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In August, 1965 t h e  Applied Heal th  Physics Sect ion was delegated 
r e s p o n s i b i l i t i e s  for i n d u s t r i a l  s a f e t y  which a r e  similar t o  t h e i r  responsi-  
b i l i t i e s  f o r  radiat i -on s a f e t y .  Subseqiient Lo t h i s  increase  in r e spons ib i l i -  
t ies ,  the  r m e  of the sec t ion  was changed from Applied Health Riysics  t o  
Bealt'n Physics and Safe ty .  

Tke gaseous and l i q u i d  waste r e l eases  from the  Laboratory were such 
that the  concentrat ion of r ad ioac t ive  ma te r i a l s  i n  t h e  environs was we1.l. 
below the maximum Ikvels recommended hy the  NCRP and FRC. The average 
concentrat ion of r ad ioac t ive  ma te r i a l s  i n  t h e  atmosphere a t  t'ne X - 1 0  
s i t e  was l e s s  t,han one percent  of .Wie maxirmxfl permissible  f o r  persons re-  
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 ,  and t h e  con- 
cen t r a t ion  w a s ,  as expected, even less a t  the  per imeter  o f  t he  con t ro l l ed  
area. The ca lcu la ted  average concentrat ion of r ad ioac t ive  rnater ia ls  i n  
the  Cli.nch River a t  t he  po in t  of en t ry  of White Oak Creek. rinto %lie River 
was also less than one percent  of' t h e  maxlmim permissible  f o r  persons re- 
s i d i n g  in the neigXoorhood o f  m a-tomic energy i n s t a l l a t i o n .  

No employee received an e x t e r n a l  o r  i n t e r n a l  r a d i a t i o n  dose which ex- 
ceeded t h e  maximurn permissible  l e v e l s  recommended by t h e  FRC. Uie h ighes t  
whole body dose equivalent  received by an em;ol.oyee was about 4.4 rem o r  3'7 
percent  o:f t'ne maxj-mum permissible  annual dose. No employee has a cumu- 
l a t i v e  whole body dose which exceeds t,he recommend.ed maxiin?m permissible  
dose as based on the  age p ro ra t ion  forrnlr~la 5(N-l8). "here were no cases 
of i n t e r n a l  exposure where the  depos i t ion  of rad-ioactive ma te r i a l s  wi th in  
the  body was eskiimated t o  have a-veraged g r e a t e r  than  one-half of a m a x i r m u n  
permiss ib1.e body burden. 

During 1965, t h e r e  were 4 1  ufiusual occurrences recorded, which i s  

The 4 1  occurrences i s  an 
the second lowest number recorded s ince  the  p re sen t  system of r epor t ing  
unusual occiirrences vas es t ab l i shed  i n  1960. 
increase  of 42pe rcen t  over t h e  23 repor ted  for 1964, the  lowest number 
per  year  which has been reported,  bu t  is  about 17 percen.t below t he  f i v e -  
year  average f o r  the years 1961 through 1965. 

The Laboratory repor ted  17 disabling i n j u r i e s  during 1965 , which was 
n i e  t o t a l  num'uer for LIE p a s t  f i v e  years (1361- a frequency rate of 2.2. 

1965) was 56, or an average frequency r a t e  of 1.5. 
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The Iieal.th Physics  Divis ion monitors Yor a i rborne  r a d i o a c t i v i t y  in 
t h e  East Tennessee a r e a  by t h e  use of -three separa te  rrionitoring networks. 
Tkie l o c a l  air moni.tori.ng (LAM) network consists of twenty-two s ta t i -ons 
which are pos i t ioned  i n  r e l a t i o n  t o  OFNL opera t iona l  a c t L v i t i e s  (Figures 1 
and. 2);  the perfmeter ai.r monitorTng (PAM) network consists of nine s t a t i o n s  
which are  loca ted  on t h e  perimeter of t h e  AEC corntrolled area (Figure 3) ;  
mid t h e  renmte a i r  rmnj.toring (RY4) network c o n s i s t s  of  e ight  s t a t i o n s  wh5eh 
are loca ted  outs ide  the  AEC contl:<ill.ed area a t  dis'Lmces of from 12 to 75 
m i l e s  from ORNL (Figure '+). The rrioni.toriilg networks provide f o r  tile collec- 
ti.on of (I.) a i rborne  rad ioae t i -v i ty  by  ai.^ f i l - t r a t i o n  techniques, (2) r e d i o -  
p a r t i c u i a t e  fnl.l.out material by irripingernent on gixmned paper -trays,  and ( 3)  
r a i n  water f o r  measurement of f a l l o u t  occurr ing as rainou-t .  The f i l t e r  
da-ta a r e  r ep resen ta t ive  of  r a d i o p a r t i c u l a t e  mat te r  which mi.ght be considered 
respri.ra'ule; the  gurmed paper da ta  a r e  r ep resen ta t ive  of r.adiopar'cj.cula.te 
f a l l o u t ;  and the r a i n  water data p r a ~ i d e  i.nPorinatorlnat.i.on on -the so luble  and 
inso luble  f r a c t i o n s  of  +?he r ad ioac t ive  content  of fa l l -ou t  matei:i.al.. 1 

%ow l e v e l  r ad ioac t ive  l i q u i d  wastes o r i g i n a t i n g  f:rom ON& opera-Lions 
are dischazged, a f t e r  preiimin.ary t reatment ,  t o  White Cak Creek, which ts 
a small 'cri lnltary of t h e  Clinch River. Liq1AT.d waste rel.eases a r e  controll .ed 
so that  the resu1:Liizg average rad.ioactive concentrat ions i n  th.e Cl inch Ri.ver 
are  wel.1 bel.ov t h e  m a w h u m  permiss ib le  concentrat ions establ ished.  for popu- 
lations i n  t h e  neighborhood of-' an a tmi  e eneygy i n s t a l l a t i o n  as recommended 
by t h e  National. Cormittee oii Radia'tioil P ro tec t ion  (NCRF)  and t h e  Federal. 
Rai ia t io i i  Coimcil (FRC). 

The radioactive content of the  White Oak Creek discharge ?'.s determined 
a t  FSiite Oak D;Un (F:igure 5 )  which i s  t h e  l a s t  con t ro l  po in t  along t h e  stream 
p r i o r  t o  e n t r y  of Tdhite O a k  Creek wa-krs i n t o  Clinch River waters.  Water 
smiples are co l l ec t ed  al.so a t  a number of' l o e a t i o n s  along t h e  Clinch River ,  
begirining a t  a po in t  above -{;he entry of wastes i n t o  t h e  r i v e r  via 'flfiite 
Oak Creek and ending at Center ' 5  Fer ry  (near  Kirgs ton ,  Tennessee) about 16 
miles downstrei3m. from the conflmence o f  Whtte Oak Creek and. t h e  Clinch 
River.  Water sm:ples are analyzed f o r  gross radl.oactivri.ty and f o r  c e r t a i n  
specifTed long-lived. radioniicl.ides. 
mixture of Tadio-nucl.l:.d.es i s  ca lcu la t ed  1311 t h e  basis of t h e  isotop7.c d i s t r i -  
bu t ion  i n  the water. 

A weigh-bed merage ,  ( I V P C ) ~ ,  f o r  t h e  

Samples of ORNL potab1.e water are c o l l e c t e d  dal.ly, cornposited and. 
s tored .  A t  t h e  end of each quar t e r  t hese  composi.tes are analyzed Tadio- 
clierriicaliy f o r  
radi-onuclides by gamma spec-trometry . 'Sr conbent and are assayed f o r  1-ong-lived gamma emi t t ing  

'A detaj.l.ed discussi.on concerning techniqu-en used i n  processing air and 
water samples f o r  environniental monitoring purposes i s  given i n  ORNL- 
2601, "Radioactive Waste Management a t  Oak Ridge BTational Laboratory" . 
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Fig. 4.  
Engineering Dam S i t e s  a t  Ri izh  Are Located the Remote A i r  Monitoring S t a t i o n s  Cons t i tu t ing  
the  Rp,III MetvoFk. 

Map of z Section or" the E a s t  Ternessee Area Showing TVA and U.S. Corps of 
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. Raw inilk samples <%re c o l l e c t e d  a t  twelve sampling s t a t i o n s  loca t ed  
wi th in  a r ad ius  o f  50 :miles from OTWJZ. Samples are taken on a weekly 
ba.sis from e i g h t  sta-Lions which are loca ted  outs ide  the  AEC controlled.  
area wi-thin a 1.2-mile r ad ius  of OFUTL (Figure 6) .  
every f ive weeks from the Pour remaining s t s t i .ons ,  all of whi.ch a r e  
located.  o1itsi.d.e t h e  1.2-m7.l.e r.adii,s up t o  d i s t ances  of  about 50 11ij.1-e~. 
Tke pmpoae of  the m . i l E ;  sampling progrcun i s  twofold: f i r s t ,  s a i ~ p l e s  
collected i n  the immedi.a.te v i c i n i t y  or" ORML provide da ta  by vhrich one 
may evaluate the possib1.e effect of waste r e l e a s e s  or ig inaking  from ORNX 
operat ions;  secoid,  samples col1.ected remote t o  t h e  i .med. ia te  vicrinity 
of t h e  ORNL area provide hackgrouid da t a  which are e s s e n t i a l  i n  e s t a b l i s h -  
ing a proper ind.ex from which t h e  i.ntenti.oi?a,l. o r  accidental .  rei-ease of 
.rad-ioactivc materials o r i g i n a t i n g  from Oak Ridge opera t ions  may be evaluated.  

Sampler, a r e  co l l ec t ed  

Thyroid tissues take11 from c a t t l e  pastured wi th in  a r ad ius  of 100 
rflriles of Oak Ri-dge are snal.yzed. f o r  radi.oiodine at t h e  rat,e of si.x samp1.e~ 
per week. These anal-yses provide information on bnckground l r v - e l c  ilreded 
t o  ident i fy-  environmental Levels t h a t  might r e s u l t  from either continuous 
or sporadi-c r e l e a s e s  of 13'1 .Lo t h e  environment from ORNL and other Oak 
Ri.dge opera t  ions 

Aerial. baekgrount3. surveys contimi.e t o  he made over t h e  0lif;lL a r ea  and 
f o r  several miles from 013NL in t h e  genera l  di .rcction of l o w  a l - t i tude  p r e -  
vai.ling wi.nd.s bu t  the frequency of  fl.igh%s have been r edwed  to not more 
than once per  yimx-tcr. 

Background gama radiation measurements are made monthly a t  a number 
of 1-ocations throughout, other por t ions  of the East Termessee area,. These 
measuremenix are talien wri ' th  cal i .brated GI4 and sci .nt i l l .a t ion.  type de tec to r s  
a t  a distance of  t h r e e  feet above t h e  si irface of -t;)ie groiind. 

River bottom sed.imerrbs i n  t h e  Clinch and Tennessee Rivers  ha:e been 
surveyed and analyzed annual ly  s ince  tlie year 1.951- for t h e  purpose oi" pro-  
v id ing  data re la t ive  t o  t h e  dispersion o f  rad.ionctive wastes released from 
Oak Ridge opera t ions  t o  the Clinch Hiver.  

5 .1 Atiiiospheric Monitoring 

One new remite  a i r  monitoring s t a t i o n  was added t o  t h e  network i n  
S t a t i o n  No. 58 was ins-Lalled at the WA power service center i n  1965. 

nort'neast Knoxville near Foul-1-Lai.n Cri t y .  

5 .I .1 A i r  Concentrations - The average concentrat ions of  radi.oacti.ve 
materials ri n the atmosphere, as measured. by f i l t r a t i o n  rneZ;hod:; provided 
by t h e  LAM, PAM, and RAM ne-tworks during 1965, were as follows: 

Concentration (pc/cc) 

0.28 x 10-l" 

0.21. x l0 - l2  

0.19 x 10-1" 
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Fig. 6. Map Showing M i l k  Sampling S t a t i o n s  i n  the E a s t  Tennessee. 



1.3. 

T h e  LAM netdork val.ue of 0.28 x 10- l”  yc/cc i s  a’oout 0.03 percent  of t h e  
(MPCU),” based oil occupational- exposure, Tne PA4M and M network values  
represeilt 0.21 and 0.1.9 percent ,  r e spec t ive l~y ,  of *,he (DPCU), %‘or persons 
r e s id ing  i n  t h e  neighinorhood. of an atomic energy i n s t a l l a t i o n .  A Labula- 
t i o n  of data f o r  e a c h  s t a t i o n  i n  each network i.s given i n  Table l. The 
weekly values  f o r  each network are j.l-lii.strated. i n  Figure 7. 

The number of r a d b a c t i v e  parti.cl.es col.lec-Led. on a i r  monitor f i l t e r s  
of t h e  LAM network i n  1965 decreased by 8, f a c t o r  of 2 from the number 
c o l l e c t e d  in l$!+. The va1u.e~ measured by the  PAM and. IW netwmrlrs re- 
:mai.nec? approximately -the same a;; in 1964. The average number of radi.0- 
pa r t i cu - l a t e s  per 1000 cubic feet of a7.r sampled a t  each s t a t l i o n  -in each 
network i s  given til Table 1. 

5.1.2 F a l l o u t  (Gummed Paper Techniqie) - RadLoparticulhte fa l . lou t  as 
measured by the LAM network of s t a t io l i s  increased. b;y a f a c t o r  of  a’uout 2 
from t h e  va1u.e measured i n  19614.. 
RAM networks 7.ncreased by a factor of approximately ‘7 from t h e  1364 values .  
TYie increases  may be a t t r i b u t e d  t o  world wide fal l .out  from weapons testing. 
T’ne peak of t h e  fall.911t occurred in t%le Oak R i d g e  a r e a  during the week 
ending May PI!-, 1-96?. Laboratory a n a l y s i s  of t h e  fallout material confirmed 
t h e  presence o f  f resh .  fi.ssFon prod-ucts, t h e  age o f  which vas cons i s t en t  with 
the t iming of t h e  announced de tona t ion  ori the Chinese mainl.and on May 14,  
1965.3 
network. The weekly a-v-emge va lues  f o r  each network for each week m e  
i l l u s t r a t e d  i n  Figure 8. 

The values measured by both the PAY and 

Table 2 gives a t a b u l a t i o n  of  d a t a  f o r  each s t a t i o n  wi th in  each 

5.1.3 Atmospheric Radioiodine (Charcoal- Co1.lector Techniques) - 
Atmospheric rar3ioiodi.ne measured by t’ne per imeter  s t a t i o n s  a-verage? 
0.01.5 x 10- l“  pc/cc during 1964. 
the maximum perrni.ssLble concent ra t ion  f o r  popiil.ations i n  the neighborhood 
of a control.l-ed area. The maximim v-alue observed at any one s t a t i o n  f o r  
one week was 0.210 x 10-l” pc/cc. 
D m  s t a t ion .  and was assoc ia t ed  with t h e  r e l e a s e  of about 2.7 c u r i e s  of 
rad io iodine  from ORm4 stacks dur-i.ng a pe r iod  of one week. F igure  9 com- 
pares t h e  weekly discharge of rad io iodine  from 01WL stacks” with the aver- 
age concent ra t ion  of rad io iodine  measured by t h e  per imeter  s t a t i o n s .  

Thr is  i s  only ab0u.t 0.02 percent  of 

This value w a s  measured a t  t h e  W i n i t e  Oak 

T‘J’J~ (MPCU), l .s def i.ned as t h e  maxftmiin permiss ib le  con.centration f o r  an 
unknown m.ixturc of  rad io iso topes  i n  air. 
gives  exposurc? values  app l i cab le  t o  vari.ous rni-xtures 02’ rad ionucl ides  an.d. 
e s t a b l i s h e s  guide l i n e s  f o r  dkriving the (MPCU),. 

2 

N B  Handbook 69, Table lc, p .  91-1, 

3Radiologica1. Heal th  D a t a ,  Volume 6, Number 6, June, 1965, U. S. Depart1nen.t 
of I-Ieal.t;li, Education and Welfare. 

Summary of Waste Discharges”,  Week Eriding January 1’7, 1965, L. C .  Lasher. 4 I I  

Summary of Waste Discharges”,  Week1.y Reports,  1965, 2. C .  Lasher. 6 I I  
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Table 1 CONCENTRATTON OF HADiOAilTTVE MATEXRIAIS W AIR - 1965 
( F i l t e r  Paper Data-Weekly Averagp) 

I.-____ 

Long-Li-ved P a i t i c l e s  
T,ocation 

1000 Yb3 Nmbcr 

Labore t o ry  Area 

H F  -1. 
HP-2 
HP-3 
m-4 
HP-5 
HP -6 
m-7 

HP -9 
hP -1~0 

HP -a 

Average 

s 3581 2.6 
IXE 1025 3.6 
ski 1000 2.6 
W S e t t l i n g  Easin 3.2 
E 2506 3.3 
SW 30Tr 2.7 
Fi 7001 1.9 
Rock Quarry 2.2 

W 2075 2-9 
N Bethel Valley Rd. 2.5 

2.8 

5 -3  
0.76 
0.81 

1..2 
0-56 
0.02 
0-57 
0.98 
0.54 

1.2 

0.84 

0.00 
0.04 
0.00 
0.00 
0.00 
0.02 
0.00 
0.00 
0.00 
0.02 

0.01 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

5.3 0.22 
0.80 0.01~ 
0.51. 0.01~ 
0.84 0.05 
1.2 0.07 
0.58 0.03 
0.02 0.00 
0.57 0.03 
0.98 0.05 
0.56 0.03 

1.2 0.06 

Perbaeter Area 

€E'-31 
m-32 
HP-33 
W-32 
m-35 
HP-35 
P - 3 ' (  

m-39 
w-38 

Average 

K ~ 1 - r  Hollo:.r Gate 
Midway Gate 
Gal l a h e r  Gate 
White Wing Gate 
B l a i r  G a t e  
Turnpike Gate 
Hickory Creek Bend 
E E C R  
Townsite 

1.7 
1.9 
1.5 
1.8 
1.9 
2.2 
1.6 
2.2 
3.5 

I.. 1 0.00 
1.2 0.02 
0.75 0.00 
0.71. 0.00 
1.8 0.00 
0.63 0.02 
1.0 0.00 
1.4- 0.00 
1.7 0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

2.1 1.1 0.00 0.00 
-- 

Remote Area 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

1.1 0.02 
1.2 0.02 
0.75 0.02 
0Jl 0.02 
1.8 0.01~ 
0.65 0.01 
1.0 0.02 
1.4 0.04 
0.0 0.05 

1.2 0.03 

m-51 
HP-52 
w-53 
He-54 
W-S> 
HP-56 
HP-5 ( 

xIIp-58 

Norris D a x  
Loud.oun Dam 
Douglas D;lm 
Cheroke- Dam 
Watts Bar Daiii 

Great F a l l s  Dam 
DcLle H o l l o w  DEU~. 
Knoxville 

2.1 
1.7 
1 .? 
1.9 
1.9 
1.8 
1.8 
2.0 

1. .2 0.04 

0.77 0.00 
1.2 0.02 
1.5 0.02 
1.4 0-02 
1.3 0.02 
1.8 0.05 

0.98 0.02 
3.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Average 1.9 1 .3  0.02 0.00 
-_1__1. 1 1 1 9 - . ~  

* I n s t a l l e d  March, 1965. 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

s.2 0.02 
L.0 0.02 
0.77 0.02 
1.3 0.02 
1 .5  0.03 

1 .3  0.03 
1.4 0.03 

1.9 0.04 

0.00 1.3 0.02 



ORNL- DWG 66-2219 

WEEK NUMBER 

L A M  NETWORK 0 (STATIONS I THRU IO) 

P A M  NETWORK (STATIONS 3lTHRU 39)  

RAM NETWORK (STATIONS 51 THRU 5 8 )  

i-' w 

YEARLY 
AVERAGE 

Fig.  7 .  Concentration of Radioactive Mater ia ls  i n  A i r  as Determined from F i l t e r  Paper Data - 1965. 
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Long-Lived 
Act iv i ty  
10“ p.c/ l t ”  

S t a t  ion 
Number 

Locat ion 

Table 2 RADIOPARTICULA~i?E FALLOUT -1.965 
(Gunlined Paper Data-Weekly Average) 

I--.-.- 
No. of P a r t i c l e s  by Act iv i ty  Ranges~ 

< 16 105-106 106-107 > l o 7  Part j -c les  
d/2k hr d/24 hr d/2h hr d/?h hr Per  Sq. Ft .  

Total. 

Np -1 
HE -2 
.m -3 
I€e -14- 
HP-5 
w -6 
I F - ?  
HP -8 
HP -3 
KP -10 

Average 

s 3557 
3025 

sw 1000 
W S e t t l i n g  Basin 
E e506 
Sii 3027 

Rock Quarry 
N Bethel Valley Rd 
W 2075 

w 7001 

1 . 3  
1.1 
0.7 
1..4 
0.6 
1.1 
0.4 
0.5 
0.4 
2.1 

1.0 

1. ri~. 
1.61 
I.. 13 
0.67 
1.23 
1.85 
0.20 
0.83 
1.00 
2.29 

1.28 

0.15 
0.06 
0.08 

0.19 

0.06 
0.06 
0.1.7 

0.10 

0.04 

0.1.3 
0.00 

0.00 
0.04 
0.00 
0.00 
0.00 
0.02 
0.00 
0.00 
0.00 
0.00 

0.01 

0.00 
0.02 
0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
0.00 
0.04 

0.01 

1.8‘1 
1-73  
1.21 
0 . ’7.L 
1.42 
2.00 
0.20 
0.91. 
1.06 
2.50 

1. ko 

Perimeter A-rea 

Kerr H o l l o w  Gate 
Midway Gate 
Gallaher Gate 
White Wing Gate 
B l a i r  Gate 
Turnpike Gate 
Hickory Creek Bend 
E EXXR 
Towns j te 

0.48 
0.56 
0.41 
0.44 
0.144 
0.48 
0.42 
0.k5 
0.1~9 

0.46 

0.23 

0.92 
0.88 
0.90 
0.92 
0-79 
1-25 
1.42 

0. 9’4- 

l . S . 2  
0.13 
0.00 
0.06 
0.02 
0.02 
0.04 
0.04 
0.02 
0.02 

0.04 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.3-1 
1.12 
0.98 
0.90 
0.92 
0.96 
0.83 
1. ?‘r 
1 .I-! li- 

0.98 

Remote A.rea 

HI’-51 
JP-52 
H.P-j3 
w-54  
w-55 
HP->6 
W->‘7 * w - 5 8  

AVWag- 

Norr i s  Dam 0.11.5 

Douglas Dam 0.36 
Loudoun Ilam 0.37 

Cherokee D a ~ i  0-35 
Watts EWr Dm 0.39 
Great F a l l s  Dam 0.4? 
Dale Hollow Darn 0.45 
Knoxville 0.110 

0.40 

0.37 0.02 
0.17 0.13 
0.40 0.04 
0.46 0.02 
0.35 0.02 
I..cG 0.06 
0.63 0.02 

0.49 0.05 

0.45 0.1.0 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.38 
0.31 
0.414 
0.48 
0-37 
1.12 
0.65 
0.55 

0.54 
.___ 

+Ins ta l led  March, 1965. 
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5.2 Water Analyses 

5.2.3. Rain Water - 
water c o l l c c t c d  f:wm t h e  

Network 

The average concentrat?-on of radioact. i .vity i n  r a i n  
t h r e e  nehmrks  dui-iilg 1365 were as follows: 

Concentration (pc/ml)  

0.35 x 1.0-~  

0.42 x 

0.50 x 10-7 

These values are lower t h a n  those observed cb.rT1-g J..964 by a, f a c t o r  of 
approximately 4 on- t h e  IlRM network. an.d by a f a c t o r  of  approxirnzbely 3.5 
oii both the PAM and RAM ne-tworks. The average val.ixes for each s t a t i o n  
a r e  shown i n  T a b l e  3; t h e  average valiies for. each network for each week 
are gfiven i n  Figure 10. 

5.2.2 
was r e l eased  t o  the  Clinch River during 1.365 as compared. t o  2311- f o r  1964 
(Table 14). 
through 1965, are shown i r i  Table 5 .  Iiadi.oc'nem-i.ca1. ana lys i s  of t'ne White 
Oak Dam teff I-uent i nd ica t ed  t h a t  a'c)out 73 percent  of the rzd ioac- t iv i ty  was 
'O'Ru. The percentage o f  9 0  S r  i n  t h e  e f f l u e n t  was 3.6 cornpared t o  2.8 
i n  1.964. 

Clinch River Water - A t o t a l  o r  95 be-La c u r i e s  of rad ioa .c t lvf ty  

Yearly di schasges of rad-io-nuclides bo Cl-inch River ,  1943 

The calcula.ted average concerrtxation of r ad ioac t ive  ma te r i a l s  i n  t h e  
Cl-inch River a t  Cli.nch River M i l e  (CEM) 20.8 ( t h e  p o i n t  of  ei?try of W'nite 
OF& Creek i n t o  the r i v e r )  T w a s  0.28 x 
percent  of t'ne weighted average (l@C ), recommended f o r  persons rcsi-ding i.n 
the neighborhood of an at0rni.c energy insi;al.l-ati.on (Table 6 ) .  The average 
concent ra t ion  of r ad ioac t ive  materiiais i n  t h e  Clinch River di.d not  exceed 
3.4 percent  of t h e  ( M P C ) ,  during any week i n  1965 (Figure ii). 

pc/iii.I,. Thi.s represe-clts only 0.61 

The measured average concent ra t ion  of  rad.:i.oactivi.ty i n  Clinch River 
water at CRM 1~1..5 (above t h e  e n t r y  of White Oak Creek) was 0.23 percent  
of t h e  weighted average (PPC), (Table 6 ) .  ~ 1 i e  concent ra t ion  of " ~ r  i i i  
t h e  r i v e r  above t h e  e n t r y  of Ifhi-be O a k  Creek cont inues t o  be about t h e  
same as the con t r ibu t ion  calcu.l.ated for White Oak Creek effluen-t; a t  
CRM 20.8 assuming uniform mixing of  t h e  two s t r e  am. 

The measured average concent ra t ion  of rad Loacti-ve mmter ials i n  the 
Clinch River a t  CRM 4.5 (iiear Kingston, Tennessee) ~ ~ 3 s  1.7 x 1.0-" pc/ml.. 
Ynis value r ep resen t s  0.60 percent  of the ( IPC),  as applied t o  persons 
l i v i n g  i n  t h e  neighboThood of am atomic energy i n s t a l l a t i o n .  

5.2.3 PotdY-e Water - The average concentrat ions of "'Sr i n  potable  
water a t  ORNL d-uring 1965 were as follows: 



Table 3 CONCENTRATION OF RADIOACT'IVE: M&TEE?IA.LS I N  FZAIRNATW - 1.965 
(Wec'xly Average by Stat i -ons)  

S t a t  ion 
Nwrk e r 

Lo c a t i o n  
A c t i v i t y  i n  Col lected 
Rainwater, vcb~l 

Laboratory Area 

IP-7 West '(001 0.35 x 10-7 V C , ~  

Per imeter  Area 

HP-31 
€P-32 
m-33 
HP-34 
w-35 
HP-36 
1P-37 
HP -38 
I-Tp -39 

Average 

Kerr Holiow Gate 
Midway Gate 
Gal.lah,or Gate 
W h i t e  Wing Gate 
B l a i r  G a t e  
Turnpike Gate 
Hickory Creek Bend 
E ECXR 
Townsite 

0.40 x j L c / m l  

0 .h2 
0.42 
0.38 
0.48 
0.37 
0 . 40 
0.55 
0.39 
0.42 x l o d 7  Llc/ml 

Remote Area 

IP-51 
m-52 
IP-53 
HP-sh 
e - 5 5  
IP-56 
€€I? - 5 '-( 
B-58 
Aver age 

Norr is  Dam 
Lourloun Dam 
Douglas Dam 
Cherokee Darn 
Watts B a r  Dam 
Great F a l l s  Darn 
Dale Holiow Dam 
Knoxville 

0.62 I L ~ / m ~ _  
0.>8 
0.119 
0.57 
0.1+2 
0.47 
0.49 
0.40 
0.50 x 10-7 p.c/mI 
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Table 4 LIQUID WASTES DISCHARGED FROM WHITE 
OAK CREEK - 1965 

Curies 

To ta l  for Year Weekly A.Jerage 
- 

Beta A c t i v i t y  95 1..8 

Transuranic 
Alpha Ehi.tters 0.50 0.010 
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Table 5 WDIOACT-LVITY I N  CLIKCH RIVER - 1965 

Concentration of Radionuclides of Primary Aver age C oricentr a t  ion 
$I of 

Concern i n  Units of lo-' ii,c/rnl of Total Radioactivity 
Location (WC >w 

O C  0 9 zr -95 ~3 lo-* $C/Llll  pc/.:il 90sr 1 4 4 ~ ~  1 3 7 , ~ ~  103 - 1 0 6 ~ ~  

CR? 41.5 b 0.06 0.03 0.0; 0.24 * %- 0.36 1.6 0.23 

2.8 4.6 0.61 CKM 20.8' 0.06 0.01 0.03 0.79 0.17 < 0.01 
1.2 0.23 0.01 1.7 2.8 0.60 

K! 
tc 

0.15 0.04 0.17 b 
CRK 4.5 

%eighted average (MPC jw calculated for the  mixture, uslng (,WC jW values f o r  spec i f ic  rad ionul ides  specified 

bMeasured values. 

by AEC Mamal, ChapTer O52+, Appendlx, Annex I, Table 11. 

c Values given for thLs l o c e t i o n  are calculated valxes based on the  leve ls  of waste released and the  dilutLon 
afforded by :he r iver ;  they do nos include arcowts  of r d i o a c t i v e  material (e.g., f a l l o u t )  
-the r i ve r  upszrem from CFX 20.8. 

t h a t  may enter 

*None detected. 
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1965 AVERAGE 061 - - - - - - - - - 
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Quarter Number Concentration O s r  (pc/mi.) 

1- 0.79 x 

2 0.45 x lo-” 
3 0.45 io-” 

4 0.90 x io-” 
Average f o r  Y e w  0.64 x 

The average value of 0.64 x lo-’ represents  0.21 percent  of t h e  (MPC), 
as applied t o  persons r e s id ing  i n  t h e  neighbarhood of an atomic energy 
i n s t a l l a t  ion .  

Based on gamma spectrometr ic  analyses ,  no long- l ived  gamma emi t t ing  
radioiiucli des were de tec ted  i L i  ORNL po iab le  water during 1.365. 

5.3 Milk Analyses 

The aveyage concentrat ion of ”Sr i n  r a w  milk samples collec’ced wi th in  
a 1.2-mile rad.iii.s of t h e  Laboratory during 1365 w a s  19.8 p c / l .  
concentrat,i.on of ”Sr i n  samples co l l ec t ed  between 1.2 miles  and 50 mi.l-es 
f m m  t h e  Laboratory w a s  20.4 pc/l. These r e s u l t s  would ind ica t e  tha-L t h e  
”Sr content  of milk i n  t h e  Oak Ridge a r e a  i s  l a r g e l y  t h e  r e s u l t  of fal.1- 
out from prev-ious world wide weapons tes-Ls. Figure 1 2  p re sen t s  the weekly 
average concentrai ion of ”‘Sr i n  r a w  r i t l k  sampled from the immediate 
envi-rons of Oak Ridge. 

The average 

The average concentrat ion of 1311 i n  r a w  milk sa.mpl.es collec-Led with- 
Figure 13  i n  a. i2-mi.le rad ius  of t h e  Laboratory during 1965 w a s  ‘1.4 pc/l.. 

p resents  t h e  weekly average concentrat ions of  13’1 i n  r a w  mi~lk co l l ec t ed  
a-L t hese  s tabions coripared with t‘ne weekly discharges o f  13’i From t h e  
ORNT s tacks .  The peak concentrati.on occurred. during week 23 and may be 
a t t r i b u t e d  t o  t h e  announced nuclear  detonati-on on tlie Chi.nese mainland on 
May 14, 1965.6 It should be noted t h a t  t he  yea r ly  avera.ge concen’cra-Lion 
i s  below tlne lower l i m i t  of FRC Range 11 d a i l y  in take  guide for l3I1, t.f 
one assumes an in take  of 1. 1-i ter o f  milk pe r  day, and that, a t  no -time 
during t h e  year did t h e  weekly average concentrat ion exceed t h e  upper l i m i t  
of FRC Range 11. 

‘The rad io iodine  content  of c a t t l e  thyro ids  average 18 pc/g o f  t i s s u e  
The iodine concentrat ion reached a maximu-m c-lui-i.ng t h e  month during 1965. 

of June, j u s t  fol lowing the  t e s t  oil t h e  Chinese mainland,6 and had re turned  
t o  p r e t e s t  l e v e l s  by October. The average l3’I contcrk of  thyro ids  €0:~- t h e  
mont‘n of June was l5)!- pc/z and the highes t  sing1.e sample measured contained 
340 pc/g . 
r o i d s  ?or 1.965 i s  giv-eii i n  Figure 14. 

‘Radi..ological Heal-th D a t a ,  Volume 6, Number 6, Ju-ne, 1962, U.S. Department of  

The average mon’clily concent ra t ion  of  rad io iodine  i n  c a t t l e  thy- 

_.. -- .-_I_ 

Healt’i, Education and Nel~far? .  
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5 . j k  Background Measurements 

Background measurements were taken a t  a number of l oca t ions  ( e s t ab l i shed  
i n  1961) i n  t h e  E a s t  Tennessee a r e a  during rou t ine  servicii lg v i s i t s  t o  t h e  
remote ai.r monitoring sta-Lions. Measurements were ma& a t  each I-ocation on 
a frequency o f  once each f i v e  weeks. The average background l e v e l  during 
1965 a.s measured a t  these  s ta- t ions was 0.013 rnR/'nr. 
ings  and t h e  l o c a t i o n  of each s t a t i o n  a r e  presen-Led. i n  Figure 15. 

Average background read-  

Sackgroumd measinremen-Ls made monthly with a c a l i b r a t e d  GM moni Lor a t  
f i v e  se l ec t ed  loca t ions  adjacent  t o  t'ne ORNL area y-ielded an average back- 
ground reading of O.Oj.2 mH/hr during 1965. Corresponding rneasiirements made 
a t  53 1ocati.ons on t h e  ORNL si-te gave an average back.ground of 0.072 mR/hr . 
The aversge background Zevel measured i n  Yne Oak Ridge a r e a  i.n 1911-3 p r i o r  t o  
t h e  s t a r t - u p  of the Oak Hidge Graphi te  Reactor w a s  0.012 d</hr. A co rpa r i -  
son of average background values taken both oc1 and of f  the X - I O  s i t e  f o r  t h e  
years  1.950-65 i s  presented i n  Figure 16. 

5.5 Aiiiiual Sarvey of t h e  Clinch and Tennessee Rivers 

Yne 1965 annual .;urvey of  t h e  Clinch and 'Tennessee Rivers  w a s  c u r t a i i e d  
i n  accordance with ihe recommendations of t h e  Clinch River Study S tee r ing  
Committee. Nineteen t r a v e r s e s  were made i n  t h e  Clinch and 'Tennessee R i v e r s  
i n  l96> as compared to 36 i n  1964. The same expanse of tile Clinch River w a s  
co-ered a s  before  but, with fewer t r a v e r s e s  being made. The survey i n  t h e  
'Tennessee River extendpd dovnstream only a$ far as Watts Bar Dam. The tech-  
niques and procedures used a-re descr ibed i n  om~-28J+ (> "Radioact ivi ty  i n  
Si1 t of t h e  Clinch and Tennessee Rivers" .  

l'he 1.965 simvey showcd t h e  d i s p e r s a l  p a t t e r n  of  rad.i.oactive s i l t  i n  
t h e  Clinch Ri.ver t o  be e s s e n t i a l l y  t h e  same as i n  1964 but  t h e  l e v e l s  oi" 
r a d i o a c t i v i t y  measured were smaller  (Figure 17). The average of t h e  l e v e l s  
measured i n  1965 cannot be conipared d i r e c t l y  t o  t h e  average of a l l  measure- 
rncnts made i n  previous surveys. 
iiear p a i n t s  of previous maximum radioac t ive  si.1-t accil.mulation and hence 
would give a somewhat higher  average than  would have been t h e  case i f  both 
"high" and. ' l low ' l  poin.Ls of s i l t  accurnul.ation had been measured as was done 
i n  previous surveys.  

The measurements made in 1965 were a t  or 

The average garma count r a t e  on bottom s i l t  loca ted  i n  Meiton I-Eill  
Reservoir on t h e  Clinch River and i n  Watts B a r  Reservoir on t h e  Tennessee 
River remained e s s e n t i a l l y  t h e  same as i n  1964 (Figure 18 and Figure  19). 

Xadiochemical ana lys i s  data ob'cained from t h e  Clinch and Tennessee 
River s i l t  co l l ec t ed  i n  t h e  1964 and 1965 surveys are given i n  Table 7. 
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I )  
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16 

STATIONS 
GREAT FALLS 
DALE HOLLOW 
CRQSSVILLE 
WATTS BAR 
ROCK WOOD 
WARTBURG 
KINGSTON 

- 
OLIVER SPRINGS 
O R N L  
LENOIR CITY 
CLINTON 
NORRIS 
POWELL 
H A L L S  CROSS ROAQS 
STRAWBERRY PLAINS 
CHEROKEE 

n 

I 2  3 4 5 6 7 8 9 10 ! I  12 13 1485 16 
STATION NUMBERS 

Fig. 15. Radiat ion Measurements Taken During 1965, 3 ft Above 
the Ground Surface out  t o  Distances of  75 Miles f r o m  ORNL. 
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65  C I S =  - 0.03 mR/hr.  

I 
ENTRY OF I 
WHITE O A K 4  
CR 

40 

20 

O b  

- MELTON 
HILL DAM 
(CRM 23.1 

- 

- 

CLINCH R I V E R  

Fig. 17. Gamma Coimt at, Sixface of Clinch R i v e r  S i l t .  
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Table 7 RADIOFXLIDES IN CLINCH ANl9 TENNESSEE RIVER SILT - 1964-1965 
(Units of lo-" pc/g of Dried S i l t )  

~ ~ 

TREa + 
186 SOY) 

137cs 1 4 4 ~ e  " ~ r  Xu 96 Zr + ~7-9 C O  
103-106 60 

Locat ion 
1964 1965 1964 1955 196L 1965 1964 1965 196& 1965 1964 1965 1964 1955 

CW 42.8 

31.1 
24.9 

34.7 

Average 

CRM 2l.5 
16.3 
14.0 
11.0 
8.0 
5.6 
1.7 
1,: 

Average 

TRM 570.8 
562.7 

543 -8 
552.7 

532.0 

Average 

mvi 615.8 
604.4 

Average 

8.7 3.4 
7.5 5.4 
6.7 5.8 
5 .1  5.0 

7.0 h.9 

0.68 0.62 
~ 7 2  145 

62 b9 

105 95 
89 114 
100 96 
67 713 

77 58 

5; 79 

2.8 3.1 
19 20 
26 23 
20 16 
16 12 

17 15 

- -  2.8 
3.3 3.1 

2.9 

21 

19 
18 
I 4  

18 

1.Q 
5.6 
6.5 

13  
1 4  
14 
15 
21 

11 

9.9 

9.8 
9.6 
7.7 

15 

10 

-- 
8.1 

2.0 0.45 0.29 * 0.17 
3.4 0.72 0.25 * 3.1'7 
3.4 0.50 0.41 ?+ 

2.6 0.45 0.23 * * 
2.9 0.53 0.30 0.08 

0.57 0.29 
2.6 1.;; 
1 . 2  0.50 
1.7 0.77 
2.1 0.88 
2.8 0.83 
3 -1 0.86 
2.8 0.59 

0.38 

0.41 
0.92 
0.70 
0.81 
0.79 
0.79 

1 . 2  
0.36 0.23 

6.2 6.4 
8.9 8.L 

_L -, I 10 

1 2  1 2  
11 1 5  
II lI,- 
7.8 13 

0.77 0.74 3.5 9.9 2.1 

0.23 0.56 * 2.2 
2.2 0.32 0.32 2.1 2.6 

0.88 1.1 3.7 2.8 2.0 
i -9 0.511- 0.50 3.2 2.1~ 
1.5 0.74 0.72 2.9 1.9 

9 

2.0 3.54 0.65 2.4 1 .9  

P o r t  Loudoun Background Data 

1.6 - -  0.23 -- 0.03 
1.5 0.47 0.34 * xi 

1.5 0.29 a. 015 

16 
16 
? ?  
-3  

9.9 

13.7 

0.99 
1 2  
20 

3 11 
43 
i, 0 
41 
37 

28 

6.3 
1-5 
19 
17 
15 

14 

-- 
5.8 

6.0 
8.; 

5.6 

7 .5  

0.91 
2.1 

10 

11 

22 

25 
23 

15 

9.9 

28 

4.8 
9.2 
8.3 
8.0 
6.2 

7.3 

4.2 
5 .O 

4.6 

x- 
* 
++ 
* 

* 
* 
++ 
if 

* 
* 
* 
x- 

0.18 
0.36 
ic 

* 
* 
0.11 

- -  
0.59 

0.39 
0.25 

3.08 
0.26 

0.25 

3.15 

0.10 
0.10 

* 

0.16 

0.26 
0.20 

0.12 

0.20 
0.25 
0.22 
0.18 
0.17 

0.20 

* 

0. ;9 

0.17 

0.14 

9.0 5.0 
7.2 9.5 

4.5 13.3 

6.4 8.9 

6 ,o  7.9 

5.0 1 2  

x- * 
3.2 jO1 
h.3 6.2 
7.9 1 2  
6.4 11 
a02 9.9 w 
6.8 11 r- 

5.4 7.8 

201 505 
2.2 6.5 
6.6 6.6 
6.6 4.8 

4.5 5.5 

4.8 Lt.3 

3 - 9  
2.4 4.8 

1 .4  

- -  

a~~~ - .total r a r e  earths minw cerium 
*None detec ted  

--No samples taken 
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6.0 PERSONNEL NONITORING 

It is t he  pol icy  of Oak Ridge National Laboratory t o  monitor t he  radi- 
a t i o n  exposure of al.1 persons who e n t e r  Laboratory a reas  where the re  i s  a 
l i ke l ihood  of r a d i a t i o n  exposure. Dose a n a l y s i s  i s  accomplished mainly 
through the use of personnel  meters,  bio-assays,  and i n  vivo counting 
(whole body counter)  techniques.  

6 .1  Dose Analysis Summary, 1965 

6.1.1 Externa l  Exposiires - No employee received a whole body r ad i -  
a t i o n  dose which exceeded t h e  maxi.mum permissible  l e v e l s  recommended by the 
Federa l  Radiat ion Council ( F R C ) .  
an employee was about 4.4 rem o r  3'7 percent  of t he  maxi.mwri permissible  
annual dose. The range of doses for persons using OXNL badge-meters i s  
shown i n  Table 8. 

Tne h ighes t  whole body dose received by 

As of December 31, 1965, no employee had a cumulative whole body dose 
xhich exceeded t h e  recommended rflaxbiiurfl permissible  dose as based on the  age 
pro ra t ion  formula 5 ( N  - 18) ( T a b l e  9 ) .  
annual exposure r a t e  t h a t  exceeded 5 rein pe r  year of employment (Table 10). 
The average annual dose f o r  t h i s  employee w a s  5.1 rem which was accrued 
over a per iod  of about 14 years .  

Only one employee had an average 

The h ighes t  cumu1al;ive dose t o  the s k i n  of the  whole body (head)  re- 
ceived by an employee during 1965 was about 8.1 rem o r  27 percent  of t h e  
maximum permissible  annual skin dose of 40 r e m .  

As of  December 31, 1965, t.he h ighes t  cwriulative dose of whole body 
rad. ia t ion received by a n  employee w a s  approximately 87 r e m .  
acerued over an employment per iod of about 2 1  years  and represented an 
annual exposure of  about 4.0 rein. 

Tliis d.ose was 

l h e  h ipbes t  cumulatA.ve hand exposure recorded during 1965 WAC &bout 
51 rem or  68 percent  of t he  recormended rriaximmi permissible  annual dose t o  
the  ex t r emi t i e s .  

During 1965, except with the  foreknowledge of Health Riysics, no 
v i s i t o r - t y p e  meter was found to have sus ta ined  a p o s i t i v e  (50 m r e m )  rad i -  
a t i o n  dose. 

6.1.1.1 Externa l  Dose - The average of t h e  t e n  h ighes t  whole body 
doses of OHNL employees f o r  each of t he  years  1359 through 1-96? a r e  shown 
i n  Figure 20. A downward t r end  i n  t h i s  value i s  apparent.  The h ighes t  
dose for each of those years  is  shown also. 

The dose ranges versus  the nutnber of employees for each range for  the 
Although t h e  t o t a l  number years  1959 through 1965 a r e  shown i n  Figure 21. 

of employees increased s l i g h t l y  during t h e  s ix-year  per iod,  the number of 
persons i n  the  higher  dose ranges decreased progress ive ly .  



The average annual  dose io OlINL employees f o r  the years  1953 through 
1965 i s  t h e  sub jec t  of Figure 22. %'his r a i h e r  a r b i t r a r y  quan t i ty  i s  ob-  
t a ined  by d iv id ing  the sum of a l l  doses  Tor t he  year  by t h e  number of 
empl oyees involved. 

6.1.2 Internal.  --.-._. Exposures - During 1963 there were no cases  of i n t e r -  
n a l  exposure where the  depos i t ion  of rad ioac t ive  ma te r i a l s  vi t h in  tlne body - 
was es timated i o  have averaged g rea t e r  ihan  one-half a maximum permissible  
body burden.' 

Three employees coniiiiued t o  have e s t i imted  body burdens of t r ans -  
uran ic  a ~ . p ~ ~ a  emi t t e r s  (mainly 2 3 9 ~ 1 )  of 35 to 40 percent  of t h e  recommnd- 
ed r n a x i m i i m  pe tmiss ib le  value .9 

ind iv idua ls  who exceed 50 percent  of a maxGnum permissible  body burden be 
placed on a work assignmeiit +7here tne po ten t i a l  f o r  i n t e r n a l  exposure i s  
reduced. 

Health Physics procedures r equ i r e  t h a t  

6.2 External. Dose T e c h n m  

6.2.1 r'rlm Meters - Film meters are issued t o  all persons who have 

E i t h e r  an 
access  t o  ORl!K f a c i l i t i e s  ili which Yflere i s  R p o t e n t i a l  f o r  r a d i a i i o n  ex -  
posures i n  excess of Radiat ion Pro tec t ion  Guide (RPC) levels. 
ORNL badge-meter (Figure 23) o r  a temporary pass-meter (Figure 24) may be 
used. Badge-meters are assigned t o  a l l  ORNL employees, and to  c e r t a i n  
o the r  persons who a r e  aut'riorized t o  e n t e r  O W L  f a c i l i t i e s .  'lemporary pass- 
meters may be i s sued  in l i e u  of badge-meters f o r  short-term use. 

NTA (nuc lear  t r a c k )  f i l m  packets are included i n  a l l  film meters. 
The NTA f i lms  are processed rou t ine ly  i f  t'ne badge-meter i s  assigned t o  ai1 

individual  who normally works where the re  may be exposure to neutrons; 
otherwise t h e  fiL-ns would be processed only i n  t h e  event of  a nuclear  
acc ident .  

Beta-garmiia s e n s i t i v e  films from badge-meters i s sued  to full.-time 
employees and assignees are processed r o u t i n e l y  each calendar  qua r t e r  (or 
more f r ecpen t ly  i f  necessary) .  
as condi t ions of use may r equ i r e .  Films from meters i s sued  t o  v i s i t o r s  a r e  
processed i f  the re  i s  a 1.ikelihood that a r a d i a t i o n  exposure w a s  incurred.  

Films used i n  o the r  meters are processed 

High-level  rad7 a t i o n  dosimetry components of t h e  badge-meters ( s u l f u r ,  
gold,  indium, and metaphosphate g l a s s )  are Cor use in t h e  event t h a t  doses 
exceed the  c a p a b i l i t y  of t h e  monitoring films. 

For each ORNL d i v i s i o n  which had. one o r  more employees who sus ta ined  
a dose g r e a t e r  than 1 r e m  f o r  the year ,  the number of employees so ex- 
posed a r e  displayed i n  Figure 25. 

7Bandbook 69 values are t h e  b a s i s  f o r  t hese  determinations.  

It may be noted t h a t  only 1.1 (of 29) -_ .-..-- 

e AEC Manual Chap'ier 0502 r equ i r e s  a n  eva lua t ion  of t h e  r ad fa t ion  exposure 
s t a t u s  of an employee when monitoring techniques ind ica t e  - that  a body 
burden equals  or exceeds 50 percent  of a maxi.murn permissible  l i m i t .  
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d i v i s i o n s  had employees with doses g r e a t e r  than  1 rem, only nine had 
employees with doses g r e a t e r  thm 2 rem, and onlythreehad employees with 
doses g r e a t e r  thari 3 r e m .  

6.2.2 Pocket Meters - Pocket meters ( i n d i r e c t  reading, i on iza t ion  
chambers) are made a v a i l a b l e  a t  a l l  p r inc ipa l  po in t s  of e n t r y  t o  OHNL 
premises. A p a i r  o f  pocket meters is  c a r r i e d  f o r  t h e  cluration of a work 
s h i f t  by persons who work i n  an  a rea  where the  p o t e n t i a l  f o r  an exposure 
of  20 mR or more e x i s t s  during the work s h i f t ,  Focke-i, meter p a i r s  a r e  
processed each day by h e a l t h  physics technic ians  and readings o f  20 mR or 
more are reported d a i l y  t o  supervis ion.  

Pocket meters are used f o r  a day-to-day record of i n t eg ra t ed  expo- 
su res  and warn i f  excessive exposures occur. 

Figure 26 is  a d i sp lay  of t h e  comparison between whole body doses as 
determined from f i lm  meters and t l e  t o t a l  recorded pocket meter readings 
f o r  the ten highest, whole body dose cases  for the year  1965. 

6,2 .3  Hand Exposure Meters - Hand exposure rnetcrs (Figure 2'0 are 
f ilm-loaded f i n g e r  r ings  used t o  measure hand exposure. H a r d  exposure 
meters are i ssued  on a weekly basis t>o persons f o r  i i se 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. 
n e l  who deterrnine the  need f o r  t h . i s  type of' monitoring ana arrange f o r  a 
processing schedule.  

%Iiey a r e  issued and co l l ec t ed  by Radiat ion Survey U n i t  person- 

6.2.4 Metering Resume - Shown i n  Table 1.1 are t he  quantit.i.es of 
personnel  metering devices  used and processed during 1-965. 
f i l m  processed is  I.ess than the  number issued,  because t'nose which are 

1ikeI.i.hood of' exposlire . 
17ne number of 

i c v  ,,ued f o r  only acc ident  dosimetzy aye not  processi.d unless  t he re  was a 

6.3 I n t e r n a l  Dose Techniques 

6.3.2- Bio-Assays - Urine and f e c a l  samples are analyzed f o r  the 
purpose of making i n t e r n a l  dose determinat ions.  The frequency of sampling 
and t h e  type of radiochemical a n a l y s i s  performed i s  based upon each spe- 
c i f  i c  rad io iso tope  and the  exposure p o t e n t i a l .  Beca.u.se of the s m a l l  yuan- 
t i t i e s  of r ad ioac t ive  m a t e r i a l  i n  most s:mples > q u a l i t a t i v e  analyses a r e  
not feasible, and only q u a n t i t a t i v e  analyses  f o r  predetermined i so topes  are 
performed rout ine ly .  

In. riiosl, cascs bio-assay data requ i r e  i n t e r p r e t a t i o n  t o  iieter-mine t h e  
dose t o  the person; computer programs are used f o r  eva lua t ion  of extensive 
data on u r ina ry  exc re t ion  of Rn. Afi estimate of dose is  made €or  a l l  
cases i n  which it appears 'chat one- th i rd  of a body burden, averaged over 
n calendar year, incty be exceeded. 
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6.3.2 whole Body Counter - The whole body counter (an i.n vivo garma 
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 '&e gamrua ray-emit t ing substances,  and many of -the more ener- 
geti-c be ta -emi t t ing  substancca.  Tlnus, it provides  a d i r e c t  method of 
determining body burd-ens of those substances.  

6.4 Records and Heports 

Most records and r e p o r t s  a r e  prepared by e l ec t ro -da ta  processing (EDP) 
techniques through t h e  use of high-speed d i g i t a l  computer systems. The 
IBM 7090, loca ted  a t  t h e  Cent ra l  Data Frocessing Fac i - l i ty  (CDPF), turns ou t  
rou t ine  weekl-y, qua r t e r ly ,  and annual  r e p o r t s  iilvolving external.  close data .  
(A t y p i c a l  week1.y r e p o r t  i s  shown i n  Figure 28; a t y p i c a l  q y a r t e r l y  r e p o r t  
i s  shown i n  Figure 29.) An TRM 1401, l oca t ed  a-i -the Y - 1 2  P lan t ,  is used 
to  provide the  weekly pocket meter r c p o r t  ( s e e  Figure 30). Quar te r ly  bio-  
assay  l i s t i n g s  are prepared by the  IRM 7030 a i  CDPF; a weekly Bio-Assay 
Sample S ta tus  Report ( F i g i r e  3J-) i s  processed by t h e  ORNL Math Panel u t i -  
l i z i n g  a CDC 16OI-!-. 

A monthly r e p o r t  based on prel iminary r e s u l t s  of ana lys i s  by t h e  whole 
body counter ( I V G S )  i.s prepared by the TBM '.(OgO a t  CDPF. 

Body burden estimates of  23i3Pu are prepared i n  r e p o r t  form (usua l ly  
q1mrtcrl.y) by use of the  13M 7070 at, CDPF. 

Permanent f i1 .e~ are maintained a t  Heal th  Physics and Safe ty  Head- 
qua r t e r s  f o r  each ind iv idua l  who i s  assigned an ORNL photo-badge-meter. 
An TAM card cross-  indexing system is mainiained a t  the p r f n c i p a l  monitoring 
s l a i i o n s  f o r  t h e  purpose of expedi t ing mz-tei- assignmeiits. 'lkese TRM cards 
a r e  compatib1.e w i t i i  t h e  var ious computer programs and provide f o r  the in-  
te rna l .  a u d i t  o f  a l l  personnel  monitoring record da ta .  

Copies of t he  El)? r e p o r t s ,  both temporary aiid f i n a l ,  are maint,a,i.ned 
f o r  botil t he  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 tapes .  D a t a  p e r t i n e n t  t o  
the  work of  ilie dosimetry groups a.nd information used 7.n the  non--EDP r e p o r t s  
are maintained i n  record form by Dose Data personnel.  

6 .5  Program Developmenis 

During 196> tile coniputer program f o r  pockei rrietcr readinss  w a s  modi- 
f i e d  slighily t o  provide each week the  cumlJlative frequency of  meter usage 
by each employee during the qua r t e r .  

Minor modif icat ions were made t o  t h e  weekly and q u a r t e r l y  computer 
prograins f o r  bio-assay samples t o  obtai  o s l i g h t  saving i n  compuier i isage 
t i m e  and c a o s t s  and a decrease 7.n t i m e  of r e p o r t  p repara t ion  and dis-tyibu- 
ti on. 

Computer programs f o r  a u d i t i n g  personnel exposure h i s t o r i e s  were de- 
veloped during ilie year .  These programs provide for an  ex tens ive  examina- 
ti on of  i nd iv idua l  r a d i a t i o n  dose records and monitoring ini"oi-mation 
accumnulated i n  record files and computer kips.  
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A procedure WQS devised and e f f e c t e d  f o r  s e l e c t i n g  and expedi t ious ly  
analyzing, and r epor t ing  t h e  doses recorded by, films from badges worn by 
persons who are most l i k e l y  t o  have sus ta ined  r a d i a t i o n  doses i n  excess of 
300 m r e m  during a quar t e r .  'I'hese f i lms  are selected on t h e  basis of pocket 
meter to t a l .  readings for the quai-ter. 

The dosimetry components of the Temporary Pass-Meter, which may be 
i ssued  Tor short- term usage for  emergency metering, w e r e  revised t o  include 
a beta-gamma film packet,  a neutron f i l m  packet,  an indium f o i l ,  and a. 
metaphosphate gl.ass microdosimeter; a l l  of which a r e  contained i n  a pl.asl;j-c 
pouch. 
cessed only as required.  

!These Z t e m s  are reused throughout t h e i r  usefu l  l i f e ,  and are pro- 
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Table 8 DOSE DATA S l D m Y  FOR LABORATORY POPULATION INVOLVING 
EXE"OSU1lE TO WHOLE 'NDY R/U3-PATION - 1965 

Grcoup 
Number of Rem Doses in Each Range 

0-1 1-2 2-3 3-4 4-5 5-6 6 up T o t a l  

ORNL Employees 5476 124 38 9 1 0 0 5648 

ORNL-Radgeil Non-Employees 540 1 0 0 0 0  0 541. 

Number of Doses i r i  Each Ranst? 
'Yo t a1 0-2.5 2.5-5.0 5.0-7.5 'y.5 UP 

OEKL Employees 5640 8 0 0 5548 
-.I- ...... 

Number of Doses in Each hnge 
Tota l  

0-2.5 2.5-5.0 5.0-7.5 7.5 'LP 
......... __.-... 

OJSNT, 
h p  1 o y e e s $21 26 1 0 $648 
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Table 11 PERSONNEZ IKFIXR SERVICES 

A. Pocket Meter Usage 

1. Number of Pairs Used 
ORITL 
H. K. Fer,gu.swi 

Total  

2. Avsrage Number of Users per Quarter 
ORNL 
H. K. Fergwon 

T o t a l  

B. Film Usage 

2. Films Used. in Temnporaq Meters 
Beta-gamm-a. 
NT-4 

C .  F i h x  Processed Tor Monitoring Data 

1. B e t a - G m a ,  

2. IVTA 

3. Hand Meter 

144,026 

180,954 
36,928 

1.3 305 
340 

1,645 

21) 630 
10,500 

I, 262 
256 

1,5.1.8 

21 810 
10,830 

7,720 
2,500 

22,080 

I, 690 

1,610 
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OFNL DWG. 64-2-1675 
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PP 
ET 

39-63 
39-63 
39-63 

39-63 
39-63 
39 -63 

39-63 
27-63 
39-63 
39-63 
39-63 
39-65 
39-63 
39-63 
39-63 
39-63 
39-63 
39-63 
39-63 
39-63 
39-63 

0.W 

0.90 

0.W 

0 . g o  

0 - 3 9  
0 . 3 p  

0.010 
0.149 
0.330 

0.m 

0.180 

0-330 
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0.18s 
0.003 

0.yX 
0.003 

0.420 

0.320 

0.3W 

0.0oO 
0.630 
O.Oo0 

0.240 

0.010 

O.&O 

0.310 

0.153 

O.W.3 
0.UO 
O.Oo0 

0.:3 

0.150 

0.110 
o .s30 
0.m 
0 . C w  

0.270 
0-OOO 

0.29 
0.140 

0.210 

0.860 

0.340 
0.020 

0.070 

0.3%) 

0-350 
0.150 

0.W 

0.180 

0.W 

0.180 

0.320 

0.420 
0.320 

0 . 3 9  

0.650 1.68 

0.240 0.9 

0.040 0.30 
0.310 1.M 

0.19 0.77 

0.323 0.27 

0.010 0.02 

0.200 0.E 
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 

0.26 

0.01 

0.19 
1.14 

0.49 
0.24 

0.Q 

0.49 
0.34 

0.33 

0 . g  

1.11 

0.46 

0.72 

35.59 

0.24 
5-21 

B-9 

9-60 
5.55 

2-74 

7.43 
8.43 

3 -03 

29.e 
22-76 

15.86 

8.96 
33 -62 

la 

1 

14 
16 
20 

17 
6 

12 

7 
13 

18 

13 

16 
11 
1% 

2 .cQ 

0.80 
0.38 
1.19 

0.14 

0.56 

0.64 

1.34 
0.2h 

1.68 

1.76 

1.04 
0.84 
1.87 

Fig. 29. T B i c a b  ORNL Personnel Radiation Exposure Record. 
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7.0 LABORATORY OPERATIONS MONITORING 

Radiaiioii  j nc iden t s  are c i a s s i f i e d  according t o  a s e v e r i t y  index 
system developed over t h e  p a s t  s eve ra l  years .  The method serves  t o  
index unusual occurrences according t o  degree of s e v e r i i y  and pe rmi t s  a 
sys tern of a n a l y s l s  r ega rd ins  Hcai t h  Physic.: p r a c i i e e s  among Laboratory 
opcra i idns  . Thi s r e p o r t  summarizes t h e  unusual occurrence frequency r a t e  
and ?i scusses some of Liie problems encoilatered a m o q  F,abora.ior) facilities 

f.i Unusual Occurreiicez 

During 1935 t h e r e  were 41 unusual occurreices  recorded which Tepre- 
s e n i s  approximaiely 29 percent  irlcrea,e aver t h p  niunber r epor t ed  f a r  1961~ 
(see Table 12) and approximately 1 percent below t h e  f ive-year  avcrazt' of 
48 -for t h e  years 1961 through 1365. Thi r t een  of ~Zie occurrence; recordcd 
duriri& 1965 i nvalved devel oprncn'c vopk with i h e  t r ansu ran ic  i so topes  2d2Cm, 
244Crn, which because of t h e  high spec iy i c  a c t i v i  Ly involved presented unique 
conLdinment problems to bc solved.  Pj-evious to t h e  ;jcar 1951, because of 
t'ne amouni, av-l a v a i l a b i i i t y ,  t h e s e  par i ic i j l  ar isotopes bad c rea t ed  no 
s i g n i f i c a n t  conlaminat i o n  p r o b l e m .  

During 1-96?, about 60 percent  of t h e  41 events  were c l a s s i f i e d  as 
s i g n i ~ r i c a n t .  For the purpose of t h i s  report an event i.s dczi.z[ia,ted as 
sien.-€!'.cant when it i s  such as t o  (1  ) exceed a rccomiended. maximum permis- 
sibl-e l i m i t  and/or ( 2 )  r e q u i r e s  work stoppage i n  an ope ra t ion  whi.J.e c lean.-  
up measures a r e  i n s t i  t u t r d  followi.ng a rad ioac t i -vr  con-tominant release. 
AlYthougI-! spproximaiely two-thirds of t b e  )11. zver,t;-; were c l a s s i f i e d  as 
s igaf f i . can t  accorlii.ng t o  t h e  above d e f i n i t i o n ,  only one event  occurring 
during 196'5 r equ i r ed  i n t e r  -depar-tinental a s s i s t a n c e  before  normal. opera t ions  
were resimied. There i.ias only  one extei-iial t e c h n i c a l  over-exposure case 
reportecl, anil i n  only a few cases  were mi~nor work rest r - ic-Lions imposed. 
'l'i?e Prequency ra-Le of m u s u a l  occurrence; z.rr.org t h e  Laboratory divi:;ioiis 
involved ('iab7.e 1 3 )  a r e  known t o  va,ry iii r2ln.Lianshi.p t o  t h e  following: 

(1) 
( 2 )  Nimiber o f  r ad ia t io rL  workers involved. 
( 3 )  The rad i -a t ion  hazard p o t e n t i a l  assoc ia te j .  wi.th a par t i - -  

Quanti-ty of r a d i o a c t i v e  matc:rial- ha-ndled. 

c l i lar  ope ra t ion  o r  f'ac i.l.i-ty. 

During 1965 t h e  Radiat-i on Survey personnel  a s s i s t e d  t h e  one ra t ing  
groiips i.n keeping the contarninati-on, a i r  concentration, and personnel  ex- 
posure 1.evels we1 ? below ihc. rnaxi.mum permissi.bl-e e s t a b l i s h e d  l i m i t s .  
Through di. scus s ions  , seminars,  s a f e t y  rnec-tiiigs aiid informal d-iscussions 
with supervisi-on of ihe operati-ng g ~ o u p s ,  t hey  a s s i s t e d  S~n reduci~ng .or 
e l imina t ing  a number of problems associa-Led wi.th r a d i a ~ t i o n  pro- tect ion a-L 
t h e  Laboratory.  The follow:-ng i s  a bri-ef dcserip.t- ion 02' a few of t h e  
problems and method of soluti an. 
-_-____ ................. ......... .- ..........___I__ --... 
9 -  See Applied Hea.l.th Phys ics  Annual- .............. Report f o r  ......._ 1963, ORNl,-.3665, pp. 14-15. -_I..- _. 
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7.2.1. Demolit ion and Removal of E a s t  P o r t i o n  of Wii.l.di.ng 3550 and 
Adjoining Semi-works Facil.i.ty - The demol i t ion  and removal of t h e  east  
porti .on 02' Building 3550 and the se:mi-work.s faci . l . i ty  du.ring t h e  surnmer of 
1-96? presented  some irni-que problems involv ing  rt--tdiati.on contami.nation 
colratrol. These s t r u c t u r e s  having been in continuous iise f o r  work w i t l ?  
r a d i o a c t i v e  material s ince  1.91-1-3 r ep resen ted  poten t i -a1  contamination sources 
whi.ch were d7.fficul.t t o  l o c a l i z e  and assess. ?'he c lose  proxirni.ty or these 
s t r u c t u r e s  to the Instrixiientation and Cont ro l  fac i l i - t ;y  (Bui ld ing  3500) and 
t o  normal p e d e s t r i a n  t r a f f i c  d i c t a t e d  t h a t  very r i g i d  c o n t r o l  procedures  
be p u t  i n  f o r c e .  The f i r s t  p reven t ive  c o n t r o l  measure i n s t i t u t e d  was t o  
prevent  p o s s i b l e  a i rbo rne  con-tasn:i.nation from e n t e r i n g  -the nearby I n s t r u -  
rncntation and. Control. fac i1 i . ty .  Thi.s w a s  accomplished by s e a l i n g  air 
in-takes t o  the f a c i l i t y  mid cons.tant slurveillance a t  bii i lding en t rances  
f o r  possib1.e t r a c k i n g  of contami.nal;-iLon. S t r i c - t  c o n t r o l  measwes invo1.ving 
the s e a l i n g  of c u t  p i p e  ends, ducts ,  bagging of equipment and F r e t  domi 
procedures  were ef fec t i -ve  i n  prevent ing  -the spread of contamination.. 

7.2.2 Annual. Survey of X-ray Equiprrient - The annual. survey or" X-ray 
producing devices  at X-10 and t h e  X-10 p o r t i o n  of the Y-12 ope ra t ions  was 
compl.eted d in ing  J u l y ,  1965. 
fill1 coopera t ion  d .ming  th,e survey. A number of X-ray d i f f r a c t i o n  iini.ts 
t h a t  failed to conip1.y wi th  -that par t  of  t h e  requirements  f o r  provi.d.ing a 
visible signa,l  t o  indl.ca-te when the X-ray source i s  energ ized  ha.ve had Ynis 
f e a t u r e  added t o  t h e  equipment . 

The equipment ope ra to r s  and s i~perv is j  on gave 

7.2.3 
F a c i l i t y  ( I B W )  - Floor  and o the r  su r face  con-Lamination f r e q u e n t l y  r e s u l t -  
ed from use  of t h e  access  drawers in t h e  e a s t  vral.1. of  t he  HRZAF cel .1~.  

Improved Containment a t  t h e  High. Radi-ation Laboratory Anal.ytica1 

During l;he p a s t  year  two specia1l.y designed glove b x e s  were insta . l led.  over 
i;wo of the clrawers , p r a c t i c a l l y  el. Imihmti_ng them as sou.rces of co-rrLaminatiori 
i.n t h e  c e l l  ope ra t ing  area. 

Sample carriers and s o l i d  waste material are removed. from the I J R W  
cel.1.s via, the west dock. These i tems g e n e r a l l y  a re  g r o s s l y  contaminated 
T w i " c h  r a d i o a c t i v e  m a t e r i a l  and f r e q u e n t l y  the dock area becomes contaaLnated. 
Occas iona l ly  r a d . i  o a c t i v e  par t icu la t i2s  were de t ec t ed  on the pavement ad ja- 
c e n t  t o  the dock as no coi1tairme;nt w a l l  e x i s t e d  on -Lhe west side. During 
t h e  past  year  t h e  dock was sea l ed  and sol.id m e t a l .  doors in:;tnl.l.ed t o  
prevent wind and r a i n  from sweepi.1-g c o n t a m h m t s  ouLsi.de t h e  bu i ld ing .  

7.2.4 Const ruc t ion  "33U SZ;orage F a c i l i t y ,  bu i ld ing  3019 - During the 
p a s t  year  a '*'*'U solution s to rage  fa.ci.l.i.ty was constru-cted in t h e  p ipe  tun -  
n e l  of Bni-lding 3019. During i n i t i a l  phases of cons t ruc t ion  personnel. were 
r equ i r ed  -Lo wear two suits of clot1zi.ng wi th  r e sp i r a , to ry  protec-Lion due t o  
htgh level .  a lpha  contamination. A f - t e r  - i so la t ion  o f  the storage a r e a  by two 
concre te  w a l l s ,  deconi;aminatri.on and. pai.nt bonds were recommended. Sumface 
and ai.% contaminat ion l e v e l s  were reduced so %ha,{; mincb of t h e  remainirg 
work w a s  done i n  a. sFngle s u i t  of clothing and witkiwxt respiratory- pro- 
- k c t i o n .  Considerable  sav tngs  i.n s u i t i n g  and unsu i t ing  t i m e  resu1:ted and 
worker e f f i. c i e  ne y i m p r  c) ve d con B i der  ably. 



‘[ .2.5 Health Physics Assistaxice Ulnring Shale Frac tur ing  .. Experiment - 
Radiat ion Survey personnel  a s s i s t e d  the opera t tng  group i n  planning zoni.ng 

- I.___.- - .-.-... ..-_____ 

procedui-es and o the r  r a d i a t i o n  c o n t r o l  measures during e x p c r h e n t s  a t  the 
Shale F rac tu r ing  P i l o t  P lan t .  There were some contaii ination problems en- 
countered during the i n j e c t i o n s  of t h e  wasies b u t  dxcontamination w a s  
performed s a t i s Y a c t o r i l y  by t‘ne opera t ing  personnel  without  s i g n i f i c a n t  
exposure problems. 

‘.’. 2.6 i Xeal th  Physi-cs Coverage a t  Pro j e c L  S a l t  Vau1.t - Hadiation ______ --...-. .._ .- ___ ._ 
Survey personnel  a s s i s t e d  a t  t,he Sal-t Vault  P r o j e c t  i n  Lyons, Kansas during 
the  p lac ing  o f  14 irrad-iated ETH f u e l  assemblies (approximately 10“ c u r i e s  
o f  f i s s i o n  prodiicts)  i n  the  sa1.t mine. Although t h e r e  were extremely high 
radinti-on I.evels (up t o  700 H/hr) <.n c e r t a i n  a reas  during some phases of  
.tile opera t ion ,  t he  use of remote opera t ing  equipment, continuous inonitor- 
ing and s t r i c i  observance of zoiii.iig procedure:: a ided i n  k e e p b g  a l l  person- 
n e l  exposinres below maxi.mim perliiissible l e v e l s .  The maximum exposure re-, 
celv-ed by personnel. during ‘die opera t ion  was l9O rnrern. There was no in -  
d i ca t ion  of  a i rborne  ac t iv i - ty  o r  su r face  contamination i n  the  W O Y ~  areas ~ 

ma?.n ly  because the  cans contai.1i.i rig -the f u e l  assemblies were thoroughly 
deconta.!cii.nated at Idaho Fa l l s  before  they w e r e  iran-sported ’Lo tine mi.ne. 

7 7  i.2.7 Heal’& Physics Assis tance .......... During S ta r tup  o f  t h e  bEIG and. FTFTR 
-. Reactors  ........ _^.__ - -h r i . ng  1965, Iiadiat,i.on Survey personnel  assisied. i n  t h e  c r i t i -  
c a l i t y  experiments a i d  i n i t i a l  low-power operational.  cyc les  of bot’n t l i e  
Molten S a l t  Reactor Experiment and Lhe H i &  Flux Iso tope  Reacior  by pro- 
v id ing  t h e  monitoring manpower and equipment necessary t o  asceriairi  ihe 
adequacy of  shie1d.in.g design and cons t ruc t ion .  .I.n genera l ,  t he  f ind ings  
ind ica t ed  no gross  inadequacies o r  insii.rmoimtable proii.l.ems a t  e i t h e r  of t n e  
new f a c i l i t i e s  a t  power l e v e l s  whi.ch had been achieved. a t  tine end of  the 
year .  

._I- __.____. - ......- .......... .- 

- 

‘i. 2.8 1nstallatj .o-n of a Condi.t,i.onal Air ~uppIg~~~f’Or- l’las’iic S u i t s  - 
l)i>.ring the s~~mielr monLhs of  1965 the  problzm of h e a t  stress w a s  encoun-iered 
by ~~~orlmeii  changing maxi i p i i k t o r s  i r i  t h e  curi.iun cells i n  HuiJ.ding jO28E. 
‘Yhe workmen were reqij.ired io work itear t h e  c e i l i n g  i n  two palrs of cove ra l l s  
and a p l a s t i c  s-Ji-t .  Ai.r was suppl ied t o  tine individi1al.s i n  thc p1ast.i.c 
s u i t s  by connectj.ons io i‘ne ai.r manifold di.stri.butor located. a t  the top  of 
’Lhe cel.3.s. Due t o  tiie .mount oî  exe r t ion  required. p l h s  -the high tempera- 
t u r e  i n  the  work a rea  SOii le  worlmen showed. signs of h e a t  p r o s t r a i l o n .  A 
d.eixi.l.ed s tudy of the problem ‘vas made by i n t e r e s t e d  personnel  froin1 the 
Heal th ,  P l an t  and Equi._ornent, Iso’iopes, aiid Heal th  F&jsi.cs Di.visions. A s  a 
r e s u l t  of t h i s  s tudy some rzvici .ons were made i n  t he  p r o t e c t i v e  cl.o-t;iing 
requirements,  and 3. cond i t iona l  a i r  suqpl-y was instal l -ed.  t o  supply cooled. 
R i i “  t o  the ind iv idua ls  i n  the  pl .as t ic  su7’t~;. N o  fur.Lher h e a t  stress 
problems have been repor ted  si.ilce these measixes were adopted. 

........... 

‘7.2.3 WC Was-Le iial1.k Equipment l33rove!?.~nts - Duri-iig the year  con- 
t i nu ing  spread of l””Cm a lpha contamination i n  t h e  area o f  WC-1.0 was-te taiik 
brought ab0u.t a j o i n t  s tudy of t‘he l i q u i d  w a s t e  s i t u a t i o n  at tkis Location 
by Operwtions, Engi-neerihg and Hetzl-.ti? Plnysics perconinel. The fol lowing 
steps were agreed upoii by those coricerned as means of  s o l v h g  t h e  b a s i c  
problen of  contamination spread: 
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1. Remove loose contanina.t;ion from walls a d  f l o o r ,  i n  as far 

2. Pour two inches of concre.te on top of e n t i r e  floor area. 
3. 
)-k. 

5. 
6. Inst,all an off-gas l i n e  t o  the 3029 stack. 

as f e a s i b l e .  

Paint  p i t  walls and f loor .  
Xeplace the header and valves, blanking off l i n e s  no longer 
being used. 
Place a s t a i n l e s s  steel cover over e n t i r e  p i t  and seal smrie. 

S t e p  3 was completed i n  Decem'oer, 1.965, and work on s1,eps I+, 5 and 6 i s  
scheduled f o r  completion during t h e  e a r l y  p a r t  of 1-966. 

7.2. LO Processing Enriched Uraniim - The processing of approximately 
1.6 ks of 235U a t  a ra te  of 300 gram ba-tches per d.ay i n  E l - 1  and. 3-5 labora- 
t o r  i e  s Uu i l d i n g  4 500N, pres en ted  po tersti.al coiitm i n a t  ion and c r i t i c a l i t y  
problems that had t o  be considered p r i o r  t o  the s tar t  of the  operation. 
Careful pI.anning 'was mandatory f o r  tinis p a r t i c u l a r  progrpan becmse of the 
proximity o f  t h e  operations ,to adjoining lai3oratori.es with t h e i r  f u l l  
complement of working personnel. 

C r i t i c a l i t y  cont ro l  measures Ynat were imposed contained limita-Lions 
on mass implemented by a system of "3?J inventory rnanagexent. I n  essence 
tinis procedure involved checking out  t o  th.e next laboratory o r  process s t e p  
the  mater ia l  batch on which the designated work had been coiti:pl.eted before 
being allowed t o  receive a new batch f o r  processing work or 1iand.Lri.ng. ThTs  
inventory method was r i g i d l y  followed tkmouglioint wi'th care t o  ob'tain dual 
s ignatures  of responsible individuals f o r  a l l  e x i t  shipments and r e c e i p t s  
of material. 

'The progr.m mts completed a f t e r  s e v e r d  mon-thg of e f f o r t  without 
problems r e l a t e d  io contamination o r  personnel exposure. It i s  belreved 
t h a t  the c a r e f u l  plamiing and the r i g i d  control  tha t  were cs  t d o l i  shed play- 
ed a major r o l e  i n  the  success of &is program. 

7.2.11 Addition of Protect ive Shielding and Use of "Bean Stoppers" I at 
the  Van de Graaff Plccelerator, Building 5500 - A s e r i e s  of experimenl;s in- 
volving D(D, N) sHe reac'tions conducted a t  the 3 MV accelerator  generated 
neutron dose rates above that considered des i rab le  f o r  continual- occupancy 
thereby requir ing Vine addi t ion of shielding beLween the target; and control  
rooms. Attentuat ion of the neutron flux by a t  l e a s t  an order of magniti.ide 
vas achieved. 

F a i l  safe type e l e c t r i c a l l y  o p e r a k d  % e m  stoppem" f o r  use a t  t h e  
Van de Graaff accelerator  were reeonmended vhere en t ry  in to  t a r g e t  areas  
during operation of the  accelerator  i s  pract iced.  Manually operated devixes 
are being used u n t i l  t h i s  reconunendation i s  implemented. 

7.3 Laundry Monitoring 

A t o t a l  of 988,139 a r t i c l e s  of wearing apparel  w a s  monitored a t  the  
laundry during 1965. This w a s  an increase of about 22 percent o-ver the  



ninm’uer monitored i n  196’1. 
found Lo be contaminated. 
washed p r i o r  to moni t o r i n g .  ) 

Less than  2 pe rcen t  oi” tile j t e m s  monitored w e r e  
( A r t i c l e s  that aye p o t e n t i a l l y  contaminated are 

Of the j (4,81+2 khaki garments rnoni tored du r i  rig t h e  year ,  on ly  200 
were fo i iod  con tmina ied .  This i s  a decrease o f  about 50 percent €rom last 
year (1964). 
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Number of Unusual Occurrences Recorded........... 

A. Number of incidents  of minor consequence 
lnvolvihg personnel exposure below W E  
limits and requiring l i t t l e  or no clean- 
up erfort.................................... 

B. Number of incidents  involving personnel 
exposure above WE limits and/or r e su l t i ng  
i.n spec ia l  cleanup e f f o r t  as the r e s u l t  of 
contanination ................................ 
1. Personnel Exposures ...................... 

a .  Nomeportable overexposwes with 
minor work r e s t r i c t i o n s  imposed.. .... 

b. Reportable overexposures w:'~-l;h work 
r e s t r i c t ions  imposed ................. 

2. Contamination of Work Area.. ............. 
P. Contamination t h a t  could be handled 

by the  regillar vork s t a f f  with no 
appreciable departrwnt a1 program- 
loss................................. 

b. Requi.red interdepartmental assis - 
tance with minor departmental 
p rogrm l.oss......................... 

c. Resulted i n  halting or  t;eniporaxil.y 
deterr ing p a r t s  oI" the  Laboratory 
progrm.............................. 

75 

34 

41 

' I  

6 

1 

4 0 

37 

3 

0 

55 

25 

30 

7 

7 

0 

30 

28 

2 

0 

43 

11 

32 

4 

3 

1 

32 

30 

2 

0 

41 

1s 

30 

12 

11 

1 

a 

27 

1 

0 
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-.I...-I-. . .. .- .. . .- 
N o .  of Unusual Occurrences 5 -Year Per Cent 

Lab. To ta l  
(5-year Pe r iod )  

1961 1962 1963 1964 1965 Tota l  
Div is ion  

-..--1__1_ ..I ....- 
A i ~ d 2 +  i c a l  Chemistry 3 5 9 3 6  26 1.0.7 

Biology 1 1 2 1 5 2 .I. 

Chem i.cal  Technology 19 13 1-7 3 8  54 22.2 

Chemi. s t r y  2 2 .a 
P l a n t  and Equipment 4 3  1 2 2 12 k.9 

Inspec t ion  Engineering I 1 2 .a 

Hl.ectronuclear Research '7 1. 8 3 - 2  

HesJ.th Physics px 1 2 4 1.6 

Enstrumentaiion aild 
Controls 

I so topes  

Me-tals and Ceramics 

Neutron Physi-cs 

Opeyations 

Physics 

Reactor 

Reactor Cheinistry 

So l id  State 

Thermonuclear 

TOTALS 

9 1-8 

5 2 

3 3 

12 6 

1 2 

7 

1 

1 

1 
- -  
75 55 

1 

5 12 1 0  

1 

2 

9 ? c 3  8 

3 3 2 

1 

- - -  
43 29 41 

1 

54 

8 

8 

38 

I. 1 

7 

2 

1. 

1 
- 
243 

.4 

22.2 

3.2 

3.2 

1.5.6 

4.6 

2.9 

.8 

.4 

.4 

100.0 

*Shared respons ib i l - i tg  wj-th anothcr d iv i s ion  f o r  on? unusual occwr?nce . 
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8.0 INDUSTRIAL SAFETY 

8.1 Medical-Accident Reports - (Includes F i r s t  Aid, Serious I n j u r i e s  and 
Disa'nling I n j u r i e s )  

There were 1745 medical-accident cases reported d-uring 1965. Tke 
o p e r a t k g  divis ions reported 1410 and the  research di-visions reported 335. 
The Plant  and Equipment Div-ision, with about 25 percent of the  employees a t  
t h e  Laboratory, reported 1192, o r  about 68 percent of -tize t o t a l  number. 
The second highest  nuui'ber reported w a s  the 81. reported by t h e  Operations 
Division. 
report ing more than 25 is  shown i n  Table 14, Colwnn I. 

Tne nimber of medical repor t s  by d iv is ion  for the  divis ions 

8.2 Serious I n j u r i e s  

There were 97 ser ious i n J u r i e s  (as defined i n  ORNL Stand-ard Pract ice  
Procedure 4913) reported during 1965. 
encing more t'nan one ser ious in jury  f o r  the  year i s  shown i n  T'able 14, 
Column iI. 

R l i s t i n g  of  the division:: experi- 

i n  preserrting s t a t i - s t i c s  on accidents,  it should- be obvious t h a t  the  
number of i n j u r i e s  i n  a d iv is ion  i s  not necessarl.l.y d i r e c t l y  r e l a t e d  t o  the 
enthusiasm, o r  lack thereof,  for an e f f i c i e n t  sa fe ty  program. Other f a c t o r s  
mus-li  be considered. 
i n j u r i e s  n.ot only has t'ne l a r g e s t  nufliber. of employees, but a l s o  the g r e a t e s t  
p o t e n t i a l  f o r  ser ious i n j u r i e s ,  such as climbing ].adders, operating la thes  
and saws, using welding equipment, etc. Also, many of the i n j u r i e s  report-  
ed by t1if.s same d iv is ion  a c t u a l l y  occinrred while the  employee was perform- 
ing work i n  the fac.il.l.t,i.es of an.ot;'n.er divis ion.  

For example, the di-vision wit,h the  most disabl ing 

8.3 Disabl-ing I n j u r i e s  

The La'ooratory experienced l 7  disabl ing i n j u r i e s  during 1965. 
ing of disabl ing i n j u r i e s  by d iv is ton  i s  included i n  Table 15. 
son, Table 1-5 also includes a l i s t i n g  of d iv is ions  experiencing 'che t o t a l  
of 56 disabl ing i n j u r i e s  for the  f ive-year period 1-961-1365. 

A l i s t -  
For compari.- 

The following i s  a l i s t i n g  of divis ions which did not experience a 
disabl ing i n j u . r y  during 1365 and whi.i:h have worked more than 1,000,000 m a n -  
hours s ince the las t  disabl ing injury.  

Mali-Hours Since Last 
D i v  i s ion Di.sabI.l.ng in jury  

Analytical. Chemislq 4 , 3 81. , 000 
Chemi c a l  Tech.no1og-y 2,9132,000 
Physics 2,285,000 
Technical Information 1. , 480, ooo 
Sol id  St:~ite 1 , 46 1,. , 000 
Metals and Cermics 1,048,000 
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The frequency rates of d i sab l ing  i i l jur ics ,  by d i v i s j  on, tor t he  period 
1961-196:, and f o r  1965 are shown i n  Table 16. 
i n j u r i e s  i n  ihe research  d i v i s i o m  aad t h e  opera ti1i.g 13 iv i  sions i n  r e l a t i o n  
LO percent  o f  Laboratory ernployces i s  shown i n  Table 17. 

A comparison ol" d i sab l ing  

Although the  frequency rate i s  considered. t o  be t h e  most important 
s t a t i s t i c  i n  detei-mkning the success of a s a f e t y  program, t h e  seve r i ty  
rate i.s Significan'L as -this i.s an index to t he  number of days l o s t  from 
acc iden t s .  Table 3.8 shows a comparison of days lost, frequency ra.'ie, 
s e v e r i t y  r a t e ,  and disabl-ing index, by years ,  f o r  the per iod  1961 through 
1965. 'The d i sab l ing  i n j u r y  index, D . T . ,  i s  the  frequency rate 1riult3.pI.ied. 
by the  s e v e r i t y  rate. 

'l'he d i sab l ing  i n j u r i e s  by d.ivision and t y p e  acc ident  a r e  shown i n  
'Y'abl-e 1-9. F a l l s  w e r e  t h e  cause of onc-tlli-rd~ of t h e  d i sab l ing  i n j u r i e s .  
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Table 14 A Comparison, by Divisions, of Medical Treatment Cases (m) , 
Serious Injuries'S1), and Disabling In jur ies  (DI 1 

Divisions w i t h  Nore than 
25 rm Cases for 1965 

Divisions witk: More than 
Orie  SI f3r 1965 

Divisions with More than One 
DI f o r  Period 1961-x965 

Division Rmber Division Number Division Ember 

Plant & Equipment 1192 Plant & Equipment 63 Plant  & Eqdipment 28 

Operations Operations 6 Operations 7 

Metsls & Ceramics 64 Metals & Cermics 6 Metals & Ceramics 5 

Health Fhys i c s  53 Health Physics 5 Health Physics 4 

Ins t s .  SS Controls 53 Lab. Protection 3 Lab. Protection 4 

C k m .  Tech. 

Anal. Chemistry 

44 

34 

Lab. Protection 26 
1,547 

All Others 

Chemistry 

Isotopes 

2 

2 

Chm. Tech. 2 

2 
91 
- Reactor 

%hemistry 

All Others 

2 
50 
- 

6 
56 
- 

6 
97 
- All Others 
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Table 15 The Number of' Disabl ing  Injuries, by Divi-  
sion, for Period 1961-1965 and- Cor 1965 

P l a n t  8e Equipment 

Operat ions 

Metals L% Ceramics 

Xeal t h  Physics 

Laboratory Protection 

Chemisiry 

Tnspection Engineer ing 

Tso Lopes 

Instrvti ientati  on and 
Controls  

Pe rsoiiiitt 1 

Diree'coi 's 

Neu i ron  Physics 

T o t a l  

28 

7 

5 

4 

4 

2 

1 

1 

1 

1 

1 

1- 

7 

3 

0 

0 

2 

2 

1. 

1. 

1 

0 

0 

0 

56 1'7 
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Table 16 Frequency R a t e  of Disabling In jur ies ,  by 
Division, f o r  Period 1961.-1.965 and for 1965 

Division J.96 I- 196 5 196 5 

Laboratory Protect ion 

Operat ions 

Plant  and Equipment 

Inspection Gngineering 

Health Phys i c  s 

Metals and Ceramics 

Chemistry 

Personnel 

Director ' s  

Neutron Pkiys i c  s 

Isotopes 

Instr-umentstion and 
Controls 

All Divisions 

4.08 

3.46 

2.51 

2.47 

2.26 

2.03 

2.00 

1.50 

1.4.6 

1.37 

0.81 

0.37 

1.50 

11.42 

6.69 

3.45 

2.47 

0.00 

0.00 

9.46 

0.00 

0.00 

0.00 

3.53 

1.70 

2.21 
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Table 19 Disabl ing I n j u r i e s  by Divis ion  and Type Acciden-t 

P l an t  and Equipment 

P lan t  snd Equipment 

P lan t  &nd Equipment 

Plan: and EqcipEent 

P lan t  and Equipment 

P lan t  and Equipment 

Plar,t and Ecpipmen-t. 

Operations 

Operations 

Operations 

Lab. Protectiori  

Lab. Pro tec t ion  

Chemistry 

Chern i s t r y  

Insp . Engineering 

Isotopes 

I n s t r .  and Controls 

OCCUPATION 

E l e  c tr i c i a n  

E l e c t r i c  i a n  

i%ch-inist 

Carpenter 

Rigger 

Leadburner 

Pa in t e r  

L ~ i ' x d r y  Worker 

P i l e  Operator 

P i l e  Operator Helper 

Gcard 

F i r e  Lieutenant  

C'nemi s t 

Co-op Student  

Inspec tor  

Technic i an  

TechEician 

F a l l  

D r l l l  Cmght 

Sl lpped (>To F a l l )  

F a l l  

F a l l  

Biarn (Hydrogen) 

Turned Ankle 

3lim 

Turned Ankle 

Pressure Vessel 

Vehicle 

F a l l  

Broke Glass 

Explosion 

F a l l  

T~rned  k t k l e  

F a l l  

TIMI O F F  (DAYS) 

113 

27 

37 

18 

6 

67 

3 

5 
22 5 
16 

34 



9.0 LABORATORY ASSAYS 

. Laboratory Assays Units provide laboratory support to the  Health 
Physics Monitoring Sections.  
body f l u i d s  and excreta (bio-assay) €01- -the monitoring o€ personnel f o r  
in te rna l  rad ia t ion  exposure, ( 2 )  the  radiochemical analysis  of environs 
saniples, ( 3  ) counting services  f o r  the environs monitoring and. rad ia t ion  
survey programs, ( 4  ) ailtorad-iograph, and ( 5 )  whole body counting ( i n  vivo 
gama spectrometry). 

These services  include (1) the analysis  of 

9.1. Bio-Assay Analysis 

The number and types of analyses perforrried by the  Bio-Assay Unit 
during 1965 a r e  given i n  Table 20. 
ed which include 7305 analyses on samples submitted by donors and 1+74 
analyses on stantlard and blank samples analyzed f o r  control  purposes. 
Approximately 93 percent of the smiples were analyzed f o r  e i t h e r  the alpha, 
emit ters  o r  strontium. The total .  number of aialjrses on sa;ropI.eo submitted 
during 1965 increased by about two percent from the  number processed. 
during 1961~. 

A t o t a l  of  7779 anal.yees were perform- 

9.2 Counting F a c i l i t y  

A t o t a l  of 26'7,25.l samples were processed by the  counting f a c i l i t y  
during 1965. 
presented i n  Table 21. This t o t a l  represents  about a 10 percent. decrease 
i n  the  number of s:mples processed as compared with the previous year.  

A tabulat ion of the number and types of smflples counted i s  

9.3 Environs Monitoring Sample Analysis 

Table 22 presents the number and type of environs samples acalyzed 
and the type of analysis  performed on each type of  sanp1.e. A t o t a l  of 
10,'(60 environs samples were analty-zed during 1.965 as compared t o  11,946 
samples analyzed i n  1964. Analysis of environs monitoring samples may 
range from a s ingle  determination t o  as many as ten determinations per 
sample depending upon -the radionuclides present .  'I'he me-thods used by the 
various analytical .  groups a r e  generally described i n  the ORNL Master 
Analytic a 1. Manual. 

9.4 Au torad-iography 

A t o t d  of 2,082 f i l m s  were processed during 1965 i n  support of 
rad iopar t icu la te  s tud ies  conducted by the Environs Monitoring Units." 

9.5 1-11 

During l k e  calendar year 1965 the  whole body counting program in- 
cluded 1222 counts on ].Or@ persons; 1020 o r  about  83.5 percent of the 

"Methods described i n  ORNL-2601., "Radioactive Waste Management a t  O a k  

'lThe Whole Body Counter i s  operated by the Health Physics 'Technology 

Ridge National Laboratory". 

Section. 



counts showed normal human spec t ra .  
counts made on persons -involved i n  possib1.e contamination inc idents  , oiily 
30 of these  showed any ind ica t ion  of i n t e r n a l  contamination. F i f t y - e i g h t  
counts were f o r  tine purpose of f u r t h e r  inv-est igat ion of p o s i t i v e  counts; 
55 of t he  follow-up counts indica-bed contamination s t i l l  p re sen t .  I n  
add i t ion  t o  the himan counts,  105 counts were made f o r  routi-ne 01- s p e c i a l  
c a l i b r a t i o n  o r  standard. counts and 181 coun'is w e r e  made f o r  t h e  purposes 
of developing and improving i n  vivo counting c a p a b i l i t i e s .  Table 23 I.is'Ls 
t he  number of  cases and maximim amount of  i so topes  de tec ted  i n  t h e  counts 
which showed o t h e r  than normal *OK and 137Cs. 

O f  t h e  above t o t a l ,  1-16 were i - n i t i a l  

1 3 7  The amount of C s  t h a t  i s  considered normal due t o  assimil.ation of 
nuclear  weapons f a l l o u t  ( i  .e., non-occupational)  has been sub jec t  t o  change 
over t h e  p a s t  four  years .  Beginning i n  1961 wjth 'the resumption of  nuclkar  
weapons t e s t i n g ,  t he  l e v e l  of l Z 7 C s  de tec ted  i n  "unexposed" humans increased 
as d i d  the  amount of By 1964 the average 
burden of 137Cs found- i n  ORNL employees not  ex osed a t  work was roughly 
0.025 pr.  During the year  1.965 t h e  amount of C s  found i n  t h e  genera l  
popiil.ation of ORNL e m  loyees began t o  decrease and approach p r e - t e s t i n g  
l e v e l s .  The average '37Cs whole body burden found i n  51 otherwise unexposed 
ma1.e employees counted during January and February was 0 .Ol7 clr_l, t he  average 
f o r  51. male employees counted duri.ng October and November w a s  0.015 }LC and 
t h e  average f o r  3h m a l e  empI.oyees counted d i r i n g  December w a s  0.011 p c .  

137 C s  reaching the food chain.  

r.3 7 

Approxi.mately 2'( percent  fewer persons were counted and 26 percent  
fewer counts were made Ynis year  than  were iilade i n  1964. 
reduct ion  i n  counting ( t h e  1965 t o t a l s  a r e  s t t l l  16 percent  above ' t te  1-963 
t o t a l s )  i s  due t o  t h e  change i n  -the method of s e l e c t i n g  and scheduling 
ca.n.d.fd.ates f o r  whole body counts.  A s  of the second week in May, the 
program was conipleted under which an i n i t i a l  o r  base l ine  count w a s  made on 
e s s e n t i a l l y  everyone i n  t h e  Laboratory with a p o t e n t i a l  f o r  f u t u r e  espo- 
sure. Beg3.nnin.g wi-th the  t h i r d  week i n  May, t h e  Heal th  Physics and. Saf'ety 
See ti.on assumed +he r e s p o n s i b i l i t y  f o r  sel .ecting and schedul-ing employees 
f o r  whole body counts on tlne b a s i s  of  a f ive-par - t  p r i o r i t y  system. A s  
before ,  top p r i o r i t y -  i s  given t o  those persoils suspected of having sus'ialn- 
ed an exposure; second p r i o r i t y  i.s given t o  persons being recounted as a 
follow-up t o  the  f ind ings  of previous counts; t he  tlnird p r i o r i t y  group 
includes persons who work d i r e c t l y  wit'n rad ioac t ive  material .s ,  they a r e  to 
be counted roughly f o u r  times a year;  the i"ourtl? p r i o r i t y  group includes 
persons who work i n  t h e  a reas  where r ad ioac t ive  mater.ials a r e  handled but  
do not  work d i r e c t l y  wi.t'n t'le materi.als themselves, t'ney a r e  t o  be counted 
roiighly twice a year; t he  l as t  p r i o r i t y  groups includes any newly h i r e d  0% 
other per ions  r equ i r ing  base l ine  counks before  beginning work with radi.0- 
a c t i v e  mat,erials. 

This s1.igh-l; 

I n  Augilst, 196 j a computer program writtei-l f o r  t he  q u a n t i t a t i v e  
ana lys i s  of the gamriia-ray spec t r a  froill very low l e v e l  l i q u i d  w a s t e  smpl.es 
w a s  t e s t e d  f o r  use i n  analyzing whole body count spec t ra .  'Yne For t r an  63 
program, Alpha,12 w a s  w r i t t e n  by E. Schonfe1.d of the  Chemical Technology 

..... 
'&E. Schoafeld, A l - p h a  - A Computer ... 1.1 Program ~ ._.. f o r  t he  Detaminat ion  of Radio- 

_.__ i so topes  ._... by Least-Squares IZesol..ution or .."._I.. t he  Gamna-Ray ..- Spectra ,  O R K T T O ,  
K.Y, 1965. 



Division. It has proved t o  be d i r e c t l y  applicable t o  analysis  of whole 
body count spectra  without any changes from i t s  o r i g i n a l  for?na.L. 
viously reported computer program' wr i t ten  especial ly  f o r  tfle analysis  of 
whole bodjr count data  znd i n  use s ince January, 1963 proved. to be unsat is-  
fac tory  because of i t s  l imited c a p a b i l i t i e s  and expense of  operation. 
Program Alpha. hzs been qui te  s a t i s f a c t o r y  i n  both these respects  and o f f e r s  
milch grea te r  f l e x i b i l i t y  than the o l d  program. 

A pre- 

The case of  two pessons14 exposed t o  inhalat ion of ''SrTi02 i n  January, 
1964 has been followed by monthly i n  vivo chest  counts. 
1965, the chest  burdens f o r  both persons involved were estimated t o  be 
0.28 pc 'OSr i n  eqiiilibrium with the  same amount of "Y. 
approximately 73 percent of the  maximum pcrn iss ib le  lung burden f o r  

As of December 15 ,  

This amounts t o  
90 S r  - 

Y. 90 

€3. R. Fish e t  al., Health Phys5.c:; Division Anniial Progress Report, 0RKiI,-3~-192, 
June 30, 1963, p. S T  
B. R. Fish e-L al., Health Physics Division Annual Progress Report, ORNL-3697, 
Ju ly  31, lg&, p. 223. 

13 

14 



Tab1.e 20 BIO-ASSAYS RNAI;YSES - 1965 

Anal-ytical  Procedure __- 

UT iile : 

Trans Pi1 

S r  

U 

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

3H 

l37c s 
239pu 

3 2P 

1.06~~~ 

Other 

Total  

Fecal: 

Gross A l p h a  

Sr 

U 

Others 

Tota l  

Miscel I.aneoi1.s : 

Blood, sputixn, breath 

Standards and bl-anks 

Number o f  Analyses -.. 

104 

1-46 
1,628 

7, ~..62 

'(3 8 

26 

3Q 

7-43 

- 

4'74 

GR4ND TO'TAL 7 , 7'19 
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Table 22 ENVIRON’MENTKL MONITORING SAWTJ3S - i965 

Type 01 Analysis - _c 
S=le Type 

Monitoring network Gross beta,  autoradiogram 
f i l te i -s  

Gummed papcr fall- .  Gross beta,  aii.toradiograli 
out trays 

CAM f i l - t e r s  Gross beta,  autoradj-ogram 

Rain w a t e r  Gross beta  

White Oak D a m  
cf f lucnt 

Gros s bet  a, radiochemical, 
gamma spec t rome-ir y 

Clinch Rj ver water Gross be ia ,  rad5 ocheiiiical-, 
gamma spectrometry 

Raw m i . l k  Radi ocherni ea! 

Pasture srass 

Potable water 

S i l t  composites 

Radiochemi.ca1, gamna 
spectrometry 

Radiochemical, gamma 
spectrometry 

Radiochemical, gama 
spectrometry 

A n i m a l  thyroids G a m a  s p e c t r ome t r y 

Number 
Samples 

1,767 

1,635 

4,416 

772 

1 1.34 

23 

J-168 

23 2 

25 

21 

267 

TOTAL l.0,760 
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Table 23. Measurable Radioactivity Found in Routine m o l e  Body Monitoring Progrm 

Calendar Year 1965 

Maximum Amount Percent Number Number 
Persons Detected (pc) MPBB Counts Isotope 

4% 

' l ~ r  

co 

Co 

56 

5 7  

5 8 c ~  
co 

Zn 

" ~ r  

9 5 ~ r  - 

60 

65 

l o 6 R j j  - lo6& 

1311 

1 3 7  

144ce - 144pr 

188,189,1901~ 

cs 

2o 3Hg 

226Ra 
235u 

242 Cm 

2 4 e ~ m  

Activity Unident-ified 

0.004 

Trace 

0.015 

0.065 

Trace 

0.15 

0.060 

0-35 

0.060 

0.030 

0.130 

0.070 

0.4 
0.016 

0.0005 

0.95 

1.1 

Trace 

Possible, but not 
posit ively ident i f ied 

0.008 

--_ 
Not Listed 

0.03 

1- 5 
0 . 1  

92. Oa 

-_- 

0 *3 
1.0 

160.0 

0.4 

1.4 
a. 1 
0.4 
0.5 

190.0 

_-- 

1 

1 

3 
10 

2 

1'7 
3 

29 

6 

5 
1 5  

9 
9 
2 

1 

2 

1 

1-9 
3 

16 

1 

1 

1 

2 

2 

14 

3 
4 
3 
4 

9 

gb 

2c 

Id 

le 

7 

1 

4 
2 

10 

a 
Based on a MPZD of 0.76 I.LC f o r  " S r  + 'OY. 
only, was the February count on one of the two s0SrTi02 exposure cases -,tihich have been 
followed since January, 1964. 
" 'Sr  (+  0.28 pc 30Y). 

"he maximum amount detected, 0.35 pc a s  3"Sr 

The estimate f o r  the December count t h i s  year w a s  0.28 pc 

bBody burdens in  excess of 0.045 

'The estimate of 1.1 percent i s  based on the MPBB for  1301r. 

'In addition to the one employee mentioned i n  the 'cable, two employees, recently hired 

137Cs &re taken t o  indicate occupational exposwe. 

from another radioisotope process-lne: laboratory, w e r e  found t o  have 0.022 and 0.03 pc of 
'"'Hg. 
mercury as pa r t  of medical t e s t  procedures. 
routine body count and found t o  have 0.17 pc 203Bg; the length of time since inject ioo 
was not known. Xis 
body burden was estimated to be around 40 

Two other employees were checked who had received injections of radioactive 
The f irst  of  these w a s  detected during a 

"03Hg, approximately one month post-injection. 
The second employee w a s  lmown t o  have been injected when counted. 

eone of three persons sent from another government agency in s t a l l a t ion  f o r  counting. 
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1.0.0 HEAL’T‘II TXY53ICS I N S T K M N T A T I O N  

The Heal th  Riysics  Divis ion shares  wi.th the  Instrumentat ion and. 
Conirols  Div is ion  .Utile r e s p o n s i b i l i t y  for t h e  development o f  el-ec t ron ic  
r a d i a t i o n  monitortng instruments used i n  t’ric Laboratory heal-t‘n physi.cs 
proe;ra.m. Noi-mally the Iieal-th Physics Divis ion i s  reGpolnsibIk f o r  de t e r -  
mi-ning t h e  need for new ins-lmment types and mod-ifications to e x i s t i n g  
-types, s p e c i f i e s  t h e  heal-tii? physics  requirements f o r  design, and approves 
m e  f i n a l  design. The Health Physi-cs Div is ion  i s  also respons ib le  for 
calibrati.ing all .  instrumeilts used i n  the  heaI..th physics  program and i s  
al-located the  fiinds for rnainteimnce of ihecc instmxnenis . Maintenance i s  
performed o r  crossordered by the  Tns’wuientation and Contro1.s Division. 

A? 

Non-el ec t ron ic  personnel  monitoring devices  a r e  designed, Lected 
ca l ib ra i ed ,  and maintained hy Heal Lh Physics Divi s ion  pei*sonnel_. 

10.1 -. Inst l -ment  Inventory 

The el-ectronic  instruments used i n  the  lilcaltii phystcs  program are 
d-ivided, for convenience i n  5ervj.cing and c a l i b r a t i n g ,  i n t o  two c la s ses :  
.Cne rtrst c l a s s  includ-es battery-powered por tab le  instmments;  t he  second 
c l a s s  includes the  s ta- i ionary i:flst-ments .that are A. C .  powered. Por tab le  
instruments are assri.gned and i-ssued t o  the  Radia-Lion Survey Units .  Sta- 
t i ona ry  instrwnents  are the property of i he  Labomtory d i v i s i o n  which has 
t he  monitoring respons i -h t l i ty  i n  the  area i n  which the  instrument i s  
loca ted .  
Tab]-e 25 l i s t s  s t a t i o n a r y  instruments i n  use a t  t h e  end of 1965. There 
were n e t  increases  in J-965 of 109 por t ab le  ins.Llmieii-ts and 108 sia-ii.onary 
insi;r*uments. 

Table 24 l i s t s  poi-table instruments ass igned at tile end of  1965; 

During 1965, 246 i lew pocket me-ters a:nd. 309 new f i b e r  d.osimeters (200 rflE 
range)  were i ssued  by OHNL Stores .  
ments for ins.tr-umeiits which had been l n s t  or damagcd. 

Most of  the meters i ssued  were replace-  

Inventory and Servicc Summaries for h e a l t h  phybics instruments are 
prepared on an THM 7090. ‘ikese computer programmed r e p o r t s  enable the  
instruments Group t o  r n a i  n t a in  a cu r ren t  inventory on most h e a l t h  physics  
insir*urnent requiremea ts . 

The al- locat ion of s ta t i -onary h e a l t h  physics  monitoring klstruments by 
d i v i s i o n s  i s  shown i n  Table 26. Discrepancies betweeii Table 26 and. Tab lk  25 
a r e  mainly because o r  d i f f e rences  i n  inc1.usion of  “otheT” o r  miscellaneous 
ins’irumeiit types and t o  what, ex t en t  ins~ir?i.ments ri.n ORNL f a c i l i t i e s  a t  t h e  
Y-12 Plan t  are included. 

10.2 Cal ibra i ion  E’aci1.i t v  

The H e a l t i i  Ply-sics Divis ion maintains a c a l i b r a t i o n  f a c i l i t y  f o r  the 
c a l i b r a t i o n  and maintenance of po r t ab le  ra.dri.atj.on instrumentk and personnel  
meterring devices .  The f a c i l - i t y  i s  equipped w i . t h  c a l i b r a t i o n  sources rmote 
con t ro l  devices ,  and shop space f o r  t he  use o f  Instrumenta’ilon aiid Controls  
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Division main-tenance personnel. Health Physics personnel assign, arrange 
f o r  maintenance o f ,  c a l i b r a t e ,  provide del ivery services  f o r ,  and maintain 
inventory and servicing d a h  of a l l  portable  hea l th  physics survey i n s t m -  
ments. 

Portable instruments a r e  serviced (1) whenever repa i rs  are need.ed, 
( 2 )  a t  least 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  least once each three months f o r  tinose insiruments 
which have "permanent" (rechargeable) b a t t e r i e s .  The nixflber of cal ibra-  
Lions of portable  instruments f o r  FY 1965 is  shown i n  Table 27. 

Stat ionary instruments are ca l ibra ted  by Calibrations Group personnel 
o r  by Radiation Survey personnel who use sources which a r e  designed, 
standardized, and provided by the Cali'orations Group. 

10.3 1nstzwnental;ion Developments 

Experiments were conducted t o  determine the response of f iel-d-type 
rad ia t ion  survey instruments t o  beta rad ia t ion  from small-area sources , i n  
order t o  evaluate t h e i r  capabi l i ty  f o r  estimating personnel skin dose expo- 
sures.  On the  basi.s of the data,  an instmrnent w a s  developed. f o r  t h i s  
purpose ( see  2,  below), and a repor t  is being prepared. 

Ifhe OIiNL nuclear accident dosimetry system was evaluated in a s e r i e s  
of tests conducted a t  the  HPm, i n  which fine systems of severa l  AEC f a c i -  
l i t i e s  and pr jva te  vendors were evaluated. Our r e s u l t s  were i n  very good 
agreement with the known values. 

A number of e d i t o r i a l  changes were prepared and submitted ear1.y in 
1965 for inclusion i n  the  Health m y s i c s  Instrument Manual, ORKL-332. 
i.s hoped +,hat I&ey w i l l  be avai lab le  t o  Manual assignees before 1.ong. 

it 

k r i n g  1965, instrumentation d.eve1opmen-L included the following: 

1. The protot,ype a i r  monitor f o r  detect ing alpha emit ters  i n  the  
presence of radon was received and tested.. A s  ant ic ipated,  tizis device 
permits a fact,or of t e n  improvement over 'die standard alpha a i r  monitor 
(Q-2540) i n  tine detect ion o f  low l e v e l s  of airborne,  p a r t i c u l a t e  associated,  
alpha p a r t i c l e  emit ters  i.n the  presence of normally occurring radon-thoron 
d.aughters and moderate l e v e l s  of gmma radiat ion.  Yhe pr inc ip le  of opera- 
t ion  i s  based upon a cancel la t ion,  i n  the output counting rate, of the 
counts produced by alpha p a r t i c l e s  from the ema.nation daughters. 

2. In  order to provide an instmflent which may be used f o r  measuring 
the dose rat,es t o  skin from s m a l l  area sources o f  beta radiat ion,  a portable 
count rate mekr  i n  combination with a speci.al1y designed end window GM 
coimter was d.esi.gned. A prototype of t h i s  instrument bas been received and 
I.s undergoing tests and c a l i b r a t i o n  w i t h  severa l  types and d i s t r i b u t i o n s  
o f  beta  sourcF?s I 
of beta  dose r a t e s  may be made i n  the f i e l d  with t h i s  inslmment. 

It i s  an t ic ipa ted  t n a t  acceptab1.y accurate measurernents 

3 .  Because an air-  proport ional  counter f o r  alpha p a r t i c l e  monitoring 
may have advanlxgerj i n  terms of weight and economy over  other  large-area 



de tec to r s ,  and because one of t h e  research groups a t  ORNL wished. t o  ob ta in  
a quan t i ty  of instrwnent,s ( P h y s k s  Internat ional . ,  Model PIC l.000) which 
are equipped with an  a i r  propor t iona l  counter,  two such instruments were 
purchased and t e s t e d .  The r e s u l t s  of these  tests are such t h a t  tine i n s t r u -  
ment i n  i t s  present  design i s  unacceptable for Health Fnysics approval.  
However, the air propor t iona l  probe seems -to have mer i t ,  and a por tab le ,  
b a t t e r y  powered, counting rate meter i s  being designed by  t h e  OXNL Ins’wu- 
mentation and Contro3.s Divis ion for use with line probe. 

4. The Model. &-1975, por tab le ,  s c i n t i l l a t i o n  alpha counter has been 
redesigned t o  incorporate  a panel  meter and t h r e e  ra”ie ranges,  i n  ad.d.ltion 
t o  t‘ne counting r e g i s t e r  i n  t‘ne o r i g i n a l  design. ‘Ike new instrument i s  
designated Model Q-2789, and i’i wi1.3. become ti?e s tandard model for f u t u r e  
pro cui-ement . 

5. The Model Q-2004, thermal neutron survey meter w a s  rnodif i ed  s l i g h t l y  
and repackaged. The new design, Model Q-2824, i s  much smaller  and weighs 
iwo pounds less than t h e  o l d e r  model, which it supersedes f o r  f u t u r e  pro- 
curemeni. 

6. An instrument,  wi-t‘n de t ec to r s  and read-out especikilly adapted for- 
eva lua t ing  personnel  contamination for medical purposes, has been designed, 
f ab r i ca t ed ,  t e s t e d  and ca l ib ra t ed  and i n s t a l l e d  i n  tile ORNL Health Center 
(Figure 32). 
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Table 24 PORTABLE LNSmWT I m O R Y  - 1965 

Instruments Ins t n m e  n t  s A s  signed 
1nsl;rment Type AS signed Retire4 Inventory 

1.965 1.965 Jan. 1, 1366 
GM Survey Meter 27 5 415 

Cutie P i e  65 1.3 443 

Juno 0 I 33 

Alpha Survey Meter 28 4 170 

Neutron Su-rvey Meter 11 0 55 

Miscellaneous 1 0 38 

TOTAL 
I N V m O R ?  

132 23 1.160 

Table 25 I m O R Y  OF STATIONARY, WL4TIOI\T MONITORING INSTRIJlENTS 
FOR TIE YEAR - 1965 

- 

Ins  tr-ime I l t  I n s  tal.1.ed Ret i r ed  Total 
Type During 1965 T)urj.ng 1965 Jan .  1, 1966 

__ 
Air Monitor, Alpha 

Air Monitor, Beta 

A i r  Monitor, Environmental 

Hand-Foot Monitor 

Lab Monitor, ALpha 

Lab Monitor, Beta 

Monitron 

Other 

TOTAL 

79 

173 

38 

32 

106 

165 

23 0 

128 

951- 
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A. P o r t a b l e  Ins t ruments  C a l i b r a t e d  

1. B e t a - G m a  3,923 4,065 
2. Neutrori 11.5 142 
3. Alpha 943 985 
I t .  Pocket Chambers and Dosimeters 3,1-0$ 2>8k3 

B. Films C a l i b r a t e d  

1.. Beta-G-unma 
2. Meutron 
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Fig. 32. Medical Monitor for Superficial Contamination. 



D. M. Davis, "Action Levels Cor Radiation Con-trol at Oak Ridge 
National Laboratory", American Industrial Hygiene Association Journal, 
Vol. 26, March-April., 1965. 

H. I€.  Abee and D.  M. Davis, "liadiation Dose Received by Passengera 
and C r e w  on Planes Carrying Rad-ioisot,ope Shipments", Tern-essee Valley 
I n d u s t r i a l  Health Conference, Gatliriburg, Tennessee. 

Health Physics Manual, "Procedures and Practices fo r  Radiation 
Protection", July 1, 1965. 
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1-2.0 VISITORS AND TRAINING GROUPS 

During 1-965, there  were 146 vS.sitors t o  l€eal.th Physi.cs and Sa fe ty ,  
as inrli-viduals o r  i n  groi-lps, f o r  t r a in i -ng  purposes .  
ing of the -trai.ning groups which consis-Led ol i  f o u r  or  more persons. 

Table 25 i s  a l- ist-  

(-1 - 1abl.e 28 T R A I N I N G  GROWS IN HEAZ,TH PHYSICS fUi\Iu SP;FE:TY 
E'ACILITTLES DUFXNG 1965 

F a c i l i t y  Number Trainiiig P e r i o d  

. ~ - 

ORSOR'I' , Studen i s 

TVA, EGCR 

"af t  Rad. Heal th  Center 

O l U N S  (Public Heal tl1) 
(Univ. of Arkansas) 

A X  -F e 11 ow s h i p  

U. of North Carolina 
(Public ~ e ~ l t ~ i )  

Brookhaven N a t  ' I-. Lab. 

French AEC 

32  

4 

35 

'i 

1-9 

'i 

4 

10 

10/28/6 j 

11/8 and 11/3/55 
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5. 
6. 

7-8. 

9-43 
44, 
45 * 
46. 
47. 
48. 
49 
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51. 
52. 
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55 
54 - 
57 
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76. 

,-(8 f 

79-90. 
91 - 
92 - 
93 
94. 
95. 
96. 

/ a  ow. 

n n 

I i .  

Biology Library 
Central  Re s ear ch Library 
Laboratory Xhif t Supervisor 
Reactor. Division Library 
O R I E  -- Y-12 Technical Library 
Document Reference Section 
Laboratory Re cords Department 
Laboratory Records, ORNL K.C. 
13. I€.  Abee 
R .  G. Affel  
T. A. Arehart 
S. I. Auerbach 
J. A. Auxier 
3. K. B a i r  
P. S. Baker 
L. 11. Barker 
S. E. Beall. 
R .  H. Eeidel 
C .  G. Eel1 
M. Bender 
S .  R .  Bernard 
D.  S. Eilling-ton 
R.  D. Hirkhoff 
N. E. Bolton 
C. J. Borkowski 
G. E. Boyd 
J. W. Boyle 
R .  R. Briggs 
F. R.  Bruce 
T.'. J.  Biirnett 
G.  C .  Cain 
A. D.  Callihan 
W. R. Casto 
R. L. Clark 
PA. J. Cook 
J. A. Cox 
F. L.  Culler 
D.  M. Davis 
I). G. Doherty 
L. G. Far ra r  
D. E. Ferguson 
€3. R. Fish 
J. L. Fowler 
J. 1-1. Frye, Jr. 

97. C. B. Fuluier 
98. D. C. Gary 
99. J. H. G i l l e t t e  
100. W .  Y. Gissel  
101.. W. 13. Grimes 
102. E. D. Gu-p-ton 
103. C .  C .  Harris 
104. J. C.  Hart; 
105. C. E. Biggins 
106. A.  IIollaender 
107. A. S. Householder 
108. J. T. Howe 

110. T. W .  Hungerford 
111. W. €1. Jordan 
11.2. G. W.  Keilholtz 
113. C.  P. Keim 
114. M. 1'. Kelley 
115. F. Kertesz 
11.6. C.  V. Ket,rori 
117. E. M. King 
118. C. E. Larsoii 
119. ?'. A. Lincoln, M.D. 
120. R. S. Lj-vingston 
121. 11. G. I~~aar3Phemor-i 
122. F. C .  Maienschien 
123. J .  U. MeLendon 
124. R. A. McJYees 
125. A. 3. Miller 
2-26. E. C .  Miller 

127-1229. K. Z .  Morgan 

109. 11. c.  NO^ 

130. M. L. N ~ I . S O ~  

131.. A. R. Olsen 
132. F. L. Parker 
133. E. C .  ParrLsh 
134. 14. E. Ramsey 
135. 14. L. Randolph 
136. L. P. Hiord.an 
1-37. J. R. Ruch 
138. A. %. R~ipp 
139. G. S .  Sadovski 
140. H. 14. Sar-telle 
141. N. B. Schultz 
142. 11. E. Seagren 



86 

143 
144. 
145. 
14.6 D 

147 e 

148 

164. 
149- 1-63 

1-73 . 
174 s 

175. 
1~76. 
1'77. 
178. 

179. 

180. 

181. 
182 - 584 a 

M. 3. Skinner 
A. H. S n e l l  
W .  S .  Snyder 
W. M. Stanley 
E. G. Sbrvxness 
E. H. Taylor 
A. D. Warden 
A. M. Weinberg 

165. R. H .  Winget 
1-66. E. J. Witkowski 
167. G. Young 
168. J. E. Ca.ntlon (consul tant)  
169. J. C. Frye (consul tant)  
170. J . B. Hursh ( consul.tsnt) 
171. J .  L. Magee (consul tant)  
172. H. 0. Wyckoff (consul tant)  

EXTERNAI, DISTRIBUTION 

C. P .  Strau-b,  Public Health Servri.ce, Robert A. Taf t  Sanitary 
Engineering Center, Cincinnati-, Ohio 
0. W. Kochtitzky, Tennessee Valley Authority, 717 Edney 
BuiI-di-ng , Chattanooga, Teimessee 
C .  S. Shoup, Biol.ogy Division, USAEC, Oak Ridge, Tennessee 
J. Thomas, Ins t ruc tor  of Public Health, Yale University 
J. A. Swartout, 270 Park Avenue, New York 17, New York 
Sakai  Shimizu, I n s t i t u t e  fo r  Chemical Besearch, Kyoto 
Univer s i t y  , Kyoto , Japan 
Toshio Aoki, J.A.E.R.I., Tokai-Mura, Naka-Gun, Ibaraki-Ken, 
Japan 
K. A. Mahmoud, Radiakion Protect ion m d  Civil. Defense 
Depar-Lment,, At0rni.c Energy Establishment, Abou-Zaabal Post 
Office, Cairo,  U.A.N., Egy-pt 
Research and Development Division, AEC,  OR0 
Gi.ven distribu'cion as shown i n  TID-4500 under Health and 
Safety category (100 copies - CFSTI) 






