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ABSTRACT 

A r a d i o l o g i c a l  su rvey  was performed a t  Bui lding T009, l o c a t e d  a t  

Rockwell I n t e r n a t i o n a l ' s  S a n t a  Susana F i e l d  Laboratory  (SSFL) Area IV, t o  

c l a r i f y  and i d e n t i f y  t h o s e  l o c a t i o n s  needing f u r t h e r  r a d i o l o g i c a l  i n s p e c t i o n  

o r  r e q u i r i n g  remedial  a c t i o n .  Bui ld ing  TO09 was used i n  t h e  1960s and e a r l y  

1970s f o r  p e r f o r ~ i  ng AEC-sponsored n u c l e a r  r e a c t o r  c r i t i c a l  exper iments .  

Two r e a c t o r  t y p e s  were t e s t e d :  t h e  Sodium G r a p h i t e  Reactor  (SGR), and t h e  

Organic  Moderated Reac to r  (OMR). SGR occup ied  t h e  e a s t e r n  high bay,  OMR t h e  

w e s t e r n .  Each high bay had i t s  own s e t  o f  d e s i g n a t e d  suppor t  l a b o r a t o r i e s ,  

change rooms, f u e l  s t o r a g e  v a u l t s ,  and shops .  The o f f i c e  a r e a  i s  common t o  

both  s i d e s  o f  t h e  f a c i l i t y .  No major  con tamina t ion  i n c i d e n t s  a r e  known t o  

have o c c u r r e d  a t  e i t h e r  of t h e s e  low power t e s t  r e a c t o r s .  Although 

con tamina t ion  i n c i d e n t s  p robab ly  o c c u r r e d ,  i t  has  been common p r a c t i  

decon tamina te  t h e  a f f e c t e d  a r e a  t o  i t s  o r i g i n a l  " c l e a n "  c o n d i t i o n .  

t h e s e  exper imenta l  r e a c t o r  programs ended, a l l  a s s o c i a t e d  equipment 

removed, r a d i a t i o n  s u r v e y s  were performed,  and t h e  f a c i l i t y  was modi 

some 

c e  t o  

When 

was 

f i e d  f o r  

) o t h e r  programs (some o f  which invo lved  t h e  use  o f  r a d i o a c t i v e  m a t e r i a l ) .  

The SGR s i d e  i s  c u r r e n t l y  used f o r  In  S e r v i c e  I n s p e c t i o n  ( I S I )  work, and 

t h e r e f o r e  was n o t  covered by t h e  scope  o f  t h i s  su rvey .  T h i s  r a d i o l o g i c a l  

su rvey  o f  t h e  OMR s i d e  was performed t o  d e t e r m i n e  i f  any r a d i o a c t i v e  

m a t e r i a l  has  been a c c i d e n t a l l y  l e f t  behind t o  such an e x t e n t  t h a t  f u r t h e r  

s u r v e y i n g  o r  decon tamina t ion  i s  war ran ted .  

The b u i l d i n g  i n t e r i o r  (OMR s i d e )  was surveyed f o r  t o t a l  and 

removable a l p h a / b e t a  r a d i o a c t i v i t y ,  and ambient  gamma exposure r a t e .  These 

i n t e r i o r  measurements were made on 1 m2 p e r  3-m s q u a r e  p l o t  p l a n ,  c o n s i s t e n t  

w i t h  an 11% sampling p l a n .  S p e c i a l  b u i l d i n g  f e a t u r e s  were slrrveyed " f o r  

i n d i c a t i o n "  o f  r a d i o a c t i v i t y .  A d d i t i o n a l l y ,  samples of c rud ,  g r e a s e ,  and 

s l u d g e  were c o l l e c t e d  from s i n k  c l e a n - o u t s ,  shower d r a i n s ,  machining 

equipment ,  and t h e  SGR r a d i o a c t i v e  l i q u i d  hold-up t a n k  and p i t ,  and then 

ana lyzed  f o r  r a d i o a c t i v i t y  by gamma s p e c t r o m e t r y .  Ambient gamma exposure 

r a t e s  were measured o u t s i d e  o f  T009, i n  an a r e a  nor thwest  o f  t h e  f a c i l i t y .  
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T h i s  a r e a  i s  p a r t i a l l y  paved and used a s  a  s t o r a g e  y a r d ,  and p a r t i a l l y  

n a t u r a l - t e r r a i n  i n  a  l o c a t i o n  where t h e  o l d  s a n i t a r y  l e a c h  f i e l d  e x i s t e d .  

Outdoor gamma measurements were made on a  6-m square  p l o t  p l a n .  

- R e s u l t s  o f  t h i s  s u r v e y ,  a n a l y s i s ,  and i n t e r p r e t a t i o n  show t h a t  a  

few l o c a t i o n s  i n s i d e  t h e  f a c i l i t y  a r e  s l i g h t l y  contaminated.  The o l d  f u e l  

v a u l t  i s  c o n t a m i ~ a t e d  w i t h  a  maximum a l p h a  a c t i v i t y  o f  92 dpm/100 cm2 

averaged o v e r  1  m2; t h e  a c c e p t a b l e  1 i m i t  i s  5000 dpm/100 cm2. Corresponding 

i n c r e a s e d  b e t a  measurements i n  t h o s e  l o c a t i o n s  were n o t  observed.  S l i g h t  

removable a l p h a  a c t i v i t y  was measured i n  t h o s e  f u e l  v a u l t  l o c a t i o n s  and i n  a  

few c a b i n e t s  i n  rooms 114 and 116, t h e  c o u n t i n g  room and l a b o r a t o r y ,  

r e s p e c t i v e l y .  Maximum removable a c t i v i t y  was 1 5  dpm/100 cm2; t h e  l i m i t  i s  

1000 dpm/100 cm2. A s l u d g e  sample t a k e n  from i n s i d e  t h e  SGR r a d i o a c t i v e  

l i q u i d  holdup t a n k  was s l i g h t l y  con tamina ted  w i t h  f i s s i o n  p r o d u c t s ,  U-238, 

Th-232, and p o s s i b l y  U-235. No r a d i o a c t i v e  m a t e r i a l  was d e t e c t e d  i n  o t h e r  

m i s c e l l  aneous samples c o l l  e c t e d  and t h i s  i n c l  uded t h o s e  from a1 1  d r a i n  

t r a p s ,  and t h e  p i t  which h o l d s  t h e  SGR holdup t a n k .  All  a lpha /be ta  s u r v e y s  

made on a  uniform g r i d ,  and " f o r  i n d i c a t i o n , "  and ambient gamma s u r v e y s  pass  

a c c e p t a n c e  c r i t e r i a  f o r  u n r e s t r i c t e d  use by a  wide margin.  S t a t i s t i c a l  

t e s t s  show t h a t ,  based on t h i s  i n s p e c t i o n  p l a n ,  t h e  l i k e l i h o o d  o f  s i g n i -  

f i c a n t  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 i n g  i n  t h e  f u e l  v a u l t  o r  i n  t h e  c a b i n e t s  

i s  s m a l l .  F u r t h e r  i n v e s t i g a t i o n  i s  n o t  r e q u i r e d ;  t h e  a r e a s  a r e  f a r  below 

any hazard  1 eve1 , and much 1 ess t h a n  u n r e s t r i c t e d - u s e  accep tance  1 imi t s  . 
Removal o f  t h e  o l d  ( i n a c t i v e )  SGR r a d i o a c t i v e  m a t e r i a l  holdup t a n k ,  however, 

should  be performed under  t h e  s u p e r v i s i o n  o f  a  h e a l t h  p h y s i c i s t .  The t a n k  

w i l l  most 1  i k e l y  be c l a s s i f i e d  a s  low- leve l  r a d i o a c t i v e  was te .  A t  t ime  o f  

removal,  d r a i n  l i n e s  shou ld  a l s o  be checked f o r  r a d i o a c t i v i t y .  The holdup 

t a n k  i s  n o t  l e a k i n g  r a d i o a c t i v e  m a t e r i a l  t o  t h e  surrounding p i t  and no 

hazard e x i s t s  i n  i t s  c u r r e n t  c o n f i g u r a t i o n .  
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1 -0  INTRODUCTION 

Building T009, 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 Field Labora tor ies  (SSFL) was inspected and analyzed f o r  

r e s idua l  r ad ioac t ive  m a t e r i a l .  This  f a c i l i t y  supported AEC, ERDA, and DOE 

n u c l e a r - r e l a t e d  programs, inc luding  p r imar i ly  t h e  Sodium Graphite Reactor 

(SGR) and Organic Moderated Reactor (OMR). The e a s t e r n  h a l f  of t h e  bui ld ing  

i s  commonly r e f e r r e d  t o  a s  t h e  SGR s i d e ,  while t h e  western ha l f  i s  r e f e r r e d  

t o  a s  t h e  OMR s ide .  Because t h e  SGR s i d e  i s  c u r r e n t l y  i n  use f o r  In Serv ice  

Inspec t ion  ( I S I )  ope ra t ions ,  i t  was not  included with t h i s  survey. The OMR 

s i d e  was inspected f o r  r a d i o a c t i v i t y  t o  determine whether any r ad ioac t ive  

mater ia 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 nves t iga t ion  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  prescr ibed i n  t h e  "Radiological  Survey Plan f o r  SSFL," (Ref- 

erence 4, Sect ion 5.4.20).  

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

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 lear  r e a c t o r s ;  

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

elements.  Building TO09 was des igna ted  t h e  C r i t i c a l  Experiment Building; 

c r i t i c a l  assemblies  were made and t e s t e d  f o r  t h e  Hallam Nuclear Power 

F a c i l i t y  (HNPF) and t h e  Piqua Nuclear Power F a c i l i t y  (PNPF). In t h e  e a r l y  

1970s, t h e s e  programs ended and t h e  SGR and OMR were removed from t h e  

f a c i l i t y .  The only systems c u r r e n t l y  s t i l l  i n  place which supported these  

t e s t s  a r e  two independent ventilation/exhaust/filter systems, and t h e  SGR 

( e a s t  s i d e )  r ad ioac t ive  l i q u i d  holdup tank .  These systems have not been i n  

use s i n c e  t h e  e a r l y  1970s. The SGR v e n t i l a t i o n  system i s  known t o  be 

uncontaminated. Previous samples c o l l  ec ted  from t h e  SGR tank showed 

r a d i o a c t i v e  ma te r i a l .  Both t h e  OMR v e n t i l a t i o n  system and SGR holdup tank 

were surveyed and analyzed f o r  r a d i o a c t i v i t y .  Except f o r  sampling t h e  SGR 

holdup tank  and p i t ,  and the  s i n k  t r a p  in  room 121 which leads  t o  i t ,  only 

t h e  OMR s i d e  of t he  f a c i l i t y  was inspec ted .  
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in the OMR fuel vault during its 

1 is known to have been used or 

on the OMR side. Possible residual contamination could result from 

an undetected release in the high bay test-area, fuel contamination in the 

vault, machi ni ng/mi 11 ing operations performed on contaminated i terns in the 

machine shop, held-up sludge/debris in drain lines of sinks and showers, or 

residual material in the counting laboratory. The likelihood of significant 

contamination existing at TO09 is small. 

No known significant incidents occurred at TO09 which would have 

released contamination to the inspected areas. Although some minor radio- 

logical contamination occurred, 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 material accidentally left behind from 

these operations. 

As part of the DOE SSFL Site Survey (Reference 4) a radiation 
survey was performed in the OMR side and the outside northwestern area to 

determine if any residual contamination exists. Total and removable 

alpha/beta activity measurements and ambient gamma exposure rate measure- 

ments were made indoors on a 3-m by 3-m grid. Outdoor gamma exposure rate 

measurements were made on a 6-m by 6-m grid. If radioactive contamination 

was indicated during performance of the gamma measurements, samples were to 

be collected and analyzed for radioactivity, and beta surface activity 

measurements were to be performed. Sampl e coll ecti on because of increased 

gamma measurements was not required for this particular survey. Special 

facil i ty features, including wall coving, miscellaneous horizontal surfaces, 

cracks, crevices, cabinets, sinks, drains, showers, and the OMR exhaust 

system and filter plenum were inspected for radioactivity. Smears were 

coll ected and analyzed for removabl e a1 pha/beta activity, and surveys "for 

indication" of total alpha/beta activity were performed. Additionally, 

samples were collected from sink traps, shower drains, and the SGR holdup 

tank for analysis of radioactivity by gamma spectrometry. 

A1 1 total and removable a1 pha/beta contamination data and ambient 
gamma exposure rate data, were input into a Personal Computer (PC) graphics 
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program which p l o t s  t h e  r a d i a t i o n  measurement va lue  a g a i n s t  i t s  cumula t ive  

p r o b a b i l i t y .  The s o f t w a r e  a l s o  c a l c u l a t e s  a  t e s t  s t a t i s t i c  u s i n g  i n s p e c t i o n  

by v a r i a b l e s  t e c h n i q u e s .  Th is  t e s t  s t a t i s t i c  i s  t h a t  v a l u e  g r e a t e r  t h a n  t h e  

mean v a l u e  o f  t h e  d i s t r i b u t i o n ,  which corresponds t o  a  consumer's  r i s k  of 

a c c e p t a n c e  o f  10% p r o b a b i l i t y  wi th  a  Lot Tolerance Percen t  D e f e c t i v e  (LTPD) 

o f  0.10.  T h i s  method assumes t h e  d a t a  f o l l o w  a  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 .  I n s p e c t i o n  by v a r i a b l e s  t e c h n i q u e s  a l lows a  thorough ,  under-  

s t a n d a b l e ,  and c o n c l u s i v e  s tudy  f o r  a s s e s s i n g  t h e  con tamina t ion  l e v e l  i n  an 

a r e a .  Samples c o l l e c t e d  f o r  r a d i o a c t i v i t y  a n a l y s i s  were ana lyzed  " f o r  

i n d i c a t i o n . "  Miscel laneous  a lpha /be ta  su rveys  were a l s o  performed " f o r  

i n d i c a t i o n . "  

Rad ia t ion  measurements a r e  compared a g a i n s t  DOE r e s i d u a 1  r a d i o -  

a c t i v i t y  l i m i t s  s p e c i f i e d  i n  "Guide l ines  f o r  Residual R a d i o a c t i v i t y  a t  

FUSRAP and Remote SFMP S i t e s , "  (Reference 1) .  Th is  g u i d e  g e n e r a l l y  a g r e e s  

w i t h  p r e v i o u s l y  pub l i shed  gu ides  and s t a n d a r d s ,  i n c l u d i n g  ANSI S tandard  

N13.12 (Refe rence  7) ,  Regulatory Guide 1.86, and USNRC License  SNM-21 

,,I (Refe rence  2 ) .  Limits f o r  t o t a l  and removable a lpha /be ta  a c t i v i t y  a g r e e  

between s t a n d a r d s .  Limits f o r  a c c e p t a b l e  ambient gamma exposure  r a t e s  

d i f f e r  between t h e  DOE and NRC. DOE s p e c i f i e s  20 pR/h above background 

w h i l e  NRC s p e c i f i e s  5 pR/h above background a s  a c c e p t a b l e  gamma exposure  

r a t e  limits. "Natural  background" a t  SSFL i s  very  d i f f i c u l t  t o  de te rmine  

because  o f  a  1 a r g e  observed v a r i a b i l  i  t y  i n  t h e  measurements. Because o f  

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 i n  a  su rvey  a r e a  

a r e  p l o t t e d  and compared a g a i n s t  t h r e e  independent " n a t u r a l "  background 

d i s t r i b u t i o n s .  I f  t h e  average "background" exposure r a t e  o f  t h e  t h r e e  

" n a t u r a l  background" d i s t r i b u t i o n s  (which is  15 pR/h) r e p r e s e n t s  s i m i l a r  

ambient c o n d i t i o n s  i n  a  t e s t - a r e a ,  t h e n  t h i s  va lue  i s  used t o  c o r r e c t  g r o s s  

t e s t - a r e a  v a l u e s  f o r  background. I f  "ambient" c o n d i t i o n s  a r e  d i s s i m i l a r ,  

t h e n  t h e  b e s t  e s t i m a t e  f o r  "ambient background" i s  t h e  median v a l u e  o f  

g r o s s - t o t a l  measurements made i n  a  sample l o t .  "Ambient" c o n d i t i o n s  a r e  

a s s e s s e d  on a  sample l o t  by sample l o t  b a s i s  i n  o r d e r  t o  compare gamma 

measurements a g a i n s t  acceptance limits "above background." Two sample l o t s  

were e s t a b l i s h e d  f o r  ana lyz ing  t h e  r e s u l t s  o f  t h i s  su rvey  - -  an indoor  l o t  
1 

jP and an o u t d o o r  l o t .  "Ambient background" v a r i e s  between t h e s e  sample l o t s .  
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2 - 0  IDENTIFICATION OF FACILITY PREMISES 

2.1  Locat i  on 

Building TO09 i s  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 .  The s i t e  i s  ad j acen t  t o  t he  Los Angeles County l i n e ,  

and approximately 29 miles  northwest  of downtown Los Angeles. The SSFL 

l o c a t i o n  r e l 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 

i n  Figure 2.1. An enlarged map of  neighboring SSFL communities i s  presented 

i n  Figure 2.2. Building TO09 i s  l oca t ed  i n  t h e  western por t ion  of SSFL, 

which i s  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  of Building T009. The bui lding i s  owned by Rockwell 

and i s  l oca t ed  a t  t h e  end of "G"  S t r e e t  just beyond 24th S t r e e t  i n  t h e  f a r  

western a rea  of SSFL. The n e a r e s t  occupied s t r u c t u r e  i s  Building 1100, 

about  200 f t  no r theas t .  Building TO09 i s  not  within t h e  90.26-acre Govern- 

ment-Optioned Area. Photographs of  TO09 a r e  shown i n  Figures  2.4 and 2.5; 

/j Building TlOO i s  i nd ica t ed  in  t h e  photos f o r  re ference  only.  

2.2 Local Area T o ~ o q r a ~ h v  and F a c i l i t y  C h a r a c t e r i s t i c s  

Building TO09 s i t s  on an i r r e g u l a r  plateau in  a mountainous area 

o f  r e c e n t  geological  age sp r ink led  with outcroppings above t h e  more leve l  

pa tches .  Outcroppings of Chico sandstone formation a r e  numerous behind 

(northwest  o f )  t h e  f a c i l i t y .  Surrounding t h e  f a c i l i t y  about 100 f t  i n  a l l  

d i r e c t i o n s  i s  a s p h a l t  concre te  paving. This  surrounding pavement i s  used 

f o r  s t o r i n g  components and a s  acces s  t o  t h e  f a c i l i t y  from t h e  no r theas t  (of f  

"G" S t r e e t ) .  The minimum d i s t a n c e  from TO09 t o  t he  SSFL boundary i s  

approximately 650 f t .  This boundary l i e s  i n  a northwester ly d i r e c t i o n  (Simi 

Val 1 ey d i r e c t i o n ) .  Grade f l o o r  e l e v a t i o n s  a r e  approximately 1835 f t  above 

sea  1 eve1 , (Reference 25) .  

The general  s lope  of Area IV, including these  f a c i l i t i e s  and 

surrounding a reas ,  i s  in  an e a s t e r l y  d i r e c t i o n .  Water runoff  i s  d i r ec t ed  t o  
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F i g u r e  2 . 1  Map o f  Los Ange les  A rea  
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Figure 2.2 Map of Neighboring SSFL Communities 
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the  re ten t ion  reservoirs  which a re  pa r t  of the SSFL indus t r i a l  e f f luen t  

control  system. Liquid e f f luen t  discharge from the  f i na l  re tent ion pond 

i n to  t he  Bell Canyon drainage occurs only a f t e r  controlled e f f luen t  hold-up 

and sampling. Figure 2.6 i s  a  topographic map of TO09 and the surrounding 

area .  

Because the f a c i l i t y  was b u i l t  t o  accommodate two independent 

cr i t ica l -assembly t e s t  l abora to r ies ,  f a c i l i t y  cha r ac t e r i s t i c s  are  described 

separa te ly  f o r  each of the  two areas:  The Sodium Graphite Reactor (SGR) 

s i de  and the  Organic Moderated Reactor (OMR) s ide .  As shown in Figures 2 . 7  

and 2.8, SGR occupied the eas t  s ide  of the  f a c i l i t y ,  OMR the  west s ide ,  

(Reference 25). 

2.2.1 Fac i l i t y  Character is t ics  of the  SGR Side 

Although the  SGR experiment has ended and the  reactor  has been 

removed, most of the  f a c i l i t y  remains e s s en t i a l l y  unchanged. This f a c i l i t y  

,) descr ip t ion  i s  from Reference 25, which was writ ten in 1962. The SGR side 

of TO09 ( see  Figure 2.8) cons i s t s  of a  high-bay building, which housed the 

c r i t i c a l  assembly ce l l  and a  fuel-and-graphite-storage area ,  and an adjoin- 

ing low-bay area which housed the  control  room, o f f i c e s ,  and miscellaneous 

supporting laborator ies .  The high bay i s  a  concrete s t r uc tu r e  approximately 

70 f t  long by 40 f t  wide, with a  4-in.  th ick  reinforced concrete roof deck 

on s t e e l  framing, with an eave height of 39 f t .  A concrete block penthouse, 

which housed the  c r i t i c a l  assembly control rod dr ive  mechanisms, i s  located 

on the  roof over the  c r i t i c a l  assembly c e l l .  A 5-ton capacity overhead 

crane runs north and south over the  e n t i r e  high-bay area ,  t o  service  both 

t h e  c r i t i c a l  ce l l  and storage area.  

.The c r i t i c a l  assembly ce l l  has dimensions of 36 by 36 f t ,  a n d  a  

f l oo r - t o - ce i l i ng  height of 46 f t ,  with the f loor  10 f t  below grade l eve l .  A 

1 0 - f t  deep hexagonal p i t ,  14 f t  across the  f l a t s ,  i s  located in the center 

of the  c r i t i c a l  c e l l  f l oo r  and provided access t o  the underside of the 

c r i t i c a l  assembly. A manhole and passageway leads t o  the  p i t .  The th ree  
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Figure 2.6 Topographic Map o f  Building TO09 and Surrounding Area 
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s ides  of the  c r i t i c a l  c e l l  away from the storage area a re  shielded by 

poured-concrete walls  extending t o  the  roof. A service  door i s  provided on 

the  northwest corner f o r  t ruck entry  t o  the  graphi te  storage area .  The fuel 

s torage area was 14 by 22 f t ,  and the  graphi te  storage area was 29 by 24 f t .  

These areas were separated by 2 - f t  th ick  concrete walls 18 f e e t  high. A 

section of t he  2 - f t  th ick  wall between the  c r i t i c a l  c e l l  and s torage areas 

consisted of removable concrete t i e r s  t o  f a c i l i t a t e  handling of c r i t i c a l  

assembly mater ia ls .  A 10 - f t  clearance between the  top of t h i s  wall and the  

ce i l i ng  was provided f o r  crane t r a v e l .  The f loors  of these  areas  a re  a t  

grade level and the  ce i l i ng  height i s  35 f t .  The OMR Cr i t i c a l  Fac i l i t y  

assembly room i s  adjacent  t o  the  west wall of the SGR Cr i t i c a l  F a c i l i t y  

assembly room (common sh ie ld  wal l ,  4 f t  t h i c k ) .  

The low-bay building i s  a  s ingle-s tory  s t r uc tu r e  at tached t o  the 

south s ide  of the  S G R  and OMR high-bay areas.  The building i s  a  conven- 

t ional  s t e e l  frame s t r uc tu r e  with insulated sheet metal s id ing and i n t e r i o r  

walls of metal- lath and p l a s t e r .  The roof cons i s t s  of gravel and t a r  on 

-1 r i g id  insula t ion over metal decking. The e n t i r e  building i s  108 f t  long and 

70 f t  wide, with t he  west hal f  occupied and used by the  O M R  pro jec t  and the  

ea s t  half  by the  S G R  pro jec t .  The portion t ha t  was used by the  S G R  opera- 

t ions  personnel contained a  change room, control room, radiochemistry 

laboratory,  general laboratory area,  o f f i c e s ,  and miscellaneous s torage 

f a c i l i t y  support areas .  The change room was located a t  the  entrance of a  

corr idor  leading t o  the  c r i t i c a l  assembly room and was adjacent  t o  the  

radiochemistry l ab .  The control room was located next t o  t he  south shield 

wall of the c r i t i c a l  c e l l .  Surveil lance of c e l l  operations was provided by 

nuclear instrumentation and a  c losed-c i rcu i t  te levis ion channel. 

The ven t i l a t ion  system was designed so t ha t  a i r  flowed from n o n -  

radioactive areas t o  the  c r i t i c a l  assembly areas.  The low-bay area i s  

serviced by conventional heating and ven t i l a t ing  equipment which maintains a  

posi t ive  pressure in the  area.  The radiochemistry laboratory area was 

maintained s l i g h t l y  negative with respect  t o  surrounding a reas ,  by exhaust- 

ing a i r  through a  fume hood and HEPA f i l t e r s .  The SGR and OMR c r i t i c a l  
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assembly a reas  have s e p a r a t e  v e n t i l a t i o n  systems. These two a reas  and t h e i r  

v e n t i l a t i o n  systems a r e  i s o l a t e d  and completely independent of each o the r .  

The a i r  flow remains towards t h e s e  c r i t i c a l  assembly a r e a s ,  even i f  t h e  

doors l ead ing  from t h e  low-bay a r e a s  open s imultaneously.  

Ai r  i n t ake  t o  t h e  SGR c r i t i c a l  assembly room was f i l t e r e d ,  t o  

maintain t h e  p u r i t y  of  t h e  g r a p h i t e ,  and en tered  through a  duc t  which opens 

near  t h e  f l o o r  of t h e  c r i t i c a l  c e l l .  The a rea  i s  exhausted through roof 

mounted, motor-driven exhaus ters .  There i s  one main exhaus ter  with a  HEPA 

f i l t e r  u n i t  and seven sma l l e r  exhaus ters  without  f i l t e r s .  The HEPA f i l t e r  

may be bypassed by ope ra t ion  of motor-driven dampers, and t h e  small ex-  

h a u s t e r s  may be c losed  i n  a  s i m i l a r  manner. During r e a c t o r  shutdown periods 

t h e  system was opera ted  without  exhaust f i l t e r s  ( a l l  dampers open),  t o  

maintain a  high a i r  change r a t e .  During r e a c t o r  ope ra t ion  a i r  was exhausted 

through t h e  f i l t e r  u n i t  only.  Negative d i f f e r e n t i a l  p re s su re s ,  with respec t  

t o  ambient and surrounding occupied a reas ,  were maintained under a l l  con- 

d i t i o n s .  The c o n t r o l s  f o r  t h e  dampers and blowers were in t e r locked  with t h e  

r e a c t o r  c o n t r o l s ,  t o  a s su re  t h a t  t h e  system was in  proper  condi t ion  p r i o r  t o  

r e a c t o r  s t a r t u p .  

2.2.2 F a c i l i t y  C h a r a c t e r i s t i c s  of t h e  OMR Side 

A1 though t h e  OMR p r o j e c t  has ended and t h e  r e a c t o r  was removed, 

most of  t h e  f a c i l i t y  remains e s s e n t i a l l y  unchanged. This  f a c i l i t y  desc r ip -  

t i o n  i s  from Reference 25, which was wr i t t en  i n  1962. The OMR s i d e  of TO09 

( s ee  Figure 2.8) c o n s i s t s  of a  concre te -sh ie lded  high bay t h a t  was used as  a  

c r i t i c a l  assembly room, and an ad jo in ing  low-bay a rea  which housed a  control  

room, l abo ra to ry ,  o f f i c e s ,  and miscellaneous support  and u t i l i t y  a r e a s .  The 

e n t i r e  f a c i l i t y  i s  approximately 110 f t  long by 63 f t  wide. 

The c r i t i c a l  assembly room (high-bay area)  i s  a  concre te  s t r u c t u r e  

with s h i e l d  wal l s  extending t o  t h e  roof eave (37 f t ) .  Shie ld  th icknesses  

vary from 4 f t  t o  1 f t ,  depending on t h e  he ight  and l o c a t i o n  of t h e  wall .  

External fences  surrounding t h e  f a c i l i t y  provided con t ro l  over  personnel and 
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l i m i t e d  t h e  approach t o  r a d i a t i o n  a r e a s .  The c r i t i c a l  assembly room i s  

approx imate ly  35 f t  s q u a r e  and has  a  c l e a r  c e i l i n g  h e i g h t  o f  33 f t .  A 5- ton 

b r i d g e  c r a n e  s e r v i c e s  t h e  a r e a ,  and a  s e r v i c e  door  i s  provided on t h e  

n o r t h e a s t  c o r n e r  f o r  t r u c k  e n t r y  t o  t h e  main high bay. The roof  c o n s i s t s  o f  

b u i l t - u p  r o o f i n g  o v e r  r i g i d  i n s u l a t i o n  on metal  decking (no s h i e l d i n g ) .  A 

19 by 12  by 1 0 - f t  deep p i t  which a b u t s  t h e  e a s t  wal l  was provided i n  t h e  

c o n c r e t e  f l o o r  f o r  a  moderator  d r a i n  and s t o r a g e  t a n k .  

A f u e l  s t o r a g e  room was provided wes t  o f  t h e  assembly room, 

a d j a c e n t  t o  t h e  wes t  s h i e l d  wa l l  and t r u c k  e n t r y  a r e a .  The f u e l  s t o r a g e  

room f a c e s  a  c o r r i d o r  l e a d i n g  from t h e  c o n t r o l  room i n  t h e  low-bay a r e a  t o  

t h e  assembly room. A change room, opening on t h e  same c o r r i d o r ,  was 

p rov ided  f o r  use  i n  a c c e s s  from t h e  c o n t r o l  room and low-bay a r e a  t o  t h e  

f u e l  s t o r a g e  room and assembly room. 

The low bay i s  a  s i n g l e  s t o r y  s t r u c t u r e  c o n s t r u c t e d  o f  i n s u l a t e d  

metal s i d i n g  and metal  l a t h  and p l a s t e r  i n t e r i o r .  The r o o f  i s  c o n s t r u c t e d  

j o f  b u i l t - u p  r o o f i n g  o v e r  i n s u l a t i o n  on metal  decking ( a s  o v e r  t h e  high bay) ,  

e x c e p t  f o r  t h e  c o u n t i n g  room, which has  a  2 - f t  t h i c k  r e i n f o r c e d - c o n c r e t e  

r o o f  and w a l l s .  In  a d d i t i o n  t o  t h e  coun t ing  room, t h e  b u i l d i n g  c o n t a i n s  t h e  

c o n t r o l  room, machine shop, 1 a b o r a t o r y  a r e a ,  mechanical  equipment a r e a ,  

o f f i c e  a r e a ,  l a v a t o r y  a r e a ,  and m i s c e l l a n e o u s  u t i l i t y  a r e a s .  The con t ro l  

room i s  l o c a t e d  n e x t  t o  t h e  s o u t h  s h i e l d  wal l  o f  t h e  assembly room and 

c o n t r o l s  a c c e s s  t o  t h e  high-bay a r e a .  

The v e n t i l a t i n g  sys tem f o r  t h e  c r i t i c a l  assembly room i s  s e p a r a t e  

from t h a t  used i n  t h e  remaining p o r t i o n  o f  t h e  b u i l d i n g .  The system f o r  t h e  

c r i t i c a l  assembly room m a i n t a i n s  t h e  high bay a t  a  n e g a t i v e  d i f f e r e n t i a l  

p r e s s u r e  r e l a t i v e  t o  su r rounding  a r e a s .  During r e a c t o r  o p e r a t i o n ,  t h e  

exhaus t  was d i s c h a r g e d  through a  s t a c k  t e r m i n a t i n g  45 f t  above grade l e v e l  

(10 f t  above r o o f ) .  T h i s  e f f l u e n t  was c o n t i n u o u s l y  monitored and was 

a u t o m a t i c a l l y  d i v e r t e d  through p r e -  and HEPA f i l t e r s ,  i f  h i g h e r  than 

p e r m i s s i b l e  a c t i v i t y  l e v e l s  were d e t e c t e d .  With t h e  f i l t e r s  i n  use ,  

approximately  3500 cfm o f  a i r  a r e  d i s c h a r g e d  t o  t h e  s t a c k .  When t h e  r e a c t o r  
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l i m i t e d  t h e  approach t o  r a d i a t i o n  a r e a s .  The c r i t i c a l  assembly room i s  

approx imate ly  35 f t  s q u a r e  and has a  c l e a r  c e i l i n g  h e i g h t  o f  33 f t .  A 5 - ton  

b r i d g e  c r a n e  s e r v i c e s  t h e  a r e a ,  and a  s e r v i c e  door  i s  provided on t h e  

n o r t h e a s t  c o r n e r  f o r  t r u c k  e n t r y  t o  t h e  main high bay. The roof  c o n s i s t s  o f  

b u i l t - u p  r o o f i n g  o v e r  r i g i d  i n s u l a t i o n  on metal decking (no  s h i e l d i n g ) .  A 

19 by 12  by 1 0 - f t  deep p i t  which a b u t s  t h e  e a s t  wall  was provided i n  t h e  

c o n c r e t e  f l o o r  f o r  a  modera to r  d r a i n  and s t o r a g e  t a n k .  

A f u e l  s t o r a g e  room was provided west  o f  t h e  assembly room, 

a d j a c e n t  t o  t h e  wes t  s h i e l d  wall  and t r u c k  e n t r y  a r e a .  The f u e l  s t o r a g e  

room f a c e s  a  c o r r i d o r  l e a d i n g  from t h e  c o n t r o l  room i n  t h e  low-bay a r e a  t o  

t h e  assembly room. A change room, opening on t h e  same c o r r i d o r ,  was 

provided f o r  use  i n  a c c e s s  from t h e  c o n t r o l  room and low-bay a r e a  t o  t h e  

f u e l  s t o r a g e  room and assembly room. 

The low bay i s  a  s i n g l e  s t o r y  s t r u c t u r e  c o n s t r u c t e d  o f  i n s u l a t e d  

metal  s i d i n g  and metal  l a t h  and p l a s t e r  i n t e r i o r .  The r o o f  i s  c o n s t r u c t e d  

o f  b u i l t - u p  r o o f i n g  o v e r  i n s u l a t i o n  on metal decking ( a s  o v e r  t h e  high bay) ,  

e x c e p t  f o r  t h e  c o u n t i n g  room, which has  a  2 - f t  t h i c k  r e i n f o r c e d - c o n c r e t e  

r o o f  and w a l l s .  In  a d d i t i o n  t o  t h e  coun t ing  room, t h e  b u i l d i n g  c o n t a i n s  t h e  

c o n t r o l  room, machine shop,  l a b o r a t o r y  a r e a ,  mechanical  equipment a r e a ,  

o f f i c e  a r e a ,  l a v a t o r y  a r e a ,  and misce l l aneous  u t i l i t y  a r e a s .  The c o n t r o l  

room i s  l o c a t e d  n e x t  t o  t h e  s o u t h  s h i e l d  wall  o f  t h e  assembly room and 

c o n t r o l s  a c c e s s  t o  t h e  high-bay a r e a .  

The v e n t i l a t i n g  sys tem f o r  t h e  c r i t i c a l  assembly room i s  s e p a r a t e  

from t h a t  used i n  t h e  remaining p o r t i o n  o f  t h e  b u i l d i n g .  The system f o r  t h e  

c r i t i c a l  assembly room m a i n t a i n s  t h e  high bay a t  a  n e g a t i v e  d i f f e r e n t i a l  

p r e s s u r e  r e l a t i v e  t o  su r rounding  a r e a s .  During r e a c t o r  o p e r a t i o n ,  t h e  

exhaus t  was d i s c h a r g e d  through a  s t a c k  t e r m i n a t i n g  45 f t  above g rade  l e v e l  

(10 f t  above r o o f ) .  T h i s  e f f l u e n t  was c o n t i n u o u s l y  monitored and was 

a u t o m a t i c a l l y  d i v e r t e d  th rough  p r e -  and H E P A  f i l t e r s ,  i f  h i g h e r  than  

p e r m i s s i b l e  a c t i v i t y  l e v e l s  were d e t e c t e d .  With t h e  f i l t e r s  i n  use ,  

approx imate ly  3500 cfm o f  a i r  a r e  d i s c h a r g e d  t o  t h e  s t a c k .  When t h e  r e a c t o r  
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- 
was shu t  down, t h e  high-bay area  was exhausted through f o u r  roof-mounted 

power exhaus ters  equipped with motorized dampers i n  o rde r  t o  provide a  high 

a i r  change r a t e  when personnel were in  t h e  high bay. I n t e r l o c k s  requi red  

t h a t  t h e  exhaus ters  be turned o f f  and the  dampers closed p r i o r  t o  r e a c t o r  

s t a r t u p .  A conventional v e n t i l a t i n g  system maintains  t h e  o t h e r  bu i ld ing  

a reas  a t  a  p o s i t i v e  d i f f e r e n t i a l  p ressure  with r e spec t  t o  t h e  assembly room. 

2 . 3  F a c i l i t v  U t i l i z a t i o n  and Present  Radioloqical Condition 

Following cons t ruc t ion  in  1959, Building TO09 was des igna ted  t h e  

C r i t i c a l  Experiment Building. C r i t i c a l  assemblies were made and t e s t e d  f o r  

t h e  Sodium Graphite  Reactor (SGR) core  f o r  HNPF. C r i t i c a l  assembl i e s  were 

a l s o  made and t e s t e d  f o r  t h e  Organic Moderated Reactor (OMR) f o r  t h e  Piqua 

power pl an t .  

The SGR began nuclear  operat ion i n  January 1960, and a  v a r i e t y  of  

experiments were performed on c lean ,  graphi te-moderated-reactor  systems.  

i ,' Experiments were a l s o  performed in  support of t h e  Hallam Nuclear Power 

F a c i l i t y  program. C r i t i c a l  experiments were conducted with s l i g h t l y  

enriched metal f u e l ,  t o  s tudy l a t t i c e  parameters of SGR systems. 

The SGR C r i t i c a l  Assembly was designed f u n c t i o n a l l y  t o  permit  

experiments on graphite-moderated r e a c t o r s  of var ious  s i z e s  and fuel-element  

conf igura t ions .  The bas ic  assembly cons is ted  of a  cyl i n d r i c a l  a r r a y  of  

hexagonal g raph i t e  l ogs  in  which fue l  and poison elements were placed in  a  

wide v a r i e t y  of  l a t t i c e  spacings and arrangements. The ove ra l l  s i z e  of  t h e  
assembly could be varied t o  14  f t  i n  diameter and 17 f t  i n  he ight .  To study 
temperature e f f e c t s ,  provis ions were made f o r  a i r -hea t ing  of t h e  assembly. 

- A  general evaluat ion program f o r  OMR systems using p l a t e  and 

c i r c u l a r - t y p e ,  s l i g h t l y  enriched,  metal fue l  elements was underway in  e a r l y  

1959. The c r i t i c a l  loading,  cont ro l  c h a r a c t e r i s t i c s ,  and o t h e r  r e a c t o r  

parameters were s tud ied .  Void c o e f f i c i e n t  measurements were performed on 

t h i s  system. C r i t i c a l  experiments i n  support of t h e  Piqua Nuclear Power 

F a c i l i t y  were performed. 
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The OMR c r i t i c a l  assembly cons is ted  of a  core  v e s s e l ,  thermal 

s h i e l d ,  fue l  and con t ro l  elements,  source s h i e l d  and d r i v e  mechanism, a  

moderator s t o r a g e  and d r a i n  tank with connecting l i n e s ,  and an access  s tand  

f o r  t h e  assembly. The core  was contained in  a  6  f t  diameter  by 8 -1 /2 - f t  

high mi ld - s t ee l  t ank ,  which was supported 5 f t  above t h e  f l o o r  by a  massive 

s t e e l  s t and .  The c o r e  mockup u t i l i z e d  s l i g h t l y  enriched fue l  i n  a he t e ro -  

genous, o r g a n i c - ~ o d e r a t e d  l a t t i c e .  The uranium metal fue l  elements which 

were used were of t h e  f l a t  p l a t e ,  box-type, o r  were concen t r i c  c y l i n d e r s .  

The moderator and r e f l e c t o r  was a  commercial mixture of terphenyl isomers 

maintained i n  a  l i q u i d  s t a t e  by means of e l e c t r i c  hea t e r s .  A moderator dump 

system with a  quick-opening valve was provided t o  d r a i n  t h e  core  vessel  i n  

t h e  event  of  scram o r  shutdown. Experiments could be performed in  t h e  

temperature range of  325 t o  600F, i n  an unpressurized system. Boron 

c a r b i d e - f i l l e d  shim and s a f e t y  rods,  ac t iva t ed  by cab le s ,  were used f o r  

c o n t r o l .  

The f i n a l  c r i t i c a l  assembly work ended in  1965 with t h e  cance l l a -  

t i o n  of t h e  SRE Power Expansion Program. The fue l  and c r i t i c a l  assembly 

equipment were even tua l ly  removed from t h e  bui ld ing .  In t h e  e a r l y  1970s, 

t h e  bui ld ing  was redes igna ted  a s  t h e  Engineering Development F a c i l i t y .  DOE- 

funded sodium f i r e  experiments were conducted i n  t h e  OMR high-bay, and In- 

Serv ice  Inspec t ion  ( I S I )  work was i n i t i a t e d  in  t h e  SGR high-bay. A t  t h e  

present  t ime t h e  bui ld ing  i s  used f o r  IS1 work, and a v a r i e t y  of o t h e r  work. 

For conversion of t h e  SGR high-bay t o  IS1 work, the u t i l i t i e s  were 

removed from t h e  Change Room, and t h e  i n t e r i o r  wa l l s  of t h e  Fuel S torage  

a rea  were taken down. A l l  fue l  and equipment d i r e c t l y  assoc ia ted  with t h e  

c r i t i c a l  assembly and i t s  opera t ion  were removed, and r a d i a t i o n  surveys were 

performed. The v e n t i l a t i o n  system and exhaust f i l t e r  banks f o r  t h e  SGR s i d e  

( loca t ed  on t h e  high bay roof )  a r e  s t i l l  i n  p lace  and known t o  be uncon- 

taminated. This  system i s  not i n  use. A l l  support  l a b s  were c leaned ,  a r e  

not in  use,  and known t o  be uncontaminated. 
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During opera t ion  of t h e  SGR, t h e r e  were no contamination problems 

A l a t e r  r a d i a t i o n  survey showed a  small amount of r a d i o a c t i v i t y  i n  t h e  SGR 

holdup t ank  (on t h e  e a s t  s i d e ,  and s t i l l  i n  p lace  but no t  used) ,  thought t o  

be thorium r e s u l t i n g  from some chemistry work involving l a n t e r n  mantles.  

Curren t ly ,  some a r e a s  in  t he  SGR high bay a r e  s u b j e c t  t o  p o t e n t i a l  contami- 

na t ion  from t h e  IS1 equipment, but t h e r e  a r e  no o t h e r  known a reas  of 

contaminat ion.  

In t h e  OMR high-bay, t h e  r e a c t o r  vessel  and surrounding s tand ,  t h e  

s t o r a g e  t ank ,  p ip ing ,  and e l e c t r i c a l  hea t ing ,  and a1 1  o t h e r  equipment 

a s soc i a t ed  with t h e  c r i t i c a l  assembly were removed. The fue l  and t h e  

s t o r a g e  r acks  in  t h e  Fuel Storage room were removed. Radiat ion surveys were 

performed. A f t e r  surveys were done, severa l  a r eas  were r e fu rb i shed ,  

r epa in t ed  and f l o o r  t i l e s  replaced.  The v e n t i l a t i o n  system and exhaust 

f i l t e r  plenum i s  s t i l l  i n  p l ace  but  thought  t o  be uncontaminated. I t  has 

not  been used s i n c e  OMR opera t ion .  The r a d i o a c t i v e  ma te r i a l  holdup tank f o r  

OMR has been removed. Drain l i n e s  lead ing  t o  i t  probably a r e  s t i l l  i n  

) place .  

On t h e  OMR s i d e ,  a  minor, but cont inuing  problem was experienced 

due t o  t h e  peel ing of t h e  nickel pl a t i n g  on t h e  uranium metal fue l  pl a t e s .  

Release of  r a d i o a c t i v e  contamination was l i m i t e d  t o  t h e  organic  moderator, 

and t o  work t a b l e  su r f aces  and s to rage  she lves .  These a r e a s  were kept 

decontaminated. 
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3.0  SURVEY SCOPE 

Building TO09 was r a d i o l o g i c a l l y  inspec ted  f o r  enriched uranium, 

deple ted  uranium, thorium, mixed f i s s i o n  products  and a c t i v a t i o n  products  as  

s p e c i f i e d  by t h e  "Radiological  Survey Plan f o r  SSFL," (Reference 4, Sect ion 

5.4.20): 

Survey perimeter  pads and o u t s i d e  perimeter  fence  i n  area 

of  o ld  s a n i t a r y  leach  f i e l d .  

Survey t h e  OMR s i d e ,  inc luding  t h e  high bay, fue l  s to rage  

v a u l t ,  counting room, h a l l  c l o s e t ,  t oo l  room, shop, and 

con t ro l  room. 

Survey t h e  v e n t i l a t i o n  system (of  t h e  OMR s i d e ) .  

Survey t h e  d ra in  system ( t h i s  a p p l i e s  t o  t h e  R/A holdup 

t ank  on t h e  e a s t  s i d e  of  t h e  bui ld ing  - SGR s i d e ) .  

Survey t h e  wall o f  west v a u l t  (OMR) f o r  a c t i v a t e d  con- 

c r e t e .  

Figure 3.1 shows t h e s e  survey l o c a t i o n s .  Only t h e  OMR s i d e  of TO09 was 

surveyed. The SGR s i d e  i s  now used f o r  IS1 equipment which may be con- 

taminated wi th  r a d i o a c t i v e  ma te r i a l .  

I n t e r i o r  bu i ld ing  a reas  were r a d i o l o g i c a l l y  inspected by measuring 

t o t a l  and removable alpha/beta  a c t i v i t y  and ambient gamma exposure r a t e .  

Total a lpha and be t a  su r f ace  a c t i v i t y  was a l s o  measured " f o r  i nd ica t ion"  on 

s e l e c t e d  g r i d s  and spec i a l  bui lding f e a t u r e s ,  The surrounding northwest 

area ( s ee  Figure 2.7) was r a d i o l o g i c a l l y  inspec ted  by measuring ambient 

gamma exposure r a t e s  1 meter above t h e  s u r f a c e ,  one in  each 6-m square c e l l .  

I f  t h i s  gamma measurement ind ica ted  contaminat ion,  su r f ace  s o i l  samples were 

t o  be acqui red  and analyzed by gamma spectrometry and f o r  g ros s  alpha/beta 
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Figure 3.1 Sampling Lot Plan for Bui ld ing  7009 
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a c t i v i t y .  Exhaust vents,  f i l t e r  plenums, s inks ,  d ra ins ,  showers, and 

s imi la r  systems were surveyed fo r  residual removable alpha/beta a c t i v i t y ,  

and t o t a l  alpha/beta contamination, and in some cases were scanned f o r  gamma 

emi t t e r s  by gamma spectrometry. 

Total alpha/beta a c t i v i t y  was measured in 57, 1 m2 wall and f loor  

locat ions  ins ide  the f a c i l i t y .  Removable alpha/beta a c t i v i t y  was assessed 

in those same locat ions  plus several cabinets  in rooms 114 and 116, and on 
miscellaneous building fea tu res .  Measurements "for  indication" of alpha and 

beta a c t i v i t y  were a l so  made on special building features .  Gamma exposure 

r a t e  measurements were made in 183 locations:  57 ins ide  of T009; and 126 in 

t he  outs ide  northwest area. Soil samples were not col lec ted and analyzed 

because no indicat ion of contamination was found. Ambient gamma exposure 

r a t e s  a re  reported in mi cro-roentgens per hour (pR/h) . Removabl e a1 pha/beta 

a c t i v i t y  i s  reported in d i s in tegra t ions  per minute per 100 cm2 (dpm/100 

cm2). A1 pha and beta a c t i v i t y  measurements "for  indication" a re  reported as 

No Detectable Act iv i ty  (NDA) , or l e s s  than 50 counts per minute (cpm) , 60 

cpm, ... e t c .  These data were analyzed s t a t i s t i c a l l y  by sampling inspection 

by var iab les  techniques against  appropriate residual contamination accep- 

tance l i m i t s .  

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 quan t i t i e s  against  

unres t r ic ted-use  acceptable contamination l im i t s  prescribed in DOE guide- 

l i n e s  (Reference l ) ,  Regulatory Guide 1.86, NRC l icense  SNM-21, and other 

references.  The 1 imits  shown in Table 3.1 below have been adopted by 

Rocketdyne and are  based on enriched uranium used f o r  c r i t i c a l  t e s t s  

performed a t  T009. Measurements of average surface alpha/beta contamination 

a re  averaged over an area of no more than 1 m2. The maximum allowable 

alpha/beta contamination level  applies f o r  a s ingle  area of not more than 

100 cm2 in t h a t  1 m 2 .  Allowable removable alpha/beta contamination i s  based 

on a surface  wipe with area equal t o  100 cm2. 
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Table 3.1 Maximum Acceptable Contamination Limits 

C r i t e r i a  A1 pha Bet a 
(dpm/100 cm2) (dpm/100 cm2) 

-- 

Tot 1 Surface ,  averaged over 1 5000 5000 
1 m 

Maximum Surface ,  i n  1 m2 15000 15000 

Remova l e  Surface ,  over  9 1000 1000 
100 cm 

Ambient Gamma Exposure Rate* 5 pR/h above background 

Soi l  A c t i v i t y  Concentration** 46 pCi/g 100 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  of  20 pR/h 
above background f o r  ambient gamma exposure r a t e ,  NRC has required 
5 pR/h .  For conservat ism,  we use 5 $/h above background t o  
compare survey r e s u l t s  . 

** Alpha a c t i v i t y  concent ra t ion  l i m i t  f o r  enriched uranium i s  30 
pCi/g (Reference 26) 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).  The t o t a l  be ta  a c t i v i t y  concent ra t ion  1 imi 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  concent ra t ions  
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, be ta  t o  Sr-90. 

Three s p e c i f i c  ac t ion  l e v e l s  were e s t ab l i shed  f o r  t h e  survey. 

These a r e  p roac t ive  ac t ion  l e v e l s  i n i t i a t e d  when t h e  surveyor  d e t e c t s  

r a d i a t i o n  according t o  t h e  fol lowing c r i t e r i a :  

1. Charac t e r i za 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 i s  

below 50% of t h e  maximum acceptable  l i m i t .  This  l eve l  i s  
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t y p i c a l  o f  n a t u r a l  background 1  eve1 s ,  o r  s l  i g h t l y  above,  and 

r e q u i r e s  no f u r t h e r  a c t i o n .  

R e i n s p e c t i o n  Level - t h a t  l e v e l  o f  r a d i o a c t i v i t y  which i s  

above 50% o f  t h e  maximum a c c e p t a b l e  l i m i t .  A g e n e r a l  r e s u r v e y  

o f  t h e  a r e a  and a  few a d d i t i o n a l  samples a r e  r e q u i r e d  i n  t h i s  

c a s e .  

I n v e s t i q a t i o n  Level - t h a t  l e v e l  o f  r a d i o a c t i v i t y  which 

exceeds  90% of t h e  maximum a c c e p t a b l e  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  o c c u r r e n c e  i s  r e q u i r e d  i n  t h i s  c a s e .  

3 .2  Sampl e  Lo t s  

For  p u r p o s e s  of t h i s  r a d i o l o g i c a l  s u r v e y ,  two sample  l o t s  were 

e s t a b l i s h e d  f o r  r a d i o l o g i c  c h a r a c t e r i z a t i o n  and d a t a  i n t e r p r e t a t i o n .  

I n t e r i o r  and e x t e r i o r  r a d i o l o g i c a l  measurements were each t r e a t e d  a s  

s e p a r a t e  sample l o t s .  F i g u r e  3 . 1  shows t h e  i n t e r i o r  sample  l o t  c o n s i s t i n g  

o f  t h e  f o l  1 owi ng rooms : 

Room 126 (OMR C r i t i c a l  Assembly);  

Room 124 (OMR Fuel S t o r a g e ) ;  

Room 122 (Change Room); 

Room 120 (Control  Room); 

Room 118 (Machine Shop) ;  

Room 116 (Labora to ry )  ; 

Room 114 (Hea l th  P h y s i c s  Counting Room); and 

Room 108 ( J a n i t o r ' s  C l o s e t ) .  

These a r e . a r e a s  o f  most p r o b a b l e  r e s i d u a l  con tamina t ion .  F i g u r e  2.7 shows 

t h e  o u t s i d e  n o r t h w e s t  a r e a  surveyed f o r  r e s i d u a l  r a d i o a c t i v i t y .  

For i n d o o r  l o c a t i o n s ,  a  minimum o f  an 11% s u r v e y  was performed on 

e v e r y  wa l l  up t o  1 0  f t  i n  h e i g h t  and on a l l  f l o o r s .  Because o f  h igh 
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ceilings and the low probability for residual contamination to exist there, 
ceilings were not surveyed. Measurements for average, maximum, and remov- 

able alpha/beta contamination; and ambient gamma exposure rates were made in 

this sample lot. The sampling inspection plan used is based on a uniform 3- 

meter square grid (9 m2) superimposed on a uniform inspection area. A 3- 
meter square grid has been adopted to be consistent with NRC and State of 
California guida~ce for releasing a facility for unrestricted use. A grid 
was superimposed on walls and floors. Each survey area was identified in 
matrix notation with codes indicating the surface (F = floor, N = north 
wall, E = east wall, S = south wall, W = west wall) and a two figure 
cartesian coordinate indicating the distance in meters from a local bench- 
mark. The (1,l) position for the floor was benchmarked as the northwest 
corner of each room. The (1,l) position on each wall was benchmarked as the 
bottom left hand corner of the wall as an observer would view it from the 
middle of the room. Position (3,1), (3,2), ...( 3,n) was the highest row 
measured on each wall, the top of which equals about 10 ft. From each 3-m 
square grid (9 m2), 1 m2 was surveyed. Each 1-m2 area was surveyed directly 
for alpha/beta contamination for 5 min. A 100 cm2 wipe was taken in each 
selected 1 m2 for analysis of removable contamination. Each 1-m2 floor area 
was surveyed directly for gamma radiation for 1 min. 

For the surrounding 1-acre northwestern area, a 6-meter square 
grid was superimposed over the terrain and one ambient gamma exposure rate 

measurement made in each 36-m2 area. Location (1,l) was the northwestern 
most grid on the site (near the fence-line). 

3.3 Alpha and Beta Contamination Measurements 

In order to determine alpha/beta contamination in each square 
meter surveyed per 9-m2 area, four radiological characteristics were 
measured: total-average alpha surface activity, total-average beta surface 
activity, removable alpha surface activity, and removable beta surface 

activity. The location of the 1-m2 area was left to the surveyor's judge- 

ment: it was to be the area that, in his judgement, was most likely to have 
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retained the most residual contamination of any similar area within the 3-m 

square grid. The surveyor was instructed to do this conscientiously to 

assure that any significant residual contamination would be detected. The 

use of a predetermined grid with discretion for the exact location provides 

a uniform survey biased towards the high end of the distribution. An alpha 

probe and beta probe were each connected to a Ludlum Model 2220-ESG portable 

scal er. 

Measurements of the average alpha surface activity were made by 

use of a large-diameter (9.5 cm) alpha scintillation detector, sensitive 

only to alpha particles with energy exceeding about 1.5 MeV. This detector 

was calibrated using a Th-230 alpha source. The energy of Th-230 alpha 

particles (4.6 MeV) is similar to that of the isotopes handled at T064, U- 

235, U-234, and U-238. 

Measurements of total average beta surface activity were made by 

use of a thin-window pancake Geiger-Mueller tube. While this detector is 

sensitive to alpha and beta particles and slightly sensitive to X- and 

gamma-rays, it is so predominately used to measure beta-activity that it is 

generally called a "beta-detector." This detector was calibrated by use of 

a Tc-99 beta source. The energy of the Tc-99 beta particles (maximum 0.3 

MeV) is close to those from U-238 daughters. The measurements were made 

over the same area as was used for each measurement of total average alpha 

surface activity. 

In order to ease the survey method, alpha and beta probes were 

connected by a face-plate such that the separation distance between probes 

was no greater than a couple of centimeters. Each square-meter was surveyed 

using the assembly for 5 minutes; this corresponds to a transit velocity of 

no greater than 3.3 cm/sec (ANSI draft standard N13.12). The standard 

states that the transit velocity (in cm/sec) when surveying for alpha 

contamination, shall not exceed one-third the numerical value of the 

detector window dimension (in cm) in the direction of the scan. The 

diameter of the Ludlum model 43-1 alpha probe is 10 cm. The number of 
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counts regis tered by the instrument in a f ive  minute scan was recorded by 

locat ion.  I f  a contaminated spot was detected during the  course of t he  

"average scan" survey, the  1 ocation was iden t i f i ed ;  subsequently, a f i ve  

minute s ta t ionary survey of t ha t  spec i f i c  location was conducted. The 

average surface a c t i v i t y  of the square meter, the maximum surface  a c t i v i t y  

of one spot located within the square meter, and the removable surface  

a c t i v i t y  of 100 cm2 in the  square meter were recorded. 

Because t he  r e su l t s  must be reported i n  d i s in tegra t ions  per minute 

per 100 square-centimeters (dpm/100 cm2), conversion f ac to r s  were applied as 

follows. F i r s t ,  "background" radia t ion levels  of the alpha and beta probes 

were determined f o r  each f a c i l i t y  surveyed. Background l eve l s  were de te r -  

mined in areas of s imi lar  cha r ac t e r i s t i c s  t o  the  area under study. Second, 

an e f f i c iency  f ac to r  of the  survey instrument was calculated by comparing 

the  number of counts recorded by the  instrument t o  the number of d i s in tegra -  

t i ons  yielded by a ca l ib ra t ion  source. These determinations were made three 

times each day; f i r s t  thing in the morning, a t  noon, and j u s t  before 

1 qui t t ing  time in t he  evening. Third, an area correction f a c t o r  of t h e  

window was calculated in order t o  present r e su l t s  per 100 cm2. 

Measurements of removable surface ac t i v i t y  (alpha and beta)  were 

made by wiping approximately 100 cm2 of surface area, using a c lo th  disk 

(NPO c lo th  sampling smears, 2 in diameter).  The ac t i v i t y  on the  d i sk  was 

measured using a thin-window gas-flow proportional counter, c a l i b r a t ed  with 

Th-230 and Tc-99 d i sk  sources. Detector "background" and e f f i c iency  was 

determined t o  convert the  r e su l t s  t o  dpm/100 cm2. 

Thus, f o r  surface contamination measurements of alpha and beta 

a c t i v i t y ,  data included sample locat ion,  t o t a l  counts recorded in a f i ve  

minute scan, maximum hot spot i f  present ,  natural background f o r  one minute, 

ef f ic iency f ac to r ,  and area fac to r .  The same data were recorded f o r  

removable contamination measurements except area fac to r ,  which i s  n o t  
applicable f o r  the gas proportional detector  since the measurement area 

r e f e r s  t o  the  area smeared. 
,I 
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Special structural features and miscellaneous items were surveyed 
in a similar manner "for indication" of residual alpha/beta contamination. 

3.4 Ambient Gamma Exposure Rate Measurements 

In each 9-m2 cell (inside T009) and each 36-m2 cell (in the 
northwestern outdoor area), 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 1-min. count was collected 
and converted to pR/h. The measurement location and exposure rate were 
recorded in tabular form. About 183 1-min. measurements were acquired. 

3.5 Surface Alpha and Beta Radioactivitv Measurements "For Indication" 

Measurements of beta surface activity "for indication" were 
required by the Site Survey Plan (Reference 4) for better characterization 
of radiological condition only if gamma exposure rate measurements indicated 
possible radioactivity. No exposure rate measurements indicated possible 
radioactivity, so beta surface activity measurements were not made on a 

limited basis. However, a thorough survey for alpha and beta surface 

activity was performed in suspect-looking areas. A1 pha/beta surveys were 
performed on sinks, drains, drain-trap sludge, showers, exhaust vents, 
filter banks, cracks, wall-to-floor joints, miscellaneous horizontal 
surfaces, and various residual test components. Alpha measurements were 
made using a Ludlum 43-1 alpha scintillator coupled to a Ludlum model 12 
count-ratemeter. Beta measurements were made using a Ludlum 44-9 pancake 
Geiger-Mueller probe (active area = 20 cm2) coupled to a Ludlum model 12 
count rate meter. These measurements were made "for indication." 
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3.6 Sarnpl e Coll ection for Radioactivity Analysis 

If an outdoor gamma exposure rate measurement indicated radio- 
active contamination, a 2-lb surface soil sample (no greater than 3" deep 

was to be collected from that spot and analyzed for radioactivity. No so 

samples were collected for this particular survey. Several other sampl es 

however, were required by the Survey Plan to be collected and analyzed for 
radioactivity: 1) sink drain trap samples in rooms 121 and 108; 2) grease 
and crud from heavy machinery in room 118; 3) shower drain sediment from 

room 122; and 4) sludge from the R/A holdup tank on the east (SGR) side of 

T009. These samples were collected and analyzed by gamma spectrometry for 
gamma-emitting radionuclides. 

3.7 Goal s and Limitations of Survey Scope 

The scope and detail of this radiological survey is based on the 

likelihood for residual radioactivity occurring in these areas because of 

) the nuclear operations which were performed. These facilities are not 
suspect of containing residual radioactivity for several reasons: 

1. Most nuclear materials handled at TO09 were fully encapsu 
1 ated; 

2. The problem experienced at OMR relative to the peeling of 

nickel plating on uranium metal and consequenti a1 release 
control 1 ed. The affected areas were kept decontaminated; 

3 .  Activation of building materials was insignificant; and 

4 .  When both the OMR and SGR sides were reassigned, a thorough 
radiation survey was performed to ensure no residual radio- 
activity remained undetected. 

was 
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The scope of this survey was established in Reference 4 based on 
an unlikely occurrence of residual radioactivity being accidentally left 
behind from previous operations. The goal of this survey is to determine if 
contamination exists to such an extent that further surveying or remedial 

action is warranted. 

Total and removable a1 pha/beta radiation measurements performed on 

an 11% sampling plan comply with State of California guidelines established 
for final radiological surveys to clear a facility for unrestricted use. 
Since those areas considered most likely to retain residua1 contamination 
were specifically surveyed, this sampling plan was biased to the high end of 
the measurement distribution. 

Ambient gamma exposure rate measurements made outdoors are 

sensitive enough to detect contaminants accidentally left behind or unknow- 
ingly released. Most probable contaminants are mixed-fission products and 
activation products. The probability of existing residual enriched uranium 
is highly unlikely; no uranium powders or grinding fines were handled here. 
It is highly unlikely that any subsurface debris is currently in natural 
terrain areas; they were never used as dumping grounds or landfills. The 
leach field was for sanitary use only. Subsurface transport of contaminants 
is also considered negligible. If any contaminants do exist on-site, they 
are most likely still on the surface. 

Because of the large area surveyed, outdoor exposure rates were 
measured every 36 m2. This sampling plan is sufficient for two reasons: 

1 )  Gamma measurements made on a 6-m square would detect Cs-137 at 
100 pCi/g (the beta activity limit) if the surface layer was 
thicker than 1 cm. A 1 mCi Cs-137 source would be detectable 
at the greatest separation distance of 6 meters. These 
sensitivities meet the requirements of this survey; and 
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2) 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 
cu~ulative distribution functions will 
anomalies, outliers, and perturbations 
1 eve1 s. 

identify trends, 
in the radiation 

We are able to conclude whether: 

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

2. Any re1 atively intense gamma-emi tting debris is buried (see 
Section 5.6.4). 

We cannot conclude whether: 

1. Any slight subsurface migration has occurred; or if 

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 the northwestern area of Building T009. 
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4.0 STATISTICS 

4.1 Countinq S t a t i s t i c s  

The emission of atomic and nuclear  r ad i a t ion  obeys t h e  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 r o b a b i l i t y  t h a t  an emission 

w i l l  occur  i s  determined. The abso lu t e  number of p a r t i c l e s  emit ted by a 
r a d i o a c t i v e  source i n  a u n i t  of t ime,  i s  not cons tan t  i n  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 t h e  p r o b a b i l i s t i c  na tu re  of t h e  pheno- 

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

d i f f e r e n t  f o r  success ive  u n i t s  of t ime.  Therefore,  only t h e  average number 

of p a r t i c l e s  emi t ted  per  u n i t  t ime 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 ,  emit ted by a r a d i a t i o n  source i n  t ime,  

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

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

measure each time an a rea  o r  sample i s  surveyed. The s tandard  dev ia t ion  i s  

t h e  square  r o o t  of t h e  average squared dev ia t ion  of x from i t s  mean, m .  For 

t h e  Poisson d i s t r i b u t i o n ,  t h e  s tandard  dev ia t ion  i s  given by: 

s = C ,  (Eq. 4 - 2 )  

- 
t h e  square  r o o t  of  t h e  counts  observed, (x = x = m ) .  Since background 

r a d i a t i o n  i s  always inherent  i n  a given sample measurement, propagat ion of 

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

S =  J L  t B (Eq. 4-3) 
T 

where C = t h e  number of counts  recorded in t ime,  T ,  of t h e  

sampl e 
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B = the number of counts recorded in time, T, of the 

background radiation environment 

Equal values of the time, T, must be used for the sample and background 
counts for equation 4-3 to apply. This Poisson distribution and standard 
deviation applies for single radiation measurements, of the discrete random 
variable, x, and is applicable only when the observation times are short 
compared with the half-life. This is the case for the site survey. 

Because of the probabilistic nature of particles emitted by radio- 
active elements, repeated measurements of the average number of emissions 
per unit time shows a distribution approximated by the Gaussian (or normal) 
probability density function (pdf); this is known as the central 1 imit 
theorem. This theorem holds for any random sample with finite standard 
deviation. If measurements are made at many similar locations, these 
measurements will show a greater variability, but the distribution will 
remain adequately represented by a Gaussian function. This Gaussian 
approximation is good when the number of samples collected is at least 30. 
Thus the number of occurrences of particular mean radiological contamination 
values, g(x), shows a Gaussian pdf relative to the contamination value, and 
the data can be plotted accordingly. Subsequently, based on the results of 
the data analysis, a conclusion can be made regarding the amount of radio- 

active material in an area, and any anomalous values can be identified. 

The Gaussian probabil ity density function, g(x), is given by: 

(Eq. 4-4) 

where g(x)dx = probability that the value of x, lies between x and 

xtdx 
m = average, or mean of the population distribution 
CJ = standard deviation of the population distribution. 
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A graph o f  x vs. g (x )  g ives the  f o l l o w i n g  bel l -shaped curve:  

F igure  4.1 The Gaussian Probabi l  i t y  Densi ty  Funct ion 

The cumulat 

o f  t h e  pdf ,  

. i v e  d i s t r i b u t i o n  func t i on  (cdf) ,  G(x), i s  equal t o  t h e  i n t e g r a l  

f o r  a continuous random var iab le ,  hence: 

Th is  f u n c t i o n  i s  commonly re fer red  t o  as t h e  e r r o r  f unc t i on ,  ( e r f ) .  The 

graph o f  t h e  Gaussian c d f  i s :  

F igure 4.2 The Gaussian Cumulative D i s t r i b u t i o n  Funct ion 
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By plotting multiple measurements we make in the field; i .e. the 

average contamination values approximated by the Poisson distribution, as a 

making use 

contaminat 

inspection 

reject the 

cdf of the Gaussian distribution, we can identify whether the entire area 

unacceptably contaminated, part of the area is contaminated more than the 

rest, or further radiological measurements are necessary. Furthermore, by 

of the Gaussian approximation, we can easily calculate the mean 

ion value with its associated standard deviation, and apply 

by variables techniques to either accept the area as clean or 

area as contaminated. 

This 

reduce and ana 

statistical summary presents fundamental principles used to 

lyze radiological measurement data from the site survey. 

Samplinq Inspection 

4 . 2 . 1  Bv Variables 

j Acceptance inspection by variables is a method of judging whether 

a lot of items is of acceptable quality by examining a sample from the lot, 

or population. In the case of determining the extent of contamination in an 

area, it would be unacceptably time consuming and not cost effective to 

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

variables methods, the accuracy of the conclusion made about the level of 

contamination is not sacrificed because of a decrease in number of sampling 

locations. We estimate the level of contamination in an area by making at 

least 30 measurements. This allows us to approximate a Gaussian distribu- 

tion through the Central Limit Theorem. The entire area must have similar 

radiological characteristics and physical attributes. In acceptance inspec- 

tion by variables, the result is recorded numerically and is not treated as 

a Boolean statistic, so fewer areas need to be inspected for a given degree 

of accuracy in judging a lot's acceptability. 
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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 t o  the acceptance c r i t e r i a .  A defect 

means an instance of a fa i lure  to  meet a requirement imposed on a unit with 

respect t o  a sincjle 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 to  be inspected to  obtain the same level of 

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

4.3 Samplinq Inspection bv 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 + 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 to  

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 devia t ion,  s  i s  given by: 

The sample mean, standard deviat ion,  and acceptance l im i t  are  

e a s i l y  ca lculable  quan t i t i e s ;  the value of k, the  tolerance fac to r ,  bears 

f u r t he r  discussion.  Of the various c r i t e r i a  f o r  se lect ing plans f o r  

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

Tolerance Percent Defective (LTPD), a l so  referred t o  as the  Rejectable 

Qua l i ty  Level (RQL). The LTPD i s  some chosen l imi t ing value of percent 

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

1 consumer's r i s k  (P) ,  the r i s k  or probabi l i ty  of accepting a  l o t  with a  

percentage of defect ive  items equal t o  the  LTPD. I t  has been standard 

pract ice  t o  assign a  value of 0.10 f o r  consumer's r i s k  ( p ) .  Conventionally, 

the  value assigned t o  the LTPD has been 10%. These a  p r io r i  determinations 

a re  consis tent  with the  l i t e r a t u r e  and regulatory posit ion,  and are  the  same 

values used by the  S ta te  of California (Reference 2 ) .  T h u s ,  based on 

sampling inspection,  we are  wil l ing t o  accept the  hypothesis t ha t  the 

probabi l i ty  of accepting a  l o t  as not being contaminated which i s  in f a c t  10 

percent defect ive  ( i . e .  above the t e s t  l i m i t ,  U )  i s  0.10. The value of k, 

which i s  a  function of the a  p r io r i  determinations made f o r  P and LTPD i s  

given by equation 4-8. 

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

i s t i c s  curve of a  Gaussian sample d i s t r ibu t ion  shows the principles of 

consumer's and producer's r i s k ,  LTPD (o r  RQL), and acceptable qual i ty  l eve l ,  

( A Q L ) .  The c r i t e r i a  f o r  acceptance of a l o t  a re  presented in section 4.3.3. 
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AQ L ROL 
p=LOT FRACTION DEFECTIVE 

- . - - . . . - .  

Figure 4 . 3  Operating Characteristics Curve 

The value of k ,  and thus the value of K + 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 ) :  

where: 

k = to le rancefac tor  

K2 = 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,  Kg = 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 coefficients Kp and K2 are equal because of the choice for the 
values of both P and LTPD as 0.10. Refer to statistics handbooks listed in 

the reference section for additional description of this sampling principle. 
The values chosen for the sampling coefficients are consistent with in- 
dustrial sampling practice and regulatory guidance. 

4.3.2 Graphical Displav of Gaussian Distribution 

When the cdf G(x), the integral of the Gaussian pdf, (Eq. 4-4), is 
plotted against x, the measurement value, a graph of the error function is 
generated (Figure 4.2) on a linear-grade scale. For convenience of this 
survey and for readability, G(x) is plotted as the abscissa (x-axis) on a 
probability grade scale and the measurement value, x, is plotted as the 

ordinate (y-axis). G(x) values arranged in order of magnitude from left to 
right form a straight line on probability-grade paper, when the sample lot 
contamination is normally distributed. Figure 4.4 shows this output. 

The power of this graphical display is that it permits identifi- 
cation o f  values with significantly greater contamination than expected for 
that lot. Calculated statistics numerically indicate the average and 

dispersion of the distribution, but are not effective for identifying trends 

or anomalies. For instance, identification of an isolated area in a sample 
lot which i s  contaminated at levels significantly greater than the fitted 

Gaussian line are easily observable in the plot, but F t ks may still show 
acceptability. Upon further inspection and analysis, these graphical 
displays are used to show contamination level differences between areas or 
structures in a sample lot. The power of the fitted Gaussian graphical 
display is important in assessing significant variations in the contamina- 
tion levels within sample lots. 
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The coefficients KP and K2 are equal because of the choice for the 
values of both p and LTPD as 0.10. Refer to statistics handbooks listed in 
the reference section for additional description of this sampling principle. 
The values chosen for the sampling coefficients are consistent with in- 
dustrial sampling practice and regulatory guidance. 

4.3.2 Graphical Di spl av of Gaussian Distribution 

When the cdf G(x), the integral of the Gaussian pdf, (Eq. 4-4), is 
plotted against x, the measurement value, a graph of the error function is 
generated (Figure 4.2) on a 1 inear-grade scale. For convenience of this 
survey and for readability, G(x) is plotted as the abscissa (x-axis) on a 
probability grade scale and the measurement value, x, is plotted as the 
ordinate (y-axis). G(x) values arranged in order of magnitude from left to 
right form a straight line on probabil ity-grade paper, when the sample lot 
contamination is normally distributed. Figure 4.4 shows this output. 

.> The power of this graphical display is that it permits identifi- 
cation of values with significantly greater contamination than expected for 
that 1 ot. Calculated statistics numerically indicate the average and 
dispersion of the distribution, but are not effective for identifying trends 
or anomalies. For instance, identification of an isolated area in a sample 
lot which is contaminated at levels significantly greater than the fitted 
Gaussian line are easily observable in the plot, but P + ks may still show 
acceptabil i ty. Upon further inspection and analysis, these graphical 
displays are used to show contamination level differences between areas or 
structures in a sample lot. The power of the fitted Gaussian graphical 
display is important in assessing significant variations in the contamina- 
tion levels within sample lots. 
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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, k + 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 

determi ned and subsequent fol 1 ow-up i s appl i ed . 
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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, Ti: t 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 ied. 
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5-0 ANALYTICAL TECHNIQUES 

Statistical methods presented in Section 4.0 were used to judge 
whether a sampling lot is not contaminated, slightly contaminated, con- 
taminated above acceptance limits, or whether additional investigation is 
required. That decision is based on several radiological measurements. For 
interior surfaces and selected building features, these radiological 

measurements were: 

1) Direct alpha and beta radiation; 
2) Removable alpha and beta radioactivity; and 
3) Ambient gamma exposure rate. 

For exterior locations in the northwest area, ambient gamma 
exposure rate measurements were made. Locations showing elevated gamma 
exposure rates were to be selectively sampled and analyzed for gross 
a1 pha/beta radioactivity and for qua1 ification and quantification of 

1 detectable gamma-emitting radionuclides. 

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 "ambient 
background" radiation, evaluation of computer-generated gamma spectrometry 
output, and computerized data analysis through inspection by variables. 

5.1 Data Acquisition 

In each selected 1 m2 area within a 3-m square grid inside T009, 
total and removable alpha/beta contamination were measured. In each 6 - m  

square grSd outside T009, ambient gamma exposure rate was measured. Each 
square grid was outlined and marked with its coordinates. The exact 
location within that square grid where the samples were collected 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 
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t h a t  s q u a r e  g r i d .  For i n d o o r  a r e a s ,  t h i s  d e c i s i o n  i s  based on s u r f a c e  

d i  s c o l o r a t i o n ,  s t a i n s ,  o r  chemical r e s i d u e s ;  d e b r i s ;  and c r e v i c e s  o r  c r a c k s  

i n  t i l e  and c o n c r e t e .  For ou tdoor  a r e a s ,  t h i s  d e c i s i o n  i s  based on s o i l  o r  

pavement d i s c o l o r a t i o n ,  s t a i n s ,  d e b r i s ,  o r  h o l e s ;  l o o s e l y  packed e a r t h ;  

low s e t t l i n g  s p o t  f o r  s u r f a c e  wa te r .  Use o f  a predetermined g r i d  w i t h  
d i s c r e t i o n  f o r  e x a c t  l o c a t i o n  p rov ides  a uniform survey  b i a s e d  towards  

high end o f  t h e  d i s t r i b u t i o n .  Locat ions  o f  n o t i c e a b l y  g r e a t e r  r a d i o a c t  
were t o  be noted.  Upon i n d i c a t i o n ,  surrounding l o c a t i o n s  were t o  be 

surveyed.  

5.2 Data Reduction Sof tware  Proqram 

Each r a d i o l o g i c a l  measurement c h a r a c t e r i s t i c  d a t a  v a l u e  was inpu t  

i n t o  SMART SPREADSHEET. T h i s  i s  an o f f - t h e - s h e l f  computer s o f t w a r e  package 

which a l lows  m u l t i p l e  computat ions  t o  be performed on raw d a t a  v a l u e s .  

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  a lpha /be ta  t o t a l  - average ,  maximum, 

and removable contaminat ion p e r  1 m2 i n  dpm/100 cm2; and s u r f a c e  ambient 

i gamma exposure  r a t e  i n  pR/h. The s t a n d a r d  d e v i a t i o n  o f  each measurement was 
a1 s o  c a l c u l a t e d .  Sof tware  was developed i n  a program l anguage c a l l e d  Quick  

B a s i c  t o  read  d a t a  from a SMART f i l e  i n t o  a g r a p h i c s  program which p l o t s  

r a d i o 1  o g i c a l  measurements a g a i n s t  a Gaussian c d f .  For conven ience ,  t h e  

d i s t r i b u t i o n  f u n c t i o n ,  G(x) i s  p l o t t e d  a s  t h e  a b s c i s s a  ( p r o b a b i l i t y  g r a d e s ) ,  

and x ,  t h e  measurement v a l u e ,  i s  p l o t t e d  a s  t h e  o r d i n a t e  ( l i n e a r  g r a d e s ) ,  

s e e  F i g u r e  4.4.  

Input  f o r  t h i s  d a t a  r e d u c t i o n  was, f o r  i n s i d e  measurements: 

1. Room number; 

2. Grid l o c a t i o n ;  ex .  W(1,3), west  w a l l ,  g r i d  1,3; 

3 .  Alpha t o t a l  a c t i v i t y ,  averaged o v e r  1 m2 ( coun ts  

min. ) ;  

4 .  Alpha maximum a c t i v i t y  f o r  h o t  s p o t ,  i f  p r e s e n t  

5 min.);  

i n  5 

(coun ts  i n  
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Alpha removable a c t i v i t y  from 100 cm2 smear (counts  in 5  

min.); 

Beta t o t a l  a c t i v i t y ,  averaged over 1  m2 (counts  i n  5  

min.);  

Beta maximum a c t i v i t y  f o r  hot s p o t ,  i f  p r e sen t  (counts in  

5  min.);  

Beta removable a c t i v i t y  from 100 cm2 smear (counts  i n  5  

min.); 

Alpha survey instrument background (5  min.),  e f f i c i e n c y  

f a c t o r  (dpm/cpm) , and area  f a c t o r ;  

A1 pha gas-proport  i  onal d e t e c t o r  background ( 5  mi n. ) and 

e f f i c i e n c y  f a c t o r  (dpm/cpm); 

Beta survey instrument background ( 5  min.) ,  e f f i c i e n c y  

f a c t o r  (dpm/cpm) , and area  f a c t o r ;  

Beta gas-proport ional  d e t e c t o r  background (5  min.) and e f -  

f  i c i  ency f a c t o r  (dpm/cpm) . 
13. Ambient gamma exposure r a t e  (counts  i n  1 min.; cpm); 

14. Gamma survey instrument background (1  min.);  

15. Gamma survey instrument e f f i c i e n c y  f a c t o r  (pR/h/cpm). 

Output f o r  Gaussian P l o t s  of i n s ide  measurements: 

1. Alpha t o t a l  a c t i v i t y  averaged over 1 m2 with s tandard  

dev ia t ion  (dpm/100 cm2) ; 

2. Alpha maximum a c t i v i t y  and s tandard d e v i a t i o n  

(dpm/100 cm2), only i f  observed; 

3 .  Alpha removable a c t i v i t y  and s tandard  dev ia t ion  

(dpm/100 cm2) ; 

4. Beta t o t a l  a c t i v i t y  averaged over 1 m2 with s tandard  

dev ia t ion  (dpm/100 cm2) ; 

5.  Beta maximum a c t i v i t y  and s tandard dev ia t ion  

(dpm/100 cm2), only i f  observed; 

6. Beta removable a c t i v i t y  and s tandard dev ia t ion  

(dpm/100 cm2). 
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7 .  Ambient gamma exposure rate  and standard deviation (pR/h). 

Input for  data reduction of outside measurements was limited t o  
gamma exposure ra te  data l i s t e d  above. 

5.3 Data Anal vsi s 

An arithmetic mean and standard deviation of the radiological 

measurement values i s  calculated fo r  each data se t .  The t e s t  s t a t i s t i c ,  K t 

ks, based on a consumer's r i sk  of acceptance of 0.10 a t  10% defective, i s  
a1 so 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 distribution using the acceptance 

l imi t s  in Table 3.1. 

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 dis t r ibut ion intersects  the 50% cumulative probabili ty.  In t e s t  

cases where an acceptance l imit  has been established for  acceptably clean, a 
ver t ical  l i n e  i s  plotted corresponding to  the t e s t  s t a t i s t i c ,  ST + ks. When 

an acceptance l imit  i s  applied to  a t e s t  case, horizontal l ines  are d is -  

p1 ayed on the graph a t  0 (zero),  50% of the acceptance 1 imit (Reinspection), 

90% of the acceptance l imit  (Investigation),  and a t  the acceptance l imit .  

The f igures  display the resu l t s  on an expanded scale so tha t  the variations 

in the data can be seen in de ta i l .  

5.4 Direct Alpha/Beta Contamination Measurements 

Direct alpha/beta contamination measurements were made by using 

Ludl um model 2220-ESG portable scalers t o  detect pulses from a Ludlum 

43-1 alpha probe and Ludlum 44-9 beta probe, respectively. 
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5.4.1 Instrument Ca l ib ra t ion  

Each d e t e c t o r  was c a l i b r a t e d  t h r e e  t imes d a i l y .  The a lpha  

d e t e c t o r  was c a l i b r a t e d  with Th-230; t h e  be ta  d e t e c t o r  with Tc-99. Back- 

ground l e v e l s  were determined in  t h e  counting room of Building T009. 

5.4.2 Data Acquis i t ion  and Reduction 

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

and i n  mat r ix  no ta t ion .  The g ros s  number of a lpha and be t a  counts  recorded 

i n  5  min. along with t h e  mat r ix  no ta t ion  l o c a t i o n  was input  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 o t a l - a v e r a g e  alpha and 

be t a  s u r f a c e  a c t i v i t y  and t h e  s tandard  dev ia t ion  ( i n  dpm/100 cm2) according 

t o  equa t ions  5-1 and 5-2. Conversion from g ross  counts  observed t o  dpm/100 

cm2 i s  given by: 

SA = (C - B) (EF) (1001 
5  A 

where: SA = 

C = 

5 = 

B = 

s u r f a c e  a c t i v i t y  

t o t a l  counts  i n  5 min. 

count t ime,  min. 

background count  i n  5 min. (gene ra l ly  0-5  f o r  alpha 

and about 440-460 f o r  be ta )  

Ef f ic iency  f a c t o r ,  dpm/cpm (averages about 4.8 f o r  

a lpha and about 3.7 f o r  be ta )  

100 cm2 s tandard  a r e a  

probe s e n s i t i v e  a r e a  (71 cm2 f o r  Ludlum model 43-1 

c i r c u l a r  a lpha  s c i n t i l l  a t o r ;  20 cm2 f o r  Ludlum model 

44-9 pancake G-M)  

Note t h a t  t h e  a n a l y s i s  i s  done using counts  r a t h e r  than count 

r a t e s .  The s tandard dev ia t ion  of t h e  measurement i n  dpm/100 cm2 i s  given 

by : 
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5 - 4 . 3  Data Analysis 

Total-average alpha/beta r a d i o a c t i v i t y  in  dpm/100 cm2 per  square 

meter were p l o t t e d ,  i n  order  of magnitude from l e f t  t o  r i g h t ,  aga ins t  

cumulat ive p r o b a b i l i t y ,  a s  i n  Figure 4.4. The t e s t  s t a t i s t i c ,  K t  ks,  was 
- 

a1 so  c a l c u l a t e d  f o r  t h e  l o t .  x t ks i s  compared aga ins t  t h e  acceptance 

l i m i t s  i n  Table 3.1.  C r i t e r i a  f o r  accept ing t h e  a rea  a s  uncontaminated i s  

presented  in  s ec t ion  4.3.3. 

I f  t h e  measurements taken a r e  represented by a  Gaussian d i s t r i b u -  

t i o n ,  t h e  da t a  w i l l  be arranged i n  a  s t r a i g h t  

changes i n  s lope  a r e  observed i n  t h e  d i s t r i b u t  

i s  contaminated t o  a  g r e a t e r  l e v e l .  

l i n e .  I f  l a r g e  breaks o r  

ion,  then some s p e c i f i c  area 

/) 
5.5 Removable Alpha/Beta Contamination Measurements 

A 100 cm2 area  of each square meter surveyed f o r  f i xed  a lpha jbe ta  

contamination was sampled f o r  removable alpha/beta contamination. Each 

smear sample was placed in  a  gas-flow propor t  

5.5.1 Instrument Cal ibra t ion  

ional counter  f o r  ana lys i s .  

The Canberra Model 2201 gas-flow proport ional  counter  was c a l i -  

b ra ted  twice  d a i l y .  Alpha e f f i c i e n c i e s  were determined by using a  Th-230 

c a l i b r a t i o n  source.  Beta e f f i c i e n c i e s  were determined by using a  Tc-99 

c a l i b r a t i o n  source.  A "clean" smear-paper was used t o  determine background 

r ad ia t ion .  l e v e l s .  

5 .5.2 Data Acquisi t ion and Reduction 

Gross alpha and beta counts  f o r  each sample 

i n t o  SMART SPREADSHEET. Columns were e s t a b l i s h e d  f o r  

l oca t ion  were entered 

input  of  instrument 
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e f f i c i e n c y  and background. Removable s u r f a c e  a c t i v i t y  i s  converted t o  

dpm/100 cm2 by: 

(dpm/lOO cm2) (Eq. 5-3)  

where t h e  app ropr i a t e  alpha and be ta  backgrounds and e f f i c i e n c y  f a c t o r s  were 

used. Backgrounds ( B )  a r e  t y p i c a l l y  0-2 counts  f o r  alpha and 40-50 counts 

f o r  be t a  i n  a  f i v e  minute t ime period.  Ef f ic iency  f a c t o r s  (EF) a r e  about 

3 . 5  f o r  a lpha  and 3.9 f o r  be ta .  

The s tandard dev ia t ion  of  t h i s  measurement i s :  

s = J C  + B (EF1 (dpm/100 cm2) (Eq. 5-4) 
5  

5.5.3 Data Anal vs i  s  

Removable a1 pha/beta r a d i o a c t i v i t y  i n  dpm/100 cm2 per  square meter 

were p l o t t e d ,  i n  o rde r  of magnitude from l e f t  t o  r i g h t ,  aga ins t  cumulative 

p r o b a b i l i t y ,  a s  i n  Figure 4.4. The same ana ly t i ca l  c r i t e r i a  apply here a s  

t h a t  presented  i n  Sect ion 5.4.3. 

5.6 Ambient Gamma Exposure Rate 

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

1"  x  1"  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-ESG 

p o r t a b l e  s c a l e r ,  (Appendix A.3). 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  

nea r ly  e q u a l l y  s e n s i t i v e  in  a l l  d i r e c t i o n s ,  i  .e.  4 r geometry, and can 

d e t e c t  v a r i a t i o n s  i n  exposure r a t e  down t o  one-half of a  pR/h, using the  

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  ( p a r t i c u l a r l y  outdoors ) ,  however, a  3  t o  5  pR/h 

exposure r a t e  above "background" i s  considered the  instrument s e n s i t i v i t y  in  

p r a c t i c e .  A t  t h i s  l e v e l ,  a  surveyor  would decide t o  c o l l e c t  addi t iona l  

measurements. 
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5 .6 .1  Instrument  Cal i b r a 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 la teau  i s  p lo t t ed  

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/h r .  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 in  t h i s  r ega rd ,  (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 $/h, t h i s  instrument  was 

c r o s s - c a l i b r a t e d  a g a i n s t  a Reuter S tokes  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 seve ra 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 value,  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  

condi t ions  p rev ious ly  descr ibed .  Reca l ib ra t ion  because of " instrument  out 

of t o l e r ance"  was never necessary.  

5.6.2 Data Acquis i t ion  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  mat r ix  no ta t ion .  The g r o s s  number of counts  recorded in  1 min. 

along with t h e  mat r ix  no ta t ion  l o c a t i o n  was input  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 tandard d e v i a t i o n  according t o  t h e  equat ions  5-5 and 5-6. 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 converted from g ross  counts  t o  

exposure r a t e  (pR/h) by: 

R = ( C )  * (EF)  
1 min. 

(Eq. 5-5)  
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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. (cpm) 

E F  = e f f i c i e n c y  f a c t o r  (0.004632 pR/h/cpm) based on c r o s s  

c a l i b r a t i o n  w i t h  HPIC. 

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

Eq. 4-3:  

s = fl * ( E F L  
1 min. 

5 .6 .3  Data Anal vsi 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 :  

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  f l / 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  c o n s i d e r e d  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,  handled,  s t o r e d ,  o r  

d i s p o s e d .  These a r e a s  shou ld  be o f  s i m i l a r  g e o l o g i c  charac -  

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 .  

These t h r e e  d i s t r i b u t i o n s  g i v e  t h e  b a s e l i n e  f o r  " n a t u r a l "  

v a r i a b i l i t y  o f  exposure  r a t e  a s  a f u n c t i o n  o f  SSFL t e r r a i n .  

2. P l o 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  each s u b j e c t  sampling l o t .  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 .  

Compare t h e s e  s t a t i s t i c s  and p r o b a b i l i t y  d i s t r i b u t i o n s  a g a i n s t  

" n a t u r a l  background" d i s t r i b u t i o n s .  



GEN-ZR-0014 
Page 60 
09/20/88 

3 .  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. If  necessary, explain elevated measure- 

ments and/or trends in the dis t r ibut ion.  

4 .  Determine whether the "natural background" distributions 

adequately represent "ambient background" for  the tested 

areas. Determine i f  any nucl ear-re1 ated operations in the 

local area are influencing "ambient background" in the t e s t -  

areas. If so, make corrections. 

5. Subtract "natural background" from each test-area measurement 

and compare the resu l t s  against acceptance c r i t e r i a  in Table 

3 . 1  and Section 4.3.3. 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 ,  F + ks, for  each test-area 

dis t r ibut ion.  If "ambient background" in the test-areas 

d i f f e r s  from "natural background, " correct the data accor- 

dingly and re tes t .  Often, "ambient background" i s  less  than 

"natural background." When t h i s  i s  the case, a better 

estimate of "ambient background" i s  the median gross-total 

exposure ra te  value from the same uncorrected data se t .  The 

median i s  an unbiased estimator of "ambient background." 

The most c r i t i ca l  step in the analysis of gamma exposure ra te  

measurements i s  assessing what t rue "ambient background" radiation i s  for a 

t e s t  area. "Ambient background" accounts for  three effects  which resul t  in 

the production of an electronic pulse of the gamma instrument (a count), 

which under ideal measurement conditions would not occur: 

1. "Natural background" radiation from the cosmos, and primordial 

radionucl ides; 
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2.  Secondary in f luence  of gamma exposure r a t e  due t o  nearby 

f a c i l i t i e s  which handle r a d i o a c t i v e  ma te r i a l s  o r  r a d i a t i o n  

producing machines; and 

3 .  Instrument  no i se .  

These ind iv idua l  c o n t r i b u t i o n s  t o  "ambient background" complicate d a t a  

i n t e r p r e t a t i o n  a g a i n s t  accep tab le  l i m i t s  because both t h e  NRC and DOE 

c r i t e r i a  f o r  acceptance f o r  u n r e s t r i c t e d  use a r e  given in  pR/h above back- 

ground, 5 and 20, r e s p e c t i v e l y .  In n a t u r a l - t e r r a i n  a r e a s ,  s i g n i f i c a n t  

dev ia t ions  in  "na tu ra l  background" r a d i a t i o n  occur a s  a func t ion  of land-  

scape geometry. For example, when t h e  d e t e c t o r  i s  placed near a l a r g e  

sandstone outcropping,  t h e  exposure r a t e  may inc rease  by almost 4 pR/h. 

This  i nc rease  i s  due t o  pr imordial  rad ionucl ides  i n  t h e  sandstone, and a 

change i n  source geometry, from a p l ana r  2 r - s t e r ad ian  su r f ace  t o  a rocky 377- 

s t e r a d i  an su r f ace .  "Natural  background" i s  a1 so  more v a r i a b l e  when measure- 

ments a r e  made over ,  a t ,  o r  near  l a r g e  metal p i eces ,  s c rap  components, and 

o t h e r  o b j e c t s  - -  such a s  t h o s e  s t o r e d  behind Building 5009. "Natural 

background" i s  a l s o  d i f f e r e n t  indoors  and v a r i e s  with cons t ruc t ion  mater- 

i a l s .  For tuna te ly  no f a c i l i t i e s  a r e  l oca t ed  nearby which increased ambient 

gamma cond i t i ons  a t  T009. F i n a l l y ,  instrument  noise  f o r t u n a t e l y ,  i s  f a i r l y  

uniform. 

The b e s t  s o l u t i o n  f o r  eva lua t ing  t h e  po ten t i a l  o r  ex i s t ence  of 

r e s idua l  contamination i n  an a rea  where t h e  ambient r a d i a t i o n  f i e l d  v a r i e s  

n a t u r a l l y  by swings a s  l a r g e  a s  t h e  acceptance l i h i t ,  i s  t o  f i r s t  compare 

t e s t - a r e a  t o t a l - g r o s s  exposure r a t e s  aga ins t  "na tura l  background" t o t a l -  

g ros s  exposure r a t e s .  "Natural background" measurements were taken on f l a t  

and rugged t e r r a i n ,  with Chico Formation sandstone,  s i m i l a r  t o  t h e  charac- 

t e r i s t i c s  ou t s ide  of  t h e  Building TO09 f ence - l i ne .  

Best c o r r e c t i o n s  f o r  "ambient background" r a d i a t i o n  f o r  t h i s  

survey, then ,  f a l l  i n t o  two ca t egor i e s :  
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1. "Natural background" inside a combination concrete block/But- 

ler-type building with concrete s lab f loor .  Exposure rate i s  

typically 6 to  12 pR/h. The best estimate of "background" for 

a typical f a c i l i t y  i s  the median gross-total  exposure rate 

measurement value for that f a c i l i t y ;  and 

2 .  "Natural background" of a planar landscape composed of asphalt 

concrete. This i s  typical of the equipment staging area and 

storage yard outside of T009. Exposure rates  are n o t  highly 

variable, unless many large equipment items are stored there. 

Expect 13 to  15 pR/h. 

Once a l l  the best corrections for  "ambient background" have been 

made, resulting distributions are compared against the 5 pR/h above "back- 

ground" acceptance 1 imit. The t e s t  s t a t i s t i c ,  T + ks, i s  calculated for 

each distribution. S ta t i s t ica l  acceptance c r i t e r i a  presented in section 

4.3.3 apply. 

? 
5.6.4 Sensit ivity of Gamma Ex~osure Rate Measurements 

The purpose of performing these exposure ra te  measurements i s  t o  
detect any significant quantity of gamma-emi t t i ng  radionucl ides. Opera- 

tional history and surveys performed years ago show tha t  the most probable 

radiological contaminant in these areas i s  Cs-137, associated mixed-fission- 

products, and activation products. Since Cs-137 i s  a gamma emitter, i t  i s  

detectable with the NaI detector. 

The sensi t ivi ty  of these measurements, or ra ther ,  the amount of 

contamination which could be there and which would not be detected, i s  based 

on two possibi l i t ies :  

1) A uniformly contaminated region of soi l  or pavement; a layer 

on the surface, or a layer several fee t  below the surface; 

( th i s  scenario i s  unlikely in th i s  inspected area) ;  or 
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Table 5.1 Exposure Rates of Cs-137 Contaminated So i l  and Debris 

(1 )  Contaminated Soi l  Exposure Rate (pR/h) 
(100 pCi/q) 1 meter  above sur face  

I n f i n i t e  Slab 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  Slab,  20 cm th ick / lO cm t h i c k  
a t  Surface 
a t  5 cm depth 
a t  10 cm depth 
a t  15 cm depth 
a t  30 cm depth 

Rectangular Volume, 20 cm thick/ 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  Surface 
a t  15 cm depth 
a t  30 cm depth 

2) A piece  o f  contaminated d e b r i s  l oca t ed  on t h e  su r f ace  o r  
buried severa l  f e e t  below, ( t h i s  i s  t h e  more c r e d i b l e  scenar io  

f o r  r e s idua l  r a d i o a c t i v i t y  i n  t h i s  o u t s i d e  a r e a ) .  

Our acceptance c r i t e r i a  spec i fy  t h a t  no s o i l  a c t i v i t y  exceeding 

100 pCi/g-beta i s  acceptab le  f o r  un res t r i c t ed -use .  In comparison, 10 pCi of 

Cs-137, t o t a l ,  i s  t h e  l i m i t  f o r  exempt quan t i t y  according t o  10CFR30, 

Schedule B. I f  only Cs-137 were contained i n  t h e  s o i l ,  10 pCi of a c t i v i t y  

would be present  i n  100 kg of  s o i l ,  o r  about 70,000 cm2 of  su r f ace  a r e a ,  i f  

t h e  l a y e r  were 1 cm t h i c k .  

Natural ambient gamma "background" r a d i a t i o n  i s  about 12-16 pR/h 

a t  1 meter from t h e  ground, so  t h e  r ad ioac t ive  mater ia l  would have t o  
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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. 

For condition (I), 100 pCi/g Cs-137 layer of contaminated soil, 
these measurements would detect a surface layer greater than one cm thick, 
but would not detect a small thickness of soil (10 cm) buried much more than 
a half-foot from the surface. This is very good sensitivity, particularly 
since the likelihood of a thin layer of contaminated soil located more than 
6 in. below the surface is small. For condition (2), contaminated debris, 
whose activity exceeded 1 mCi Cs-137 activity could be seen if it wasn't 
buried much deeper than about a foot. 10 mCi could probably be seen down to 
2 feet. The likelihood of buried or scattered debris occurring in these 

1 areas is very small; however, this is probably the most likely scenario of 
the two for residual contamination. Concerning suspect activation products 
and their sensitivity levels, Co-60 is the most significant activation 
product. It is more easily detectable than Cs-137 because of higher energy 
gamma rays. Thus, this Cs-137 analysis gives the most conservative sensi- 
tivities for suspect contaminants. 

5.7 Collection of Miscellaneous Sam~les for Radioactivity Analysis 

Miscellaneous sludge samples from the SGR holdup tank, drain line 
clean-outs, and sink traps were analyzed for radioactivity by gamma spectro- 
metry. Additionally, if radioactivity was indicated during performance of 
the filter bank survey, samples were to be collected and analyzed in the 
same manner. This section deals with the special techniques of performing 
gamma spectrometry. 
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5.7.1 Gamma Spectrometry 

Samples were placed in a Marinelli beaker or in a plastic bag, and 

counted for 30 min. on a Canberra Series 80 gamma spectrometer, described in 

Appendix A.1. This analytical tool measures U-238, U-235, Th-232 and K-40 

radioactivity, all of which are naturally occurring. It will also detect 

characteristic fission and activation products such as Cs-137, Co-60, and 

Eu-152. The radionuclide library is shown in Appendix E. 

5.7.1.1 Instrument Calibration 

The instrument is calibrated routinely for energy and efficiency 

using a Marinelli Beaker Standard Source (MBSS), described in Appendix A.1. 

This calibration process is performed over a wide energy range: Cd-109 
(88.03 keV), Co-57 (122.06 keV), Ce-139 (165,85 keV), Hg-203 (661.65 keV), 

Y-88 (898.02), Co-60 (1173.21 and 1332.47 keV), Y-88 (1836.04 keV). The 
multichannel analyzer automatically fits efficiency and energy-to-channel 

number curves for energies which are not included in the calibration 

spectrum. These calibrations are performed in accordance with the proce- 
dures prescribed by the Canberra Operator's Manual. 

It is particularly important when performing gamma spectrometry 

analysis, that the sample geometry be identical to the standard geometry. 

Efficiency is a function of geometry, and varies significantly in this case. 
Since these miscellaneous samples are not in the same counting geometry as 

the standard, these measurements are normally good "for indication" only. 

5.7.1.2 Data Reduction and Analvsis 

The multi-channel analyzer is programmable; for any unknown 

sample, it will calculate the activity in pCi of any isotope it identifies 

corresponding to the signature library listed in Appendix C. The percent 
error in activity is also calculated based on the number of counts collected 

under the peak. Although the machine is quite good, a great deal of 

prudence must be used when evaluating the output, particularly when the 

sample geometry varies significantly from the cal i bration standard geometry. 
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Table 5.2 Probable Gamma Energies for Determining Radioactive Contaminants 

U-238 Chain (Primordial) Th-232 Chain (Primordial ) 

U-235 Chain (Primordial) Fission Products 

j 
K-40 (Primordial) Activation Products 

Eu-152 (several energies) 
Co-60 (1117 keV) 

(1332 keV) 

* Not evident because of low gamma yield (rarely seen) ** Peak overlaps from Ra-226 and U-235 *** Peak overlaps from Ra-224 and Pb-212 
**** Formed in atmosphere - not normally found in soil 

Any major gamma emitting isotopes are readily distinguishable by 

the MCA. If by observation, it is determined that uranium daughter products 

are present above natural background concentrations, further interpretation 

is necessary. In which case the isotopes presented in Table 5.2 are used to 

estimate U-238, U-235, and Th-232 activity. Estimates of radionuclide 

content in each sample were derived based on corrections for: 
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1 )  Multi-Channel Analyzer (MCA) output ;  and 

2) Daughter Product decay f o r  U-238, andTh-232.  

Correc t ions  t o  MCA ca l cu la t ed  a c t i v i t i e s  were made in  two cases .  

F i r s t ,  because of peak over lap  a t  185-186 keV from Ra-226 and U-235, an 

e s t ima te  of each i so tope  had t o  be der ived .  Assuming t h a t  Ra-226 i s  i n  

equi l ibr ium with U-238 and t h a t  U-235 i s  0.7% by weight of U-238, i t  can be 

shown t h a t  t h e  t r u e  Ra-226 a c t i v i t y  i s  equal t o  t h e  Ra-226 MCA ca l cu la t ed  

a c t i v i t y  mu l t ip l i ed  by 0.5525. The t r u e  U-235 a c t i v i t y  i s  then equal t o  t h e  

U-235 MCA ca l cu la t ed  a c t i v i t y  mu l t ip l i ed  by 0.446. I f  enriched uranium i s  

p re sen t  i n  t h e  sample, t h e s e  co r r ec t ed  va lues  wi l l  show up as  l a r g e  devia-  

t i o n s .  

Second, because of peak over lap  a t  239-240 keV from Ra-224 and Pb- 

212, e s t ima te s  f o r  t r u e  a c t i v i t y  had t o  be derived.  The t r u e  Pb-212 

a c t i v i t y  i s  equal t o  t he  MCA ca l cu la t ed  a c t i v i t y  mu l t ip l i ed  by 0.91. Since 

Ra-224 and Pb-212 a r e  in  equi l ibr ium,  t h e i r  a c t i v i t i e s  a r e  equal .  

U-238 a c t i v i t y  i s  ca l cu la t ed  by: 

(Eq. 5-9) 

where Ai = a l l  non-zero MCA ca l cu la t ed  and cor rec ted  a c t i v i -  
t i e s  from U-238 daughter products  l i s t e d  in  Table 

5.2.  (All daughters  in  equi l  i brium, branching 

r a t i o s  equal 100%) 

n = number of non-zero a c t i v i t y  va lues  

pCi/g = appropr i a t e  conversion f a c t o r s  and sample mass used 
t o  obta in  t h i s  u n i t .  
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Th-232 activity is calculated by: 

where Ai = a1 1 non-zero calculated and corrected activities 
from Th-232 daughter products listed in Table 5.2 

(all daughters in equilibrium, branching ratios 

equal 100%) 

n = number of non-zero activity val ues 

A~1-208 = Three identifiable gamma energies from T1-208 (in 

equilibrium, branching ratio from Bi -212 is 36%). 

Cs-137, Co-60, and K-40 are easily identifiable radionuclides by 

gamma spectrometry; they each emit a single characteristic gamma-ray, (see 

Table 5.2). 
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6.0 PROCEDURES 

The fo l lowing  r ad io log ica l  procedures were used i n  performing t h i s  

survey.  

6 .1 Sampl e Sel e c t  i on Gri ddi nq 

Superimpose 3-meter square g r i d s  on each indoor 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 .  I f  a s u r f a c e  i s  l e s s  than  9 m2 i n  a r ea ,  then 

g r i d  t h e  a r ea  by square  meters  a s  app ropr i a t e .  Designate each square meter 

i n  mat r ix  no ta t ion  wi th  f l o o r  l o c a t i o n  ( 1 , l )  being t h e  northwestern most 

square  i n  a room. Wall l o c a t i o n  ( 1 , l )  i s  t h e  lower l e f t  square  meter as  t he  

surveyor  views t h e  wall  . 

6.1.1 Floor 

S e l e c t  1 m2 ou t  of  each 9 m2 on which t o  perform t h e  survey. I f  a 

s u r f a c e  i s  l e s s  than  9 m2 i n  a r e a ,  then survey 1 m2 a s  a minimum. Objects 

l y i n g  on t h e  f l o o r  which a r e  e a s i l y  moveable should be moved t o  allow a 

complete f l o o r  survey.  Survey around f i x e d  ob jec t s .  

6.1.2 Wall s 

S e l e c t  1 m2 ou t  of 9 m2 on which t o  perform t h e  survey f o r  t h a t  

p a r t  of t h e  wall below 10 f e e t  i n  he ight  and which i s  r e a d i l y  acces s ib l e .  

Survey around c a b i n e t s ,  she lves ,  and equipment which cannot be e a s i l y  

re1 ocated.  

6.1.3 Cei l  inq 

Because t h e  c e i l i n g  i s  g r e a t e r  than 10 f e e t  i n  he ight  and not 

r e a d i l y  a c c e s s i b l e ,  do not survey.  
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6.1.4 S ~ e c i  a1 S t r u c t u r a l  Features  

Gridding i s  not  necessary.  Survey randomly f o r  d e t e c t a b l e  alpha/- 

be ta  contaminat ion.  Smear t h e  item f o r  ana lys i s  of removable contamination. 

Spec ia l  f e a t u r e s  inc lude  a c c e s s i b l e  coving, wall - t o - f l o o r  j o i n t s ,  1  i gh t  

f i x t u r e s ,  v e r t i c a l  I-beam suppor ts ,  f i r e  ex t ingu i she r s ,  c r acks ,  f i l t e r s ,  and 

i  s c e l l  aneous i tems . 

.1.5 Northwest S toraqe  Yard and Surroundinq Area 

S e l e c t  1 m2 ou t  o f  each 36 m2 on which t o  perform an ambient gamma 

exposure r a t e  measurement. Co l l ec t  s o i l  samples i n  a r eas  of  increased gamma 

r a d i a t i o n  and analyze by gamma spectrometry.  

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

Instruments  were c a l i b r a t e d  and checked every morning, noon, and 

evening f o r  t h e  du ra t ion  of  t h e  p r o j e c t  a s  fol lows.  

Po r t ab l e  Ludlum 2220-ESG Survey Instruments:  

Turn t h e  instrument  'ON' and allow t o  warm up f o r  5  min. 

Check high vol tage  (600-750V a lpha ,  800-950V be ta ,  800V 

gamma) . 

Check th re sho ld  (140-190 a lpha ,  250-350 be t a ,  400 gamma). 

Window in/out  switch i s  s e t  t o  ou t .  

Check b a t t e r y  ( g r e a t e r  than 500). 

S e t  range s e l e c t o r  t o  1 ,  response t o  f a s t ,  and count time t o  
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5 min. f o r  a lpha and beta  measurements. For ambient gamma 

exposure r a t e  measurements, s e t  t ime t o  1 min. 

7) Take and record a  5 min. background count i n  an uncon- 

taminated a rea  which t y p i f i e s  t h e  a r ea  t o  be surveyed. 

8 )  Take and record a  5 min. count of known alpha and beta  s tan-  

da rds ;  an e l e c t r o p l a t e d  Th-230 and e l e c t r o p l a t e d  Tc-99 

source ,  r e s p e c t i v e l y .  The e f f i c i e n c y  f a c t o r  (dpm/cpm) i s  

c a l c u l a t e d  a s  t h e  r a t i o  of 2 t imes t h e  27r emission r a t e  of 

t h e  source (dpm) t o  t h e  n e t  count r a t e  of t h e  instrument.  

The r a d i o a c t i v i t y  of t h e  c a l i b r a t i o n  sources  i s  t r aceab le  t o  

NBS. S imi l a r ly ,  use a  Ra-226 check source loca ted  1 f t  from 

t h e  NaI d e t e c t o r  t o  check o p e r a b i l i t y  of  t h e  gamma i n s t r u -  

ment. The count r a t e  should not  vary by more than + 5% from 

t h e  i n i t i a l l y  e s t a b l i s h e d  s tandard .  The gamma c a l i b r a t i o n  

e f f i c i e n c y  f a c t o r  i s  determined by comparison aga ins t  a  

Reuter Stokes High Pressure  Ion Chamber (HPIC) . 

9) Calcu la t e  t h e  a r ea  o f  t h e  alpha and be t a  end windows and 

record value.  This  i s  performed only once. 

Gas-fl  ow Proport ional  : 

1) Equipment i s  t o  be l e f t  i n  t h e  'ON' p o s i t i o n  a t  a l l  times. 

2 )  Using uncontaminated pl anchets ,  t a k e  f o u r  5 min. background 

counts  t o  determine t h e  d e t e c t o r  background f o r  smear 

sampl e s  . 

3 )  Take and record 5 min. counts  of known alpha and beta  s tan-  

da rds ;  1  i n .  Th-230 and Tc-99 sources ,  r e spec t ive ly .  Calcu- 

1 a t e  e f f i c i e n c y  f a c t o r s  f o r  smear samples. 
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Average the daily results: 

Calculate the average background and efficiency factor of each 
instrument for morning and afternoon. The morning value should be 
the average of the 7:00 am and 11:30 am measurements; the after- 
noon value should be the average of the 11:30 am and 4:00 pm 
measurements. 

Gamma Spectrometer: 

1) Check to make sure that the MCA has been calibrated for 
energy and ef f i ci ency . 

2) If machine is not calibrated, refer to Canberra user's 
manual for proper calibration of device. 

6.3 Radio1 oqi cal Measurements 

6.3.1 Total-Averaqe Alpha/Beta Contamination Measurements 

1) Identify 1-m2 area to be measured; 1 m2 per 9 m2 surface 
should be surveyed to be consistent with a minimum 11% 

sampling plan. Determine instrument background and effi- 
ciency as presented in Section 6.2. 

2) With portable scaler instrumentation (Ludlum 2220-ESG) set 
for a 5-min. count time, use an alpha probe (Ludlum Model 
43-1) on one instrument and a beta probe (Ludlum 44-9) on 
another, then uniformly scan the area. The probe transit 
velocity should be slow; less than one-third the numerical 

detector window diameter (in cm). This corresponds to a 
transit velocity not exceeding 3 cm/sec. The 5 min. count 
time per square meter was adopted based on this transit 
velocity limit for alpha contamination. (Watch and listen 
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f o r  "hot  spo t s "  where r a d i o a c t i v i t y  may exceed t h e  average 

l i m i t .  These s p o t s  a r e  t o  be resurveyed l a t e r ) .  

3 )  Record t h e  l o c a t i o n ,  t o t a l  count ,  background, e f f i c i e n c y  

f a c t o r ,  a rea  f a c t o r ,  and date/ t ime.  

4 )  Enter t h e  d a t a  i n t o  SMART spreadshee t .  

6 .3.2 Maximum Alpha/Beta Contamination Measurements 

Return t o  any a rea  i d e n t i f i e d  a s  having a spo t  which 

measures cons iderably  g r e a t e r  than t h e  average contamination 

value f o r  t h a t  a r e a .  

Repeat t h e  scan of  on ly  t h e  hot spo t  a r e a ,  covering approxi- 

mately 100 cm2 wi th  t h e  probe. 

Record t h e  l o c a t i o n ,  t o t a l  count,  background, e f f i c i e n c y  

f a c t o r ,  a r ea  f a c t o r ,  and date/ t ime,  a s  a maximum contamina- 

t i o n  value.  

Enter  t h e  d a t a  i n t o  SMART spreadshee t .  

6.3.3 Removable A1 pha/Beta Contamination Measurements 

Using an NPO 2" diameter  - c l o t h  swipe, wipe an "S" p a t t e r n ,  

w i t h  l e g s  approximately 6 i n  long,  so  a s  t o  sample removable 

contamination from an a rea  of approximately 100 cm2 within 

t h e  1-m2 g r i d s  i d e n t i f i e d  and sampled wi th  t h e  survey 

meters.  

Place smear i n  envelope k i t  and record t h e  loca t ion  of t h e  

sample g r id  on t h e  envelope. Save unt  i l  ready f o r  counting. 
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3 )  Count r a d i o a c t i v i t y  u s i n g  g a s - f l o w  p r o p o r t i o n a l  c o u n t e r  

(Canber ra  Model 2201) f o r  5 min. ( s e e  Appendix A). 

4 )  Record t h e  l o c a t i o n ,  t o t a l  a l p h a  and b e t a  c o u n t s ,  background 

and e f f i c i e n c y  f a c t o r s  f o r  each .  

5 )  E n t e r  t h e  d a t a  i n t o  SMART s p r e a d s h e e t .  

6 .3 .4  Ambient Gamma Exposure Rate  Measurements 

Mount t h e  d e t e c t o r  on a t r i p o d  which s u p p o r t s  t h e  d e t e c t o r  1 

mete r  from t h e  ground. 

S e t  t h e  c o u n t  t ime  t o  1 min. and t a k e  a measurement a t  each 

s e l e c t e d  l o c a t i o n  f o r  t h a t  l e n g t h  o f  t i m e .  

Record t h e  l o c a t i o n ,  t o t a l  c o u n t s ,  background, and e f f i -  

c i e n c y  f a c t o r  (fl/h/cpm). 

E n t e r  t h e  d a t a  i n t o  SMART s p r e a d s h e e t .  

6.3.5 Surveys  o f  S p e c i a l  S t r u c t u r a l  F e a t u r e s  and Components 

1 )  Using a Ludlum Model 12 coun t  r a t e  me te r  i n  connec t ion  wi th  

a Ludlum Model 43-5 r e c t a n g u l a r  a l p h a  s c i n t i l l a t i o n  probe,  

s u r v e y  v a r i o u s  b u i l d i n g  f e a t u r e s  and components which a r e  

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

a r e a s  i n c l u d e  l i g h t  f i x t u r e s ,  wal l  t o  f l o o r  j o i n t s ,  coving,  

room 114 and beam s u p p o r t s ,  

116 ,  and mi s c e  

h o r i z o n t a l  s u r f a c e s ,  c a b i n e t s  i n  

l l a n e o u s  equipment.  

) Perform an i n s t r u m e n t  c a l i b r a t i o n  check t h r e e  t 
u s i n g  t h e  Th-230 s o u r c e  mentioned above.  

imes d a i l y  



GEN-ZR-0014 
Page 75 
09/20/88 

Ensure t h a t  t h e  t r a n s i t  v e l o c i t y  ( i n  cm/s) does not exceed 

one - th i rd  the  numerical va lue  of t h e  d e t e c t o r  length  o r  

width (cm), i n  t h e  d i r e c t i o n  of t h e  scan .  In t h i s  case ,  

wi th  an alpha window l eng th  of 18 cm, t h e  t r a n s i t  ve loc i ty  

must not  exceed 6 cm/s when t h e  probe i s  moved lengthwise.  

I f  moved widthwise, t h e  t r a n s i t  v e l o c i t y  must not exceed 1 

cm/s . 

Do t h e  same f o r  be t a  contamination using a  Ludlum model 44-9 

pancake GM beta  probe. 

Record t h e  gross  count r a t e  i n  a  gene ra l i zed  manner a s  NDA 

(No Detec tab le  A c t i v i t y )  o r  l e s s  than 20 cpm, 30 cpm, 100 

cpm, e t c . ,  a s  app l i cab le .  

Smear t h e  spec i a l  s t r u c t u r a l  f e a t u r e s  and analyze f o r  remov- 

a b l e  r a d i o a c t i v i t y .  Follow t h e  procedure i n  s ec t ion  6.3.3. 
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7.0 SURVEY RESULTS 

A r ad io log ica l  survey of Building TO09 was performed using the  

survey plan previously descr ibed .  Two sample l o t s  f o r  analyzing and 

i n t e r p r e t i n g  r ad io log ica l  d a t a  were e s t ab l i shed :  I )  Indoor a r e a ;  and 2 )  

Northwestern Outdoor Area. Uniform 3-m square g r i d s  were e s t ab l i shed  ins ide  

t o  measure t o t a l  and removable alpha/beta  a c t i v i t y  and gamma exposure r a t e .  

Within each 3-m square g r i d  1 m2 was surveyed. Uniform 6-m square g r i d s  

were e s t a b l i s h e d  ou t s ide  t o  measure ambient gamma exposure r a t e .  Analytical 

i n t e r p r e t a t i o n  of gamma exposure r a t e  measurements, and t o t a l  and removable 

a1 pha/beta contamination measurements show t h a t  a few 1 oca t ions  a r e  sl igh t ly  

contaminated a t  l e v e l s  f a r  l e s s  than  acceptance l i m i t s .  Fur ther  inves t iga-  

t i o n  i s  not  requi red  in  t h e s e  s l i g h t l y  contaminated l o c a t i o n s .  

Before t h e  r e s u l t s  of t h i s  survey a r e  presented ,  a summary of 

his tor ical ly-documented r a d i a t i o n  surveys performed a t  t h e  f a c i l i t y  a f t e r  

OMR and SGR were removed i s  covered in  Sec t ion  7.1. Resul t s  of t hese  

previous  and ongoing rou t ine  surveys were t h e  b a s i s  f o r  t h e  ex t en t  of t h i s  

r a d i o l o g i c a l  survey. Next, t h e  format used f o r  present ing  d a t a ,  analyzing 

probabi l  i t y  p l o t s ,  and i n t e r p r e t i n g  r e s u l t s  of  t h i s  survey i s  presented.  

Total  and removable alpha/beta  and gamma exposure r a t e  measurement r e s u l t s  

a r e  presented according t o  t h i s  s t a t i s t i c a l  format. 

H i s to r i ca l  Radio1 oqica l  Survey Resul t s  

Although OMR and SGR were removed from Building TO09 in  t h e  ea r ly  

1970s, t h e  f a c i l i t y  has been used f o r  var ious  p r o j e c t s  involving the  use and 

handl ing of r ad ioac t ive  mater ia l  s i n c e  t h a t  time. Building TO09 i s  des ig-  

nated a rad io logica l  orphan f a c i l i t y ,  meaning t h a t  on a pe r iod ic  b a s i s ,  

random r a d i a t i o n  surveys a r e  performed. This  s ec t ion  i s  provided f o r  

information,  and i s  a summary of t h e  r e s u l t s  from documented r a d i a t i o n  

surveys performed from 1972 through 1988. This  summary i s  taken from 

References 30, 31, and 32. 



GEN-ZR-0014 
Page 78 
09/20/88 

In 1972 a smear survey was performed in  t h e  OMR high bay and fuel 

s t o r a g e  v a u l t .  Some p l a s t i c  wrapped equipment s to red  i n  t h e  high bay was 

found contaminated with up t o  362 a dpm and 1207 pdpm removable a c t i v i t y .  

No Detec tab le  A c t i v i t y  (NDA) was determined f o r  t h e  high bay f l o o r .  The 

fue l  v a u l t  f l o o r  was contaminated up t o  185 a dpm and 336 pdpm removable 

a c t i v i t y .  A r eques t  was made t o  decontaminate. Presumably decontamination 

was performed. 

In 1978 a smear survey was performed 

room, cold change room, restroom, and high bay. 

a c t i v i t y  was found. 

i n  t h e  OMR v a u l t ,  change 

No removable a1 pha/beta 

In 1978 a smear survey of t h e  f r o n t  o f f i c e ,  SGR con t ro l  a r ea ,  

cab le  t r enches ,  overhead c rane  and tramway, SGR fue l  s t o r a g e  s h e l f  c rev ices ,  

SGR access  hallway, SGR cold  change room, cont ro l  room, roof  penthouse, 

f i l t e r  plenum, and miscel laneous items was performed. 185 smears were 

c o l l e c t e d .  In a l l  c a ses ,  no d e t e c t a b l e  removable a c t i v i t y  was found. 

In 1979, 20 per imeter  s o i l  samples were c o l l e c t e d  and analyzed f o r  

r a d i o a c t i v i t y .  Resul t s  show an average be ta  a c t i v i t y  concent ra t ion  of 23.8 

+ 13.6 ppCi/g; t h i s  i s  considered na tura l  a c t i v i t y  a t  SSFL. - 

Sludge samples from t h e  OMR tank (now removed), t h e  SGR t ank ,  and 

from a manhole access  t o  t h e  o ld  leach  f i e l d  were c o l l e c t e d  in  1979 and 

analyzed f o r  r a d i o a c t i v i t y .  Two samples were c o l l e c t e d  from each tank;  one 

sample was wet, t h e  o t h e r  dry .  The OMR tank r e s u l t s  show 0.30 apCi/g and 

5.4 ppCi/g (wet) ;  and 0.91 apCi/g and 16.4 ppCi/g (d ry ) .  This  amount of 

r a d i o a c t i v i t y  i s  s t a t i s t i c a l l y  i n s i g n i f i c a n t .  Drain l i n e s  which d r a i n  t o  

t h e  o ld  OMR tank a r e  c u r r e n t l y  thought t o  be in  p lace .  Based on measure- 

ments of t h i s  s ludge ,  t h e  d r a i n  l i n e s  a r e  probably s u f f i c i e n t l y  c lean .  The 

SGR-tank s ludge r e s u l t s  show 25.2 apCi/g and 138 ppCi/g (we t ) ;  and 131 

apCi/g and 716 ppCi/g ( d r y ) .  This amount of r a d i o a c t i v i t y  i s  s t a t i s t i c a l l y  

s i g n i f i c a n t .  Resul t s  of two samples co l l ec t ed  from t h e  leach  f i e l d  show a 
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dry  sample t o  be 12 apCi/g and 49 ppCi/g; and a  wet sample t o  be 1.9 apCi/g 

and 7.3 ppCi/g. 

In about 1982, a  r ad io log ica l  survey was performed t o  v e r i f y  the  

r e s u l t s  of surveys performed up t o  t h a t  t ime and t o  i n v e s t i g a t e  s p e c i f i c  

l o c a t i o n s  t h a t  may not  have been checked by r o u t i n e  ana lyses ,  (Reference 

30 ) .  Spec ia l  emphasis was placed upon t h e  c r i t i c a l  assembly c e l l s ,  overhead 

exhaust  systems, l i q u i d  holdup t anks ,  and i n s i d e s  of l a b o r a t o r y  cab ine t s ,  

and drawers.  Of a l l  t h e  smears taken ,  none exceeded 50 pdpm/100 cm2 and 

5 adpm/100 cm2, corresponding t o  t h e  counting instrument  lower 1 imi t  of 

d e t e c t i o n .  Di rec t  su r f ace  r a d i a t i o n  surveys a l s o  showed No Detec tab le  

A c t i v i t y .  Water f o r  t h e  SGR holdup tank was found contaminated with about 

700 pCi/g g ros s  be t a  a c t i v i t y .  Commercially a v a i l a b l e  thorium was thought 

t o  be t h e  contaminant. A t  t h e  t ime of t h a t  survey, t h e  counting room 

contained deple ted  uranium, but  no problems were known. Except f o r  t h e  SGR 

holdup t ank  and counting room, t h e  bui ld ing  was found "c l ean . "  

In 1986, water and s ludge samples taken from t h e  OMR holdup tank 

were analyzed by gamma spectrometry,  (Reference 31) .  No gamma emi t t i ng  

r ad ionuc l ides  were found. 

In May 1988, smears were c o l l e c t e d  throughout t h e  SGR s i d e  and 

machine shop. Exposure r a t e s  were a l s o  measured i n  t h e  same 

Detec tab le  A c t i v i t y  was found. 

1  o c a t  i  ons. No 

7.2 S t a t i s t i c a l  Resul t s  Format 

Radiological d a t a  c o l l e c t e d  f o r  t h i s  survey a r e  d isp layed  a s  

Gaussian cumulative d i s t r i b u t i o n  func t ions  in  Figures  7.1 through 7.9,  and 

Figures  7.13 and 7.14. Figures  7.10 through 7.12 a r e  d i s t r i b u t i o n s  of  gamma 

exposure r a t e  measurements made a t  3 independent SSFL l o c a t i o n s  t o  demon- 

s t r a t e  t h e  v a r i a b i l i t y  of "na tu ra l  background" r a d i a t i o n .  These d i s t r i b u -  

t i o n s  a r e  a  guide f o r  comparing sample l o t  exposure r a t e  r e s u l t s .  Figures 

7.1 through 7.7 a r e  d i s t r i b u t i o n s  o f  t o t a l  and removable alpha/beta  a c t i v i t y  
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for the indoor sampling inspection lot. Figures 7.8, 7.9, 7.13, and 7.14 
are distributions of gamma exposure rate results for both sample lots. 

Figures 7.9 and 7.14 have been corrected for "ambient background" based on 
the median value of gross-total measurements. The median value is an 
unbiased estimator for "ambient background" in a sampling area. Normally, 
an average of the results presented in Figures 7.10 through 7.12, (i.e. the 
"natural background" data) is used for background correction, but those 
"background" measurements were from natural terrain areas - -  significantly 
different from the indoor inspected area, and slightly different from the 
outdoor area. Subtraction of "natural background" in this case would be an 
overestimate of "ambient background" in both test-areas. These figures show 

each measurement value, arranged in order of magnitude from left to right, 
and a straight 1 ine representing the derived fitted-Gaussian distribution. 

The mean of each distribution is approximately that value of the 
fitted-Gaussian on the ordinate which corresponds to a 50% cumulative 
probability on the abscissa. The measurement value at 50% cumulative 

,) probability is the median. For a theoretical Gaussian, the median is equal 
to the mean. For a well-fitted Gaussian, the median is very close to the 
mean. One, two, and three standard deviations above the mean correspond to 

84%, 97.7%, and 99.8% cumulative probability for a one-sided test, respec- 

tively. Inspection by variables i s  used to test only "background-corrected" 

data sets against acceptance limits. The value o f  k used in the inspection 
test is very nearly 1.5 for each case; thus, the Test Statistic (TS) line 
(3  + 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" gamma exposure rate data sets, 
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30 pR/h i s  normally used f o r  convenience, a s  t h e  maximum o r d i n a t e  va lue .  I f  i 

gamma measurements exceed 30 pR/h, then t h e  g r e a t e s t  measurement value i s  

t h e  upper bound of t h e  o r d i n a t e  a x i s .  In ca ses  where gamma measurements 

have been co r rec t ed  f o r  "na tu ra l  background," 5 pR/h ( t h e  NRC acceptance 

l i m i t )  i s  used a s  t h e  maximum o r d i n a t e  va lue .  The lower bound of t h e  

o r d i n a t e  i s  e i t h e r  t h e  sma l l e s t  measured va lue  (minus background, i f  

a p p l i c a b l e )  o r  t h e  s m a l l e s t  value c a l c u l a t e d  f o r  a  Gaussian f i t .  Negative 

numbers r e s u l t  when t h e  measured value i s  l e s s  than background. Cumulative 

p r o b a b i l i t y  ( a b s c i s s a )  i s  p l o t t e d  i n  p r o b a b i l i t y  g rades ,  i . e .  t h e  d i s t ance  

between any two succes s ive  po in t s  i nc reases  a s  t h e  d i s t a n c e  from t h e  50% 

cumulat ive p r o b a b i l i t y  l i n e  inc reases .  I f  an acceptance l i m i t  i s  app l i -  

c a b l e ,  f o u r  ho r i zon ta l  1  i n e s  extending ac ros s  each p l o t  show, from t o p  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 zero ;  s e e  Sec t ion  4.3.3.  

For t o t a l  and removable a1 pha/beta a c t i v i t y  measurements, an 

acceptance l i m i t  i s  app l i cab le  i n  a l l  c a ses .  The t e s t  s t a t i s t i c  i s  calcu-  

l a t e d  and compared a g a i n s t  t h e  app ropr i a t e  l i m i t .  

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

i n s t a n c e ,  gamma exposure r a t e  measurements not  co r r ec t ed  f o r  "na tura l  

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  not  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  aga ins 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 no t  sub t r ac t ed  a t  

f i r s t .  In t h e s e  cases ,  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 r e a s  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 ina l ly ,  "ambient 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 e a  i s  not contaminated. 

Surveys of  t o t a l  a lpha and beta  a c t i v i t y  on s e l e c t e d  bui lding 

s u r f a c e s  and m a t e r i a l s  were performed " f o r  i n d i c a t i o n . "  S t a t i s t i c a l  

j 
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i n t e r p r e t a t i o n  i s  not app l i cab le .  Resul ts  a r e  presented a s  No Detectable  

Ac t iv i ty  (NDA), o r  l e s s  than 20 counts  per  minute (cpm), 30,  40, 50, ... e t c .  

above background. I f  t h e s e  surveys were t o  determine a contaminated 

l o c a t i o n ,  f u r t h e r  i nves t iga t ion  was t o  commence. 

7 .3 Buildinq I n t e r i o r  

Total-average and removable alpha/beta  measurements and gamma 

exposure r a t e  measurements were made per square meter i n  each 3-m square 

g r i d .  57 measurements of  t h i s  type  were made, 5 minutes each. An addi -  

t i o n a l  28 smears were c o l l e c t e d  f o r  assessment of removable alpha/beta  

a c t i v i t y  on various equipment, cab ine t s ,  drawers,  and susp ic ious  looking 

p1 aces .  A1 1 of t h e s e  measurements were eva lua ted  by a n a l y t i c a l  i n t e r p r e t a -  

t i o n  using Gaussian s t a t i s t i c s .  Miscellaneous f e a t u r e s  were a l s o  surveyed 

" f o r  i nd ica t ion"  of alpha and be t a  a c t i v i t y .  

7.3.1 A1 pha/Beta Grid Measurements 

1 
Table 7.1 shows t h e  r e s u l t s  f o r  57 1 m2 g r i d  measurements taken 

indoors  of t o t a l - ave rage  alpha,  removable alpha,  t o t a l - ave rage  be t a ,  remov- 

ab l e  beta  and background-corrected ambient gamma exposure r a t e .  A1 so 

included i n  t h a t  t a b l e  i s  t h e  r e s u l t s  of 126 background-corrected exposure 

r a t e  measurements f o r  t h e  outdoor a rea .  The t a b l e  shows f o u r  important 

s t a t i s t i c s  f o r  each d i s t r i b u t i o n :  average value,  maximum value ,  s tandard 
- 

dev ia t ion  and the  inspec t ion  t e s t  s t a t i s t i c  (TS = x + ks ) .  Smears were not 

c o l l e c t e d  from a l l  12 wall measurements, ( t h e  l i ke l ihood  of removable 

a c t i v i t y  on walls  i s  small)  but  were c o l l e c t e d  from 28 spec i a l  f e a t u r e s ,  

p a r t i c u l a r l y  the  s to rage  cab ine t s  i n  rooms 114 and 116. This  sampling plan 

r e s u l t e d  i n  73 smear surveys. 

Descr ip t ive  s t a t i s t i c s  presented in  Table 7.1 show t h a t  t h e  

average values of alpha/beta r a d i o a c t i v i t y  recorded i n s i d e  TO09 agree with 

r e s u l t s  taken previously of s i m i l a r  "clean" a reas .  However, t h e  s tandard 

dev ia t ions  ca l cu la t ed  f o r  each measurement type a r e  abnormally high. 
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T a b l e  7 .1  Survey R e s u l t s  f o r  Bui lding TO09 

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

Measurement Loca t ions  Value Devia t ion  Value S t a t i s t i c  Limit 

Indoor  
To ta l  -Average a1 pha 57 -3.7 

Removable a pha 1 7 3 0 .2  
(dpm/100 cm ) 

T o t a l  -Avera e b e t a  57 300 4 (dpm/100 cm ) 

Removable b t a  t 73 3 . 4  
(dpm/100 cm ) 

Ambient Gamma 57 -0.4 
Exposure Rate 
Cor rec ted  f o r  
Background 
bR/h)*  

Outdoor 
Ambient Gamma 
Exposure Rate  
C o r r e c t e d  f o r  
Background 

(I.LR/h)** 

Note: No maximum a lpha /be ta  a c t i v i t y  s p o t s  were found. 
N/T: Not T e s t e d  - t o o  few measurements f o r  s t a t i s t i c a l  s i g n i f i c a n c e .  

* Indoor  gamma exposure  r a t e  c o r r e c t e d  f o r  background o f  12 .0  pR/h. 
** Outdoor gamma exposure  r a t e  c o r r e c t e d  f o r  background o f  13.0 pR/h. 

Although t h e  i n s p e c t i o n  t e s t  s t a t i s t i c s  c a l c u l a t e d  a r e  l e s s  t h a n  accep tance  

1 i m i t s ,  and t h u s ,  we conclude t h a t  t h e  indoor  a r e a  i s  a c c e p t a b l y  c l e a n ,  

f u r t h e r  unders tand ing  o f  t h e s e  abnormally high s t a n d a r d  d e v i a t i o n s  i s  

n e c e s s a r y .  Before  any judgments can be made about t h e  e x i s t e n c e  o f  r e s i d u a l  

r a d i o a c t i v i t y ,  we must i n v e s t i g a t e  t h e  p r o b a b i l i t y  p l o t s  t o  de te rmine  
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o u t l i e r s  i n  each d i s t r i b u t i o n  and t o  f o r m u l a t e  an u n d e r s t a n d i n g  o f  t h e s e  

g r e a t e r  v a r i a n c e s .  

F igures  7.1 th rough  7 .7  show t h e  d i s t r i b u t i o n s  f o r  a lpha /be ta  

measurements made i n s i d e  T009. T o t a l  - average  a1 pha a c t i v i t y ,  F igure  7 . 1 ,  

i s  f a r  below t h e  a c c e p t a n c e  l i m i t  o f  5000 dpm/lOO cm2. F i g u r e  7 .2  i s  t h e  

same a s  F igure  7 . 1  excep t  t h e  o r d i n a t e  s c a l e  has been expanded t o  show a 

v a r i a t i o n  i n  a lpha  a c t i v i t y  observed on t h e  sou th  wall  and f l o o r  o f  room 124 

( t h e  o l d  f u e l  s t o r a g e  v a u l t ) .  A1 though f a r  l e s s  t h a n  t h e  accep tance  l i m i t ,  

t h e r e  i s  c l e a r l y  two d i s t i n c t  Gaussian d i s t r i b u t i o n s ;  F i g u r e  7.2 i s  a model 

p l o t  showing a s l i g h t l y  contaminated a r e a .  The average  a l p h a  a c t i v i t y  i n  

room 124 i s  47.6 & 36.3  dpm/100 cm2, w i t h  a maximum o f  92 dpm/100 cm2. A 

b e t a  c o r r e l a t i o n  i n  t h i s  manner was n o t  observed.  F i g u r e  7 . 3  shows t h a t  t h e  

l e v e l  o f  removable a l p h a  a c t i v i t y  i n s i d e  TO09 i s  f a r  l e s s  t h a n  t h e  accep- 

t a n c e  limit o f  1000 dpm/lOO cm2. However, when t h e s e  d a t a  a r e  p l o t t e d  on an 

expanded s c a l e  a s  i n  F igure  7 .4 ,  i t  is  c l e a r  t h a t  s l i g h t  removable a lpha 

con tamina t ion  e x i s t s .  The o u t l i e r s  i n  t h e  d i s t r i b u t i o n  cor respond  t o  s l i g h t  

) a l p h a  con tamina t ion  i n  t h e  c a b i n e t s  o f  rooms 114 and 116, and from t h e  f l o o r  

i n  t h e  fuel v a u l t  (room 1 2 4 ) .  F i g u r e s  7 .2  and 7.4 show t h e  power o f  t h e s e  

cumula t ive  p robab i l  i  t y  p l o t s ,  even a t  v e r y  1 ow 1 eve1 s o f  contaminat ion.  

T h i s  amount o f  d e t e c t a b l e  a c t i v i t y  i s  n o t  hazardous ,  and i s  well  below 

a c c e p t a n c e  l i m i t s  f o r  u n r e s t r i c t e d  use .  A l l  o f  t h e  c a b i n e t s  i n  rooms 114 

and 116 were surveyed " f o r  i n d i c a t i o n "  o f  a lpha  and b e t a  a c t i v i t y .  In a l l  

p l  a c e s  surveyed ( c o r n e r s ,  1 edges ,  and she1 ves )  No D e t e c t a b l  e A c t i v i t y  was 

found.  S l i g h t  removable con tamina t ion  found i n  t h o s e  c a b i n e t s  i s  no cause  

f o r  f u r t h e r  i n s p e c t i o n  and i n v e s t i g a t i o n  a t  t h e s e  low l e v e l s .  

Figure  7 .5  shows t h e  t o t a l - a v e r a g e  b e t a  a c t i v i t y  d i s t r i b u t i o n  f o r  

t h e  same indoor  measurement 1 o c a t i o n s .  Measurements f o l l  ow a Gaussian 

d i  s t r i  but  ion .  No si ngl e measurement exceeded 50% o f  t h e  accep tance  1 imi t . 
F i g u r e  7.6 shows t h a t  no s t a t i s t i c a l l y  s i g n i f i c a n t  removable b e t a  contamina- 

t i o n  i s  p r e s e n t .  However, i n  o r d e r  t o  observe  t h e  d e v i a t i o n s  i n  d e t a i l ,  t h e  

y - a x i s  has  been expanded f o r  removable b e t a  a c t i v i t y  and shown i n  Figure  

7 .7 .  No i d e n t i f i a b l e  t r e n d s  o r  s t a t i s t i c a l l y  s i g n i f i c a n t  b e t a  a c t i v i t y  i s  

found. 
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Figure 7.1 Total-Average Alpha Activity Inside Building TO09 



GEN-ZR-0014 
Page 86 
09/20/88 

F i g u r e  7 . 2  T o t a l - A v e r a g e  Alpha A c t i v i t y  I n s i d e  B u i l d i n g  TO09 

(Expanded S c a l e )  
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Figure 7.3 Removable Alpha Activity Inside Building TO09 
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F igure  7.4 Removable Alpha A c t i v i t y  I n s i d e  B u i l d i n g  TO09 

(Expanded Scale) 
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Figure 7.6 Removable Beta Activity Inside Building TO09 



F igu re  7.7 
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Removable Beta A c t i v i t y  I n s i d e  B u i l d i n g  TO09 

(Expanded Scale)  
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A1 though some deviations were observed for total -average and 

removable alpha activity, they occurred far below the acceptance 1 imi t. 

Measurement values are presented in Appendix C. Survey locations are shown 

in Appendix D. Probability plots suggest that no unsurveyed areas would 

exceed acceptance limits had they been surveyed. This is a consumer's risk 

of acceptance of 0.10 at an LTPD of 10%. Further radiological investigation 

is not necessary. 

7.3.2 Ambient Gamma Exposure Rate Measurements 

Ambient gamma exposure rate measurements were acquired for 1 min. 
each in the same 57 locations as alpha/beta activity. Table 7.1 in the 

previous section shows the background-corrected results of these measure- 

ments to be less than acceptance criteria for unrestricted use. 

Figure 7.8 shows the statistical distribution of gross-total gamma 

exposure rate measurements plotted against cumulative probabi 1 i ty for indoor 
locations. A mean exposure rate of 11.4 + 1 .W pR/h is typical of indoor 

locations such as Building T009. Most importantly, no outliers or trends 

indicating a contaminated area are observed. Table 7.3 shows a comparison 

of these results against results from "natural background" areas. 

Figure 7.9 shows the same data set, in which case a correction for 
"ambient background" was made uniformly to each measurement value. 

12.0 pR/h was used for "background" subtraction, corresponding to the median 

value of gross-total measurements shown in Figure 7.8. Deviations observed 

in the measurements because building structures are pronounced in this 

figure because the ordinate scale has been expanc 

an average o f  -0.36 2 1.92 pR/h is less than the 5 

all action levels. The inspection test statistic, 
5 pR/h. We accept this sample lot as uncontam 

method. 

2d. Table 7.1 shows that 

pR/h acceptance limit and 

2.59 pR/h, is less than 
nated by this inspection 
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Figure 7.8 Total-Gross Ambient Gamma Exposure Rates 

Measured Inside B u i l d i n g  TO09 
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Figure 7.9 Background-Corrected Ambient Gamma Exposure Rate 

Measured Inside Building TO09 
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Resul t s  of Special  Surveys and Sample Analysis 

Speci a1 bui ld ing  f e a t u r e s  and mi s c e l l  aneous components were 

surveyed with hand held alpha and be ta  probes " f o r  i nd ica t ion"  of rad io-  

a c t i v i t y .  Add i t i ona l ly ,  samples of s ludge ,  water ,  oxidized i ron  shavings, 

and r e s i d u e  from d r a i n  c l ean -ou t s ,  shower d r a i n s ,  ca tch  pans in  the  machine 

shop, and t h e  e a s t e r n  R/A holdup tank  were co l l ec t ed  and analyzed f o r  gamma 
e m i t t e r s  by gamma spectrometry.  This  s ec t ion  presents  t h e  r e s u l t s  of t hese  

in spec t ions .  

Alpha/beta surveys were performed in  t he  cab ine t s  of rooms 114 and 

116, along wall coving in  rooms considered f o r  t h i s  survey, s inks ,  shower 

d r a i n s ,  t i l e  c r acks ,  door jambs, and around machining t o o l s  ( p a r t i c u l a r l y  i n  

t h e  g rease  r e s i d u e s ) .  Resul t s  o f  t h i s  "search f o r  r a d i o a c t i v i t y "  show in  

a l l  c a s e s ,  No Detec tab le  A c t i v i t y .  

As requi red  by t h e  Survey Plan (References 4 ,  29 and Appendix F )  , 
samples were c o l l e c t e d  and analyzed by gamma spectrometry. Table 7 . 2  shows 

t h e  r e s u l t s  of  t h e s e  ana lyses .  No r a d i o a c t i v i t y  was de tec ted  in  any of t h e  

samples except  f o r  t h e  SGR holdup tank .  Sect ion 7.4.2 and Table 7.3 show 

t h e  s p e c i f i c  r e s u l t s  f o r  s ludge c o l l e c t e d  i n s i d e  t h e  tank.  

7.4.1 OMR Exhaust F i l t e r  Plenum (West Side1 

Also included a s  p a r t  o f  this rad io logica l  survey was an inspec- 

t i o n  f o r  r a d i o a c t i v i t y  i n  t h e  OMR f i l t e r  plenum. The OMR exhaust system has 

no t  been i n  use s i n c e  t h e  e a r l y  1970s - -  i t  has been mothballed. Air flow 

out  of  t h e  bui ld ing  was d i r e c t e d  through a duct  i n t o  two p a r a l l e l  banks of 

p r e - f i l t e r s  and HEPA f i l t e r s .  Access doors a r e  loca ted  on each s i d e  of t h e  

u n i t  t o  al low changing each s e t  of f i l t e r s .  The p a i r  of f i l t e r  banks (each 

having a pre  and HEPA f i l t e r )  was surveyed f o r  t o t a l  and removable alpha/- 

be t a  r a d i a t i o n .  The e n t i r e  a c c e s s i b l e  sur face  of a l l  f i l t e r s  was f r i sked  

with a lpha  and be ta  probes " f o r  i nd ica t ion . "  Smears were co l l ec t ed  in  

grooves and cracks .  A maslin wipe of  t h e  northern HEPA f i l t e r  was analyzed 

by gamma spectrometry.  In a l l  c a s e s ,  No Detectable  Ac t iv i ty  was found. 
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Tab1 e  7 .2  R e s u l t s  o f  Mi s c e l l  aneous Samples Coll  e c t e d  and 
Analyzed f o r  R a d i o a c t i v i t y  

Crud and g r e a s e  c o l l e c t e d  
from c a t c h  pans  l o c a t e d  below 
machining t c o l s  i n  room 118 
( t h e  machine s h o p ) .  

Crud c o l l e c t e d  from s i n k  
t r a p  o f  room 108 ( t h e  
j a n i t o r ' s  c1 o s e t )  . 
Crud c o l l e c t e d  from shower 
d r a i n  i n  room 122 ( t h e  
change room). 

Crud c o l l e c t e d  from s i n k  
t r a p  i n  room 121 ( l a b o r a t o r y ) ;  
t h i s  s i n k  d r a i n s  t o  t h e  
e a s t e r n  R/A holdup t a n k .  

SGR R/A Holdup Tank on e a s t  
s i d e  o f  b u i l d i n g  ( 4  samples ) .  

1. About 1 1  i t e r  o f  d r y  s l u d g e  
f rom i n s i d e  t a n k  ( p u t  i n  
p o l y - b o t t l  e )  . 

2.  About 100 m l  o f  damp s o i l  
and d e b r i s  c o l l e c t e d  from 
e a s t  (h igh  s i d e )  o f  p i t .  

3 .  About 500 m l  o f  damp s o i l  
and w a t e r  c o l l e c t e d  from 
wes t  (low s i d e )  o f  p i t .  

4 .  About 500 ml o f  wa te r /  
s l u d g e  c o l l e c t e d  from 
sump. 

R e s u l t  

No gamma peaks i d e n t i f i e d .  

No gamma peaks i d e n t i f i e d .  

No gamma peaks i d e n t i f i e d .  

No gamma peaks i d e n t i f i e d .  

* Beta  probe p l a c e d  a g a i n s t  poly-  
b o t t l e  r e a d  500 c  m-p (abou t  ? 10,000 dpm/100 cm , o r  abou t  
1 nCi) .  

* s p e c t r o m e t r y  t h e  sample 
-226, U 5 ,  U-238, 

Sh0we$-\&134, and Mn-54. T h - 2 3 L - C  F-- 

* I n s i d e  t h e  t a n k  i s  contaminated.  

* Beta probe showed NDA. 

* No gamma peaks i d e n t i f i e d .  

* Beta probe showed NDA.  

* No gamma peaks i d e n t i f i e d .  

* Beta probe showed NDA. 

* No gamma peaks i d e n t i f i e d .  
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7 . 4 . 2  SGR Radioac t ive  Liquid Holdup Tank ( I n a c t i v e )  

A 1350 g  sample of d r y  s c a l e ,  rust, s l u d g e ,  and d i r t  was c o l l e c t e d  

from t h e  bottum i n s i d e  c i rcumference  o f  t h e  i n a c t i v e  SGR holdup t a n k .  The 

sample was placed i n  a  p o l y - b o t t l e  f o r  a n a l y s i s  by gamma spec t romet ry .  

R e s u l t s  o f  t h i s  a n a l y s i s  a r e  shown i n  Tab le  7.3. 

Tab le  7 .3  R e s u l t s  o f  Gamma Spectrometry  f o r  SGR Holdup Tank Sludge Sample 

I s o t o p e  
Decay Chain I d e n t i f i e d  

Gamma Ray 
Enerqy (keV) 

A c t i v i t y  
C o n c e n t r a t i o n  (pCi /q l  

* U-235 and U-238 a c t i v i t i e s  c a l c u l a t e d  assuming n a t u r a l  uranium. I t  i s  
p o s s i b l e  t h a t  on ly  U-238 i s  p r e s e n t  ( d e p l e t e d  uranium).  

** May be i n c o r r e c t l y  g r e a t e r  because o f  low energy photon i n  Compton 
continuum r e g i o n .  *** Correc ted  f o r  36% branching r a t i o  from Bi-212. 



GEN-ZR-0014 
Page 98 
09/20/88 

I t  i s  ev ident  from t h e  ana lys i s  t h a t  Th-232 i s  present  a t  an a c t i v i t y  

concent ra t ion  of about 17.2 2 3.5 pCi/g; 18 daughter  photopeaks of Th-232 

were observed. U-238 i s  a l s o  p re sen t ,  but i t s  a c t i v i t y  concent ra t ion  i s  not 

well known. U-235 may a l s o  be present .  Cs-137, a  f i s s i o n  product i s  

d e f i n i t e l y  present  with an a c t i v i t y  concent ra t ion  of about 2.6 pCi/g, about 

3  t o  10 t imes g r e a t e r  than na tura l  s o i l .  No a c t i v a t i o n  products  were 

i d e n t i f i e d .  When t h i s  tank  i s  removed, i t  should be handled a s  r ad ioac t ive  

m a t e r i a l .  I t s  cu r r en t  conf igura t ion  i s  not  a  hazard, nor i s  i t  in  a  

p o s i t i o n  of spreading contamination t o  surrounding a reas .  

7 .5 Buildinq Exter ior  (Northwestern Area) 

Ambient gamma exposure r a t e  measurements were made a t  126 outdoor 

l o c a t i o n s  i n  t h e  northwestern a rea .  Appendix C shows t h e  d a t a  s e t s .  

Appendix D shows measurement l oca t ions .  Table 7.4 shows t h e  computed 

s t a t i s t i c s  f o r  t h i s  sampling l o t  compared a g a i n s t  d a t a  from t h r e e  indepen- 

den t  outdoor a reas  where no r ad ioac t ive  mater ia l  was ever  handled, used, o r  

s t o r e d .  These outdoor a r eas  a r e  considered "na tura l  background" a t  SSFL. 

Th i s  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 "na tura l  background" gamma r a d i a t i o n  a t  SSFL; and 2)  t o  

e s t ima te  "na tura l  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 -  

use by which we use t o  demonstrate an "acceptab le"  a r ea  a r e  based on above 
"background" c r i t e r i a .  So, un less  we conf iden t ly  know what "ambient back- 

ground" i s ,  t h e  a r ea  under study may be found i n c o r r e c t l y  acceptab le  i f  t h e  

background used was too  high, o r  i n c o r r e c t l y  unacceptable i f  t h e  background 

used was t o o  low. For t h e  indoor survey, i t  would have been b e t t e r  t o  

measure "ambient background" i n s i d e  a  f a c i l  i  t y  of s i m i l a r  c h a r a c t e r i s t i c s ,  

bu t  one was not ava i l  ab le .  

Descr ip t ive  s t a t i s t i c s  presented in  Table 7.4 show t h a t  average 

exposure r a t e s  ca l cu la t ed  f o r  each t e s t - a r e a  a t  Building TO09 a r e  s l i g h t l y  

l e s s  than t h e  t h r e e  "na tura l  background," control-group a r e a s .  Standard 
dev ia t ions  of each t e s t - a r e a  a r e  g r e a t e r  than t h a t  observed f o r  "na tura l  

background" i n  na tura l  t e r r a i n .  Greater  v a r i a b i l  i t y  observed i n  t h e s e  t e s t -  

a r e a s  i s  a t t r i b u t e d  t o  i n t e r f e rence  of exposure r a t e  due t o  equipment items 

and nearby bui lding ma te r i a l s .  These p r o p e r t i e s  make f o r  a  non-uniform 
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Table 7.4 Natural Background Gamma Radiation at SSFL Compared to Survey Data 

Expected Standard 
Standard Deviation 
Deviation of the 

No. of Mean Exposure at the Mean Distribution Range 
Location Measurements Rate (~R/hl l~R/h)* ( D R / ~  ) ** & 

Interior 5 7 11.4 0.23 1.92 7.2 

Exterior (North- 126 13.0 
west Area) 

Backqround 

Building 309 Area 36 15.6 0.27 0.82 3.4 
(1/19/88) 

Well #13 Road 4 3 16.2 
(Dirt) (4/29/88) 

Incinerator Road 3 5 14.0 
(Dirt) (4/29/88) 

* The expected standard deviation at the mean is calculated based on 
counting statistics, equation 4.2. ** The standard deviation of the data points accounts for dispersion in the 
measurements, equation 4.7. 

inspection lot. The range of measurements observed for these test cases is 

also greater than "natural background." Again, this observation is due to 

non-uniform deviations in exposure rate as a function of location, e.g. near 

a wall, indoors, partially indoors with an over-hang, outdoors, or near 

miscellaneous components. By observation of these descriptive statistics, 

Building TO09 appears uncontaminated. However, before any judgments can be 

made about the existence of residual contamination, we must investigate the 

probability plots to determine outliers in each distribution and to formu- 

late an understanding of the greater variations and ranges observed in the 

outdoor test-case. 

Because the "natural background" gamma-radiation environment is 

quite variable at SSFL and because the limits for unrestricted use are based 
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on l imits above background, f u r t h e r  demons t ra t ion  o f  t h i s  n a t u r a l  v a r i -  

a b i l i t y  i s  n e c e s s a r y .  For comparison a g a i n s t  t e s t - a r e a  measurements,  t h r e e  

independen t  a r e a s  were su rveyed ,  a1 1  i n  1  o c a t i  ons where no r a d i o a c t i v e  

m a t e r i a l  was e v e r  handled,  used ,  s t o r e d ,  o r  d i s p o s e d .  Al l  t h r e e  a r e a s  a r e  

l o c a t e d  on t h e  e a s t e r n  s i d e  o f  SSFL: (1) Area sur rounding  b u i l d i n g  309 on 

Area I  Road; ( 2 )  well  #13 Road; and (3 )  I n c i n e r a t o r  Road. T a b l e  7.4 shows 

t h e  r e s u l t s  o f  t h e s e  measurements.  These " n a t u r a l  background" a r e a s  a r e  

f a i r l y  s i m i l a r  i n  c h a r a c t e r i s t i c s  and topography t o  t h e  ou tdoor  inspec ted  

a r e a s  f o r  t h i s  r e p o r t ,  a l t h o u g h  t h e  i n s p e c t e d  l o t  a t  TO09 i s  about  60% 

pavement. The purpose  t h e s e  "background" d i s t r i b u t i o n s  s e r v e  i s  t o  show 

" n a t u r a l "  v a r i a b i l i t y  o f  gamma r a d i a t i o n  on n a t u r a l  t e r r a i n  a t  SSFL t o  be 

used a s  a  g u i d e  f o r  comparing sample l o t  r e s u l t s .  

F i g u r e s  7.10 th rough  7.12 a r e  p r o b a b i l i t y  p l o t s  o f  t h e s e  t h r e e  

independen t  "background" a r e a s .  A t  l e a s t  30 measurements were made i n  each 

a r e a  on t h e  same day.  I n  t h e  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  a s  a  s t r a i g h t  l i n e  w i t h  a  minimal s l o p e .  

Tha t  s l o p e  would show t h a t  1 s t a n d a r d  d e v i a t i o n  from t h e  mean o f  va lues  

would be e q u i v a l e n t  t o  t h e  mean-value s t a n d a r d  d e v i a t i o n  ( i  . e .  t h e  square  

r o o t  o f  t h e  c o u n t s  o f  t h e  mean m u l t i p l i e d  by an a p p r o p r 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  c a s e ,  t h e  v a l u e s  i n  columns 4 and 5 o f  Tab le  7.4 

would be e q u i v a l e n t .  Obviously ,  t h i s  i d e a l  c o n d i t i o n  i s  imposs ib le  t o  

a c h i e v e  i n  t h i s  t e r r a i n  a t  SSFL. Al l  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 ,  bu t  w i t h  g r e a t e r  v a r i a b i l i t y  t h a n  would be expec ted  from 

i d e a l  1 a b o r a t o r y - l e v e l  measurements. Vari  a b i l  i t y  i s  g r e a t e s t  n e a r  Bui lding 

309. 

Measurements from t h e  a r e a  su r rounding  Bui ld ing  309 show t h e  most 

v a r i a b i l i t y  o f  a l l  t h r e e  background a r e a s .  Th i s  i s  a t t r i b u t e d  t o  l a r g e  

s a n d s t o n e  ou tc ropp ings  i n  t h e  a r e a ;  t h e  s p a t i a l  dependency o f  each measure- 

ment i s  o b s e r v a b l e  i n  t h i s  c a s e .  The v a r i a b i l i t y  o f  each d i s t r i b u t i o n  

depends  on t h e  number o f  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 o f  importance h e r e  i s  t h e  

range  o f  measurement v a l u e s  w i t h  a  maximum o f  3 .4  pR/h. "Natural  back- 

ground" v a r i a b i l i t y  approaches  t h e  NRC l i m i t .  
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Figure 7.10 Ambient Gamma Radiation at Area Surrounding Building 309 

(Background Distribution) 
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Figure 7.11 Ambient Gamma Radiation at Area Well #13 Road 

(Background Distribution) 

tiRIURLL ELCKGROUHD IY BELL #13 ROLD 
GNRECXGl GRiWR EXPOSURE BRIE 
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Figure 7.12 Ambient Gamma Radiation at Incinerator Road 

(Background Distribution) 
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This  " n a t u r a l  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  

assess 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 1 imi t  of 20 pR/h i s  more reasonable.  

Natural gamma 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  a g a i n s t  t h e  t e s t - a r e a  measurements 

presented i n  t h i s  r e p o r t .  We'll s e e  t h a t  " n a t u r a l "  v a r i a b i l i t y  i s  even more 

s i g n i f i c a n t  i n s i d e  and near  f a c i l i t i e s .  

Figure 7.13 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  a g a i n s t  cumulative p robab i l i t y  f o r  

t h e  o u t s i d e  a rea .  An average of 13.0 & 0.24 pR/h i s  i n  good agreement with 

r e s u l t s  from t h e  " n a t u r a l  background" a r e a s ,  Table 7.4. No t r ends  i n d i c a t -  

ing a contaminated a r e a  a r e  observed. 

Figure 7.14 shows t h e  same d a t a  s e t ,  i n  which case  a co r r ec t ion  

f o r  "ambient background" was made uniformly t o  each measurement value. 
13.0 pR/h was used f o r  "background" s u b t r a c t i o n ,  corresponding t o  t h e  median 

measurement va lue  of  g r o s s - t o t a l  measurements shown i n  Figure 7.13. S l i g h t  

d e v i a t i o n s  observed i n  t h e  measurements because of  equipment s to red  in  t h e  

paved yard a r e  pronounced i n  t h i s  f i g u r e  because t h e  o r d i n a t e  s c a l e  has been 

expanded. The t h e e  o u t l i e r s  observed a t  t h e  high end (one i s  above t h e  50% 

Reinspection l e v e l )  were a l l  acquired next  t o  t h e  bu i ld ing  on t h e  west s i d e  

near  t h e  e x i t  doors .  This  1 pR/h inc rease  can be expected when a measure- 

ment i s  made ad jacen t  t o  a f a c i l i t y .  Table 7.1 shows t h a t  an average of 

-0.03 2 0.92 i s  l e s s  than t h e  5 pR/h acceptance l i m i t  and a l l  ac t ion  l e v e l s .  

The in spec t ion  t e s t  s t a t i s t i c ,  1.3 $/h, i s  l e s s  than  5 pR/h. We accept  

t h i s  sample l o t  a s  uncontaminated by t h i s  i n spec t ion  method. 
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F i g u r e  7.13 T o t a l - G r o s s  Ambient  Gamma Exposure Rates 

Measured O u t s i d e  B u i l d i n g  TO09 i n  N o r t h w e s t e r n  Area 
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Figure 7.14 Background-Corrected Ambient Gamma Exposure Rate 

Measured Outside Building TO09 in Northwestern Area 
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8.0 CONCLUSIONS 

The OMR-side and outs ide  northwestern a rea  of Building TO09 were 

inspected f o r  r ad ioac t ive  contaminants. Total  and removable alpha/beta  

r a d i o a c t i v i t y  measurements and gamma exposure r a t e  measurements were made on 

a  3-m square sampl ing g r id  i n s ide  t h e  f a c i l i t y .  1  m2 was surveyed f o r  5 

min. i n  each 9-m2 a rea  f o r  t o t a l  a lpha/beta  a c t i v i t y .  A 100 cm2 smear from 

t h a t  1  m2 was c o l l e c t e d  t o  measure removable a c t i v i t y .  An exposure r a t e  

measurement was acquired 1 m from t h e  f l o o r .  Outdoor exposure r a t e  measure- 

ments were made on a  6-m square sampling g r i d .  Total a lpha/beta  sur face  

a c t i v i t y  was checked " f o r  i nd ica t ion"  on i n t e r i o r  spec i a l  f e a t u r e s .  Smears 

and alpha/beta surveys were performed on c a b i n e t s ,  s i n k s ,  d r a i n s ,  t h e  OMR 

exhaust and v e n t i l a t i o n  system, and t h e  OMR f i l t e r  plenum - -  t he se  systems 

a r e  more l i k e l y  t o  have r e t a ined  r e s idua l  contamination. Total and remov- 

ab l e  alpha/beta a c t i v i t y  measurements p l o t t e d  a g a i n s t  cumulative p r o b a b i l i t y  

a r e  f a r  l e s s  than acceptance l i m i t s ;  however, some pe r tu rba t ions  in  t h e  

Gaussian d i s t r i b u t i o n  were observed. S l i g h t  a lpha  contamination was 

) detec ted  i n  t h e  o ld  fue l  vau l t  and i n  t h e  c a b i n e t s  i n  rooms 114 and 116. 

Maximum to t a l - ave rage  alpha measurements showed (only i n  t h e  fue l  v a u l t )  92 

dpm/100 cm2 - -  about 50 times below t h e  acceptance 1 imi t .  Removable alpha 

a c t i v i t y  i n  t h e  cab ine t s  showed a maximum 15 dpm/100 cm2 - -  about 70 times 

below t h e  acceptance l i m i t .  Addi t iona l ly ,  a n a l y s i s  of  a  s ludge sample 

removed from t h e  SGR rad ioac t ive  mater ia l  holdup tank  showed t h e  presence of 

f i s s i o n  products ,  U-238, Th-232, and poss ib ly  U-235. In a l l  c a ses ,  t h e  

contamination found was s l  i g h t  and f a r  below hazard 1 eve1 s  and u n r e s t r i c t e d -  

use acceptance 1 imi t s .  A1 1 a1 pha/beta s u r f a c e  a c t i v i t y  measurements made 

" f o r  i nd ica t ion"  show No Detectable  Ac t iv i ty  above ambient background. 

Based on these  s t a t i s t i c a l  d i s t r i b u t i o n s  of exposure r a t e  measure- 

ments cor rec ted  f o r  what we found t o  be "ambient background" in  each sample 

l o t ,  and on t o t a l  and removable alpha/beta  a c t i v i t y ,  we conclude through 

inspec t ion  by v a r i a b l e s ,  t h a t  a1 1 l o c a t i o n s  surveyed pass c r i t e r i a  f o r  

u n r e s t r i c t e d  use of t he  f a c i l i t y .  This  s t a t i s t i c a l  t e s t  assumes a  con- 

sumer's r i s k  of acceptance of  0.1 a t  an LTPD o f  10%. No f u r t h e r  inspec t ion  
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is required in these locations based on this statistical approach. The SGR 

holdup tank does contain slight quantities o f  radioactive material. It 

should be removed and handled as radioactive waste, under the supervision of 

a health physicist. 
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APPENDIX A. DESCRIPTION OF NUCLEAR INSTRUMENTATION 

During t h e  rad io logica l  survey, smear- tes t  wipes from i n t e r i o r  

s u r f a c e s ,  and miscellaneous samples were analyzed f o r  r a d i o a c t i v i t y  content  

by one o r  more of t h e  following nuclear  ins t rumenta t ion  systems. Di rec t  

r a d i a t i o n  measurements were made by using po r t ab l e  instruments .  

A .  1  Gamma Spectrometry Analyzer 

Gamma spectrometry of s e l e c t e d  samples, was performed with a  

Canberra I n d u s t r i e s ,  Inc. S e r i e s  80 Multichannel Analyzer (MCA). The MCA i s  

coupled t o  a  p l ana r  high p u r i t y  germanium (HPGE) r a d i a t i o n  d e t e c t o r  having 

about a  10% r e l a t i v e  s e n s i t i v i t y  ( r e l a t i v e  t o  t h e  s e n s i t i v i t y  of a  3" x 3" 

NaI d e t e c t o r  f o r  cesium-137 gamma r a d i a t i o n ) ,  and a  photopeak r e so lu t ion  

c a p a b i l i t y  of  about 2.5 keV (FWHM) f o r  t h e  higher  energy l i n e  of cobal t -60 .  

The S e r i e s  80 MCA used f o r  s o i l  analyses  has a  8192 channel memory capac i ty  

with a  1E+06 counts  per  channel capac i ty .  Functional opera t ion  opt ions  

,l inc lude  i n t e g r a l ,  ne t  a rea ,  s t r i p ,  and energy c a l i b r a t i o n ,  a l l  used f o r  

spectrum a n a l y s i s .  The S e r i e s  80 was c a l i b r a t e d  both f o r  gamma energy and 

f o r  nuc l ide  q u a n t i f i c a t i o n  with a  Mar ine l l i  Beaker Standard Source (MBSS) a s  

s p e c i f i e d  i n  document ANSI/IEEE Std 680-1978, " IEEE Standard Techniques f o r  

Determination of  Germanium Semiconductor Detec tor  Gamma-Ray Eff ic iency  Using 

a  Standard Mar ine l l i  (Reentrant) Beaker Geometry." 

A.2 Gross A1 pha/Beta Automatic P r o ~ o r t i o n a l  Counter 

Smear t e s t  wipes were analyzed f o r  g ros s  alpha and gross  beta  

r a d i o a c t i v i t y  with a  Canberra Indus t r i e s  Model 2201 Ul t r a  Low Level Counting 

System. Model 2201 c o n s i s t s  of a  highly e f f i c i e n t  gas-flow sample d e t e c t o r  

opera t ing  in  t h e  proport ional  gas ampl i f i ca t ion  region.  The system d e t e c t s  

r a d i a t i o n  in  a  2n geometry using P-10 gas  (90% methane, 10% argon).  A 

cosmic-ray d e t e c t o r  provides coincidence event  cance l l a t i on  t o  reduce 

instrument background. The two d e t e c t o r s  ope ra t e  i n  an an t ico inc idence  mode 

t o  reduce t h e  count r a t e  due t o  cosmic-ray events .  When cosmic-ray o r  

background events  occur,  t h e  input c i r c u i t  t o  t h e  count i n t e g r a t o r  i s  gated 
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o f f  and t h e  simultaneous event  i s  d i scarded .  Thus, only t r u e  alpha and/or 

beta  r a d i a t i o n  events  a r e  recorded. The d e t e c t o r s  a r e  coupled through dual 

Model 2006A preamp1 i f i e r s  t o  a  Model 2015A system amp1 i f i e r  then through a  

Model 220911 coincidence analyzer  t o  t h e  a lpha  o r  be ta  event  s c a l i n g  un i t .  

The S e r i e s  2201 has a  sample capac i ty  of 99 samples contained in  a  magazine 

designed t o  accept  sample pl anchets  having a  2- inch diameter .  Cal i  b ra t ion  

of t h e  sample d e t e c t o r  f o r  alpha and f o r  be ta  r a d i a t i o n  on smear-wipes i s  

done with NBS t r a c e a b l e  c e r t i f i e d  thorium-230 (a lpha)  and technicium-99 

(be t a )  r a d i a t i o n  sources having a  con f igu ra t ion  e s s e n t i  a1 l y  equiva len t  t o  

t h a t  of  t h e  smear wipes. 

A . 3  Portabl e  Instruments 

Ludl um model 2220-ESG por t ab le  s c a l  e r / r a t eme te r s  coup1 ed t o  a1 pha, 

be ta ,  and gamma probes were used during t h e  course  of t h i s  survey.  The 

2220-ESG has a  s i x  decade LCD readout;  combination f o u r  decade l i n e a r  and 

log  r a t e  meter;  ad jus t ab le  HV th reshold ,  and window p o s i t i o n s ,  with readouts  

on d i g i t a l  d i sp l ay ;  audio provided by unimorph speaker  with p i t ch  change i n  

r e l a t i o n  t o  count r a t e ;  and p r e s e t  e l e c t r o n i c  t imer .  Three 2220-ESGs were 

connected t o  s e p a r a t e  probes; a lpha,  be ta ,  and gamma. 

A Ludlum model 43-1 alpha s c i n t i l l a t i o n  d e t e c t o r  was coupled t o  

one 2220 f o r  a lpha contamination measurements. The s c i n t i l l a t o r  i s  ZnS(Ag). 

The window (0.8 mg/cm2) i s  aluminized mylar with an a c t i v e  a rea  of about 72 

cm2. Background f o r  t h i s  probe i s  l e s s  than  2  counts  per  5  minutes.  

Ef f ic iency  f o r  Pu-239 o r  Th-230 alpha p a r t i c l e s  i s  between 25% and 30%. 

A Ludlum model 44-9 pancake Geiger-Mueller d e t e c t o r  was coupled t o  

another  2220 f o r  beta  contamination measurements. The window (1.7 mg/cm2) 

i s  mica with a  nominal a c t i v e  area of 20 cm2. Background f o r  t h i s  probe i s  

about 80 t o  100 cpm. Eff iciency f o r  Tc-99 be ta  p a r t i c l e s  i s  between 25% and 

20%. 
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A Ludlum model 44-10 NaI gamma scintillator was used for detecting 
gamma radiation. The NaI(T1) crystal is extremely sensitive to changes in 

gamma flux. The probe efficiency varies with exposure rate. At background 
ambient gamma exposure rates, the efficiency is about 215 cpm/(pR/h). This 

determination was made by calibrating the 2220-ESG against a Reuter Stokes 

High-pressure Ion Chamber (HPIC). The HPIC displays a digital readout every 

3 to 4 seconds in ,uR/h. 

A Ludlum model 12 count-ratemeter was coupled to a Ludl um model 

43-1 alpha scintillator to detect alpha radiation. This instrument is best 

suited "for indication" determinations. 

A Ludlum model 12 count-ratemeter was coupled to a Ludlum model 
44-9 pancake G-M beta probe to measure beta radiation. The probe active 

area is 20 cm2. Instrument calibration is performed using Tc-99. This 

instrument is best suited "for indication" determinations. 
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APPENDIX B. COPY OF DOE REPORT, 

"GUIDELINES FOR RESIDUAL RADIOACTIVITY AT 

FUSRAP AND REMOTE SFMP SITES," March, 1985 
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Addressees 

GUIDELINES FOR RESIDUAL RADIOACTIVITY AT FUSRAP AND REMOTE SFMP SITES 

The attached guidel ines, "U. S. Department of Energy Guide1 ines for Residual 
Radioactivity at Formerly Utilized Sites Remedial Action Program and Remote 
Surplus Faci l it i.es Management Program Sites," (January 1985) have been issued 
by the Division of Remedial Action Projects for implementation by FUSRAP and 
SFMP 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 slte), they should be taken into 
consideration when developing authorized 1 imits for remedial act ions on 
major DOE reservations. The guidel ines provide specif f c  authorized 1 imi t s  
for residual radium and thorium radioisotopes in sol 1 ,  for airborne radon 
decay products, for external ganuna radiation, and for residua 1 surface con- 
tamination levels on materials to be released for unrestrlcted use. These 
guidelines will be supplemented in the near future by a document providing 
the methodology and guidance to establ ish authorized 1 h its for residual 
radioisotopes other than radium and thorium in soil at sites to be certified 
for unrestrlcted use. The supplement will provide further guidance on the 
ohi losophies, scenarios, and pathways to derive appropriate authorized 1 irnl t s 
for residual radionuclides and mixtures in soil. These uldelines are based 
on the International Commission on Radiation Protect ion 9 ICRP) phi losoph les 
and dose limits in ICRP reports 26 and 30 as interpreted in the draft revised 
DOE Order 5480.1A. 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 I ifetime. 

The approval of .authorized 1 imits differing from the guidel ines is described 
in Section D, Jast 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 o f  a recent court decision, the Environmental Protection Agency 
(EPA) has issued airborne radiation standards appl icable to DOE facilities. 
These final standards, issued as revisions to 40 CFR 61, are: 
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25 mrem/yr-whole body 

75 mrem/yr-organ 

MAR 0 5 1535 

waiver of these standards will be granted if DOE demonstrates that no 
individual would receive 100 mrem/yr continuous exposure whole body 
dose equivalent from all sources within 10 krn radius, excluding 
natura 1 background and rnedica 1 procedures 

* radon and radon daughters are excluded (these standards are covered 
in 40 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 received the concurrence 
of the Public Safety Dlvlsion, Office of Operatlonal Safety. The guidelines 
will be included In the SFMP Program Plan beginning with the next revision 
(for FY 1986-1990). 

Please refer any questions to Paul F. X .  Dunigan, Jr. (FTS 444-6667), of my 
staff, 

Attachment : 
As s t a t e d  

cc: R, N. Coy, UNC 
. E, 6. DeLaney, NE-24, HQ 

Clarence E. Miller; Jr., Director 
Surplus Facilities Management 

Program Office 
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U.S.  DEPARTMENT OF ENERGY G U l D E L I N E S  
FOR RESIDUAL R A D l O A C T l V l T Y  AT 

FORMERLY U T I L I Z E D  S I T E S  R E M E D I A L  A C T I O N  PROGRAM 
AND 

REMOTE SURPLUS F A C I L l T I E S  MANAGEMENT PROGRAM S I T E S  

(February 1985) 

A, INTRODUCTION 

This .document presents U.S. Department of Energy (DOE) radiological 
protection guidelines for cleanup of residual radioactive materials and 
management of the resulting Mastes and residues. It is applicable to sjtes 
identified by the Formerly Utilized 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 ljmits for 
allowable levels of residual radtoactivity, and requirements for control of 
the radioactive wastes and residues. 

Protocols for identification, characterization, and designation of FUSRAP 
sites for remedial action; for implementation of the remedial action; and for 
certtfication o f  a FUSRAP site for release for unrestricted use are glven in a 
separate document (U. S. Dept. Energy 1984). More detai led i nf ormati on on 
applications of the guidelines presented hereln, including procedures for 
deriving si te-specif ic guide1 ines for allowable levels of residual radlo- 

1. activity from basic dose limits, is contained in a supplementary document-- 
referred t o  herein as the "supplement" (U.S. Dept. Energy 1985). 

/ 
, "Residual radioacti vi ty" includes: (I) res i dual concentrations of radio- 
I nucl ides in soi 1 materi a1 ,** (2) concentrati on5 of airborne radon decay 
I 

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 is specified in terms of 
the effective dose equivalent as deflned by the International Commission on 
Radf 01 ogical Protection (ICRP 1977, 1978). Basi c dose 1 imi ts are used 
'explicitly for deriving guide1 ines for residual concentrations of radio- 
nuclides in soil material, except for thorium and radium. Guidelines for 

- - 

*A remote SFMP site is one that is excess t o  DOE programmatic needs and is . 
located outside a major operating DOE research and development or production 
area. 

I **The term ''soil material" refers to a1 1 material below grade level after 
i /  remedial action is completed. 

5' 
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1 j residual concentrations of thorium and radium and for the other three quanti- 
I ties (airborne radon decay products, external gamma radiation level, and 
. . surface contamination) are based on existing radiological protection standards 
1.1 (U.S. Environ. Prot. Agency 1983; U.S. Nucl. Reg. Comm. 1982). These standards 

are assumed to be consistent with basic dose limits within the uncertainty of 
' . ,  
I .  . derivations of levels of residual radioactivity from basic limits. 

I 
I 
i A "guidelinei' for residual radioactivity is a level of residual radio- 
i activity that is acceptable if the use of the site is to be.unrestricted. 
4 
I Guidelines for residual radioactivity presented herein are of two kinds: 
I (1) generjc, site-independent guidelines taken from existing radiation protec- 
I tlon standards, and (2) site-specific guidelines derived from basic dose 

limits using site-specific models and data. Generic guideline values are 
presented in t h l s  document. Procedures and data f o r  deriving site-specific 
guidel f ne values are given In the supplement. 

.; An "authorized limit" is a level of residual radioactlvlty that must not 
be exceeded if the remedial action is t o  be considered completed. Under 

i normal circumstances, expected to occur at most sites, authorized limlts are 
', 
I < set equal t o  guidel ine values for resldual radioactivity that are acceptable 

if use of the site is not be restricted. If the authorlzed limit is set 
I higher than the guideline, restrictions and controls must be established for 
:] use of the site, Exceptional circumstances for which authorized limits might 

:j differ from guideline values are specified in Sections D and F. The restric- 
tions and controls that must be placed on the site if authorized limits are 

'? 
set higher than guidelines are described in Section E ,  

: .: 0 DOE policy requires that all exposures to radlatlon be Ilmltsd to levrlr 
:j 
.I 

that are as low as reasonably achievable (ALARA). Implementation of ALARA 
i policy is specified as procedures to be applied after suthorizad limits have 
S 
I 

been set. For sites t o  be released for unrestricted use, the Intent Is to . 
4 reduce residual radioactivity t o  levels that are as far below authorized 
.I 1 irnf ts as reasonable considering technical , economic , and social factors. At 

sites where the resldual radioactivity 4s not reduced t o  levels that permit 
release for unrestricted use, ALARA pol icy i s  implemented by establish1 ng 
control s t o  reduce exposure t o  ALARA 1 eve1 s. Procedures for imp1 ementi ng 
ALARA pol icy are described in the supplement. ALARA pol icies, procedures, and 
actions must be documented and flied as a permanent record upon completion of 
remedial action at a site. 

B. BASIC DOSE LlMlTS 

The basic limit for the annual radiation dose recelved by an individual 
member of the general public is 500 mrem/yr for a period of exposure not to 
exceed 5 years and an average of 100 mrem/yr over a lifetime. The committed 
effective dose equivalent, as defined in ICRP Publication 26 (ICRP 1977) and 
ca\cul ated by dos {metry models descri bed 1 n ICRP Pub1 icati on 30 (ICRP l978), 
shall be used for determining the dose. 
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Residual concent ra t ions  of rad ionucl ides  i n  s o i  1  mater ia l  s h a l l  be 
spec i f l ed  as  above-background concent ra t ions  averaged over an a rea  of 100 m 2 .  
I f  the  concentrat ion i n  any area i s  found t o  exceed t h e  average by a  f a c t o r  
g r e a t e r  than 3 ,  guidel i nes  f o r  l oca l  concent ra t ions  s h a l l  a1 so be appl i cab le .  
These "hot spot" gu ide l ines  depend on t h e  e x t e n t  of t h e  e l eva t ed  l o c a l  concen- 
t r a t i o n s  and a r e  given i n  the supplement. 

The gener ic  guidel  ines  s p e c i f i e d  below a r e  f o r  concent ra t ions  of ind iv idua l  
radionucl ides  occurr ing alone. I f  mixtures  of rad ionucl ides  a r e  p r e s e n t ,  t h e  
concentrat ions of ind iv idua l  rad ionucl ldes  s h a l l  be reduced so t h a t  t h e  dose 
f o r  t h e  mixture would not exceed t h e  b a s i c  dose l i m f t .  E x p l i c i t  formulas f o r  
ca lcu l  a t1  ng r e s idua l  concent ra t ion  guidel t nes  f o r  mixtures  a r e  given In t h e  
supplement. 

The gener ic  guidel  ines  f o r  r e s idua l  concent ra t ions  of Th-232, Th-230, 
Ra-228, and Ra-226 are :  

- 5 pCi/g, averaged over t h e  f i r s t  15  cm of s o i l  below t h e  s u r f a c e  

- 1 5  pCi/g, averaged over 15-cm-thick l a y e r s  of s o i l  more than  
15  cm below t h e  sur face  

The guide l ines  f o r  res idua l  concentrations i n  so l1  mater ia l  of a l l  o t h e r  
radionucl ldes  s h a l l  be der ived from bas i c  dose l i m i t s  by means of an environ- 
mental pathway a n a l y s t s  uaing s i  t e - spec i f  i c  da t a .  Procedures f o r  d r r l v l n g  
these  guide l ines  a r e  given i n  t h e  supplement. 

C.  2 Airborne Radon Decay Products 

Generic gu ide l ines  f o r  concent ra t ions  of a i rbo rne  radon decay products  
s h a l l  apply t o  e x i s t i n g  occupied o r  h a b i t a b l e  s t r u c t u r e s  on p r i v a t e  p rope r ty  
that a r e  intended f o r  u n r e s t r i c t e d  use;  s t r u c t u r e s  t h a t  w f l l  be demolished o r  
buried a r e  excluded. The app l i cab le  gene r l c  guideline (40 CFR 192) i s :  I n  
any occupied or  hab i t ab l e  bu i ld ing ,  t h e  o b j e c t i v e  of remedial a c t i o n  s h a l l  be ,  
and reasonable e f f o r t  s h a l l  be made t o  ach ieve ,  an annual average (o r  equ iva l en t )  
radon decay product concent ra t ion  ( inc luding  background) not  t o  exceed 0.02 WL." 
In  any case ,  t h e  radon decay product concent ra t ion  ( i  ncl udi ng background) 
s h a l l  not exceed 0.03 WL. Remedial a c t i o n s  a r e  not  requi red  i n  o rde r  t o  
comply with t h i s  guidel  i ne  when t h e r e  i s  reasonable assurance t h a t  r e s idua l  
rad ioac t ive  ma te r i a l s  a r e  not t h e  cause. 

C. 3. External Gamma ~ a d i  a i l on  

The l eve l  o f  gamma rad ia t ion  a t  any l o c a t i o n  on a  s i t e  t o  be r e l ea sed  f o r  
un res t r i c t ed  use,  whether Jns lde  an occupied bui ld lng  o r  hab i t ab l e  s t r u c t u r e  
o r  outdoors,  s h a l l  no t  exceed t h e  background l eve l  by more than  20 pR/h. 

*A working leve l  (UL) i s  any combination of  sho r t - l i ved  radon decay products  
i n  one l i t e r  of a i r  t h a t  w i l l  r e s u l t  I n  t h e  u l t ima te  emission of 1.3 x l o 5  Mt?V 
of po ten t i a l  a lpha energy. 7 

I 
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~ 1 4  Surface Contamtnatlon 

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.l are applicable to the resulting contamination in the ground. 

Radi onucl l dest2 

Allowable Total Residual Surface 
Contami nati on (dpm/100 cm2 )t 

Averaget3 ,t4 Maximumt4 ,t6 Removablet6 

Transuranics, Ra-226, Ra-228, 
Th-230, Th-228, Pa-231, Ac-227, 
1-125, 1-129 10 0 300 2 0 

Th-Natural , Th-232, Sr-90, Ra-223, 
Ra-224, U-232, 1-126, 1-131, 1-133 1,000 3,000 200 

I 
I U-Natural, U-235, U-238, and 

i .  associated decay products 5, OOOa 15,000a 1,000a 

Beta-gamma emitters (radionuclides 
with decay modes other than alpha 
em1 ssl on or spontaneous f I ssion) 
except Sr-90 and others noted above 5,000$-y 

V 
1 5  ,OOO$-y 1, OOO$-y 

As used In this table, dpm (disintegrations per minute) means the rate of 
emission by radioactive material as determined by correcting the counts 
per minute measured by an approprl ate detector for background, . a f f  lciency , 
and geometric factors associated with the instrumentation. 

Where surf ace contaminatlon by both alpha- and beta-gamma-cmi tti ng radio- 
nucl Ides ex1 sts , the 1 imi ts establ i shed lor alpha- and beta-gamma-emi ttl ng 
radionuclides should apply independently. 

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. 

The average and maximum dose rates associated wl th surface contamination 
resulting from beta-gamma emitters should not exceed 0.2 mrad/h and 
1.0 mrad/h, respectively, at 1 cm. 

The maximum contamination level applies to an area of not more than 
100 cm2. ' 

The amount of removable radioactive material per 100 cm2 o f  surface area 
'should be determined by wiping that area with dry filter or soft absorbent 
paper, applying moderate pressure, and measuring the amount of radioactive 
material on the wipe with an appropriate instrument of known efficiency. 
When removable contaminatlon on objects of surface area less than 100 cm2 
i s  determined, the activity per unit area should be based on the actual 
area and the entire surface should be wiped. The numbers In thlr column 
are maximum amounts. 
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The remedial action shall not be considered comolete unless the residual 
radioactivity is below authorized Iimi ts. ~uthorized limits shall be set equal 
to 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 established that 
1 imits below the guide1 ines are reasonable and can be achieved without appreci- 
able increase in cost of the remedial action. Authorized limits that dlffer 
from guidelines must be just1 fled and established on a slte-specif l c  basls, 
with documentation that must be filed as a permanent record upon completion of 
remedial action at a site. Authorized limits differing from the guldelines 
must be approved by the Director, Oak Ridge Technical Services Division, for 
FUSRAP and by the Director, Rlchland Surplus Faci 1 i ties Management Program 
Office, for remote SFMP--with concurrence by the Director of Remedial Action 
Projects for both programs. 

E. CONTROL OF RESIDUAL RADIOACTIVITY AT FUSRAP AND REMOTE SFMP SITES 

Residual radioactivity above the guldelines at FUSRAP and remote SFMP 
sites must be managed in accordance with applicable DOE Orders, The DOE 
Order 548O.lA requires compl lance with applicable federal, state, and local 
environmental protection standards. 

-. The operational and control requi rements speci f ied i n the f 01 1 owi ng DOE 

1 
Orders shall apply to both interim storage and long-term management. 

a. 5440.18, Implementation o f  the National Environmental Policy Act 

b, 5480,1A, Environmental Protection, Safety, and Health Protection 
Program for DOE Operations 

c. 5480.2, Hazardous and Radioactive Mixed Waste Management 

d.  5480.4, Environmental Protection, Safety, and Health Protection 
Standards 

e. 5482. lA, Envi ronmental , Safety, and Health Appraisal Program 

f. 5483.1, Occupational Safety and Health Program for Government- 
Owned Contractor-Operated Facilities 

g. 5484.1, ~nvironmental Protection, Safety, and Health Protection 
Information Reporting Requirements 

h. 5484.2, Unusual Occurrence Reporting System 
1. 5820.2, Radioactive Waste Management 

E . l  Interim Storage 

a. Control and stabilization features shbll be designed to. ensure, 
to the extent reasonably achievable, an effective life of 
50 years and, in any case, at least 25 years. 
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> ! 
I ' i  Ld b. Above-background Rn-222 concent ra t ions  i n  t h e  atmosphere above 
1 ' ;  
I . '  

f a c i l i t y  sur faces  o r  openings s h a l l  not exceed: (1) 100 pCi/L 
I . .  
. . .: . 

a t  any given po in t ,  ( 2 )  an annual average concent ra t ion  of 
. ,  30 pCi/L over t h e  f a c i l i t y  s i t e ,  and (3)  an annual average 

concent ra t ion  of 3 pCi/L a t  o r  above any l o c a t i o n  o u t s i d e  t h e  
f a c i l i t y  s i t e  ( D O E  Order 5480.1A, Attachment XI-1). 

c. Concentrations of radionucl i d e s  i n  t h e  groundwater o r  q u a n t i t i e s  
of res idua l  r ad ioac t ive  m a t e r i a l s  s h a l l  no t  exceed e x i s t i n g  
Tederal ,  s t a t e ,  o r  loca l  s tandards .  

Access t o  a  s i t e  should be c o n t r o l l e d  and misuse of o n s i t e  
mater ia l  contamfnrted by r e s idua l  r a d i o a c t i v i t y  should be 
prevented through appropr i a t e  admin i s t r a t i ve  c o n t r o l s  and 
physical  ba r r i e r s - - ac t ive  and pass ive  c o n t r o l s  a s  desc r ibed  by 
t h e  U. S .  Environmental P ro t ec t ion  Agency (1983--p. 595). These 
con t ro l  f e a t u r e s  should be designed t o  ensu re ,  t o  t h e  e x t e n t  
reasonable,  an e f f e c t i v e  l i f e  o f  a t  l e a s t  25 yea r s .  The f ede ra l  
government s h a l l  have t i t l e  t o  t h e  property.  

E.2 Long-Term Management 

Control and s tab i lDzat fon  f e a t u r e s  s h a l l  be designed t o  ensu re ,  
t o  t h e  e x t e n t  reasonably achtevable ,  an effective l i f e  of 
1,000 yea r s  and, In  any case ,  a t  l e a s t  200 years .  

Control and s t a b i i i z a t i o n  f e a t u r e s  s h a l l  be derlgnad t o  ensure  
t h a t  Rn-222 emanatlon t o  t h e  atmosphere from tho  waste s h a l l  
not: (1) exceed an annual average r e l e a s e  r a t s  of 20 pCi/m2/r, 
and (2 )  i nc rease  t h e  annual average Rn-222 concen t r a t ion  a t  o r  
above any loca t ion  o u t s i d e  t h e  boundary of t h e  contamfnated 
a r e a  by more than  0.5 pCI/L. F i e ld  v e r i f l c n t i o n  of emanatlon 
r a t e s  is  no t  required.  

P r i o r  t o  placement of any p o t e n t i a l l y  biodegradable contami- 
nated wastes  i n  a long-term management f a c i l i t y ,  such wastes  
s h a l l  be proper ly  condi t loned  t o  ensure t h a t  (1) t h e  gene ra t ion  
and escape of biogenic gases  w i l l  not  cause t h e  requirement i n  
paragraph b of t h l s  s e c t i o n  (E.2) t o  be exceeded, and (2)  bio-  
degradat ion wi th in  t h e  f a c i l i t y  w i l l  no t  r e s u l t  i n  premature 
s t r u c t u r a l  f a i l u r e  i n  v i o l a t i o n  of t h e  requirements i n  para- 
graph n of t h i s  s e c t i o n  (E.2). 

Groundwater s h a l l  be ' pro tec t ed  i n  
ZQ.ZO(a)(2) and 1%. 2O(a)(3), a s  
remote SFMP s i t e s .  

accordance wi th  40 CFR 
app l i cab le  t o  FUSRAP and 

Access t o  a  s i t e  should be c o n t r o l l e d  and misuse of o n s i t e  
mater ia l  contaminated by r e s idua l  r a d i o a c t j v i t y  should be 
prevented through approprf a t e  admi ni  s t r a t i v e  con t ro l  s  and 
physlcal  ba r r i e r s - - ac t ive  and pass ive  c o n t r o l s  a s  descr ibed  by 
t h e  U. S. Environmental P ro t ec t ion  Agency (1983--p. 595). These 
c o n t r o l s  should be designed t o  be e f f e c t i v e  t o  t h e  e x t e n t  
reasonable f o r  a t  l e a s t  200 yea r s .  The f ede ra l  government 
s h a l l  have t i t l e  t o  t h e  proper ty .  
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Exceptions t o  t he  requirement t h a t  au thor ized  l i m i t s  be s e t  equal t o  the  
gu ide l ines  may be made on the  b a s i s  of an a n a l y s i s  o f  s i t e - s p e c i f j c  a spec t s  o f  
a des igna ted  s i t e  t h a t  were not t aken  i n t o  account i n  d e r i v i n g  the  guide l ines .  
Exceptions r e q u i r e  approvals a s  s t a t e d  i n  Sec t ion  D. S p e c i f i c  s i t u a t i o n s  t h a t  
warrant  except ions  are:  

'a. 

b. 

Where remedial ac t ions  would pose a c l e a r  and p re sen t  r i s k  of 
i n j u r y  t o  workers o r  members o f  t h e  general  p u b l i c ,  notwith- 
s tanding  reasonable measures t o  avoid o r  reduce r i s k ,  

Where remedial act tons--even a f t e r  a1 1 reasonable m i t i g a t i v e  
measures have been taken--would produce environmental harm t h a t  
i s  c l e a r l y  excessi've compared t o  t h e  h e a l t h  b e n e f i t s  t o  persons 
l i v i n g  on o r  near a f f e c t e d  s i t e s ,  now o r  i n  t h e  f u t u r e .  A 
c l e a r  excess of environmental harm I s  harm t h a t  i s  long-term, 
mani fes t ,  and g ros s ly  d i s p r o p o r t i o n a t e  t o  h e a l t h  b e n e f i t s  t h a t  
may reasonably be a n t i c i p a t e d ,  

Where t h e  c o s t  of remedial a c t i o n s  f o r  contaminated s o i l  i s  
unreasonably high r e l a t i v e  t o  long-term b e n e f i t s  and where the  
r e s f d u a l  r ad ioac t ive  m a t e r i a l s  do not  pose a c l e a r  p re sen t  o r  
f u t u r e  r i s k  a f t e r  t a k i  ng necessary con t ro l  mensures. The 
l i k e l i h o o d  t h a t  buildings w i l l  be e r e c t e d  o r  t h a t  people w i l l  
spend long periods of t ime a t  such a  s i t e  should be considered 
i n  eva lua t ing  t h i s  r i s k .  Remedial a c t i o n s  w i l l  gene ra l ly  not 
be necessary where only mlnor quantities o f  r e s ldua l  radio-  
a c t i v e  ma te r i a l s  a r e  involved o r  where r e s idua l  r ad ioac t ive  
m a t e r i a l s  occur i n  an i n a c c e s s i b l e  l o c a t i o n  a t  whfch s j t e -  
s p e c l f i c  f a c t o r s  l i m i t  t h e i r  hazard and from which they  a r e  
c o s t l y  o r  d i f f i c u l t  t o  remove. Examples a r e  r e s i d u a l  rad io-  
a c t i v e  materi  a1 s under hard- s u r f  ace pub1 I  c roads and s 1 dewal ks , 
around pub l i c  sewer l i n e s ,  o r  i n  fence-post  foundat ions.  In 
o r d e r  t o  invoke t h i s  excep t ion ,  a  s i t e - s p e c i f i c  a n a l y s i s  must 
be provided t o . s s t a b l i s h  t h a t  I t  would no t  cause an fndlvldual  
t o  r ece ive  a  r ad i a t ion  dose I n  excess  o f  t h e  b a s i c  dose l i m i t s  
s t a t e d  i n  Sec t ion  0 ,  and a  s ta tement  spec i fy ing  t h e  r e s idua l  
r a d i o a c t i v i t y  must be Included i n  t h e  app ropr i a t e  s t a t e  and 
1 oca l  records.  

Where t h e  c o s t  of c leanup of a  contaminated bu l ld<ng  i s  c l e a r l y  
unreasonably high r e l a t i v e  t o  t h e  b e n e f i t s .  Fac tors  t h a t  s h a l l  
be includkd i n  t h i s  judgment a r e  t h e  a n t i c i p a t e d  pe r i ad  of 
occupancy, t h e  incremental r a d i a t i o n  l eve l  t h a t  would be e f f e c t e d  
by remedial acti ,on, t h e  r e s idua l  useful  i i f e t l m e  of t h e  bu i ld ing ,  
t h e  p o t e n t i a l  f o r  f u t u r e  cons t ruc t ion  a t  t h e  s i t e ,  and t h e  
a p p l i c a b i l i t y  of remedial a c t i o n s  t h a t  would be l e s s  c o s t l y  
t han  removal o f  t h e  r e s idua l  r ad ioac t ive  ma te r i a l s .  A s t a t e -  
ment spec i fy ing  t h e  r e s idua l  r a d i o a c t i v i t y  must be included i n  
t h e  approprfa te  s t a t e  and l o c a l  records.  

e. Where t h e r e  i s  no f e a s l b l e  remedial ac t ion .  
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APPENDIX C. RADIOLOGICAL SURVEY DATA 
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Indoor Measurements 

I 
TOTAL 
-8.8 

-11.3 
-11.3 

-1.3 

-2.5 
-5.0 

7.6 
0.0 

25.2 
-6.3 
-6.3 

2.5 
-12.6 

-11.3 
-12.6 

-12.6 

-3.8 

-8.8 

-10.1 

-11.3 
-8.8 

-6.3 

-10.1 
-10.1 
-11.3 
-10.1 

-11.3 
-11.3 
-10.1 

-8.8 

-7.6 

-11.3 

-8.8 

92.0 

25.2 
e l  .9 

13.9 
-10.1 

-10.1 
-10.1 

-12.6 
-10.1 

-12.6 

-7.6 

-10.1 

-11.3 
- i2 .6  

-11.3 

-7.6 

-11.3 
- 1C. 1 

-3.8 
.l 1 .3 

. 7 . 5  

STD DEV 

4.9 

4.5 
4.5 

5.8 

5.6 

5.3 

6.7 

5.9 

8.2 
5.2 

5.2 
6.2 
4.7 

4.9 
6.7 

L.7 

5.8 

5.2 

5.0 
4.9 

5.2 
5.5 

5.0 
5.0 
4.9 

5.0 
6.9 

4.9 
5.0 

5.2 

5.3 
L.9 

5.2 

12.4 

8.4 
11.9 

7.5 

5.0 

5.0 
5.0 

6.7 
5.0 

1.7 

5.3 

5.0 
4 .9 

L.7 

L.9 

5.3 

L .9 

5.0 
5.8 

1.9 

5.3 

REM 

N/D 
N/O 

N/D 

N/O 

N/D 

N/D 

N/D 

N/D 
N/D 

N/O 

N/D 

N/O 

-1.4 

-2.1 
-1.4 

-2.1 

-2.1 
-0.7 

-2.1 

-2.1 
-2.1 

-2.1 

-1.4 
-1.4 
-0.7 
-1.4 

-2.1 

-2.1 
-2.1 

-2.1 
-1.4 

-1.6 

-2.1 

11.9 

-0.7 

-0.7 

-2.1 

-1.4 
-1.4 

0.7 

-2.1 
-0.7 
-0.7 

-2.1 
-1.1 
-1.6 

-1.4 

-2.1 

-0.7 

-1.4 

-2.1 

-2.1 
-2.1 
-2.1 

I 
STD DEV 

N/D 

N/O 

N/D 

N/O 

N/D 

N/D 

N/D 

N/D 
N/O 

N/O 

N/D 
N/O 
1 .4 

1.2 
1.4 

1.2 
1 .2 

1.6 

1.2 

1.2 
1.2 

1.2 
1.4 

1.4 
1.6 
1.4 

1.2 

1.2 

1.2 
1.2 

1.4 

1.4 

1.2 

3.4 

1.6 
1.6 

1 .2 

1.4 
1.4 

1.9 

1.2 
1.6 

1.6 

1.2 

1 .4 
1 .L 

1 .4 

1.2 

1.6 

1 .L 

1.2 

1.2 
1.2 

1.2 

TOTAL 

260.2 

330.8 
308.L 
65.0 

-9.6 

70.7 

-70.7 

-1L4.5 

67.5 
-167.0 
-224.8 
-167.0 

664.9 

742.0 

7L5.2 
677.7 

539.6 

G2.4 

501.1 

478.6 

424.0 
456.1 

459.3 
523.6 

658.5 
- l W . l  

-2U.5 
334.0 

398.7 
725.9 
359.7 

289.1 

276.2 

269.8 

276.2 
147.8 

407.9 

725.9 
610.3 

86.7 

X6.9  
247.3 

3 8 . 7  

2 2 . 2  
510.7 

537.5 

7:6.3 

530. C 

LlL.3 

526.0 

L36.8 
0.5 

-19.3 

-'25.3 

- - - * - - . - BETA - - -  
DPM/100CM2 

ST0 DEV MAX 

103.0 0 
104.1 

103.8 
99.6 

98.7 
10O.D 

97.7 

96.5 

100.0 
96.1. 

95.2 
96.1 

108.5 

109.6 
109.7 

108.7 

106.6 

108.2 

106.0 

105.7 

104.9 
105.4 

105.4 

106.4 
108.4 
96.8 

9L.2 

103.5 
104.3 
109.4 

103.9 

102.8 

102.6 

102.5 

102.6 

100.6 

101.6 
109.4 

107.7 

W.6 

103.7 
102.1 

102.9 
106.2 

106.2 

106.1 

109.3 

106.5 

10L.7 

106.L 
105.i 

98.2 
97.0 

96.: 

REN 

N/D 

N/D 
N/D 

N/O 

N/D 

N/D 
N/D 

N/D 
N/D 

N/D 

N I 0  

N/D 
0.0 

0.8 

1.6 

6.2 
5.5 

3.1 

1.6 

1.6 

-1.6 
3.1 

3.9 
0.0 

5.5 
2.3 

1.6 
-1.6 

0.8 

1.6 
-5.5 

5.5 

-1.6 

2.3 

2.3 

L.7 

1.6 

3.1 
4.7 

3.1 

3.9 
o.e 

3.9 

2.3 
-4.7 

-0.8 

-2.3 

2.3 

0.0 

4.7 

3.9 
3.1 ,. - 
b . 2  

3.2 

ST0 DEV 

N/D 
N/D 

N/D 

N/D 

N/D 
N/D 

N/D 

N/D 
N/D 

N/D 
N/D 

N/D 
3.3 

3.4 
3.5 
4.0 

3.9 

3.7 

3.5 

3.5 
3.1 

3.7 

3.7 
3.3 
3.9 

3.6 

3.5 
3.1 

3.L 
3.5 

2.6 
3.9 

3.1 

3.6 

3.6 

3.8 

3.5 
3.7 

3.8 

3.7 
3.7 

3.6 
3.7 

3.6 

2.7 

3.2 

3.0 

3.6 

3.L 

3.e 

3.7 

3.5 
3.1 

3.2 

ST0 DE'I 

0.2 

0.2 

0.3 

0.2 

0.2 

0.2 

0.2 

0.2 
0.2 
0.2 
0.2 

0.2 
0.2 

0.2 
0.3 

0.2 

0.2 
0.3 

0.3 

0.3 
0.3 

0.3 

0.3 
0.3 
0.3 

0.2 
0.2 

0.2 

0.2 

0.2 
0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 
0.2 

0.2 

0.2 
0.2 
0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 
0.2 
0.2 

C.2 
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1009.US 

R oon 

NUNEER 

118 

118 

118 

114 

114 

114 

1 l 4  

114 

11Z 

116 

114 

114 

114 

114 

11L 

116 

116 

116 

116 

116 

116 

116 

116 

116 

116 

116 

116 

116 

116 

116 

116 

GRID 

NAPE 

i 5 , S  

F7.2 

F7.5 

CABl 

CA62 

CA33 

ChSL 

C A S 5  

FU1 

FU2 

FU3 

F W4 

FU5 

FU6 

FU7 

E 1 

E2 

S 1 

s2 

S3 

SL 

55 

u1 

U2 

u3 

Y4 

CABl 

CAB2 

CAB3 

CAB4 

ma5 
----.-*------.... 
NUMBER OF HEAS.: 

AVERAGE: 

STD. DEV.: 

HAXlUUM: 

MINIMUM: 

RANGE: 

<.-.--..-..-..-.--- ALPHA - - .  
I DPM/lOOCM2 

TOTAL STD DEV REM 

-7.6 5.3 -1.4 

-11.3 4.9 -2.1 

-7.6 5.3 -1.4 

11.2 

5.6 

7.0 

15.4 

7.0 

0.7 

-2.1 

-1.4 

-1.4 

-1.4 

-2.1 

-1.4 

-1.4 

-1.4 

-1.4 

-1.4 

-1.4 

0.0 

-1.4 

-1.4 

0.0 

-1.4 

-1.4 

11.2 

5.6 
7.0 

15.6 

7.0 

ST0 DEV 

1.4 

1.2 

1.4 

3.3 

2.6 

2.8 

3.7 

2.8 

1.9 

1.2 

1.4 

1.4 

1.5 

1.2 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.7 

1.4 

1.4 

1.7 

1.4 

1.4 

3.3 

2.6 

2.8 

3.7 

2.8 

TOTAL STD DEV MAX REH ST0 DEY TOTAL ST0 DEV 
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C.2 Outdoor Exposure Rates (Stored by Location) 
T0090UT.WS SORTED BY LOCATION 
ROOM GRID I GmlMA I uR/h 
NUMBER NAME TOTAL 

I 
TOTAL STD DEV 

OUTSIDE 1-9 3014 13.96 0.25 
OUTSIDE 1-10 3002 1 3 . 9 1  0.25 
OUTSIDE 1-11 2968 13.75 0.25 
OUTSIDE 1-12 2986  13.83 0.25 
OUTSIDE 1-13 2847 13.19 0.25 
OUTSIDE 2-7 2887 13 .37  0.25 
OUTSIDE 2-8 2904 13.45 0.25 
OUTSIDE 2-9 2878 13.33 0.25 
OUTSIDE 2-10 2807 13.00 0.25 
OUTSIDE 2 - 1 1  2728 12.64 0.24 
OUTSIDE 2-12 2804 12.99 0.25 
OUTSIDE 2-13 2772 12.84 0.24 
OUTSIDE 3-7 2966 13.74 0.25 
OUTSIDE 3-8 2765  1 2 . 8 1  0.24 
OUTSIDE 3-9 2840  13.15 0.25 
OUTSIDE 3-10 2603 12.06 0.24 
OUTSIDE 3 - 1 1  2794 12.94 0.24 
OUTSIDE 3-12 2928 13.56 0.25 
OUTSIDE 3-13 2894 1 3 . 4 1  0.25 
OUTS I DE 4-5 2960  1 3 . 7 1  0.25 
OUTSIDE 4-6 3034 14 .05  0 .26 
OUTSIDE 4-7 2808 1 3 . 0 1  0.25 
OUTSIDE 4-8 2640  12 .23  0.24 
OUTSIDE 4-9 2714 12.57 0.24 
OUTSIDE 4-10 2782 12 .89  0.24 
OUTSIDE 4 - 1 1  2780  12 .88  0.24 
OUTSIDE 4-12 2968 13.75 0.25 
OUTSIDE 4-13 3024 1 4 . 0 1  0.25 
OUTSIDE 5-5 2987 13.84 0.25 
OUTSIDE 5-6 2824 13.08 0.25 
OUTSIDE 5-7 2692 12 .47  0.24 
OUTSIDE 5-8 2716  12.58 0.24 
OUTSIDE 5-9 2797 12.96 0.24 
OUTSIDE 5-10 2639 12.22 0.24 
OUTSIDE 5 - 1 1  2637 1 2 . 2 1  0.24 
OUTSIDE 5-12 2930  13.57 0.25 
OUTSIDE 5-13 3143 14.56 0.26 
OUTSIDE 6-4 2999 13.89 0.25 
OUTSIDE 6-5 2972 13.77 0.25 
OUTSIDE 6-6 2704 12.52 0.24 
OUTSIDE 6-7 2628 12 .17  0.24 
OUTSIDE 6-8 2917 1 3 . 5 1  0 .25 
OUTSIDE 6-9 2909 13.47 0.25 
OUTSIDE 6-10 2862 13.26 0.25 
OUTSIDE 6 - 1 1  2405 11.14 0.23 
OUTSIDE 6-12 3044 14 .10  0.26 
OUTSIDE 6-13 3037 14.07 0.26 
OUTSIDE 7-3 3114 14.42 0.26 
OUTSIDE 7-4 2852 1 3 . 2 1  0.25 
OUTSIDE 7-5 2943 13.63 0.25 

(1 o f  3 )  
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T0090UT.WS 
ROOM GRID 
NUMBER NAME 
OUTSIDE 7-6 
OUTSIDE 7-7 
OUTSIDE 7-8 
OUTSIDE 7-9 
OUTSIDE 7-10 
OUTSIDE 7 -11  
OUTSIDE 8-2 
OUTSIDE 8-3 
OUTSIDE 8-4 
OUTSIDE 8-5 
OUTS I DE 8-6 
OUTSIDE 8-7 
OUTSIDE 8-8 
OUTSIDE 8-9 
OUTSIDE 8-10 
OUTSIDE 8 -11  
OUTSIDE 9 - 1  
OUTSIDE 9-2 
OUTSIDE 9-3 
OUTSIDE 9-4 
OUTSIDE 9-5 

j 
OUTSIDE 9-6 
OUTSIDE 9-7 
OUTSIDE 9-8 
OUTSIDE 9-9 
OUTSIDE 9-10 
OUTSIDE 9 -11  
OUTSIDE 1 0 - 1  
OUTSIDE 10-2 
OUTS I DE 10-3 
OUTSIDE 10-4 
OUTSIDE 10-5 
OUTS1 DE 10-6 
OUTSIDE 10-7 
OUTSIDE 11-1 
OUTSIDE 11-2 
OUTSIDE 11-3 
OUTSIDE 11-4 
OUTSIDE 11-5 
OUTSIDE 11-6 
OUTSIDE 11-7 
OUTSIDE 1 2 - 1  
OUTSIDE 12-2 
OUTSIDE 12-3 
OUTS I DE 12-4 
OUTSIDE 12-5 
OUTSIDE 12-6 
OUTSIDE 12-7 
OUTSIDE 1 3 - 1  
OUTSIDE 13-2 

SORTED BY 
I 

TOTAL 
2747  
2 7 8 1  
2896  
2787  
3075  
2615  
3013 
2803 
2638 
2704  
2684  
2652 
2496  
2 8 9 1  
2632  
3069  
2965  
2930  
2766  
2812  
3024  
2765  
2535  
2443 
2389  
2909 
2857  
2950  
2848  
2848  
2673 
2609  
2959  
2820  
2916  
2816  
2864  
2839  
2893 
3 2 5 1  
3175  
2874 
2690  
2644  
2743 
2917  
3319  
3419  
2782 
2652  

( 2  o f  3) 

LOCATION 
uR/h I 

TOTAL STD DEV 
12.72 0.24 
12.88 0.24 
1 3 . 4 1  0 .25  
1 2 . 9 1  0.24 
14.24 0.26 
1 2 . 1 1  0.24 
13 .96  0 .25 
12.98 0 .25 
12.22 0.24 
12.52 0.24 
12.43 0.24 
12.28 0.24 
11.56 0.23 
13.39 0 .25 
12.19 0.24 
14.22 0 .26 
13.73 0 .25 
13.57 0.25 
1 2 . 8 1  0.24 
13.03 0.25 
1 4 . 0 1  0 .25 
12 .81  0.24 
11.74 0.23 
11.32 0.23 
11.07 0.23 
13 .47  0 .25 
13.23 0.25 
13.66 0.25 
13.19 0.25 
13.19 0.25 
12.38 0.24 
12.08 0.24 
1 3 . 7 1  0.25 
13.06 0.25 
1 3 . 5 1  0.25 
13.04 0.25 
13.27 0 .25 
13.15 0 .25 
13.40 0 .25 
15 .06  0.26 
14 .71  0.26 
13 .31  0.25 
12.46 0.24 
12.25 0.24 
1 2 . 7 1  0 .24 
1 3 . 5 1  0 .25 
15.37 0.27 
15.84 0.27 
12.89 0.24 
12.28 0.24 
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T0090UT.WS SORTED BY LOCATION 
ROOM GRID I I uR/h 
NUMBER NAME TOTAL 

I 
TOTAL STD DEV 

OUTSIDE 13-3 2172 10.06 0 .22 
OUTSIDE 13-4 2610 12.09 0.24 
OUTSIDE 13-5 2804 12.99 0 .25 
OUTSIDE 13-6 2767 12 .82  0.24 
OUTSIDE 13-7 2528 1 1 . 7 1  0.23 
OUTSIDE 1 4 - 1  2796 12.95 0 .24 
OUTSIDE 14  -2 2536 11.75 0.23 
OUTSIDE 14-3 2269 1 0 . 5 1  0 .22 
OUTSIDE 14-4 2582 11.96 0.24 
OUTSIDE 14-5 2656 12 .30  0 .24 
OUTSIDE 14-6 2648 12.27 0.24 
OUTSIDE 14  -7 2 4 3 1  11.26 0.23 
OUTSIDE 15 -1  2840 13.15 0 .25  
OUTSIDE 15-2 2 7 3 1  12.65 0.24 
OUTSIDE 15-3 2 5 9 1  12.00 0.24 
OUTSIDE 15-4 2643 12.24 0 .24 
OUTSIDE 15-5 2654 12.29 0 .24 
OUTSIDE 15-6 2 6 0 1  12.05 0.24 
OUTSIDE 15-7 2563 11.87 0.23 
OUTSIDE 16 -1  2940 13.62 0.25 
OUTSIDE 16-2 2586 11.98 0 .24 

i OUTSIDE 16-3 2415 11.19 0.23 
OUTSIDE 16-4 2792 12.93 0 .24 
OUTSIDE 16-5 2767 12.82 0 .24 
OUTSIDE 16-6 2 6 7 1  12.37 0.24 
OUTSIDE 16-7 2624 12.15 0.24 ______________----------------------------------- 

NUMBER OF MEAS. 1 2 6  
AVERAGE/SQRT (SUMSQ) 12.96 2.75 
STD. DEV. 0.92 
MAXIMUM 15.84 
MIMIMUM 10.06 
RANGE 5.78 
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Outdoor Exposure Rates (Stored by Exposure Rate) 
SORTED BY EXPOSURE RATE 

ROOM 
NUMBER 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE: 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSI DE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSI DE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSI DE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTSIDE 
OUTS I DE 

GRID 
NAME 

12-7 
12-6 
11-6 
11-7 
5-13 
7-3 
7-10 
8 -11  
6-12 
6-13 
4-6 
4-13 
9-5 
1-9 
8-2 
1-10 
6-4 
5-5 
1-12 
6-5 
4-12 
1-11 
3-7 
9 - 1  
4-5 
10-6 
1 0 - 1  
7-5 
1 6 - 1  
5-12 
9-2 
3-12 
6-8 
12-5 
11-1 
6-9 
9-10 
2-8 
7-8 
3-13 
11-5 
8-9 
2-7 
2-9 
12 -1  
11-3 
6-10 
9 -11  
7-4 
10-2 

TOTAL 
3419 
3319 
3 2 5 1  
3175  
3143 
3114 
3075  
3069 
3044 
3037 
3034 
3024 
3024 
3014 
3013 
3002 
2999 
2987 
2986  
2972 
2968 
2968 
2966 
2965  
2960  
2959 
2950  
2943 
2940  
2930  
2930  
2928 
2917 
2917  
2916 
2909 
2909 
2904 
2896 
2894 
2893 
2 8 9 1  
2887 
2878 
2874 
2864 
2862 
2857 
2852 
2848 

(1  o f  3) 

TOTAL 
1 5 - 8 4  
15 .37  
15 .06  
1 4 . 7 1  
1 4 - 5 6  
14 .42  
14 .24  
14.22 
1 4 - 1 0  
14.07 
14.05 
14 .01  
1 4 . 0 1  
13.96 
13.96 
1 3 . 9 1  
13.89 
13.84 
13 .83  
13.77 
13 .75  
13.75 
13.74 
13.73 
1 3 . 7 1  
1 3 . 7 1  
13.66 
13.63 
13.62 
13.57 
13.57 
13 .56  
13 .51  
1 3 - 5 1  
1 3 - 5 1  
13.47 
13.47 
13.45 
1 3 . 4 1  
1 3 . 4 1  
13.40 
1 3 - 3 9  
1 3 - 3 7  
1 3 - 3 3  
1 3 - 3 1  
13.27 
13.26 
13.23 
1 3 . 2 1  
13.19 



T0090UT.WS 
ROOM GRID 
NUMBER NAME 
OUTSIDE 10-3 
OUTSIDE 1-13 
OUTSIDE 3-9 
OUTSIDE 1 5 - 1  
OUTSIDE 11-4 
OUTSIDE 5-6 
OUTSIDE 10-7 
OUTSIDE 11-2 
OUTSIDE 9-4 
OUTSIDE 4-7 
OUTSIDE 2-10 
OUTSIDE 2-12 
OUTSIDE 13-5 
OUTSIDE 8-3 
OUTSIDE 5-9 
OUTSIDE 1 4 - 1  
OUTSIDE 3-11  
OUTSIDE 16-4 
OUTSIDE 7-9 
OUTSIDE 4-10 
OUTSIDE 1 3 - 1  
OUTSIDE 7-7 
OUTSIDE 4-11  
OUTSIDE 2-13 
OUTSIDE 13-6 
OUTSIDE 16-5 
OUTSIDE 9-3 
OUTSIDE 3-8 
OUTSIDE 9-6 
OUTSIDE 7-6 
OUTSIDE 12-4 
OUTSIDE 15-2 
OUTSIDE 2-11  
OUTSIDE 5-8 
OUTSIDE 4-9 
OUTSIDE 8-5 
OUTSIDE 6-6 
OUTSIDE 5-7 
OUTSIDE 12-2 
OUTSIDE 8-6 
OUTSIDE 10-4 
OUTSIDE 16-6 
OUTSIDE 14-5 
OUTS I DE 15-5 
OUTSIDE 8-7 
OUTSIDE 13-2 
OUTSIDE 14-6 
OUTSIDE 12-3 
OUTSIDE 15-4 
OUTSIDE 4-8 
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SORTED BY EXPOSURE m T E  
I (x4MMA I uR/h 

TOTAL 
i 

TOTAL STD DEV 
2848 13.19 0 .25  
2847 13.19 0 .25  
2840  13 .15  0 .25  
2840  13 .15  0 .25  
2839 13 .15  0 .25  
2824 13 .08  0 .25  
2820  13 .06  0 .25  
2816  13 .04  0 .25  
2812 13 .03  0 .25  
2808 1 3 . 0 1  0 .25  
2807  13 .00  0 .25  
2804  12.99 0 .25 
2804  12.99 0 .25 
2803 12 .98  0 .25 
2797  12 .96  0.24 
2796  12 .95  0.24 
2794  12.94 0.24 
2792  12.93 0 .24 
2787  1 2 . 9 1  0.24 
2782  12.89 0.24 
2782  12 .89  0 .24 
2 7 8 1  12.88 0.24 
2780  12.88 0.24 
2772 12.84 0.24 
2767  12.82 0 .24 
2767  12.82 0 .24  
2766  1 2 . 8 1  0.24 
2765  1 2 . 8 1  0.24 
2765  1 2 . 8 1  0.24 
2747  12 .72  0.24 
2743 1 2 . 7 1  0.24 
2 7 3 1  12 .65  0 .24 
2728 12.64 0.24 
2716  12.58 0.24 
2714  12.57 0.24 
2704  12.52 0.24 
2704  12.52 0.24 
2692  12.47 0.24 
2690  12 .46  0.24 
2684 12 .43  0.24 
2673 12.38 0.24 
2 6 7 1  12 .37  0 .24 
2656  12 .30  0 .24 
2654 12.29 0.24 
2652 12 .28  0.24 
2652  12 .28  0.24 
2648  12 .27  0.24 
2644 12 .25  0.24 
2643 12 .24  0.24 
2 6 4 0  12 .23  0.24 

( 2  of 3 )  
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T0090UT.WS 
ROOM GRID 
NUMBER NAME 
OUTSIDE 5-10 
OUTSIDE 8-4 
OUTSIDE 5-11  
OUTSIDE 8-10 
OUTSIDE 6-7 
OUTS I DE 16-7 
OUTSIDE 7-11  
OUTSIDE 13-4 
OUTSIDE 10-5 
OUTSIDE 3-10 
OUTSIDE 15-6 
OUTSIDE 15-3 
OUTSIDE 16-2 
OUTSIDE 14-4 
OUTSIDE 15-7 
OUTSIDE 14-2 
OUTSIDE 9-7 
OUTSIDE 13-7 
OUTSIDE 8-8 
OUTSIDE 9-8 
OUTSIDE 14-7 
OUTSIDE 16-3 
OUTSIDE 6-11 
OUTSIDE 9-9 
OUTSIDE 14-3 
OUTSIDE 13-3 

SORTED 
I GAMMA 

TOTAL 
2639 
2638 
2637 
2632 
2628 
2624 
2615 
2610 
2609 
2603 
2 6 0 1  
2 5 9 1  
2586 
2582 
2563 
2536 
2535 
2528 
2496 
2443 
2 4 3 1  
2415 
2405 
2389 
2269 
2172 .............................. 

NUMBER OF MEAS. 
AVERAGE/SQRT(SUMSQ) 
STD. DEV. 
MAXIMUM 
MIMIMUM 
RANGE 

BY EXPOSURE RATE 
I uR/h I 

TOTAL STD DEV 
12.22 0.24 
12 .22  0.24 
1 2 . 2 1  0.24 
12.19 0 .24  
12 .17  0.24 
12.15 0.24 
1 2 . 1 1  0.24 
12.09 0.24 
12.08 0.24 
12.06 0.24 
12.05 0.24 
12.00 0 .24 
11.98 0.24 
11.96 0.24 
11.87 0 .23 
11.75 0.23 
11.74 0.23 
1 1 . 7 1  0.23 
11.56 0 .23 
11.32 0.23 
11.26 0.23 
11.19 0.23 
11.14 0.23 
11.07 0.23 
10 .51  0.22 
10.06 0.22 
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APPENDIX D. SURVEYOR MAPS USED DURING RADIOLOGICAL SURVEY 
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D.2 O u t d o o r  S u r v e y  L o c a t i o n s  
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APPENDIX E .  GAMMA SPECTROMETRY RADIONUCLIDE 

GAMMA-RAY ENERGY AND Y I E L D  LIBRARY 
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I s o t o p e  H a l f - L i f e  
. . Enerqy (keV] 

Z r -95  
724.0 

Nb-95 
765.7 

Ru-103 
497.0 

Sb- 125 
176.2 

1-131 
284.2 

CS-134 
563.2 

CS-136 
66.8 

340.5 

CS-137 
661.6 

Ba- 140 
162.5 

% Y i e l d  

64.40 D 
44% 756.6 

35.15 D 
9 9% 

39.35 D 
86% 610.0 

0.1011E04 D 
6% 428.0 

8.04 D 
6% 364.5 

752.63 D 
8% 569.2 

12.98 D 
12% 86.2 
47% 818.5 

0.1095E05 D 
8 5% 

12.80 D 
5% 537.3 

1.68 D 
18% 487.0 
9 5% 

32.50 D 
8% 145.1 

284.19 D 
11% 

27.70 D 
9% 

312.19 D 
100% 

45.10 D 
56% 1291.5 
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I s o t o p e  H a l f - L i f e  
Enerqy (keV) % Y i e l d  



I s o t o p e  H a l  f - L i f e  
Enersv (keV) % Yield 
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12% 

17% 

54% 205.2 

8% 228.1 

90% 

62% 383.6 
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I s o t o p e  Hal f - L i  f e  
Enerqv (keV1 % Y i e l d  
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APPENDIX F. COPY OF INTERNAL LETTER, "RADIOLOGICAL 

SURVEY PLAN FOR BUILDING T009," MARCH 30, 1988 
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( T h i s  p a g e  l e f t  i n t e n t i o n a l l y  b l a n k . )  



Those L i s t e d  

GEN-ZR-0014 
Page 153 
09/20/88 

J. A. Chapman 
641 ,  055-T100 

R a d i o l o g i c a l  Survey  P l a n  f o r  B u i l d i n g  TO09 

B u i l d i n g  TO09 was a  t e s t  f a c i l i t y  f o r  t h e  OMR a n d  SGR Low 
e n r i c h e d  u r a n i u m ,  t h o r i u m ,  a c t i v a t i o n  a n d  m i x e d  f i s s i o n  
p r o d u c t s  were  h a n d l e d  o r  p roduced  t h e r e  a s  a  r e s u l t  of  t h i s  
a c t i v i t y .  T h e  f o l l o w i n g  s u r v e y  p l a n  s p e c i f i e s  t h e  
r a d i o l o g i c a l  c h a r a c t e r i z a t i o n  r e q u i r e d  a t  TO09 a s  p a r t  o f  
t h e  DOE SSFL s u r v e y .  

D i r e c t  Measurements:  a = a l p h a ,  b = b e t a ,  g=gamma e x p o s u r e  r a t e  
(Made i n  o n e  s q u a r e  m e t e r ,  on a  3mx3m 
g r i d -  i n s i d e  o n l y )  

Removable Measurements:  r a = a l p h a ,  r b = b e t a  
Sampl ing  A n a l y s i s :  gs=gamma s p e c t r o m e t r y ,  a b p = a l p h a / b e t a  

p r o p o r t i o n a l  

SurvevPlan 

A- j f i o o m a  SurvevTask; 
R/A Holdup Tank Grab  sample  f rom t a n k  ( g s )  

( E a s t  s i d e )  

Nor thwes t  p e r i m e t e r  ( 9 ,  on 6mx6m g r i d )  
(see map) 

1 2 1  s i n k  d r a i n  t r a p  s a m p l e  ( g s )  

1 0 8 - J a n i t o r ' s  c l o s e t  s i n k  d r a i n  t r a p  sample  ( g s )  

114-coun t ing  room b o t t o m  s h e l f  of c a b i n e t s  ( a / b / r a / r b )  
f l o o r  t o  w a l l  j o i n t  ( a / b / r a / r b )  
d o  n o t  s u r v e y  f l o o r  

1 1 6 - t o o l  room 20% of d r a w e r s  ( a / b / r a / r b )  
c a b i n e t  t o  f l o o r  j o i n t  ( a / b / r a / r b )  

118-machine s h o p  f l o o r  s u r v e y  ( a / b / g / r a / r b )  
l a t h e ,  d r i l l  p r e s s ,  m i l l  ( a / b )  
g r e a s e ,  c r u d  i n  c a t c h  p a n s  ( g s )  

1 2 0 - c o n t r o l  room f l o o r  ( a / b / r a / r b / g )  
(LMR, SGR) 

126-west v a u l t  and  f l o o r  ( a / b / r a / r b / g )  
c o r r i d o r  s o u t h w e s t  v a u l t  w a l l  up t o  2 m e t e r s  

( a / b / g )  
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R o o m  &L 
1 2 4 - f u e l  v a u l t  

-Task 
f l o o r  ( a / b / r a / r b / g )  
w a l l s  up t o  2m, and d o o r s  ( a / b / g )  

122-change room shower d r a i n  sediment  ( 9 s )  

V e n t i l a t i o n  System TBD-survey of b o t h  f i l t e r  plenums 
( a / b / g / r a / r b )  

Dra in  System See rooms 1 2 1 ,  122,  108,  and h o l d u p  
t a n k  

F l o o r  t i l e  removal  i s  n o t  necessa ry .  T h i s  s u r v e y  s h o u l d  
t a k e  a b o u t  5 man days. 

L . A. Chapman 
R a d i a t i o n  & Nuclear  S a f e t y  

a t t a c h m e n t s :  1) TO09 P l o t  P l a n  
2) SSFl R a d i o l o g i c a l  Survey Plan-TO09 

Those L i s t e d :  K. L. Adler  TO36 
F. H. Badger TO20 
W. A. McCollum TO65 
P. S. Olson T4 87 
R. C. Sheppard TO65 
K. T. S t a f f o r d  TO38 
R. J. T u t t l e  TlOO 
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G 
3 . 4 . ~ ~  I - U U Y  - Bui ld ing  

P r o j e c t  Name: OMR and SGR Tes t  F a c i l i t y  

I so topes :  Enriched uranium, deple ted  uranfum, thorium, mixed f i s s i o n  and 
a c t i v a t i o n  products  

Physical and Chemical Form of Radioisotopes: Various 

Process Conducted: C r i t i c a l  experiments , some c hemi s t r y  

Known Problems: Depleted uranium from T-028 i n  j a n i t o r ' s  c l o s e t .  Some 
found i n  counting room. Thorium i n  holdup tank ,  minor amounts. IS1 work 
ongoing i n  NE h i g h  bay with f r e s h  f i s s i o n  products.  Contamination i n  
machine shop. 

1 .  Per imeter  pads and ou t s ide  perimeter  fence ( l e a c h  f i e l d ? )  

2. Surface  survey - high bay - west;  v a u l t  - counting room hal l  c l o s e t ,  
t oo l  room, shop, and cont ro l  room 

3. Survey ven t i  1 a t i  on system 

4. Drain system. 

5. Wall of west val u t  f o r  neutron-act i  vated concrete .  


