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1.0 SUMMARY 

The waste r e l e a s e s  from the  Laboratory, atmospheric and l i q u i d ,  were 
such t h a t  the  concentrat ion of r ad ioac t ive  materials i n  the  environs were 
w e l l  below the  maximum l e v e l s  recommended by t h e  NCRP and FRC. There w a s  
a reduct ion  i n  the  number of b e t a  c u r i e s  r e l eased  v i a  White Oak Creek t o  
Clinch River,  469 cu r i e s  i n  1963 compared with 14-56 c u r i e s  i n  1962. Also, 
t h e r e  w a s  a reduct ion  i n  the  average concentrat ion of l3lI i n  milk samples 
processed, 13 p c / l i t e r  i n  1963 compared with 96 p c / l i t e r  i n  1962. The con- 
c e n t r a t i o n  of r ad ioac t ive  materials i n  the  a i r  and the  background readings 
f o r  1963 d i d  not  show a s i g n i f i c a n t  change as compared with 1962. 

There w a s  one s i g n i f i c a n t  personnel  exposure recorded during the  yea r .  
One employee received an exposure t o  tritium which r e s u l t e d  i n  an es t imated  
body depos i t ion  of approximately 87 me. 
body w a s  es t imated t o  r e s u l t  i n  a t o t a l  dose of about 14 rem (computed over 
t h e  e n t i r e  per iod  during which t h e  tritium w i l l  be r e t a ined  by t h e  body).  

The ind ica t ed  dose t o  the  whole 

The Laboratory experienced 43 unusual occurrences during 1963. A l l  
b u t  one of which were c l a s s i f i e d  as minor events .  The one r a d i a t i o n  event  
w a s  t he  tritium exposure noted above. The frequency ra te  f o r  unusual  occur- 
rences continued t o  drop during 1963. For ty- three  unusual occurrences were 
recorded during 1963 as compared with 55 f o r  1962. 



2.0 ENVIRONS MONITORING 

2.1 Introduction 

The Health Physics Division monitors for air-borne radioactivity in 
the East Tennessee area by the use of three separate monitoring networks. 
The local air monitoring (LAM) network consists of twenty-two stations 
which are positioned in relation to ORNL operational activities (Figs. 1 
and 2); the perimeter air monitoring (PAM) network consists of seven 
stations which are located on the perimeter of the AEC controlled area 
(Fig. 3); and the remote air monitoring (RAM) network consists of seven 
stations which are located outside the AEC controlled area at distances of 
from l2 to 75 miles from ORNL (Fig. 4). 
for the collection of (1) air-borne radioactivity by air filtration tech- 
niques, (2) radioparticulate fall-out material by impingement on gummed 
paper trays, and (3) rain water for measurement of fall-out occurring as 
rain-out. The filter data are representative of radioparticulate matter 
which might be considered respirable; the gummed paper data are representa- 
tive of radioparticulate fall-out; and the rain water data provide informa- 
tion on the soluble and insoluble fractions of the radioactive content of 
fall-out material. 1 

The monitoring networks provide 

Low level radioactive liquid wastes originating from ORNL operations 
are discharged, after preliminary treatment, to the White Oak Creek which 
is a small tributary of the Clinch River. Liquid waste releases are con- 
trolled so that the resulting average radioactive concentrations in the 
Clinch River comply with maximum permissible concentrations established 
for populations in the neighborhood of an atomic energy installation as 
recommended by the National Committee on Radiation Protection (NCRP) and 
the Federal Radiation Council (FRC). 

The radioactive content of the White Oak Creek discharge is determined 
at White Oak Dam (Fig. 5) which is the last control point along the stream 
prior to entry of White Oak Creek waters into Clinch River waters. Water 
samples are collected at a number of locations along the Clinch River,begin- 
ning at a point above the entry of wastes into the river via White Oak Creek 
and ending at Center's Ferry (near Kingston, Tennessee) about 16 miles down- 
stream from the confluence of White Oak Creek and the Clinch River. Water 
samples are analyzed for gross radioactivity and for certain specified long- 
lived radionuclides. Using the maximum permissible concentration values 
for drinking water, (MPC)w, for each isotope as recommended by NCRP, a 
weighted average (MPC), for the mixture of radionuclides is calculated on 
the basis of the isotopic distribution in the water. The average concen- 
trations of gross activity are used for control purposes. 

Raw milk samples are collected at ten sampling stations located within 
a radius of 50 miles from ORNL. 

'A detailed discussion concerning techniques used in processing air and 

Samples are taken on a weekly basis from 

water samples for environmental monitoring purposes is given in ORE-2601. 
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s i x  s t a t i o n s  which are loca ted  ou t s ide  t h e  AEC con t ro l l ed  area wi th in  a 
12-mile rad ius  of ORNL. Samples are co l l ec t ed  every f i v e  weeks from t h e  
four  remaining s t a t i o n s ,  a l l  of which are loca ted  ou t s ide  t h e  12-mile r ad ius  
up t o  d is tances  of about 50 miles. The purpose of t h e  milk sampling program 
i s  twofold: f i r s t ,  samples c o l l e c t e d  i n  t h e  immediate v i c i n i t y  of ORNL 
provide da ta  by which one may eva lua te  the  poss ib l e  e f f e c t  of waste releases 
o r i g i n a t i n g  from ORNL operat ions;  second, samples c o l l e c t e d  remote t o  t h e  
immediate v i c i n i t y  of t h e  ORNL area provide background da ta  which are essen- 
t i a l  i n  e s t a b l i s h i n g  a proper index from which t h e  i n t e n t i o n a l  o r  a c c i d e n t a l  
r e l ease  of r ad ioac t ive  materials o r i g i n a t i n g  from Oak Ridge opera t ions  may 
be eva lua ted .  

Experiments have shown t h a t  c a t t l e  t hy ro id  a n a l y s i s  provides a p r a c t i c a l  
method f o r  the  de t ec t ion  of rad io iodine  i n  t h e  environment. Although t h i s  
p a r t i c u l a r  technique does no t  present  a means of eva lua t ing  the  hazard t o  
man from 1311 i n  t h e  environment, it does provide a much more s e n s i t i v e  
i n d i c a t o r  f o r  de t ec t ing  the  presence of rad io iodine  i n  the  environment 
than  i s  ava i l ab le  by milk ana lys i s .2  
arrangements were made t o  ob ta in  c a t t l e  t hy ro id  t i s s u e  each week through 
a cooperat ive program with t h e  UT-AEC research  s ta f f .  The thy ro id  t i s s u e s  
provided a r e  taken from c a t t l e  ( s laughtered  f o r  o the r  purposes) t h a t  have 
been pas tured  wi th in  a 100-mile rad ius  of ORNL. Radioiodine ana lys i s  i s  
accomplished by gamma s c i n t i l l a t i o n  counting techniques us ing  a 4" x 4" 
c r y s t a l  and a s i n g l e  channel gamma spectrometer.  

Near the  c lose  of t h e  t h i r d  qua r t e r  

Aerial  background surveys are made at .  least  once each calendar  qua r t e r  
over t h e  ORNL area and f o r  s e v e r a l  miles d i s t a n t  from ORNL i n  t h e  genera l  
d i r e c t i o n  of low a l t i t u d e  p reva i l i ng  winds. 
i n g  a t  speeds o f  approximately 120 miles pe r  hour, experiments have shown 
t h a t ,  a t  an  a l t i t u d e  of approximately 300 f e e t ,  it i s  poss ib l e  t o  d e t e c t  
l31I contamination upon grass lands  with reasonable accuracy by s c i n t i l l a -  
t i o n  de t ec to r s  down t o  l e v e l s  of about 0.5 pc/m2. Thus, light a i r c r a f t ,  
equipped with po r t ab le  s c i n t i l l a t i o n  de tec to r s  and used i n  the  manner 
descr ibed  above, provide a p r a c t i c a l  means of de t ec t ing  ex tens ive  h igh - l eve l  
depos i t s  of 1311 on ground su r faces .  

Using l i g h t  a i r c r a f t  and f l y -  

Background garmna r a d i a t i o n  measurements are made monthly a t  a number 
of l oca t ions  wi th in  the Oak Ridge geographical  area and less f r equen t ly  a t  
l oca t ions  throughout o t h e r  po r t ions  of t h e  E a s t  Tennessee area. 
measurements are taken with c a l i b r a t e d  GM and s c i n t i l l a t i o n  type de tec to r s  
a t  a d i s t ance  of t h r e e  f e e t  above t h e  sur face  of t h e  ground. 

These 

River bottom sediments i n  the  Clinch and Tennessee Rivers have been 
surveyed and analyzed annual ly  s ince  t h e  year  1951 f o r  t he  purpose of 
providing da ta  r e l a t i v e  t o  t h e  d i spe r s ion  of r ad ioac t ive  wastes r e l eased  
from Oak Ridge opera t ions  t o  the  Clinch River .  

20RNL-3492, Applied Heal th  physics Annual Report f o r  1962, p .  72. 
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2 . 2  Atmospheric Monitoring . 
Twelve new a i r  monitoring s t a t i o n s  were added t o  the LAM network dur ing  

the  year  br inging  the  t o t a l  number of s t a t i o n s  t o  twenty-two. 
new s t a t i o n s  were operated only a f e w  weeks during 1963 and t h e  d a t a  gener- 
a t e d  by the  twelve new s t a t i o n s  are no t  included i n  t h e  s t a t i s t i c a l  summary 
which fo l lows .  ) 

(The twelve 

2 . 2 . 1  A i r  Concentrations - The average concentrat ions of r ad ioac t ive  
materials i n  t h e  atmosphere, as measured by f i l t r a t i o n  methods provided by 
the  LAM, PAM, and RAM networks during 1963,were as fol lows:  

Network Concentration (pc/cc)  

LAM 4.9 x 

PAM 4.0  x 

RAM - 12 4.3 x 10 

The LAM network value of 4 .9  x 
(MPCU)2 based on occupat ional  exposure. 
maximum permiss ib le  concentrat ion f o r  persons r e s i d i n g  i n  the  neighborhood 
of an  atomic energy i n s t a l l a t i o n ,  t h e  PAM and RclM network values  r ep resen t  I 

4.0 and 4.3 per  cen t  of t h e  (MPCU)a r e spec t ive ly .  Table 1 gives a tabula-  
t i o n  of da t a  f o r  each s t a t i o n  wi th in  each network. The weekly values  f o r  
each network are g raph ica l ly  i l l u s t r a t e d  i n  F ig .  6 .  

pc/cc i s  about 0.49 pe r  cent  of t he  
When eva lu l a t ed  i n  terms of t h e  

2 .2 .2  Fal l -Out  (Gummed Paper Technique) - Radiopar t icu la te  f a l l - o u t  
decreased i n  1963 by a f a c t o r  of about 3 from t h e  va lues  obtained during 
1962. I n  genera l ,  € a l l - o u t  a c t i v i t y  w a s  h ighes t  during t h e  e a r l y  p a r t  of 
1963 with a uniform decrease occurr ing  throughout a l l  networks u n t i l  about 
t h e  middle of  the t h i r d  qua r t e r .  Beginning i n  t h e  t h i r d  qua r t e r ,  t h e  LAM 
network averages were s e v e r a l  t i m e s  g r e a t e r  than those  recorded by the  o t h e r  
two networks (F ig .  7 ) .  
a f f e c t e d  by f a l l - o u t  o r i g i n a t i n g  from l o c a l  opera t ions  as w e l l  as weapons 
t e s t i n g  opera t ions  and normally show higher  values  than  those recorded by 
the  PAM and RAM networks when world-wide f a l l - o u t  i s  low. 
number of p a r t i c l e s  per  square f o o t  c o l l e c t e d  each week by gummed paper 
f a l l - o u t  c o l l e c t o r  techniques i s  shown f o r  each monitoring s t a t i o n  i n  each 
network i n  Table 2 .  

It has  been noted t h a t  LAM network measurements a r e  

The average 

The abundance of r ad ioac t ive  p a r t i c l e s  c o l l e c t e d  on the  a i r  monitor 
f i l t e r s  i n  1964 decreased by a f a c t o r  of about  1.5 when compared t o  1962. 
The r a d i o p a r t i c u l a t e  count pe r  1000 cubic f ee t  of a i r  sampled by f i l t r a t i o n  
techniques a t  each a i r  monitoring s t a t i o n  i n  each network i s  shown i n  Table 
1. . 

~ 

3The (MPCU), i s  def ined a s  the  maximum permiss ib le  concentrat ion f o r  an 
unknown mixture of rad io iso topes  i n  a i r .  
gives  exposure values  app l i cab le  t o  var ious  mixtures  of rad ionucl ides  and 
e s t a b l i s h e s  guide l i n e s  f o r  der iv ing  t h e  ( M P C U ) a .  

NBS Handbook 69, Table 4, p .  94, 
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2.2 .3  Atmospheric Radioiodine (Charcoal Col lec tor  Techniques) - Atmos- 

The maximum l e v e l s  were observed a t  t h e  Gal laher ,  
phe r i c  rad io iodine  averaged about 0.015 pc/mS, 0.005 per  cen t  (MPC), f o r  
1311 during 1963. 
White Oak Dam and B l a i r  s t a t i o n s .  The h ighes t  l e v e l  w a s  observed a t  t h e  
Gal laher  s t a t i o n  where the  ca l cu la t ed  concentrat ion w a s  0.79 pc/&, 0.25 
p e r  cent  (MPC)a  f o r  l3l1, when cor rec ted  f o r  decay and averaged over t h e  
c o l l e c t i o n  per iod  of one week. The observat ion a t  the  above t h r e e  s t a t i o n s  
c o r r e l a t e d  with a release of approximately 3191 m i l l i c u r i e s  of rad io iodine  
from ORNL4 a t  a t i m e  when atmospheric condi t ions were favorable  f o r  t he  
r e l eased  rad io iodine  t o  be c a r r i e d  t o  these  s t a t i o n s .  

2.3  

r a i n  

Water Analysis 

2.3.1 Rain Water - The average concentrat ions of r a d i o a c t i v i t y  i n  
water c o l l e c t e d  from t h e  t h r e e  networks during 1963 were as fol lows:  

Network Concentration (pc/cc)  

LAM 8.4 10-7 

The l a c k  of a s i g n i f i c a n t  d i f f e rence  between network averages ind ica t e s  
t h a t  t h e  r a d i o a c t i v i t y  i n  the  c o l l e c t e d  r a i n  water w a s  n o t  of l o c a l  o r i g i n .  
The h igher  average value measured by t h e  RAM network dur ing  1963 may be  
a t t r i b u t e d  t o  the  samples c o l l e c t e d  during weeks 15 and 19 (F ig .  8 ) .  
weeks 15 and 19, no r a i n  w a s  c o l l e c t e d  by the  LAM and PAM networks, while 
0.01 inches of r a i n f a l l  were c o l l e c t e d  a t  one o r  more s t a t i o n s  of t h e  RAM 
network. 
taken during t h e  f i r s t  p a r t  of a r a i n ,  r e s u l t s  i n  a h igher  than normal con- 
c e n t r a t i o n  of r a d i o a c t i v i t y  i n  r a i n  water c o l l e c t e d .  
tends t o  expla in  t h e  h igher  average value obtained by t h e  RAM network f o r  
1963.) 

During 

A c o l l e c t i o n  of a small t o t a l  amount of r a i n f a l l ,  o r  of a sample 

(This  phenomenon 

Average values  der ived f o r  each s t a t i o n  are shown i n  Table 3 .  

2 .3 .2  Clinch River Water - A t o t a l  of  469 b e t a  c u r i e s  of r a d i o a c t i v i t y  
was r e l eased  v i a  White Oak Creek t o  the Clinch River during 1963 (Table 4 ) .  
Radiochemical ana lyses  of t h e  e f f l u e n t  pass ing  through White Oak Dam in-  
d i ca t ed  t h a t  about 92 pe r  cent  of t he  r a d i o a c t i v i t y  cons is ted  of lo6Ru 
which i s  e s s e n t i a l l y  t h e  same as t h a t  recorded dur ing  1962. 
of goSr i n  t h e  e f f l u e n t  leav ing  White Oak Dam w a s  1.7 per  cen t  i n  1963 as 
compared t o  1.3 pe r  cen t  i n  1962. 

The percentage 

The ca l cu la t ed  average concentrat ion of rad ioac t ive  materials i n  t h e  
Clinch River a t  Clinch River Mile ( c m ) 2 0 . 8  ( t h e  p o i n t  of e n t r y  o f  White 
Oak Creek i n t o  t h e  r i v e r )  w a s  1.6 x 10-7 w / m l  which represents  4.7 p e r  cen t  
of the  weighted average (MPC)w recommended f o r  persons who r e s i d e  i n  t h e  
neighborhood of an atomic energy i n s t a l l a t i o n  (Table 5 ) .  
'"Summary of Waste Discharges, Week Ending 10-27-63," L.  C .  Lasher. 

The average 
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concent ra t ion  of r ad ioac t ive  materials i n  the  Clinch River d i d  not  exceed 
17 per  cen t  of t h e  (MPC), during any given week during 1963 (Fig .  9 ) .  . 

The measured average concentrat ion of r a d i o a c t i v i t y  i n  t h e  water taken 
from t h e  Clinch River a t  CRM 41.5 (above t h e  e n t r y  of White Oak Creek) w a s  
1.3 per  cen t  of t h e  weighted average (MPC)w (Table 5 ) .  The concent ra t ion  
of 9OSr i n  t h e  r i v e r  above the  e n t r y  of White Oak Creek i s  about t h e  same 
as the  con t r ibu t ion  ca l cu la t ed  f o r  White Oak Creek e f f l u e n t  a t  CRM 20.8 
assuming uniform mixing of t he  two streams. The r ad ioac t ive  materials i n  
t h e  r i v e r  upstream presumably are t h e  r e s u l t  of f a l l - o u t  from world-wide 
weapons t e s t i n g  and n a t u r a l  causes .  

The measured average concent ra t ion  of r ad ioac t ive  materials i n  the  
Clinch River a t  CRM 4 .5  (near  Kingston, Tennessee) w a s  1 .0  x 10-7 pc/ml. 
This value r ep resen t s  3.7 per  cent  of t h e  (MPC)w as app l i ed  t o  persons 
r e s id ing  i n  the  neighborhood of an atomic energy i n s t a l l a t i o n .  

2 . 4  Milk Analyses 

The average concent ra t ion  of goSr i n  r a w  milk samples co l l ec t ed  from 
wi th in  a rad ius  of 50 m i l e s  of t h e  Laboratory during t h e  f i rs t  nine months 
of 1963 w a s  43 p c / l i t e r .  The average concent ra t ion  of 1311 f o r  t h e  e n t i r e  
year  (1963) w a s  13 p c / l i t e r .  
from samples processed a t  ORNL f a l l  wi th in  FRC Range I1 l i m i t s  i f  one 
assumes the  average d a i l y  in take  pe r  i nd iv idua l  t o  be one l i t e r  pe r  day. 

Both the  average 9OSr and '3lI values  der ived  

The average lglI concentrat ion i n  r a w  milk samples during 1963 
(13 p c / l i t e r )  w a s  lower than t h e  va lues  recorded during 1962 by a f a c t o r  
of about 7 and approached t h e  lower l i m i t  of  de t ec t ion  (10 p c / l i t e r )  o f  
t h e  method used f o r  t he  ana lys i s  of 1311 i n  milk.  
t i o n  of 9OSr i n  milk during 1963 increased  by a f a c t o r  of  1.3 from the  
average value measured during 1962. 
measured i n  t h e  Oak Ridge area compares with a predic ted5  increase  of a 
f a c t o r  of 2 f o r  t h e  United S t a t e s  as a whole. 

The average concentra- 

This increase  of a f a c t o r  of 1.3 

2 .5  Cattle Thyroid Analysis 

Tnyroid t i s s u e s t a k e n  from c a t t l e  pas tured  wi th in  a rad ius  of 100 m i l e s  
of Oak Ridge were analyzed f o r  rad io iodine  a t  the  rate of f i ve  thy ro id  
specimens pe r  week from September through December. O f  t h e  71 t hy ro id  
specimens assayed f o r  rad io iodine ,  14 specimens showed q u a n t i t i e s  of 1311 
t h a t  were s i g n i f i c a n t l y  d i f f e r e n t  from zero; t h e  remaining 57 were below 
the  l i m i t  of  de t ec t ion  (- 1.0 pc/g) o f  t he  method used. Radioiodine con- 
t e n t  averaged 6.4 pc/g o f  t i s s u e  i n  those cases where r a d i o a c t i v i t y  w a s  
de t ec t ab le .  The maximum value observed on any one thy ro id  w a s  17 pc/g. 
The iodine concent ra t ions  measured i n  c a t t l e  t hy ro id  t i s s u e  during t h i s  
per iod  were on t h e  order  of 1/100 of the  l e v e l s  measured i n  mid 1962 
during nuc lear  weapons t e s t i n g  opera t ions .  The 1963 da ta  i n d i c a t e  t h a t  
the concentrat ion of radioiodine i n  t h e  E a s t  Tennessee environment i s  
r e l a t i v e l y  i n s i g n i f i c a n t  when compared with maximum permiss ib le  in t ake  
l e v e l s .  
5Federal  Radiat ion Council Report No. 4, May 1963. 
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2 .6  Background Measurements 

Background measurements were taken a t  a number of loca t ions  ( e s t ab l i shed  
i n  1961) i n  the  East  Tennessee a rea  during rout ine  se rv ic ing  v i s i t s  t o  the  
remote a i r  monitoring s t a t i o n s .  Measurements were made a t  each loca t ion  
on a frequency of once each f i v e  weeks. Average background readings and 
the  loca t ion  of each s t a t i o n  a r e  presented i n  F ig .  10. The average back- 
ground l e v e l  during 1963 as  measured a t  these  s t a t i o n s  was 0.018 mR/hr, 
which i s  e s s e n t i a l l y  the  same a s  the  value recorded i n  1962. 

Background measurements made monthly with a c a l i b r a t e d  GM tube monitor 
a t  f i v e  se l ec t ed  loca t ions  adjacent  t o  the  ORNL area  yielded an average 
background reading of approximately 0.026 mR/hr during 1963. 
value i s  about 2 t i m e s  t he  average background l e v e l  measured i n  the  Oak 
Ridge a rea  i n  1943 p r i o r  t o  t he  s t a r t - u p  of t he  Oak Ridge Graphite Reactor.  
A comparison of average background values  taken both on and off  t he  X - 1 0  
s i t e  f o r  the  years 1950-1963 i s  presented i n  F ig .  11. 

The 1963 

2 . 7  Annual Survey of t he  Clinch and Tennessee Rivers 

The annual s-lirvey of the  Clinch and Tennessee Rivers,  c a r r i e d  ou t  
during t h e  summer of 1963, was extended 20 miles upstream from the  mouth 
of White Oak Creek t o  Clinch River Mile (CRM) 42.8.  
ended a t  CRM 22.8.  
survey extended from For t  Loudoun Reservoir (TRM 615.8) through Gunters- 
v i l l e  Reservoir (TRM 354.4) .  
descr ibed i n  ORNL-2847.) 

Previous surveys 
The expanse of t he  Tennessee River covered by the  

(The techniques and procedures used a r e  

Figures  12 and 1-3 show the  gamma count r a t e  observed a t  t he  sur face  
of  t he  Clinch and Tennessee River bottom s i l t  f o r  t he  years  1961, 1762, 
and 1963. The long i tud ina l  d i spers ion  of rad ioac t ive  mater ia l s  i n  the  
s i l t  of t he  Clinch River (F ig .  12)  i s  e s s e n t i a l l y  the  same as  was observed 
i n  1961 and 1962 except f o r  t h e  s t r e t c h  of r i v e r  immediately downstream 
from the  mouth of White Oak Creek (CRM 20.8)  and immediately upstream 
from the  poin t  of en t ry  of t he  Emory River (CRM 4 . 4 ) .  
gamma measurements taken i n  the Clinch River, downstream from C m  2'1.5, 
w a s  about t he  same i n  1963 (4'7 c/m) a s  was observed i n  1962 (49 c/m). 
t o t a l  number of cur ies  discharged t o  the  Clinch River, however, decreased 
from 1700 cu r i e s  during the  12-month per iod j u s t  p r i o r  t o  the  1962 survey 
t o  794 cu r i e s  during the  corresponding per iod i n  1963. 

The average of a l l  

The 

The average gamma count rate on bottom s i l t  loca ted  i n  the  Tennessee 
River (F ig .  13) showed a decrease i n  Watts B a r  and Hales Bar reservoi rs ;  
t he re  was e s s e n t i a l l y  no change i n  Chicamauga and Guntersv i l le  r e se rvo i r s .  
The average gamma count r a t e  observed i n  both Clinch and Tennessee River 
bottom s i l t  f o r  t he  years  1951 through 1963 i s  given i n  Fig.  14. A s l i g h t  
decrease was noted i n  the  gamma rad ia t ion  emanating from bottom s i l t  i n  
both r i v e r s  i n  1963 when compared t o  t h e  1962 da ta .  

Radiochemical analyses da ta  obtained from Clinch and Tennessee River 
s i l t  co l l ec t ed  i n  the  1962 and 1963 surveys a r e  given i n  Tables 6 and 7. 
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No significant increases or decreases are noted in the average concentra- 
tions of the major radionuclides in Clinch River silt, Table 6. 

Increases recorded in the concentrations of 144Ce, gOSr, 95Zr + 95Nb, 
and the rare earths in Tennessee River silt (Table 7) may be attributed to 
fall-out from world-wide nuclear weapons testing. This conclusion is sup- 
ported by increases in concentrations of the same radionuclides in Fort 
Loudoun silt ( “Fort Loudoun Background Data, Table 7). 
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3.0 PERSONNEL MONITORING . 
The Dosimetry Sect ion of  Applied Health Physics has the  major responsi-  

b i l i t y  f o r  t he  personnel monitoring program a t  ORNL. 
accomplished mainly through the  use of personal  meters, bio-assays,  and 
i n  vivo counting (whoie body counter)  techniques.  

Dose ana lys i s  i s  

3 .1  Dose Analysis Summary, 1963 

3.1.1 External  Exposures - No employee received an ex te rna l  r ad ia t ion  
dose which exceeded the  maximum permissible  l e v e l s  recommended by t h e  
Federal  Radiation Council (FRC) .  The h ighes t  whole body r ad ia t ion  dose 
received by an employee w a s  about 5 . 1  rem o r  42 per  cent  of t he  maximum 
permissible  annual dose. 
meters i s  shown i n  Table 8.  

The range o f  doses f o r  persons using ORNL badge- 

A s  of December 31, 1963, only one employee had a cumulative whole 
body dose which exceeded the  recommended maximum permissible  dose as based 
on the  age prora t ion  formula 5(~-18) ( see  Table 9). 
recorded f o r  t h i s  ind iv idua l  (67.6 rem) r e s u l t e d  from an acc iden ta l  expo- 
sure  which occurred during 1957, and a t  t he  end of 1963 represented about 
IS3 per  cent  of t h e  dose permit ted by the  age prora t ion  formula; h i s  aver-  
age dose per  year of employment a t  OWL was 8.5 rem. 
ployee had an average annual exposure rate t h a t  exceeded 5 rem per year 
of employment (Table 10); i n  t h i s  l a t t e r  case the  average annual dose w a s  
5.2 rem and the  cumulative dose was accrued over a per iod of about 12 
yea r s .  

Nearly a l l  of t he  dose 

Only one o ther  em- 

A s  of December 31, 1963, the  h ighes t  cumulative dose of  whole body 
r ad ia t ion  received by an employee w a s  approximately 83 rem. The 83 rem 
dose w a s  accrued over an employment per iod of about 19 years  and repre-  
sented an annual exposure o f  about 4.3 rem. 

The h ighes t  cumulative hand exposure recorded during 1963 w a s  about 
18.2 rem o r  24 per  cent  of t he  recommended maximum permissible  annual dose 
t o  t he  ex t r emi t i e s .  

No employee received a dose t o  the  sk in  of t he  whole body t h a t  ex- 
ceeded 30 per  cent  of t h e  maximum permissible  annual sk in  dose of 30 rem. 

3.1.2 I n t e r n a l  Exposures - During 1963, one employee received an 
exposure to tritium oxide which r e s u l t e d  i n  an est imated body deposi t ion 

. 
of-approximately 87 me. 
mated t o  r e s u l t  i n  a t o t a l  dose of about 14  rem (computed over t he  e n t i r e  
per iod  during which the  tritium w i l l  be r e t a ined  by the  body). 
ployee w a s  r e s t r i c t e d  t o  work with non-radioactive mater ia l s  u n t i l  t he  
quant i ty  of tritium deposi t ion i n  the  body i s  reduced t o  permissible  
l e v e l s .  

The in t eg ra t ed  dose t o  t he  whole body w a s  e s t i -  

The em- 

There were no o ther  cases o f  i n t e r n a l  exposure where the  deposi t ion 
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of r ad ioac t ive  ma te r i a l s  wi th in  the  body w a s  es t imated t o  have averaged 
g r e a t e r  than h a l f  a maximum permiss ib le  body burden.1 

Three employees continued t o  have est imated body burdens of t r ans -  
uran ic  a lpha emi t t e r s  (mainly 239Pu) of 35 t o  40 pe r  cen t  of t he  recom- 
mended maximum permissible  value .2 Heal th  Physics procedures r equ i r e  
t h a t  i nd iv idua l s  who exceed 30 per  cent  of a maximum permiss ib le  body 
burden be placed on a work assignment where the  p o t e n t i a l  f o r  i n t e r n a l  
exposure i s  reduced. 

3 .2  Externa l  Dose Techniques 

3 . 2 . 1  Film Meters - Film meters a r e  issued t o  a l l  persons who have 
access  t o  OFWL f a c i l i t i e s  i n  which t h e r e  i s  a p o t e n t i a l  f o r  r a d i a t i o n  ex- 
posures i n  excess of RPG l e v e l s .  E i t h e r  an ORNL badge-meter (F ig .  15) o r  
a temporary pass-meter (F ig .  16) may be used.  
t o  a l l  ORM,  employees, and t o  c e r t a i n  o the r  persons who a r e  au thor ized  t o  
e n t e r  ORNL f a c i l i t i e s  f requent ly .  Temporary pass-meters a r e  issued i n  l i e u  
of badge-meters f o r  short- term use .  

Badge-meters a r e  ass igned 

Beginning i n  August, 1963, v i s i t o r s  t o  OWL f a c i l i t i e s  who d i d  not  
r equ i r e  access  t o  t he  r a d i a t i o n  zones were issued temporary pass-meters 
labe led  "Entry t o  Radiation Zone Prohib i ted .  " 
dose data generated by f i lms  taken from such meters w a s  discont inued af ter  
experience showed t h a t  none of t h e  15,000 o r  more meters i s sued  on t h i s  
b a s i s  w a s  exposed t o  a de tec tab ly  s i g n i f i c a n t  dose ( 2  mR, 60 KeV o r  20 mR, 
1 MeV). These meters, however, provide f o r  dosimetry i n  the  event of a 
r a d i a t i o n  acc iden t .  

Routine record keeping of 

NTA (nuc lear  t r a c k )  film packets are included i n  a l l  badge-meters 
issued t o  ORNL employees and ass ignees .  
rou t ine ly  if  t h e  badge-meter i s  assigned t o  an ind iv idua l  who normally 
works w h e r e  there may be exposure t o  neutrons.  Spot checks a r e  made on 
t e n  per  cent  of t h e  NTA f i lms  used by o the r  i nd iv idua l s .  

The NTA films a r e  processed 

Beta-gamma s e n s i t i v e  f i lms  from badge-meters i s sued  t o  a l l  employees 

Films used i n  o the r  meters a r e  processed as 
and assignees a r e  processed r o u t i n e l y  each calendar  qua r t e r  ( o r  more 
f r equen t ly  i f  necessary) .  
condi t ions of use  may r equ i r e .  
of t h e  badge-meters ( s u l f u r ,  gold, indium, and phosphate g l a s s )  a r e  f o r  
use  i n  the  event  t h a t  doses exceed the  c a p a b i l i t y  of t he  monitoring films. 

High-level r a d i a t i o n  dosimetry components 

3 .2 .2  Pocket Meters - Pocket meters ( i n d i r e c t  reading, i on iza t ion  
chambers), F i g .  17, a r e  made a v a i l a b l e  a t  a l l  p r i n c i p a l  po in t s  of e n t r y  t o  
ORNL premises.  A p a i r  of pocket meters i s  c a r r i e d  f o r  t h e  dura t ion  of a 

'AEC Manual Chapter 0502 requi res  an eva lua t ion  of  t h e  r a d i a t i o n  exposure 
s t a t u s  of an employee when monitoring techniques i n d i c a t e  t h a t  a body 
burden equals  o r  exceeds 50 per  cent  o f  a maximum permiss ib le  limit. 

'Handbook 69 values  a r e  the  b a s i s  f o r  t hese  determinat ions.  
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work s h i f t  by persons who work i n  an area where t h e  p o t e n t i a l  f o r  a dose 
of 20 mR o r  more e x i s t s  during the work sh i f t .  Pocket meter p a i r s  are pro- 
cessed a t  t h e  end of each work s h i f t  by h e a l t h  physics  technic ians  and t h e  
readings of 20 mR o r  more are repor ted  d a i l y  t o  supervis ion.  

Pocket meters provide f o r  a day-to-day record of i n t eg ra t ed  exposures 
and warn if excessive exposures should occur .  

3 .2 .3  Hand Exposure Meters - Hand exposure meters (F ig .  18) are 
fi lm-loaded f i n g e r  r i n g s  used t o  measure hand exposure. Hand exposure 
meters are issued on a weekly basis t o  persons f o r  use during opera t ions  
where it i s  l i k e l y  t h a t  t he  hand dose i s  such as t o  exceed 1 rem during 
the  week. 
Survey Unit  personnel  who determine t h e  need f o r  t h i s  type of monitoring 
and arrange f o r  a processing schedule.  

Hand exposure meters are i ssued  and c o l l e c t e d  by Radiat ion 

3.2.4 Metering Resume - Shown i n  Table 11 are t h e  q u a n t i t i e s  of 
personnel  metering devices  used and processed during 1963. 
of films processed w a s  less  than i n  1962, and should be even less  i n  1964, 
because of t h e  reduct ion i n  monitoring requirements f o r  v i s i t o r s  t o  t h e  
Laboratory.  

The number 

3.3 I n t e r n a l  Dose Techniques 

3 .3 .1  Bio-Assays - Urine and f e c a l  samples are analyzed f o r  t h e  
The frequency of sampling purpose of making i n t e r n a l  dose determinat ions.  - -  - 

and t h e  type of radiochemical a n a l y s i s  performed i s  based upon each 
s p e c i f i c  rad io iso tope  and the  exposure p o t e n t i a l .  Because of t h e  s m a l l  
q u a n t i t i e s  of r ad ioac t ive  material i n  most samples, q u a l i t a t i v e  analyses  
are no t  f e a s i b l e ,  and only q u a n t i t a t i v e  analyses  of predetermined i so topes  
are performed rou t ine ly .  

I n  most cases  bio-assay da ta  r equ i r e  i n t e r p r e t a t i o n  t o  determine t h e  

An estimate of dose i s  made 
dose of the  person; computer programs are used f o r  eva lua t ion  of ex tens ive  
data on u r ina ry  excre t ion  of 239Pu and 90Sr.  
f o r  a l l  cases i n  which it appears t h a t  one- th i rd  of a body burden, averaged 
over a calendar  year ,  may be exceeded. 

3 .3 .2  Whole Body Counter - The whole body counter  ( I n  Vivo Gamma 
Spectrometer) may be used f o r  determining i n t e r n a l l y  deposi ted q u a n t i t i e s  - 
of most of t h e  gamma ray-emit t ing substances,  and many of t h e  more ener-  
g e t i c  be ta -emi t t ing  substances.  Thus, it provides a d i r e c t  method of 
determining body burdens of those substances.  

3 .4  Records and Reports 

Most records and r e p o r t s  are prepared by e l ec t ro -da ta  process ing  (EDP) 
techniques through t h e  use  of high-speed d i g i t a l  computer systems. The IBM 
7090, l oca t ed  a t  t h e  Cent ra l  Data Processing F a c i l i t y  (CDPF), t u r n s  ou t  
rou t ine  weekly, qua r t e r ly ,  and annual  r epor t s  involving e x t e r n a l  dose d a t a .  
(A  t y p i c a l  weekly r e p o r t  i s  shown i n  F ig .  19; a t y p i c a l  qua r t e r ly  r e p o r t  
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i s  shown i n  F ig .  20. An IBM 1401, l oca t ed  a t  t h e  Y-12 P lan t ,  i s  used t o  
provide t h e  weekly pocket meter r e p o r t  (see F ig .  21) .  
l i s t i n g s  are prepared by the  IBM 7090 a t  CDPF; a weekly Bio-Assay Sample 
S t a t u s  Report (F ig .  22)  i s  processed by the  ORNL Math Panel  u t i l i z i n g  a 
CDC 1604. 

Quar te r ly  bio-assay 

Reports involving AEC-OR0 and TVA-EGCR fi lm se rv ices  are generated by 
the  IBM 7090 a t  CDPF. 
tag-pass meter a r e  used i n  an annual  r e p o r t  prepared by use of t h e  IBM 1401 
l oca t ed  a t  t h e  Y-12 P l a n t .  

Data generated from films used i n  t h e  temporary 

Plutonium-239 body burden es t imates  a r e  prepared i n  r e p o r t  form (usu- 
a l - ly  q u a r t e r l y )  by use  of t h e  IBM 7090 a t  CDPF. 

A l l  o t h e r  r e p o r t s  are prepared by hand. Permanent f i l e s  are main- 
t a ined  a t  Applied Heal th  Physics Headquarters f o r  each ind iv idua l  who i s  
assigned an  ORrJL badge-meter. An IBM card cross- indexing system is  main- 
t a i n e d  a t  t h e  p r i n c i p a l  monitoring s t a t i o n s  f o r  t he  purpose of expedi t ing  
meter assignments.  These IBM cards are compatible with t h e  var ious  com- 
pu te r  programs and provide f o r  t h e  i n t e r n a l  a u d i t  of a l l  personnel  monitor- 
i n g  record  d a t a .  

Copies of t he  EDP repor t s ,  bo th  temporary and f i n a l ,  are maintained 
f o r  both the  i n t e r n a l  and e x t e r n a l  dose programs. Data used i n  t h e  EDP 
program are s t o r e d  on computer q u a l i t y  magnetic t a p e s .  Data p e r t i n e n t  
t o  t h e  work of t he  dosimetry groups and information used i n  the  non-EDP 
r e p o r t s  are maintained i n  record form by Dose Data personnel .  

3 * 5  Program Developments 

A weekly r e p o r t  based on pocket meter readings w a s  programmed f o r  
The d a i l y  pocket meter readings are used as the  computer during 1963. 

input  information; the f i n i s h e d  weekly r e p o r t  l i s t s  pocket meter readings 
f o r  each ind iv idua l  f o r  each day i n  which pocket meters were used, t o t a l s  
the  readings f o r  t h e  week, and shows t h e  cumulative t o t a l  f o r  t he  qua r t e r  
t o  d a t e .  

During 1963 a computer program w a s  adopted for t h e  purpose of provid- 
ing  a weekly r e p o r t  r e l a t i v e  t o  the  s t a t u s  of t h e  bio-assay program. 
r e p o r t  l i s t s  employees who are cu r ren t ly  p a r t i c i p a t i n g  i n  t h e  bio-assay 
sampling program. Indiv idua ls  are cataloged by work area and d i v i s i o n .  
The r e p o r t  gives  information r e l a t i v e  t o  (1) samples on reques t  b u t  no t  
received,  ( 2 )  samples received during the  week of t h e  r epor t ,  ( 3 )  samples 
i n  process ,  and (4 )  r e s u l t s  of samples completed during the  week of t h e  
r e p o r t .  
ana lys i s  and sample p r i o r i t y  i n  add i t ion  t o  t h e  above information i s  a l s o  
provided. 

The 

A s t a t i s t i c a l  summary of t he  s t a t u s  of  a l l  samples by type of 

. 

Modifications were made i n  the  EDP program f o r  e x t e r n a l  exposure dose 
da t a  during the  yea r .  
f o r  each ind iv idua l  and shows the  cu r ren t  r a d i a t i o n  exposure s t a t u s . )  

(This program provides  a q u a r t e r l y  summary of da t a  



. Each ORNL d i v i s i o n  i s  provided with a dose summary f o r  each ind iv idua l  
a s soc ia t ed  with the  d iv i s ion .  An annual i nd iv idua l  summary i s  prepared 
which t abu la t e s  the  exposure h i s t o r y  wi th in  the  cu r ren t  calendar  decade. 



4.0 LABORATORY OPEEATIONS MONITORING 

The Applied Heal th  Physics Annual Report f o r  1959 (ORNL-3073) de- 
sc r ibed  a system f o r  c l a s s i f y i n g  r a d i a t i o n  acc idents ,  o r  near acc iden t s ,  
and t h e  term "unusual occurrence" w a s  adopted t o  descr ibe  these  events .  
During t h e  years  1961-1962, unusual occurrences were c l a s s i f i e d  i n t o  minor 
and major events  (Oxr\rL-32.84, p .  l o ) .  
proved t o  be too  broad i n  t h a t  t h e  major event,  by d e f i n i t i o n ,  covered a 
wide range of circumstances which included simple t e c h n i c a l  overs ights  
t h a t  were no t  d i s t inguished  from events  which took on more se r ious  propor- 
t i o n s .  Consequently, during the  swnmer of 1962, a j o i n t  s tudy  w a s  under- 
taken by Applied Heal th  Physics and Radiat ion Sa fe ty  and Con t ro l l  which 
r e s u l t e d  i n  t h e  establ ishment  of gu ide l ines  f o r  c l a s s i f y i n g  unusual  occur- 
rences according t o  a s e v e r i t y  index system. 

However, t h i s  two-part  c l a s s i f i c a t i o n  

4.1 Unusual Occurrence Sever i ty  Index System 

4.1.1 Minor Occurrence - An unusual  occurrence which does no t  q u a l i f y  
as a " rad ia t ion  event" (see 4.1.2 i n f r a )  i s  c l a s s i f i e d  as a "minor occur- 
rence'' if the  occurrence includes one o r  more of t h e  following: 

1. 
po l i cy .  

An event involving a v i o l a t i o n  of a h e a l t h  physics  regulatory 

2 .  
r e l a t i o n s  o r  would have r e s u l t e d  i n  a r a d i a t i o n  acc iden t  under 
less  f o r t u n a t e  circumstances.  

An event  which might have had an  adverse e f f e c t  on publ ic  

3 .  
( a )  the  e x t e r n a l  exposure i n  any one work week i s  i n  t h e  range 
( i )  0 . 1  t o  0.3 rem f o r  exposure t o  t h e  t o t a l  body, head and 
trunk, l e n s  of t he  eye, gonads, o r  blood forming organs,  ( T i )  
0.6 t o  1.0 r e m  f o r  exposure t o  t h e  sk in  of t h e  body, (iii) 1 . 5  
t o  2 .5  rem f o r  exposures t o  t h e  extremities, and/or (b )  an in -  
d iv idua l  i s  exposed t o  radiocontaminants a t  l e v e l s  which r equ i r e  
decontamination under medical superv is ion  o f  a na ture  that  ( i )  
t h e  e x t e r n a l  exposure r e s u l t i n g  from such contamination does 
no t  equal  o r  exceed the  above prescr ibed  upper l i m i t s ,  and (ii) 
t h e  i n t e r n a l  exposure i s  such t h a t  a n a l y s i s  of body f l u i d s  in-  
d i c a t e s  an e l imina t ion  ra te  t h a t  i s  less  than 25 pe r  cen t  of 
t h e  exc re t ion  index.2 (The limits e s t a b l i s h e d  above are based 
on provis ions  s e t  f o r t h  i n  Procedure No. 20, Reg. No. 2,  p .  3, 
of t he  Heal th  Physics Manual.) 

An event  involving an unplanned personnel  exposure where 

'Radiation Sa fe ty  and Control  Quar t e r ly  Report-July, August, and September, 

2The excre t ion  index ( E I )  i s  t h a t  quan t i ty  of  an  i n t e r n a l l y  deposi ted 

1962, O m  CF-62-11-19, November 5, 1962. 

rad io iso tope  which i s  est imated t o  be e l imina ted  i n  t h e  u r i n e  during a 
24-hour per iod  if  t h e  person has a m a x i m u m  permiss ib le  body burden of t h e  
rad io iso tope  as def ined i n  NCRP Handbook 69 (publ i shed  by NBS) f o r  t h e  
occupat ional  worker. 

. 



4. An event involving the uncontrolled release of radioactivity 
which results in a significant interruption of the normal opera- 
ting routine under conditions where the maximum permissible con- 
centration ( M P C )  values are not exceeded when averaged over a 
24-hour period and/or the combined costs of evaluation and re- 
covery are less than $500. 

4.1.2 Radiation Event - The radiation event is defined as an unusual 
occurrence which involves one or more of the following: 

1. 
that equals or exceeds (i) 0.3 rem to the total body, (ii) 1.0 
rem to the skin of the body, (iii) 2.5 rem to the extremities, 
and/or (b) an event involving one or more internal exposures such 
that analysis of body fluids indicates an elimination rate equal 
to or exceeding 25 per cent of the excretion index. 

An event which results in (a) a radiation dose to personnel 

2. An event involving an unplanned release of radioactive mate- 
rials to the environment such that the resulting levels, averaged 
over a period of 24 hours, exceeds the appropriate MPC . 
3. 
to or exceeding the sum of $500. 

An event resulting in recovery and/or evaluation costs equal 

The radiation event has been assigned a severity index class number 
according to personnel exposure ranges, contamination levels, and/or cost 
analyses. The classification numbers assigned to each range are shown in 
Table 12. 

4.2 Unusual Occurrences Summarized, 1960-63 

The Laboratory experienced 43 unusual occurrences during 1963 (see 
Table 13, Part I). 
about (a) 22 per cent under 1962, (b) 42 per cent under 1964 and (e) 50 
per cent under 1960. 

This represents a reduction in unusual occurrences of 

4.3 Significant Occurrences, 1960-63 

An unusual occurrence is designated as a "significant" occurrence for 
purposes of this report when the event is such as to (1) exceed a recom- 
mended maximum permissible limit and/or (2) require a work stoppage in an 
operation while clean-up measures are instituted following a radioactive 
contaminant release. 
during 1963 were classified as significant. There were 30 significant 
occurrences during 1962, 41 during 1961, and 60 during 1960. 
year experience indicates that the unusual occurrence does not take on 
significant proportions more than 75 per cent of the time. 

Thirty-two of the 43 unusual occurrences reported 

The four- 
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4 . 4  Personnel Exposures, 1960-63 

Only fou r  unusual  occurrences during 1963 involved personnel  exposures 
i n  excess of planned ope ra t iona l  l i m i t s  (Table 13, P a r t  11). 
occurrences were repor ted  i n  1960 and seven such occurrences w e r e  r epor t ed  
i n  1961 and 1962. One of t h e  fou r  personnel  exposures repor ted  i n  1963 i n -  
volved an occurrence t h a t  w a s  c l a s s i f i e d  as a Class I11 Radiat ion Event. 
The remaining t h r e e  exposures were not  s ign i f i can t , .  No r a d i a t i o n  events  
were repor ted  i n  1962. One occurrence each w a s  repor ted  i n  1961 and 1960. 

Ten such 

4 . 5  Contamination Inc idents  

Thirty-two of  t h e  unusual occurrences which occurred during 1963 in -  
volved r a d i o a c t i v i t y  r e l eases  (Table 13, P a r t  111). Although some work 
r e s t r i c t i o n s  and/or clean-up measures were requi red  i n  all t hese  cases ,  
only two of t h e  inc idents  were l i s t e d  as s i g n i f i c a n t .  

During four  years ,  which ended with 1963, it w a s  ev ident  t h a t  contami- 
na t ion  inc iden t s  governed t h e  unusual occurrence frequency r a t e  (F ig .  2 3 ) .  
The contamination inc iden t  frequency ra te  f o r  1961 and 1962 showed s i g n i f i -  
can t  decreases  from t h e  1960 r a t e  while t he  r a t e  f o r  1963 remained sub- 
s t a n t i a l l y  t h e  same as t h a t  recorded f o r  t h e  year  1962. 

4 .6  Unusual Occurrence Frequency Rate 

A s  a gene ra l  rule  t h e  frequency i4ate w i l l  be somewhat r e l a t e d  t o  (1) 
t h e  quan t i ty  of r a d i o a c t i v i t y  handled ( 2 )  t he  number of r a d i a t i o n  workers 
involved, and (3)  t h e  r a d i a t i o n  hazard p o t e n t i a l  a s soc ia t ed  with a par-  
t i c u l a r  opera t ion  and/or f a c i l i t y .  
a t tempt  w a s  made t o  eva lua te  t h e  frequency rate i n  terms of t h e  above t h r e e  
f a c t o r s .  
of  performance wi th  r e spec t  t o  h e a l t h  physics  procedures wi th in  a par-  
t i c u l a r  d iv i s ion .  

I n  t h e  t abu la t ions  shown below, no 

Consequently t h e  da t a  do no t  necessa r i ly  r e f l e c t  on t h e  q u a l i t y  

4.6.1 Frequency Rate Among Laboratory Divis ions - During 1963 t h e r e  
w e r e  43 unusual occurrences recordea among t e n  Laboratory d iv i s ions  (Table 
1 4 ) .  
per  cen t  of a l l  unusual occurrences f o r  1963) as fol lows:  

Four of t h e  t e n  d iv i s ions  recorded 34 events  ( o r  approximately 80 

1. Chemical Technology - 11 events ,  
2 .  Ana ly t i ca l  Chemist.ry - 9 even t s ,  
3.  Operations - 9 even t s ,  
4 .  I so topes  - 5 even t s .  

There were 260 unusual occurrences (Table 14 )  recorded among 19 
Laboratory d i v i s i o n s  during the  four-year  per iod  ending with 1963. 
t h i s  four-year  pe r iod  about 89 per  cen t  of a l l  t he  unusual  occurrences were 
recorded among nine of t he  19 opera t ing  groups as fol lows:  

During 

1. 
2 .  I so topes  - 46 even t s ,  

Chemical Technology - 60 even t s ,  



3. Operations - 41 events, 
4. Analytical Chemistry - 21 events, 
5. Reactor - 18 events, 
6. Plant and Equipment (E and M) - 13 events, 
7. Electronuclear Research - 12 events, 
8. Metals and Ceramics - 11 events, 
9. Neutron Physics - 10 events. 

From Table 14 it will be observed that the Electronuclear Research 
Division and the Reactor Division recorded no events during 1963. 
Plant and Equipment Division (formerly designated Engineering and Mechanical 
Division) and the Metals and Ceramics Division recorded only one event each 
during 1963. 

The 

4.6.2 Frequency Rate Among Operating Facilities - Unusual occurrences 
took place in 17 operating facilities (Table 15) during 1963. (Two events - 
occurred out-of-doors in areas designated as "miscellaneous. ") 
more events occurred in seven of the 17 facilities. Three or more events 
occurred in only three facilities, and only one of the 17 operating facili- 
ties experienced more than three events. There were 17 events experienced 
in Building 3019. 
a drop from eight events in 1962 to three events during 1963. 

Two or 

The number of events recorded for Building 3517 showed 

Over the four-year period ending with 1963 (Table 15) there were 238 
unusual occurrences recorded in 44 operating facilities. 
events, shown under the heading miscellaneous in Table 15, which occurred 
out-of-doors in areas that could not be classified generally as operating 
facilities.) 
five of the 44 operating facilities as follows: 

(There were 22 

Approximately 46 per cent of the 238 events occurred in only 

1. Bldg. 3019 - 53 events, 
2. Bldg. 3517 - 20 events, 
3. Bldg. 3042 - 14 events, 
4. Bldg. 9201-2 - 12 events, 
5. Bldg. 7500 - 12 events. 

Nine facilities recorded between six and nine events representing about 
26 per cent of the four-year total as follows: 

6. Bldg. 
7. Bldg. 
8. Bldg. 
9. Bldg. 
10. Bldg. 
11. Bldg. 
12. Bldg. 
13. Bldg. 
14. Bldg. 

3025 - 9 events, 
4501 - 8 events, 
3001 - 7 events, 
3005 - 7 events, 
9204-1 - 7 events, 
9207 - 6 events, 
4507 - 6 events, 
4500N - 6 events, 
3028 - 6 events. 
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The remaining events  (about  28 p e r  c e n t )  were spread over 30 of t h e  
44 opera t ing  f a c i l i t i e s , w i t h  16 f a c i l i t i e s  recording only one event  each 
dur ing  t h e  four -year  per iod .  

Four of t h e  14 opera t ing  f a c i l i t i e s  (3042, 7500, 3001 and 3005) which 
recorded s ix  o r  more events  during t h e  four-year  per iod  ending with 1963 
involved t h e  opera t ion  of nuclear  r e a c t o r s .  The 40 events  t h a t  occurred 
i n  these  f o u r  f a c i l i t i e s  r ep resen t  about 23 per  cen t  of t h e  173 events  
recorded i n  t h e  14 f a c i l i t i e s .  Operations performed i n  t h e  t e n  remaining 
f a c i l i t i e s  noted above and the remaining f a c i l i t i e s  wi th  f i v e  o r  less  events  
shown i n  Table 15 r e v e a l  t h a t  chemical type opera t ions  cont inue t o  be t h e  
p r i n c i p a l  source of unusual  occurrences.  



5.0 LABORATORY ASSAYS - 
Laboratory Assays Units  provide labora tory  support  t o  the  Applied 

Heal th  Physics Monitoring Sec t ions .  
a n a l y s i s  of body f l u i d s  and excre ta  (bio-assay)  f o r  t h e  monitoring of 
personnel  f o r  i n t e r n a l  r a d i a t i o n  exposure, ( 2 )  t h e  radiochemical a n a l y s i s  
of environs samples, ( 3 )  counting se rv ices  f o r  t h e  environs monitoring and 
r a d i a t i o n  survey programs, ( 4 )  autoradiography, ( 5 )  laundry monitoring, 
and (6)  whole body counting ( i n  vivo gamma spectrometry) .  

These se rv ices  include (1) t h e  

5 . 1  Bio-Assay Analysis 

The number and type of  analyses  performed by the  Bio-Assay Unit  during 
1963 are given i n  Table 17. A t o t a l  of 8932 analyses  were performed which 
included 7964 ana lyses  on samples taken from donors; 1028 s tandard  samples 
were processed f o r  c o n t r o l  purposes.  Approximately 83 p e r  cent  of t h e  
samples were analyzed f o r  s t ront ium and gross  a lpha a c t i v i t y .  
number of analyses  on samples submitted during 1963 increased by about  
seven pe r  cen t  over t h e  number processed during 1962. 

The t o t a l  

5.2 Counting F a c i l i t y  

A t o t a l  of 332,569 samples were processed during 1963. A breakdown 
showing t h e  number and type of samples counted i s  presented  i n  Table 18. 
There w a s  a drop of approximately 25 pe r  cen t  i n  t h e  number of samples 
processed during 1963 as compared with the  previous yea r .  

I n  August of  1963, a s i n g l e  channel gamma spectrometer w a s  equipped 
and s tandardized f o r  counting 1311 i n  animal t hy ro id  t i s s u e .  
i n  September 1963, the  counting f a c i l i t y  assumed r e s p o n s i b i l i t y  f o r  rou t ine  
c a t t l e  t hy ro id  ana lys i s  as a support  t o  t he  Environs Monitoring program. 
(The Heal th  Physics Technology Sec t ion  had conducted a similar program on 
an experimental  b a s i s  f o r  a number of months.) 

Beginning 

5.3 Environs Monitoring Sample Analysis  

Extensive ana lys i s  by a number of techniques i s  requi red  f o r  t h e  
eva lua t ion  of samples c o l l e c t e d  from t h e  environment by t h e  Environs 
Monitoring Group. Table 19 p resen t s  t h e  number and type of environs 
samples analyzed during 1963 and the  type of  ana lys i s  performed on each 
type of sample. 
analyzed during 1963 as compared t o  a t o t a l  of 13,753 samples analyzed 
i n  1962. 
determinat ion t o  as many as t e n  determinat ions per  sample depending upon 
t h e  radionucl ides  p re sen t .  The methods of ana lys i s  used by t h e  var ious  
a n a l y t i c a l  groups are descr ibed i n  the  ORNL Master Ana ly t i ca l  Manual. 

A t o t a l  of 13,614 environs monitoring samples were 

Analysis  of environs monitoring samples may range from a s i n g l e  
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5 .4 Autoradiograph2 

A t o t a l  of 2,000 films were processed during 1963 i n  support  of rad io-  
p a r t i c u l a t e  s t u d i e s  conducted by the  Environs Monitoring Uni t s  .l 

5 . 5  Laundry Monitoring 

Approximately 618,800 a r t i c l e s  of  wearing appa re l  passed through t h e  
Laundry Monitoring Unit  during 1963. 
checked were found, fol lowing laundering,  t o  be above maximum permissible  
contamination l i m i t s  f o r  contamination zone c lo th ing .  

About one pe r  cent  of t h e  items 

5 . 6  Whole Body Counter2 

During t h e  calendar  year  1963 t h e  whole body counting program included 
1,054 human counts; 789 of t he  counts,  o r  approximately 75 per  cent ,  showed 
a normal human spectrum. 
were 329 and 395 human counts,  r e spec t ive ly .  Table 20 l i s t s  the  number of 
cases  and quan t i ty  of i s o t o  es de tec ted  i n  t h e  counts which showed measurable 
a c t i v i t y  o t h e r  than norma11y7Cs and 4oK. 

By way of comparison, t he  t o t a l s  f o r  1961 and 1962 

Near t h e  c lose  of calendar  year  1963, t h e  normal counting load w a s  40 
human counts pe r  week; one day per  week w a s  u t i l i z e d  f o r  c a l i b r a t i o n s ,  re- 
search and development, and/or rou t ine  maintenance. The maximum number of 
counts i n  any one week during 1963 w a s  62. 
w a s  extended over two 8-hour s h i f t s  each day i n  order  t o  accommodate persons 
normally assigned t o  t h e  4-12 s h i f t . )  

(During t h i s  pe r iod  t h e  work 

P r a c t i c a l l y  a l l  of t h e  1963 counts were made us ing  the  r o l l i n g  bed 
scan geometry. When a whole body scan i s  t o  be made, t h e  sub jec t  l i e s  
prone on a power-driven, r o l l i n g  bed; t h e  sub jec t  i s  scanned from head 
t o  t o e  as he l i e s  prone on the  bed which moves over t r a c k s  and under t h e  
s t a t i o n a r y  8" x 4" N a I ( T 1 )  c r y s t a l .  
approximately 60 inches i n  a 20-minute counting time i n t e r v a l .  This 
p a r t i c u l a r  counting method has  superseded the  t i l t e d  c h a i r  as t h e  s tandard  
technique f o r  rou t ine  counts .  

Normal d i s t ance  of scanning i s  

Improvements made i n  equipment and opera t ing  techniques r e s u l t e d  i n  an 
increase  i n  t h e  number of sub jec t s  counted dur ing  1963 of about 2.6 times 
the  number counted during 1962. Modifications i n  t h e  system are descr ibed  

'Methods descr ibed i n  ORNL-2601, "Radioactive Waste Management a t  Oak Ridge 

'Data submitted by the  Health Physics Technology Sect ion,  B .  R .  Fish-Chief,  

Nat iona l  Laboratory." 

P. E .  Brown, G .  R .  Pa t te rson ,  W .  H .  Wilkie .  



21 

e l ~ e w h e r e . 3 , ~ , 5  L i s t e d  roughly i n  order  of t he  favorable  impact they have 
had, t h e  improvements include t h e  i n s t a l l a t i o n  of (1) a second 512 channel 
ana lyzer ,  ( 2 )  a paper tape  t o  typewri te r  da t a  convertor ,  (3)  the  r o l l i n g  
scan bed, (4)  a new procedure f o r  scheduling persons t o  be counted, and 
( 5 )  a computer program f o r  d a t a  a n a l y s i s .  

The second 512 channel analyzer ,  which -became ope ra t iona l  i n  August 
1963, and t h e  tape  t o  typewri te r  da t a  convertor  have cont r ibu ted  t h e  most 
toward the  extension and expansion of t h e  whole body counting program t o  
i t s  p resen t  c a p a b i l i t i e s .  One 512 channel ana lyzer  makes a v a i l a b l e  computer 
memory features f o r  t he  examination of spec t r a  which evidence gamma ray  
photopeaks o the r  than t h e  cesium and potassium iso topes  normally p re sen t  
i n  humans; t he  second 512 channel ana lyzer  i s  used f o r  rou t ine  counting. 
Counting time l o s s e s  have been minimized due t o  t h e  f a c t  t h a t  one ana lyzer  
can be used as a standby i f  t h e  o the r  should be inopera t ive  due t o  equip- 
ment f a i l u r e  o r  need of maintenance. 

The paper t ape  t o  typewri te r  da t a  convertor  has  c u t  i n  h a l f  t h e  t i m e  
requi red  f o r  reading da ta  ou t  of t h e  ana lyzer  memory u n i t .  
typ ing  and tape  punching were der ived  from t h e  ana lyzer  memory u n i t .  Under 
t h e  p re sen t  system, da t a  can be typed from t h e  tape  while  t he  memory u n i t  
i s  being c l ea red  f o r  t h e  next  count.  

Formerly, 

The r o l l i n g  scan bed has  reduced t h e  t i m e  requi red  t o  change from t h e  
rou t ine  whole body count ( scan )  t o  a ches t  count.  
types of counts and needs only t o  be e l eva ted  s l i g h t l y  i n  order  t o  b r i n g  
t h e  ches t  of t h e  sub jec t  w i th in  range of t h e  c r y s t a l ;  t h e  o l d  method re- 
qui red  a replacement of t h e  c h a i r  with a c o t  and a lowering of t h e  c r y s t a l .  
A change i n  t h e  p o s i t i o n  of t he  c r y s t a l  n e c e s s i t a t e d  time-consuming re- 
c a l i b r a t i o n s  and a re-alignment of t h e  c r y s t a l  and ana lyzer .  

The bed i s  used f o r  both 

~~ ~~~ 

3Applied Heal th  Physics Progress Report, ORNL-CF-62-2-74 (1961). 

Applied Heal th  Physics Progress Report, ORNL-3490 (1962). 4 

5Health Physics Divis ion Annual Progress Report for Period Ending June 30, 
1963, ORNL-3492, pp. 194, 2G2-205. 
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6.0 HEALTH PHYSICS INSTRUMENTATION 

The Heal th  Physics Divis ion shares  with t h e  Instrumentat ion and Controls  
Divis ion t h e  r e s p o n s i b i l i t y  f o r  t h e  development of  e l e c t r o n i c  r a d i a t i o n  
monitoring instruments used i n  the  Laboratory h e a l t h  physics  program. 
Normally Health Physics i s  respons ib le  f o r  determining t h e  need f o r  new in-  
strument types and modif icat ions t o  e x i s t i n g  types,  s p e c i f i e s  t he  h e a l t h  
physics  requirements f o r  design c r i t e r i a ,  o r i g i n a t e s  work orders ,  t e s t s  
and eva lua tes  t h e  prel iminary design, and approves t h e  f i n a l  design.  Heal th  
Physics i s  a l s o  respons ib le  f o r  c a l i b r a t i n g  a l l  instruments  used i n  t h e  
h e a l t h  physics  program and i s  a l l o c a t e d  t h e  funds f o r  maintenance of t hese  
instruments .  
t i o n  and Controls  Divis ion.  

Maintenance i s  performed o r  cross-ordered by t h e  Instrumenta- 

Non-electronic personnel  monitoring devices  are designed, t e s t e d ,  
c a l i b r a t e d ,  arid maintained by Heal th  Physics .  

6 . 1  Instrument Inventory 

The e l e c t r o n i c  instruments used i n  the  h e a l t h  physics  program are 
divided,  f o r  convenience i n  se rv i c ing  and c a l i b r a t i n g ,  i n t o  two c l a s s e s :  
t he  f i r s t  c l a s s  includes battery-powered po r t ab le  instruments ,  t h e  second 
c l a s s  inc ludes  t h e  s t a t i o n a r y  instruments t h a t  are a . c .  powered. Por tab le  
instruments  a r e  ass igned and i ssued  t o  t h e  Radiat ion Survey Un i t s .  S t a t i o n -  
a r y  instruments are the  property of t h e  Laboratory d i v i s i o n  which has t h e  
monitoring r e s p o n s i b i l i t y  i n  the  area i n  which the  instrument i s  loca t ed .  
Table 2 1  l i s t s  por t ab le  instruments on hand a t  t h e  c lose  of FY 1963; Table 
22 l i s t s  s t a t i o n a r y  instruments on hand a t  t h e  end of  1963. There were 
n e t  increases  i n  1963 of 72 po r t ab le  instruments and 112 s t a t i o n a r y  in -  
s t ruments .  

During 1963, 601 new pocket meters and 264 new f i b e r  dosimeters (200 mR 
range)  were i ssued  by ORNL S to res .  
ments f o r  instruments which had been l o s t  o r  damaged. 

Most of t h e  meters i s sued  were rep lace-  

A Health Physics Por tab le  Instrument Serv ice  Summary (F ig .  24)  i s  pre-  
pared on an  I B M  7090. This computer programmed r e p o r t  enables  the  I n s t r u -  
ments Group t o  maintain a cu r ren t  inventory on most h e a l t h  physics  i n s t r u -  
ment requirements.  

6 .2  Cal ibra t ions  F a c i l i t y  

Heal th  Physics maintains a c a l i b r a t i o n  f a c i l i t y  f o r  t he  c a l i b r a t i o n  
and maintenance of po r t ab le  r a d i a t i o n  instruments and personnel  metering 
devices .  The f a c i l i t y  i s  equipped with c a l i b r a t i o n  sources,  remote c o n t r o l  
devices ,  and shop space f o r  t he  use  of Instrumentat ion and Controls  Div is ion  
maintenance personnel .  Health Physics personnel  a s s ign ,  arrange f o r  main- 
tenance o f ,  c a l i b r a t e ,  provide de l ive ry  se rv ices  f o r ,  and maintain inventory 
and se rv ic ing  da ta  of a l l  po r t ab le  h e a l t h  physics  survey instruments .  



Por tab le  instruments  are serv iced  (1) whenever r e p a i r s  are needed, 
( 2 )  a t  l eas t  once each two months f o r  those which have replacement-type 
b a t t e r i e s ,  and (3)  a t  leas t  once each t h r e e  months f o r  those instruments  
which have "permanent" ( rechargeable)  b a t t e r i e s .  The c a l i b r a t i o n  se rv ices  
performed during FY 1963 on po r t ab le  instruments (see Table 23) were about  
15 per  cen t  g r e a t e r  than were performed during t h e  p r i o r  year  due t o  t h e  
increase  i n  inventory.  

S t a t iona ry  instruments are c a l i b r a t e d  by Ca l ib ra t ions  Group personnel  
o r  by Radiat ion Survey personnel  who use sources which are designed, 
s tandardized,  and provided by the  Ca l ib ra t ions  Group. 

6.3 Instrumentat ion Development 

During 1963 new designs were made and/or t e s t e d  as fol lows:  

1. 
d e t e c t o r  f o r  t h e  Semi-Automatic Film Reader ( r epor t ed  i n  ORNL-3490) 
w a s  undertaken because it was found t h a t  photodiodes of t he  types 
proposed had excessive recovery times and d r i f t .  A photomul t ip l ie r  
i s  used as a de tec to r  i n  t h e  re-design.  

Semi-Automatic Film Reader - A re-design of t h e  l i g h t  source and 

2 .  
have been completed f o r  improved instrumentat ion t o  be used by t h e  
Heal th  Divis ion f o r  t reatment  of cases  i n  which r ad ioac t ive  c o n t m i -  
na t ion  i s  involved. 
s e n s i t i v i t y  and less bulk)  f o r  medical purposes than is  the  equip- 
ment p r e s e n t l y  a v a i l a b l e .  

Monitoring Instruments f o r  Heal th  Center - Engineering and design 

The new design i s  b e t t e r  adapted (improved 

3 .  
t o  t h e  Radiat ion Detect ion Sect ion of t h e  Instrumentat ion and Controls  
Divis ion f o r  t h e  engineer ing and design of a l a r g e  area a lpha  s c i n t i l -  
l a t i o n  d e t e c t o r .  A s c i n t i l l a t i o n  type de tec to r  i s  considered supe r io r  
t o  a gas p ropor t iona l  de t ec to r  f o r  t h i s  p a r t i c u l a r  instrument  f o r  t h e  
fol lowing reasons: (1) the  s c i n t i l l a t i o n  d e t e c t o r  does no t  r equ i r e  a 
counter  gas wi th  a s soc ia t ed  tubing and a t t endan t  hazards,  and ( 2 )  it 
w i l l  opera te  a t  lower vol tages  which i n  t u r n  allows f o r  simpler 
e l e c t r o n i c s .  
s e n s i t i v e  area of about 100 em2 (4 i n .  x 4 i n . ) .  The proposed s c i n t i l -  
l a t i o n  de tec to r  w i l l  have a s e n s i t i v e  area of 460 em2 (6 i n .  x 12 i n . ) .  
The new device w i l l  g r e a t l y  improve hand, foo t ,  c lo th ing ,  and labora-  
t o r y  area monitoring. 

Large-Area Alpha S c i n t i l l a t i o n  Detector  - A work order  w a s  i s sued  

S c i n t i l l a t i o n  d e t e c t o r s  c u r r e n t l y  i n  u s e  p re sen t  a 

4. 
t i o n  and ope ra t iona l  q u a l i t y  of  pocket meters by means of an  e l e c t r o n i c  
c a l i b r a t i n g  device has  been t e s t e d  arid hplemented .  Malfunctioning 
pocket meters are r e a d i l y  de t ec t ed  with t h i s  method. ( A l l  pocket 
meters are checked by t h e  above method a t  leas t  once each q u a r t e r . )  

Ca l ib ra t ion  of Pocket Meters - A method f o r  checking the  c a l i b r a -  

5.  
f i l m s  taken from badge-meters ass igned t o  OrWL employees f o r  t h e  

Fogged Monitoring Films - About t e n  p e r  cen t  of  t h e  monitoring 
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t h i r d  qua r t e r  ( J u l y  - September) 1963 were found t o  be heat-fogged 
over a range t h a t  extended from moderate t o  severe .  A ques t ionnai re  
w a s  c i r c u l a t e d  t o  t he  employees who used f i lms  t h a t  were fogged and 
it w a s  found t h a t  i n  p r a c t i c a l l y  every case t h e  badge-meter u s e r  had 
l e f t  t he  device i n  a c losed  automobile on c e r t a i n  days when ou t s ide  
temperatures were h igh .  

* 

6 .  F a s t  Neutron Survey Meter - Work was completed and a r e p o r t  
(TM-653) w a s  i s sued  on the  energy response of t h e  Model Q-2047, 
F a s t  Neutron Survey Meter. 

7. Hand Exposure Meter - The ORNL Hand Exposure Meter w a s  f i t t e d  
with a p l a s t i c  f i l t e r  i n  order  t h a t  be t a  exposures could be more 
accu ra t e ly  determined ( s e e  F ig .  18). 

8. 
ORNL Cutie  P i e  has  been completed, t e s t e d ,  and eva lua ted  by the  
Heal th  Physics Instruments Group personnel .  It i s  being f i e l d - t e s t e d  
by t h e  Heal th  Physics Radiat ion Survey Sec t ion  personnel .  The new 
design w i l l  reduce h igh  r e s i s t a n c e  leakage problems encountered i n  
ea r l i e r  models, s impl i fy  range switching, and i s  more s e n s i t i v e  t o  
gamma rad ia t ion ;  however, the  t ime-constant  i n  the  new design has  
been increased s l i g h t l y  over t h e  t ime-constant of t he  cu r ren t  models. 

9 .  New Background Monitor - A dose in t eg ra t ing ,  background monitor, 
which w a s  designed t o  Heal th  Physics s p e c i f i c a t i o n s  by the  Instrumen- 
t a t i o n  and Controls Divis ion,  has  been f i e l d - t e s t e d  by t h e  Environs 
Monitoring Group personnel.  The instrument w i l l  permit  continuous, 
long t e r m  (30  days o r  more) accumulation of r a d i a t i o n  background d a t a .  
Addit ional  instruments have been ordered.  

New Cut ie  P ie  - A pro to type  of a t r a n s i s t o r i z e d  vers ion  of t h e  

10. Neutron Dosimeter - A neutron dosimeter,  Texas Nuclear Corpora- 
t i o n ,  Model 9120, was purchased and tested; it w a s  found t o  perform 
e s s e n t i a l l y  a s  s p e c i f i e d  by t h e  manufacturer.  The instrument w i l l  be  
used i n  monitoring f o r  intermediate  energy neutrons.  

11. A computer program was devised and t e s t e d  which provides  inven- 
to ry ,  in -serv ice  da t a ,  and approximate s e r v i c i n g  c o s t s  f o r  t he  more 
than 1000 por t ab le  h e a l t h  physics  instruments .  The da ta  generated 
assists i n  p ro jec t ing  replacement needs, i n  determining the  r e l i a b i l -  
i t y  i n  instruments by type and age, and i n  providing f o r  c s s t  ana lys i s .  



7.0 PUBLICATIONS AND REPORTS - 
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E .  D .  Gupton and S.  n tkushi ,  "Energy Response, Gamma Discrimination 
and S t a b i l i t y  of t he  OFNL Model Q-2047, F a s t  Neutron Survey Meter," 
ORNL TM-653, June 12, 1963. 

7.2 In te rdepar tmenta l  Reports 

Applied Heal th  physics Quar te r ly  Report - January,  February, and 
March of 1963, ORNL CF 63-9-8. 

Applied Heal th  Physics Quar te r ly  Report - Apri l ,  May, and June of 
1963, ORNL CF 63-10-14. 

Applied Heal th  Physics Quar te r ly  Report - Ju ly ,  August, and September 
of 1963, ORNL CF 63-12-39. 

Applied Heal th  Physics Quar te r ly  Report - October, November, and 
December of 1963, ORNL CF 64-3-3. 



26 

8.0 TABLES 

Page 

Table 1 

Table 2 

Table 3 

Table 4 
Table 5 
Table 6 

Table 7 

Table 8 

Table 9 
Table 10 
Table 11 
Table 12 
Table 13 

Table 14 

Table 15 

Table 16 
Table 17 
Table 18 
Table I9 

Table 20 
Table 21 

Table 22 

Concentration of Radioactive Materials in Air - 1963 
(Filter Paper Data-Weekly Average) 
Radioparticulate Fall-Out - 1963 (Gummed Paper Data- 
Weekly Average ) 
Concentration of Radioactive Materials in Rain Water - 
1963 (Weekly Average by Stations) 
Liquid Wastes Discharged from White Oak Creek, 1963 
Radioactivity in Clinch River - 1963 
Radionuclides in Clinch River Silt - 1962-1963 (Units 
of 10-6 pc/g of Dried Mud) 
Radionuclides in Tennessee River Silt - 1962-1963 
(Units of 10-6 pc/g of Dried Mud) 
Dose Data Summary for Laboratory Protection Involving 
Exposure to Whole Body Radiation-1963 
Average Rem per Year Since Age 18 
Average Rem per Year of Employment at ORNL 
Personnel Meter Services 
Radiation Event Severity Index 
Unusual Occurrences Summarized for the 4-Year Period 
Ending with 1963 
Unusual Occurrence Frequency Rate within the Divisions 
for the G-Year Period Ending with 1960 
Unusual Occurrences Classified According to the Operating 
Facilities in Which They Occur for the &Year Period 
Ending with 1963 
Bio-Assay Analyses - 1963 
Counting Facility Resume, 1963 
Environmental Monitoring Samples, 1963 
Measurable Radioactivity Found in Routine Whole Body 
Monitoring Program, Calendar Year 1963 
Portable Instrument Inventory, 1963 
Inventory of Stationary, Radiation Monitoring Instruments 
for the Year 1963 
Calibrations Resume, 1963 

27 

28 

29 
30 
31 

33 

34 
34 
34 
35 
36 

37 

38 

39 
40 
41 
42 

43 
44 

41c 
45 



88 00'0 

9L 00'0 
TOT 00'0 
66 00'0 
96 00'0 
78 00'0 
T8 00'0 
6L 00'0 

00'0 

00'0 
00'0 
00'0 
00'0 
00'0 
00'0 
00'0 

00'0 

0'0 
0'0 
ZO'O 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 
0'0 

TO'O 

z0.0 
0'0 

ZO'O 
0'0 
0'0 
0'0 
0'0 
ZO'O 
0'0 
0'0 

6ti 
24 
4ti 
a4 
E4 
07 
09 
6a 
63 
84 
z4 

a8.eJahy 

0T-a 
6-dH 
8-dH 
L-dH 
9-w 
4-w 
ti- dH 
E-w 
a-dH 
T- m 

'. 'I 



1 I' 



29 

Table 3 C O N C E N W T I O N  OF RADIOACTIVE MATERIALS I N  R A I N  WATER - 1963 
(Weekly Average by S t a t i o n s )  

S t a t i o n  A c t i v i t y  i n  Col lec ted  
Number Rain Water, y c l c c  

Locat ion 

Laboratory Area 

m-7 West 7001 8.4 10-7 

Perimeter  Area 

HP-31 Kerr Hollow Gate 9.6 x 10-7 
HP-32 Midway Gate 8.3 
m - 3 3  Gallaher  Gate 7.5 
HP -34 White Wing Gate 9.3 
m-35 B l a i r  Gate 8.6 
m - 3 6  Turnpike Gate 9 -8 
HP-37 Hickory Creek Bend 8.9 
Average 8.9 x 10-7 

~~ 

Remote Area 

HP-51 
HP-52 
w - 5 3  
HP-54 
m-55 
HP-56 
HP-57 

Norris  Dam 
Loudoun Dam 
Douglas Dam 
Cherokee Dam 
Watts B a r  Dam 
Great F a l l s  Dam 
Dale Hollow Dam 

13.9 x 10-7 
8 .4  
12.7 
13.7 
9.9 

18.2 
10.4 
12.5 x 10-7 Average 
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Table 4 LIQUID WASTES DISCHARGED FROM WHITE 
OAK CREEK, 1963 

Curies  $ Deviation from 
Tota l  f o r  Year Weekly Average 1962 Weekly Average 

Beta A c t i v i t y  

Transuranic 
Alpha Emit ters  

469 

0.166 

9.0 

.O032 

- 67 

+167 



Table 5 RADIOACTIVITY IN CLINCH RIVER - 1963 

Concentration of Nuclides of Primary 
Concern in Units of 10-8 pc/cc 

Average Concentration 
of Total Radioactivity 

CRM 41.5b 0.13 0.20 0.02 0.92 0.01 0.26 1.5 1.13 1.3 

CRM 20.8' 0.14 0.02 0.09 4.8 0.25 0.02 16 

CRM 4.gb 0.29 0.27 0.23 8.3 0.47 0.40 10 

3.30 4.7 u 
P 

2.67 3.7 

%eighted average (MPC), calculated for the mixture, using (MPC), values for specific radionuclides recommended 
in NBS Handbook 69. 

bMeasured values. 

c Calculated values based on the levels of waste released and the dilution afforded by the river. 



Table 6 RADIONUCLIDES IN CLliUCH RIVER SILT - 1962-1963 
( U n i t s  of pc/g of Dried Mud) 

Location 

CRM 42.8 
39.1 
34.7 
31.1 
29.0 
27.0 
24.9 
23.4 

Average 

CRM 21.5 
19.1 
16.3 
15.2 
14.0 
11.0 
8.0 
5 .a 
4.7 
2.6 
1.1 

Average 

c237 

1962 1963 

3.2 
5.2 
58 
55 
237 
63 
59 
94 
86 
73 
56 

72 

2.6 

2.6 
1.3 

2.7 
2.7 
3.0 
3.0 
0.90 

2.4 

2.7 
2.9 

21 8 
16 
150 
75 
62 
67 
53 
63 
68 

71 

144 Ce 

1962 1963 

7.7 
1-7 

19 
16 
16 
22 
20 
3.8 

14 

11 0.43 
3.8 0.90 
5.2 4.2 

6.2 5.0 
6.9 8.8 
8.5 8.8 
8.4 12 
9.5 11 
7.7 6.7 
13 17 

5-2 3.5 

7.7 7.1 

90 

1962 1963 
0.29 
0.49 
0.34 
0.36 
0.52 
0.50 
0.52 

Sr 

0.43 

0.43 

0.36 0.63 

0.90 0.81 
1.8 1.7 
1.0 1.2 
1.0 0.90 
1.6 1.3 

0.72 0.81 
0.72 1.4 

0.41 0.74 
0.72 3.1 

1.2 1.4 

0.95 1.3 

60 

1962 1963 

co 

* 
0.72 
8.1 
7.3 

8.6 
8.6 

20 

12 
14 
10 
9.0 

9.8 

* 
* * * * * * * 

* 
1.9 
16 
2.8 

8.0 
8.9 
9.5 
8.5 
7.7 
8.5 

12 

8.4 

103 -106 Ru 

1962 1963 

6.4 
14 

14 
13 
12 
16 
15 
2.8 

12 

11 0.45 

50 17 
46 13 
43 29 
68 35 
70 48 
68 49 
86 44 
77 26 
76 50 

6.1 4.4 

55 55 

~r95+,95 

1962 1963 
14 
6.3 
16 
12 
13 
19 
17 
3.4 

13 

16 0.14 
6.2 0.90 
3.9 2.2 
4.2 3.8 
3.6 3.4 
5.4 7.4 
5.4 6.9 
6.5 io 
6.0 9.7 
5.6 5.4 

6.7 6.1 

11 17 

TRIP+ Y90 
(as e o )  
1962 1963 

15 
6.3 
16 
9 
9 
15 
14 

io 0.89 
3.5 5.2 

13 5.6 
14 34 

31 23 
16 22 
18 16 
22 19 
22 17 
16 17 
16 23 

17 17 

aTotal Rare Earths minus cerium 
*None detec-t;ed 

I '  1 



Location 

TRM 570.8 
562.7 
552 .7 
543.8 
532 *O 
491.9 
475.1 
434.1 
381.2 
354.4 

Average 

TRM 604.4 
615.8 

Average 

Table 7 RADIONUCLIDES I N  TENNESSE RIVER SILT - 1962-1963 
(Units of  pc/g of Dried Ikd) 

1962 1963 

1.4 1.8 
23 18 
29 26 

29 13 
13 i o  
33 14 

9 . 9  9.9 
9 .5  8 .1  
5 .3  5.9 
4.9 5.0 

16 10 

1.8 2.2 -- 2 . 1  

1.8 2.2 

3 - 9  
4.3 
5.1 
6.4 
5 *9 
3.6 
2.7 
4.2 

2.7 
4 . 1  

1.8 

4.8 

4.8 
-- 

7.2  
12 
14 
11 
10 
10 
11 
20 

13 
12 

9 . 1  

90 

1962 1963 

0.45 0.61 
0.45 0.77 
0.77 0.65 
0.32 0.52 
0.45 0.56 
0.36 0.52 
0.36 0.74 
0.32 0.23 
0.18 0.61 

0.39 0.63 

S r  

0.27 1.1 

60 

1962 1963 

* 0.45 

co 

3.0 2.7 

4.2 2.3 
2.0 1.8 

0.90 0.90 
0.95 0.90 

2.3 1.7 

3 . 8  3.4 
5.3 2 . 3  

1 .7  1.8 
1 . 6  0.90 

Fort  Loudoun Background Data 

10 * 0 . 6 1  * * 
9.5 * 
9.8  

"TRE - t o t a l  ra re  earths minus cerium 
* 

None detected 
--No samples taken in  1962 

l o 3  - 106 Ru 

1962 1963 

2 . 1  7.5 
18 2 1  
18 26 
27 14 
24 13 
14 10 
9 - 9  9 .9  

15 8.1 
6 . 4  5.9 

11 5.0 
14 

5 . 1  9.4 
-- 8.5 
5 . 1  9.0 

ZI-95 i. Nb95 
1962 1963 

1 . 2  
2 . 1  
2 .2  
2.8 
2 - 9  
2 - 3  
1.8 
2.4 
0.60 
1 . 4  
2 .o 

6 .3  
9 -8 

9 .5  
8.1 
9 .O 

9 . 0  

12 
11 

22 

11 

11 

6 . 8  
5.5 
6.2 

TREa + 3?O 
(as ~ 9 0 )  

1962 1963 

3.0 4 . 1  
5.0 9.2 
6.0 13 
6 .7  11 
4.6 8.8 
3.5 9 .8  
1.7 8 . 9  
3 . 1  19 w 
0.80 8.4 w 
2.6 12 

3.7 10 

2.7 5.9 
9.5 

2.7 7.2 
-- 
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Table 8 Dose Data Summary f o r  Laboratory Population Involving 
Exposure t o  Whole Body Radiation-1963 

Number of Rem Doses i n  Each Range 

Group 0-1 1-2 2-3 3-4 4-5 5-6 6 up To ta l  

ORNL Employees 4961 178 22 9 5 1 0 5176 

ORNL-Badged Non-Employees 935 1 0 0  0 0 0 9% 

TOTAL 5896 179 22 9 5 1 0 6112 

Table 9 Average Rem pe r  Year Since Age 18 

Number of  Doses i n  Each Range 

0-2.5 2.5-5.0 5.0-7.5 7.5 up Tota l  

ORNL Employees 5167 a 1 0 5176 

Table 10 Average Rem per  Year of  Employment a t  ORNL 

Number of Doses i n  Each Range 

0-2.5 2.5-5.0 5.0-7.5 7.5-10.0 10.0 up To ta l  

ORNL 
Employees 5142 32 1 1 0 5 176 
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Table 11 PERSONNEL MXTER SERVICES 

A. Pocket Meter Usage 

1. Number of Pairs Used 

2. Average Number of Users per Quarter 

B. Badge-Meter Usage 

1. Film Badge-Meters Serviced 

2. Film Meters (Temporary Passes) 

Total Number of Meters Issued 

C. Films Processed for Monitoring Data 

1. Beta-Gamma 

2. NTA 

3. Hand Meter 

To tal 

Total 

11630 

1671 

21579 

30316 

51895 

44598 

7194 

e594 
54386 



Table l2 RADIATION EVENT SEVERITY INDEX 

External Exposure (rem) Unplanned Radiocontaminant 
Release Averaged over a 

Class Total Body Skin Extremities Internal Exposure Twenty-four Hour Period Cost Ranges 

I 0.3 to 1.0 1 to 3 2.5 to 8 (Body Fluids) Exceeds the MPC Value $500 to $1,000 
0.25 x EI to 1.0 x EI 

I1 1 to 3 3 to 10 8 to 25 (Body Fluids ) Exceeds 1000 x MF’C $1,000 to $5,000 
1.0 x E1 or more 

(Body Burden) _----------------- $5,000 to 111 3* to 25 io to 150 25 to 375 
$100,000 Exceeds the RPG 

m 25* or more 150* or more 375* or more --------------- Exceeds 5000 x MPC $100,000 or 
more 

~~ ~ ~ -~ ~~ ~~-~ ~ 

Terms: (a) is the excretion Lndex; (b) E is the radiation Erotection guide limits established by the Federal 
Radiation Council; (c) Mpc is the maximum Eermissible concentration value recommended in NCRP Handbook 69 
(published by NBS). 

*These levels are taken from the reporting instructions given in AEC 0502-057, “Reporting and Investigating Accidents 
and Radiation Exposures.” 

‘ . *  
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Table 13 UNUSUAL OCCURRENCES SUMMARIZED FOR THE 4 - m  PERIOD ENDING WITH 1963 

Yearly Tota ls  

1960 1961 1962 1963 - - - -  

P a r t  I. Overal l  Summary 

1. Recordable events involving personnel exposure 
below WE l i m i t s  and/or requi r ing  l i t t l e  or  no 
clean-up measures following a rad ioac t ive  con- 
taminant r e l e a s e .  ...................................... 27 34 

2- Signi f icant  events involving personnel exposure above W E  
l i m i t s  and/or requi r ing  s p e c i a l  clean-up measures 
following a r e l e a s e  of rad ioac t ive  contaminants. ....... 60 - 41 

TOTALS 87 75 

- 

P a r t  11. Personnel Exposure Breakdown 

3. Minor events c o n s t i t u t i n g  exposures i n  excess of 
planned opera t iona l  exposure l i m i t s . . .  ................. 9 6 

Radiation events c o n s t i t u t i n g  exposures i n  excess of 4. .............. 1 

TOTALS 10 7 

FRC limits with work r e s t r i c t i o n s  imposed - 1 - 

P a r t  111. Area Contamination Breakdown 

5 .  Minor events requi r ing  s p e c i a l  clean-up measures 
handled by t h e  regular  work staff  with no appreci-  
ab le  program loss................. ..................... 56 37 

6. S i g n i f i c a n t  events involving s p e c i a l  clean-up measures t h a t  r e -  
quired interdepartmental  a s s i s t a n c e  with minor 
departmental  program loss.............................. 2 3 

7. Major events r e s u l t i n g  i n  t h e  temporary suspension 
of p a r t s  of t h e  Laboratory program. .................... 1 0 
-- 

- - 
TOTALS 59 40 

25 

30 

55 

- 

7 

0 - 
7 

2a 

2 

0 

30 

- 

11 

32 

43 

- 

30 

2 

0 

32 

- 
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Table 14 UNUSUAL OCCURRENCE FREQUENCY RATE WITHIN THE 
DIVISIONS FOR THE 4 - Y M  PERIOD ENDING WITH 1963 

~~ 

Division 

Per Cent 
No. of Unusual Occurrences 4-Year Lab. Total 
1960 1961 1962 1963 Total (&Year Period) 

Analytical Chemistry 

Biology 

Chemical Technology 

Chemistry 

Plant and Equipment 

Inspection Engineering 

Electronuclear Research 

Health physics 

Instrumer,tation and Controls 

Isotopes 

Metals and Ceramics 

Neutron physics 

Operations 

Physics 

Reactor 

Reactor Chemistry 

Solid State 

Thermonuclear 

Construction 

4 3 5 9 
2 1 1 2 

17 19 13 11 

3 2 

5 4 3 1 

5 7 
1 I* 

1 

1 

14 9 18 5 
3 5 2 1 

2 3 3 2 

14 12 6 9* 

1 2 3 
11 7 
1 1 

3 1 

1 

1 - - - - 

21 

6 
60 

5 
13 
1 

l2 

2 

1 

46 
11 

10 

41 
6 
18 
2 

4 
1 

1 - 
Totals 87 75 55 43 260 

8.0 

2 . 3  
23.1 

1.9 

5 -0 
0.4 
4.6 

0.8 

0.4 

17.7 

3 . 8  
15.7 
2.3  
6.9 
0.7 
1-5 

0 -3  
0.4 

4.2 

100.0 

*Shared responsibility with another division for one unusual occurrence 



39 

.- 

Table 1 5  UNUSUAL OCCURRENCES CLASSlFIED ACCORDING TO TEE 
OPERATING FACILITIES I N  WHICH TKFY OCCUR FOR THE 
4-YEAR PERIOD ENDING WITH 1963 

Building o r  F a c i l i t y  
Number Recorded 

1960 1961 1962 1963 
4-year 
Tota l  

2000 
2001 
2005 
2007 
2024 
2523 
2528 
3001 
3005 
3010 
3ou  
3019 
3025 
3026-C 
3026-D 
3028 
3029 
3031 
3032 
3033 
3038 
3042 
3044 
3047 
3500 
3505 
3 508 
3 517 
3550 
4500-N 
4500-S 
4501 
4507 
4508 
5500 
7500 
7700 

9204-1 

9207 
9213 
9733 -3 
9766 
M i x .  

Bur i a l  Ground #5 
South Tank Farm 

9201-2 

9204-3 

2 
1 

1 

1 
3 
4 

1 
11 
3 
2 

2 
2 

1 

3 
1 

1 

2 
6 
1 
2 

3 

5 

4 
6 
4 
2 
2 
1 

10 

GRAND TOTALS 87 

1 

1 

1 

2 
1 

16 
2 
1 
2 
2 
1 
1 

5 

1 
1 
3 

2 

5 
2 

7 

8 
1 

1 
2 

6 

75 

1 

2 

1 

9 
2 

2 
1 

2 
2 
3 
3 

1 
8 
2 
1 

3 

2 

2 

1 
1 
1 

1 
4 

- 
55 

1 

2 
1 

17 
2 

1 
3 

1 

3 
2 
1 
1 

1 
1 
1 

1 

2 

1 
1 

43 

4 
1 
1 
1 
1 
1 
1 
7 
7 
2 
1 

53 
9 
3 
2 
6 
4 
1 
2 
3 
4 

14 
1 
1 
1 
1 
4 

20 
5 
6 
1 
8 
6 
1 
3 

12 
3 

12 
7 
5 
6 
5 
1 
1 

20 
1 
1 

260 
- 
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Table 16 BIO-ASSAYS ANALYSES - 1963 

Analytic a 1 Pro c edur e 

Urine : 

Gross Alpha 

Sr  

U 
TRE ( t o t a l  r a r e  e a r t h s )  

cs137 

H3 
p$39 

P32 

Ru106 

Other 

Tota l  

Fecal:  

Gross Alpha 

Sr  

TRE (total r a r e  e a r t h s )  
p339 

U 

Other 

To t a l  

Miscellaneous : 

Blood, sputum, brea th  

Standards and Blanks 

GFUND TOTAL 

Number of Analyses 

3483 
3007 
932 
53 
42 
12 1 

21 

8 
4 
88 

77 59 

91 
6 
1 

1 

11 

1 5  

20 

1028 

8932 
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Table 17 COUNTING FACILITY RESUME, 1963 

-~ - 

Type of SamFle Nun-ber  o f  Samples Unit Weekly 
Alpha Beta Gamma Tota l  Average 

Smear Tabs 133,376 1-47', 014 280,390 5 > 392.1 

A i r  F i l t e r s  24,773 23,548 48,321 929 3 

Environs Monitoring 2 21 3,566 3,787 72.8 

Animal Thyroids 71 71 5.0 

GRAND TOTAL 158,370 174,128 71. 332,569 6,399 2 
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1. 

2 .  

3. 

4. 

5. 

5. 

7. 

Table 18 ENVIR0NMEINTA.L MONITORING SAMPLES, 1963 

Sample Type Tme of Analysis 

Monitoring network Gross beta, autoradiogram 
filters 

Gummed paper fall- Gross beta, autoradiogram 
out trays 

CAM filters Gross beta, autoradiogram 

Rain water Gross beta 

White Oak Dam 
Effluent 

Gross beta, radiochemical, 
gamma spectrometry 

Clinch River water Gross beta, radiochemical, 
g m a  spectrometry 

Raw milk Radiochemical 

8. Pasture grass 

9. Potable water 

10. Silt composites 

11. Animal Thyroids 

Number 
Samples 

2605 

1248 

7280 

661 

1324 

26 

272 

Radiochemical, gamma spectrometry 44 

Radiochemical, gamma spectrometry 52 

Radiochemical, g m a  spectrometry 31 

Gamma spectrometry 71. 

Total 13614 
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Table 19 MEASURABLE RADIOACTIVITY FOUND I N  ROUTINE 

YEAR 1963 
WHOLE BODY MONITORING PROGRAM - CALENDAR 

~~ 

Maximum Amount MPBB Number 
Is0 tope Detected ( p c )  (PC) of Cases 

R a  
144 144 C e  -Pr 
137 C s  

1131 

SbU5 
Ru 106-Rh106 

< 0.005 0 . 1  l* 

0.007 5 12 

226 

Z r 9  5-,95 
~rgO-y90 

95 
65 
64 
60 
59 
58 
5 1  

Se 

zn 
cu 
co 
Fe 

co 

C r  

0.190 
0.150 

C .010 

0 .Ob7 
0.070 

- < 0.035 
0.250 

0.016 
< 0.005 

o .015 
0.038 

0.220 

G . O b  

30 
0 .7  
40 
3 

20 

2 

90 
60 
10 

10 

20 

30 
800 

169** 
32 

17 
19 
43 

2 

b 

20 

1 

20 

6** 

5 
4 

* 

*In add i t ion  t o  the  one case  repor ted  he re  f o r  an ORNL employee, 
a Laboratory consul tan t  who w a s  know11 t o  have a radium burden of 
long s tanding,  no t  a t  all connected with h i s  work a t  ORNL, w a s  
counted. The amount of depos i t  w a s  es t imated t o  be 2 .4  pc Ra226 
p lus  one- th i rd  of t he  daughters expected a t  equi l ibr ium.  

=The amount of f a l l o u t  Cs137 appearing i n  "unexposed" persons v i a  
the  d i e t  has been inc reas ing  ever  s ince  atmospheric t e s t i n g  of 
nuclear  weapons w a s  resumed i n  1961. 
Cs137 w a s  considered t t nomal t t  o r  from a d i e t a r y  in take  only; dur- 
i ng  t h e  f irst  qua r t e r  of 1963,10-12 iic Csl.37 w a s  considered "normal"; 
during t h e  second qua r t e r ,  _< 15 ne Cs137 w a s  considered "normal"; 
f o r  t he  l as t  two qua r t e r s  of t he  year ,  i nd ica t ions  < 20 ne Cs137 were 
considered "normal" . 

During t h e  year  1962, 6-10 nc 

- 

-In add i t ion  t o  ORNL employee cases  repor ted  here ,  one AEC Fellowship 
s tudent  w a s  counted who, as p a r t  of a medical examination procedure, 
had received an I . V .  i n j e c t i o n  of  10 p,c Fe59 a t  Vanderbi l t  Univers i ty ,  
March 14, 1963. A s  of J u l y  2,  1963, h i s  i n  vivo count i nd ica t ed  a 
burden of  - 1.48 pc Fe59. 
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Table 20 PORTABLE INSTRUMENT I m O R Y ,  1963 

Working Instruments Instruments Working 
Inventory Acquired R e t i r e d  Inventory 
July 1962 FY 1963 FY 1963 J u l y  1963 

Instrument Type 

GM Survey Meter 3 25 21 5 341 

Cutie  P i e  

Juno 

29 2 96 39 349 

37 0 1 36 

Alpha Survey Meter 124 1 0 125 

41 3 4 40 Neutron Survey Meter 

17 0 0 17 Mise e l laneous 

TOTAL 
INVENTORY 836 121 49 908 

Table 21 INVENTORY OF STATIONARY, RADIATION MONITORING INSTRWTS 
FOR THE YEAR 1963 

Instrument 
TNpe 

I n s t a l l e d  Tota l  
During 1963 Dee. 31, 1963 

A i r  Monitor, Alpha 

A i r  Monitor, Beta 

A i r  Monitor, Environmental 

Hand-Foot Monitor 

Lab Monitor, Alpha 

Lab Monitor, Beta 

Monitron 

Other 

TOTAL 

18 

20 

1 2  

3 

12 

38 

9 

0 

11 2 

48 

148 

36 

22 

61 

106 

192 

26 

639 
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Table 22 CALIBUTIONS RESUME, 1963 

A. Por tab le  Instruments Cal ibrated 

1. Beta-Gamma 
2. Neutron 
3. Alpha 
4. Pocket chambers and dosimeters 

B. Films Cal ibra ted  

1. Beta-Gama 
2. Neutron 

3 , 679 
119 
740 

1,661 

5,984 
31 
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9 .0  FIGURES 

F ig .  1 

F ig .  2 

F ig .  3 
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F ig .  24 

(Map o f )  Laboratory Area Showing t h e  Approximate Location 
of t he  Local Monitoring S t a t i o n s  Cons t i t u t ing  the  LAM Net- 
work 
(Map o f )  Laboratory Area Showing t h e  Approximate Location 
of t h e  Local Monitoring S t a t i o n s  Cons t i t u t ing  t h e  LAM Net- 
work 
(Map o f )  AEC Control led A r e a  and V i c i n i t y  Showing t h e  
Approximate Location of t he  Perimeter  A i r  Monitoring 
S t a t i o n s  Cons t i tu t ing  t h e  PAM Network 
(Map o f )  E a s t  Tennessee Area Showing TVA and U.S. Corps of 
Eng. Dam S i t e s  a t  Which a r e  Located t h e  Remote A i r  Moni- 
t o r i n g  S t a t i o n s  Cons t i t u t ing  t h e  RAM Network 
( ~ a p  o f )  Water Sampling Locations 
Concentration of Radioactive Materials i n  A i r  as Determined 
from F i l t e r  Paper Data, 1963 
Radiopar t icu la te  Fal l -Out  Measurements as Determined by 
Autoradiographic Techniques Using Gummed Paper Col lec tors ,  
1963 
Concentration of Radioactive Materials i n  Rainwater, 1963 
Estimated Per Cent (MPC)w of Rad ioac t iv i ty  i n  Clinch River 
Water Below the  Mouth of White Oak Creek, 1963 
Radiat ion Measurements Taken During 1963, 3 f t .  above t h e  
Ground Surface Out t o  Distances of 75 Miles from ORNL 
Radiat ion Measurements Taken 3 f t .  Above t h e  Ground Surfaces  
a t  ORNL Compared with Like Measurements Taken Elsewhere 
wi th in  the  AEC Control led A r e a  f o r  t h e  Years 1950-1963 
G a m a  Count a t  Surface of Clinch River S i l t  
Gamma Count a t  Surface of  Tennessee River S i l t  
Average Gamma Count a t  Surface of  S i l t  Clinch and Tennessee 
Rivers ,  1951-63 
ORI!E Badge-Meter, Model I1 
Typical  Temporary Secur i ty  Passes Equipped with Monitoring 
Film 
Pocket Ion iza t ion  Chamber 
Details of t h e  ORNL Hand Exposure Meter 
ORNL Film Monitoring Data - HP Week 36 
ORNL Personnel Radiat ion Exposure Record f o r  1963, Third 
Quar t e r  
Pocket Meter Weekly Report 
Weekly Bio-Assay Sample S ta tus  Report 
Number of Unusual Occurrences by Year, 1960-63 
Health physics Por tab le  Instrument Serv ice  Data, F i s c a l  
Year 1963 
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Fig. 3. (Map of) AEC Controlled Area and Vicinity Showing the Approximate Location of the 
Perimeter Air Monitoring Stations Constituting the PAM Network. 
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Fig. 10. Radiation Measurements Taken During 1963, 3 ft. Above the 
Ground Surface Out to Distances of 75 Miles from ORNL. 
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Fig. 11. Radiation Measurements Taken 3 ft. Above the Ground Surfaces at ORNL Compared with Like 
Measurements Taken Elsewhere within the AEC Controlled Area for the Years 1950-1963. 
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Fig. 16. Typical Temporary Security Passes Equipped with Monitoring Film. 



Fig. 17. Pocket Ionization Chamber. 
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HEALTH P H Y S I C S  D I V I S I O N  
DEPARTMEWT 3193 

RADIATION SURVEY 

~ ~ ~~ ~~~~ ~ ~~ 

I D  D a t e  FiEM REM This Q t r  REM This Y r  T o t a l  REM 
Nalllf2 Number Symbol Wk-Yr  DS Dc D S  DC Ds DC DC A X l A  

PF 
PN 
PF 

PF 

PF 
PF 

w 
PEL 
PF 
P N  

PF 
PF 
PF 
P N  

PF 
P N  

PF 
PN 

PF 
PF 

w 

39-63 
39-63 
39-63 
39-63 
39-63 
39-63 
39-63 
27-63 
39-63 
39-63 
39-63 
39-63 
39-63 
39-63 
39-63 
39-63 
39-63 
39-63 
39-63 
39-63 
39-63 

0.860 
0.000 

0.340 
0.020 

0.070 
0.390 
0.350 
0.010 
0.140 
0.000 

0.400 
0.180 

0.330 
0.030 
0.180 
0.000 

0.320 
0.000 

0.420 
0.320 
0.390 

0.630 0. 860 
0.000 

0.240 0.340 
0.010 0.020 
0.040 0.070 

0.310 0.390 
0.150 0.350 

0.110 
0.000 

0.200 0.400 

0.010 0.150 

0.150 0.180 

0.110 0.360 
0.030 

0.080 0.180 
0.000 

o .270 0.320 
0.000 

0.290 0.420 
0.140 o .320 
0.210 0.390 

0.630 1.68 

0.240 0.34 
0.010 0.02 
0.040 0.30 
0.310 1.40 

0.150 0.77 
0.l20 0.27 

0.200 0.73 
0.150 0.60 
0.140 0.81 

0.080 0.51 

0.270 1.14 

0.290 1.85 

0.140 0.67 
0.210 1.21 

1.32 

0.24 

0.01 

0.19 
1.14 

0.49 
0.24 

0.45 

0.49 
0.34 

0.33 

0.98 

1.11 

0.46 
0.72 

35.59 

0.24 
5.21 

18.38 
2.74 
9.60 
5.55 

7.43 
8.43 
3 .oo 

29.82 

22.76 

15.86 

8.96 
33.62 

18 

1 

14 
16 
20 

17 
6 

lz 

7 
13 

18 

13 

16 
11 

18 

2.02 

0.80 

0.38 
1.19 
0.14 
0.56 
1.09 

0.64 
1.34 
0.24 

1.68 

1.76 

1.04 
0.84 
1.87 

Fig. 20. ORNL Personnel Radiation Exposure Record f o r  1963, Third Quarter. 
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Dept. 3193 HP Wk. 39 

Name Pr. No. D C M T  W T F S S Wk. Qtr. Symbol 

0 

10 
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15 
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10 

0 

10 

0 

10 

10 

10 

40 
0 

15 
10 

10 

0 

0 

0 

5 
0 

0 

0 

0 

5 
0 

0 

10 

0 

0 

0 

0 

0 

0 

0 

5 

90 
10 

5 

10 

0 

5 
0 

5 
10 

10 

5 

20 

5 
0 

0 

10 

0 

10 

0 

5 
10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

10 

0 

10 

0 

0 

10 

0 

10 
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10 
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0 
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0 

0 

0 

5 
0 

0 

0 

10 

0 

30 
20 

55 

30 
0 

10 

15 

20 

15 
0 

130 
20 

15 

25 

0 20 

5 
5 

20 

10 

30 
30 

5 

295 D 

3 50 
155 

65 
385 
70 

17 5 
185 
40 

40 
220 

225 

110 

115 

260 DW 

270 

22 5 
275 

140 

250 

170 
770 
13 5 D 

14 5 
395 
260 

400 

35 
140 

Fig. 21. Pocket Meter Weekly Report. 
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Fig. 23. Number of Unusual Occurrences by Year, 1960-63. 
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