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RADIOLOGICAL SURVEY OF THE FORMER URANIUM RECOVERY PILOT AND 
PROCESS SITES, GARDINIER,  INCORPORATED, 

TAMPA. FLORIDA 

F. F. Haywood W. A. Goldsmith R.  W. Leggett  
R. W.  Doane W. F. Fox W. H.  Shinpaugh 
D. R .  Stone* D.  J.  Crawford 

ABSTRACT 

A r a d i o l o g i c a l  survey was conducted a t  a former uranium recovery 

p l a n t  nea r  Tampa, F lo r ida ,  opera ted  as a p a r t  of a phosphoric a c i d  

p l a n t .  

1960, t h e  primary goal be ing  t h e  e x t r a c t i o n  o f  uranium from phosphoric 

a c i d ,  

f u l l - s c a l e  e x t r a c t i o n  was l a t e r  c a r r i e d  o u t  a t  a l a r g e r  ad jacen t  process  

p l a n t ,  The survey  included measurement o f  t h e  fo l lowing:  beta-gamma 

dose r a t e s  a t  1 c m  from s u r f a c e s  and e x t e r n a l  gamma r a d i a t i o n  l e v e l s  a t  

t h e  s u r f a c e s  and 1 m above t h e  f l o o r  i n s i d e  t h e  p i l o t  o p e r a t i o n s  b u i l d i n g  

and process  b u i l d i n g  and outdoors  i n  a r e a s  around t h e s e  bu i ld ings ;  f i x e d  

and t r a n s f e r a b l e  a lpha  and beta-gamma contaminat ion l e v e l s  on t h e  f l o o r ,  

walls, c e i l i n g s ,  and roof  of t h e  process  b u i l d i n g  and on t h e  f l o o r ,  

walls, and c e i l i n g  o f  t h e  p i l o t  p l a n t  o f f i c e s ;  concen t r a t ions  o f  2 2 6 R a  

and 2 3 8 U  i n  s o i l  samples taken  a t  g r i d  p o i n t s  around t h e  bu i ld ings  and 

i n  r e s i d u e  samples taken  i n s i d e  t h e  process  b u i l d i n g ;  concen t r a t ions  o f  

2 2 6 R a  and 238U i n  water  and sediment samples t aken  outdoors  on t h e  s i t e  

and t h e  concen t r a t ion  of t h e s e  same n u c l i d e s  i n  background samples 

c o l l e c t e d  off t h e  s i t e .  I t  was found t h a t  beta-gamma and/or  a lpha  

contaminat ion l e v e l s  on s u r f a c e s  exceed c u r r e n t  g u i d e l i n e s  for  t h e  

release of prope r ty  f o r  u n r e s t r i c t e d  u s e  a t  some p o i n t s  i n s i d e  t h e  

process  b u i l d i n g  and i n  t h e  outdoor  area n e a r  t h e  p rocess  b u i l d i n g  and 

p i l o t  o p e r a t i o n s  bu i ld ing .  

t h e  f l o o r  and equipment on t h e  second level o f  t h e  process  b u i l d i n g  con- 

t a i n e d  n a t u r a l  uranium i n  excess  o f  0.05% by weight and conta ined  

n a t u r a l  radium i n  excess  of 900 pCi/g. 

The uranium recovery o p e r a t i o n s  were conducted from 1951 through 

P i l o t  o p e r a t i o n s  were f irst  c a r r i e d  o u t  a t  a small p l a n t ,  and 

Some samples o f  s o i l  and r e s i d u e  taken  from 

*Consul tant  . 
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INTRODIICT TON 

A t  t h e  reques t  o r  tlif Department o f  Encrgy (DOF) ,  a r ad io log ica l  

survey was conducted d u r i n g  t h e  pe r iod  December 14-19, 1 9 7 7 ,  at a former 

uranium recovery p l a n t  aTea neai- Tampa, Ylorida, p r e s e n t l y  opera ted  by 

Gardiriicr, I n c . ,  and now used f o r  t h e  product ion o f  phosphoric  ac id  aml 

o t h e r  phosphate products .  'The p l a n t  i c  l oca t ed  on t h e  west s i d e  o f  U.S. 

Highway 41, approximately sevcii miles south of t h e  i n t e r s e c t i o n  o f  t h i  5 

highw.ty w i t h  I n t e r s t a t e  4 .  A p i a n  vie:*! of thc former uranium recovery 

p l a n t  i s  s h o m  i n  F i g .  i ,  aid a plan view o f  t h e  entire Ganlinier  p l a n t  

( w i t h  t h e  surveyed a rea  o u t l i n e d )  i s  shown i n  F i g .  2 .  

'I'hc primary purpose i n  Gard in i e r '  s uraiilmm work was the e x t r a c t i o n  

of urariiurri from phosphoric ac id .  T h i s  exTracT Ion p i v c e s s  employed by 

Gardin ie r  consis ted o f  f i v e  iiiairi s teps:  (1) pre t rea tment  o f  wet process 

phosphoric a c i d ,  ( 2 )  solvenT e x t r d c t i o n  of uranium, ( 3 )  p r e c i p i t a t i o n  o f  

t h e  uranium product ,  (4) dry ing  and crushing ,  and (5) handl ing,  packaging, 

ami shipping.  

and t h e  process  p l a n t  was opcratcd from 1956 tllrough 1960, reaching  a 

peak output  o f  60 tons  of uranium concen t r a t e  pe r  year .  

p l a n t  ( see  Fig. 1) cons i s t ed  o f  a t l i r ee - s tu ry  bu i ld ing ,  an ad jacent  

chemical process ing  p l a n t  a r ea ,  and a sma73 area where dry ing  and crushing  

equipinent was l o c a t e d .  Ihe bu i ld ing  c u r r e n t l y  houses a workshop,  a 

lunchroom, and o f f i c e s  on t h e  firsL f l o o r ,  and an o f f i c e  and iliachinery 

011 t h e  t h i r d  f l o o r .  

abandoned equipmerlt used fof t h e  iarxniim recovery opera t ions .  

f o r m e r  p i l o t  operx t ions  bu i ld ing  ( F i g .  1) now s e n e 5  as o f l i c e  space.  

There are approximately 20 flmli-"Sine ernployccs i n  t h e  former p i l o t  

opcrations bui ldiaig. These bu i ld ings ,  a long w i t h  t h e  su r romding  area. 

which inc ludes  t h e  o l d  dry ing  and c m s h i n g ,  and chemical prvcess ing  

sites, were surveyed, 

P i l o t  opcra t ions  wxi: c a m j  cd ou t  froin 1951 through 1954, 

'The process  

The second f l o o r  S ~ T V C S  as a s to rage  avea fo r  

The 
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Some p i l o t  uranium recovery o p e r a t i o n s  are  p r e s e n t l y  underway i.n an 

area immediately west of  t h e  p rocess ing  p l a n t  ( F i g s .  1 and 2 ) .  Since 

t h i s  work i.s being clane under a J.i.cense i s s u e d  I J ~  t h e  s t a t e  o f  F l o r i d a ,  

11.0 measureiiierits were made i n  t h i s  area.  

'I'he p r e s e n t  survey was unc:lerta.keii t o  det:erxriaie t h e  e x t e n t  of 

res;-dual r a d i o a c t i v i t y  on the site resiilting froin the former uranium 

recovery ope ra t ions .  I t  was conducted by f i .ve members and one consul- 

t a n t  of  t h e  Heal th  axid S a f e t y  Research Division, Oak Ridge National 

Laboratory (QRNE), clu.ring the per iod December 14-19, 19'77. The survey 

i-ncluded (1) measurement o f  beta-gamma dose ra tes  a t  1 cm and e x t e r n a l  

ganirrra r a d i a t i o n  l e v e l s  a t  the s u r f a c e  and a t  1 m above t h e  f l o o r  i n s i d e  

t h e  p i l o t  b u i l d h g  and process bui.lding and outdoors  i n  the areas around 

t h e s e  b u i l d i n g s ;  ( 2 )  measurement of f i x e d  and transEeral>l.e a lpha  and 

beta-gaima contamination l e v e l s  011 t h e  f l o o r s ,  w a l l s ,  c e i l i n g ,  and roof 

of  t h e  process b a i l d i n g ,  arid on the  f l o o ~ ,  wnll.s, a2.d c e i l i n g  of t h e  

p i l o t  plant  o f f i c e s ;  ( 3 )  iiieasurement of 2 " 6 R a ~  and ' " 8 u  i n  s o i l  samples 

taken a t  g r i d  po in t s  aroun.d t h e  bui ldir igs  and i n  r e s i d u e  samples taken 

i n s i d e  t h e  p rocess  b u i l d i n g ;  (4 )  measurement. s f  226Ra and 2 3 e U  i n  water 

and sediment samples taken outdoors  on t h e  s i t e ;  and (5) measurement of  

'26Ra and 2 3 8 U  i n  background s o i l  samples c o l l e c t e d  o f f  t h e  s i t e ,  

SURVEY METHODS 

Instrurrientat i on  

I l i rcc t  Reta-Gamma Measurements 

Beta-gama dose ra tes  were measured wi th  a Geiger-Mueller (G-M) 

survey meter desci-ibed i n  A p p x l i x  I .  

OkYJ., through t h e  use of sealed i .sotopic  sources and by cvoipa.rison w i t h  a 

Victoreen Model 440 i o n i z a t i o n  chamber ( s e e  Appendix I ) .  T t  was de te r -  

mi.ned t h a t ,  f o r  s u r f a c e s  cont,ami.nated with 226Ra i n  equ i l ib r ium wi th  

2 3 8 1 J  and o t h e r  r ad ionuc l ides  o f  t h e  "'U cha in ,  an open-window readi.ng 

of 2,000 cyiii on t h e  (2-M survey meter i s  equivalent t o  approximately 

I. mrad/~i r .  

t h e  proper  eoraversiori f a c t o r  i s  21,300 cpm = 1 msad/hr. Since t h e  

'Ah inst rument  was c a l i b r a t e d  a t  

 or sua-faces cont-aminated with i . n i t i a l l y  226Ka-free uraniim, 
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r e l a t i v e  ac t iwi t ies  o f  tile r ad ionuc l ides  011 t11e s u r f a c e  a r e  ui1Ler:ai-n a t  

most p o i n t s ,  t h e  m o ~ e  conserva'l i u c  ~ci~uei-sicrri Cactor o f  2 ,000  cpni 

1 mrad/hr I J ~ S  used f o r  a l l  si1 aces. I t  appears t h a t ,  i n  exLicme c 

the e r r a i  involved i n  i i i i i i g  t h i s  conversioli Eai:tt,i- may bc  xi high a 5  60% 

f o r  i n d i v i d u a l  iwasuL eir~eii'cs; h o w s c r :  tile e r r o r  involved i l l  deteriiiimi 1111; 

t h e  averdge beta-gamma dose ra te  f a r  a Ia igc  contaiiikriated s u r f a c e ,  such 

as a Cioor o r  1, appears  t o  be  no h ighc r  Ziix11 1 5 % .  

Beta r a d i a t i o n  cannot p e n e t r a t e  t he  c l o s e d  window on t h e  G -M probe; 

hence, gamma cad ia t ion  levels can h e  measui-ed w i t h  the  window closcd.  

The conversion factor  f o r  gamma radiatiori is 3,200 cpm 

an e r r o r  o f  230%. 

source.  

1 rnrad/hr with 

This f a c t o r  was detc;mined a t  ORNI, u s ing  a 226Ra 

External Gamma Radiat ion Measurements .-__ _I - - - " -  

External  gamma rad ia t io r i  l e v e l s  a t  1 rn werc measurd  w i t h  NaT 

s c i n t i l l a t i o n  survey n i i i  e1s desc r ibed  i n  Appendix I .  These insikuinmhs 

a r e  extremely s e n s i t i v e  and are  capable  o f  d e t e c t i n g  incremciiis o f  1 t o  

2 pR/hr a t  low l e v e l 5  o f  gaiawa r a d i a t i o n .  Sincc t h e  response of  Lhesc 

instruments i s  h i g h l y  encrgy dependent, a c r o s s  c a l  i h r a t i o n  was p e r -  

fnrllred on and near  t h e  s i t e  with a scaler-equippcd G-M counter1 which i s  

f i l t e r e d  with a coiribinatiorl o f  till and lead i n  t h i r ~  Payers t o  provide an 

csti i l iate of t h e  exposure r a t c  t h a t  i s  riea l y  illdependent of  phuto1) 

ene;gy. A conversion f a c t o r  of 500 cpm - 1 yR/hr was dekerriliined fo r  t h e  

sc i n t  i I P a L i o n  I: nunt e I - .  

Direc t  A 1 . a  Mea5uce:neti'ks 
IIIIxlI- - .--- 

Uirest a lpha masurcmmts  were nack with alpha s c i n t i l l a t i o i l  sur'vey 

meters described 111 ApperdE x I .  

s c a l e r ;  which al low i n t e g r a t i o n  oT counts  over  15, 30 ,  o r  60 sec ,  p e r -  

m i t t i n g  direct a lpha  measurements on surCat cs  *%i t11  low-level a lpha 

c o n t m i n a t i o n .  I f  coutits arp h t e g m t e d  over  a per iod o f  15  sec ,  t h e  

cour~t  r a t e  en-oi- a s s o c i a L d  wi th  a d j  r rs t  ~ n e a \ r ~ r  e m n t  of  5,000 dpiii/ 

100 cm2 [a Nuc 1 ea c diegcl; at(> ry  Comiss ion  (NRC) guide1 Lie value  f o r  

These instruments  are  equippi! with 

?e5 contaminated v i  t h  n a t u r d i  ~ ~ ~ a i r i m i ]  i s  + J  5%. A d i r c c t  ineasi~w- 

ment of 300 dpm/l00 cm', det-ecmined over  a per iod o f  oriiy 15 sec ,  would 
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have a count r a t e  e r r o r  of 3-60%, and a d i r c c t  measureinent o€ 100 d p m /  

100 cm2, deterinined over a per iod of on ly  15  s e c ,  would have a count-  

r a t e  e r r o r  o f  t100%. Hence, f o r  those  p o i n t s  wherc nieasurements W C T ~  

i n t e g r a t e d  f o r  on ly  15 scc, r e s u l t s  arc given only t o  thc nearest 

hundred dpm/ 1 0 0 cma a 

Measurement of  'I'ransferabl e Alpha and B t . t  3 '23. Contnrriination 
~ .._- I.̂ ....-. 

T r a n s f e r a b l e  a lpha  and beta contamination l e v e l s  were measured 

u s i n g  t h e  stixndard smear techniques described i n  NKC guidel. ines 

(Appendix I l l ) .  

coun te r s  s h o m  i.11 Appendix 1 The c o u n t - r a t e  e r ro r  assoc ia ted  w i t h  a 

1-min count of a smear showing a t r a n s f e r a b l e  alpha contamination 1 eve1 

of 1,000 dpm/100 ciu2 (an NRC guidel. ine iialue f o r  n a t u r a l  uranium) i s  

approximately k4%;  t h e  c o u n t - r a t e  e r r o r  f o r  a t r a n s f e r a b l e  beta contami - 

nnti.on l e v e l  of 1,000 dpm/100 cm2 i s  approximately k1.5% a Tndeterminable 

errors are introduced i n  t a k i n g  smear samples because o f  v a r i a t i o n s  in  

p r e s s u r e  appl.i.ed, i n  s u r f a c e  area a c , t u a l l y  con tac t ed ,  and i n  t h e  condi- 

t i o n  o f  t h e  s u r f a c e .  

'The smea.rs were counted u s i n g  t h e  a lpha  and b e t a  mcar 

Methods Used t o  Analyze Samples -- 
S o i l  samples c o l l e c t e d  outdoors  were packed i n  p l a s t i c  bags a.rrd 

r e t u r n e d  t o  ORNL, where t h e y  were d r i e d  f o r  24 ?w a t  l l O ° C  and t,hen 

pu lve r i zed  t o  a p a r t i c l e  s i z e  of  WQ g r e a t e r  than 500 i i m  i n  diameter 

( - 3 5  mesh). Next, a l i q u o t s  from each sample were t r a n s f e r r e d  t o  p l a s t i c  

b o t t l e s ,  weighed, l a b e l e d ,  and counted u s i n g  a GeCLi) d e t e c t o r  and a 

multichannel ana lyzer .  

techniques.  A d e s c r i p t i o n  o f  t h e  Ge(Li) d e t e c t o r  and s o i l  count ing 

techniques i s  given i n  Appendi.x 11. 

232?'h were e s t ima ted  i n  t h i s  way. 

t h e  2 3 8 U  concen t r a t ion  i n  each sample was obtained by neutron a c t i v a t i o n  

t echn iques  desc r ibed  i.n R e f .  2, and it i s  the  l a t t e r  va lue  f o r  238U 

wlnich i s  used. i n  t h i s  r e p o r t .  

The s p e c t r a  ob ta ined  were analyzed by computer 

Concentrati.ons of 2 3 8 ~  , 2 2 6  ~ a ,  and 

In add i t ion ,  a second mea.sureiiient o f  

Water samples c o l l e c t e d  on t h e  s i t e  were analyzed by t h e  halyt i .cai .  

Chemistry Divis ion of ORNL f o r  ' l O P b ,  2 2 6 K a ,  and 23aR, us ing  techniques 

desc r ibed  i n  Appendices t o  t h e  OWL Master Manual, 

techniques were a l s o  used f o r  the ana.~.ysis o:f 2 3 8 & j  i n  water. 

Neutron a c t i v a t i o n  
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Survey Schemes f o r  Iridoor and Outdoor Measurements 

Throughout t h i s  r e p o r t  t h e  term l l l ower  walls1' r e f e r s  t o  wall sui-faces 

up t o  a he igh t  oE 6 f t .  

some l a r g e  a r e 3  t o  be surveyed. 'Ihe d i v i s i o n  o r  l a r g e  a r e a s  i n t o  sria11 

survey blocks i s  convenieiit f o r  reporting purposcs.  111 a d d i t i o n ,  t h e  

meahuroiiici1t o f  r a d i a t i o n  l e v e l s  i n  iiiimeroiis sma l l ,  equa l ly  "w.sig:iiCed" 

a r e a s  a l lows s t a t i s t i c a l l y  meaning €111 es t ima tes  of average contamination 

l e v e l s  on t11e s i t e .  F i n a l l y ,  t h e  r e p o r t i n g  o f  both randomly choseli ant1 

maxiiiiulli contamination l e v e l s  f o r  i n d i v i d u a l  survey squares  se rves  t o  

de€ ine  t h e  degree of  iionuniformity o f  contaminatioi-n. 

wherever p r a c t i c a l ,  a r e a s  w e ~ e  divided i n t o  survcy blocks by r e c t a n g u l a r  

g r i d  systeiiis. 

A "siiruey block" i s  a r e c t a r i g d a r  subsec t ion  of 

:'or t h e s e  reasons 

Indoor Survey Plan 
........~.-.I 

A l l  f l o o r s  arid lower walls were divided i n t o  survey b locks ,  u s u a l l y  

by g r i d  systems c o n s i s t i n g  o f  l i n e s  paral.1.el t o  t h e  bases  of the  walls 

arid sepa ra t ed  by d i s t a n c e s  o f  approximately 2 m .  I:eiice, a t y p i c a l  

survey block covers  an a r e a  o f  approximately 4 m 2 .  The p a r t i c u l a r  

survey blocks used f o r  each f l o o r  are shown i n  F i g s .  3 through 7 .  Small 

o f f i c e s  i n  t h e  p i l o t  p l a n t  and on t h e  f i r s t  f l o o r  of t h e  process  plant. 

were considered as s e p a r a t e  survey blocks and r e s u l t s  are r epor t ed  f o r  

t h e  e n t i r e  room. 

machines, s t o r a g e  c a b i n e t s ,  o r  o t h e r  equipment a re  l a b e l e d  NA (not 

a c c e s s i b l e )  i n  the  t a b l e s ,  

Those survey blocks which were i n a c c e s s i b l e  due t o  

A t  the  cen te r  o f  each survey block (or  as c l o s e  as possi.ble t o  -the 

c e n t e r ,  i f  t h e  c e n t e r  was i n a c c e s s i b l e )  f i v e  operi-window and f i v e  c l o s e d -  

window G-M survey meter r ead ings  a t  1 crn were taken wi th in  a pretieteimined 

a r e a  o f  1 m2, and the averages of  t h e s e  readi-nigs were recorded. 

f i v e  d i r e c t  measurements were made of  a lpha contami-nation on tile s u r f a c e  

ah t h e  same p o i n t s  a t  t h e  bcta-garrurna measurements and t h e  average of  

these readings was recorded. Then t h e  e x t e r n a l  gamma r a d i a t i o n  l e v e l  

was iiieasured a t  3. m above . the midpoint of f l o o r  blocks.  Next., t h e  

e n t i r e  survey black was scanned with the open. :,Jin:iow G-M sui-vey ineter 

and t h e  maximum reading was recorded. A closcd-window G - M  reading aL 

1 cm m d  a d i r e c t  a lpha  reading a t  t h e  s u r f a c e  W G T E  then taken a t  t h i s  

Also, 
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"maxi.millm beta-ga.mma poi i i t .  

i n  t h e  b1oc.k f o r  the de te rmina t ion  o f  t r a n s f e r a b l e  a lpha  and b e t a  

F i n a l l y ,  a. s~ i i ca r  was taken a t  random p o i n t s  

cQlTtr-llV.il:atiQn l e v e l s  - 
Czn overhead s u r f a c e s  ( i .  e . ,  c e i . l i n g s ,  s t r u c t u r a l  miiibers, and w a l l  

surfaces more than  6 E t  above .the f loo r )  d i r e c t  a lpha  and b e t a - g a m a  

c.ontamination l e v e l s  and trans:Ferable al.pha and b e t a  contamination 

1evef.s were measured w i t h i n  blocks de f ined  by t h e  survey blocks on t,he 

f l o o r .  A dis t i r ic t . ion  was made between hori-zontal  and v e r t i c a l  overhead 

s u r f a c e s  because hori .zonta1 overhead surfaces o f t e n  show h igher  contarni- 

n a t i o n  l e v e l s  t han  v e r t i c a l  overhead s u r f a c e s .  

'i%e roof o f  t.lie process b u i l d i n g  was surveyed f o r  a lpha and b e t a -  

gaima contamination.,  Measuremtmts were made a t  randomly s e l e c t e d  p o i n t s  

wi.ilain t h e  survey blocks indica- ted i n  Fig.  8.  

'YI'hr-: f l o o r  sur fzce  of t h e  process  p 1 a n t t s  second l e v e l  was covered 

over  !nost o f  it,s :)rei3 w i t h  a r e s i d u e  ex ten t lhg  from a few mill imeters t o  

several cen t ime te r s  i n  t h i c k n e s s .  T h i s  r e s i d u e  o r i g i n a t e d  from a i rbo rne  

inaterial which p r e c i p i t a t e d  over  t h e  yea r s  e 

c l e a n  a.n a r e a  i n  each survey h l o c k  b e f o r e  surface r a d i o a c t i v i t y  readings 

could be  taken.  

i n  each survey b lack  and analyzed f o r  238U using neutron a c t i v a t i o n  

techniques.  Since t h e  f l o o r  was s t i l l  w e t  after removal of the  r e s i d u e ,  

t h e  d i . r m t  alpha iaea.susement.s may be lower than i f  t h e  f l o o r  had been 

I t  became necessa ry  t o  

In p l a c e  o f  Smear samples, resi-due samples were taken 

dry.  

'The c e i l i n g s  irn bo th  t h e  former p i l o t  plant. and t h e  o f f i c e  a r e a  of 

t h e  ~ J n X e S S  p l a n t  had heen lowered using the suspended cei.1 i.ng techniques.  

As ra r e s u l t ,  it was necessa ry  t o  remove s e l e c t e d  c e i l i n g  t i l e s  and t a k e  

readi.rigs on the  o l d  ~ u p p ~ r t  s t r u c t u r e  l o c a t e d  above. 'Shese readings 

are r e p r t e d  i n  the tables as c e i l i n g  r ead ings  f o r  t h e s e  two sec t ions ,  

C h J t d O Q r  SLil7Jey PI.al? 

'I'he areas S ~ K C Q U ~ ~ ~ E ;  t h e  p rocess  p l a n t  and t h e  p i l o t  p l a n t  were 

d iv ided  by t h e  rectangular g r i d  systems i n d i c a t e d  i n  F i g s .  9 and 19. 

Open- axid closed-.wirid.ow G-iLi readings at 1 c m  were taken,  along w i t h  

gamma s c i n t i l l a t i o n  s u w e y  meter r ead ings  a t  1 m a t  those p o i n t s  i n d i -  

c a t e d  11y c i rc les  (open and c losed )  i n  F i g s .  9 and 10. 
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Surface samples were taken a t  s e v e r a l  p o i n t s  i n  both  p a r c e l s  of 

larid; sampling l o c a t i o n s  a r e  5hom as closed c i r c l e s  i n  Figs .  9 and 10. 

A l l  s u r f a c e  samples were analyzed f o r  226Ra and 238U. 

water samples were taken from several s u r f a c e  deposits i n  both p a r c e l s .  

A l l  water samples were r e tu rned  t u  ORNL f o r  determinat ion o f  t h e i r  226Ra 

and 7 3 e U  con ten t .  

p o i n t s  as water samples an3 were r e tu rned  t o  OWL f o r  a n a l y s i s .  

In  a d d i t i o n ,  

Water sediment samples were a l s o  taken a t  t h e  same 

The s i t e  of t h e  d r y e r  €or  uranium concen t r a t e s  was  located and 

divided with t h e  g r i d  system shown i n  Fig. 11. Again, open- and closed-  

window G-M r ead ings  a t  1 c m  and gamma s c i n t i l l a t i o n  survey meter readings 

a t  1 m were taken a t  t he  g r i d  p o i n t s ,  and s e v e r a l  s o i l  samples were 

c o l l e c t e d .  

In a d d i t i o n  t o  t h e  systeiu3tic survey o f  t h e  a r e a s  de f ined  by t h e  

g r i d  l i n e s ,  s e v e r a l  p o i n t s  were chosen f o r  a more ex tens ive  survey 

because of p o s s i b l e  contamination suggested hy t h e  h i s t o r y  of  t h e  s i t e .  

One such s i t e  was a s t o r a g e  v a u l t ,  l oca t ed  a t  one time on t h e  east s i d e  

of t h e  p i l o t  p l a n t  ( s ee  Fig.  1 ) .  This a r e a  was scanned with a G-M 

survey ineter a t  1 cm, with maximum and average readings being recorded. 

D i rec t  a lpha r ead ings  were taken i n  t h i s  a r e a ,  as were s c i n t i l l a t i o n  

survey meter measurements a t  1 In. 

There e x i s t s  011 t h e  west end of t h e  process  p l a n t  a s e r i e s  of p ipes  

and r e a c t i o n  v e s s e l s  which had been used i n  t h e  uranium e x t r a c t i o n  

process .  Prel iminary G-M survey ncter measurements ind i  ca t ed  e l eva ted  

dose s a t e s  i n s i d e  c e r t a i n  p ipes  and a t  t h e  s u r f a c e s  and f l a n g e s  of t h e  

r e a c t i o n  v e s s e l s .  A more sys t ema t i c  survey was conducted on a l l  t h r e e  

l e v e l s  and t h e  f i n d i n g s  are d i scussed  i n  t h e  s e c t i o n  on s u ~ v e y  r e s u l t s .  

Background Measurements 

Background e x t c r n a l  gama r a d i a t i o n  l e v e l s  a t  1 m above t h e  ground 

were measured at, p o i n t s  s e v e r a l  miles from t h e  s i t e  a t  f i v c  widely 

sepa ra t ed  p o i n t s  (seo l o c a t i o n s  FL3 through FI,7 i n  Fig.  1 2 ) .  The average 

of t h e s e  background measureiiients was 5 vR/hr. * S o i l  samples taken a t  

*This  i s  i n  good agreement w i t h  Ref, 3 ,  whcrc an average background 
of 5 t.o 7 uR/hr i s  claimed f o r  Centra€ F l o r i d a .  



9 

these same p i n t s  shmred 226fki concen t r a t ions  ranging from 0 . 3  t o  

2 . 3  pCi /g> u COricentrations ranging from 0.1 t o  1.1 p ~ i / g ,  arid 

concentrations ranging from 0 3 to 0 4 pCi./g ~ 

2 3 8  3 " ~ h  

Mackgrcsund beta--garnma dose rates, as measured with t h e  G-M survey 

meters i i sed on t h e  site:, are t y p i c a l l y  i.n t h e  range 0.01. t o  0,05 mrad/hr. 

Gei.ge.r-MiiCller survey meter r ead ings  i n  t h i s  range [below 100 cpm) are 

freq~aent,ljr n o t  r ep roduc ib le ;  however, t h e s e  t y p i c a l  background readings 

are r e p o r t e d  €or purposes of  comparison with o n - s i t e  r ead ings .  Back- 

ground alpha r ead ings  f o r  t h e  type  o f  alpha survey meter used on th i . s  

s i r e  an? n e g l i g i b l e .  

A l l  direct  survey meter r ead ings  r epor t ed  in t h i s  document repre- 

sext gross  rendj-ngs ; background radiati.on l e v e l s  have not  been seibtra,c.t.ed. 

S i m i l a r l y ,  background I.evels have no t  been subtracted from rad ionuc l ide  

concen't:ra t ions  mea sured i n  enplirorirnierital sarripl es  . For the nieasurement 

of t r a n s f e r a b l e  al.pha and be ta .  crintamination l e v e l s  average background 

counts we:rc deterinil-ied fur the smear counters  ( a t  t h e  p l a c e  of c o u n t i n g ) ,  

and  t.krese background taunts were su1jtract.ed from g ross  counts 

Guidel ines  Used t o  Evalu.mte Survey Resu l t s  

K';adiati.on gui.tle3 i n e s  used t o  eva lua te  survey data  %.re given i n  

detai  1 i n  Appent1i.x 111, The app1i.cabi.lity of cer ta in  guidel i r ies  t o  this 

s i t e  i s  discussed i n  this s e c t i o n .  

' T h e  :strictest NRC g u i d e l i n e s  f o r  a lpha  e m i t t e r s  apply t o  226Ra 

(among o t h e r  r ad ionuc l ides )  , and t h e  contamiiiat.ion 1evel.s a t  t h e  Gardinie-r  

~ i . t e  have been r e fe renced  t o  NRC g u i d e l i n e s  f o r  radium as given i n  

Appendix l I I a  '1Vlkile elevated concen t r a t ions  o f  226Ra may he  p re sen t  a t  

some po in t s  on this s:i.t.e, it m u s t  be borne i n  inind t h a t  t he  gypsum dus t  

which i s  emitted from iiearby o p e r a t i o n s  con ta ins  above-background 1.evels 

05 2 2 s ~ ~ a  and that.  th is  aust has  coatec~ marly s u r f a c e s  i n  t h e  survey area. 

~ l s o ,  2 . 2 G ~ ~ a  i s  probably preci.pi.t,nted with calcium sulfate a t  some poirat 

i n  the ~araniuin extra.cti.on as well as i n  the product ion s f  

phosphoric acid, and, a:$ a resul t ,  appears t o  have become p l a t e d  out: on 

t h e  insides of c e r t a i n  pipes alid reaction vessels. Accordirig t o  t h e  NRC 

guideliaies average and rriaximmm a lpha  contaminat ion l e v e l s  on s u r f a c e s  
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contaiiiinated with radium should no t  cxceed 100 dpm/100 cm2 and SO0 dpm/ 

100 cm2, r e s p e c t i v e l y ,  by d i r e c t  reading. '  

t h a t  average and maximurri beta-gamiiia dose rates a t  1 c m  from t h e  s u r f a c e  

m a y  no t  exceed 0 .20  iiirad/hr and 1 . 0  mrad/hr, r e s p e c t i v e l y ,  r e g a r d l e s s  o f  

t h c  surface contaminant. Alpha and beta-gamma measurements were made on 

t h i s  s i t e  i n  such a maimer t h a t  contamination l e v e l s  i n  survey blocks 

could be compared with both maximum and average g u i d e l i n e  va lues .  

T rans fe rab le  a lpha contamination l e v e l s  may no t  exceed 20 dpm/100 cm2 

(according t o  NRC g u i d e l i n e s )  provided t h e  s u r f a c e  contaminant i s  

radium, and t h i s  l i m i t  seems a p p r o p r i a t e  f o r  s u r f a c e  contamination on 

t h i s  s i t e .  

The NRC gu ide l ines  s p x i f y  

SURVEY RESULTS 

Measurements i n  Building I n t e r i o r s  

P i 1  o t  P l a n t  _..I--.I Building 

The p i l o t  p l a n t  b u i l d i n g  i s  a s i n g l e - s t o r y  s t r u c t u r e  with dimensions 

of  2 0  ft x 40 f t ,  g iv ing  a t o t a l  f l o o r  area of 800 f t 2 .  

houses e i g h t  small o f f i c c s  and a restroom as shown i n  F i g .  3 .  E x t e r i o r  

walls arc coiicrete blocks,  and t h e  f l o o r  i s  a s i n g l e  conc re t e  s l a b .  The 

o r i g i n a l  c e i l i n g  i s  corrugated metal ;  however, a new i n t e r i o r  c e i l i n g  

has been added which c o n s i s t s  o f  suspended a c o u s t i c a l  t i l e .  

~t c u r r e n t l y  

In each survey a r e a  shown i n  F i g .  J . ,  s i n g l e  d i r e c t  a lpha measure- 

ments, beta-gamma measurements a t  1 cm, and e x t e r n a l  gainma measurements 

ai. t h e  s u r f a c e  and 1 m above t h e  s u r f a c e  were take11 i n  t h e  c e n t e r  of 

each f l o o r  and wall s u r f a c e ,  Resu l t s  are given i n  Table 1 of  t h i s  

r e p o r t  and i n d i c a t e  l i t t l e  o r  no contamination on t h e  f l o o r s  and lower 

walls. (The n o t a t i o n  A3S, f o r  exaiiiple, i n  Table 1 r e f e r s  t o  t h e  south 

wall  ad jacen t  t o  f l o o r  a r e a  A 3 . )  The average alpha contamination was 

found to be less than  15 dpm/100 cm2 with most blocks showing no con- 

taminat ion,  and a l l  blocks are below t h e  s t anda rd  o f  300 dpmJI.00 c m 2 .  

-. . ...._. * - _l_ 

"Keadings may no t  be averaged over  an a r e a  o f  more than 1 rn2, and 
the maximum g u i d e l i n e  va lue  a p p l i e s  t o  an a r e a  of  no t  more than 100 cm2* 



Direct b e t a - g a m a  read ings  show an average of 0,03  mrad/lnr with a maximum 

reading of 0.05 mrad/hr. 

raiigcd from 13 b i H / h r  t o  38 pR/hs with an average exposure r a t e  of 

24 l-tK/hr. Extcrnal gamma radiation n i e : a ~ i ~ ~ e ~ m ~ t s  a t  1 ni above t h e  f l o o r s  

of t h e  b u i l d i n g  ranged from 1 4  pli/hr t o  24 1iK/hr with an average o f  

19 1#/Iirs 

Ex te rna l  gamma r a d i a t i o n  l e v c l s  at t h e  surtace 

S ince  t h e  acoustic t i l e  c e i l i n g  i s  n r e l a t i v e l y  new a d d i t i o n ,  

c c i l i n g  t i l e s  were reiiioved i n  each o f f i c e  and measurements wcre tahcn on 

t h e  upper s u r f a c e s .  These v n l u e s  a r e  shuwn i n  ’E’able 2 and i n d i c a t e  

l i t t l e  contaminatioii.  Averagc d i r e c t  alpha measurements 0x1. h o r i z o n t a l  

s u r f a c e s  was 25 dpm/100 cm’. 

s u r f a c e s .  Bcta-gamma dose ra tes  f o r  h o r i z o n t a l  and ver t ica l  s u r f a c e s  

slrow an average o f 0.09 mrad/hr and 0 a 07 rnrad/hr, r e s p e c t  i v e l y  . 
F i f t e e n  smear saniples were taken  on t h e  f l o o r s  arid c e i l i n g s  i n  t h e  

No contamination was found on v e r t i c a l  

p i l o t  p l a n t .  

100 (;I?’ on the  f l o o r  i n  are8 A4 ( F i g ,  3 )  - ‘I‘hc contamination on a l l  

o t h e r  smear  samples was too  low t o  be d i s t i n g u i s h a b l e  from background on 

the  smear coun te r s .  

The t r a n s f e r s b l e  alpha contamination l e v e l  was 30 dpm/ 

Process Building 

The p rocess  b u i l d i n g  i s  a t h r e e - s t o r y  b u i l d i n g  wi th  conc re t e  f l o o r s ,  

s teel  framing, co r ruga ted  walls, and p r e c a s t  c o n c r e t e  s l a b  r o o f .  The 

f l o o r s  of thc f irst  and second l e v e l s  measure approximately 50 f t  x 75 f t  

and t h e  t h i r d  l e v e l  measures 30 f t  x 75 f t .  

F igs .  4 through 7. 

gamma and d i r e c t  a lpha  measurements which excecd NRC g u i d e l i n e s .  

Floor  p l ans  are  shown in 

Also shown i n  t h e s e  f i g u r e s  are a l l  d i r e c t  b e t a -  

F i r s t  f l o o r  of  process  b u i l d i n g ,  The f i rs t  f loor  (shown i n  F i g .  4) 
consists of a workroom, a lunchroom, and a series of  o f f i c e s  with a 

c e n t r a l  h a l l .  

arc  shown i n  t h e  a p p r o p r i a t e  area i n  Fig.  4 .  

Contamination measurements which exceed NRC g u i d e l i n e s  

The v a l u e s  f o r  d i r e c t l y  measured a lpha  and beta-gamma contaminat ion,  

as well as for  external gamma radiation a t  1 m, f o r  t h e  o f f i c e s  and h a l l  

on t h e  first l e v e l  are given i n  ‘Table 3 .  

Fig. 5. 

t o  1,600 dpm/100 cm2 wi th  an average o f  300 dpm/100 cm2. 

Survey areas are shown i n  

Direct a lpha  measurements on t h e  f l o o r  range from 0 dpm/100 cm2 

These same 
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measurements For t h e  walls range frolil 0 dpm/100 em2 t o  700 dpm/100 cm2 

w i t h  an average of 60 dpli1/100 cm2. Beta-gamina dose r a t e s  a t  1 C I ~  froill 

t h e  f l o o r s  and walls showed an average o f  0 .05  mrad/hr and 0.02 mrad/hr,  

r e s p e c t i v e l y .  

with an average o f  5 1IR/hr. 

External  gamma l e v e l s  a t  1 111 ranged from 2 t o  10 L f R h r  

As i n  t h e  case  of t h e  p i l o t  p l a n t ,  t h e  c e i l i n g  of t h e  fiTst f l o o r  

o f f i c e s  had been covered w i t i i  a cous t i ca l  t i l e  which had t o  be removed i n  

o r d e r  t o  g e t  r ead ings  on tlie o l d  c e i l i n g .  l‘he r e s u l t s  01 t h e s e  readings 

arc  given i n  Table 4 and show average d i r e c t  a lpha  measureiiients on 

v e r t i c a l  and h o r i z o n t a l  su r f aces  o f  60 dpm/100 cm2 aud 90 dpm/100 cm2, 

r e s p e c t i v e l y .  D i rec t  beta-gamma dose r a t e s  f o r  v e r t i c a l  and h o r i z o n t a l  

s u r f a c c s  y i e l d  averages O F  0.01 mrad/hr and 0 .02  inrad/hr, r c c p c t i v e l y .  

‘The f l o o r s  and lower walls of  t h e  lunchroom and wmkioom a r e a s  of 

t h e  f i r s t  level. were divided i n t o  survey blocks by t h c  g r i d  s y s t c ~  shown 

i n  Fig.  4 .  Wall survey blocks a r e  i d e n t i f i e d  by ad jacen t  f l o o r  blocks 

and by compass d i r e c t i o n s ;  f ~ r  example, A 1 N  i s  t h e  survcy block on t h e  

n o r t h  wall ad jacen t  t o  l l o o r  block A l .  Measurements made i l l  a l l  siirvey 

blocks arc  r epor t ed  i n  Table 5. 

measurements f o r  t h z  f l o o r  are 160 dpn/l00 cm2 and 0 . 1 1  m a d / h r ,  

r e s p e c t i v e l y .  Many average d i r e c t  a lpha  readings exceed NRC g u i d e l i n e s ,  

and s e v e r a l  survey blocks show l e v e l s  exceeding t h e  0.20 mrad/hr guide 

l ines  f o r  average b e t a - g a m a  dose r a t e s .  These b locks  are s h o m  i n  

Fig. 4.  In a d d i t i o n ,  Lhe g u i d e l i n e s  f o r  maximum beta-gamma and/or a lpha 

measurements were exceeded i n  s e v e r a l  b locks ,  and t h e s e  values  are  shown 

i n  t h e  same f i g u r e .  Ex te rna l  gamma r a d i a t i o n  l e v e l s  a t  1 m a r e  l i s t e d  

i n  Table 5 and show an average o f  14 uR/hr w i t h  a maximum measurement of 

70 uR/hr. Average and maximum alpha and beta-gamia contamination l e v e l s  

i n  t h e s e  survey blocks are l i s t e d  i n  t h i s  same t a b l e .  The lowcr 6 - f t  

s e c t i o n  o f  w a l l s  was d iv ided  by t h e  same g r i d  system a s  was used for- t h e  

f l o o r s .  Survey block D7S ( t h e  wall block on t h e  south wall ad jacen t  t o  

f l o o r  block D7) showed a d i r e c t  a lpha reading of 17,000 dpn/lQO c m 2  and 

was t h e  only wall f o r  which NKC, g u i d e l i n e s  f o r  d i r e c t  a lpha measurements 

were exceeded. Beta-gamma read ings  i n  s e v e r a l  wall blocks exceeded t h e  

g u i d e l i n e s .  These a r e  shown i n  Fig.  4 .  D i rec t  a lpha  and beta-gamma 

read ings  f o r  t h e  walls a r e  shown i n  T a h l c  5 and y i e l d  averages s E  

150 dpm/l00 c m 2  an3 0 .07  mrad/hr, r e s p e c t i v e l y .  

Average d i r e c t  a lpha  and beta-gamma 
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Resu l t s  are  r epor t ed  i n  Table 7 .  

survey block ( k l )  con ta in ing  an  o l d  d r y e r  used i n  the uranium ope ra t ions  

showed a 2 3 8 U  concen t r a t ion  of  4 ,000  pCi/g, a n d  a sample t a k e n  i n  an 

ad jacen t  block showed a 2 3 8 U  concen t r a t ion  01 750 pCi/g.  

t h a t  t h e  uranium i n  t h e s e  t w o  samples o r i g i n a t e d  from m a t r r i a l  s p i l l e d  

on t h e  f l o o r  when loading o r  unloading t h e  d r y e r .  Thz 2 3 8 U  conccntra-  

t i o n  i n  Lhe remaining 34  f l o o r  r e s i d u e  samples ranged froin 2 6  pCi /g  t o  

180 pCi/g. 

on t h e  second f l o o r  which showed e l eva ted  beta-galma dose r a t e< .  Resul ts  

of  sample ana lyses  are  given i n  Table  8.  A samplr takcn  from i n s i d e  t h e  

d r y e r  showed 13,000 pCi/g o f  2 3 * l J  . This  conceii tration exceeds t h e  

l i c e n s a b l e  l e v e l  o f  1-72 pCi 2 3 8 ~ / g  (corresponding t o  0.05% n a t u r a l  

uranium by weight as s t a t e d  i n  10  CFK 4 0 ) .  

second f l o o r  were analyzed f o r  t h e i r  concen t r a t ion  of 726Ra.  

a r e  given i n  F i g .  7 and i n d i c a t e  t h a t  t h e  c o n r e n t r a t i o n  of  226Ra i n  

r e s i d u e s  on t h e  f l o o r  s u r f a c e  average i n  excess o f  SO pCi /g .  

A sample taken from t h e  €loor  i n  t h e  

It i s  t h o u g h t  

Samples o f  s o l i d  r e s i d u e  were removed from equipment s t o r e d  

Sample? o f  residiics on t h e  

Resul ts  

Average and maximum d i r e c t  a lpha arid b e t a  gamma measurements made 

on t h e  f l o o r  and lower w a l l s  of  t h e  second l e v e l  a r e  reportoll  i n  I a b l c  9 .  

If r e s i d u e s  were present. i n  t h e  a r c a  o f  meawreiiient, t h e s e  r e s i d u e s  wcce 

removed be fo re  t h e  measurement was made. Since the  f l o o r  was wet i n  

mosf p l a c e s ,  the  d i r e c t  a lpha measurements r epor t ed  i n  Table 9 may be 

lower than  i f  t h e  f l o o r  had been dry.  Direct a lpha  measurements on t h e  

f l o o r  and lower walls averaged approximately 300 dpm/LOO c m 2  and were as 

high as 2,600 dpm/l00 an2. 

averaged 0.11 rnrad/hr and exceeded NKC g u i d e l i n e s  (0.20 mrad/hr averaged 

over 1 m2) i n  f l o o r  blocks A3 and E l  ( s e e  F i g .  6 ) .  ExTerna?. gamma 

r a d i a t i o n  l e v e l s  a t  1 m above t h e  f l o o r  ranged from 4 yR/hr t o  80 pR/hr 

and averaged 32 pK/hr ( s e c  Table 9 ) .  

Beta-gamma dose ra tes  a t  t h e  saiiie p o i n t s  

Resu l t s  of  d i r e c t  measurements taken on overhead s u r f a c e s  on t h e  

second l e v e l  a r e  r epor t ed  i n  Table 10. Direct a l p h a  and beta-gamma 

measurcments averagcd approximately 250 dpm/100 ~ 1 1 1 ~  and 0.07 mradlhr,  

r e s p e c t i v e l y ,  on h o r i z o n t a l  overhead s u r f a c e s  and approxiinately 

180 dpm/l00 em2 and 0.05 mrad/hr, r e s p e c t i v e l y ,  on v e r t i c a l  overhead 

s u r f a c e s .  



A t o t a l  of 36 smear samplcs were taken on t h e  c e i l i n g  and lower 

walls of the second 1 evei .  T r a n s f e r a b l e  contamination l eve l  s were a t  

near background a t  a l l  p o i n t s  of  mrasiiremcnts. 

A separate: survey Wd:i made of  equipment on t h c  second l e v e l ,  

Resul ts  ~f d i r e c t  mcasuremenfs o C alyhti and beta-gamma contamination 

or 

l e v e l s  and of mensurerr~cnt of '  t r a n s f e r a b l e  alpha and b e t a  contamination 

l e v e l s  QIJ t h i s  cquipnrcmt are r epor t ed  i n  Table il ( see  a l s o  Fig.  6 ) .  

Beta-gainrria dose ra tes  on t he  equipment generally exceeded the NKC 

(average] g u i d e l i n e  of  0 - 2 0  mrad/hr and were as h i g h  as 50 mradlhr 

i n s i d e  a r o t a r y  drum d r y e r .  

transported tu Rainwell, South Carol ina.  

Thir; equipment has s in re  bcen removed and 

Third l e v e l  of process b u i l d i n g .  On t h e  t h i r d  l e v e l  o f  t h e  process  - _. 

b u i l d i n g ,  which i s  open on t h r e e  sides,  t h e r e  i s  a small o f f i c e  a t  t h e  

west end jbloeks A I ,  A2, R l ,  and R2 i n  F ig .  8) and machinery on t h e  east 

end. Tlae f l o o r  was clividcd i n t o  survey  b l o c k s  as i n d i c a t e d  i n  1;ig- 8. 

Measurciiierits i n  each survey block are  r epor t ed  i n  Table 1 2 .  D i rec t  

a lpha  messurcments rangcd From 0 t o  400 dpm/100 cm2 and averaged approxi- 

mately 250 dpm/100 c m 2  I 

0.14 mradlhr and averaged approximately 0.05 mrad/hr. 

measureinerits a t  I I n  were as h igh  as 70 ptK/hr and avcraged 40 pR/hr .  

Smear samples taken i n  blocks A 1  and CS each showed t r a n s f e r a b l e  a lpha  

contamination l e v e l s  o f  SO dpm/lQO em2. 

taken;  coiltamination l e v e l s  on t h e s e  smears werc t o o  low t o  be d i s t i n -  

gu i shab le  from background on t h e  smear c o u n t e r s ,  

Bcta-gama dose rates ranged from hackground t o  

External gamma 

Twelve o t h e r  smear samples were 

Resu l t s  of Measurements on t h e  Roof of t h e  Process Bui.l.di.ng 

The roof  of t h e  p rocess  b u i l d i n g  w*is div ided  i n t o  survey blocks as 

shown i n  F i g .  9 .  

'l'able 13. 

contamination l e v e l s  (by d i r e c t  measurement) averaging approximately 

200 dpm/100 cm2 and beta-gamma dose rates averaging approximately 

0.09 Inrad/hr, Smear samples taken a t  16 l o c a t i o n s  i n d i c a t e  that t rans-  

f e r a b l e  a lpha contamination levels  are g e n e r a l l y  less t han  20 dpm/l00 cm2, 

and t r a n s f e r a b l e  b e t a  contamination levels  are t o o  low t o  b e  d i s t i n g u i s h a b l e  

Measurements taken i n  these blocks a r e  r e p o r t e d  i n  

Contamination on t h e  roof appeared tmiform, with alpha 
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from background on t h e  b e t a  sincai countcr .  Lx tema l  gamma r a d i a t i o n  

l e v e l s  a t  1 m above t h e  roof  averaged approximately 40  )iR/hr. 

Resul ts  of  t h e  Outdoor Survey 

In t h e  Viciinitv of  t h e  Former P i l o t  P l a n t  

Beta-gamma dose r a t e s  a t  1 cm from the ground and ex terna l  gama 

r a d i a t i o n  l e v e l s  a t  1 in above t h e  ground and a'L t h e  s u r f a c e  1.iere measured 

a t  t h c  g r i d  p o i n t s  i n d i c a t e d  by open and cloqpd c i rc lcs  i n  F i g .  10. 

Rcsul ts  a r e  presented i n  Table 1 4 .  Surface s o i l  samples were c o l l e c t e d  

a t  t h o s e  p o i n t s  i nd ica t ed  i n  Fig. 10 by c losed  (darhencd) c i r c l e s ,  arid 

conccnirat ioi is  of  2 3 8 ~  and 7 2 6 ~ a  i n  t ~ i o s e  samples a r e  r epor t ed  i n  

Table 15. The survey p o i n t s  shown i n  F i g .  10 were s e l e c t e d  according t o  

a scheme designed t o  allow r e p r e s e n t a t i v e  sanipling i n  t h e  a r e a  around 

t h e  p i l o t  ope ra t ions  b u i l d i n g ,  with emphasis being given t o  t h e  a r m  

wlzhin a few meters o f  Liie b u i l d i n g ,  wh-re ( i t  was thought) t h e  con- 

taminat ion l e v e l s  were l i k e l y  t o  be most nonuniform. 

I t  appears  t h a t ,  f o r  comparison of  b e t a - g a m a  dose r a t e s  l i s t e d  i n  

' Iable  1 4  with NRC g u i d e l i n e s  t h e  t tavcrage t t  g u i d e l i n e  (0.20 mrad/hr) 

should be used,  s i n c e  t h e s e  measurements were made a t  randomly s e l e c t e d  

p o i n t s  and hence a r e  more l i k e l y  t o  r e p r e s e n t  average l e v e l s  thaii maxi- 

miim l e v e l s .  The beta-gamma dose r a t e  a t  1 cm exceeded 0.20 mrad/hr a t  

onc g r i d  po in t  i n  t h i s  a r e a ,  namely, a t  p o i n t  K 1  approximately 20 m from 

t h e  p i l o t  ope ra t ions  b u i l d i n g .  External  gamma r a d i a t i o n  l e v e l s  a t  1 m 

a t  g r i d  p o i n t s  i n  t h e  former p i l o t  ope ra t ions  a r e a  mnged from 20 t o  

100 uR/hr with t h e  h ighes t  l e v e l s  being observed on t h e  south ancl e a s t  

s i d e  of  t h e  p i l o t  ope ra t ions  b u i l d i n g  ( s e e  F i g ,  14) .  A s o i l  sample 

taken from an i s o l a t e d  spot  near g r i d  p o i n t  I 2  showed 26 pCi 226Ka/g 

and 7 0  p c i  2 3 8 ~ / g .  

The s u r f a c e  s o i l  samples c o l l e c t e d  a t  randomly s e l e c t e d  p o i n t s  i n  

t h i s  area showed an average 2 3 8 U  concent r a t i o n  of  approximately 19 pCi/g. 

llranium-238 Mas in approximate equ i l ib r ium w i t h  226Ra i n  a l l  samples 

except t h e  saiuple taken a t  g r i d  po in t  K 1 ,  which showed a 226Ra conccn- 

t r a t i o n  of 98 pCi/g and a ' 3 8 ~  concen t r a t ion  of 2 2  pCi/g. 
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An open-window G-M survey meter was uscd to scan a n  o l d  " s 1 r m i u m  

vau l t "  area 3t t h e  southeas t  corncr o f  t h e  p i l o t  opcratirmr; b u i l d i n g  ~ 

locat~d i n  a regioii bounded by g r i d  l i n e s  G and I1 and g r i d  lines 3 and 4 

( S C C  1 : i . g~~  1 arid I O ) ,  Beta-gainina dose ratcs i n  t h i s   are;^ were as high  

as 0 , 2 0  mradshr. 

In  t h e  V i c i n i t y  of  t h e  Process ..__._I_I_ Building 
_II_ _...., ~ __I 

13et:zr-gama cZu?;r ra tes  at 3 cm : F r s m  the  ground and external.  gamma 

rndi.at%on levels at: 1 nn above the ground and 8.t t h e  sun-face were measured 

at t h e  g r i d  p o i n t s  indicated by capen and closed c i r c l e s  i.ra F i g -  11. 

Res-u.Pt:; a r c  presented i n  Tah1.e 16, Surface s o i l  samples were c o l l e c t e d  

a t  t.ho:;tz p o i n t s  i n  F i g .  1.1 iad icx ted  by cl.o-:ed (darkened) c i rcJcs ,  and 

concentrat ions o f  226Ka and 259 1 5  in thest? samples are reported i n  

T a b l e  1 7 .  'Tine survey p o i n t s  skiown i n  Fig.  k l  were sel.ected according t o  

a scheme similar t o  t h a t  f o r  the  former p i l o t  operatioris area, 

As befare, it appe8.1-s t h a t  ~ f o r  coinya.rison sf beta-ganuna dose rates 

l i s t e d  i n  Table 1.6 w i t h  NRC gui.del i.nes t h e  tTa.werageq7 g u i d e l i n e  

(0.20 rnrad/hr) should be  used. Beta-gamma dose rates a t  1. cw exceeded 

NRC guidelines a t  I5 of the measurement poinirs and were as high  as 

0 .70  mrad/hr. Highest dose rates were measu.red i n  t h e  a r e a s  adjacent.  t o  

t h e  p rocess  b u i l d i n g  on t h e  w e s t  slid no r th  s i d e s  and i n  a l a r g e r  area 

nor th  of t h e  process bui ld . ing.  

i n  t h e  g r i d  area ranged from 20 to 300 pK/hr with highest:  readings being 

observed i n  t h e  area n o r t h  o f  t h e  process  bu i ld ing  ( s e e  F ig .  15 ) .  

Ex te rna l  gamma r a d i a t i o n  l e v e l s  a t  1 n 

The 8pI concentrat.ions i.n .the random1.y selected surface s o i l  

samples were wel l  beelow t h e  l i ce r i sab le  l e v e l  o f  172 pCi/g (corresponding 

t o  0.05% na tu ra l  uranium by weight as stated i n  10 CFR 40) ; i n  f ac t ,  t h e  

2 3 a U  concen t r a t ions  i n  these samples averaged 2 0  pGi/g and did n o t  

exceed 39 pCi/g. 

approximately 47 pCi/g; t h i s  average was h e a v i l y  weighted by t h e  226Ka 

concentration of 190 pCi/g measured i n  t h e  sample taken a t  g r i d  p o i n t  

L 1 7 .  

The 226Ra concen t r a t ions  i n  t h e  same samples averaged 

A survey was made o f  p ip ing  beneath two tanks on the west s i d e  o f  

t h e  p rocess  building (the c e n t e r s  of these tanks are loeated approxi- 

mately 0.8 m and 1 . 7  m ,  r e s p e c t i v e l y ,  fro111 the process  b u i l d i n g  wall. 
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Beta-gamnia dose r a t e s  ir lside t h e  p ipes  were between 8 and 1.5 mrad/hr a t  

sone p o i n t s .  Samples of rust and r e s i d u e  taken from t h e s e  p ipes  showed 

up t o  2,400 pCi/g o f  2 2 6 K a  and less than 30 pCi/g of  2 3 e U .  

earlierJ it appears t h a t  Ra has p l a t c d  out i n  tliesc p ipes .  

A s  merit ioncd 
2 2 6  

In t h e  Old Drver Area 

‘Ihe g r i d  system shown i n  F ig .  17 was nsed t o  determine survey 

p o i n t s  i n  t h e  a r e a  thought t o  have contained a d r y e r  used i r i  t h e  former 

uranium ope ra t ions .  Beta-garma dose r a t e s  measured at 1 cm from t h e  

s u r f a c e  and e x t e r n a l  g a m a  r a d i a t i o n  l e v e l s  measured a t  t h e  s u r f a c e  and 

a t  1 ~ i l  above t h e  s u r f a c e  a t  t h e  g r i d  p o i n t s  a r c  l i s t e d  i n  Table 18. 

Beta-garnrrn;r dose r a t e s  rdliged from 0.03 t o  0 .17  rnrad/hr ( a l l  below YRC 

gu ide l ines )  and avereged 0 .06  mradlh-c. External  gamma r a d i a t i o i i  l e v e l s  

a t  1 m a t  t h e  g r i d  p o i n t s  ( s e e  F i g .  16) r a n g 4  from 1 4  t o  7U pR/hr and 

averaged 28 pR/hr.  S o i l  samples WPTP taken a t  g r i d  p o i n t s  U G  and C 6 .  

Urarriiin-238 concentrat ioi is  i n  t h e s e  sarrrpl-es were 28 and 6 . 8  pCi/g, 

r c s p e c t i v e J y ,  and 726Ra concen t r a t ions  were 29 and 7 . 6  pCi/g, r e s p e c t i v e l y  

(see Tablc  8 ) .  

Analyses of  Water and Water Sediment Samples Col lected Outdoors on t h e  
S i t e  

~ - _ -  --- ~ ~ 

Water and w a t e r  sediment samples were c o l l e c t e d  a t  sever, outdoor 

l o c a t i o n s .  Analyses of  radionurl ide concen t r a t ions  are  shown i n  Table 19. 

Concentrations of 2 3 8 U  and 726Ra i n  t h e  sediment samples were comparable 

t o  the concen t r a t ions  o f  t h e s e  r ad ionuc l ides  i n  s u r f a c c  s o i l  samples 

takcn on t h e  s i t c ,  The concen t r a t ions  of r ad ionuc l ides  i n  t h e  water  

samples were h i g h e s t  i n  t h e  sainple c o l l e c t e d  n e a r  g r i d  p o i n t  C I  i n  t h e  

former p i l o t  p l a n t  area. I’his sample, a s  well as one taken  near  g r i d  

p o i n t  K 1 ,  had a 21 6 R a  cnncen t r a t ion  greater  than t h e  concen t r a t ion  guide 

f o r  water (CGw) s t a t e d  i n  10 CFR 20, Appendix B ,  and ERDAM 0524, Annex A .  

SUMMARY 

A r a d i o l o g i c a l  survey was conducted a t  a former uranium recovery 

p l a n t  near ‘Tampa, F lo r ida .  The pilot+ and f u l l - s c a l e  recovery ope ra t ions  

were co~zducled from 1951 through 1960, t h e  primary goal  being t h e  
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e x t r a c t i o n  of urani?rm from phosphoric a c i d ,  

t h e  fomies uranium I ~ ~ C O W I X ~  p lan t  which consis.ted of a pi1 ot opera t ions  

building, a p rocess  bui.!.ding, a.nd a . t o t a l  area of approximately 1 acre 

around t h e s e  b u i l d i n g s ,  T h i s  p l a n t  i s  p r e s e n t l y  owried and operated by 

Gardinie-n., Irrc., and i .s  par t  of a. large p l an t  utsed :for the .production of 

phosphoric ac id  and o t h e r  phosphate p roduc t s .  

n e a.rb y ope rat  i on s at t h e G a r  d i n  i e r p 1 tin 2: con t a i n  s ab ov e - backgr ourid 

l e v e l s  o f  rad ionucl ides  i n  t he  urani.um chai.n, and t h i s  dus t  has s e t t l e d  

out i n  mast survey areas,  so, 2 2 6 ~ a  has probably p r e c i p i t a t e d  o u t  a t  

some p o i n t  i n  t h e  uranium s e p a r a t i o n  process3 and i n  t h e  product ion of 

phosphoric a c i d ,  and, as a r e s u l t ,  a.ppea.rs t o  have become plated o u t  on 

the in s ides  o f  c e r t a i n  p ipes  a d  r e a c t i o n  vessels. 

alpha contamination l e v e l s  on b u i l d i n g  s u r f a c e s  with NRC g u i d e l i n e s  f o r  

the r e l e a s e  o f  p r o p e r t y  €01- u n r e s t r i c t e d  use ,  i t  w i l l  b e  assumed that  

radium i s  t h e  primary contaminant.  

gu ide l ines  f o r  beta-gamma dose ra tes  do  not  requi.rc i d e n t i f i c a t i o n  o f  

t h e  contaminant ) 

?'he survey w a s  performed at 

Cyyisum d u s t  emit ted from 

In c o m p r i n g  measured 

(Nuclear Reg-ulatory Commission 

111 t h e  fornier pilot opera t ions  b u i l d i n g ,  a l l  alpha and beta-gamma 

~ W S U F ~ I K ~ ~ ~ ~ S  were well below NRG g u i d e l i n e s  f o r  n a t u r a l  Uranium, and 

external.  garma racliat.ion l e v e l s  at 1 m d i d  n o t  exceed 38 )ifP/hr. On the 

f i r s t  l e v e l  of the ~ X X C S S  bu i ld ing ,  beta-gamma dose rates and/or a lpha  

contamination l e v e l s  i n  s e v e r a l  areas of t h e  f l o o r s  and walls exceeded 

NRC g u i d e l i n e s  f o r  t h e  release o f  prope r ty  f o r  u i i r e s t r i c t e d  use. 

rnaxiiliium observed e x t e n i a l  gama r a d i a t i o n  level at 1 m on t h e  first 

l e v e l  was 70 y R / h r .  Highest l e v e l s  of uranium and radium contamination 

on t h i s  s i t e  appear to he  on t h e  second l e v e l  of t h e  process b u i l d i n g ,  

where equipment used dur ing  t h e  rrranium recovery operations i.s stored. 

Some samples of material taken from t h e  f l o o r  and from equipment QII t h e  

second level contained l i c e n s a b l e  concen t r a t ions  of n a t u r a l  uranium 

(more than 172 pCi/g of 2 3 a U  or ,  as s t a t e d  i n  10 CFR 40, m01-e than 0.05% 

n a t u r a l  u r a n i m  by weight) and con ta ined  226Ra i.n concen t r a t ions  of up 

t o  900 pc i lg .  

t h e  second leve l  n e a r  an u1.d d rye r  s h o ~ e d  a 23RIJ  concen t r a t ion  of 

4,000 pCi/g,, and a sample of material t a k e n  from inside the  d r y e r  showed 

13,000 pCi/g o f  238U.  

The 

In p a r t i c u l a r ,  sa.rnipBes of  residue taken from the f l o o r  on 

Must po in t s  on t h e  f l o o r  arid on equipment on t h e  
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second l e v e l  showed b e t a - g a m a  dose ra tes  and/or  a lpha  contaminat ion 

l e v e l s  exceeding NRC gu ide l ines .  In f a c t ,  t h e  beta-gamma dose ratcs on 

t h e  equipment wcre as high as 50 mrad/hr. 

gamma r a d i a t i o n  l e v e l s  a t  1 m 011 t h e  second level was 80 uR/hr.  

t h i r d  l e v e l  o f  t h e  process  bu i ld ing ,  s e v e r a l  a r w s  showcd a lpha  contami- 

n a t i o n  l e v e l s  which  were above NRC gu ide l ines .  The maximum exterrial  

gamma r a d i a t i o n  l e v e l  at 1 m was 70 pR/hr. Measurements on t h e  roof O F  

t h e  process  buj- lding were g e n e r a l l y  above background bu t  were below NRC 

gu i~de l ines  . 

The maximum measured ex te rna l  

O n  t h e  

In t h e  outdoor  g r i d  areas around t h e  former p i l o t  and process 

bu i ld ings ,  beta-ga-mma dose ra tes  a t  1 c m  in some areas were above NKC 

gu ide l ines  f o r  t h e  release of  p rope r ty  f o r  u n r e s t r i c t e d  use ,  and ex te rna l  

gamma r a d i a t i o n  l e v e l s  were a s  h igh  as 300 pR/hr. I t  i s  1i.kely t h a t  t h e  

h ighes t  gamma r a d i a t i o n  l e v e l s  on t h e  s i t e  r e s u l t  from small pockets  o f  

Ra which have p l a t e d  out i n s i d e  some p i p e s  and v e s s e l s .  2 2 6  

Uranium-238 concen t r a t ions  i n  s u r f a c e  s o i l  and water sediment 

c o l l e c t e d  outdoors  on t h e  s i t e  averaged appl-oxi.mately 20 pCi/g, and 

226Ka concen t r a t ions  were gene ra l ly  o f  t h e  same rnagrii.fuJe. 

a b l e  q u a n t i t i e s  of n a t u r a l  urariium were found outdoors  on tile s i t e .  

Samples o f  water taken  from s u r f a c e  water outdoors  on t h e  s i t e  showed 

conc,enkrations o f  2 2  6Ka  above t h e  concen t r a t  inn  guide for water (CGw) 

s t a t e d  i n  10 CFR 29 ,  Appendix B ,  and ERDAM 0524,  hrlex  A. 

No l i c e n s -  

h eva lua t ion  has  been made o f  c u r r e n t  radiation exposures a t  th is  

s i t e  and i s  presented as Appendix I V  (page 95) of t h i s  r epor t .  The 

purpose of t h i s  eva lua t ion  i s  t o  p re sen t  information which will pennj.l 

t h e  reader t o  compare cu r ren t  r a d i a t i o n  exposures from t h e  s i t e  t o  

n o r m 1  background exposures f o r  t h a t  p a r t  o f  F l o r i d a ,  as well  as to 

s c i e n t i f i c a l l y  based g u i d e l i n e  va lues  e s t a b l h h e d  f o r  t h e  pi-otection of 

r a d i a t i o n  workers and members o f  t h e  general public. 

Appendix V provides a t a b l e  of  factors  for use i n  t h e  conversion of  

the units of measurcmer-ut utilized in this r e p o r t  t o  t h e  n~ewly adopted 

I n t e r n a t i o n a l  System a€ U r i i . t s  ( S I ) .  Tiis table can be colisulted when 

comparison of survey d a t a  a-nd results in 51 units is required. 
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Table 1. D i r e c t l y  measured a lpha  and beta-garnma contamination 
levels and e x t e r n a l  gamma r a d i a t i o n  l e v e l s  i n  t h e  
p i  1 o t  p l a n t  

Survey area 
shown i n  

F i g .  3 

Beta-  gamma 
dose r a t e  

a t  1 cm 
i n  c e n t e r  of 
survcy 3TC3. 

(mrad/hr) 

D i rec t  a lpha  
inc as lire r~icn t 

i n  c e n t e r  of 
survey a r e a  
(dpm/100 cm2) 

A 1  
A1N 
A1E 
A1W 
A1S 
A2 
A 2 N  
A2 S 
A2 E 
A21’d 
A3 
A3N 
ASS 
A3E 
A3W 
AS 
AS N 
A5 S 
A5 E 
A5 w 
A 7  
A7 S 
A7 E 
A7N 
A7W 
A6 
A6 N 

. A6S 
A6 E 
AOW 
A 4  
A4-N 
A4 S 
A4 E 
A4W 
A8 
A8 N 
A8 S 
A8 E 
A8W 
B1 
92 
B3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

100 
100 

0 
0 
0 
0 
0 
0 
0 
0 
0 

100 
0 
0 
0 
0 
0 
0 
0 
0 
0 

100 
0 
0 

200 
0 
0 
0 

0.04 
0.03 
0 .03  
0 .03  
0 .03  
0.03 
0.04 
0 . 0 2  
0.03 
0.04 
0.02 
0.03 
0.04 
0.02 
0 .03  
0.02 
0.04 
0 .03  
0.04 
0.03 
0.04 
0.03 
0.03 
0.03 
0.03 
0.02 
0.04 
0.02 
0.03 
0.02 
0.04 
0.03 
0.05 
0 .04  
0 . 0 4  
0.03 
0.03 
0.03 
0.02 
0.02 
0.04 
0.03 
0.02 

Externa l  gamm L 

r a d i a t i o n  l e v e l  
a t  a t  

s u r f a c e  1 m  
(IIR/hT) ( W h f )  

_I__.I____. .__ 

2 2  
31 
25 
22 
28 
19 
25 
2 2  
25 
31 
19 
31 
25 
19 
19 
13 
25 
38 
25 
28 
16 
22  
19 
31 
31 
16 
16 
2 2  
25 
19 
31 
28 
31 
38 
28 
25 
31 
19 
13 
19 
16 
25 
19 

2oa 
N R  
N R  
N R  
NR 
18 
NR 
N R  
NR 
N R  
20 
NR 
NR 
NR 
N R  
NR 
NR 
NR 
N K  
NR 
14  
NR 
N R  
NR 
NR 
18 
NR 
NR 
NR 
NR 
18 
NR 
NR 
N R  
NR 
20 
N R  
N R  
NR 
NR 
18 
24 
20 

a 
N K  = no reading .  
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‘Table 2.  D i r e c t l y  measured a lpha  aiid beta-gamma contamhat i -on 
l eve l s  on overhead surfaces of p i l o t  p l a n t  b u i l d i n g  

Survev area 

Directly measured 
cuntaminati 011 

Alpha Reta- gama 
(dpm/100 an2) ( m r  ad/h-s) 

S ~ I O W H ~  i n  Surf  ace Alignment 
Fig.  3,  

Ceiling 

Be am 

C e i l i n g  

R e a m  

C e i l i n g  

Beaii~ 

Cei 1 ing  

Beam 

Hor izonta l  

Vert  i e  a l  

Hor i z on t a 1 

vert  i c a  a 
I-Iori z0ntaP 

Vert i c a 1. 

Morizsntal  

Vert i ea 1 

100 

0 

0.08 

0.04 

0.08 

0.06 

0,10 

0,08 

0.10 

0.10 
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Table 4. D i r e c t l y  measured a lpha  and beta-gamma contamination l e v e l s  
011 thc overhead su r faces  of  the f i r s t - l e v e l  o f f i c e s  i n  t h e  
process b u i l d i n g  

D i r e c t l y  measured containinat i on 

Survey a r e a  

F i g .  5 

Surface Bet a - gamma 
Alpha dose ra te  shown i n  Surf ace 

a1 ignmen t 
(dpm/100 cm2) a t  1 cm 

(mr ad / h r ) 

1 

1 

2 

2 

3" 

3 

4 

4 

5 

5 

6 

6 

7 

7 

8 

8 

9 

9 

10 

10 

11 

11 

Ce i l ing  

Beam 

Ce i l ing  

Beam 

C e i l i n g  

B e a m  

Ce i l ing  

Re ani 

Ce i l ing  

Beam 

C e i l i n g  

Beam 

C e i l i n g  

Beam 

Ce i l ing  

Beam 

C e i l i n g  

Beam 

Ce i l ing  

Beam 

Cei 1 i n g  

B e a m  

Ilori z o n t a l  

Ver t i  c a l  

Horizontal  

Vert i c  a1 

Horizontal  

Ve rt i ca 1 

Horizontal  

Vert i c a1 

Iior i z ont  a l  

Vert i ca 1 

Horizontal  

Vcrt i c a1 

1 lor i z ont  a 1 

Vert i ea1 

Horizontal  

VET t i ca 1 

Horizontal  

Vertical 

Horizontal  

V e r t i c a l  

Horizontal  

Vertical 

0 

0 

300 

0 

100 

0 

0 

0 

100 

300 

300 

100 

N A ~  

N A 

0 

0 

0 

100 

0 

0 

100 

100 

0.03  

0 .03  

0.01 

0 .01  

0.05 

0.02 

0.01 

0.01 

0.02 

0.01 

0.01 

0 . 0 1  

NA 

N A 

0.01 

0 .01  

0 . 0 1  

0 .02  

0 .02  

0 .01  

0.01 

0.01 

a Room 3 had o r i g i n a l  conc re t e .  Five p o i n t s  were randomly chosen 
f o r  a scan f o r  a lpha  and beta-gamma contamination. The average beta- 
g a m a  measurement was 0 .20  mrad/hr, and t h e  average alpha measurement 
was 840 dpm/100 a i 2 .  

0 .70  mrad/hr ; m a x i m u m  observed d i r e c t  alpha nensairement was 
Maximum observed b e t a - g a m m a  dose ra te  was 

2000 dpm/100 cm2. 

NA -= n o t  a c c e s s i b l c .  
b 
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Tahle  5. Directly measured a l p h a  And beta-gamma c o n t a m i n a t i s n  l e v e l s  
and e x t e r n a l  gama radiation levels i n  survey block5 on Lite 
first level df  t h e  jnw:ejs b u i l d i n g  

Rets -gamma E x t  e -ma l  
Survey 
bloci, Direct a lpha $laximum observed dose  r a t e  Maximum o b s e r v e d  garnma 
shoiin measureinents di.ract a lpna 

a v e r a g e d  measurements 
F i ~ ,  .1 ( d p m / l O O  rin’) (dpn / l00  cmz) 
in 

a t  1 cm b e t a - g a m a  dose r a d i a t i o n  
Ll>JeI-aged rate  a t  1 im level 
O L C I ‘  1 m7 (rnrad/hrj at 1 n 
(mrad/hr )  

F l o o ~  

A1 
A2 
A3 
A4 
A5 
A h  
A7 
A8 
A9 
B1 
A 2  
83 
B4 
65 
B 6  
87 
88 
B9 
c1 
c2  
C 3  
C4 
c5 
C6 
c7 
c0 
C9 
01 
02 
D3 
04 
DS 
06 
D7 
D8 
09 
El 
E2 
E3 
E4 
E5 
E6 
E7 
E8 
E9 
A I 0  
All 
A1 2 
A 1  3 
B10 
B11 
B12 
B13 
C l O  
c11 
c12 
C13 
D10 
Dll 
D12 
013 
E10 
El 1 
E12 
E13 

200 
200 
100 
200 
200 
100 
?no 
100 
100 
100 
200 
200 
100 
100 
100 

0 
200 
100 
100 
200 
100 

0 
100 
100 
100 
100 
2C0 
zoo 
200 
100 
100 
100 
300 
500 
200 
100 
100 
100 
100 
100 
100 
500 

NA 
i o0  
100 
l o o  
100 

zoo 

9 

in0 
zoo 
100 
100 
100 
100 
100 
1011 
200 
101) 
100 
100 
200 
100 
100 
100 

300 
200 
200 
500 
300 
900 
200 
200 
700 
200 
300 
300 
200 
200 
2 00 
200  
200 
200 
300 
100 
300 
zoo 

zon 
2 0 0 

300 
300 
200 
?GO 
500 
300 
200 
200 
200 
401) 

1,100 
4 on 
2 00 
100 
100 
300 
300 
200 

1,lOll 
goo 

z no 

NA 
300 

200 
200 
100 
400 
100 
200 
4 00 
300 
200 
1 GO 
300 
3 00 
300 
300 
300 
300 
300 
200 

0.05 
0.04 
0. OS 
0.09 
0. 0 5  
0 .09  
0.09 
0 . 7 5  
0 .  I S  
0.04 
0.04 
0.07 
0.05 
0.05 
0.24 
0.15 
0.17 
0.35 
0.10 
0 .03  
0 .04  
0.06 
0.10 
0 . 1 4  
0.22 
0.20  
0.13 
N hf’ 
E.IR 

0 . 0 4  
0.04 

0.09 
0.16 
0.16 
0.10 
0.35 
0.05 
0.02 
0.05 
0.04 
0.03 
NH 
NH 
NA 

0 . 4 4  
0 .64  
0.08 
0.08 
0.20 
0.30 
0.08 
0.06 
0.20 
0.05 
0.06 
0.06 
0.11 
0 . 0 5  
0.07 
0.04 
0.12 
G.07 
0.08 
0 . 0 5  

o.on 

0 . 0 6  
0.15 
0.80 
2 .0  
0 .04  
0.15 
1 . 3  
7.0 
1 . 0  
0.07 
0 .05  
0.13 
4 . 5  
0.08 
0.55 
0.20 
0 . 6 0  
3.0 
0.28 
0.10 
0.10 
0 . 1 5  
0 . 2 3  
0.75 
3 . 5  
6.5 
0.25 

N R  
NR 

0.95 
0.08 
0.20  
2.0 
0.23 
0.28 
0.23 
0.15 
0 . 1 3  
0.04 
1.0 
1.0 
0.50 

NR 
NA 

11.0 
5 , o  
1.0 
0.50 
2 . 5  
0.50 
0.15 
0.20 
0.50 
0.25 
0.12 
0.08 
1.5 
0 . 1 1  
0.15 
0.08 
1.0 
0.10 
0.18 
0.10 

Nn 

14 
12 
10 
11 
I 2  
13 
12 
iP 
I 2  
9 
9 
13 
12 

1 3 
2 0 
70 
13 
12 

8 
11 
11 
13 
11 
12 
11 
10 
15 
11 
16 
14 
10 
1s 
12 
13 
9 

18 
1s 
20 
18 
20 

NR 
NR 
FIA 
10 
10 

R 
8 
10 
10 
10 
IO 
14 
14 
XZ 
14 
26 
18 
l a  
10 
10 
10 
24 
30 

14 . 

18 
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T a b l e  5 ( c o n t . ) .  D i r e c t l y  measured a l p h a  and b e t a - g a m a  c o n t a m i n a t i o n  l e v e l s  
and e x t e r i i a l  gamma r a d i a t i o n  l e v e l s  i n  survey  b lochs  on t h e  
f i r s t  l e v e l  of t h e  proces5 b u i l d i n g  

~ - 

Survey 
b l o c h  
shown 

i n  
F i g .  4 

_- 
Walls 

A1 s 
A2S 
A X  
A4 S 
ASS 
A6S 
A75 
A8 S 
A9S 
A1W 
B 1 W  
C l W  
0 1 Y  
E l W  
E l k  
E 2 N  
E 3h 
E4N 
ESN 
EhN 
A 9 E  
B9F. 
C9E 
09 E 
C1N 
C2N 
D3K 
E3W 
Dl S 
D2S 
03E 
07W 
E7W 
D7S 
E7N 
D8 S 
E 8 N  
D9S 
09E 
E8E 
AlOS 
A 1  1s 
A1 2s 
A13S 
A 1  3E 
B13E 
C 1 3 E  
D13E 
E 1 3 E  
E13N 
E12N 
E l l N  
E l O N  
E l  OW 
D l O W  
A 1  OW 
E l o w  
C l O W  

_- 
.- . 

U i r e c t  a l p h a  
measurement !I 

averaged  
(dpm/100 cm2)  

0 
100 

0 
0 
0 

0 
N A  

N A  
hA 
100 

0 
100 

0 
N A  
N A  
NA 
100 
100 

0 
0 
0 

100 
0 
0 

100 
0 
0 
0 
0 
0 

200 
300 
200 
400 
200 
700 
N A  
NA' 
N A  
100 

1 ,000  
600 
200 
200 
100 
100 
N R  
100 
100 
NA 
NA 
200 
NR 
100 

0 
600 
100 
200 

Beta-gamma 
Maximum o b s e r v e d  d o s e  r a t e  

d i r e c t  a l p h a  
measurenen t s 

(dpmf Iflo o n z  ) 

a t  1 cm 
averaged  
over  1 m 7  
(mrndlhr )  
. - 

100 
200 
100 
100 
100 
hA 
100 
NA 
h A 
200 
100 
100 
100 
N 4  
N A  
N A  
200 
200  
200 
100 
100 
100 
100 
100 
?on 
200 
100 
100 
100 
100 
200 

6 , 0 0 0  
600 

17,000 
400 

1 2 , 0 0 0  
N A  

5,000 
N A  

1 , 3 0 0  
2,100 
1,500 

300 
300 
200 
2 00 
NR 
300 
500 
N A  
NA 
400 
N R  
800 
200 
900 
200 
200 

0.02 

0 .02  
0 . 0 4  
0 .  08 

N A  
0 .04  

NA 
N A  
0. 04 
0 . 0 3  
0.0? 
0 .03  

N A  
N A  
Y 4  

0.08  
0 . 0 7  
0.05 
0. 04  
0.0; 
0.07  
0.03 
0.03  
0 . 0 5  
0 .02  
0.07 
0.07 
0 . 0 5  
0 . 0 s  
0 .07  
0 .09  
0 . 0 6  
0 . 3 3  
0.16 
0 .14  

NA 
0.08 

NA 
0 .15  
0 . 1 1  
0 .09  
0 .05  
0.07 
0 . 0 3  
0.04 

N R  
0 . 0 3  
0 . 0 3  

NA 
N A  

0.05 
N R  

0 .19  
0.06 
0 . 1 1  
0 .15  
0.05 

0.02 

heta-gamma dosc 
r a t e  at 1 cm 

( m r a d / h r \  

r a d  1 a t  i on 
l e v e l  

a t  1 m 
( u R h - 1  

0 .05  
0 . 0 5  
0 . 1 5  
0 . 1 5  
1 . 0 

N A  
0.08 

hA 
Y A  

0 . 4 0  
0 . 8 5  
0.06 
I). 07 
hA 
N A  
UA 

0 . 1 3  
0.08 
0 . 0 8  
0 . 0 5  
0 . 1 3  
0.1; 
0 . 1 8  
0 . 0 5  
0 . 0 5  
0 . 0 3  
0.08 
0.08 
0.08 
0 . 0 9  
0.  50 
0.70 
0 . 2 5  
3 . 1  
0 .75  
1 .75  

N A  
0 . 1 8  

N A  
0 .75  
0 . 2 3  
0 .18  
0.08 
0.08 
0.05  
0.08 

N R  
0 .06  
0 . 0 6  

N A  
N.4 

0.06 
NR 

0.50 
0 . 0 8  
0 . 2 3  
0 .18  
0.08 

_________.___II ___.._ ..... 

= N R  - no r e a d i n g .  

bNA - n o t  accessible. 

CArea was n o t  a c c e s s i b l e  f o r  1n01.e t h a n  one  r e a d i n g .  

hR 
Y R  
N R  
NR 
hR 
Y R  
Y R  
h H  
V U  
N R  
NR 
Y R  
U R  
N R  
N R  
N R  
Y R  
N R  
hR 
N R  
N R  
N R  
N R  
Y R  
N R  

N R  
NR 
N R  
hR 
N R  
N R  
N R  
N R  
N R  
N R  
N R  
N R  
NR 
N R  
N R  
N R  
N R  
N R  
N R  
N R  
N R  
N R  
N R  
N R  
NR 
N R  
EIR 
NR 
N R  
N R  
N R  
N R  

iw 
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'Table 6 .  D i r e c t l y  iiiL>asiired al[~ha and beta-gamma contaminat ion  
l e v e l s  oii t h e  overhead s u r f a c e s  of t h e  f i r s t  l e v e l  
of the process  b u i l d i n g  

-II.._ -..I..--- _I_ 
_____...I.._.... L._.__ __l........l.-_l ~ _ _ _  . - ~  ~ ............_I__ 

Block no. 
s h m n  i n  

Fig. 4 
Sur face  

Sur fact., 
a 1  ignmcri t 

D i r e c t l y  measured contaminat ion  

Beta-ganuna 
A l p h a  dose r a t e  

( m a d  / h r ) 

.................................. ~ 

(dpm/100 cm2) a t  1 f-'m 

E 6 
EOC 
D6 C 
D6 C 
DS C 
D5 C 
D4C 
D4 C 
E5C 
FSC 
E 3 C  
E4C 
D3C 
D 3 C  
E 3 C  
E3C 
C 1 C  
C l C  
B I C  
B1C 
C2C 
C2C 
A I C  
A l C  
A2 C 
A2C 
A3C 
A3C 
A4 c 
A4C 
R4C 
B4C 
AS C 
A5C 
A6 C 
A6 C 
BS C 
BSC 
BG C 
B6 C 
C4C 
CSC 
CSC 
c5 c 
A? C 
A7C 
A8 C 
A8 C 
A9C 
A9C 
B9C 
B9C 

C e i l i n g  
BC3Ifl 

Cej l i n g  
Be am 
Cei l i n g  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Be ani 
Cei 1 ing 
Ream 
C e i l i n g  
Beam 
Ceiling 
Be a m  
C e i l i n g  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Be ain 
C e i l i n g  
Beam 
C e i l i n g  
Be am 
C e i  1 ing  
Beam 
C e i l i n g  
Ream 
C e i l i n g  
Beam 
C e i l i n g  
Beam 
Cei 1 ing  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Beam 
Cei 1 ing  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Beam 

I-lori zon ta l  
V e r t i c a l  
l-lori zon ta l  
Ver t i  ca 1 
llori zonta  1 
V e r t i c a l  
Horizontal 
Vc r t i ca 1 
t lori  zon t a1 
Vcrt ic .a l  
l l o r i zon ta l  
V e r t i c a l  
Hor i zon ta l  
V e r t i c a l  
l l o r i zon ta l  
Vert i ca 1 
t l n r i  zon ta l  
Vert  i c  a1 
llor i z on t a 1 
V e r t i c a l  
I l o r i zon ta l  
Vert i c a 1 
Hor izon ta l  
V e r t i c a l  
1lor.i zon t a I 
V e r t i c a l  
Hori zoii t a 1 
V c r t i c a l  
Horizontal 
Vert i ca  1 
Hori zon l a  1 
V e r t i c a l  
Hor izonta l  
Vert i c a 1 
Hor i zon ta l  
V e r t i c a l  
€lor i zon t ill 
Vertical 
Hor i zon ta l  
V e r t i c a l  
Hori zonta 1 
V e r t i c a l  
Hori  zorita 1 
Vertical 
Hor i zon ta l  
V e r t i c a l  
Hor i zon ta l  
Vertical 
Hor i zon ta l  
V e r t i c a l  
Hori zontal 
Vertical 

0 
100 

0 
0 

100 
100 
200 

0 
0 

100 
100 

0 
0 
0 
0 

100 
100 

0 
100 

0 
100 

0 
0 

100 
0 
0 

100 
100 

0 
100 
200 

0 
0 
0 
0 
0 
0 

100 
0 
0 

200 
0 

100 
0 
0 

100 
100 
100 

0 
0 
0 

100 

0.03 
0 .04  
0.02 
0 .02  
0.02  
0.02 
0.02 
0.02 
0 .03  
0 .02  
0 .02  
0 .02  
0 .03  
0.03 
0.01 
0 .01  
0 .02  
0.02 
0 ,02  
0 .01  
0,02 
0.02 
0 .03  
0.04 
0.04 
0.03 
0.03 
0 .02  
0.01 
0 .01  
0.02 
0 .01  
0 .01  
0 .01  
0.02 
0 ,01  
0 .08  
0.23 
0.08 
0.05 
0.02 
0.02 
0.02 
0 .0  
0.03 
0.01 
0.03 
0 .01  
0.01 
0.01 
0.01 
0.01 
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Table 0 ( c o n t .  J .  D i r e c t l y  measured a l p h a  and beta-gamma contaminat ion  
l e v e l s  on t h e  overhead s u r f a c e s  of t h e  f i r s t  l e v e l  
of  t h e  p r o c e s s  b u i l d i n g  

Block no.  
shown i n  

F ig .  4 
Su I f a  c e 

bur face  
a1 L gnment 

D i r e c t l y  measured contaminat ion 

Beta-gamma 
Alpha dose r a t e  

a t  1 cm 
(mrad/hr)  

~ _ _  .... ___ .. - 

(dim/ 100 c m 2 )  

B8C 
B8C 
C6C 
C6 C 
CSC 
C8C 
C7C 
C7C 
D l O C  
Ill0C 
D11C 
01 1C 
D 1 2 C  
D l 2 C  
D13C 
U13C 
E l O C  
E l O C  
E l l C  
E l  1C 
L 1 2 C  
F12C 
E13C 
E 1 3 C  
Bl0C 
B l O C  
B l l C  
B11C 
C l l C  
C l l C  
C l O C  
Cl0C 
c12c 
c12c 
B12C 
B12C 
C 1 3 C  
C 1 3 C  
B13C 
B 1 3 C  
A 1  3C 
A 1 3 C  
A12C 
A12C 
A 1  1 C  
A 1  1 C  
A l O C  
A l O C  

C e i l i n g  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Beam 
C e i  1 ing  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Be am 
C e i l i n g  
Beam 
C e i l i n g  
Beani 
C e i l i n g  
Beam 
C e i l i n g  
Beam 
Cei 1 i n g  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Be am 
C e i l i n g  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Beam 
C e i l i n g  
Be anr 

t lor i 2 on t a 1 
Vertical  
lior i ion t a1 
V e r t i c a l  
Hor izonta l  
Vert i c a 1 
Hor izonta l  
Vert i c a1 
Ilori z o n t a l  
Vert  i c a l  
Ilori zonta l  
Vertical 
Hori -on t a1  
Vert i c a  1 
H o r i z o n t a l  
V e r t i c a l  
fiori zont  a 1 
V e r t i c a l  
I lor i zonta  1 
Vert i c a  1 
Hori zon t a1  
Vertical  
t lo r i z ont  a 1 
Ve r t  i ca 1 
flori zon t a1 
Vertical  
H o r i z o n t a l  
V e r t i c a l  
Hor izonta l  
V e r t i c a l  
Hori zonta  1 
Vert i c a 1 
Hori zon  t a1 
Vertical  
Hor izonta l  
Vertical 
Hor i z on t a1  
Vertical 
H o r i z o n t a l  
Vertical 
tlori zon t a l  
Vertical  
I lor i z on t a 1 
Vertical  
H o r i z o n t a l  
Ver t i ca 1 
H o r i z o n t a l  
Vertical 

100 
0 
0 

100 
0 

100 
2 0 0 

0 
2 0 0 
0 

ILiO 

400 
100 

0 
0 

300 
0 

100 
0 

200 
0 

300 
0 

100 
100 
100 
100 
100 

0 
100 

0 
100 
100 
100 
100 
400 
100 
300 
100 
200 
200 
100 

0 
200 
100 
100 
200 

I on 

0.01  
0 . 0 1 
0 .01  
0.02 
0 . 0 1 
0 . 02 
0 .03  
0.05 
0.04 
0 . 0 2 
0 . 0 4  
0.02 
0.05 
0 .03  
0.03 
0.03 
0 .03  
0.01 
0 .04  
0 . 0 1  
0.04 
0 .04  
0.04 
0 . 0 3  
0 . 0 5  
0.03 
0.18 
0.03 
0 . 1 4  
0 . 0 3  
0.03 
0 . 0 3  
0 .05  
0.03 
0.05 
0.04 
0 .08  
0.03 
0.05 
0.03 
0.20 
0 . 0 3  
0.16 
0.03 
0 .15  
0.03 
0.09 
0.13 

....... __ .... .. . . . ~ ~  _. 
a 

C = c e i l i n g .  



47 

Table 7 .  Ilranium-238 concentrations i n  samples of  residue 
c o l l e c t e d  i n  survey b locks  on t h e  second f l o o r  
of t h e  former uranium recovery ~ ~ Q C ~ S S  p l a n t  

.̂ ..._. l_l__ 

lock no. 'U concentration show1 i n  
Fig.  6 (pCi/gI 

-.--- -..__I 

A 1  
A2 
A3 
A4 
Ali 
B l  
R2 
B3 
B4 
B5 
C1 
c2 
c3 
c4 
c5 
Dl 
D2 
D 3  
Eb4 
US 
E l  
E2  
E3 
E4a 
E4b 
E5a 
E5b 
F 1  
F2 
F 3  
GL 
G2 
G3 
H1 
H2 
H 3  

150 
50 
26 
49 
37 

130 
56 
87 
36 
43 
95 
75 

180 
45 
39 

130 
1.18 
58 
27 
38 

4008 
750 

38 
27 
26 
29 
35 
67 
38 
28 
68 
43 
38 
41 
36 
41 
I. 
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Fable 5 .  Radionuclide conceri t ra i ions i n  misce l laneous  r e s i d u e  
and s o i l  samples 

.. __________....I" .....I--- ..... .......... __, ---. 

Sample 
code 

___. . 

m Q i  

GEO2 

GkQ.5 

GARSA 

GARSB 

GARC 

(;4RSB6 

GARSC6 

GAROSl 

Sampi e 
1 o c a t  i on 

Second l e v e l ,  p rocess  bu i ld ing :  
i n t c r s e c r i o n  of blocks  D 2  and 
F 2 ;  par1 of b a l l  mill 

Second l e v e l ,  p iocess  b u i l d i n g ;  
b lock  C 1 ;  t aken  Irom LW\E 
r e a c t i o n  v e s s c l c  

Second l e v e l ,  p rocess  b u i l d i n g :  
i n s i d e  d r y e r  

Outs ide  process  b u i l d i n g ;  n o r t h e r r -  
ldast p i p e  j o i n t s -  -at w e c t  end 

Outs ide  ~ T O C C S S  b u i l d i n g ;  southem-  
most p i p e  j o i n t s - - a t  west end 

Grid block K12 i n  e l eva to r  p i t  on 
n o r t h  s i d e  of process b u i l d i n g  

S u r l x e ,  o l d  d r y e r  l o c a t i o n  at 
g r i d  p o i n t  B6 

Old d r y e r  l o c a t i o n  o u t s i d e  
p rocess  p l a n t  a t  g r i d  p o i n t  C 6  

Su r face  s o i l  from east  s i d e  of 
b r i d g e  on U.S. 4 1  ove r  M a f i a  
River 

Radionucl i d e  concen t r a t ions  
(pCi/g) 

232--- 
238" 226Ra I h  

3 ,000  

300 

13,000 

27 

1 7  

85 

28 

6 . 8  

0 . 2  

50 

18 

a 

380 

2,400 

17 

29 

7.6 

0.5 

1 2  

<O.Q 

a 

<0.8 

<0. 6 

0.9 

0.9 

0.4 

0.2 

"This r a d i o n u c l i d e  n o t  determined in t h i s  sample due t o  s p e c t r a l  
i n t e r f e r e n c e s .  



Floor  

A 1  
A2 
A 3  
A4 
'1 5 
E1  
82 
E3 
E4 
E 5  
C 1  
c2 
r.3 
c4 
C 5 
D l  
DZ 
D 3 
D4 

E l  

E3 
E 4  
E5 

F2 
FA 
F4 
FS 
61 
62 
6.3 
c4 
65 
111 
H2 
w 3 
H4 
H5 

-- -- 

D5a 

EL" 
..a 

F la 

100 
200 

1,500 
500 
600 
300 
50G 
100 
400 
200 
300 
200 
400 
200 
300 
7 00 
200 
100 
Z00 
200 

1,400 
200 

NA 
N A  
100 
N/I\ 
NA 
NA 
NA 
100 

0 
100 
NA 
NA 
100 
200 
200 
N.4 
M4 

2 OB 

m o  
B O O  

1,800 
600 

1,100 
5 00 

1,100 
300 
600 
300 
600 
500 
900 
600 
601) 
400 
300 
200 
200 
4 00 

2,600 
500 
300 
WA 
NA 
300 
NA 
NA 
NA 
NA 
200 
200 
2 00 
NA 
NA 
300 
300 
300 
NA 
NA 

0,08 
0.117 
0 - 2 8  
0.11 
0.09 
0 . j 2  
0.12 
0.03 
0.11 
0 - 0 6  
0 .01  
0.09 
0 .12  
0.09 
0.16 
0.14 
0 - 1 5  
0.13 
0.10 
0.06, 
1 . 3  
0 .28  
0.13 

NA 
0.09 
0.11 
0.09 
0.08 

NA 
0 - 0 7  
0.04 
0 03 
0.0.3 
N A 
NA 

0,04  
0,07 
0.04 

NA 
NA 

0,15 
0.10 
0.40 
0.13 
0.10 
1.5 
0.15 
0.10 
0.13 
0.10 
0.10 
0-13 
0.18 
0.10 
0.18 
0 - 2 0  
0.20 
0.15 
0.15 
0.10 
2 . 5  
0.75 
0.15 

NA 
0.10 
0 . 1 3  
0.15 
0.10 

NA 
0.10 
0.08 
0.05 
0.08 

N A  
NA 

0.08 
0.08 
0.09 

NA 
NA 

32 
40 
80 
36 
21 
30 
40 
44 
36 
44  
30 
40 
40 
24 
56 
30 
52 
52 
5 L  
5 2  
30 
32 
30 
an 
70 
30 
3 D 
30 
24 
34 
22 
13 
5 
4 

12 
26 
26 
6 
9 

12 

-- 
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T a b l e  9 ( c o n i . ) .  D i r e c t l y  measured aLp%a and  b e t a - g a m a  c o n t a m i n a t i o n  l e v e l s  and 
e x t e r n a l  gamma i -ad j -a t ion  l e v e l s  on t h e  f l o o r  and lower wal ls  
o f  t h e  second l e v e l  o f  t h e  p r o c e s s  b u i l d i n g  

Survey 
b l o c k  
shown 

i n  
F ig .  6 

Walls 

.41N 
B i E  
B1W 
A1S 
A 1 N 
A 2 N  
B l N  
C 1 N  
D 1 N  
E 1 N  
FIN 
F I E  
F L t  
F3E 
G3W 
G 2 W  
G I W  
G 1 N  
H 1 N  
::1F 
H2 E 
H3E 
H3S 
G3S 

Direct a1 pha blaxinium observed  
measureinent s d i r e c t  a l p h a  

averaged  aieasurement s 
(dpm/l00 cm2) (dpm/l00 ciirZ) 

0 
100 
200 
100 
100 
200 
200 
100 
100 
100 
100 
100 
100 
100 
100 
100 

0 
100 

0 
100 
100 
100 
100 
100 

100 
?OO 
2 00 
400 
200 
io0 
300 
300 
2 00 
100 
200 
200 
200 
100 
200 
100 
100 
200 
100 
200 
400 
200 
200 
100 

............................. ___ ... 
Bet a-  gamina E x t e r n a l  
dose r a t e  Phximum o b s e r v e d  g a m a  

a t  1 cm beta-gamma d o s e  r a d i a t i o n  
averaged  

(mrad/hr )  
o v e r  1 i i 2  

...... 

ra te  a t  1 cm l e v e l  
(inrad/hr j a t  1 m 

(uR/hr)  
- ____ 

0 . 0 8  
0 . 0 5  
0 . 0 8  
0 .05  
0 .06  
0 . 0 8  
0 . 1 6  
0 .18  
0.17 
0 .15  
0.07 
0 .07  
0.04 
0 .06  
0.02 
0.02 
0.02 
0 .05  
0 .04  
0 . 0 3  
0 .06  
0.01 
0 .01  
0 . 0 1  

0 . 1 3  
0 . 1 3  
0 . 1 3  
0 . 6 0  
0 . 0 8  
0 . 7 0  
0 .25  
0 . 2 3  
0 . 2 0  
0 .18  
0 . 1 3  
0 . 1 0  
0 . 0 8  
0 . 0 8  
0 .08  
0 . 0 5  
0 .05  
0 . 0 8  
0 . 0 6  
0 . 0 5  
0 . 1 5  
0 . 0 5  
0 . 0 5  
0 . 0 5  

N R' 
N R  
NK 
N K  
NR 
N R  
N R  
N R  
NR 
N R  
NR 
N R  
NR 
NR 
N R  
NE 
N R  
NR 
P R  
E.l R 
NR 
NP 
N R  
NR 

a S u r f a c e  a r e a  covercd  w i t h  r r ,o i s ture .  

bBA - no t  a c c e q s i b l e .  

'NR - no r e a d i n g .  



Table 10. Di rec t ly  measured alpha and beta-gamma contamination 
l eve l s  UII nverhead sur faces  i n  the second leve l  of 
t h e  process b u i l d i n g  

~ . 

Direc t ly  measured contamination 

(mad/ h r )  

A 1  C" 
A l C  
A4 C 
A4 C 
A3C 
A3C 
B l C  
R 1 C  
B4C 
B4 C 
B3C 
83C 
CIC 
c1c 
c4 C 
C4G 
C3C 
c3c 
D1C 
n l  c 
u4c 
D4C 
D3C 
D3C 
ElC 
E1C 
E 4 C  
E4C 
E 3c 
E 36 
F1C 
F1C 
F4 c 
F4C 
F3C 
F3C 
G 1 C  
G1C 
G2C 
G2C 
G3C 
C3G 
I-I1 c 
H l C  
M2 c 
H2C 
H3C 
M3C 

Ceil ing 
B e a n  
Cei l i n g  
Bean1 
Cei l ing 
B e a m  
Cei l ing 
B e a m  
Ceilirig 
Beam 
Cei l ing  
Bern 
Cei l ing 
B earn 
Cei l ing  
3eam 
Cei 1 ing  
B e a m  
Cei l ing  
Beam 
Cei l ing  
Beam 
Cei l ing 
Beam 
Cei l ing  
Beam 
Cei l ing  
Beam 
Cei l ing  
Bean 
Ceil inig 
Beam 
Ceil j ng 
Be am 
Cei l ing  
Beam 
Ceil ing 
Beam 
Cei l ing  
Beam 
Ceil ing 
Beam 
Cei Z ing 
Beam 
Cei l ing  
Beam 
Cei l ing  
Beam 

Horizontal 
Ver t ica l  
Wor i zon t al  
\I er t i cal  
1 io I' i zont a1 
Ve r e ical  

Vert i cal 
!fori zorital 
Vert j  ca l  
Horizontal 
Ver t ica l  
Hor i z onto 1 
Vertical 
Hori zonta?  
Vertical 
Hori zontal  
Vertical 
Hori zont a1 
Vertical 
Horizontal 
Vertical 
Ibr izonta  1 
Vertical 
Horizontal 
Ver t ica l  
Ho r i z ont a 1 
Vereical 
Horizontal 
Vert icaL 
Horizontal 
Vertical. 
Mo ri z ont a l  
Vertical 

Vertical 
Ho r i. zont a1 
Vertical 
Ho rizsntal 
Vert i ca 1 
['lor i zunt a l  
Vertical 
Plo r i z on t al  
V e r t  i c a 1 
liOriZOntt3l. 
Vertical 
Horizontal 
Vertical 

~ O r i Z U K l ~  a1 

HO ri Z O A t  31 

200 
400 
200 

0 
SO0 

0 
300 
100 
200 
100 

0 
0 

200 
100 

0 
100 
200 
200 
600 
200 
100 
200 
200 
100 
200 
200 
2 00 
100 
200 
J O O  
100 
500 

0 
0 

200 
100 
700 
300 
400 
400 
500 
lo0 
290 
100 
300 
400 
400 
300 

o.oa 
0"06 
0.05 
0.06 
Oslo 
0.06 
0.11 
0.10 
0.08 
0.04 
0.07 
0.05 
0.11 
0.10 
0.06 
0.05 
0.06 
0.06 
0 .13  

0.08 
0*05 
0.06 
a .  05 
0.13 
0.08 
0.04 
0.01 
0.03 
0 .03  
0.08 
13.06 
6.06 
0.06 
0"04 
0.01 
0.06 
0.07 
0.05 
0.01 
0.03 
Q,01 
0.84 
0.03 
o.cs 
0 * 0 2  
U,Q6 
0.03 

0.08 

lll___ -" 
ll 

C - ce i l i ng .  
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A 1 

I32 

Cl 
c2 

c3 

C4 

c 5 

C 6  

c7 

C8 

c9 

c10 

E m a  

DEI 

100 

0 

100 

200 

400 

200 

300 

100 

300 

200 

300 

109 

208 

200 

0.08 

0*05  

0 .04  

0 , 0 3  

0.05 

0 , 0 3  

0.04 

0.04 

0 .  0.7 

0.04 

0,05  

0.05 

6.05 

0 , 1 4  

35 

3 I 

4 4 
31 

31 

31 

31 

31 

31 

13 

31 

47 

47 

140 

3.2 

.?I 8 

19 

38 

42 

42 

so 
48 

40 

20 

10 

28 

40 

70 

Qn f l o o r  o f  e levator  p i t .  
a 
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‘Table 14  D i r e c t l y  mcasured beta-gamma contamination levels  
and e x t e r n a l  gamma r a d i a t i o n  l e v e l s  outdoors i n  
t h e  former p i l o t  ope ra t ions  area 

I3 e t  a - gama External  gamma External  gamma Grid po ins, 

i”g. 8 

shown i n  dose r a t e  r a d i a t i o n  l e v e l  r a d i a t i o n  l eve l  
a t  1 Clll a t  t h e  s u r f a c e  a t  1 IIL 

(mrad/hr) ( V R f h T l  (vR/hr 1 

A 1  
A5 
A8 
B 1  
B 5  
939 
c 1 
c2 
C3 
c4 
c 5 
CG 
c7 
c 8 
C9 
D l  
D 2  
D3 
D4 
DS 
D6 
D7 
14 8 
D9 
E l  
E2 
E3 
E4 
E 5  
[: 6 

E7 
E 8  
E 9  
F J. 
F2 
F 3 
I: 8 
F 3  
G 1 
G2 
G 3 
G4 

2 

0.11 
0.05 
0.08 
0.07 
0.08 
0.06 
0.12 
0. os 
0.08 
0. 0s  
0.07 
0.07 
0 . 1 3  
0.10 
0.15 
0. 11 
0.08 
0.06 
0.06 
0.05 
0.08 
0.10 
0.11 
0.18 
0.08 
0.13 
0.05 
0.06 
0.05 
0.08 
0.03 
0.07 
0.11 
0.09 
0.17 
0.0% 
0.02 
0. os 
0.13 
0.13 
0.06 
0.05 

78 
47 
31 
47 
63 
63 
94 
78 
6Xa 
16 
47 
47 
7 5  
78 

110 
63 
7 8  
63 
78 
47 
6 3  
63 
69 
63 
94 
94 
47 
47 
44 
31 
31 
47 

110 
9 ‘4 

140 
31 
16 
23  

130 
94 
63  
47 

40 
42 
40 
60 
50 
50 
76 
60 
56 
56 
46 
50 
50 
60 
60 
80 
7 2  
66 
60 
70 
76 
60 
54 
70 
90 
70 
50 
50 
46 
48 
50 
56 
60 

100 
80 
60 
40 
60 
90 
70 
50 
40 
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Table  1 4  (cont .  ) . D i r e c t l y  measured beta-gamma contaminat ion levels  
and e x t e r n a l  gamma r a d i a t i o n  l e v e l s  outdoors  i n  
t h e  former p i l o t  ope ra t ions  area 

.. ._ - - - 

Beta-gamma Externa l  gamma F x t e m a l  gamma 
Grid p o i n t  

shown i n  
Fig.  8 

dose r a t e  r a d i a t i o n  1 ev e l  r a d i a t i o n  l e v e l  
a t  1 ciii a t  t h e  surface a t  1 m 

(mrad/ h r  ) (uR/hr 1 c P k/ 1 

G5 
G 6  
G7 
G8 
Gc3 
H1 
€12 
1-13 
H4 
1-15 
H6 
1-17 
H8 
I1 
12  
I3 
I4 
I5 
16 
I7  
I8 
I9 
J1 
55 
58 
K 1  
KS 
K8 

0 . 0 2  
0 .02  
0 .02  
0 .02  
0 .03  
0.08 
0.10 
0.14 
0.06 
0.08 
0 .09  
0 .09  
0.10 
0.10 
0.13 
0 .06  
0.07 
0.08 
0.09 
0.06 

NA 
0 . 1 2  
0.08 
0.06 
0 .23  
0.07 
0 . 0 6  

0 .03  

16 
16 
16 
16 
23 
56 
78 
63 
38 
78 
2s  
47 
7 8 
7 8  

110 
63 
56 
38 
56 
63 
31 
NA 
94 
78 
63 

190 
63 
47  

30 
20 
2 2  
40 
44  
76  
74 
44 
5 4 
40 
30 
40 
so 
74 
80 
64 
50 
44 
48 
40 
40 
50 
80 
44 
40 
90 
50 
40 

a Concrete s u r f a c e .  

NA - n o t  a c c e s s i b l e .  
b 
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‘l‘zbl e 15-  ,Yadioiiuclide concentrat ions (gGi/g) i n  surface 
soi 1 samples takcri i n  t h e  p i l o t  p l a n t  area at 
g r i d  po in ts  

2 3 B U  

A 1  

A8 

E 5 

1.2 

CE: 

E 3  

r8 

G3 

GT, 

I2 

18 

.J5 

K” 1 

& B  

2 0  

18 

5 , 6  

3 . 4  

32 

5 . 1  

22 

24 

36 

13 

38 

13 

22 

1 2  

33 

25 

7 . 7 

4 . 3  

40 

5.6 

26 

27 

36 

30 

32 

15  

Id8 

9.8 

0 .7  

0.6 

0,4 

0 . 3  

1.6  

0 . 3  

0 . 9  

1.9 

1 * 9  

1.2  

1 . 8  

0.6 

1.5 

0 - 6  
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'Table 16. D i r e c t l y  measured beta-gaiiima contaminat ion l e v e l s  
and extcrnal  gamma r a d i a t i o n  l e v e l s  outdoors  i n  
t h e  process  p l a n t  area 

E c t  a- gamma Externa l  gamma E xt e lrli a1 gunma 
r a d i a t i o n  l e v e l  

a t  1 111 

Grid po in t  
shown i n  

F i g .  8 

dose r a t e  r a d i a t i o n  l e v e l  
a t  1 cm a t  t h e  s u r f a c e  

(mrad/hr ) (uK/hr)  (W/hr )  

A6 
A 8  
A I 0  
A 1  2 
A 1  4 
R.3 
c5  
C6 
C7 
C8 
C9 
c10 
c11 
c12 
c7.3 
c14 
c15 
D 1  
D2 
D4 
D 5  
D6 
D7 
D 8  
D9 
D l  0 
D i  1 
D 1 2  
D 1 3  
D14 
D 1 5  
D16 
D 1 8  
L5 
E 6 
El4 
c:5 
F5 
Fb 
E14 
F l 5  
G I  6 

0.09 
0.14 
0.08 
0.08 
0.11 
0.04 
0.06 
0 .09  
0 . 0 5  
0 . 0 5  
0. os 
0.05 
0 .04  
0 .07  
0.03 
0 .03  
0.08 
0:09 
0.09 
0.06 
0.13 
0.16 
0 .07  
0.04 
0.07 
0.12 
0 .07  
0.13 
0.06 
0.03 
0.10 
0.06 
0.07 
0.11 
0 .29  
0.03 
0 . 1 0  
0 . 1 1  
0.07 
0 .03  
0.08 
0.05 

56 
63 
63 
63 
31 
31 
47 
2 E; 
31 
47 
31 
38 
31 
47 
25 
25 
50 
6 3  
50 
56 
31 
69 
a 7 
38 
47 
31 
47 
31 
16 
31 
63 
47  
47 
78 

190 
22 
44 
63 
31 
2 2  
44 
31 

60 
54 
46 
50 
50 
44 
50 
52 
44 
40 
32 
32 
SO 
30 
30 
26 
36 
70 
52 
46 
4 2  
42 
40 
34 
26 
32 
32 
30 
22 
26 
40  
20 
48 
44 
54 
30 
40 
40 
60 
24 
30 
3 6 
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raljle 16  (cont .  ) . D i r e c t l y  mcasured beta-gdmma contaminat ion l e v e l s  
. and e x t e r n a l  g a m a  r ad ia t ion  leiiels outdoors i n  

the proccss p l a n t  area 

Ret a - gamma ExLerl1nl b 7 amma Extenaal gamna Grid poin t  
shown i n  

Fi-g. 8 

dose  r a t e  radiat ion l e v e l  ~ a d - i a l t i ~ n  l e v e l  
at I cm a t  t h e  surface a t  1 m 

(mrad/hr ) (11 n/ h r 1 ( V W h ~ l  

ti18 
HS 
Hcj 

H14 
H 1 5  
15 
16 
I14 
115 
54 
J S 
J 6 
J l O  
J P 1  
5 1 4  
.JJ.S 
JIG 
J18 
K5 
K6 
K7 
K 8  
K9 
IC10 
K 1  I 
K14 
K15 
1 3  
L17 

M8 
Ml 0 
M12 
M14 
N 6  
N10 
N14 
A1 6 
A 1  8 
F1 
F2 
F4 

rq6 

0 - 0 9  

0.08 
0 .03  
0.10 
0.16 
0.16 
0.01 

0.05 

0.0.3 
NAl” 

0.19 
0.24 

NA 
NA 

0.02 
0.09 
0.12 
0.13 
0,14 
0 .20  
0 ,19  
0.08 
0 .13  
0.18 
0.30 
0.11 
0.11 

NA 
NA 

0.32 
0.26 
0.29 
0.13 
0.17 
0.47 
0.70 
0.50 
0.08 
0.08 
0.09 
0.11 
0.10 

63 
56 
47  
28 
25 

160 
140 
13 
47  
NA 

190 
160 
NA 
N &@I 

13 
63  
94 
35 
94 
94 

130 
78 

1 10 
160 
130 

94 
94 
NA 
NA 

280 
220 
250 
130 
130 
470 
4 70 
34 0 

50 
56 
56 

110 
88 

50 
62  
46 
28 
40 

110 
82 
20 
32 
92 

110 
90 
66 
60 
54 
50 
70 
40 

110 
120 
110 
80 

110 
110 
100 

90 
94 

130 
60 

140 
140 
140 
120 
110 
300 
2 00 
200 

48 
48 
50 
62 
54 
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Table I 6  (cont . )  . Direc t ly  measured b e t a  -gamriia contamination l ~ v c l s  
and external  gamma r a d i a t i o n  l e v e l s  o u t d o s ~ ~  i n  
t h e  process p l a n t  area 

- _ l _ l _ _ _ _ l _ _ _ _ ^ _ ~  __I ~- __ __ __ __ __ ~- . -  
Bcta -garmila Externa l  gamma EX? c’: 11 J 1 gainii-ia 

rad io t ioii 1 eve! Grid po in t  
shown i i i  

Fig. 8 

dose r a t e  radiation l e v e l  
a t  1 cm a i  t h e  m r f a c e  at 1 m 

(mrad/hr) (uR/h-ir) (LI n/ h-r ) 
- ~- - .I___ ~ .__II^- _ _ _ ~  ---- __ ~1 __ 

N 3  0.38 
N 8  0.50 
N12 0 .31 
N I G  0 .25  
N18 0.28 

380 
310 
310 
2.50 
190 

240 
7 8 0  
240 
160 
1 00 

a 
NA - n o t  accessible. 
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Table  17. Kadionuclide concen t r a t ions  (pCi /g)  i n  surface 
s o i l  samples taken i n  t he  process b u i l d i n g  
area a t  g r i d  po in t s  

Sampl. e 
1 o c a t  ion 
shown i n  2 3 8 1 J  22sRa 32Th 

F i g .  10 

A18 

R 3  

c10 

D 6  

D14 

F4 

G 1 6  

J 6 

J 1 S  

K10 

L 3  

L17 

N18 

32 

39 

12 

22 

29 

7.9 

33 

17  

22 

9.7 

10 

11 

15 

31 

14 

14 

76 

26 

20 

31 

38 

25 

42 

49 

190 

49 

1.1 

0 .8  

0.4 

1.1 

1.8 

U 

1 . 3  

0.5 

0.7 

0.5 

0.6 

1 . 4  

T h i s  sample was n o t  analyzed f o r  t h i s  r ad ionuc l ide .  cx 
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Table 18 D i r e c t l y  mcasured beta-gamma contaminat ion l e v e l s  
and e x t e r n a l  ganuna r a d i a t i o n  l e v e l s  outdoors  i n  
the former d rye r  l o c a t i o n  

Beta-gainma External  gamma External gamma 
dose  r a t e  radiaLion l e v e l  r a d i a t i o n  l e v e l  

a t  t h e  surface a t  1 m at 1 cm 
(nirad/hr) (P K/hr 1 (uWhr1 

A0 
BO 
CO 
A1 
A2 
A3 
A4 
A5 
A6 
A 7 
A8 
I31 
B2 
B3 
B4 
BS 
R6 
B7 
B 8  
c1 
c2 
c3 
c4 
c5  
C 6  
c 7  
C 8  
D1 
D2 
D3 
D4 
DS 
D6 
D7 
D 8  
DO 
EO 

' E l  
E 2  
FO 
F 1  
G O  

0.17 
0 . 0 7  
0.06 
0 .04  
0 .03  
0 . 0 4  
0.06 
0 . 0 7  
0.07 
0.09 
0.08  
0 .03  
0 .0s  
0.04 
0.06 
0.09 
0 . 0 s  

NA 
0.05 
0.05 
0.06 
0.04 
0.05 
0 . 0 7  
0.06 
0 . 0 8  
0.05 
0.05 
0.03 
NA 
NA 
0.09 
0.07 
0.04 
0.05 
0 .04  
0.08 
0.08 
0 .06  
0 .08  
0 .  O b  

N A ~  

63 
56 
.3 8 

4 
2 5 
44 
50 
56 
63 
81 
75 
19 
44 
50 
56 
50 
44 
NA 
NA 
50 
50 
44 
44 
44 
63 
56 
81 
47 
44 
28 
NA 
NA 
47 
so 
44 
31 
38 
25 
44 
so 
38 
16 

18 
16 
16 
18 
16 
36 
30 
44  
/? 4 
50 
52 
16 
26 
34 
34 
30 
46 
52  
7 u 
24 
26 
30 

30 
30 
46 
56 
20 
26 
26 
N A 
NA 
28 
36 
40 
24 
20 
20 
24 
20 
16 
16 

3c) 
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Table 18 (cont .) . D i r e c t l y  measured beta-gamma contamination levels 
and e x t e r n a l  gamma r a d i a t i o n  l e v e l s  outdoors i n  
the former d rye r  l o c a t i o n  

Grid p o i n t  B e t a  -gama  Exterr1al ganll11a External  gamma 
dose ra te  radi 31 ion  1 eve1 r a d i a t i o n  l e v e l  shown i n  

F i g .  10 a t  1 cm a t  t h e  surface at I rn 
(111 rad/ h r  ) ( i R h - 1  ( 1 J R h r )  

G P  
G 2  
€10 
H 1 
H2 
143 
10 
11 
1 2  
I3 
E 7 
E 8  
Fb 
F7 
F 8  
Gf,  
e7 
G8 
I17 
H8 
18 

0.05  
0,04 
0.0s 
0.05 
0.0% 
0.06 
0.06 
0.05 
0.04 
0. os 
0 ,  os 
0 - 0 5  
0.08 
0 .07  
0.07 
0*07  
0.07 
0.05 
0.04 
0.07 
0.06 

41 
31 
50 
38 
1 9  
19 
38 
38 
16 
38 
38 
38 
38 
31 
66 
50 
69 
50 
44 
56 
28 

14 
16 
16 
16 
1 4  
16 
16 
14 
14 
16 
3 2 
40 
28 
32 
3 4 
26 
25 
30 
26 
24 
20 

_ _ _  - -  

NA - n o t  accessible. a 
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RADIATICIN SIJRUEY ME'YERS 

Alpha Survey Meters 

The  type  of alpha survey meter  used a t  t h e  Cardiraier si.te t o  

iiieasure a lpha  r a d i o a c t i v i t y  on surfa-ces  uses a ZnS s c i n t i l l a t o r  t o  

d e t e c t  the alpha r a d i a t i o n .  

The a lpha  s c i n t i l l a t i o n  survey meter c o n s i s t s  o f  a l a r g e  area 

(100 cm2) ZnS d e t e c t o r  with a pho tomul t ip l i e r  tube i n  t h e  probe which is  

coupled t o  a p o r t a b l e  scaler/?:atemeter ( s e e  Fig. I - A ) .  The ZnS d e t e c t o r  

is covered wi th  a 5 - m i l  aluminized mylar s h e e t  i n  o r d e r  t o  make t h e  

instrument  l i g h t - t i g h t .  

mylar when s u r v e y h g  rough s u r f a c e s .  

measuring alpha s u r f a c e  contamination l e v e l s  of  a few dym/l00 c m 2  lmt 

must be used i n  t h e  scaler mode :For t h i s  purposc. 

€or dense ly  i o n i z i n g  r a d i a t i o n  such as alpha p a r t i c l e s ;  the instrument 

is r e l a t i v e l y  i n s e n s i t i - v e  t o  b e t a  and garma r a d i a t i o n .  

A metal g r i d  i s  used t o  avoid punctur ing t h e  

This  i.nstrument i s  capable o f  

I t  i s  h i g h l y  s e l e c t i v e  

Beta-Gamma Survey Meter 

A portable  Geiger-Muel I.er ( G - M j  survey ineter i s  t h e  primary i n s t r u -  

The G-M t ube  i s  a halogen- iiierit f o r  measuring beta-gamma. r a d i o a c t i v i t y .  

quenched s t a i . n l e s s  s tee l  tube  having a 30 mg/cm2 wall t l t ickness  and 

p r e s e n t i n g  a c r o s s - s e c t i o n a l  area of approximately 10 em2, 

G-M Lube i s  sensi . t ive t o  both  b e t a  and gamma rad ia t ion ,  iiieasuremeiits are  

taken i n  both an open-window and a closed-window conf igu ra t ion .  

r a d i a t i o n  cannot penetrat,e the  c losed  window, and thus  ~ t h e  b e t a  reading  

can be  determined by t a k i n g  the d i f f e r e n c e  between t h e  open- and closed-  

wi.ndow read ings .  Tkris meter i s  shown in Fj.g. I-R. 

S in t e  the  

Eeta 

The 6-M survey meters were c a l i b r a t e d  by comparison w i t h  a pre- 

c a l i h r a t e d  Victoreen Model 440 i o n i z a t i o n  chamber ( F i g .  I - G )  The open- 

window Cal i -brat ion fac tor  was found 2s be 2,000 cpm p e r  mR/hr for 

s u r f a c e s  contaminated with 2 2  

per mR/Bir f o r  surfaces contaminated wi th  i n i t i a l l y  pure uranium. 

closed-window (gamma) c a l i b r a t i o n  fact .or ,  determined by u s e  o f  a NRS 

s t anda rd  22fiRa SQUTCB, was 3,280 cpiti per  mM/hr. 

i n  equi.1 ihriurn with '[J and 2 ~ 300 cpm 

The 

.... 
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Beta Snlear Counter 
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Fig. I-A. Alpha scintillation survey meter; 
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ORNL-Photo 6704-76 

. i 

Fig. I-B. Geiger-Mueller survey meter. 
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fg. 1-6. vic 
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OWL-Photo 1070-78 

m Fig I-E Smear counter and assoCldtea eleccronlcs. The beta 
counter is on the left and the alpha counter is on the right. 
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D E S C R I P T I O N  OF Ge(Li) DETECTOR SYSTEM 

A h o l d e r  f o r  twelve 30-cm3 polyethylene b o t t l e s  ( s t anda rd  con- 

t a i n c r s  f o r  l i q u i d  s c i n t i l l a t i o n  samples) and a background s h i e l d  lnavc 

been designed f o r  use  wi th  a 50-cm3 G e l L j )  d e t e c t o r  system i n  l abora to ry  

count ing of r a d i o a c t i v i t y  i n  cnivirorirncntal samples ( s e e  Pig. I i - A )  . 
During  count ing of t h c  samples, t h e  ho lde r  i s  used t o  p o s i t i o n  t e n  o f  

t he  sample b o t t l e s  around t h e  c y l i n d r i c a l  surrace of t h e  d e t e c t o r ,  

parsllel t o  and sylmetric about i t s  a x i s ,  arid two additional b o t t l e s  

across  t h e  end surface o f  tllrc d e t e c t o r ,  pe rpend icu la r  t o  and syrmnctric 

with i t s  a x i s .  

u s e  with t h e  systcmi, it j s  p o s s i b l e  t o  measure 1 pCi /g  of 232Th OT 

w i t h  ar, error  of 

With a 300-cm3 sample arid 3 graded s h i e l d  developed f o r  

' R d  

o r  l ess  and 227,Ac wi th in  an en -o r  of +30°6. 

Pul ses  are s o r t e d  by a 4096-channel a n a l y z e r  ( see  Fig.  1 1 - R ) ,  

s t o r e d  on magnetic tape, and subseyucnt ly  cntered i n t o  a computer pro- 

gram which use5 an i t e r a t i v e  l e a s t - s q u a r e s  method t o  i d e n t i f y  radio- 

ntic.lides corresponding t o  t h o s e  gamma-ray l i n e s  found i n  t h e  samplc, 

The program, which i s  a c c e s s i b l e  through a remote t e r m i n a l ,  r e l i e s  on a 

l i b r a r y  of r a d i o i s o t o p e s  which c o n t a i n s  approximately 700 i s o t o p e s  arid 

1 , 5 0 0  gamina-rays and which runs contiriuously on t h e  IBM-3bQ system a t  

QRNL. 

l ines  are analyzed. Most of t h e s e  are  from 2 1 4 ~ i  and correspond t o  295, 

552, 609, 1,120, 1,765, and 2 ,204  keV. AT1 e s t i m a t e  of t h e  concen t r a t ion  

of "'U i s  ob ta ined  from an a n a l y s i s  of  the 93 keV l i n e  from i t s  daughter  

In i d e n t i f y i n g  and quan t i fy ing  2 2  6Ka, s i x  p r i n c i p a l  gamma-ray 

2 3 4TIx 
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ORNL-Photo 2172-75 

Fig. 11-A. Holder for GstLi) detector system. 
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PEK'TINEN'1' RADIOLOGICAL REGULATIONS, 

S'I'ANDr'lRDS, AND G U I D E L I N E S  
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T h e  i n s t r u c t i o n s  i n  t h i s  gu.ide i.n conjunct ion with 'I'a'nle llT-1 s p e c i f y  

t h e  r d i o a c t i v i t y  and r a d i a t i o n  exposure ra te  1 i m i t s  which should be 

used i n  accamplishirig t he  decontamination and survey of surfaces o r  

premises and rquipmen~ p r i o r  t o  abandonment o r  release fox: u n r e s t r i c t e d  

use .  The l i m i t s  i n  Table 111-1 do n o t  apply t o  premises,  equi.pment, o r  

scrap con ta in ing  induced r a d i o x t i v i t y  f o r  which t h e  r a d i o l o g i c a l  con- 

sideratio1l:j pe r t - inen t  t u  t h e i r  use may be d i f f e r e n t .  

such f a c i l i t i e s  o r  i tems from r e g u l a t o r y  c o n t r o l  will be considered on a 

case-by-case b a s i s .  

I.. ?'he l i c e n s e e  s h a l l  make n reasonable  e f f o r t  t u  e l i m i n a t e  r e s i d u a l  

The release of 

can taminat  ion.  

Radi .oa .c t iv i ty  on equiprrient o r  s u r f a c e s  shall  n o t  be covered by 

p a i n t ,  p l a t i n g ,  o r  ot.hes covering m a t e r i a l  u n l e s s  contamination 

l e v e l s ,  as determined by a survey and documented, are below t h e  

l l m i t s  s p e c i f i e d  i n  Table 111-1 p r i o r  t o  apply ing  t h e  c.overirig. A 

sea~scnable  e f f o r t  must  b e  made t o  m i r i i r n i  z e  t h e  ccmta.minat;ion p r i o r  

t o  iise of  any covering.  

The: r a d i o a c t i v i t y  on t h e  in t .e r ior  sur faces  of  p i p e s ,  d r a i n  I i ne s ,  

or ductwork s h a l l  be determined by making measurements a t  a l l  

t r a p s ,  and o t h e r  a p p r o p r i a t e  access points, provided t h a t  contami- 

n a t i o n  a t  t h e s e  l o c a t i o n s  i s  l i k e l y  t o  be r e p r e s e n t a t i v e  of con- 

t,amination on t h e  i n t e r i o r  of  t h e  p i p e s ,  dr3i.n l i n e s ,  o r  ductwork, 

Surfaces of premises,  equipiiient, o r  s c r a p  which are l i k e l y  t o  be 

contaminated b u t  are  o f  such s ize ,  c o n s t r u c t i o n ,  o r  l o c a t i o n  as t o  

make t h e  s u r f a c e  i n a c c e s s i b l e  f o r  purposes o f  measurement shall  b e  

presumed t o  be contaminated i n  excess  o f  t h e  l i m i t s .  

llpon request. ~ t h e  Conmission may a u t h o r i z e  a licensee t o  r e l i n q u i s h  

possession o r  c o n t r o l  of premises, equipment ~ o r  szral:, having 

sur:fa.ces contaminated with material i n  excess of t h e  l imits speci.fi.ed, 

This  may iric,lidde, bu t  would n o t  be l i m i t e d  t.0, s p e c i a l  circumstances 

.such as r a z i n g  o f  b u i l d i n g s ,  t r a n s f e r  0% premises t o  ano the r  

organiza t ion  con t inu ing  work w i t h  r a d i o a c t i v e  materials, o r  con- 

vers ion  of fac i1 . . i t i es  to a long-term s t o r a g e  o r  standby s ta tus .  

2, 

3 ,  

4. 

SWh r e q u e s t  must : 
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a. Provide d e t a i l e d ,  s p e c i f i c  information d e s c r i b i n g  t h e  premises,  

equipment o r  s c r a p ,  r a d i o a c t i v e  contamina.nts , and t h e  n a t u r e ,  

e x t e n t ,  and degree of r e s i d u a l  sur-face eontarnina.tion. 

Provide a d e t a i l e d  hea1.t.h and s a f e t y  a n a l y s i s  which r e f l e c t s  

t h a t  t h e  r e s i d u a l  aiiiounts o f  m a t e r i a l  on surEace a r e a s ,  

t o g e t h e r  with o the r  cons ide ra t ions  such as p rospec t ive  u s e  of  

t h e  premises,  equipment or scrap, are  un1.ikely t o  r e s u l t  i n  an 

unreasonable r i s k  t o  t h e  h e a l t h  and s a f e t y  of  t h e  pub l i c .  

b .  

5. P r i o r  t o  r e l e a s e  of premises f o r  u n r e s t r i c t e d  u s e ,  t h e  1i.censee 

s h a l l  make a comprehensive r a d i a t i o n  survey which e s t a b l i s h e s  t h a t  

containj.nation i s  wi th in  t h e  l i m i t s  s p e c i f i e d  i n  ‘Table 111-1. A 

copy of t h e  survey r e p o r t  s h a l l  be f i l e d  with t h e  Divis ion of Fuel 

Cycle and Material Sa fe ty ,  USNRC, Washi.ngton, D . C .  20555, and a l s o  

wi.th t h e  D i r e c t o r  of  t h e  Regional O f f i c e  o f  t h e  Of f i ce  o f  Inspec t ion  

and Enforcement, USNKC, having j u r i s d i . c t i o n .  The r e p o r t  should be 

f i l e d  a t  l e a s t  30 days p r i o r  t o  t h e  planned d a t e  of  abandonment. 

The survey r e p o r t  s h a l l :  

a .  I d e n t i f y  t h e  premises.  

b. Show t h a t  reasonable  e f f o r t  has been made t o  e l i m i n a t e  r e s i d u a l  

contamination. 

Describe t h e  scope o f  t h e  survey and general  procedures followed. 

S t a t e  t h e  f ind ings  o f  t h e  survey i n  u n i t s  s p e c i f i e d  i n  t h e  

i n s  t mc t ion . 
Following review of  t h e  r epor t ,  t h e  NRC w i l l  cons ide r  v i s j t i n g  t h e  

f a c i l i t i e s  t o  confirm the survey. 

c .  

d. 



Table  1.11-1. Acceptable s u r f a c e  contarnination levels 

- f  
Removable3 '@ 'i b,L?,f b , d , f  Average Maximum U Nuclides 

i i-nat,  U-235, U-238, and 
a s s o c i a t e d  decay p roduc t s  

T ransu ran ic s ,  Ra-226, Ra-228, 
Th-230, Th-228, Pa-231, 

Ti-i-rta;, Ti-232, Sr-90 

I - i31 ,  1-133 

100 dpm/IoO mi2 

Ac-227, 1-125, 1-129 

I,OOC. dpm/100 cm2 
Ra-223, Ra-224,  U-232, 1-126, 

beta-gamma e m i t t e r s  (nuc l ides  .5,000 dpm $:/lo0 cn2 15,000 dpin & / l O O  cm2 1,009 dpm ;?"f/100 cm2 

with decay nodes o t h e r  than  
a lpha  m i s s i o n  or spontaneous 
f iss ion: ,  except  Sr-90 and 
a ther  no ted  above. 

\$%ere s u r f a c e  contaminat ion  by bo th  a lpha-  and beta-gamma-emitting n u c l i d e s  e x i s t s ,  t h e  l i n i t s  e s t a b l i s h e d  f o r  alpha- 

As used i n  t h i s  t a b l e ,  dpm ( d i s i n t e g r a t i o n s  p e r  minute) means t h e  r a t e  of emiss ion  by r a d i o a c t i v e  m a t e r i a l  a s  

U 

and be ta -gama-emi t t i ng  n u c l i d e s  sliould apply  independent ly .  

determined by c o r r e c t i n g  t h e  counts p e r  minure observed by an a p p r o p r i a t e  d e t e c t o r  f a r  background, e f f i c i e n c y ,  and geornt.tric 
f a c t o r s  a s s o c i a t e d  wi th  t h e  i n s t r u m e n t a t i o n .  

For o b j e c t s  of l e s s  s u r f a c e  

b 

Ckleasurements of average contaniinant should not be averaged ove r  more than  1 square me te r .  

d, 1. 
area, t h e  average should  be  d e r i v e d  f o r  each such o b j e c t ,  

I n e  maximum contaminat ion  l e v e l  a p p l i e s  t o  an a r e a  of  iiot more than  100 a i 2 .  

%e amount of  removable r a d i o a c t i v e  m a t e r i a l  p e r  100 cm2 of  s u r f a c e  a r e a  should be determined by wiping t h a t  a r e a  w i t h  
d r y  f i l t e r  or soft  absorbent  pape r ,  apply ing  moderate presscre, sild a s s e s s i n g  t h e  amount of  r a d i o a c t i v e  m a t e r i a l  on t h e  wipe 
w i t h  an a p p r o p r i a t e  i n s t rumen t  of knoxn e f f i c i e n c y .  
determined, t h e  p e r t i n e n t  l e v e l s  should  be reduced p r o p o r t i o n a l l y  arid t h e  e n t i r e  s u r f a c e  should  be wiped. 

should nu t  exceed 0.2 mradfhr a t  1 c m  and 1 .0  mradjhr a t  1 cm, r e s p e c t i v e l y ,  measure6 th rungh  n o t  more t h a n  7 mil l igrams 
p e r  squa re  cen t ime te r  of t o t a l  abso rbe r .  

s 

When removable contamination cn ob;jects of  less s u r f a c e  area is  

c 
'The average  and maximum r a d i a t i o n  l e v e l s  a s s o c i a t e d  wi th  s u r f a c e  contaminat ion  r e s u l t i n g  from beta-gamma emitters 
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Excerpts  from 

Proposed 

ANSI N328-197 

Proposed American Nat ional  Standard 

Control of Radioact ive Surface Contamination 

on Materials, Equipment, and F a c i l i t i e s  t o  be 

Released f o r  Uncontrolled Use 

S e c r e t a r i a t  

Heal th  Physics  Soc ie ty  

.... 
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Proper ty  shall no t  be r e l e a s e d  f o r  uncontrolled use u n l e s s  docu- 

inented measurements show t h e  total and removable contamination levels to 

be no greater than the values  i n  'Table 111-2  o r  'Table 111-3. 

(Table 111-3  i s  easier to apply when the  contaminants cannot be i n d i -  

vidually identified. ) 

Where potentially contaminated surfaces are not  accessible f o r  

measurement (as i n  some p ipcs ,  drains, and ductwork) ~ such p r o p r t y  

shall not be released pursuant to t h i s  s t anda rd ,  bu t  made t h c  subject of 

case-by-case evnliiatiori. 

contamination. 

Cred i t  shall. riot be taken f o r  coa t ings  over 



94 

Table 1 1 1 - 2 .  Surface contamination l i m i t s  

a 
I'he l e v e l s  may be averaged 
i n  any a r e a  o f  100 cm2 i s  less  than  3 iirnes t h e  l i m i t  value.  

over t h e  1 in2 provided t h e  maximu~n a c t i v i t y  

Nuclide ___ 
1 , i m i t  (ac t iu i t y ) 

a m/100 cm2 P ...... _ _ _ . ~ .  . 

Tota l  Removable __ ___ 

Groug 1 : Nuclides f o r  which t h e  nonoccupational 
MPC, i s  2 x 
nonoccupational MPC IS 2 x ci/rn3 o r  l e s s ;  

C i / m 3  o r  l ess  o r  f o r  which t h e  e .  

i nc ludes  Ac-227; Amw241; -242n1, - 2 4 3 ;  Cf-249; 100 20 
-250, -251 ,  -252;  CNI-2/13> - 2 4 4 ,  - 2 4 5 ,  -24-6, ... 24-7, 

d -248;  1-125, -129;  Np--237; Pa-231; Pb.-210; Pu-238, 
-239, -240,  - 2 4 2 ,  - 2 4 4 ;  R3-226, -228; Th-228, - 2 3 8 .  

Group 2 :  'Those n u c l i d e s  no t  i n  Grou 1 f o r  which 
the  nonoccupational MPC b i s  1 x 10-'2 C i / m 3  o r  
less o r  f o r  which t h e  nonoccupational W C I q  
1 x lo - '  C i / m 3  o r  less;  iiicliides Es-254;  Fm-256; 
1-126, 131 , -133; Po-210; Ra-22.7; Sr--90; Th-232; 

a e .  
1000 200 IS 

d- U-232. 

Group 3: Those nuc l ides  n o t  i l l  Group 1 o r  
Group 2 .  

5000 1000 

'See n o t e  fo l lowing  t a b l e  on a p p l i c a t i o n s  of l i m i t s .  

bMPC : Maxirnurn Permissible  Concentration i n  A i r  a p p l i c a b l e  t o  
continuouz exposure of members o f  t h e  p u b l i c  as publ ished by o r  de r ived  
from an  a u t h o r i t a t i v e  source such as NCRP, I C R P ,  o r  NRC (10 CFR 20,  
Appendix B y  Table 2 ,  Column 1) .  

members o y  t h e  pub l i c .  

l i m i t i n g  of  a l l  giveii MPC va lues  ( e .g . ,  s o l u b l e  v s .  i n so lub le )  arc t o  be  
used. In the  event of  t h e  occurrence of  a mixture  o f  r ad ionuc l ides ,  
t h e  f r a c t i o n  c o n t r i b u t e d  by each c o n s t i t u e n t  of i t s  own limit s h a l l  be 
determined and the sum of  t h e  f r a c t i o n s  must be l e s s  t han  one. 

"MPC : 

'Values presented h e r e  are  obtained from 10 CFR PaTt 20 ,  

Maximum P c r m j  s s i b l e  Concentration i n  Water applicable t o  

'The most 
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Table H I - 3 ,  Alternate surface contamination l i m i t s  

(All  a lpha  emitters, except IJ-nat a n d  Th-nat a r e  considered as a group.) 
l r i e  l e v e l s  riiny be  averaged over 1 mZu provided thc  maximum a c t i v i t y  i n  
any a rea  

I T ?  

100 <xi2 i s  l e s s  than 3 t imes the l i m i t  value.  

Nuc 1 i d e  
..---- 

L i m i t  (a c t i v  it y ) 
dprn/100 ._... C d  

Tota  1 Removable - -- 

Tf t h e  coiitaminarit cai1110t be ident i  Eied; o r  
i f  a lpha e m i t t e r s  o ther  than U-nat arid ?'h-nat 
a r e  present;  or i f  t h e  heta emitters c~lmprise 
A@-237, Ra-226, ita-228, 1-125, and 1-129* 

100 20 

If i t  i s  known t h a t  a l l  alpha em:i.t.t.ers are 
generated f rom IJ-nat. and Th-nat;  and beta 
eiiiittcrs are p resen t  which, while n o t  
ident%fied, C ~ O  110t i n c l u d ~ ?  Ac-227, 1-125, 
1-129, Rrr-226, and R a - 2 2 8 .  

If i t  i s  known t h a t  nl.pha. e m i t t e r s  are  
generated on1.y from U-nat and Th-nat ;  atid 
t h e  bet.a e m i t t e r s ,  while list i d e n t i f i e d ,  
do n o t  incl.i.de Ac.-227, 1-125, 1-129, Sr-90, 
Ra-223, R3-228, 1-126, T-131, and 1-1.33. 

1000 

5000 

200 

1000 

a Note on a p p l i c a t i o n  of Tables 111-2 and 111-3 t o  i s o l a t e d  s p o t s  
or a c t i v i t y :  

For purposes of averaging,  any m2 of siirface s h a l l  be considered t o  be 
contaminated above the l i m i t ,  E ,  a p p l i c a b l e  t o  100 cm2 i f :  

a. Froin measurements of a r e p r e s e n t a t i v e  number, n ,  of  s e c t i o n s ,  it 
i s  dete-rmined t h a t  l / i z  CSi > L ,  where Si i s  t h e  dpni/L00 cm2 determined 

from ~iiea.sureiiic~ic of s e c t i o n  i ;  QT 

11. 
11 - where A. is t h e  area o f  t h e  s u r f a c e  i n  u n i t s  o f  in2; o r  

c .  I t  i s  detcwrnixmed t h a t  t h e  a c t i v i t y  of a91 i . so la ted  spots  o r  
p a r t i c l e s  i n  any area. l ess  than 100 em2 exceeds 3L.  

n -  

On surfaces l e s s  thaxi 1 0 1 ~ ~  i.t i s  determined t h a t  l / n  CSi > A L ,  
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?'hc 1J.S. Department of Energy has  determined t h a t  t h e  former 

Uranium Recovery P i  1 o t  and Process S i t e  a t  C a r d i n i e r ,  Incorporated,  i n  

'Tampa b l o r i d a ,  i s  p r e s e n t l y  contaminated w i t h  r a d i o a c t i v e  residc~cs 

r e s u l t i n g  from p rev j  ous uses  o f  t h i  s property. I'liis s i t e  was involved 

i n  the e x t r a c t i o n  of urdrlium t'rorn phosphoric a c i d  under a c o n t r a c t  with 

t h e  Atomic Energy Commissiorl (AEC) from 1356 Lo 1960. P i l o t  operations 

were performed under an AEC c o n t r a c t  from 1951 t o  1954. 

p rocess ing  p l a n t  c o n s i s t s  of a t h r e e - s t o r y  b u i l d i n g ,  an ad jacen t  chemical 

processing p l a n t  a r e a ,  and a small a r e a  hhere d ry ing  and crushing  equip- 

ment was l o c a t e d ,  

s t r u c t u r e  which now SeTwes as o f f i ce  space.  

c u r r e n t l y  houses a workshop, a lunchrooiii, and off ice  space on t h e  f i rs t  

f l o o r ,  and an o f f i c e  and machinery 011 t h e  t h i r d  f l o o r .  

and roo f  a r e  unoccupied, 

i n  t h e  former process b u i l d i n g  and 18 f u l l - t i m e  employees i n  t he  forrncr 

p i l o t  o p e r a t i o n s  b u i l d i n g .  

The fornwr 

The former p i l o t  p l a n t  b u i l d i n g  i s  a s i n g l e - s t o r y  

'The process b u i l d i n g  

The second f l o o r  

There are approximately 20 f u l l - t i m e  employees 

The contamination from previously con t r ac t ed  ope ra t ions  i s  pro- 

ducing s l i g h t  r a d i a t i o n  exposures t o  employees working a t  this s j  t e .  

These exposures r e s u l t  p r i m a r i l y  from be ta  and garma r a d i a t i o n  emit ted 

by contamination i n  t h e  ground o r  on b u i l d i n g  s u r f a c e s .  

exposure roceived by i n g e s t i o n  (e .g . ,  e a t i n g  o r  d r ink ing  i n  one o f  tht7 

b u i l d i n g s )  i s  r e l a t i v e l y  small as compared with exposures t o  e x t e r n a l  

r a d i a t i o n .  A sunmary of  r a d i a t i o n  exposures a t  the Gard in i e r  s i t e  i s  

provided i n  Table I V -  1 along with a p p r o p r i a t e  g u i d e l i n e s  and background 

va lues .  

The a d d i t i o n a l  

The n a t u r a l l y  occur r ing  r ad ionuc l ides  p re sen t  a t  t h e  Gxrdir i ier  s i t e  

are  a l s o  p r e s e n t  i n  minute quantities throughout oi i r  environment. Con- 

c e n t r a t i o n s  of t h e s e  r ad ionuc l ides  i n  normal s o i l s  ~ a i r ,  water ,  food, 

e t c . ,  a r e  r e f e r r e d  t o  as background c o n c e n t r a t i o n s ,  Radiat ion ~ X I ) Q ~ U ~ ~ S  

r e s u l t i n g  from t h i s  environmental r a d i o a c t i v i t y  am r e f e r r e d  t o  as back- 

ground exposures.  

human a c t i v i t y  and, t o  a l a r g e  e x t e n t ,  can be c o n t r o l l e d  only through 

man's moving to areas with lower background exposures.  

human r e c e i v e s  some background exposure d a i l y .  

These background exposures a r e  n o t  c a u s d  by any 

Each and every 
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'ihe u s e  o f  r a d i o a c t i v e  m a t e r i a l s  f o r  s c i e n t i f i c ,  i n d u s t r i a l  , o r  

medical purposes  may r ause  r a d i a t i o n  exposure above t h e  background level  

t o  be  rece ived  by workers i n  t l lc i i idustry and, t o  a lesser  e x t e n t ,  by 

members o f  t h e  genera l  pub l i c .  

bec:i deveLopcd t o  place air  upper l i m i t  on t h e s e  a d d i t i o n a l  exposures.  

L i m i t s  e s t a b l i s h e d  f o r  exposures t o  t he  genera l  pub l i c  a r e  much lower 

than  t h e  l i m i t s  e s t a b l i s h e d  f o r  workers i n  the  n u c l e a r  i ndus t ry .  

S c i e n t i f i c a l l y  bascd gu ide l ines  have 

Uranium-238 i s  be l i eved  t o  have been c r e a t e d  when t h e  e a r t h  was 

forlwd. ~t i s  s t i l l  p re sen t  today because it takcs  a very  long time t o  

decay. Tln? h a l f - l i f e  i s  a measure o f  t h e  time r e q u i r e d  f o r  r a d i o a c t i v e  

decay; f o r  uraniom-238 i t  i s  4 . 5  b i l l i o n  yea r s .  Thus, i f  you begin wi th  

one c u r i e "  of  uranium-238, one-half  c u r i e  w i l l  rernaiir a f t e r  4 . 5  b i l l i o n  

years .  After  9 b i l l i o n  yea r s ,  t h e r e  would only bc one-fourth c u r i e  of  

uranium-238. As t h e  uranium-238 decays,  it changes i n t o  another  

subs tance ,  thorium-234. Thorium-234 i s  c a l l e d  t h e  "daughter" o f  

uranium-238. In t u r n ,  thorium-234 i s  t h c  "parent" of protact inium-234.  

Radioact ive decay s t a r t e d  by uranium-238 continiies as shown i n  

Table  IV-7 u n t i l  s t a b l e  l ead  i s  formed. The "decay product" l i s t e d  i n  

Iahle IV-2 i s  t h e  r a d i a t i o n  produced as the  pa ren t  decays.  

Direct Gama-Ray E x p o s u ~ e s  

As shown i n  Table I V - 2 ,  some of  t h e  radioact- ive daughters  i n  t h e  

uranium decay s e r i e s  elnit gamma rays. (Gamma r a y s  are  a h igh ly  pene- 

t r a t i n g  r a d i a t i o n  l i k e  X - r a y s . )  The maximuiii gamma r a d i a t i o n  l e v e l  

indoors  was recorded on t h e  second f l o o r  of  t h e  process  bu i ld ing  and W ~ S  

equal  t o  80 microRoeatgens per  hour.  Average indoor  r ead ings  were 1 4 ,  

32 ,  and 40  microRoeiitgens p e r  hour f o r  t h e  f i r s t ,  second, and t h i r d  

f l o o r s  o f  the process  bu i ld ing  and 19 microRoentgens pes  hour f o r  t h e  

former pilot opera t ions  bu i ld ing .  

t 

Outdoor readings ranged From background 

"'4 c u r i e  i s  a u n i t  de f ined  foi- cxpressil ig t h e  m o u n t  o f  r a d i o -  
a c t i v i t y  p re sen t  i l l  a subs tance ;  one c u r i e  r e p r e s e n t s  37 b i l l i o n  
r ad ioac t  i v c  disintegrations p e r  secoiid. 

p~irposes  f o r  people  exposed t o  per ie t ra t i l ig  gamm r a d i a t i o n .  A 
microRoeiitgeii i s  one ijiiI.lionth of a Roentgen. 

'The Roentgen i s  a u n i t  which was de f ined  Cor r a d i a t i o n  p r o t e c t i o n  
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t o  300 microRoeritgens pe r  hour,  wi.th an average va lue  of  56 microRoentgens 

pe r  hour tiear t h e  p i l o t  b u i l d i n g  and 73 microRoeritgens pe-r hour near  the  

process p l a n t  b u i l d i n g .  

l e v e l ,  80 microltioentgens per hour, :For 2,000 per' year  (a t y p i c a l  work 

year)  would l e a d  to  TI exposure a f  160,O 0 m i  croKoer?tgens 

parison, a typical. chest  x-ray (accc;o-rdi.n$ t o  Depart.ment: o f  ~ e a l t h ,  

Education and Welfare d a t a )  might y i e l d  an exposure of about 27,000 

microtioerit gens.  

Expnsure 'to the maximum indoor ~:~ITUIKL ra.diati.on 

For com- 

The Nat ional  Council  on Radiation P ro tec t ion  and Measu-remerits 

(NCIIP) has recommended a ma.ximm annual whole- body exposure of 

500,000 rnicroRoentgens p e r  yea r  t o  an ind iv idua l  c o n t i n u a l l y  exposed i n  

t h e  genera l  populat ion;  t h i s  would correspond t o  exposure t o  250 

inicroRoeritgens per hour for 2,000 exposure hour s ,  Two l o c a t i o n s  were 

found outdoors  where t h i s  guide1.i.m would be  exceeded; however, t h e  

p i n t s  are i n f r e q u e n t l y  occupied. A l l  indoor  areas had exposure .rates 

much less than 250 microlioentgens p e r  hour. 

t h e  s i t e  are r ece iv ing  average gamma exposures t h a t  a r e  below t h e  

recoimiiended guide l ine  

Consequently, workers on 

Direct Bet a- Garruiia Expo sur es 

Nuclear Regulatory Commi:jsion (NKC) guidelines s t a t e  tha t  the 

combined dose from weakly  pene t ra t ing  b e t a  pal-ticles and From gamma 

~ a y s ,  measured at a distance of 1 cen t ime te r  above any surface,  should 

not  excecd 0.2  n i i l l i rad"  per  hour when averaged over an area o f  I square 

meter.  

i n  small a r e a s  o f  100 cen t ime te r s .  These g u i d e l i n e s  are exceeded i n  the 

lunchroom, workshop, and second f l o o r  of t h e  process  buildiIag m d  a t  

s e v e r a l  p o i n t s  oiittfoors. Tn a d d i t i o n ,  equiprsient and p ipes  l o c a t e d  on 

the second f loor  and west wall, r e spec t ive1  y ,  d i sp lay  be ta -gama  dose 

rates which exceed the  g u i d e l i n e s .  

hcen removed and transported t o  a I icensecl commercial rad ioac t ive  wasre 

b u r i a l  f a c i l i t y . )  'The maxirnwn va lue  ob ta ined  was 50 m i l l i r a d  per  hour  on 

'The combined dose rat2 should not  exceed 1 . 0  m i l l i r a d  p e r  I i o ~  

(Parts of t he  equipment have r e c e n t l y  

- --_-I- 

*'The rad is the  u n i t  f o r  measuring radiation dose to tissue. h e  
millirad is equal  t o  one-t l iou~andth of  a r a d .  
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a b a l l  m i l l  on t h e  second f l o o r  o f  tlic proccss  bu i ld ing .  Handling t h j s  

b a l l  m i l l  f o r  one hour would r e s u l t  in a s k i n  dose of SO m i l l i r a d .  kor 

comparison, t h e  s k i n  dose which would be expected from a normal y e a r ' s  

watching ol' c o l o r  television by an a d u l t  i s  1 . 6  m i l l i r a d ;  f o r  a c h i l d  

less than 15 y e a r s  of age,  t h e  comparable dose i s  3 .6  i n i l l i r a d  p e r  yea r  

(according t o  t h e  Uni-Lcd Nations S c i e n t i f i c  Committee on the  E f f e c t s  of  

Atomic Radia t ion) .  

The primary concern of  tlie NRC gu ide l ine  i s  exposure of s k i n  s u r -  

f a c e s .  The th i ckness  oE ord ina ry  shoe s o l e s  i s  adequate t o  prwtec t  the 

s k i n  of  reet from be ta  r a d i a t i o n .  O t h e r  arcas of body s k i n  are  adeqiiatcly 

p ro tec t ed  from t h e s e  exposures i f  t hey  remain away from t h e s e  su r faces .  

In  most cases, exposures a r e  i i eg l ig ib l e  a t  a d i s t a n c e  of  1 f o o t  away 

from theye  s u r f a c e s .  Although p o t e n t i a l  e x i s t s  f o r  exposures f a r  i n  

excess  o f  t h e  g u i d e l i n e s ,  b e t a  and gamiia exposures a r e  be l ieved  t o  be  

sinal1 t o  employees a t  this s i t e  doe p r i n c i p a l l y  t o  a low frequency o f  

occupancy. For exariiplc, dur ing  a normal irionth, t h r r c  i s  a to ta l  o f  

approximately 3 , 2 0 0  man hours  spent  i n  f i r s t  f l o o r  arcas o f  t h e  process  

bui ldi i ig  . 

Other Cons idera t ions  o f  Exposure 

I11 almost a l l  areas of  t h i s  s i t e ,  rhe s o i l  con ta ins  e l eva ted  l e v e l s  

of 1-adiurn-226 and uranium-238 as a r e s u l t  of  normal ongoing ope ra t ions  

o f  t h e  p l a n t .  

s i g n i f i c a n t  r a d i a t i o n  exposures by in t ake  froin eat i r ig  contaminated 

crops ,  Furthermore,  u s e  o f  t h i s  s i t e  f o r  r e s i d e n t i a l  purposes could 

l ead  t o  s i g n i f i c a n t  exposures i o  so i l -p roduced  radoii-222 which would 

accumulate i n  enclosed s t r u c t u r e s .  

Use of t h i s  s i t e  f o r  a g r i c u l t u r a l  purposes could l ead  t o  

R i s k  and Radi-ation Exposures 

Risks r e s u l t i n g  from r a d i a t i o n  exposures should be  considered 

w i t h i n  t h e  contex t  o f  o t h e r  r i s k s  i ncu r red  iJi norma1 l i v i n g .  I-or 

s i m p l i c i t y ,  r i s k s  t o  h e a l t h  may be c-lzssifi ed i n  fou r  c a t e g o r i e s  : 

1. UiiacceptaSlz--problems with r i s k  s o  h igh  as t o  r equ i r e  imne-  

d i a t e  a c t i o n ,  such as seve re  d i s e a s e s  where medical t rea tment  

i s  requi red  t o  save a l i f e .  



2 .  Coricer~iod--probleilis where people are  w i l l i n g  t o  spend t ime and 

m m e y  t o  reduce p o t e n t i a l  hazartls 

t t x t :  rrka.intexiance a f  p u b l i c  hi.ghways and s i g n s ,  s i -gnals ,  f i r e  

departments,  ;md r e scue  squads. 

Examples o f  t h i s  i.ncl.ude 

3 .  Recognized--problems where people may accep t  some in.converiierice 

'to avoid cer ta in  a c t i v i t i e s  such as f l y i n g  i n  a i r p l a n e s ,  

swi.mming a lone ,  e t c .  

No g r e a t  concern- -problems with a. low frequency o f  occurrence.  

There i s  an awareness of p o t e n t i a l  hazard hu t  an accompanying 

fee8.i.ng t h a t  t h e s e  problems occur o n l y  t o  o t h e r  people.  

4.  

An i n d i v i d u a l  may be exposed t o  r i . s k s  over which he can e x e r c i s e  

some c o n t r o l  (voluntary)  and r i s k s  ove r  which he f e e l s  he has  no personal  

con t ro l  o r  choice ( i n v o l u n t a r y ) .  

Daily,  an i n d i v i d u a l  i s  confronted with d e c i s i o n s  about r i s k  which 

have an a s s o c i a t e d  benefi . t - - for  example, d r i v i n g  a c.ar. This  can serve 

a s  a 1 1  i l l u s t r a t i o n  t h a t  a vo lun ta ry ,  concerned r i s k  may be deemed 

a p p r o p r i a t e  due t o  the  desiratsl e perceived b e n e f i t  

an indi.vi.dual who smokes c i g a r e t t e s  has sub jec t ed  himself  t o  a r i s k  o f  

lung cancer  which i.s about t e n  times h ighe r  than t h a t  f o r  a nonsmoker. 

For purposes of r a d i a t i o n  p r o t e c t i o n ,  a l l  r a d i a t i o n  exposures are 

As ano the r  example, 

assumed t o  be  capable  of  i n c r e a s i n g  an  individual.'^ r i s k  of c o n t r a c t i n g  

cancer .  

t o  a gi.ven i n d i v i d u a l ' s  i nc rease  i n  risk a t t r i b u t a b l e  t o  r a d i a t i o n  

exposure. The reasons f o r  thi .s  are  numerous; t hey  inc lude  t h e  i n d i -  

vidual's age a t  onset of exposure9 va r i ab i .1 i ty  i n  l a t e n c y  pe r iod  (t ime 

between exposure and physi.cn1 evidence of d i sease )  , t h e  i n d i v i d u a l  ' s  

personal h a b i t s  and s t a t e  of h e a l t h ,  previous or concurrent  exposure t o  

other  cancer-causing agents and t h e  indi.vi.dua1' 5 f ami ly  medical h i s t o r y .  

Bec.ause of  t h e s e  v a r i a b l e s ,  l a r g e  u n c e r t a i n t i e s  would e x i s t  i n  any 

estianates of t h e  number of i nc reased  cancw-s i n  t h e  r e l a t i v e l y  sma.11 

working pspul.ation a t  t h e  Gardinier s i t e .  

A p r e c i s e  nuinerical va lue  cannot. be assigned with any c e r t a i n t y  



104 

The normal annual dea th  ra te* from a l l  types of cancer  among a l l  

populat ion groups i n  I-Iillsborough County (as  of  1970) was 151 deaths  p e r  

100,000 populat ion.  A t  t h e  same t i . m e ,  t h e  death r a t e  from a l l  t ypes  o f  

cancer f o r  a l l  populat ion groups i n  t h e  IJnited S t a t e s  a.nd i n  t h e  s t a t e  

of F lo r ida  was 151 and 150 pe r  100,000 populat ion,  r e s p e c t i v e l y .  4 one- 

year exposirre t o  p e n e t r a t i n g  gamma radia- t ion o f  500,000 microRoentgens 

might i n c r e a s e  t h e  r i s k  of death due t o  a l l  t ypes  of  cancer  by about 

one-tenth o f  a pe rcen t .  Exposures i n  excess o f  t h e s e  g u i d e l i n e  values  

w ~ u I d  be expected t o  r e s u l t  i n  p r o p o r t i o n a t e l y  h ighe r  h c r e a s e s  i n  r i s k .  

Consequently, any a c t i o n  talierr t o  reduce e i t h e r  t h e  r a t e  o r  t h e  du ra t ion  

o f  r a d i a t i o n  exposures would a l s o  reduce -the r i k k  a t t e n d a n t  t o  t h a t  

exposure. 

There a r e  no d a t a  a t  p re sen t  which give evidence o f  a r e l a t i o n s h i p  

between low-level exposure o f  t h e  s k i n  and t h e  development of s k i n  

cancers .  This does n o t  mean t h a t  s k i n  cancer cannot be produced by low- 

l e v e l  exposures.  This does mean t h a t  .the r i . sk  associ-ated with <guideline 

l e v e l  exposures of t h e  s k i n  i.s so  siiiall t h a t  it cannot be q u a n t i f i e d .  

Remed i a1 Mea sirre s 

A number o f  c o n t r o l  measures are  p o s s i b l e  t o  reduce a c t u a l ,  and, 

more s c r i o u s  p o t e n t i a l ,  exposures of  people working a t  t h e  Gardinier  

s i t e .  'The most immediate remedy i s  t o  thoroughly c l ean  a l l  b u i l d i n g  and 

equipinent s u r f a c e s  and r e s t r i c t  t h e  working t i m e  o f  people a t  t h e  s i t e  

i n  a r e a s  d i s p l a y i n g  t h e  h ighes t  l e v e l s  o f  exposure. Decontaminatioii o f  

t h e  e n t i r e  s i t e  by removal of t h e  r a d i o a c t i v e  r e s i d u e s  o r  s t a b i l i z a t i o n  

i n  p l a c e  and r e s t r i c t i n g  f u t u r e  a c t i v i t i e s  011 t h e  s i t e  would, o f  cour se ,  

provide maximtim p r o t e c t i o n .  

should be cleaned o r  removed t o  a remote, l i c e n s e d  b u r i a l  ground. The 

Department of Energy i s  now a c t i v e l y  e v a l u a t i n g  a l t e r n a t i v e s  under a 

p r i o r i t y  program designed t o  a s s u r e  adequate p r o t e c t i o n  of t h e  working 

Remaining contaminated equipment and p ipes  

pop11 a t  ion.  

"Mortal i ty  s t a t i s t i c s  were ob ta ined  from d a t a  i n  U.S. Cancer 
MoriaZity by County: 
I n s t i t u t e ,  1973, a v a i l a b l e  from t h e  1J.S. Governmcni P r i n t i n g  Off icc .  

1950-1969, prepared by t h e  Nat ional  Cancer 



10 5 

Ti? sumxry, the  foniier (Jranium Recovery Pilob: and Process si.tc a t  

Gard in ic r ,  Inc.  , is c o n t m i  nated with r e s i d u e s  c o n - t a h i n g  n a t u r a l l y  

occurr ing rntl.ior,ucl i des  T h i s  contaminat ion i s  producing s l i g h t  radi-  

a t ion  exposures t o  employees working a t  t h i s  site. However, t h e  con- 

.taminat ion has the p o t e n t i a l  t o  produce r a d i a t i o n  exposures which could 

approach, and i n  somc cases exceed, s c i e n t i f i c a l l y  based g u i d e l i n e s  

l‘hese more s e r i o u s  p o t e n t i a l  exposures could be caused by sma.l.1 changes 

from t h e  present  occupancy and use of  t h e  s i t e  and a s s o c i a t e d  equi.pment. 

Consequently, remedial measures are  i n  o l d e r .  The Department of Energy 

has developed a coordinated plan which addres ses  speci-fie problems a t  

f a c i l i t i e s  sricli as the Cardi.nier p l an t .  Currently, work i s  underway t o  

iriiplement t h e  elements of t h i s  p l an .  



Table IV-1. Surrmary o f  exposure da t a  a t  Gardinier,  Incorporated, Tampa, F lor ida  

Background 
l eve l s  Exposure somce 

Guideline value Guideline value f o r  Average leve ls  a t  
f o r  general public r ad ia t ion  workers Gardinier s i t e  

Gama rad ia t ion  
frorr, daughters 
of uranium and 
radium 
con tarn i n  a t  ion 

Beta-gama 
radiatPon from 
daughters of 
uranium and 
radium 
contaminat ion  

5 microRoentgens a 
per  hour  i n  sour above na tu ra l  
i i i i l s b o r w g h  background €or 40  hours 
County a rea  per week and 50 weeks 

per  year f o r  an ind i -  
v idua l .  This i s  
equivalent t o  0 .5  
Roentgen pe r  year  

Maxirnun; of 0 .2  

250 microRoentgens per 

Less t h a j  0 .02  
m i ?  l i r a d  pel- n i l l i r a d  per  hollr a t  
hour l centimeter above 

sur face  o f  1 square 
meter 

2500 nicroAoentgens per 
hour fo r  40 h o w s  per  
week and 50 weeks per 
year.  This i s  equivalent 
t o  5 Roentgens pe r  year 

15 mi l l i r ads  pe r  hoGr 
f o r  4 0  hours per  week 
and 50 weeks pe r  year. 
This i s  equivalent t o  
30 rads per year 

Average gama rad ia t ion  
l eve l s  1 z e t e r  above t he  
f loo r  o r  ground ranged 
from 14 t o  75 
microxoentgens per  h o u r  

The Roentgen is a u n i t  which was defined f o r  r ad ia t ion  ?ro.tection purposes f o r  people exposed t o  pene t ra t ing  gamma a 

rad ia t ion .  A microfioentgen is one-millionth of a Roentgen. 

bThe rad is t h e  u n i t  for measuring r ad ia t ion  dose t o  t i s s u e .  One mi l l i r ad  i s  equal t o  one-thousandth of  a rad .  

Rarige from 0.01 10 50 
mi l l i r ads  per  h o u r .  
,Guidelir,e value f o r  
general pabl ic  exceeded 
a t  many poin ts  indoors 
and outdoors 
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Table I V - 2 .  Uranium decay ser ies  

uran ium- 2 3  8 

thorium-234 

pro tac t in ium-  234 

uranium - 234 

thorium-230 

radium- 2 2 6 

radon - 222 

po loniurn- 2 1s" 
1 ead- 2 Ma 

b i smut h - 2 1 4a 

po lon ium- 2 14" 

lead-  2 10 

polonium-.2 10 

lead-206 

4.5 b i l l i o n  yea r s  

24 days 

1 . 2  minutes 

250 thousand years 

80 thousand years 

1,600 yea r s  

3 . 8  days 

3 minutes 

27  minutes 

20 minutes 

second 
10,000 

2 2  years 

140 days 

s t a b l e  

alpha 

beta,  gamma 

b e t a ,  gama 

alpha 

a lpha  

a lpha  

a lpha  

a lpha  

bet.a, gamma 

b e t a ,  gamma 

a lpha  

beta 

a lpha  

none 

thorium- 2 35 

protact  iniunz- 234 

uranium - 2 3 4 

thorium- 2311 

rad ium- 2 2 6 

radon - 2 2 2 

polonium-218 

1 ead- 2 14 

b i smu t h  - 2 14 

polonium- 214 

1 ead-2 10 

bismuth - 2 1 0 

1 ead - 206 

none 

-- 
Shor t - l i ved  radon daughters ,  

a 





APPENDIX V 

STANDARD UNITS OF MEASUREMENT 
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The following t ab le  has been developed for use with t h i s  report in 

1Jnits used in 
tlie conversion o f  units of measurement frcm those u t i l i z e d  in the t e x t  
t o  the newly adopted International Systern of Uni ts  
the t e x t  w l i i e h  clo not appear in this t ab l e  arc considered as standard 

(SI). 

lai1der t h e  IlCW system. 

'l'able V - 1 "  Standard units o f  measurement 

_._._.. - -I- ......... - __........ II _-.-I- 

TO C Q l i ~ @ r t  I n t o  SI u n i t s  Multiply T3y 

gal. lons (gal)  

inches ( i n )  

square inches in2)  

feet  [ft) 

saparc € G e t  (It') 

acres (a> 

miles (mi) 

mi l l i r a d  (mrad) 

microroentgen (11K) 

disintegrations per  
minute (dpm) 

pi cocuri e (p6i) 

n J j  cracuric ( ~ i C i >  

l i t e r s  (1) 

centimeters (em) 

square centimetcrs (cm2) 

llacters (m) 

squara: meters (12) 

hectare (ha) 

ki 1 oneter (km) 

microgray (uCy) 

coulomb per kilogram (Clkg)  

b e c c p r e l  ( B q )  

3 1785 

2.540 

6.452 

0.3048 

0 9 9929 

0.4047 

1.61 

10.0 

2.58 x 10-l0 

0.02 

0.037 

3 . 7  x 10Lt 
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1. 
2 .  
3 .  
4 .  
5 ,  
6 .  
7. 
8, 

9- 1 3 .  
1 4 .  

15-19, 
20 D 

21 -25  I 

26- 50 
31 -155 I /  

36 I I  

37 D 

69 " 

70-144. 

145- 149. 

150-154 

155.  
156. 

157. 

158. 
159. 
160 I 

161 -51 9 0 

58-42. 
43. 
44. 
4 5 .  
16. 
4 7 .  
48. 
49. 

50-54. 

563. 
57-61. 
62-63 .  

64. 
6 5 - 6 6 . 

6 7 .  

r r  3 3 . 

6 8 .  
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