  p r o d u c t s .  

These a r e a s  a r e  shown i n  F i g u r e s  2.4.  and 2 .5 ,  topography maps; and F igure  

2 .6 ,  an a e r i a l  photograph.  
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Gamma exposure ra te  measurements were made a t  294 locations in the 

combined areas: 69 (T513 Parking Lot); 53 ( R / A  Laundry Area); 52 (Plot 

333) ; 55 (SRE-to-RMDF), and 65 (KEWB-to-RMDF). Soil samples were n o t  
collected and analyzed because no indication of contamination occurred. 

Ambient gamma exposure rates  are reported in micro-roentgens per hour 

( P R / ~ ) .  

3.1 Unrestricted-use Acceptable Contamination Limits 

A sampling inspection plan using variables, discussed in Section 

4 . 2 ,  was used t o  compare radiological contamination quant i t ies  against 

unrestricted-use acceptable contamination l imits  prescribed in DOE guide- 

l ines  (Reference l ) ,  Regulatory Guide 1.86, NRC license SNM-21, and other 

references. The l imits  shown in Table 3.1 have been adopted by Rocketdyne. 

Limits for  soil  and water radioactivity concentrations are 

applicable on an as-required basis. The l imits  used here for  alpha con- 

tamination in s o i l ,  are based on Ra-226 (Reference I ) ,  

Three specific action levels were established for  the survey. 

These are proactive action levels  in i t ia ted  when the surveyor detects 

radiation according t o  the following c r i t e r i a :  

1.  Characterization Level - that  level of radioactivity which i s  

below 50% of the maximum acceptable l imi t .  This level i s  

typical of natural background levels ,  or s l ight ly  above, and 

requires no further action. 

2 .  Reinspection Level - t h a t  level of radioactivity which i s  

above 50% of the maximum acceptable l imi t .  A general resurvey 

of the area and a few additional samples are required in th i s  

case. 
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3 .  Inves t iqa t ion  Level - t h a t  l eve l  of r a d i o a c t i v i t y  which 

exceeds 90% of t h e  maximum acceptable  l i m i t .  S p e c i f i c  

i n v e s t i g a t i o n  of t h e  occurrence i s  requi red  i n  t h i s  case .  

Table 3 . 1  Maximum Acceptable Contamination Limits 

C r i t e r i a  A1 pha Beta 

Ambient Gamma Exposure Rate* 5 pR/h above background 

Soi l  A c t i v i t y  Concentration** 21 pCi/g 
31 pCi/g 

Water A c t i v i t y  Concentration*** 1 x 1 0 - ~  pCi/ml 1 x 1 0 - ~  p ~ i / m l  

* Although DOE Guide (Reference 1 )  recommends a va lue  o f  20 pR/h 
above background f o r  ambient gamma exposure r a t e ,  NRC has 
requi red  5 ,uR/h. For conservat ism,  we use 5 pR/h above back- 
ground t o  compare survey r e s u l t s .  

** The alpha a c t i v i t y  concent ra t ion  l i m i t  f o r  Ra-226 i s  5 pCi/g 
(Reference 1)  p lus  t h a t  con t r ibu t ion  from n a t u r a l l y  occurr ing  
r a d i o a c t i v i t y ,  (about  16 pCi/g from Reference 17, p. 93) average( 
over  t h e  f i r s t  15 cm of s o i l  below t h e  su r f ace .  A t  a depth 
g r e a t e r  than 15 cm below t h e  s u r f a c e ,  15 pCi/g averaged over 
15-cm-thick l a y e r s  of s o i l  p lus  "background" i s  t h e  l i m i t .  The 
t o t a l  beta  a c t i v i t y  concent ra t ion  l i m i t  i s  100 pCi/g, inc luding  
background which i s  about 24 pCi/g. 

*** The most r e s t r i c t i v e  alpha/beta  water r a d i o a c t i v i t y  concen- 
t r a t i o n s  f o r  a r e s t r i c t e d  a rea  taken from DOE Order 5480.1 
Chapter XI, Table 1 ,  Column 2. Alpha corresponds t o  Pu-239, beti  
t o  Sr -90 .  
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Sample Lots 

For purposes of this radiological survey, each of the five areas 
was treated as a single sample lot for characterization and interpretation. 
The areas, as demonstrated by the topography map, are somewhat cluttered 
with sandstone outcroppings. Figures 2.4 and 2.5 show the survey sampling 
lot plan. 

6-m square grids were superimposed over the terrain. One ambient 

gamma exposure rate measurement was made in each 36-m2 cell. Location (1,l) 
was the northwestern-most grid in each area. Each measurement location was 
marked on a map with its corresponding two figure Cartesian coordinate 

indicating the location from a local benchmark. The sampling inspection 
plan used was based upon a uniform 6-meter square grid superimposed on a 
uniform inspection area. Radiological conditions and physical surroundings 
fell into two categories: 1) Paved asphalt (T513 Parking Lot); or 2) 
natural terrain (all other test-areas). 

3.3 Ambient Gamma Exposure Rate Measurements 

In each 36-m2 cell, a gamma exposure rate measurement was made 1 m 

from the surface. The particular 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 
crystal coupled to a photomultiplier tube and fed to a Ludlum 2220-ESG 
scaler, at 1 m from the ground. In each cell, a l-min. count was collected 
and converted to pR/h. The measurement location and exposure rate were 
recorded in tabular form. 294 l-min. measurements were acquired over the 
total area. 

3.4 Surface Soi 1 Sampl es 

Soil sampling was required by the Site Survey Plan (Reference 4) 
only if gamma exposure rate measurements indicated possible radioactivity. 
Exposure rate measurements did not indicate possible contamination. Soi l 

samples were not coll ected. 
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3 .5  Goals and Limitat ions of Survey S c o ~ e  

These salvage yards ,  excess material s torage  a reas ,  and f a c i l i t y  

connecting-pathways cover an extensive t e r r i t o r y ;  almost 2.5 ac res .  Certain 

areas have been used f o r  many years and were used q u i t e  vigorously in the  

1960s and 1970s f o r  s to r ing  scrap and j u n k .  Limited inventory con t ro l s  were 

used during the  ac t ive  periods t o  ensure t h a t  only t r u l y  salvageable 

ma te r i a l s  were brought t o  those areas .  Radiation con t ro l s  were well-known 

and were complied with. Radioactive ma te r i a l s  and rad ioac t ive ly  con- 

taminated equipment were prohibi ted from the  area .  Radiation surveys were 

performed regu la r ly  t o  ensure compliance with t h i s  pol icy .  We believe t h a t  

no contaminated items o r  debr i s  were ever discovered in  these  s torage  a reas ,  

Other areas  were used as  access paths and roadways t o  the  various f a c i l i -  

t i e s .  I t  i s  believed t h a t  a  few radioact ive  material s p i l l s  occurred j u s t  

outs ide  T003, and between TO03 and the  R/A Laundry Building. This i s  not 

documented. A thorough rad ia t ion  survey was performed when each area was 

dismantled and cleaned-out.  No r a d i o a c t i v i t y  was found then.  Radioactivi ty 

i s  not suspect  now. The goal of t h i s  survey i s  t o  determine i f  contamina- 

t i o n  e x i s t s  t o  such an extent  t h a t  f u r t h e r  surveying o r  remedial act ion i s  

warranted. 

Ambient gamma exposure r a t e  measurements a r e  s e n s i t i v e  enough t o  

d e t e c t  contaminants l e f t  behind. Most probable contaminants a re  mixed- 

f i s s i o n  products and ac t iva t ion  products. I t  i s  unl ike ly  t h a t  any subsur- 

face  ( g r e a t e r  than a foo t )  debr is  i s  cu r ren t ly  on s i t e ;  these  areas  were 

never dumping grounds o r  l a n d f i l l s .  Subsurface t r anspor t  of contaminants i s  

a1 so considered neg l ig ib le .  I f  any contaminants do e x i s t  o n - s i t e ,  they are  

most l i k e l y  s t i l l  on the  surface .  

Because of the  l a r g e  area surveyed, exposure r a t e s  were measured 

every 36 m2.  This sampling plan i s  s u f f i c i e n t  f o r  two reasons: 

1 )  gamma measurements made on a 6-m square would d e t e c t  Cs-137 a t  

100 pCi/g ( t h e  beta a c t i v i t y  l i m i t )  i f  t he  su r face  l aye r  was 

th icke r  than 1 cm. A 1 mCi Cs-137 source would be detec table  
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at the greatest separation distance of 6 meters. These 
sensitivities meet the requirements of this survey; and 

By applying Lot Tolerance Percent Defective techniques, we can 
determine with a statistical confidence of 0.90, that there is 

a probability of 90% that radioactive contamination does not 
exceed some predetermined acceptance limit. This determina- 
tion varies inversely to the number of samples taken. This 
technique, along with the graphical representations of 

cumulative distribution functions will identify trends, 
anomalies, outliers, and perturbations in the radiation 
1 eve1 s . 

We are able to conclude whether: 

1. Any surface deposition, migration, or dispersion of radio- 
active material s has occurred; and 

2. Any relatively intense gamma-emitting debris is buried (see 
Section 5.4.4) .  

We cannot conclude whether: 

1. Any slight subsurface migration has occurred; or 

2. Any buried debris with low intensity radiation is present. 

The likelihood for occurrence of the above two conditions is small. First, 
migration periods of contaminants below the surface are typically very long. 

It is much easier for surface water flowing downslope to carry with it any 

contaminants. The settling out of these contaminants into the subsurface 
also takes a long time. Second, no known burial or dumping activities took 
place in any of these areas. 
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4.0 STATISTICS 

4.1 Countins S t a t i s t i c s  

The emission of atomic and nuclear r ad ia t ion  obeys the  r u l e s  of 

quantum theory.  As a r e s u l t  of t h i s ,  only t h e  p robab i l i ty  t h a t  an emission 

wi l l  occur i s  determined. The absolute number of p a r t i c l e s  emitted by a 

radioact ive  source in a un i t  of time, i s  not constant  in t ime;  i t  has a 

s t a t i s t i c a l  v a r i a b i l i t y  because of the  p r o b a b i l i s t i c  nature of the  pheno- 

menon under study. The number of p a r t i c l e s  emitted per u n i t  time i s  

d i f f e r e n t  f o r  successive u n i t s  of time. Therefore, only the  average number 

of p a r t i c l e s  emitted per un i t  time and per un i t  area o r  mass can be d e t e r -  

mined. The number of p a r t i c l e s ,  x ,  emitted by a r ad ia t ion  source in time, 

T ,  obeys t h e  Poisson d i s t r i b u t i o n :  

where m i s  the  average number of emissions in  t h a t  time. x i s  what we 

measure each time an area o r  sample i s  surveyed. The standard deviat ion i s  

t h e  square root  of the  average squared devia t ion  of x from i t s  mean, m .  For 

the  Poisson d i s t r i b u t i o n ,  the  standard deviat ion i s  given by: 

the  square root  of the  counts observed, ( x  = ST = m). Since background 

rad ia t ion  i s  always inherent  in a given sample measurement, propagation of 

e r r o r s  t e l l s  us t h a t  the  t o t a l  standard devia t ion  i s :  

(Eq. 4-3) 

where C = t he  number of counts recorded in time, T ,  of the  

sampl e 
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B = t h e  number o f  c o u n t s  recorded  i n  t i m e ,  T, o f  t h e  

background r a d i a t i o n  environment 

Equal v a l u e s  o f  t h e  t i m e ,  T, must be used f o r  t h e  sample and background 

c o u n t s  f o r  e q u a t i o n  4-3 t o  app ly .  T h i s  Poisson d i s t r i b u t i o n  and s t a n d a r d  

d e v i a t i o n  a p p l i e s  f o r  s i n g l e  r a d i a t i o n  measurements, o f  t h e  d i s c r e t e  random 

v a r i a b l e ,  x ,  and i s  a p p l i c a b l e  o n l y  when t h e  o b s e r v a t i o n  t i m e s  a r e  s h o r t  

compared w i t h  t h e  h a l f - l i f e .  T h i s  i s  t h e  c a s e  f o r  t h e  s i t e  s u r v e y .  

Because o f  t h e  p r o b a b i l i s t i c  n a t u r e  o f  p a r t i c l e s  e m i t t e d  by r a d i o -  

a c t i v e  e l e m e n t s ,  r e p e a t e d  measurements o f  t h e  average  number o f  e m i s s i o n s  

p e r  u n i t  t i m e  shows a  d i s t r i b u t i o n  approximated by t h e  Gaussian ( o r  normal) 

p r o b a b i l i t y  d e n s i t y  f u n c t i o n  ( p d f ) ;  t h i s  i s  known a s  t h e  c e n t r a l  l i m i t  

theorem.  T h i s  theorem h o l d s  f o r  any random sample w i t h  f i n i t e  s t a n d a r d  

d e v i a t i o n .  I f  measurements a r e  made a t  many s i m i l a r  l o c a t i o n s ,  t h e s e  

measurements will show a  g r e a t e r  v a r i a b i l i t y ,  but  t h e  d i s t r i b u t i o n  w i l l  

remain a d e q u a t e l y  r e p r e s e n t e d  by a  Gaussian f u n c t i o n .  T h i s  Gaussian 

approximat ion i s  good when t h e  number o f  samples c o l l e c t e d  i s  a t  l e a s t  30.  

Thus t h e  number o f  o c c u r r e n c e s  o f  p a r t i c u l a r  mean r a d i o l o g i c a l  con tamina t ion  

v a l u e s ,  g ( x ) ,  shows a  Gaussian pdf r e l a t i v e  t o  t h e  c o n t a m i n a t i o n  v a l u e ,  and 

t h e  d a t a  can be p l o t t e d  a c c o r d i n g l y .  Subsequen t ly ,  based on t h e  r e s u l t s  o f  

t h e  d a t a  a n a l y s i s ,  a  c o n c l u s i o n  can be made r e g a r d i n g  t h e  amount o f  r a d i o -  

a c t i v e  m a t e r i a l  i n  an a r e a ,  and any anomalous v a l u e s  can be i d e n t i f i e d .  

The Gaussian p r o b a b i l i t y  d e n s i t y  f u n c t i o n ,  g ( x ) ,  i s  g iven  by: 

g ( x ) d x =  1 exP (fi> 0 (Eq. 4 -4)  

where g ( x ) d x  = p r o b a b i l i t y  t h a t  t h e  v a l u e  o f  x ,  l i e s  between x  and 

x t d x  

m = a v e r a g e ,  o r  mean o f  t h e  p o p u l a t i o n  d i s t r i b u t i o n  

CT = s t a n d a r d  d e v i a t i o n  o f  t h e  p o p u l a t i o n  d i s t r i b u t i o n .  
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A graph of x vs. g(x) gives the following bell-shaped curve: 

0 m - o  m m + o  x x+dx 

Figure 4.1 The Gaussian Probability Density Function 

The cumulative distribution function (cdf), G(x), is equal to the integral 
of the pdf, for a continuous random variable, hence: 

This function is commonly referred to as the error function, (erf), The 
graph of the Gaussian cdf is: 

Figure 4.2 The Caussian Cumulative Distribution Function 
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By p l o t t i n g  mul t ip le  measurements we make in t h e  f i e l d ;  i . e .  t he  

average contamination values approximated by t h e  Poisson d i s t r i b u t i o n ,  as  a  

cdf of t h e  Gaussian d i s t r i b u t i o n ,  we can i d e n t i f y  whether t h e  e n t i r e  area i s  

unacceptably contaminated, pa r t  of the  area  i s  contaminated more than the  

r e s t ,  o r  f u r t h e r  radio logica l  measurements a re  necessary. Furthermore, by 

making use of the  Gaussian approximation, we can e a s i l y  c a l c u l a t e  the  mean 

contamination value with i t s  associated standard dev ia t ion ,  and apply 

inspection by va r i ab les  techniques t o  e i t h e r  accept t h e  area  as clean o r  

r e j e c t  the  area  a s  contaminated. 

This s t a t i s t i c a l  summary presents  fundamental p r inc ip les  used t o  

reduce and analyze radio logica l  measurement da ta  from the  s i t e  survey. 

4 . 2  Samplinq Inspection 

4.2.1 Bv Variables 

Acceptance inspection by var iables  i s  a  method of judging whether 

a  l o t  of items i s  of acceptable qua l i ty  by examining a sample from the  l o t ,  

o r  population. In the  case of determining the  extent  of contamination in an 

a rea ,  i t  would be unacceptably time consuming and not c o s t  e f f e c t i v e  t o  

measure 100% of the  population. However, by applying sampling inspection by 

va r i ab les  methods, t h e  accuracy of the  conclusion made about the  level  of 

contamination i s  not s a c r i f i c e d  because of a  decrease in  number of sampling 

loca t ions .  We es t imate  the  level  of contamination in an area  by making a t  

l e a s t  30 measurements. This allows us t o  approximate a Gaussian d i s t r i b u -  

t i o n  through the  Central Limit Theorem. The e n t i r e  area  must have s imi la r  

radio logica l  c h a r a c t e r i s t i c s  and physical a t t r i b u t e s .  In acceptance inspec- 

t i o n  by v a r i a b l e s ,  the  r e s u l t  i s  recorded numerically and i s  not t r e a t e d  as 

a Boolean s t a t i s t i c ,  so fewer areas need t o  be inspected f o r  a  given degree 

of accuracy in judging a l o t ' s  accep tab i l i ty .  



GEN-ZR-0009 
Page 35 
08/26/88 

4.2.2 BY Attributes 

By contrast ,  in acceptance inspection by a t t r ibutes ,  the radiation 

measurement in a given area i s  recorded and classif ied as e i ther  being 

defective or nondefective, according to  the acceptance c r i t e r i a .  A defect 

means an instance of a f a i lu re  to  meet a requirement imposed on a unit with 

respect t o  a single quality character is t ic .  Second, a decision i s  made from 

the number of defective areas in the sample whether the percentage of 

defective areas in the l o t  i s  small enough for  the l o t  t o  be considered 

acceptable. More areas need t o  be inspected t o  obtain the same level of 

accuracy using t h i s  method. Consequently, we use inspection by variables. 

4.3 Sampl ins Inspection by  Variables 

4.3.1 Calculated S t a t i s t i c s  of the Gaussian Distribution 

The t e s t  s t a t i s t i c  for each sample area, X t ks, i s  compared t o  

the acceptance l imit  U ,  where: 

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

s = observed sample dis t r ibut ion standard deviation 

k = tolerance factor calculated from the number of samples t o  
achieve the desired sens i t iv i ty  for  the t e s t  

U = acceptance l imi t .  

The sample mean i s  given by: 
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where: Xi = individual measurement values 

n = number of measurement values 

The standard deviation, s  i s  given by: 

(Eq.  4-7) 

The sample mean, standard deviation, and acceptance l imit  are 

easi ly  calculable quant i t ies ;  the value of k ,  the tolerance factor ,  bears 

fur ther  discussion. Of the various c r i t e r i a  for  selecting plans for  

acceptance sampling by variables, the most appropriate i s  the method of Lot 

Tolerance Percent Defective (LTPD), also referred t o  as the Rejectable 

Quality Level (RQL). The LTPD i s  some chosen limiting value of percent 

defective in a  l o t .  Associated with the LTPD i s  a  parameter referred t o  as 

consumer's r i sk  ( p ) ,  the r i sk  or probability of accepting a  l o t  with a  

percentage of defective items equal to  the LTPD. I t  has been standard 

practice t o  assign a  value of 0.10 for  consumer's r i sk  (p ) .  Conventionally, 

the value assigned t o  the LTPD has been 10%. These a  pr ior i  determinations 

are consistent with the l i t e ra tu re  and regulatory position, and are the same 

values used by the s t a t e  of California (Reference 2) .  Thus, based on 

sampling inspection, we are willing to  accept the hypothesis that  the 

probability of accepting a  l o t  as n o t  being contaminated which i s  in fac t  10 

percent defective ( i . e .  above the t e s t  l imi t ,  U )  i s  0.10. The value of k, 

which i s  a  function of the a  priori  determinations made for  p and LTPD i s  

given by equation 4-8. 

Figure 4.3 demonstrates t h i s  principle. The operating character- 

i s t i c s  curve of a  Gaussian sample dis t r ibut ion shows the principles of 

consumer's and producer's r i sk ,  LTPD (or R Q L ) ,  and acceptable quality level ,  

(AQL). The c r i t e r i a  for acceptance of a  l o t  are presented in section 4.3.3. 
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-0 AQL RQL 
p= LOT FRACTION DEFECTIVE 

Figure 4.3 Operating Characteristics Curve 

The value of k ,  and thus the value of T7- t ks, on which ultimately 

a  decision i s  made whether the area i s  acceptably clean, i s  based on the 

conditions chosen for  the t e s t .  k i s  calculated in accordance with the 

following equations, (Reference 8 ) :  

k = ~ p t ~ ? v ; a = l -  ; b = K~~ - b2 (Eq. 4-8) 
a  n 

where: 

k = tolerance factor 

K 2  = the normal deviate exceeded with probability of p, 0.10 

(from tables ,  K2 = 1.282) 

Kp = 
The normal deviate exceeded with probability equal t o  the 

LTPD. 0.10 (from tables ,  Kp = 1.282) 

n = number of samples 

As mentioned previously, the State of California has stated that  the 

consumer's r i sk  of acceptance (p) a t  10% defective (LTPD) must be 0.1, For 

these choices of p and LTPD, Kp = K2 = 1.282. 
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The c o e f f i c i e n t s  KP and K2 a r e  equal because of t h e  choice f o r  t h e  

va lues  of  both P and LTPD as 0.10.  Refer t o  s t a t i s t i c s  handbooks l i s t e d  in  

t h e  r e f e rence  s e c t i o n  f o r  add i t i ona l  d e s c r i p t i o n  of t h i s  sampling p r i n c i p l e .  

The va lues  chosen f o r  t h e  sampling c o e f f i c i e n t s  a r e  c o n s i s t e n t  with i n -  

d u s t r i a l  sampling p r a c t i c e  and r egu la to ry  guidance. 

4.3.2 Graphical Di spl ay of Gaussian D i s t r i b u t i o n  

When t h e  cdf  G(x),  t h e  i n t e g r a l  o f  t h e  Gaussian pdf ,  (Eq. 4 - 4 ) ,  i s  

p l o t t e d  a g a i n s t  x ,  t h e  measurement va lue ,  a  graph of t h e  e r r o r  func t ion  i s  

genera ted  (Fig.  5.2) on a  l i n e a r - g r a d e  s c a l e .  For convenience of t h i s  

survey and f o r  r e a d a b i l i t y ,  G(x) i s  p l o t t e d  a s  t h e  a b s c i s s a  (x -ax i s )  and t h e  

measurement va lue ,  x ,  i s  p l o t t e d  a s  t h e  o r d i n a t e  ( y - a x i s )  on a  p r o b a b i l i t y -  

grade  s c a l e  f o r  t h e  a b s c i s s a .  G(x) values arranged in  o r d e r  of magnitude 

from l e f t  t o  r i g h t  form a  s t r a i g h t  l i n e  on p robab i l i t y -g rade  paper,  when t h e  

sample l o t  contamination i s  normally d i s t r i b u t e d .  Figure 4 .4  shows t h i s  

ou tput  * 

The power of  t h i s  graphica l  d i s p l a y  i s  t h a t  i t  permits  i d e n t i f i -  

c a t i o n  of va lues  with s i g n i f i c a n t l y  g r e a t e r  contamination than expected f o r  

t h a t  l o t .  Calcu la ted  s t a t i s t i c s  numerical ly  i n d i c a t e  t h e  average and 

d i s p e r s i o n  of t h e  d i s t r i b u t i o n ,  but a r e  not e f f e c t i v e  f o r  i den t i fy ing  t r ends  

o r  anomalies.  For i n s t a n c e ,  i d e n t i f i c a t i o n  of an i s o l a t e d  a rea  in  a  sample 

l o t  which i s  contaminated a t  l e v e l s  s i g n i f i c a n t l y  g r e a t e r  than t h e  f i t t e d  

Gaussian l i n e  a r e  e a s i l y  observable  i n  t h e  p l o t ,  bu t ?7 -+  ks may s t i l l  show 

a c c e p t a b i l i t y .  Upon f u r t h e r  inspec t ion  and a n a l y s i s ,  t h e s e  graphical  

d i s p l a y s  a r e  used t o  show contamination l e v e l  d i f f e r e n c e s  between a reas  o r  

s t r u c t u r e s  i n  a  sample l o t .  The power of t h e  f i t t e d  Gaussian graphical  

d i s p l a y  i s  important i n  a s se s s ing  s i g n i f i c a n t  v a r i a t i o n s  in  t h e  contamina- 

t i o n  l e v e l s  wi th in  sample l o t s .  
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Figure 4.4 Gaussian cdf Plotted on Probability-Grade Paper 

4.3.3 Acceptance Criteria for an Uncontaminated Area 

Once the test statistic, ST-+ ks, is calculated and the Gaussian 
cdf probability plot is generated, a decision is made as to the extent of 

contamination in the area. Is the area clean? Is part of the area con- 
taminated? Is the entire area contaminated? Are additional measurements 
necessary to make a determination? 

First, the Gaussian distribution will identify significant 

variations in the radiological measurements. The sample output, if it 
represents the entire area well, should approximate a straight line. 

Measurements made which represent radiological conditions in a separate 
population from the one assumed, are easily observable as severe deviations 
in the straight line. The location of these anomalous measurements can be 

determined and subsequent foll ow-up is appl i ed. 
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Second, the t e s t  s t a t i s t i c ,  5T-+ ks, i s  calculated for  the d is -  

t r ibut ion.  The c r i t e r i a  for  acceptance are presented as a  plan of action. 

The plan of action i s :  

1) Acceptance: If  the t e s t  s t a t i s t i c  (Ft ks) i s  less  than or 

equal t o  the l imit  (U), accept the region as clean. (Any 

single value, x ,  l ess  than 50% of the l imit  i s  considered the 

Characterization Level, which requires no fur ther  action. If 

any single measured value, x, exceeds 50% of the l imi t ,  re in-  

spect tha t  location and take a  few additional samples in the 

immediate area for  the analysis. This i s  the Reinspection 

Level. If  any single measured value, x ,  exceeds 90% of the 

l imi t ,  investigate the source of occurrence. This i s  the 

Investiqation Level. These proactive action levels were 

presented in section 3.1.)  

2 )  Collect additional measurements: If the t e s t  s t a t i s t i c  (ST-+ 

ks) i s  greater than the 1 imi t (U) , b u t  Y i t s e l f  i s  1  ess than 
U, independently resample and combine a l l  measured values t o  

determine i f  Tt ks <= U for  the combined s e t ;  i f  so, accept 

the region as clean. If  n o t  re jec t  the region. 

3) Rejection: If the t e s t  s t a t i s t i c  (Yt ks) i s  greater than the 

l imit  ( U )  and T>= U, re jec t  the region. Investigate the 

source of occurrence. 
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5.0 ANALYTICAL TECHNIQUES 

The statistical methods presented in Section 4.0 were used to 
judge whether an area is not contaminated, slightly contaminated, con- 
taminated above acceptance limits, or whether additional investigation is 

required. For this particular survey, that judgement is based on one type 
of radiological measurement: ambient gamma exposure rate. 

Analytical techniques used to acquire, evaluate, and interpret 
these radiological measurements are presented in detail in this section. 
These techniques include instrument calibration, determination of "back- 
ground" radiation, and computerized data analysis through inspection by 
variables. 

5.1 Data Acquisition 

In each designated 6-m square grid, ambient gamma exposure rate 
was measured. Each square grid was stepped-off from a local benchmark and 
marked with its coordinates. The exact location within that square grid 
where the measurement was made was left to the surveyor's judgement: it was 
to be the area that, in his judgement, was most likely to have retained the 

greatest amount of contamination in that square grid. This decision is 

based on discoloration, debris, crevices, or cracks in the soil. The use of 

a predetermined grid with discretion for the exact location provides a 

uniform survey biased towards the high end of the distribution. Locations 
of noticeably greater exposure rates were reinspected. Reinspection and 
further investigation were not required for this particular survey. 

5.2 Data Reduction Software Proqram 

Each gamma exposure rate measurement value was input into SMART 
SPREADSHEET. This is an off-the-shelf computer software package which 

allows multiple computations to be performed on raw data values. Columns 

were established to calculate the surface ambient gamma exposure rate and 
its standard deviation in pR/h, Software was developed in a program 

language called Quick Basic by Microsoft to read data from a SMART file into 
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a  graphics program which plots the radiological measurements against the 

Gaussian cdf. For convenience, the dis t r ibut ion function, G(x) i s  plotted 

as the abscissa (probability grades), and x ,  the measurement value, i s  

plotted as the ordinate ( l inear  grades). 

Input for  data reduction of these measurements was: 

1) Grid location, ex. (10,6) 

2 )  Ambient Gamma Exposure Rate (counts in 1  min.; cpm); 

3) Gamma survey instrument background (1 min.); and 

4) Efficiency factor (pR/h/cpm) . 

O u t p u t  for  Gaussian plots of these measurements: 

1) Ambient gamma exposure ra te  and standard deviation (pR/h). 

5.3 Data Analysis 

An arithmetic mean and standard deviation of the radiological 

measurement values i s  calculated for  each data se t .  The t e s t  s t a t i s t i c ,  Y + 
ks, based on a  consumer's r i sk  of acceptance of 0.10 a t  10% defective, i s  

also calculated for  each dis t r ibut ion.  The acceptance c r i t e r i a  presented in 

Section 4.3.3 i s  applied to  each sampling dis t r ibut ion.  

From the plot of measurement values vs. cumulative probability; 

the mean radiological value of the l o t  i s  the point on the ordinate axis 

where the f i  t t ed -d i s t r i  bution intersects  the 50% cumulative probabi 1 i  ty .  I n  
t e s t  cases where an acceptance l imit  has been established for  acceptably 

- 
clean, a  vertical  l ine  i s  plotted corresponding to  the t e s t  s t a t i s t i c ,  x + 
ks. When an acceptance l imit  i s  applied t o  a  t e s t  case, horizontal l ines  

are displayed on the graph a t  0  (zero) ,  50% of the acceptance l imit  (Rein- 

spection),  90% of the acceptance l imi t  (Investigation),  and a t  the accep- 

tance 1 imit. The figures display the resu l t s  on an expanded scale so that  

the variations in the data can be seen in de ta i l .  
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5.4 Ambient Gamma Exposure Rate 

Measurements of ambient gamma exposure r a t e  were made by use of a  

1  i n .  x  1  i n .  NaI s c i n t i l l a t i o n  c r y s t a l  coupled t o  a  Ludlum Model 2220 

po r t ab l e  s c a l e r ,  (Appendix A). This  device  was mounted on a  t r i p o d  so t h a t  

t h e  s e n s i t i v e  c r y s t a l  was 1  meter from t h e  ground. The d e t e c t o r  i s  near ly  

equa l ly  s e n s i t i v e  i n  a l l  d i r e c t i o n s ,  i . e .  4-T geometry, and can show 

v a r i a t i o n s  i n  exposure r a t e  down t o  one-ha l f  of a  pR/h, using t h e  d i g i t a l  

s c a l e r  f o r  a  1-min. count t ime. Because of t h e  na tura l  v a r i a b i l i t y  of 

ambient r a d i a t i o n ,  however, a  3 t o  5  pR/h exposure r a t e  above "background" 

i s  considered t h e  instrument  s e n s i t i v i t y  i n  p r a c t i c e .  A t  t h i s  l e v e l ,  a  

surveyor  would dec ide  t o  c o l l e c t  add i t i ona l  measurements. 

5 .4.1 Instrument Ca l ib ra t ion  

This  d e t e c t o r  i s  c a l i b r a t e d  q u a r t e r l y  by t h e  c a l i b r a t i o n  l abo ra -  

t o r y  using Cs-137 a s  t h e  c a l i b r a t i o n  source .  A vo l tage  p l a t eau  i s  p l o t t e d  

and t h e  vo l t age  i s  s e t  a t  a  nominal 800 V .  The d e t e c t o r  i s  placed on a  

c a l i b r a t i o n  range and readings  taken a t  5 ,  2 ,  1 ,  0 .9,  0 .5,  0 .4 ,  0 .3,  and 0 - 2  

mR/hr .  A d e t e c t o r  e f f i c i e n c y  p l o t  a s  a  func t ion  of exposure r a t e  i s  

generated i n  t h i s  regard ,  (pR/h/cpm). 

Because of an exposure rate-dependent  e f f e c t  and because our  

c a l i b r a t i o n  range does not  read l e s s  than 200 pR/h (0.2 mR/h), t h i s  i n s t r u -  

ment was c r o s s - c a l i b r a t e d  aga ins t  a  Reuter Stokes High Pressure  Ion Chamber 

(HPIC). Count r a t e s  were converted t o  exposure r a t e s  by t h e  r e l a t i o n s h i p  

t h a t  about 215 cpm = 1 pR/h, a t  background exposure r a t e s .  This  c a l i b r a t i o n  

was performed severa l  t imes.  

Instrument response was checked t h r e e  t imes a  day using a  Ra-226 

source.  The source was placed 1  f t  from t h e  d e t e c t o r  and counted f o r  1 min. 

I f  t h e  s c a l e r  reading f e l l  wi th in  + 5% of t h e  nominal va lue ,  then t h e  

instrument  was q u a l i f i e d  a s  operable  f o r  t h e  day, under t h e  c a l i b r a t i o n  

cond i t i ons  previous ly  descr ibed .  Reca l ibra t ion  because of " instrument  out  

of t o l e r a n c e "  was never necessary.  



GEN-ZR-0009 
Page 44 
08/26/88 

5 .4 .2  Data A c q u i s i t i o n  and Reduction 

Each l o c a t i o n  where a  gamma measurement was made was i d e n t i f i e d  on 

a  map and i n  m a t r i x  n o t a t i o n .  The g r o s s  number o f  c o u n t s  recorded  i n  1 min, 

a long  w i t h  t h e  m a t r i x  n o t a t i o n  l o c a t i o n  was i n p u t  i n t o  SMART SPREADSHEET. 

Columns were e s t a b l i s h e d  t o  c a l c u l a t e  t h e  t o t a l  exposure  r a t e  (pR/h) and i t s  

s t a n d a r d  d e v i a t i o n  a c c o r d i n g  t o  e q u a t i o n s  5-1  and 5 -2 .  Gamma s c i n t i l l a t i o n s  

produced by a  NaI d e t e c t o r  were conver ted  from g r o s s  c o u n t s  t o  exposure  r a t e  

b R / h )  by: 

R = (Cl * (EFl 
1 min. 

where R = exposure  r a t e  (pR/h) 

C = g r o s s  c o u n t s  i n  1 min. 

EF = e f f i c i e n c y  f a c t o r  (0.0047 pR/h/cpm) based on c r o s s  

c a l i b r a t i o n  wi th  HPIC. 

The s t a n d a r d  d e v i a t i o n  o f  a  s i n g l e  measurement t h e n  becomes by Eq. 

4-3  : 

s = JC"- " ( E F )  ( E q .  5 -2 )  
1 min. 

5 .4 .3  Data A n a l y s i s  

A n a l y s i s  and i n t e r p r e t a t i o n  o f  gamma exposure  r a t e  d a t a  i s  a  f i v e  

s t e p  p r o c e s s :  

1. P l o t ,  i n  o r d e r  o f  magnitude from l e f t  t o  r i g h t ,  t o t a l - g r o s s  

exposure  r a t e s  i n  pR/h a g a i n s t  cumula t ive  p r o b a b i l i t y  f o r  

t h r e e  independent  a r e a s  cons idered  t o  be " n a t u r a l  background" 

a t  SSFL. These su rvey  l o c a t i o n s  shou ld  be from a r e a s  where no 

r a d i o a c t i v e  m a t e r i a l  has  e v e r  been used ,  hand led ,  s t o r e d ,  o r  

d i s p o s e d .  These a r e a s  should be o f  s i m i l a r  g e o l o g i c  c h a r a c -  

t e r i s t i c s  t o  t h o s e  o f  t h e  i n s p e c t e d  a r e a s .  C a l c u l a t e  t h e  

average ,  s t a n d a r d  d e v i a t i o n ,  and range  f o r  each d i s t r i b u t i o n .  
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These three dis t r ibut ions give the baseline for  "natural" 

vari abi 1 i  ty .  

Plot total-gross  exposure rates  in pR/h against cumulative 

probabil i  ty  for  each subject sampl ing l o t .  Cal cul a te  the 

average, standard deviation, and range for  each dis t r ibut ion.  

Compare these s t a t i s t i c s  and probability dis t r ibut ions against 

"background" dis t r ibut ions.  

Determine i f  there are any trends indicated by the probability 

plots of each subject sampling l o t  which show a potentially 

contaminated area. 

Determine whether the "background" dis t r ibut ions adequately 

represent "background" for the tested areas. Determine i f  any 

nuclear-re1 ated operations in the area are influencing ambient 

"background" in the tested areas. If so, make corrections. 

Subtract "natural background" from each tested-area measure- 

ment and compare the resu l t s  against acceptance c r i t e r i a .  Use 

inspection by variables techniques t o  t e s t  for  acceptance. 

Calculate the average, standard deviation, and t e s t  s t a t i s t i c ,  
- 
x + ks, for  each test-area dis t r ibut ion.  

The most c r i t i ca l  step in the analysis i s  assessing what true 

"background" radiation i s  for  a t e s t  area. Both the NRC and DOE c r i t e r i a  

for  acceptance as unrestricted use are given in pR/h above background, 5 and 

20, respectively. During the survey we observed s ignif icant  deviations in 

natural "background" radiation as a function of landscape geometry. For 

example, when the detector i s  placed near a large sandstone outcropping, the 

exposure ra te  may increase by almost 4 pR/h. This increase i s  due t o  

primordial radionuclides in the sandstone, and a change in source geometry, 

from a planar 2n-steradian surface t o  a rocky 3n-steradian surface. 

The best solution for  evaluating the potential or existence of 

residual contamination in an area where the radiation f i e ld  varies naturally 
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by swings as large as the acceptance limit, is to compare test-area total- 
gross exposure rates against "background" total-gross exposure rates. 
"Background" measurements were taken on flat and rugged terrain, with Chico 
Formation sandstone, similar to conditions of each test-area. 

Another component of ambient "background" must also be assessed: 

that contribution resulting from nearby operations using radioactive 
material or radiation producing machines. These operations can signifi- 

cantly increase local area "background." This is the case in several SSFL 
locations. If the test area distribution is well-represented by a Gaussian 
at a uniformly greater value than the "background" distributions, then one 
of two conditions exist: 

1. The area is uniformly contaminated; or 

2. Contribution to ambient "background" from nearby facilities is 
elevating test-area "background." 

This determination is made on a case by case basis. Because 
condition 1 is unlikely for these surveys, condition 2 is addressed. A 
correction for facility-influenced gamma "background" is made when a 

facility known to emit radiation is clearly visible in the test-area, An 
estimate for inverse-square attenuation and skyshine is made based on fence- 
line measurements and the median value of the test area distribution. This 
assessment is more of a benchmark analysis rather than a detailed analytical 

model. 

Once all the best corrections for ambient "background" have been 
made, resulting distributions are compared against the 5 pR/h above "back- 
ground" acceptance limit. The test statistic, Si-+ ks, is calculated for 
each distribution. Statistical acceptance criteria presented in section 
4 . 3 . 3  apply. 
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5.4.4 Sensitivitv of Gamma Exposure Rate Measurements 

The purpose of performing these exposure rate measurements is to 

detect any significant quantity of gamma-emitting radionuclides. Opera- 
tional history and surveys performed years ago show that the most probable 
radio1 ogical contaminant in these areas is Cs-137, and associated mixed- 
fission-products. Since Cs-137 is a gamma emitter, it is detectable with 

the NaI detector. 

The sensitivity of these measurements, or rather, the amount of 
contamination which could be there and which would not be detected, is based 
on two possibilities: 

1) A uniformly contaminated region of soil; a layer on the 
surface, or a layer several feet below the surface; or 

2) A piece of contaminated debris located on the surface, or 
buried several feet be1 ow. 

Our acceptance criteria specify that no soil activity exceeding 
100 pCi/g-beta is acceptable for unrestricted-use. In comparison, 10 pCi of 

Cs-137, total, is the limit for exempt quantity according to 10CFR30. If 
only Cs-137 were contained in the soil, 10 pCi of activity would be present 
in 100 kg of soil, or about 70,000 cm2 of surface area, if the layer were 1 

cm thick. 

Natural ambient gamma "background" radiation is about 12-16 pR/h 
at 1 meter from the ground, so the radioactive material would have to 
produce an exposure rate of about 3 pR/h above background in order to detect 
it to such an extent that further investigation would commence. Table 5.1 
shows theoretical exposure rates calculated for some uniformly contaminated 
soil and miscellaneous contaminated debris. The contaminant is assumed to 
be Cs-137. Condition (1) assumes a uniformly distributed layer of soil with 

100 pCi/g Cs-137. Condition (2) assumes a point source of Cs-137 with total 
activity equal to 1 mCi . 
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Table 5.1 Exposure Rates of Cs-137 Contaminated Soi l  and Debris 

(1 )  Contaminated Soi l  Exposure Rate (pR/h) 
(100 pCi /q )  1 meter above su r f ace  

I n f i n i t e  S lab  on t h e  Surface  
0 - 3  meters  t h i c k  

1 meter t h i c k  

I n f i n i t e  S l ab ,  20 cm th ick / lO cm t h i c k  
a t  Sur face  
a t  5  cm depth 
a t  10 cm depth 
a t  15  cm depth 
a t  30 cm depth 

Rectangular  Volume, 20 cm th ick / lO cm t h i c k  
1 square  meter,  s u r f a c e  

36 square  meters ,  s u r f a c e  

( 2 )  Contaminated Debris ,  
( 1  mCi t o t a l  a c t i v i t y )  

a t  Sur face  
a t  15  cm depth 
a t  30 cm depth 

For condi t ion  ( l ) ,  100 pCi/g Cs-137 l a y e r  of contaminated s o i l ,  

t h e s e  measurements would d e t e c t  a  s u r f a c e  l a y e r  g r e a t e r  than  one cm t h i c k ,  

but  would not  d e t e c t  a  small t h i ckness  of s o i l  (10 cm) bur ied  much more than 

a  h a l f - f o o t  from t h e  s u r f a c e .  This  i s  very good s e n s i t i v i t y ,  p a r t i c u l a r l y  

s i n c e  t h e  l i k e l i h o o d  of a  t h i n  l a y e r  of contaminated s o i l  l oca t ed  more than 

6 i n .  below t h e  su r f ace  i s  smal l .  For condi t ion  ( 2 ) ,  contaminated d e b r i s ,  

whose a c t i v i t y  exceeded 1 mCi Cs-137 a c t i v i t y  could be seen i f  i t  wasn't  

buried much deeper  than about a  f o o t .  10 mCi could probably be seen down t o  

2 f e e t .  The l i k e l i h o o d  of  buried o r  s c a t t e r e d  d e b r i s  occurr ing  i n  t h e s e  

a r e a s  i s  very smal l ;  however, t h i s  i s  probably t h e  most l i k e l y  scena r io  f o r  
R 

r e s i d u a l  contaminat ion.  

Sur face  Soi l  

Soi l  sampling was not r equ i r ed ,  and t h e r e f o r e  not  performed. 
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6.0 PROCEDURES 

The f o l l o w i n g  r a d i o l o g i c a l  p rocedures  were used i n  performing t h i s  

su rvey .  

6 . 1  Sample S e l e c t i o n  Griddi nq 

Superimpose 6-meter  s q u a r e  g r i d s  on each s u r f a c e  t o  be r a d i o l o g i -  

c a l l y  c h a r a c t e r i z e d .  Des igna te  each s q u a r e  meter  i n  m a t r i x  n o t a t i o n  w i t h  

l o c a t i o n  ( 1 , l )  being t h e  nor thwestern-most  square  i n  a sample l o t .  F ive  

sample l o t s  shou ld  be e s t a b l i s h e d ,  one f o r  each o f  t h e  s u b j e c t  t e s t - a r e a s .  

From t h i s  nor thwestern-most  l o c a t i o n ,  mark a l o c a t i o n  o f f  e v e r y  6 mete r s  

e a s t ,  and s o u t h .  Where i t  i s  n o t  conven ien t  t o  make a measurement because  

o f  rock  o u t c r o p p i n g s ,  s t e p  t o  t h e  n e a r e s t  c l e a r  a r e a .  

6 .2  C a l i b r a t i o n  and Ins t rument  Checks 

Ins t ruments  a r e  c a l i b r a t e d  and checked e v e r y  morning,  noon, and 

evening f o r  t h e  d u r a t i o n  o f  t h e  p r o j e c t  a s  f o l l o w s .  

P o r t a b l e  Ludlum 2220-ESG Survey Ins t ruments  coupled t o  a 1 i n .  x 1 

i n .  NaI c r y s t a l :  

1 )  Turn t h e  ins t rument  'ON'  and a l l o w  t o  warm up f o r  5 min. 

2 )  Check high v o l t a g e  (800V gamma). 

3) Check t h r e s h o l d  (400 gamma). 

4 )  S e t  window in /ou t  swi tch  t o  " o u t . "  

5 )  Check b a t t e r y  ( g r e a t e r  t h a n  5 0 0 ) .  
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6) Set range selector to 1, response to fast, and count time 

for ambient gamma exposure rate measurements to 1 rnin. 

7) Take and record a 1 min. background count in an uncon- 
taminated area which typifies the area to be surveyed. 

Verify that ambient background falls within + 20% of 
daily-averaged background measurements. 

8) Use a Ra-226 check source located 1 ft from the NaI 
detector to check operability of the gamma instrument. 
The count rate should not vary by more than t 5% from the 

initially established standard. The gamma calibration 
efficiency factor is determined by comparison against a 

Reuter Stokes High Pressure Ion Chamber (HPIC). 

6.3 Radi 01 oqi cal Measurements 

6.3.1 Ambient Gamma Exposure Rate Measurements 

1) Mount the detector on a tripod which centers the detector 1 

meter from the ground. 

2) Set the count time to 1 min. and take a measurement at each 

applicable location for that length of time. 

3) If any single reading exceeds about 400 cpm above normal 
readings, recount. 

4) Record the location, total counts, background, and efficiency 

factor (pR/h/cpm). 

5) Enter the data into SMART SPREADSHEET. 

6) Take at least 30, 1-min. counts in an area of similar topo- 
graphy where no radioactive materials were ever handled, 
stored, or used. This is the background distribution. Enter 
data in SMART SPREADSHEET. 
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7.0 SURVEY RESULTS 

A radiological survey of five areas was performed using the survey 
plan previously described: 

1. T513 Parking Lot; 
2. Old Radioactive (R/A) Laundry Area; 
3. Plot 333 (SRE Storage and Trash Dump); 
4. SRE-to-RMDF Field; and 
5. KEWB-to-RMDF Field. 

Each inspected test-area was treated as a sample lot for analyzing 
and interpreting radiological data. Uniform 6-m square grids were estab- 
lished to measure ambient gamma exposure rates. Probability plots of these 
measurements show in all cases, well-fitted Gaussian distributions with no 

outliers or anomalies. One distribution of data (the SRE-to-RMDF field) 
showed a Gaussian-fit well above natural "background." This expected 
increase is due to nuclear operations performed at the RMDF. No localized 
area was originally suspect of residual contamination; therefore, no soil 
samples were required or performed. Analytical interpretation of gamma 
exposure rate measurements show that all five areas are uncontaminated. 

In this section, the format used for presenting data, analyzing 

probabi 1 i ty pl ots, and interpreting results i s presented first . Then the 

gamma exposure rate measurement results are presented according to this 

format. Each sampling lot is discussed separately. 

7.1 Statistical Results Format 

Gamma exposure rate data collected for thi s survey are dis pl ayed 
as Gaussian cumulative distribution functions in Figures 7.1 through 7.15. 

Figures 7.1 through 7.3 are distributions of gamma exposure rate measure- 
ments made at 3 independent SSFL locations to demonstrate the variability of 

"natural" background. Figures 7.4, 7.6, 7.8, 7.10 and 7.12 are distribu- 
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tions of gross-total gamma exposure rates for each test-area. Figures 7,5, 
7.7, 7.9, 7.11 and 7.13 are distributions of the same five data sets 
corrected for "natural" background based on the average of the results 
presented in Figures 7.1 through 7.3. Figure 7.14 is a probability plot of 
the sum of all gross-total exposure rate data collected in all five areas. 
Figure 7.15 is the same graph corrected for natural "background" radiation. 

These figures show each measurement value, arranged in order of magnitude 

from left to right, and a straight line representing the derived fitted- 
Gaussian distribution. 

The mean of each distribution is approximately that value on the 

ordinate which corresponds to a 50% cumulative probability on the abscissa. 
One, two, and three standard deviations above the mean correspond to 84%, 
97.7%, and 99.8% cumulative probability for a one-sided test, respectively. 
Inspection by variables is used to test only "background-corrected" data 
sets against the NRC acceptance limit of 5 pR/h. The value of k used in the 

inspection test is very nearly 1.5 for each case; thus, the Test Statistic 
(TS) 1 ine (2  + ks) will run perpendicular to the abscissa corresponding to 
about a 93.3% cumulative probability. The Gaussian distribution line must 
pass below the intersection of the "TS" line (about 93%) and the horizontal 

line showing the acceptance limit at that point in order to accept the lot 
as being uncontaminated. "k" and thus the "TS" line increase as the number 
of samples in a lot decrease. 

At the top left hand corner of each output is the data file name 

for the sample lot. For "uncorrected" data sets, 30 pR/h is normally used 
for convenience, as the maximum ordinate value. If measurements exceed 30 
pR/h, then the greatest measurement value is the upper bound of the ordinate 

axis. In cases where the measurements have been corrected for "background," 

5 pR/h (the NRC acceptance limit) is used as the maximum ordinate value. 
The lower bound of the ordinate is either the smallest measured value (minus 
background, if applicable) or the smallest value calculated for a Gaussian 
fit. Negative numbers result when the measured value is less than back- 

ground. Cumulative probability (abscissa) is plotted in probability grades, 
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i . e .  t h e  d i s t a n c e  between any two success ive  po in t s  i n c r e a s e s  a s  t h e  

d i s t a n c e  from t h e  50% cumulative p r o b a b i l i t y  l i n e  inc reases .  I f  an accep- 

t ance  l i m i t  i s  a p p l i c a b l e ,  f o u r  hor izonta l  l i n e s  extending ac ros s  each p l o t  

show, from top  t o  bottom, 100% of t h e  t e s t  l i m i t ,  90% of t h e  t e s t  l i m i t  
( I n v e s t i g a t i o n ) ,  50% of t h e  t e s t  l i m i t  (Reinspec t ion) ,  and ze ro .  

In cases  where an acceptance l i m i t  i s  not app ropr i a t e ,  f o r  

example, gamma exposure r a t e  measurements not  co r r ec t ed  f o r  "background," 

t h e  f o u r  hor izonta l  l i n e s  a r e  not  shown. Furthermore, a t e s t  s t a t i s t i c  i s  

no t  c a l c u l a t e d  because we were not  t e s t i n g  t h e  d a t a  a g a i n s t  an acceptance 

l i m i t .  S ince  t h e  v a r i a b i l i t y  i n  n a t u r a l l y  occurr ing ambient gamma exposure 

r a t e s  a t  SSFL i s  wide, background was not  sub t r ac t ed  a t  f i r s t .  In t h e s e  

c a s e s ,  t h e  mean i s  c a l c u l a t e d  and t h e  shape of t h e  d i s t r i b u t i o n  i s  observed 

t o  i d e n t i f y  any a reas  of increased  r a d i o a c t i v i t y .  Then t h e  shape of t h e  

curve i s  compared a g a i n s t  t h r e e  "background" d i s t r i b u t i o n s .  F i n a l l y ,  

"background" i s  sub t r ac t ed  and inspec t ion  by v a r i a b l e s  techniques  a r e  

appl ied  t o  prove o r  d i sprove  t h e  hypothesis  t h a t  t h e  a r ea  i s  not  con- 

taminated.  

7.2 Ambient Gamma Exposure Rates 

Ambient gamma exposure r a t e  measurements were made a t  294 loca -  

t i o n s .  Appendix C shows t h e  d a t a  s e t s .  Table 7.1 shows t h e  computed 

s t a t i s t i c s  f o r  each d a t a  s e t  compared aga ins t  da t a  from t h r e e  independent 

a r e a s  where no r a d i o a c t i v e  ma te r i a l  was ever  handled, used, o r  s t o r e d .  

These a r e a s  a r e  considered "na tu ra l  background." This  type  of comparison i s  

necessary  f o r  two reasons:  1 )  t o  demonstrate v a r i a b i l i t y  of "background" 

gamma-radiation a t  SSFL; and 2 )  t o  e s t ima te  " t r u e "  background a t  SSFL 

because t h e  l i m i t s  f o r  u n r e s t r i c t e d - u s e  by which we use t o  demonstrate an 

"accep tab le"  a r e a  a r e  based on above "background" c r i t e r i a .  So, un less  we 

c o n f i d e n t l y  know what "background" i s ,  t h e  a r ea  under s tudy  may be found 

i n c o r r e c t l y  accep tab le  i f  t h e  background used was too  h igh ,  o r  i n c o r r e c t l y  

unacceptable  i f  t h e  background used was too  low. 
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Table 7.1 Ambient Gamma Radiation a t  SSFL Compared t o  Survey Data 

Expected Standard 
Standard Deviation 

Devi a t  i  on of t h e  
No. of Mean Exposure a t  t h e  Mean D i s t r i b u t i o n  Range 

Location Measurements Rate (uR/h) JbR/h)* (uR/h)** uR/h 

IT513 Parking Lot 69 14.0 0.25 0.96 
3.7 1 

Old R/A Laundry 
Area 53 15.3 

I SRE-to-RMDF F ie ld  55 20.7 0.31 1.34 

IKEWB-to-RMDF F ie ld  65 17.4 0.28 0.82 

l ~ o t a l  Sum 294 16.4 0.28 2.55 1 
Building 309 Area 36 15.6 0.27 0.82 3.4 
(1/19/88) 

Well #13 Road 43 16.2 0.27 0.49 
( D i r t )  (4/29/88) 

I n c i n e r a t o r  Road 3  5  14.0 0.25 0.36 1.4 
( D i r t )  (4/29/88) 

* The expected s tandard  dev ia t ion  a t  t h e  mean i s  c a l c u l a t e d  based on 
counting s t a t i s t i c s ,  equat ion 4.2.  ** The s tandard  dev ia t ion  of t h e  d a t a  po in t s  accounts f o r  d i spe r s ion  in  t h e  
measurements, equat ion 4.7. 

Desc r ip t ive  s t a t i s t i c s  presented in  Table 7.1 show t h a t  average 

exposure r a t e s  c a l c u l a t e d  f o r  each t e s t - a r e a ,  inc luding  t h e  "background" 

l o c a t i o n s ,  a r e  wi th in  one s tandard  dev ia t ion  of each o t h e r  except  f o r  

abnormally higher  averages of 17.4 and 20.7 pR/h i n  t h e  KEWB-to-RMDF and 

SRE-to-RMDF F i e l d s ,  r e s p e c t i v e l y .  
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The f i r s t  t h r e e  t e s t - a r e a  r e s u l t s  presented in  t h e  t a b l e  show 

g r e a t e r  standard dev ia t ions  and ranges than those f o r  "background" areas .  

This v a r i a b i l i t y  i s  a t t r i b u t e d  t o  na tu ra l ly  occurring causes;  the  t e r r a i n  i s  

much more rough. Building 309 "background" da ta  compare favorably t o  these  

f i r s t  t h r e e  t e s t - a r e a s .  However, before we incor rec t ly  conclude t h a t  these  

t h r e e  t e s t - a r e a s  a r e  uncontaminated, cumulative p robab i l i ty  p l o t s  must be 

s tudied  and compared aga ins t  "background" d i s t r i b u t i o n s .  This ana lys i s  i s  

presented separa te ly .  

As f o r  the  four th  and f i f t h  t e s t - a r e a s  (SRE-to-RMDF and KEWB-to- 

RMDF f i e l d s )  , the  average exposure r a t e  values a r e  g r e a t e r  than normal . The 

v a r i a b i l i t y  and range of measurement values f o r  SRE-to-RMDF i s  a l s o  g r e a t e r  

than normal. By observation of these  s t a t i s t i c s ,  both t e s t - a r e a s  appear 

contaminated. Before any judgments can be made about t h e  exis tence  of 

res idual  contamination; however, we must inves t iga te  the  p robab i l i ty  p l o t s  
and determine whether a few la rge  non-Gaussian points  a r e  influencing t h e  

average, o r  whether "background" i s  uniformly higher in  these  t e s t - a r e a s .  

Non-Radi 01 oqi cal  Areas 

Because the  background gamma-radiation environment i s  q u i t e  

va r i ab le  a t  SSFL and because t h e  l i m i t s  f o r  unres t r i c t ed  use a r e  based on 

l i m i t s  above background, f u r t h e r  demonstration of t h i s  na tura l  v a r i a b i l i t y  

i s  necessary.  For comparison agains t  the  t e s t - a r e a  measurements, t h r e e  

independent areas  were surveyed, a l l  in loca t ions  where no rad ioac t ive  

material  was ever handled, used, s to red ,  o r  disposed. All t h r e e  areas  a r e  

located  on t h e  eas te rn  s i d e  of SSFL: (1) Area surrounding building 309 on 
Area I  Road; ( 2 )  well #13 Road; and (3) Inc inera tor  Road. Table 7.1 shows 

t h e  r e s u l t s  of these  measurements. 

Figures 7.1 through 7.3 a r e  p robab i l i ty  p l o t s  of these  t h r e e  

independent "background" areas .  A t  l e a s t  30 measurements were made in each 

area  on t h e  same day. In the  p l o t s ,  a  uniform background r a t e  (unbiased by 

s p a t i a l  e f f e c t s ) ,  would appear as  a  s t r a i g h t  1 ine with a minimal s lope .  
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Figure 7.1 Ambient Gamma Radiation at Area Surrounding Building 309 

(Background Distribution) 

BUILDING 369 BRCKCROUND DISTRIBUTION 
CRMHR EXPOSURE RITE 
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F i g u r e  7.2 Ambient Gamma Rad ia t i on  a t  Area Well #13 Road 

(Background D i s t r i b u t i o n )  
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Figure 7.3 Ambient Gamma Radiation at Incinerator Road 

(Background Distribution) 

INCINERRTOR RORD BRCKCROUND DISTRIBUTION 
CMRBCKC2 CLMMR EXPOSURE RITE 
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That s lope  would show t h a t  1 s tandard  dev ia t ion  from t h e  mean of va lues  

would be equ iva l en t  t o  t h e  mean-value s tandard  dev ia t ion  ( i . e .  t h e  square 

r o o t  of  t h e  counts  of t h e  mean mul t ip l i ed  by an appropr i a t e  e f f i c i e n c y  

f a c t o r ) .  I f  t h i s  was t h e  case ,  t h e  values i n  columns 4  and 5 of Table 7.1 

would be equ iva l en t .  Obviously, t h i s  idea l  condi t ion  i s  impossible  t o  

achieve  i n  t e r r a i n  a t  SSFL. All t h r e e  p l o t s  show model Gaussian d i s t r i b u -  

t i o n s ,  but  with g r e a t e r  v a r i a b i l i t y  than would be expected from unaffected 

measurements. V a r i a b i l i t y  i s  g r e a t e s t  near  Building 309. 

Measurements from t h e  a rea  surrounding Building 309 show t h e  most 

v a r i a b i l i t y  of  a l l  t h r e e  background a reas .  This  i s  a t t r i b u t e d  t o  l a r g e  

sandstone outcroppings in  t h e  a r ea ;  t h e  s p a t i a l  dependency of  each measure- 

ment i s  observable  i n  t h i s  case .  The topography of t h e s e  l o c a t i o n s  i s  

somewhat s i m i l a r  t o  t h a t  of t h e  t e s t - a r e a s ,  except  on occasion t h e  t e s t -  

a r e a s  a r e  c l u t t e r e d  with more sandstone outcroppings.  The v a r i a b i l i t y  of 

each d i s t r i b u t i o n  depends on t h e  number of measurements made d i r e c t l y  

a g a i n s t  t h e  rock versus  t h e  number made many f e e t  from t h e  rock.  Also of 

importance here  i s  t h e  range of measurement values with a  maximum of 3.4 

pR/h. "Background" v a r i a b i l i t y  approaches t h e  NRC l i m i t .  

This  "background" a n a l y s i s  shows t h e  g r e a t  d i f f i c u l t y  i n  a s se s s ing  

whether an a r e a  i s  contaminated based on t h e  NRC acceptance l i m i t  of 5  pR/h 

above background. The DOE l i m i t  of 20 pR/h i s  more reasonable .  Ambient 

r a d i a t i o n  i s  s i g n i f i c a n t l y  v a r i a b l e  a t  SSFL. We'll now compare t h i s  

" n a t u r a l "  v a r i a b i l i t y  aga ins t  t h e  f i v e  t e s t - a r e a s  presented  i n  t h i s  r e p o r t .  

7.2.2 T513 Parkinq Lot 

Figure 7.4 shows t h e  s t a t i s t i c a l  d i s t r i b u t i o n  of g r o s s - t o t a l  gamma 

exposure r a t e  measurements p l o t t e d  aga ins t  cumulative p r o b a b i l i t y  f o r  t h e  

T513 Parking Lot,  This  t e s t - a r e a  i s  paved, but surrounded in  c e r t a i n  

l o c a t i o n s  by l a r g e  sandstone outcroppings.  This  p a r t i c u l a r  t e r r a i n  a f f e c t s  

t h e s e  gamma measurements, a s  observed in  t h e  f i g u r e ;  n ine  d a t a  p o i n t s  a t  t h e  

high end and f i v e  d a t a  po in t s  a t  t h e  low end d e v i a t e  s l i g h t l y  from a  f i t t e d -  
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Figure 7.4 Total-Gross Ambient Gamma Exposure Rates 

at the T513 Parking Lot 

T513 PRRKINC LOT GROSS-TOTRI EXPOSURE RITE 
T513-1 GRMMR EXPOSURE RITE 
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Gaussian. All of the greatest  measurements were made on " E "  Street  between 

two large outcroppings. This explains the deviation. No trends or anoma- 

l i e s  are  ident i f ied.  Deskriptive s t a t i s t i c s  show t h i s  tes t -a rea  t o  be 

similar t o  "background." 

Figure 7.5 shows the same data s e t ,  in which case a  correction for 

natural "background" was made uniformly t o  each measurement value. 15.3 

pR/h was used for  "background" subtraction; t h i s  value i s  the average of 

exposure ra tes  calculated for  the three background data se t s  (Figure 7.1, 

7.2 and 7 . 3 ) .  Deviations observed in the measurements because of te r ra in  

changes are  expanded in t h i s  figure because the ordinate scale has been 

expanded. The large standard deviation value of these measurements re f lec ts  

t h i s  occurrence. Appendix D . l  shows the measurement locations and these 

locations where greatest  exposure rates  were taken. An average of -1.26 

+0.96 pR/h i s  l e s s  than the 5  pR/h acceptance l imi t .  The t e s t  s t a t i s t i c ,  - 
0.185 pR/h, i s  less  than the 50% reinspection level .  We accept the area as 

uncontaminated by t h i s  inspection method. No further investigation i s  

required. 

7.2.3 Old R/A Laundry Area 

Figure 7.6 shows the s t a t i s t i c a l  dis t r ibut ion of gross-total  gamma 

exposure r a t e  measurements plotted against cumulative probability for  the 

Old R/A Laundry Area. This tes t-area i s  natural te r ra in  with numerous 

sandstone outcroppings which affect the measurements being made. Locations 

of these measurements are shown in Appendix 0.2. A few points a t  the high 

end deviate s l ight ly  from a  fitted-Gaussian. These points are anomalous and 

do n o t  indicate a  trend. Descriptive s t a t i s t i c s  show t h i s  tes t -a rea  t o  be 

similar t o  "background" within the deviations observed. Although the range 

i s  4 .4  pR/h, s l igh t ly  greater than the greatest  "background" range of 3.4 

(Building 309), t h i s  i s  an indication of variable te r ra in  conditions 

and i t s  impact on ambient exposure ra te .  
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Figure 7.5 Background-Corrected Ambient Gamma Exposure Rates 

at the T513 Parking Lot 

7513 PRRXI#C LOT BEST-CORRECTED EXPOSURE RRTE 
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Figure  7.6 Total-Gross  Ambient Gamma Exposure Rates 

a t  t h e  Old R/A Laundry Area 

IUNDRY RRER CROSS-TOTIII EXPOSURE RlIE 
CIMMl EXPOSURE RITE 
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Figure 7.7 shows the same data, corrected for natural "background" 

as in section 7.2.2. Because the ordinate scale has been expanded, devia- 

tions from the fitted-Gaussian are easily observed. This shows exposure 
rate variability as a function of terrain. An average of 0.04 + 0.96 pR/h 
is less than the 5 pR/h acceptance limit. The test statistic, 1.53 pR/h, is 

less than the 50% reinspection level. We accept the area as uncontaminated 

by this inspection method. No further investigation is required. 

7.2.4 Plot 333 - SRE Storaqe and Trash Dump 

Figure 7.8 shows the statistical distribution of gross-total gamma 

exposure rate measurements plotted against cumulative probability for Plot 

333. Measurement locations are presented in Appendix D.3. This test-area 

is an open-field, surrounded in a few locations by sandstone outcroppings. 

This flat terrain explains the occurrence of only two slight deviations from 

the fitted-Gaussian. No radiological trends are indicated by the plot. 

Descriptive statistics show this test-area to be similar to "background" 

within the deviations observed. 

Figure 7.9 shows the same data, corrected for "background" as in 

section 7.2.2. Because the ordinate scale has been expanded, deviations 

from the fitted-Gaussian are easily observed. An average of -0.13 + 0.63 
pR/h is less than the 5 pR/h acceptance limit. The test statistic, 0.856 

pR/h, is less than the 50% reinspection level. We accept the area as 

uncontaminated by this inspection method. No further investigation is 

required. 

7.2.5 SRE-to-RMDF Field 

Figure 7.10 shows the statistical distribution of gross-total 
gamma exposure rate measurements plotted against cumulative probability for 

the SRE-to-RMDF Field. Measurement locations are presented in Appendix 0.4. 

Figure 7.10 shows that the measurements follows a Gaussian distribution with 

no outliers. No trends indicating specific areas of contamination are 
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Figure 7.7 Background-Corrected Ambient Gamma Exposure Rates 

at the Old R/A Laundry Area 
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F i g u r e  7.8 T o t a l  -Gross Ambient  Gamma Exposure Rates  

a t  P l o t  333 

PLOT 333 GROSS-TOTRI EXPOSURE RITE 
PIT333-1 CIMMI EXPOSURE RITE 
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Figure 7.9 Background-Corrected Ambient Gamma Exposure Rates 

at Plot 333 

ORRECTED EXPOSURE RRTE 
CRMiR EXPOSURE RRTE 



GEN-ZR-0009 
Page 68 
08/26/88 

Figure 7.10 Total-Gross Ambient Gamma Exposure Rates 

at the SRE-to-RMDF Field 

SRE-TO-RMDF CROSS-TOTAL EXPOSURE RATE 
SRER#Dml CIKMA EXPOSURE RATE 
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shown. However, the distribution is uniformly greater than the "background" 
distributions (Figures 7.1, 7.2, and 7.3). This test-area is either 
uniformly contaminated or ambient background is greater in this location. 
Since the RMDF is in line-of-sight about 150 ft away, and fenceline exposure 
rates measure about 34 pR/h, we suspect that ambient background is greater 

than normal. A thermoluminescent dosimeter (TLD) placed near T133 showed 
for the four calendar quarters of 1987 cumulative exposures of 35, 58, 42, 
and 37 mR per quarter. The average exposure rate is calculated to be 19.7 

pR/h. These TLDs read greater than those placed in surrounding locations, 
Skyshine and direct radiation from RMDF is influencing these measurements. 

Figure 7.11 shows the same data set, corrected for natural 
(uninfluenced) "background" based on the average of measurements shown in 

Figures 7.1, 7.2, and 7.3. The Gaussian is well represented; however, as in 
all cases before, the deviations are easily observed because the ordinate 

scale has been expanded. An average of 5.45 t 1.34 pR/h exceeds the 5 pR/h 
acceptance limit. Based on known operational history, observance of no 

outliers in the distribution, and the significance of RMDF operations on 
ambient exposure rate, we conclude the "ambient background" for this test- 
area has been underestimated at 15.3 pR/h. True "ambient background" is 
probably closer to 20 pR/h. This estimate is substantiated two ways: 

1) 20 pR/h is the average exposure rate in a nearby location as 

measured by a TLD; and 

2) the median of gross-total measurements approximates "back- 
ground" for a test-area and in this case the median is 20 

pR/h. 

The greatest exposure rates were found in locations nearest the 
RMDF. Using a background of 20 pR/h, the average becomes 0.75 + 1.34 pR/h 
and the test statistic is 2.8 pR/h. Although the test statistic is still 
slightly greater than the 50% reinspection level, we accept the area as 

uncontaminated by this inspection method. Further investigation is not 
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Figure 7.11 Background-Corrected Ambient Gamma Exposure Rates 

at the SRE-to-RMDF Field 
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required; however, when all radioactive material has been removed from the 
RMDF, a check may be performed, to show that ambient "background" has been 
reduced to "natural background." 

7.2.6 KEWB-to-RMDF Field 

Figure 7.12 shows the statistical distribution of gross-total 

gamma exposure rate measurements plotted against cumulative probability for 

the KEWB-to-RMDF Field. Also included as part of this test-area were some 

measurements made between the KEWB and T003. Refer to Appendix D.5 for 
these measurement locations. Figure 7.12 show that these measurements 
follow a Gaussian distribution with no outliers; however, the average of 
17.4 + 0.82 pR/h is slightly greater than measurements made in "background" 
areas (Figures 7.1, 7.2, and 7.3). This figure shows no trends indicating 
specific contaminated locations. 

Figure 7.13 shows the same data set, corrected for natural 
"background." Deviations from a fitted-Gaussian are more pronounced because 

of the expanded ordinate scale. There is a large sandstone outcropping 
which borders this field on the north which influences ambient radiation. 
Skyshine from the RMDF also influences ambient radiation in this test-area 
an undetermined amount. The greatest measurements were made in the vicinity 
of outcroppings; the greatest two were made very close to rock. An average 
of 2.20 + 0.82 pR/h is less than the 50% reinspection level; however, the 
test statistic of 3.44 pR/h is not. Additional inspection shows that 
"ambient background" for this test-area has been underestimated. An 

adjustment to "background" should be made to account for the large sandstone 

outcroppings and the RMDF skyshine. Background is probably closer to the 

median gross-total value of 17.6 pR/h, in which case we conclude that this 
test-area is uncontaminated by this inspection method. No further inves- 

ti gati on i s requi red. 
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Figure 7.12 Total -Gross Ambient Gamma Exposure Rates 

at the KEWB-to-RMDF Field 
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F igure  7.13 Background-Corrected Ambient Gamma Exposure Rates 

a t  t h e  KEWB-to-RMDF F i e l d  
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7.2.7 Combination of All Five Test-Areas 

Figure 7.14 shows the  s t a t i s t i c a l  d i s t r i b u t i o n  of g ross - to ta l  

gamma exposure r a t e  measurements p lo t t ed  agains t  cumulative p robab i l i ty  f o r  

t h e  294 measurements made f o r  a l l  f i v e  t e s t - a r e a s .  This f i g u r e  shows t h a t  

the re  a r e  two d i s t i n c t  d i s t r i b u t i o n s  of points .  This behavior was expected 

because of t h e  d i f fe rence  observed between t h e  RMDF-influenced measurements 

and t h e  non-influenced measurements, A d i s t r i b u t i o n  such as t h i s  combined 

da ta  s e t  shows the  power of graphical r ep resen ta t ion ;  had individual sample 

l o t s  not been t r e a t e d  separa te ly ,  f u r t h e r  inves t iga t ion  would be required 

based on t h i s  output .  

Figure 7.15 shows the  "background-corrected" da ta  with an average 

of 1.19 + 2.55 pR/h and t e s t  s t a t i s t i c  of 4.74 pR/h. Although no t rends  are  

evident ,  t h e  t e s t  s t a t i s t i c  i s  g r e a t e r  than our 90% inves t iga t ion  l e v e l .  

The l a r g e  standard devia t ion  suggests unexpected v a r i a b i l i t y  of the  da ta .  

This v a r i a b i l i t y ,  a s  pointed out before,  i s  due t o  RMDF influence on ambient 

gamma r a d i a t i o n .  I t  was shown on a t e s t - a r e a  by t e s t - a r e a  bas i s  t h a t  we 

conclude a l l  a reas  t o  be uncontaminated. 

7.3 Assessment of Radioloqical Condition 

Results  of t h i s  radio logica l  survey show t h a t  a l l  a reas  t e s t e d  

have no measurable residual  r a d i o a c t i v i t y .  In te rp re ta t ion  of ambient gamma 

exposure r a t e  da ta  show t h a t  a l l  f i v e  sample l o t s  a re  acceptably clean.  A 

summary of background-corrected s t a t i s t i c s  of t h i s  da ta  i s  presented in 

Table 7.2.  In the  f i r s t  th ree  cases ,  the  inspection t e s t  s t a t i s t i c  i s  l e s s  

than 50% of the  acceptance l i m i t  ( re inspect ion  l e v e l ) .  In t h e  four th  and 

f i f t h  cases ,  ambient background was not corrected f o r  increases  in "back- 

ground" due t o  RMDF operat ions and s i g n i f i c a n t  changes in topography. Our 
best  es t imate  f o r  "background" in these  areas  shows t h a t  a l l  areas inspected 

pass c r i t e r i a  f o r  unres t r i c t ed -use .  We a r e  confident t h a t  the  s e n s i t i v i t y  

and sampling frequency of exposure r a t e  measurements i s  s u f f i c i e n t  f o r  

iden t i fy ing  suspect contamination. 



GEN-ZR-0009 
Page 75 
08/26/88 

Figure 7.14 Total-Gross Ambient Gamma Exposure Rates 

o f  the Combined Test-Areas 
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Figure 7.15 Background-Corrected Ambient Gamma Exposure Rates 

of the Combined Test-Areas 
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T a b l e  7.2 Summary o f  Gamma Exposure Rate Data Cor rec ted  f o r  Background 
and S t a t i s t i c a l l y  Tes ted  Aga ins t  Acceptance L i m i t s  

I n s p e c t i o n  
Average S tandard  Maximum T e s t  Acceptance 

Number o f  Value Devia t ion  Value S t a t i s t i c  Limit  
Sample Lot Loca t ions  -fldb%l ( L . L R / ~ )  R h  h R / h )  -fL&dhl 

T513 Park ing  Lot 69 -1.26 0.96 1 .O 0.185 5 

Old R/A Laundry 53 0.04 0.96 2.5 1.53 5 
Area 

P l o t  333 5 2 -0.13 0.63 1.7 0.856 5 
b 

SRE-to-RMDF* 5 5 5.45 1.34 8.5 7.52* 5 
F i e l d  

KEWB-to-RMDF* 65 2.20 0.82 4.3 3.44" 5 
F i e l d  

To ta l  -Sum 294 1.19 2.55 8 . 5  4.74 5 

* Ambient "background" used f o r  t h e s e  sample l o t s  d i d  n o t  account  f o r  
c o n t r i b u t i o n s  from RMDF s k y s h i n e  and s i g n i f i c a n t  changes  i n  a r e a  
topography.  "Background" was underes t imated  i n  t h e s e  r e p o r t e d  c a s e s .  
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The T513 Parking Lot, Old R/A Laundry Area, Plot 333, SRE-to-RMDF 

Field, and KEWB-to-RMDF Field were inspected for  radioactive contaminants. 

Gamma exposure ra te  measurements were made on a 6-m square sampling gr id,  

according t o  the S i t e  Survey Plan (Reference 4 ) .  Exposure ra te  measurements 

plotted against cumulative probability show in a l l  f ive  cases, wel l-f i t ted 

Gaussian dis t r ibut ions with no out l ie rs  or anomalous readings. These d is -  

t r ibut ions showed no trends indicating possible contaminated locations above 

the expected Gaussian dis t r ibut ion of measurements. Three of the inspected- 

areas resu l t s  are equivalent t o  the resu l t s  found for  three independent 

areas considered to  represent SSFL "natural background." Two of the 

inspected-area resu l t s  show normally-distributed values a t  a greater 

exposure r a t e  than "natural background." Further investigation was required 

t o  determine the source of t h i s  occurrence. 

Based on these s t a t i s t i c a l  dis t r ibut ions of exposure ra te  measure- 

ments corrected for  what we found t o  be "natural background" a t  SSFL, we 

conclude t h r o u g h  inspection by variables, that  the 1513 Parking Lo t ,  Old R/A 

Laundry Area, and Plot 333 do n o t  contain residual radioact ivi ty .  Measure- 

ments meet our acceptance c r i t e r i a  for  acceptably "clean." The boundary 

condition of t h i s  s t a t i s t i c a l  t e s t  assumes a consumer's r i s k  of acceptance 

of 0.1 a t  an LTPD of 10%. No fur ther  inspection i s  required in these three 

inspected areas. 

The two f i e lds  inspected for  radioactivity (SRE-to-RMDF and KEWB- 

to-RMDF) are,  as t h e i r  name implies, adjacent t o  the RMDF, a f a c i l i t y  which 

currently s tores  s ignif icant  quantit ies of gamma-emitting radionuclides. 

Skyshine and d i rec t  radiation affect  ambient gamma radiation exposure r a t e  

in these two f ie lds .  Large sandstone outcroppings located in these regions 

also a f fec t  exposure r a t e .  Measurements made next to  sandstone can increase 

by 4 pR/h. Further inspection of measurement data,  T L D  resu l t s  from 

locations near RMDF, and known influences of RMDF operations on ambient 

exposure r a t e  show tha t  "natural background" correction for  these measure- 

ments underestimates t rue "ambient background." We conclude that  these two 
f i e lds  are uncontaminated under the same premise as stated before, Further 

investigation i s  n o t  necessary. 
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APPENDIX A. DESCRIPTION OF NUCLEAR INSTRUMENTATION 

During t h e  r ad io log ica l  survey,  d i r e c t  r a d i a t i o n  measurements were 

made by using po r t ab l e  ins t ruments .  Because sample c o l l e c t i o n  was not  

necessary ,  a n a l y t i c a l  l abo ra to ry  equipment was not r equ i r ed .  

A Ludlum model 2220-ESG por t ab le  s ca l e r / r a t eme te r  was coupled t o  a  

Ludlum model 44-10 NaI gamma s c i n t i l l a t o r  f o r  d e t e c t i n g  gamma r a d i a t i o n ,  

The NaI (TI)  c r y s t a l  i s  extremely s e n s i t i v e  t o  changes in  gamma f l u x ,  The 

probe e f f i c i e n c y  v a r i e s  with exposure r a t e .  A t  background ambient gamma 

exposure r a t e s ,  t h e  e f f i c i e n c y  i s  about 215 cpm/pR/h. This  de te rmina t ion  

was made by c a l i b r a t i n g  t h e  2220-ESG aga ins t  a  Reuter Stokes High-pressure 

Ion Chamber (HPIC), The HPIC d i s p l a y s  a  d i g i t a l  readout  every 3 t o  4  

seconds i n  pR/h. 
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apartment of Energy 
Richla~id Operations Office 

P .0 ,  Box 550 
R~chland, Washington 99352 

Addressees 

GUl DELINES FOR RESIDUAL RADIOACTIVITY AT FUSRAP AND REMOTE SFMP SITES 

The attached guidelines, "U.S. Department of Energy Guidelines for Residual 
Radioactivity at Formerly Utilized Sites Remedial Actlon Program and Remote 
Surplus Faci 1 it i.es Management Program Sites," (January 1985) have been issued 
by the Division of Remedial Action Projects for implementation by FUSRAP and 
SFElP in order to establish authorized limits for remedial actions. While 
these Guidelines are specifically intended for "remote" SFMP sites (those 
located outside a major DOE R&D or production site), they should be taken into 
consideration when developing authorized limits for remedial actions on 
major DOE reservations. The guide1 ines provide specific authorized 1 imi ts 
for residual radium and thorlum radioisotopes in soi 1, for airborne radon 
decay products, for external gamma radiation, and for residual surface con- 
tamination levels on materials to be released for unrestricted use. These 
guidelines will be supplemented in the near future by a document providing 
the methodology and guidance to establish authorized 1 lmits for residual 
radioisotopes other than radium and thorium in soil at sites to be certified 

Y for unrestricted use, The supplement wi 11 provide further guidance on the 
ohi losophies, scenarios, and pathways to derive appropriate authorized 1 imits 
for residual radionuclides and mixtures In soil. These uldelines are based 
on the Internat lonal Commission on Radiation Protection ? ICRP) ph-i losophies 
and dose limits in ICRP reports 26 and 30 as interpreted in the draft revised 
DOE Order 548O.lA. These dose limits are 500 mrem/yr for an individual 
member of the public over a short period of time and an average of 100 
mremlyr over a lifetime. 

The approval of ,authorized limits differing from the guidelines is described 
in Section D, .last sentence of the attached document. If the urgency of field 
activity makes DRAP concurrence not cost effective, a copy of the approval 
and backup analysis should be furnished to DRAP as soon as possible, although 
not necessarily prior to beginning field activities. This does not remove 
the requirement for approval by SFMPO. 

As a result of a recent court decision, the Environmental Protection Agency 
(EPA) has issued airborne radiation standards applicable to DOE facilities. 
These final standards, issued as revisions to 40 CFR 61, are: 
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MAR 0 5 IS$$ 

@ 25 mrem/yr-whole body 
- 

5 mremlyr-organ 

@ waiver of these standards will be granted i f  DOE demonstrates that no 
individual would receive 100 mremlyr continuous exposure whole body 
dose equivalent from all sources within 10 km radius, excluding 
natura 1 background and medical procedures 

@ radon and radon daughters are excluded (these standards are covered 
in 4 0  CFR 192) 

The attached guidelines were written to be consistent with the revision of the 
DOE Order 5480.1A now in draft at Headquarters and have recelved the concurrence 
of the Public Safety Dlvision, Office of Operational Safety. The guidelines 
i l l  be included in he SFMP Program Plan beginning with the next revlslon 
for FY 1986-1990). 

Please refer any questions to Paul F. X .  Dunlgan, Jr, (FTS 444-6667),  of my 
staff, 

ttaehment: 

Clarence E. Miller; Jr., Director 
Surplus Facllities Management 

Program Office 
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U, S. DEPARTMENT OF ENERGY GUIDELINES 
FOR RESIDUAL RADIOACTIVITY AT 

FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM 
AND 

REMOTE SURPLUS FACILITIES MANAGEMENT PROGRAM SITES 

(February 1985) 

A. INTRODUCTION 

This docume esents U.S. Department of Energy (DOE) radiological 
protection guidelines for cleanup of residual radjoactive materi a1 s and 
management of the resulting wastes and residues. It is applicable to sites 
identified by the Formerly Uti 1 ized Sites Remedial Action Program (FUSRAP) and 
remote sites identified by the Surplus Facilities Management Program (SFMP).* 
The topics covered are basic dose limits, guidelines and authorized llmits for 
allowable levels of residual radioactivi ty, and requirements for control of 

L, the radioactive wastes and residues. 
Protocols for identlficatlon, characterization, and designation of FUSRAP 

sltes for remedial action; for implementation of the remedlal action; and for 
certification of a FUSRAP site for release for unrestricted use are given in a 
separate document (U. S, Dept. Energy 1984). More detai led information on 
applications of the guldel i nes presented herein, i ncludl ng procedures for 
deriving si te-specif ic guide1 ines for allowable levels of residual radlo- 
activity from basic dose llmits, is contained in a supplementary document-- 
referred to herein as the "supplement" (U.S. Dept. Energy 1985). 

"Residual radioactivity" includes: (1) residual concentrations of radio- 
nuclides in soil material ,** (2) concentrations of airborne radon decay 
products, (3) external gamma radiation level, and (4) surface contamination, 
A "basic dose limit" is a prescribed standard from which limits for quantities 
that can be monitored and controlled are derived; it i s  specified in terms of 
the effective dose equivalent as deflned by the International Commission on 
Radiological Protection (ICRP 1977, 1978). Basic dose I lmlts are used 
'explicitly for deriving guldel ines for residual concentrations of radio- 
nuclides in soil material, except for thorium and radium. Guideljnes for 

8 

"A remote SFMP site Is one that is excess to DOE programmatic needs and is . 
located outside a major operating DOE research and development or production 
area. 

, . 
rm "soil material" refers to all material below grade 1 

remedial ction is completed. 
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residual concentrations of thorium and radium and for the other three quanti- 
ties (airborne radon decay products, external gamma radiation level, and 
surface contamination) are based on existing radiological protection standards 
(U.S. Ehviron. Prot, Agency 1983; U, S. Nucl. Reg. Comm. 1982). These standards 
are assumed to be consistent with basic dose limits within the uncertainty of 
erivations of levels of residual radioactivity from basic limits. 

A "guideline" for residual radioactivity is a level of residual radio- 
activity that is acceptable if the use of the site Is to be.unrestricted. 
Guidelines for residual radioactivity resented herein are of two ki 
(1) generic, site- l ndependent guide1 ine taken from existing radiation 
tion standards, and (2) site-specific guidelines derived from basic dose 
1 imi ts using sf te-speci f ic models and data. Generic guldel ine values are 
presented in this document. Procedures and data for deriving site-specific 
guideline values are given in the supplement, 

An "authorized limit" is a level of resfdual radioactivity that must not 
e exceeded if the remedial action i s  to be copsidered complete 

normal circumstances, expected to occur at most sites, authorize 
set equal to guideline values for residual radioactivity that ar 
if use of the site is not be restricted. If the authorized limit i s  set 
higher than the guldeline, restrictions and controls must be established for 
use of the site, Exceptional circumstances for which authorized limlts might 
differ from guldeline valuer are specified in Sections D and F, The restric- 
tions and controls that must be placed on the site if authorized limits are 

, set h4gher than gufdelines are described in Section E.  
I 

DOE policy requires that all exposures to 
that are as low as reasonably achievable (ALAR 

reduce residual radioactivity 
limits as reasonable consider4 
sites where the residual radi 
release for unrestricted use 
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GUIDELINES FOR RESIDUAL RADIOACTIVITY 

C.1 Residual Radionuclides in Soil Material 

Residual concentrations of radionucl ides in soil material shall be 
specified as above-background concentrations averaged over an area of 100 m2. 
If the concentration in any area is found t o  exceed the average by a factor 
greater than 3, guidelines for local concentrations shall a1 so be applicable. 
These "hot spot" guidelines depend on the extent of the elevated local concen- 
trations and are given in the supplement. 

The generic guidel ines specified below are for concentrations of individual 
radionuclides occurring alone, If mixtures of radionuclides are present, the 
concentrations of individual radionuclides shall be reduced so that the dose 
for the mlxture would not exceed the basic dose limit. Explicit formulas for 
calculating residual concentration guidel l nes for mixtures are gl ven in the 
supplement. 

The generic guidelines for resldual concentrations o f  Th-232, Th-230, 
Ra-228, and Ra-226 are: 

- 5 pCi/g, averaged over the first 1 5  cm of soil below the surface 
- 1 5  pCi/g, averaged over 15-cm-thlck layers of sol1 more than 

1 5  cm below the surface 

The guidelines for residual concentrations in soil material o f  all other 
radionuclides shall be derived from basic dose limits by means o f  an snvlron- 
mental pathway analysis ualng si  te-speci fic data, Procedures for deriving 
these guidelines are given in the supplement. 

C. 2 Airborne Radon Decay Products 

Generic guidelines for concentrations of airborne radon decay products 
shall apply to existing occupied or habitable structures on private property 
that are intended for unrestricted use; structures that will be demolished or 
buried are excluded. The applicable generic guideline (40 CFR 192) is: In 
any occupied or habitable building, the objective of remedial action shall be, 
and reasonable effort shall be made to achieve, an annual average (or equivalent) 
radon decay product concentration (including background) not to exceed 0.02 WL. * 
In any case, the radon decay product concentration (i nc1 udi ng background) 
shall not exceed 0.03 NL. Remedial actlons are not required I n  order to 
comply with this guidel ine when there is reasonable assurance that resldual 
radioactive materials are not the cause. 

C. 3. External Gamma ~ a d i a i i o n  

The level of gamma radiation at any location on a site to be released for 
unrestricted use, whether Ins1 de an occupied building or habitable structure 

. or outdoors, shall not exceed the background level by more than 20 yR/h. 
'j . . 

*A working level (WL) i s  any combination of  short-lived radon decay products 
in one liter of air that will result in the ultimate emission of 1.3 x 10' 
of potential alpha energy. 
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~ : 4  Surface Contamination 

The following generic guidelines, adapted from standards of the U.S. Nuclear 
Regulatory Commission (1982), are applicable only to existing structures and 
equipment that will not be demolished and buried. They apply to both interior 
and exterior surfaces. If a building is-demolished and buried, the guidelines 
in Section C . 1  are applicable to the resulting contamination in the ground. 

Radi onucl i dest2 

Allowable Total Residual Surface 
Contamination (dpm/100 cm2 )t  

Averaget3 ,I4 Maximumt4 ,tb Removablet6 

Transuranics, Ra-226, Ra-228, 
Th-230, Th-228, Pa-231, Ac-227, 
1-125, 1-129 100 300 2 0  

Th-Natural, Th-232, Sr-90, Ra-223, 
Ra-224, U-232, 1-126, 1-131, 1-133 1,000 3,000 

U0Natural , U-235, U-238, and 
associated decay products 5, OOOa 15, OOOa 1,000a 

Beta-gamma emitters (radionuclides 
with decay modes other than alpha 
emission or spontaneous fission) 
except Sr-90 and others noted above 5,000$-y 15,000$- y 1, OOOg- y 

t1 As used In thls table, dpm (disintegrations per minute) means the rate of 
emission by radioactive material as determined by correcting tho counts 
per minute measured by an approprtate detector for background;~fficlency, 
and geornetrlc factors associated with the instrumentation. 

t2 Where surface contamination by both alpha- and beta-gamma-emitting radio- 
nuclides exists, the l imi ts established for alpha- and beta-gamma-em1 tting 
radionuclides should apply independently. 

t3 Measurements of average contamination should not be averaged over an area 
of more than 1 m2. For objects of less surface area, the average should 
be derived for each such object. 

O-he average and maximum dose rates associated with surface contamination 
resulting from beta-gamma emitters should not exceed 0.2 mrad/h and 
1.0 mrad/h, respectively, at 1 cm. 

t6 The maximum contamination level applies to an area of not more than 
100 cm2. 

The amount of removable radioactive material per 100 cm2 of surface 
'should be determined by wfplng that area with dry filter or soft absorbent 
paper, applying moderate pressure, and measuring the amount of radioactive 
material on the wipe with an approprjate instrument of known efficiency. 
When removable contamination on objects of surface area less tha 
is determined, the activity er un{t area should be based on the 

1 area and the e n t f r  hould be wiped. The numbers in thi 
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, . AUTHORIZED LIMITS FOR RESIDUAL RADIOACTIVITY 

The remedial action shall not be considered complete unless the residual 
radioactivity is below authorized 1 i mi ts. Authorized 1 imi ts shall be set equa 
t o  guidelines for residual radioactivity unless: (1) exceptions .specified in 
Section F of this document are applicable, in which case an authorized limit 
may be set above the guideline value for the specific location or condition to 
which the exception is applicable; or (2) on the basis of site-specific data 
not used in establishing the guidelines, it can be clearly establi 
1 imits below the guidelines are reasonable and can be achieved with 
able increase In cost of the remedial action. Authorized llmits that differ 
from guidelines must be justified and established on 
with documentation that must be filed as a permanent r 
remedial action at a site. Authorized limits differ1 
must be approved by the Director, Oak Ridge Technical 
FUSRAP and by the Director, Richland Surplus Facilitl 
Office, for remot SFMP--with concurrence by the Dire 
rojects for both 

. CONTROL OF RESIDUAL RADIOACTIVITY AT FUSRAP AND REMOTE SFMP SITES 

~esidual radioactlvl ty above the guide1 i nes at FUSRAP and remote SFMP 
sltes must be managed in accordance w f t h  appllcab rders. The DOE 
Order 5480.1A requires compl lance with appl f cab1 e state, and local 
environmental protection standards, 

The operational and control requirements speci f i ed in the fol 1 owing DOE 
rders shall apply to both Interim storage and long-term management. 

5440.18, Implementation of the nvi ronmental 

5480, l A ,  Envl ronmental 
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. 
b. Above-background Rn-222 concentrations in the atmosphere above 

facility surfaces or openi ngs shall not exceed: (1) 100 pCi/L 
at any given point, (2) an annual average concentration of 
30 pCi/L over the facility site, and (3) an annual average 
concentration of 3 pCi/L at or above any location outside the 
facility site (DOE Order 5480.1A, Attachment XI-1). 

c. Concentrations of radionuclides in the groundwater or quantities 
of residual radioactive materials shall not exceed existing 
federal, state, or local standards. 

d. Access to a slte should be controlled and misuse of onsite 
. material contaminated by residual radioactivity should be 

prevented through appropriate administrative controls and 
physical barriers--active and passive controls as described by 
the U.S. Environmental Protection Agency (1983--p. 595). These 
control features should be designed to ensure, to the extent 
reasonable, an effective life o f  at least 25 years. The federal 
government shall have title to the property. 

E. 2 Long-Term Management 

a. Control and stabilization features shall be deslgned to ensure, 
t o  the extent reasonably achievable, an effective life of 
1,000 years and, in any case, at least 200 years. 

b. Control and stabilization features shall be designed to ensure 
that Rn-222 emanation to the atmosphere from the waste shall 
not: (1) exceed an annual average release rate of 20 pCl/m2/r, 
and (2) increase the annual average Rn-222 concentration at or 
above any location outride the boundary of the contaminated 
area by more than 0.5 pCi/L. Field verlficatlon of emanation 
rates I s  not required. 

c. Prior to placement of any potent1 a1 ly biodegradable contami- 
nated wastes in a long-term management facility, such wastes 
shall be properly conditioned to ensure that (1) the generation 
and escape of biogenlc gases wi 11 not cause the requirement in 
paragraph b of this section (E.2) to be exceeded, and (2) bio- 
degradatlon within the facil i ty will not result in premature 
structural failure in violation of the requirements in para- 
graph a of thi s section (E.2). 

Groundwater shall be ' rotected. in accordance with 40 CFR 
1%. 20(a)(2) and l92.2O(a) ( 3 ) ,  as appl icabl e to FUSRAP and 
remote SFMP sites. 

. Access t o  slte should be controlled and mlsuse o f  onsi te  
material contaminated by residual radioactivity should be 

' prevented through appropriate administrative controls and 
physical barriers--active and passive controls as described b 
the U. S. Environmental Protection Agency (1983--p, 595). The 
controls should be designed to be effective t o  the extent 
reasonable for least 200 years. The feder 1 government 
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. EXCEPTIONS 

Exceptions t o  the requirement t h a t  authorized l im i t s  be s e t  equal t o  the 
guidelines may be made on the  bas i s  of  an analys is  o f  s i t e - s p e c i f i c  aspects  o f  
a  designated s i t e  t h a t  were n o t  taken i n to  account in  der iv ing the guidel ines .  
Exceptions require approvals as s t a t ed  i n  Section 0. Spec i f i c  s i t ua t i ons  t h a t  
warrant exceptions are: 

Where remedial ac t ions  would pose a  c l e a r  and present  r i s k  of 
in jury  t o  workers o r  members of the  genera1 publ ic ,  notwith- 
standing reasonable measures t o  avoid o r  reduce r i sk .  

Where remedial actions--even t e r  a l l  reasonable mi t igat ive  
measures have been taken--woul produce envi ronmental harm t h a t  
I s  c l e a r l y  excessi've compared t o  the  health benef i t s  t o  
l iv ing  on o r  near af fected s i t e s ,  now o r  i n  the  fu tu re .  A 
c l ea r  excess of environmental harm i s  harm t h a t  i s  long-term, 
man1 f e s t ,  and gross ly  d4 sproport ionate t o  heal th  benef i t s  t h a t  
may reasonably be an t i  clpated.  

Where the  cos t  o f  remedl n l  act! ons f o r  contaml nated 
unreasonably high r e l a t i v e  t o  long-term benef i t s  and 
residual  radioact ive  mater ia ls  do not pose a c l e a r  present  o r  

mater ia ls  occur i n  an inacce 
spec i f i c  f a c to r s  l i m i t  t h e i r  
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1 6 .  SOURCES 

Limit or Guideline - - Source 

Basic Dose Limits 

Dosimetry Model and Dose International Commission on Radiological 
Limits J Protection (1977, 1978) 

Guide1 ines for Residual ~ a d l o a c t i v i t ~  

Residual Radionuclides in 40 CFR 192 
Soi 1 Material 

Airborne Radon Decay 40 CFR 192 
Products 

External Gamma Radiation 40 CFR 192 

Surface Contamination U. 5. Nuclear Regulatory  omm mission (1982) 

Control of Radioactfve Wastes and Residues 

Interim Storage DOE Order 5480.1A 

Long-Term Management DOE Order 5480.1A; 40 CFR 192 
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of Radionuclides by Workers. A Report of Committee 2 of the International 
Commission on Radiological Protection. Adopted by the Commission in 
July 1978. ICRP Publication 30. Part 1 (and Supplement), Part 2 (and 
Supplement), Part 3 (and Supplements A and B ) ,  and Index, Pergamon 
Press, Oxford, 

b 
U,S, Environmental Protection Agency. 1983. Standards for Remedial Actions B 

at Inactive Uranium Processing Sites; Final Rule (40 CFR Part 192). Fed. 
Regi st. 48(3); 590-604 (January 5, 1983). 

U, S, Department of Energy.' 1984. Formerly Uti 1 i zed Sites Remedi 
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Office of Terminal Waste Disposal and Remedial Actton, Division o 
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APPENDIX C ,  RADIOLOGICAL SURVEY DATA 
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ROOM GRID 
NUMBER NAME 
T513 10-14 

10-14 
9-15 
9-16 
9-16 
10-14 
10-15 
10-15 
10-16 
10-17 
11-14 
11-15 
11-15 
11-16 
11-17 
12-14 
12-15 
12-16 
12-16 
11-17 
13-14 
13-15 
13-16 
13-16 
12-17 
14-14 
14-15 
14-16 
14-17 
14-18 
15-15 
15-15 
15-16 
15-17 
15-18 
1-6 
2-5 
3-5 
4-4 
5-3 
6-3 
7-2 
8 -1  
2-7 
3-7 
4-6 
5-5 
6-5 
7-4 
8-3 
9-3 
9-4 
10-5 
11-5 
11-6 

SORTED BY LOCATION 

I caMHA I uR/h I 
TOTAL TOTAL 

1 4 . 5 1  
13 .54  
1 3 . 6 8  
1 3 . 5 7  
13 .34  
1 4 . 0 5  
14 .22  
1 4 . 1 1  
13 .66  
13 .22  
1 4 . 3 0  
1 3 . 6 8  
12 .97  
13 .96  
1 3 . 5 8  
1 4 . 1 0  
1 3 . 8 5  
13 .09  
13 .57  
1 3 . 7 8  
1 3 . 8 1  
13 .69  
12 .59  
1 3 - 5 5  
14 .13  
13 .32  
1 3 . 7 6  
1 3 . 7 5  
13 .93  
13 .70  
14 .46  
12 .74  
1 3 . 3 5  
1 3 . 6 3  
1 3 - 8 9  
13 .60  
1 3 . 4 3  
12 .60  
12 .76  
12 .97  
12 .80  
12 .59  
12 .69  
14 .19  
1 3 . 7 6  
13 .73  
1 3 - 5 2  
13 .62  
13 .44  
1 3 . 9 0  
1 4 - 0 3  
15 .19  
16 .12  
1 6 - 0 8  
1 6 . 1 4  



T5l3. WS 
ROOM GRID 
NUMBER NAME 

11-7 
11-8 
11-8 
11-9 
10-10 
10-10 
10-11 
9-12 
9-13 
9-13 
9-14 
8-15 
8-15 
8-16 

SORTED BY 
I I 

TOTAL 
3448 
3399 
3517 
3416 
3460 
3447 
3284 
3225 
3100 
3082 
3035 
3008 
2964 
2880 
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LOCATION 
uR/ h I 

TOTAL STD DEV 
15.97 0.27 
15.74 0.27 
16.29 0.27 
15.82 0.27 
16.03 0.27 
15.97 0.27 
15.21 0.27 
14.94 0.26 
14.36 0.26 
14.28 0.26 
14.06 0.26 
13.93 0.25 
13.73 0.25 
13.34 0.25 
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ROOM GRID 
NUMBER NAME 

11-8 
11-6 
10-5 
11-5 
10-10 
11-7 
10-10 
11-9 
11-8 
10-11 
9-4 
9-12 
10-14 
15-15 
9-13 
11-14 
9-13 
10-15 
2-7 
12-17 
10-15 
12-14 
9-14 
10-14 
9-3 
11-16 
8-15 
14-17 
8-3 
15-18 
12-15 
13-14 
11-17 
14-15 
3-7 
14-16 
4-6 
8-15 
14-18 
13-15 
11-15 
9-15 
10-16 
15-17 
6-5 
1-6 
11-17 
9-16 
12-16 
13-16 
10-14 
5-5 
7-4 

-5 
15-1 

SORTED BY 
I G~JQJIA I 

TOTAL 
3517 
3484 
3 4 8 1  
3 4 7 1  
3460 
3448 
3447 
3416 
3399 
3284 
3280 
3225  
3133  
3 1 2 1  
3100 
3088 
3082 
3070 
3064 
3050 
3046 
3044 
3035  
3034 
3029 
3013 
3008 
3007 
3000 
2998 
2989 
2981  
2975 
2 9 7 1  
2970 
2969 
2965 
2964 
2958 
2956 
2954 
2953 
2949 
2943 
2 9 4 1  
2936 
2 9 3 1  
2930 
2929 
2926 
2924 
2919 
2902 
2900 
2883 

EXPOSURE RATE 
uR/h 1 

TOTAL STD DEV 
1 6 . 2 9  0 .27  
16 .14  0 .27 
16 .12  0 .27  
1 6 . 0 8  0 .27  
1 6 . 0 3  0 .27  
1 5 . 9 7  0 .27 
1 5 . 9 7  0 .27 
15 .82  0 .27 
15 .74  0 .27  
1 5 . 2 1  0 .27  
15 .19  0 .27  
14 .94  0 .26  
1 4 . 5 1  0 .26  
1 4 . 4 6  0 .26  
1 4 . 3 6  0 . 2 6  
1 4 . 3 0  0 . 2 6  
1 4 . 2 8  0 . 2 6  
1 4 . 2 2  0 .26  
14 .19  0 .26  
1 4 . 1 3  0 .26  
1 4 . 1 1  0 . 2 6  
1 4 . 1 0  0 . 2 6  
1 4 . 0 6  0 .26  
1 4 . 0 5  0 .26  
1 4 . 0 3  0 . 2 5  
1 3 . 9 6  0 . 2 5  
1 3 . 9 3  0 . 2 5  
1 3 . 9 3  0 . 2 5  
1 3 . 9 0  0 . 2 5  
1 3 . 8 9  0 . 2 5  
1 3 . 8 5  0 . 2 5  
1 3 . 8 1  0 . 2 5  
1 3 . 7 8  0 . 2 5  
1 3 . 7 6  0 . 2 5  
1 3 . 7 6  0 . 2 5  
1 3 . 7 5  0 . 2 5  
1 3 . 7 3  0 . 2 5  
1 3 . 7 3  0 . 2 5  
1 3 . 7 0  0 . 2 5  
13 .69  0 . 2 5  
1 3 . 6 8  0 . 2 5  
1 3 . 6 8  0 . 2 5  
1 3 . 6 6  0 . 2 5  
1 3 . 6 3  0 . 2 5  
1 3 . 6 2  0 . 2 5  
1 3 . 6 0  0 . 2 5  
1 3 . 5 8  0 . 2 5  
1 3 . 5 7  0 . 2 5  
1 3 . 5 7  0 . 2 5  
1 3 - 5 5  0 . 2 5  
1 3 , 5 4  0 . 2 5  
13 .52  0 . 2 5  
1 3 . 4 4  0 . 2 5  
1 3 . 4 3  0 . 2 5  
1 3 . 3 5  0 . 2 5  



T 5 l 3 .  WS 
ROOM GRID 
NUMBER NAME 

9-16 
8-16 
14-14 
10-17 
12-16 
5-3 
11-15 
6-3 
4-4 
15-15 
8-1  
3-5 
7-2 
13-16 
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SORTED BY EXPOSURE RATE 

I GMLMA I uR/h  
TOTAL 

i 
TOTAL STD DEV 

2880 13 .34  0 . 2 5  
2880 13 .34  0 . 2 5  
2875 13 .32  0 . 2 5  
2855  13 .22  0 . 2 5  
2826 13 .09  0 . 2 5  
2800 1 2 . 9 7  0 . 2 5  
2800 1 2 . 9 7  0 . 2 5  
2763 1 2 . 8 0  0 .24 
2754 1 2 . 7 6  0 .24 
2750 12 .74  0 .24  
2739 12 .69  0 .24  
2720 1 2 . 6 0  0 .24  
2719 12 .59  0 .24  
2718 12 .59  0 .24  
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ROOM GRID 
NUMBER NAME 

I GAMMA I 
TOTAL 

R/A 16-9R 3794 
LAUNDRY 16-9R 3424 
AREA 16-10R 3382 

15-11R 3063 
15-12R 3432 
15-13R 3 5 5 1  
17-9C 3 2 6 1  
17-9C 3009 
16-10C 3 2 6 1  
16-11CR 3165  
16-12 3182 
15-13A 3126 
15-14 3 0 4 1  
15-15 3079 
14-16 3316 
14-17 3387 
15-16 3297 
15-15 3162 
16-14 3237 
16-13C 2 8 9 1  
17-12C 2870 
1 7 - l l A  3114 
18-10R 3323 
18-9R 3378 
19-9R 3367 
18-10R 3450 
18-11A 3167 
18-12A 3264 
17-13A 3232 
17-14A 3183 
17-15 3146 
16-16AR 3699 
15-17AR 3825 
16-18AR 3555  
17-17AR 3253 
14-12AR 3699 
13-13AR 3825 
12-14AR 3555 
11-15AR 3253 
10-16R 3205  
10-17R 3316 
10-13A 3245 
9-13 3173 
9-14R 3200 
8-15 3307 
10-11  3312 
9-10R 3424 
9-11R 3234 
9-22 3312 
8-12 3290 
7  .-- 1 3 R 3306 
6-14 3240 
5-14 3254 

by  L o c a t i o n  

SORTED BY LOCATION 
uR/h I 

TOTAL STD DEV 
17 .57  0 .29  
15 .86  0 .27  
15 .67  0 .27  
14 .19  0 . 2 6  
15 .90  0 . 2 7  
16 .45  0 .28  
15 .10  0 .26  
13 .94  0 .25  
15 .10  0 . 2 6  
14 .66  0 . 2 6  
14 .74  0 . 2 6  
14 .48  0 . 2 6  
14 .09  0 .26  
1 4 . 2 6  0 .26  
15 .36  0 . 2 7  
15 .69  0 . 2 7  
15 .27  0 .27  
1 4 . 6 5  0 . 2 6  
14 .99  0 . 2 6  
13 .39  0 . 2 5  
13 .29  0 .25  
14 .42  0 . 2 6  
15 .39  0 . 2 7  
1 5 . 6 5  0 .27  
1 5 . 6 0  0 .27  
15 .98  0 .27  
14 .67  0 . 2 6  
1 5 . 1 2  0 . 2 6  
1 4 . 9 7  0 . 2 6  
1 4 . 7 4  0 .26  
14 .57  0 .26  
17 .13  0 .28  
17 .72  0 . 2 9  
16 .47  0 . 2 8  
15 .07  0 . 2 6  
1 7 . 1 3  0 . 2 8  
17 .72  0 .29  
16 .47  0 . 2 8  
1 5 . 0 7  0 .26  
1 4 . 8 5  0 .26  
15 .36  0 .27  
15 .03  0 . 2 6  
1 4 . 7 0  0 . 2 6  
1 4 . 8 2  0 .26  
1 5 . 3 2  0 .27  
15 .34  0 .27 
1 5 . 8 6  0 . 2 7  
1 4 . 9 8  0 . 2 6  
1 5 . 3 4  0 - 2 7  
15 .24  0 . 2 7  
1 5 . 3 1  0 .27  
1 5 . 0 1  0 .26  
1 5 - 0 7  0 . 2 6  
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RALAN . WS 
ROOM GRID 
NUMBER NAME 

15-17AR 
13-13AR 
16-9R 
16-16AR 
14-12AR 
16-18AR 
12-14AR 
15-13R 
18-10R 
15-12R 
16-9R 
9-10R 
14-17 
16-10R 
18-9R 
19-9R 
18-10R 
14-16 
10-17R 
10-11 
9-12 
8-15 
7-13R 
15-16 
8-12 
18-12A 
16-10C 
17-9C 
5-14 
17-17AR 
11-15AR 
10-13A 
6-14 
16-14 
9-11R 
17-13A 
10-16R 
9-14R 
17-14A 
16-12 
9-13 
18-llA 
16-llCR 
15-15 
17-15 
15-13A 
17-11A 
15-15 
15-llR 
15-14 
17-9C 
16-13C 
17-12C 

SORTED BY EXPOSURE RATE 
I GxMMA I uR/h 

TOTAL 
1 

TOTAL STD DEV 
3825 17.72 0.29 
3825 17.72 0.29 
3794 17.57 0.29 
3699 17.13 0.28 
3699 17.13 0.28 
3555 16.47 0.28 
3555 16.47 0.28 
3551 16.45 0.28 
3450 15.98 0.27 
3432 15.90 0.27 
3424 15.86 0.27 
3424 15.86 0.27 
3387 15.69 0.27 
3382 15.67 0.27 
3378 15.65 0.27 
3367 15.60 0.27 
3323 15.39 0.27 
3316 15.36 0.27 
3316 15.36 0.27 
3312 15.34 0.27 
3312 15.34 0.27 
3307 15.32 0.27 
3306 15.31 0.27 
3297 15.27 0.27 
3290 15.24 0.27 
3264 15.12 0.26 
3261 15.10 0.26 
3261 15.10 0.26 
3254 15.07 0.26 
3253 15.07 0.26 
3253 15.07 0.26 
3245 15.03 0.26 
3240 15.01 0.26 
3237 14.99 0.26 
3234 14.98 0.26 
3232 14.97 0.26 
3205 14.85 0.26 
3200 14.82 0.26 
3183 14.74 0.26 
3182 14.74 0.26 
3173 14.70 0.26 
3167 14.67 0.26 
3165 14.66 0.26 
3162 14.65 0.26 
3146 14.57 0.26 
3126 14.48 0.26 
3114 14.42 0.26 
3079 14.26 0.26 
3063 14.19 0.26 
3041 14.09 0.26 
3009 13.94 0.25 
2891 13.39 0.25 
2870 13.29 0.25 
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08/26/88 PLT3 3  3  . W S  SORTED BY LOCATION 
ROOM GRID I GAMMA I uR/h 
NUMBER NAME TOTAL 

I 
TOTAL STD DEV 

PLT3 3  3  5-3R 3317 1 5 . 3 6  0 .27  
5-4 3164 1 4 . 6 6  0 . 2 6  
4-5 3203 1 4 . 8 4  0 . 2 6  
4-5 3482 1 6 . 1 3  0 .27  
4-6R 3285  1 5 . 2 2  0 .27  
3-7 3259 1 5 . 1 0  0 .26  
3-8R 3380  1 5 . 6 6  0 . 2 7  
2-8R 3514 1 6 . 2 8  0 .27  
2-9R 3370 1 5 . 6 1  0 .27  
2-10R 3237 14 .99  0 .26  
1-10 3092 14 .32  0 .26  
1-11R 3159 1 4 . 6 3  0 . 2 6  
2 - l l R  3176 1 4 . 7 1  0 . 2 6  
2-10 3195 1 4 . 8 0  0 .26  
3-10 3223 1 4 . 9 3  0 . 2 6  
3-9R 3199 1 4 . 8 2  0 . 2 6  
3-8 3243 15 .02  0 .26  
4-8 3117 14 .44  0 .26  
4-7 3342 1 5 . 4 8  0 . 2 7  
5-6 2984 1 3 . 8 2  0 . 2 5  
5-5 3 3 5 1  1 5 . 5 2  0 . 2 7  
5-5 3205  1 4 . 8 5  0 .26  
6-4 3383 1 5 . 6 7  0 . 2 7  
6-3 3427 1 5 . 8 7  0 . 2 7  
7-3R 3432 1 5 . 9 0  0 . 2 7  
7-4R 3 3 5 1  15 .52  0 .27  
6-5 3134 14 .52  0 . 2 6  
6-6R 3243 15 .02  0 . 2 6  
5-6 3129 1 4 . 4 9  0 .26  
5-7 3186 1 4 . 7 6  0 .26  
5-8R 3202 14 .83  0 . 2 6  
4-9 3154 1 4 . 6 1  0 . 2 6  
4-9 3058 14 .16  0 . 2 6  
3-10R 3202 14 .83  0 .26  
3-10 3 1 6 1  14 .64  0 . 2 6  
3-11 3 0 4 1  14 .09  0 . 2 6  
4-11R 3269 1 5 . 1 4  0 . 2 6  
4-10R 3342 15 .48  0 . 2 7  
5-10R 3313 1 5 . 3 5  0 . 2 7  
5-9R 3336 1 5 . 4 5  0 .27  
5-9R 3 3 4 1  15 .48  0 . 2 7  
6-8 3172 14 .69  0 . 2 6  
6-7 3210 1 4 . 8 7  0 .26  
6-6R 3287 1 5 . 2 3  0 . 2 7  
7-6R 3254 15 .07  0 .26  
7-5R 3219 1 4 - 9 1  0 .26  
7-4R 3292 1 5 . 2 5  0 . 2 7  
8-3R 3153 1 4 . 6 0  0 . 2 6  
8-3 3666 1 6 . 9 8  0 .28  
8-2 3650 1 6 . 9 1  0 . 2 8  
9-2 3385  1 5 . 6 8  0 .27  
9-1 3 3 9 1  1 5 . 7 1  0 . 2 7  



P l o t  333 S o r t e d  

PLT333 .WS 
ROOM GRID 
NUMBER NAME 

8-3 
8-2 
2-8R 
4-5 
7-3R 
6-3 
9-1 
9-2 
6-4 
3-8R 
2-9R 
5-5 
7-4R 
4-7 
4-10R 
5-9R 
5-9R 
5-3R 
5-10R 
7-4R 
6-6R 
4-6R 
4-llR 
3-7 
7-6R 
6-6R 
3-8 
2-10R 
3-10 
7-5R 
6-7 
5-5 
4-5 
3-10R 
5-8R 
3-9R 
2-10 
5-7 
2-11R 
6-8 
5-4 
3-10 
1-11R 
4-9 
8-3R 
6-5 
5-6 
4-8 
1-10 
4-9 
3-11 
5-6 
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08/26/88 
SORTED BY EXPOSURE RATE 

GAMBIA I uR/h 
TOTAL 

i 
TOTAL STD DEV 

3666 16.98 0.28 
3650 16.91 0.28 
3514 16.28 0.27 
3482 16.13 0.27 
3432 15.90 0.27 
3427 15.87 0.27 
3391 15.71 0.27 
3385 15.68 0.27 
3383 15.67 0.27 
3380 15.66 0.27 
3370 15.61 0.27 
3351 15.52 0.27 
3351 15.52 0.27 
3342 15.48 0.27 
3342 15.48 0.27 
3341 15.48 0.27 
3336 15.45 0.27 
3317 15.36 0.27 
3313 15.35 0.27 
3292 15.25 0.27 
3287 15.23 0.27 
3285 15.22 0.27 
3269 15.14 0.26 
3259 15.10 0.26 
3254 15.07 0.26 
3243 15.02 0.26 
3243 15.02 0.26 
3237 14.99 0.26 
3223 14.93 0.26 
3219 14.91 0.26 
3210 14.87 0.26 
3205 14.85 0.26 
3203 14.84 0.26 
3202 14.83 0.26 
3202 14.83 0.26 
3199 14.82 0.26 
3195 14.80 0.26 
3186 14.76 0.26 
3176 14.71 0.26 
3172 14.69 0.26 
3164 14.66 0.26 
3161 14.64 0.26 
3159 14.63 0.26 
3154 14.61 0.26 
3153 14.60 0.26 
3134 14.52 0.26 
3129 14.49 0.26 
3117 14.44 0.26 
3092 14.32 0.26 
3058 14.16 0.26 
3041 14.09 0.26 
2984 13.82 0.25 
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ROOM 
NUMBER 

. WS 
G R I D  
NAME 

S R E  T O  3-2 
RMDF 3-3 

3-4 
3-5 
3-6 
3-7 
3-8 
3-9 
4-8 
4-7 
4-6 
4-5 
4-4 
4-3 
4-2 
5-2 
5-3 
5-4 
5-5 
5-6 
5-7 
5-8 
6-9 
6-8 
6-7 
6-6 
6-5 
6-4 
6-3 
7-3 
7-4 
7-5 
7-6 
7-7 
7-8 
7-9 
8-10 
8-9 
8-8 
8-7 
8-6 
8-5 
8-4 
9-6 
9-7 
9-8 
9-9 
10-7 
10-6 
10-5 
11-5 
11-6 
12-5 
13-5 
13-5 

I GAMMA 
TOTAL 
4 5 0 1  
4343 
4 3 8 1  
4279 
4264 
4269 
4077 
3705 
3958 
4222 
4309 
4470 
4465 
4607 
4616 
4682 
4468 
4 4 6 1  
4667 
4454 
4510 
4 0 2 1  
4038 
4410 
4407 
4469 
4385 
4 5 4 1  
4946 
4570 
4709 
4497 
4520 
4424 
4538 
3983 
4213 
4367 
4389 
4593 
4714 
4192 
4948 
5134 
4775 
4285 
4214 
4360 
4532 
4750 
5014 
4562 
5050 
5094 
4542 

SORTED BY 
I u R /  

TOTAL 
20.85 
20.12 
20.29 
19.82 
19.75 
19.77 
18.88 
17.16 
18.33 
19 .56  
19.96 
2 0 . 7 1  
20.68 
21.34 
21.38 
21.69 
20.70 
20.66 
21.62 
20.63 
20.89 
18.63 
18 .70  
20.43 
20 .41  
20.70 
2 0 . 3 1  
21.03 
22 .91  
21.17 
2 1 . 8 1  
20.83 
20.94 
20.49 
21.02 
18.45 
1 9 . 5 1  
20.23 
20.33 
21.27 
21.84 
19.42 
22.92 
23.78 
22.12 
19.85 
19.52 
20.20 
20.99 
22.00 
23.22 
21.13 
23.39 
2 3 - 6 0  
21.04 

LOCATION 
h I 

STD DEV 
0 . 3 1  
0 . 3 1  
0 . 3 1  
0.30 
0 .30 
0.30 
0 .30 
0 .28 
0.29 
0 .30 
0 .30 
0 . 3 1  
0 . 3 1  
0 . 3 1  
0 . 3 1  
0.32 
0 . 3 1  
0 . 3 1  
0.32 
0 . 3 1  
0 . 3 1  
0.29 
0 .29 
0 . 3 1  
0 . 3 1  
0 . 3 1  
0 . 3 1  
0 . 3 1  
0.33 
0 . 3 1  
0.32 
0 . 3 1  
0 . 3 1  
0 . 3 1  
0 . 3 1  
0.29 
0 .30 
0 . 3 1  
0 . 3 1  
0 . 3 1  
0 - 3 2  
0 .30 
0.33 
0.33 
0.32 
0.30 
0.30 
0 . 3 1  
0 . 3 1  
0.32 
0.33 
0 . 3 1  
0.33 
0.33 
0 . 3 1  
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SRERMD . WS SORTED BY L O C A T I O N  
ROOM G R I D  I czMMA I u R /  h 
NUMBER NAME TOTAL 

I 
T O T A L  S T D  DEV 

1 4  ( -3 )  8 2 0 1  37 .99  0.42 
1 4  ( -2 )  7 4 5 1  3 4 . 5 1  0 . 4 0  
1 5  ( -1 )  7 3 3 2  33 .96  0 .40  
1 6  ( -1 )  7 0 2 1  32 .52  0.39 
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ROOM 
NUMBER 

SRE-to-RMDF F i e l d  S o r t e d  by Exposure Ra te  

. WS 
G R I D  
NAME 

1 4  (-3)  
1 4  ( -2)  
1 5  ( -1)  
1 6  ( -1)  
9-6 
13-5 
12-5 
11-5 
8-4 
6-3 
9-7 
10-5 
8-6 
7-4 
5-2 
5-5 
4-2 
4-3 
8-7 
7-3 
11-6 
13-5 
6-4 
7-8 
10-6 
7-6 
5-7 
3-2 
7-5 
4-5 
6-6 
5-3 
4-4 
5-4 
5-6 
7-7 
6-8 
6-7 
8-8 
6-5 
3-4 
8-9 
10-7 
3-3 
4-6 
9-8 
3-5 
3-7 
3 --- 6  
4 --- 7  
9 --- 9  
8-10 
8-5 
3-8 
6-9 

S O R T E D  BY EXPOSURE RATE 

GzuQ4A I u R / h  
T O T A L  

i 
T O T A L  S T D  DEV 

8 2 0 1  37.99 0.42 
7 4 5 1  34 .51  0.40 
7332  33.96 0.40 
7 0 2 1  32.52 0.39 
5134 23.78 0.33 
5094 23.60 0.33 
5050  23.39 0.33 
5014 23.22 0.33 
4948 22.92 0.33 
4946 22 .91  0.33 
4775 22.12 0.32 
4750 22.00 0.32 
4714 21.84 0.32 
4709 21 .81  0.32 
4682 21.69 0.32 
4667 21.62 0.32 
4616 21.38 0 . 3 1  
4607 21.34 0 .31  
4593 21.27 0 . 3 1  
4570 21.17 0 . 3 1  
4562 21.13 0 . 3 1  
4542 21.04 0 . 3 1  
4 5 4 1  21.03 0 . 3 1  
4538 21.02 0 . 3 1  
4532 20.99 0 . 3 1  
4520 20.94 0 . 3 1  
4510 20.89 0 . 3 1  
4 5 0 1  20.85 0 . 3 1  
4497 20.83 0 . 3 1  
4470 2 0 . 7 1  0 . 3 1  
4469 20.70 0 . 3 1  
4468 20.70 0 . 3 1  
4465 20.68 0 . 3 1  
4 4 6 1  20.66 0 . 3 1  
4454 20.63 0 . 3 1  
4424 20.49 0 . 3 1  
4410 20.43 0 . 3 1  
4407 2 0 . 4 1  0 . 3 1  
4389 20.33 0 . 3 1  
4385 2 0 . 3 1  0 . 3 1  
4 3 8 1  20.29 0 . 3 1  
4367 20.23 0 . 3 1  
4360 20.20 0 . 3 1  
4343 20.12 0 . 3 1  
4309 19.96 0 .30 
4285 19 .85  0.30 
4279 19.82 0 .30 
4269 19 .77  0.30 
4264 19.75 0 .30  
4222 19.56 0 .30 
4214 1 9  52 0 .30  
4213 1 9 . 5 1  0 .30 
4192 19.42 0.30 
4077 18 .88  0 .30  
4038 18.70 0 .29 



SRERMD . W S  
ROOM G R I D  
NUMBER NAME 

5-8 
7-9 
4-8 
3-9 
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SORTED BY EXPOSURE RATE 
1 GAMMA 1 uR/  h 

TOTAL 
i 

TOTAL STD DEV 
4 0 2 1  18.63 0.29 
3983 18.45 0.29 
3958 18.33 0 .29 
3705 17 .16  0.28 
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KEWB-to-RMDF F i e l d  S o r t e d  by L o c a t i o n  

08/26/88 KEWBRM . WS SORTED BY LOCATION 
ROOM GRID I I uR/h 
NUMBER NAME TOTAL 

i 
TOTAL STD DEV 

KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-RMDF 
KEWB-TO03 
KEWB-TO03 
KEWB-TO03 
KEWB-TOO3 
KEWB-TO03 
KEWB-TO03 
KEWB-TO03 
KEWB-TO03 
KEWB-TO03 
KEWB-TO03 
KEWB-TO03 
KEWB-TO03 
KEWB-TO03 
KEWB-TO03 
KEWB-TO03 
KEWB-TO03 
KEWB-TOO3 
KEWB-TO03 
KEWB-TO03 
KEWB-TO03 



KEWBRM. WS 
ROOM 
NUMBER 
KEWB-TO03 
KEWB-TOO3 
KEWB-TOO3 
KEWB-TO03 
KEWB-TO03 
KEWB-TO03 
KEWB-TO03 
KEWB-TO03 
KEWB-TO03 
KEWB-TO03 

GRID 
NAME 
6-2R 
6-2R 
6-3R 
6-3R 
6-3R 
6-3R 
6-4R 
7-3R 
7-4R 
7-4R 
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SORTED BY LOCATION 
I GAMMA I 

TOTAL 
3869 
3679 
3901 
4049 
3961 
3930 
3927 
3898 
3902 
3808 

uR/h I 
TOTAL STD DEV 
17.92 0.29 
17.04 0.28 
18.07 0.29 
18.75 0.29 
18.35 0.29 
18.20 0.29 
18.19 0.29 
18.06 0.29 
18.07 0.29 
17.64 0.29 
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ROOM GRID 
NUMBER NAME 

I GAMMA 
TOTAL 

KEWB-RMDF 4-2R* 4231 
KEWB-RMDF 3-4R 4130 
KEWB-RMDF 4 -2R* 4060 
KEWB-TO03 6-3R 4049 
KEWB-RMDF 5-3R 4002 
KEWB-RMDF 3-5R 3965 
KEWB-TO03 6-3R 3961 
KEWB-RMDF 3 -4R 3952 
KEWB-RMDF 5-2R 3946 
KEWB-TO03 6-3R 3930 
KEWB-TO03 6-4R 3927 
KEWB-TO03 5-3R 3926 
KEWB-RMDF 4-lR* 3923 
KEWB-RMDF 5-4R 3920 
KEWB-RMDF 6-5R 3920 
KEWB-TO03 7-4R 3902 
KEWB-TO03 6-3R 3901 
KEWB-RMDF 4-3R 3899 
KEWB-TO03 7-3R 3898 
KEWB-TO03 4-2R 3897 
KEWB-TO03 5-3R 3892 
KEWB-TO03 4-3R 3876 
KEWB-TO03 3-5R 3869 
KEWB-TO03 6-2R 3869 
KEWB-RMDF 4-7R 3862 
KEWB-TO03 5-2R 3855 
KEWB-TO03 5-4R 3849 
KEWB-TO03 3-4R 3847 
KEWB-RMDF 4-6R 3823 
KEWB-TO03 7-4R 3808 
KEWB-RMDF 4-5R 3798 
KEWB-TO03 5-3R 3795 
KEWB-RMDF 5-7R 3761 
KEWB-RMDF 6-4R 3761 
KEWB-RMDF 2-8R 3756 
KEWB-TO03 3-5R 3728 
KEWB-TO03 3-3R 3715 
KEWB-TO03 2-5R 3701 
KEWB-TO03 4-4R 3699 
KEWB-RMDF 6-5R 3692 
KEWB-RMDF 5-5R 3687 
KEWB-TO03 6-2R 3679 
KEWB-RMDF 3-9R 3675 
KEWB-RMDF 4-4R 3658 
KEWB-RMDF 5-6R 3657 
KEWB-RMDF 4-6R 3651 
KEWB-RMDF 6-3R 3629 
KEWB-TO03 2-5R 3625 
KEWB-TO03 2-4R 3624 
KEWB-RMDF 3-6R 3611 
KEWB-RMDF 7-5R 3608 
KEWB-RMDF 7-6R 3604 
KEWB-TO03 1-6R 3601 

3596 
3588 

by Exposure Rate 

BY EXPOSURE RATE 
I uR/h I 

TOTAL STD DEV 
19.60 0.30 
19.13 0.30 
18.81 0.30 
18.75 0.29 
18.54 0.29 
18.37 0.29 
18.35 0.29 
18.31 0.29 
18.28 0.29 
18.20 0.29 
18.19 0.29 
18.19 0.29 
18.17 0.29 
18.16 0.29 
18.16 0.29 
18.07 0.29 
18.07 0.29 
18.06 0.29 
18.06 0.29 
18.05 0.29 
18.03 0.29 
17.95 0.29 
17.92 0.29 
17.92 0.29 
17.89 0.29 
17.86 0.29 
17.83 0.29 
17.82 0.29 
17.71 0.29 
17.64 0.29 
17.59 0.29 
17.58 0.29 
17.42 0.28 
17.42 0.28 
17.40 0.28 
17.27 0.28 
17.21 0.28 
17.14 0.28 
17.13 0.28 
17.10 0.28 
17.08 0.28 
17.04 0.28 
17.02 0.28 
16.94 0.28 
16.94 0.28 
16.91 0.28 
16.81 0.28 
16.79 0.28 
16,79 0.28 
16.73 0.28 
16.71 0.28 
16.69 0.28 
16.68 0.28 
16.66 0.28 
16.62 0.28 



KEWBRM . WS 
ROOM GRID 
NUMBER NAME 
KEWB-TO03 1-5R 
KEWB-RMDF 3-8R 
KEWB-RMDF 4-8R 
KEWB-RMDF 1-8R 
KEWB-TO03 2-4R 
KEWB-RMDF 2-7R 
KEWB-RMDF 5-3R 
KEWB-TO03 2-6R 
KEWB-TO03 2-6R 
KEWB-RMDF 3-10R 
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SORTED BY EXPOSURE RATE 
I caMMA I uR/h  

TOTAL 
i 

TOTAL STD DEV 
3574 16.55 0.28 
3571 16.54 0.28 
3565 16.51 0.28 
3543 16.41 0.28 
3527 16.34 0.28 
3527 16.34 0.28 
3521 16.31 0.27 
3516 16.29 0.27 
3425 15.86 0.27 
3390 15.70 0.27 
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APPENDIX D. SURVEYOR MAPS USED DURING RADIOLOGICAL SURVEY 
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D . l  T513 Parkinq L o t  



Old Rad ioac t i ve  (R/A) Laundry Area 
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D. 3 Plot 333 - SRE Storaqe and Trash Dump 



GEN-ZR-0009 
Page 119 
08/26/88 

D.4 SRE-to-RMDF F i e l d  
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KEWB Surroundinq Area to Buildinq TO03 
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