
NUREG-0637 

Report to the 
Nuclear Regulatory Commission 
from the Staff Panel on the 
Commission's Determination of an 
Extraordinary Nuclear Occurrence 
(ENO) 

Office of the 
Executive Director for Operations 

U.S. Nuclear Regulatory 
Commission 



Available from 

GPO Sales Program 
Division of Technical Information and Document Control 

U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

and 

National Technical Information Service 
Springfield, Virginia 22161 



Report to the 
Nuclear Regulatory Commission 
from the Staff Panel on the 
Commission's Determination of an 
Extraordinary Nuclear Occurrence 
(ENO) 

Manuscript Completed: December 1979 
Date Published: January 1980 

Office of the Executive Director for Operations 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

NUREG-0637 



I I 
I I 
I I 
II 
II I 



/ 

G
�

Zd" 

APPROVALS O F  STAFF PANEL  ON THE 
COMM I SS I ON 1 S DETERMI NAT I ON OF AN 
EXTRAORDINARY NUCL EAR OCCURRENCE  

Execu t i ve  D i rector for Operat i ons  

Wil l i am J.�rckS: D i rector 
Off i ce of  Nuc l ear Mater i a l  Safety 

a nd Safeguards  

Haro l d R .  Denton,  D i rector 
Off i ce of Nuc l ea r Reactor Regu l a t i on  

gau l  Lev i ne,  D i rector 
Off i ce of Nuc l ear Regu l a tory Research  

)foW'r<f K . Shapar �? 
' Execut i ve Lega l D i rector 



i I 



TABLE OF CONTENTS 

I .  I ntrod uct i o n  • • • • • • • • • • • • • • • • • • • • • • • • •  1 

I I .  F i ndi ngs  and Recommendat i on  • • • • • • • • • • • • • • • • •  2 

I I  I .  Back groun d • • • • • • • • • 3 

IV. Rel at i ons hi p of ENO Determi nat i on  to Recove ry 
fo r Nuc l ear I nj ur i es or  Damages  • • • • • • • • • • • • • • • •  4 

V. Format i o n  of the ENO Pane l  • • • • • • • • • • • • • • • • • •  5 

VI . 

VI I .  

Work by Ot he rs • 

Language  and St ruct ure of the  Cri ter i a for 
Determ i n i ng an ENO • • • • • • • • • •  

• • • • • • • • • • 7 

. . • • • • • 8 

VI I I .  Cri ter i on  I - Substant i a l D i sch arge or D i spersa l  of 
Rad i oact i ve Mate ri a l  Off si te or Substant i a l Level s of 
Rad i at i o n Offs i te • • • • • • • • • • • • • • • • • • • • • •  1 2  

A .  As s umpt i ons  

1 .  Durat i on of the Acc i dent 

2 .  Mea n i ng of the Term 11 0ffs i te 11 •  

3. Cha racteri zat i on of the Offs i t e  Perso n 
Exposed • • • • • • • • • • • 

B .  Approach of the Tech n i ca l  Stud i es  • • • •  . . . 

• • 1 2  

• . 14 

.15  

.18 

C .  Summary of Tech n i ca l  Report on  Ga seou s Rel eases  and 
Rel eases  i n  Wate r i n  Te rms  of Dos e  To Peopl e and 
Co nt ami nat i on of Prope rty • • • • • • • • • • • • • • • •  1 9  

- i -



D .  S ummary of Tech n i ca l  Report on  Rev i ew of Env i ronmenta l  
Meas u rement s .  • • • • • • • • • • • • • • • • .22 

I X .  Cri teri o n  I I : Substa nt i al Damage To Persons Offs i te or 
Prope rty Offs i te • • • • • • • • • • • • • • • • • • • • • • • •  25 

Appe nd i ces 

A.  Membership of the St aff Pa nel on the Commi s s i on ' s Determ i nat i on of an  
Extraordinary Nuc l ear Occurence 

B .  Sel ected Materi al s Pert a i n i ng to the ENO Panel  

C .  P ub l i c  Comment s 

D .  Stud i es o n  Dose Asses sment and E n v i ronment al  Mon i to ri ng  Data  Col l ect i o n 
Cons i de red by t he P a nel  

E .  As  Asses sment of t he Rel eases of Rad i onuc l i des  from t he Acc i de nt 
at Three M i l e  I s l a nd fo r Meet i ng the  Req uirment s of 1 0  CFR 1 40 . 84 

F .  Rev i ew of Meas ured Rad i at i on Doses and Surface Cont ami nat i on Meas urement s 

- i i -



REPORT TO TH E 
NUCLEAR REGULATORY CO MMI SS I ON 

FRO M  THE STAFF PANEL  
ON TH E .CO MMI SS I ON ' S  DETE RM I NAT I ON 

NUREG-0637 

OF AN EXTRAORD I NARY NUCLEAR OCCURRENCE ( ENO )  

December,  1 9 79  

I • I NTRODUCT I ON 

On  Aug u st 1 7 ,  1 9 79 the Nuc l ear Regu l atory Commi s s i on d i rect ed t h at a pane l  

compos ed of  membe rs of  the pri nc i pal  staff shou l d be fo rmed t o  as semb l e  

i nfo rmat i on rel eva nt t o  a determi nat i on of a n  ext rao rd i n a ry nuc l ear occ u r-

renee ( ENO ) , eva l uate publ i c  comment s and report to the Commi s s i on i ts 

fi nd i ngs  a nd recommendati on . The Atomi c E nergy Act of 1 9 54 , a s  amended , 

defi n es the t e rm  11 ext raordi nary nuc l ear occurrence .. a s  ... . .  a ny eve nt 

cau s i ng  a d i sch arge or d i s persal  of source , s pec i a l  nuc l e ar , or byproduct 

materi al  from i t s i ntended p l ace of confi neme nt i n  amounts  offs i te ,  or 

cau s i ng rad i at i on l evel s offs i te , wh i ch the Commi s s i on  dete rmi nes to be 

s ubstant i a l , a nd wh i ch the Commi s s i on  determ i nes has res u l t ed or wi l l  

probab l y  res u l t i n  substa nt i a l  damages  to pers o ns offs i t e  or prope rty 

offs i te ... The Act further states that the  1 1 Commi s s i on  s h a l l estab l i sh 

cri teri a i n  wri t i ng s ett i ng forth the  ba s i s  upon  wh i ch the  dete rmi nat i on 

sh al l be made . .. 

Th i s  panel  wa s d i rect ed by the  Commi s s i on  to  make  expl i c i t  f i ndi ngs  o n  

whet he r t h e  Commi s s i on ' s E N O  c ri teri a h ave been met , t h e  fact ua l  ba s i s for 

t hose  fi ndi ng s , a nd a recommendat i on  as to wh ether or not the acc i dent at  

Three M i l e  I s l a nd cons t i t utes an 11 ext raordi nary nuc l ear occurrence ... The 
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Commi s s i on • s regul at i ons  prov i de that the Commi s s i on wi l l  dete rmi ne that 

there has  been an  ext raord i nary nuc l ear occurrence on l y  i f  i t  determi nes 

t hat bot h  cr i ter i a set fort h i n  10 CFR Part 140 of i t s re gu l at i ons  have been 

met . 

I I .  F I ND I NGS AND RECOMMENDAT I ON 

As di rect ed by the  Commi s s i on on August 17, 1979, t he P a ne l  made i t s  f i ndi ngs  

a nd recommendat i on  by appl yi ng  the  expl i c i t  cri teri a set  fort h i n  the  

Commi s s i on • s regu l at i ons , 10  CFR §§140 . 84 a nd 140 . 85, to  the  i nformat i on 

gath ered a nd a na l yzed by the P a nel . The P a nel  h as not addres sed t he q uest i on  

of  wheth er the  cri teri a set fort h  i n  10  CFR §§140 . 84 a n d  140 . 85 fo r deter­

mi n i n g  wh ether an  ENO has occurre d s hou l d be ch ange d fo r fut ure app l i cat i on . 

Th i s  matte r wi l l  be -con s i dered i n  a separate ru l emak i ng  wh i ch the  Commi s s i on  

has  announced i n  re s ponse  to  the J u l y  24, 19 79 pet i t i on of the  P u b l i c  

C i t i zen  L i t i gat i o n  Grou p a nd t he Cri t i ca l  Mass  Energy Proj ect . See 44  F .R .  

50419, August 28, 19 79. 

The P a ne l  f i nds th at th e f i rst cr i teri on , pe rt a i n i ng to wh ether  the  acc i dent 

cau sed a d i sch arge of rad i oact i ve materi al or l evel s of rad i at i on offs i te as  

def i ne d i n  10 CFR §140.84, has  not been met . It  further fi nds t h at th ere i s  

pres e ntl y i ns uffi c i ent i nfo rmat i o n to s uppo rt any def i n i t i ve f i nd i ng a s  to  

whet her or  not the second cri teri on , rel at i ng to  damage to persons  or 

prope rty offs i te as def i ned i n  10 C FR §140 . 85, has been met . S i nce the  P a nel  

has not found that bot h cri teri a have been met , i t  recommend s that the 

Commi s s i on  dete rmi ne th at the  acc i de nt at  Three Mi l e  I s l a nd d i d n ot const i t ute  

an  1 1 ext raordi nary nuc l ear occurrence ... 
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I I I .  BACKGROUND 

I n  J u l y ,  1 9 7 9  the  N uc l ear  Regu l atory Commi s s i on  forma l l y  i n i t i ated , a s  

descri bed bel ow , t he mak i ng o f  a determi nat i o n a s  to wh eth e r  or not t h e  

ac ci de nt a t  Three Mi l e  I s l a nd U n i t  2 (T MI -2 ) on March 28 , 1 9 79  const i t uted 

a n  extraord i n ary nuc l ear  oc currence . Al t hough the  Commi s s i on  at th at t i me 

had not rece i ved a pet i t i on req uest i ng s uch a determi nat i o n  ( one  wa s rece i ved  

s hortl y after the  Commi s s i on p ub l i shed i t s not i ce i nv i t i ng  p u b l i c  comment s 

on the determ i nat i on ) , t he  Commi s s i on concl uded t hat proceed i n g  wi th  the 

dete rmi nat i on was i n  the  pub l i c  i nt erest for two re asons . F i rst ,  the  Commi s­

s i on not ed t hat the eve nt s at  Three Mi l e  I s l a nd const i t uted the  most seri ou s 

nuc l ear acci dent to date at a l i censed U . S .  faci l i ty ,  a nd t h u s  shou l d be 

ri go rous l y sc rut i n i zed from the  standpo i nt of i ts effect on t h e  pub l i c .  

Second , the  Commi s s i on  not ed t he pendency of v ari ou s l aws u i ts  c once rn i ng t he 

acci dent , i n  wh i ch the dete rmi nat i on of whether or not an  ENO  h ad t ak e n  p l ace  

was  pe rt i nent , a nd acknowl ed ged the  i nfo rmal  req uest  of the  Federal  d i st r i ct 

court i n  Ha rri sburg t hat the Commi s s i on make th i s  determ i n at i on as  expedi t i ou s l y  

a s  pos si b l e .  

O n  J u l y  2 3 , 1 979 , the  Commi s s i on  pub l i shed a not i ce i n  t h e  FEDERAL REG I STER 

i nv i t i ng i nt erested p a rt i es to s u bmi t to the Commi s s i on  wi t h i n t h i rty day s 

a ny i nfo rmat i on i n  the i r pos se s s i on rel eva nt to the dete rmi nat i on .  The 

Commi s s i on  al so_estab l i shed t h i s P a ne l  to  cons i de r  the i nformat i on prov i d e d  

by t he comment s  a l ong wi th  i nformat i on i ndependent l y a s semb l ed by the  

P a nel . 
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I V . RELAT I ONSH I P  OF ENO DETERM I NAT I ON TO RECOVERY 
FOR NUCLEAR I NJ UR I ES OR DAMAGES  

In  the eve nt of a nuc l ear  acc i de nt ( or nuc l e ar " i nc i de nt "  as  the  tenn i s  

u s ed i n  the Atom i c  E nergy Act ) , c l a i ms for i nj ur i es or  damages  c a n  be  

brou ght aga i n s t  the p l a nt l i censee and ot her part i e s  cons i de red res pons i b l e  

for the acc i de nt . The Pr i ce-Ande rs o n  prov i s i ons of the Atom i c E nergy Act 

( Sect i on 1 7 0 )  prov i de a system of pr i vate i n s urance , e l ect ri c u t i l i ty funds , 

a nd government i ndemn i ty tot a l l i ng $560 mi l l i on to pay such pub l i c  l i ab i l i ty 

c l a i ms .  One of the pri nci pal  obstac l e s  to a c l a i ma nt ' s  rec ove ry for i nj ur i es 

or damage s  cou l d be the neces s i ty of prov i ng neg l i ge nce on the part of the 

defe nda nt s .  Congres s att empted to  remove th i s obstac l e i n  1 966 by amend i ng  

the  Pr i ce-Anderso n Act to i nt roduce the c l osel y rel ated co ncept s of  ext ra-

ordi nary nuc l ear oc currence and wa i ver  of defenses . When the  Commi s s i on  

dete nni nes th at a nuc l ear i nc i de nt wa s an " ext raord i na ry n u c l ear  ocurre nce " 

wi th i n  the  mean i ng of the Act and t he Commi s s i on ' s regu l at i ons , t hen  t he 

wa i ve r  of defenses provi s i ons  of the -i n s urance po l i c i es and i ndemn i ty 

agreement s mak i ng u p  the Pr i ce-Ande rso n  system a re act i vated , res u l t i ng i n  

an  essent i a l l y  " n o-fau l t "  recove ry scheme . When  the  Commi s s i on has  dete nni ned 

th at an ENO has occurred , a ny defenda nt must wa i ve :  

( i ) Any i s s ue or defense  as to the conduct of the  c l a i ma nt or 
fau l t  of pe rso ns i ndemn i f i ed ,  

( i i )  any i ssue  or defense , a s  to char i tab l e or governme nt a l  
i mmun i ty ,  a nd 
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( i i i )  a ny i ssue  or defe nse  ba sed on any statute  of l i mi tat i ons  
i f  su i t  i s  i n st i t uted wi th i n  th ree years from t he date  on  
wh i ch the  c l a i mant f i rst knew ,  or rea sonab l y  c oul d h ave 
known , of h i s i njury or  damage and the cau se thereof , but 
i n  no eve nt more than  twenty years after the date of the 
nuc l ear  i nc i dent .  

Un l es s an ENO  i s  dec l a red by the  Commi s s i on , the wa i ve r  of defenses prov i s i ons  

do  not appl y .  Whether or  not an ENO i s  dec l ared , howeve r ,  a c l a i ma nt wou l d 

st i l l h ave to prove that he  wa s i njured or damaged , t he mo netary amount  of 

h i s l os s ,  a nd t he causa l  l i nk between  h i s l os s  and the  rad i oact i ve ,  toxi c ,  

ex p l os i ve or ot her  haza rdou s propert i es of the rad i oact i ve mate ri a l  rel e a s ed .  

When  appl i c abl e ,  the  wai vers of defenses prov i s i ons  rel i eve the  c l a i ma nt of 

hav i ng to  prove negl i gence by a ny defe nda nt and of hav i ng t o  d i s prove 

defe nses such as c ont ri butory neg l i ge nce . *  

V .  FORMAT I ON OF  THE ENO PANEL  

On  August 24 , 1 9 79 , i n  res ponse  to the Commi s s i on's d i rect i on ,  a panel  

composed of members of the  pri nc i pal  staff and  ch a i red by the Execut i ve 

D i rector  for O pe rat i ons wa s formed . The P a ne l  created a work i ng grou p d rawn 

from the staffs of vari ou s NRC offi ces  to as s i st i n  the  rev i ew of pub l i c  

comment s ,  data anal ys i s and eva l uat i on , a nd the draft i ng of the  P a ne l ' s  

* More deta i l ed i nformat i on on the  concepts of ext raord i nary n uc l e ar 
occurre nce and wa i vers of defenses  can  be found  i n  the "B ack ground  I nfo r­
mat i on" att ach ed to  the NRC's news rel ease  of J u l y  20 , 1 9 79 ( No .  7 9 - 1 2 1 ) 
ent i t l ed "NRC  I nv i tes P u b l i c  to S ubmi t I nfo rmat i on to As s i st i n  Dete rm i ­
n at i on of Three M i l e  I s l a nd Acc i de nt , "  i ncl uded a s  Appendi x B .  
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fi nd i ngs  and recommendat i on to the Commi s s i on . The members a nd a l t ernates 

of the P a nel  a nd members of the work i ng grou p are l i sted i n  Appe nd i x A .  

An i mpo rt a nt re s pons i b i l i ty of the Pa nel wa s to rev i ew a nd a na l yze the 

publ i c  comment s rece i ved . Some 5 7  wri tten  comment s were rece i ved by mi d­

December .  One  of the comment s req uested t hat the Commi s s i on h o l d a publ i c  

hear i ng i n  the H a rri sburg a rea  to rece i ve statement s from members of the 

pub l i c .  I n  response  to th i s request , a nd i n  the i nt erest of c omp i l i ng a s  

compl ete a record a s  pos s i b l e for mak i ng the  END determi nat i o n ,  se l ect ed 

Panel  members and  s u pport i ng staff hel d a one-day i nfo rmal heari ng on 

November  21  i n  H a rr i sburg . ( See Appe nd i x B fo r a copy of the Federal  Regi ster 

Not i ce and pub l i c  announcement of the heari ng . )  Seve n i nd i v i d ua l s made oral 

st atement s and add i ti onal  wri tten stateme nts  were prov i ded fo r the record . 

A transc ri pt of the he ari ng wa s made and revi ewed by the  P a nel . Th i s  

transcri pt , wh i ch forms a part of the record of the P a nel • s  de l i berat i o n ,  

ha s been p l aced i n  the Commi s s i on • s  publ i c  document room a nd t he l oca l  TM I 

publ i c  document room . 

Wh i l e  on l y  a few of the publ i c  comment s  have prov i ded data app l i cab l e  to the 

s pec i fi c  cri teri a i n  the regu l at i ons  governi ng t he END  determi nat i on ,  a l l of 

the comment s have been careful l y  con s i dered , a nd a P a ne l  res pon s e  has been 

prepared for each category of comment . ( A  s umma ry of the  comme nt s rece i ved 

and t he Pa nel • s  re s ponses are i nc l uded i n  Appe nd i x C . )  I n  th ose  cases  wh ere 

s pec i fi c  data were prov i ded , more ext ens i ve Pa nel res po nses are i nc l uded . 



- 7 -

I n  some case s , work i ng grou p members fo l l owed u p  d i rect l y  wi th  commenters to 

obt a i n  back grou nd i nformat i on wh i ch coul d s uppo rt stateme nt s  made i n  the  

comment s .  Commenters at the  hear i ng were urged t o  prov i de i n  wri t i ng data  

referred to  i n  th e i r ora l  stat ement s .  

VI . WORK BY  OTHERS 

The P a ne l  a nd i t s work i ng grou p revi ewed re l ease data and potent i a l h eal t h  

i mpact i nfo rmat i on from t he TM I acci dent deri ved from studi es by NRC staff  

and part i es out s i de of  NRC .  Th i s  i n c l uded i mport ant rec a l cu l a t i o ns carri ed 

out on  behal f of the P res i dent • s  Commi s s i on  on the Acc i de nt at Three M i l e  

I s l a nd ( Kemeny Commi s s i on ) . *  The Env i ronme nt al  Protect i on Age ncy ( EPA )  wa s 

g i ve n  the re s pons i b i l i ty by the Wh i te Hou se staff for comp i l i ng env i ronme ntal 

data from a l l Fede ral  age nc i es ,  the l i censee , t he states of Pennsyl va n i a ,  

New J e rs ey ,  a nd New York , l oca l  hos p i ta l s ,  a nd a number of pr i vate  concern s .  

The purpose  of th i s compi l at i on of data by EPA wa s to prov i de a foca l  po i nt 

fo r al l mo n i tori ng data col l ect ed a nd to dete rmi ne wh ether  a reasses sment of 

project ed dos e was ca l l ed fo r as a resu l t of the revi ew of the raw dat a .  

Al l of the co l l ected data wa s put i n  a common fo rmat , ret urned t o  the  or i gi ­

n at i ng a ge nci es and orga ni zati ons for veri f i cati on , a nd s e nt to the  P res i de nt i a l 

* The P a nel not es that the  Report of the  P res i de nt • s  Commi s s i on  and t he 
su pport i ng Task Grou p report s ( s ee Appendi x D ,  I t ems e ,  f ,  a nd g )  a re 
cons i s tent wi th  the f i nd i ngs  made i n  th i s  report wi t h  res pect to  rad i o­
l og i ca l  i mpact s .  
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Commi s s i on  on t he Acc i dent at Three M i l e  I s l a nd for i t s  use . The P a ne l  

recei ved a br i efi ng from EPA offi c i al s  res pons i b l e  for the data  co l l ect i on 

a nd rev i ew a nd h as been kept appri sed of the cont i nu i ng work be i ng  carri ed 

out by EPA wi th res pect to the pos s i b l e  rea s ses sment of the data . 

EPA conve ned a n  i nt eragency commi ttee i n  November , 1 9 79  to  determi ne wh ether  

there was need of furt her rea s ses sment of  the doses  from the  acc i dent . The 

i nterage ncy c ommi teee found that there were no add i t i ona l  data t h at wou l d 

su bsta nt i a l l y  a l t er prev i ou s dose esti mates . Therefore , furt her  rea nal ys i s  

wou l d not s i gn i fi ca nt l y  change the concl u s i ons  already reach ed { see Appe nd i x B ) . 

A l i st of dos e as ses sment and env i ronment al mon i tori ng data col l ect i on studi es  

co ns i de red by the  P a nel i n  the  course of  i ts rev i ew a re i nc l uded i n  Append i x D .  

V I I .  LANGUAGE AND STRUCTURE OF  THE CR I TER I A  
FOR DETERM I N I NG AN ENO 

For the Commi s s i on  to determ i ne that there has  been an ENO , bot h  C r i teri on  I 

a nd Cri ter i on  I I  a s  set out i n  the Commi s s i on's regu l at i ons  { 1 0  CFR §§1 40 . 84 

and 1 40 . 8 5 )  mu st be met . The l a nguage of the cr i teri a { es pec i a l l y  Cr i teri on  

I )  i s  rat her tech n i c al and prec i se . Cr i teri on  I rel ates to whet her  there 

ha s been a substant i a l d i sch arge or d i s persa l  of rad i oact i ve mate ri al  off 

the s i te of the reactor , or that there has been a substant i a l l eve l  of 

radi at i on offs i te .  Cri teri on  I ca l l s  for s uch a f i ndi ng  whe n , rad i oact i ve 

materi al  i s  rel eased from i ts i ntended p l ace of conf i nement or rad i at i on 

l evel s occur offs i te and ei ther of the fo l l owi ng f i nd i ngs  are al s o  made: 
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a .  Th at one or more persons  offs i te were , cou l d h ave been , or mi ght  be 
ex pos ed to  radi at i on or to rad i oact i ve materi al , res u l t i ng i n  a d ose 
or i n  a projected dos e  i n  exces s of one of the l eve l s i n  the  fo l l owi ng  
tabl e:  

TABLE I - TOTAL PROJ ECTED RAD IAT I ON DOS ES  

Cri t i ca l  Organ  

Thyro i d  
Whole body 
Bone Marrow 
Sk i n 
Other orga ns or  t i s s ues  

Dose  (rems ) 

30 
20 
20 
60 
30 

I n  measur i ng or project i ng doses , exposures from the fo l l owi ng  type s of 
radi at i on sha l l be i nc l uded . 

{ 1 ) Radi at i on from sources ext ernal  to  the body; 

( 2 )  Rad i oact i ve materi a l  t hat may b e  tak e n  i nto  the  body from a i r or  
water; a nd 

( 3 )  Rad i oact i ve materi a l  that may b e  taken  i nto  the  body from food or  
from l a nd s urfaces .  

or  

b .  ( 1 ) As the res u l t  of a rel ease  of rad i oact i ve materi a l  from a re act o r  
there i s  at l east a tot al o f  any 1 00 s quare meters o f  offs i t e  pro­
perty that has  surface contami nat i on .  Th i s  contami nat i on m u s t  s h ow 
l evel s of rad i at i on  i n  exces s of o ne of the va l ues  l i sted i n  col umn 1 
or col umn 2 of the  fo l l owi ng t a bl e , or  

{ 2 )  As the  res u l t  of a rel ease  of rad i oact i ve materi a l  i n  t h e  cou r s e  
o f  trans port at i on s urface cont am i nat i on o f  any offs i te property h a s  
occurred . The cont ami nat i on must show l evel s o f  rad i at i on i n  exces s  
of the va l ues  l i sted i n  col umn 2 of the fo l l owi ng t ab l e .  



Type of 
emi tte r 

Al pha  emi s s i on  
from trans uran i c  
i sotopes 

Al pha emi s s i on  
from i sotopes  
ot her that trans­
uran i c  i sotopes 

Beta or gamma 
emi s s i on 
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TABLE I I .  TOTAL SURFACE CONTAM I NAT I ON LEVELS* 

Co l umn 1 

Ut i l i ty ' s property beyond 
the  fence s urroundi ng t he 
reactor  stat i on .  

3 . 5  m i c rocur i e s  per square 
meter 

35 m i c rocur i es per square 
meter 

40 m i l l i rads / hour at 
1 em . { measured t hrough 
not more than 7 mi l l i grams 
per square cent i meter of 
tot al  absorber )  

Col umn 2 

Ot her  offs i te 
property 

0 . 3 5 mi c rocur i es 
per s q uare meter 

3 . 5  m i c rocur i es 
per square meter 

4 m i l l i rad s / hour 
at  1 em . {measured 
through  not mo re t h a n  
7 m i l l i grams per s q u a re 
tot a l  absorber ) 

* The maxi mum levels (above back ground ) ,  obs erved or proj ect ed , 8 or  more 
hours after i n i t i a l depos i t i on . 
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I f  Cri teri on  I i s  sati sfi ed ,  Cri eri on  I I  must then  be appl i ed .  Cri teri on  I I  

i s  sat i sf i ed i f� of the fo l l owi ng f i ndi ngs i s  made : 

( 1 ) The eve nt has  res u l t ed i n  the  death or hos p i ta l i za t i o n , wi th i n  3 0  
days of the  eve nt , o r  fi ve o r  more peopl e l ocated offs i te showi ng  
object i ve c l i n i ca l  ev i de nce of  phys i c al i njury from expos ure to  
the  rad i oact i ve ,  toxi c ,  expl os i ve or  ot her haza rdou s  propert i es o f  
t h e  reacto r • s source , s peci a l  nuc l ear , or byproduct materi al ; 
or 

t2) $2,500,000 or  more o-f damage offs i te has been or will probably be 
susta i ned by a ny one perso n , or  $5 m i l l i on or more of such damag e  
i n  tot al h as been o r  wi l l  probab l y  be  s u sta i n ed , a s  the res u l t of  
such event; or  

( 3 )  The Commi s s i on f i nds that $5 , 000 o r  more of damage offs i te has  
been  or  w i l l  probab l y  be susta i ned by each  of  5 0  o r  more perso ns , 
provided t h at $1 mi l l i on or more of such  damage i n  tot al h as been  
or w i l l  probab l y  be s u st a i n ed , a s  the res ul t of  such  eve nt . 

The te rm 1 1damage 11 refe rs to damage ar1s1n g  out of or  res u l t i ng from t he 
rad i oact i ve ,  toxi c , expl os i ve ,  or ot her hazardou s  propert i es of the  react o r • s 
source , s peci a l  nuc l ear , or byproduct materi al , a nd sha l l be  ba sed u po n  
esti mates  o f  o ne o r  more o f  t h e  fo l l owi ng: 

( 1 ) Tot al  cost necessary to put affected prope rty back i nto u se , 
( 2 )  Los s of u se  of affected property , 
( 3 )  Val ue of affect ed property where not pract i ca l  t o  restore to u se , 
( 4 )  F i nanc i a l  l os s  res ul t i ng from protect i ve act i ons  s uch  as evacuat i o n 

appropr i at e  to reduce or avo i d  expos ure to rad i at i on or to rad i oact i ve 
materi al s .  
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V I I I .  Cri teri on  I - Substant i a l  D i scharge or D i spers a l  of Rad i oact i v e  
Mater i a l  Offs i te or  Substant i a l  Level s o f  Rad i at i on Offs i te 

The P a ne l  a pproached the q uest i on  of whether there wa s a s u bstant i a l di sch arge 

or  d i spers al offs i te of rad i oact i ve mater i al or substa nt i a l  l eve l s of rad i a-

t i o n  offs i te by attempt i ng to determi ne ,  through exami n i ng  t he rad i at i on 

l evel s detected offs i te ,  the  measured rel eases from the  s i t e and t he 

l ocal  t i me-dependent meteorol ogy , whether any of the l evel s de l i neated i n  

Cr i t eri on  I were met or exceeded . 

A .  Assumpt i ons  

1 .  Durat i on of the  Acc i dent 

The P a nel made ce rt a i n as s umpt i ons  i n  mak i ng i t s fi nd i ng s .  F i rst , i t  

pos tu l ated t h at for the  purpos e  of the ENO dete rm i nat i on ,  t he ac c i de nt 

l a sted from March 28 , 1 9 79 to  May 9 ,  1 9 79 . The l att er date i s  the  one th at 

the P a nel con s i ders to be the  t i me ,  after the  reactor  wa s pl aced i n  a 

co nf i gurat i on fo r nat ural  coo l i ng ,  when a l l d i sch arges from the  reactor  we re 

wi th i n  the  dos e  l evel s and conce nt rat i ons  s pec i fi ed i n  Appe nd i x I to  1 0  CFR 

P a rt 50  ( " Numeri ca l  Gu i de s  for Des i gn Object i ves  and L i m i t i ng Cond i t i ons  fo r 

Ope rat i ons to Meet the Cri teri on  1 As Low a s  i s  Reasonab l y  Ach i evab l e •  fo r 

Rad i oact i ve Mat er i al I n  Li ght-Water-Cool ed N uc l ear Power Reactor  E ffl uent s ") 

and 1 0  C FR P a rt 20  ( " Standa rds  fo r P rot ect i on Aga i nst Rad i at i on " ) of the  

Commi s s i on • s regul at i ons . Th i s  forty-three day pe ri od i ncorpo rates  a l l of 
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the i od i ne rel eases  and v i rtua l l y  a l l of the nobl e gas  rel eases . Wh i le 

furt her  smal l re l eases  we re made from the TM I -2 react or  after  t h at t i me ,  a nd 

i ndeed cont i nue to be made , these  rel eases are al l wi th i n the  al l owab l e 

rel e ases  for no rmal ope rat i on spec i fi ed i n  the Commi s s i on • s regu l a t i ons  and 

t he TM I -2 l i cen se . More i m portant l y ,  rel eases  after that pe ri od wou l d add 

l ess  than  1 %  to  the dos es  descri bed i n  the Append i ces to t h i s repo rt . Th e 

P a nel  bel i eves that further  s i gn i f i cant rel eases  wou l d be l i ke l y to  oc cur 

on l y  i f  a sepa rate acc i de nt seq uence - - s uch as a trans port at i on i n c i dent 

was i n i t i ated , a nd t hat any s uch eve nt wou l d be  a separate 1 1nuc l ear i nc i d e nt . . 

w i th i n  th e mean i ng of the P r i ce-Ande rson  Act . 

The Pane l  wi shes  to emphas i ze that i n  postu l at i ng a l i m i ted durat i on fo r t h e  

Three M i l e  I s l a nd acc i dent , the P a ne l  i s  do i ng so  for E N O  purposes  onl y .  It 

recogn i zes  that i n  other  context s one cou l d concl ude , as d i d t h e  P res i de nt•s 

Commi s s i on ,  t hat the acc i dent i s  cont i nu i ng . 

The Commi s s i on  has determ i ned t hat i mpo rt ant pub l i c  i nt eres t  cons i derat i o n s  

favo r a t i mel y ENO  determi nat i on wi th re spect t o  the eve nt s wh i ch h ave 

a l ready occurred . The P a nel  bel i eves that s i nce i t  may b e  years befo re t h e  

reactor  i s  decontami nated , a nd t he pos s i b i l i ty o f  add i t i ona l  rel eases  thu s 

ended , de l ay i s  unnece s s a ry a nd t he concl u s i on  fo r ENO purposes  that the  

acci de nt ha s ended i s  ju st i f i ed on  tech n i c al a nd publ i c  i nt eres t  grou nds . 
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The P a ne l  cons i de red a number of a l t ernat i ve s  fo r dete rm i n i ng t he mean i ng of 

the  te rm 11 0ffs i te 11 as u sed i n  the cr i teri a .  The i ndemn i ty l ocat i on  desc ri bed 

i n  I ndemn i ty Agreeme nt B- 64 between  Metropo l i tan  Ed i so n  Company et a l . a nd 

t he Commi s s i on  i s  as  fol l ows : 

Al l of the  premi ses i nc l udi ng t he l a nd a nd al l b u i l d i ngs  and struct ures 

known as the  Three M i l e  I s l a nd N uc l ear Stati on i ncl ud i ng but not l i m i ted 

to U n i ts 1 a nd 2 .  The Three M i l e  I s l and N uc l ear Stat i on  i s  l oc ated on 

Three M i l e  I s l a nd near the east  shore of the S u squehann� R i ver  above 

York Have n Dam .  The s i te i s  l ocated approx i matel y ten  ( 1 0 )  m i l e s 

southeast of the C i ty of Ha rri sburg i n  Lo ndonde rry Towns h i p ,  Dau ph i n  

County , Pennsyl va n i a .  

The s i te. owned d i rect l y by Metropo l i tan  Ed i son , i s  l ocated o n  the  north 

port i on of Three M i l e  i s l a nd .  The rema i nder of Three M i l e  I s l a nd i s  owned 

by a who l l y- owned s ubs i d i ary of Metropo l i ta n  Ed i son ( York Haven P owe r 

Com pa ny ) . The  Three M i l e  I s l and b u i l d i ngs  and struct ures exi st i n  wh at i s  

c a l l ed t he 1 1 owner control l ed area . .. Th i s  owner cont rol l ed a rea i s  surrounded 

by a pe rmanent fe nce . ( See map on  Page 1 6 )  The Three M i l e  I s l a nd N uc l ear  

St at i on  m i ght be defi ned as i nc l udi ng  onl y the  bu i l d i ngs,  struct ures,  a nd 

l and wi t h i n the permanent fe nce , or , more broad l y ,. i nc l ude the  rema i n i ng 

l a nd a rea  al so owned by Met ropo l i ta n  Ed i son  but out s i de the  fe nce . 
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I f  the area on l y  wi th i n  the perma nent fence i s  cons i de red to be the  nuc l e ar 

stat i o n , then  t h i s encl osed area  wou l d be the defi ned on- s i t e l ocat i o n .  Th e 

c l osest  offs i te meas urement poi nt wou l d be ju st out s i de the perma nent fenc e . 

I f ,  on  the ot her  hand , �he rema i n i ng ut i l i ty owned a rea  out s i de the  perma nent 

fe nc e i s  c ons i de red to be the  nuc l ear stat i o n , then  the  c l osest  offs i te 

poi nt i s  at a l ocat i o n i n  the ri ver adjo i ni ng the  i s l a nd .  For a l l pract i c a l  

purposes , however , i t  makes  l i tt l e d i ffe re nce i n  terms of  mea s urement 

data wh i ch defi n i t i o n of " offs i t e "  i s  chosen , s i nce a d i st ance of l es s  t h a n  

1 00 feet sepa rates t h e  nea rest offs i te po i nt s  i n  t h e  two cases . The P a ne l  

h a s  c onc l uded t hat the most  conservat i ve defi n i t i on o f  " offs i te "  wou l d 

i nc l ude al l area s ,  whether or not owned by the  l i censee , out s i de  of the 

owner-control l ed area enc l osed by the perma nent fe nce on Three M i l e I s l a nd .  

I n  cases  where a spec i fi c  s i t e defi n i t i o n wa s necessary ,  t he P a ne l  u sed t h i s 

s i te .  

The cri ter i a are somewh at amb i g uou s wi th res pect to the ch aract er i zat i o n of 

the offs i te perso ns  whose  expos ure to rad i at i on must be mea s u red . Sect i o n 

1 40 . 84 ( a )  of the regu l a t i ons  s peak  i n  terms  of " o ne or more persons  offs i te 

[who] were , coul d have  been , or m i ght be exposed • • •  " ( empha s i s added ) . Th i s  

phraseol ogy i s  not found i n the P r i ce-Anderson Act . The st ateme nt of 

cons i de rat i o ns that accompa n i ed t he pr0mul gat i on of the cri teri a i n  1 968 

does not c l earl y desc ri be the  i de nt i f i cat i on  of a perso n  offs i te who " c ou l d 
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h ave been 11 expos ed to rad i oact i ve materi al  o r  rad i at i on .  One pos s i b i l i ty 

wou l d be a rea l perso n , i n  the path of pos s i b l e expos ure but for whom di rect 

measurement s of expos ure were not taken . A second wou l d be a real  person 

who , but for be i ng evacuated from a part i cu l a r  pl ace , wou l d h ave been 

exposed to  rad i at i on .  A th i rd pos s i b i l i ty wou l d be a hypot het i cal  person  

pl aced on  a s pot where the  h i ghest l evel s of  expos ures wou l d be expect ed to  

have  tak e n  pl ace . Th i s  coul d be  i n  e i ther a pl ace eas i l y  acces s i b l e to t he 

pub l i c  or i n  a l es s  acces s i b l e s pot { fo r  exampl e ,  i n  the  r i ver ju st beyond 

t he s i te  boundary ) . F i nal l y  o ne cou l d v i sua l i ze a hypot het i ca l  person  g i ven 

the mob i l i ty a nd knowl edge to cont i nua l l y  travel  so  as to be l oc ated wherever 

the  h i ghest l evel s of expos ures exi sted at any g i ven  t i me .  

The P a nel  cho s e  to eval uate whether Cri ter i on  I was met i n  terms of vari ou s 

pos s i b l e  vers i ons of peopl e who 11Coul d h ave been 11 exposed . Under one 

as sumpt i on ,  i nd i v i dua l s were as s umed to  be l ocated at po i nt s  correspond i ng  

to t he h i ghest  recorded doses  where , i n  fact , no  i nd i v i dua l s are k n own to 

h ave been . Al so a stat i st i ca l  meas urement error wa s added to  t he dos e 

re ad i ngs  at these l ocat i ons  corres pond i ng  t o  one chance i n  a thou sand 

{ 99 . 9t h  perc e nt i l e )  of be i ng exceeded . No a l l owa nce wa s made i n  these  

cal cul at i ons for the demonstrated over- res ponse of  the  thermo l umi nescent 

dos i meters to the rad i at i on emi tted dur i ng the  acc i de nt . Th i s  ove r-res po n s e  

i ndicates that the meas ured val ues  may h ave exceeded t he act ual  doses by a 

factor  between  1 . 2 and 2 . 2 .  The P a ne l  a l so  cons i dered a hypot het i ca l  pers o n  

exposed .outdoors for the peri ods  of rel eases  of nobl e ga s and i od i ne  from 
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t he acci dent and  p l aced ju st offs i te at spot s that the P a ne l  concl uded wou l d 

h ave seen the h i ghest expos ure . F i nal ly , i n  orde r to obt a i n an u pper  l i mi t 

for pos s i b l e  expos ure to compa re aga i nst the va l ues  i n  Cr i teri on  I ,  a pe rson  

was  hypothes i zed to  have the  ab i l i ty and knowl ed ge to be trans port ed so  as  

to  a l ways be i n  the  area of  h i ghest radi at i on expos ure dur i ng t he course of  

the ac c i dent . 

B .  Approach of the  Techn i ca l  Stud i es 

The two tech n i ca l  studi es (Appe nd i ces E and F )  ap pended to  the  P a ne l  • s  

report ap proach the  quest i on  of esti mat i ng doses to persons from two di ffere nt 

and i ndepe ndent d i rect i ons . I n Appe nd i x E ,  rad i onuc l i de s  rel eased t o  the  

atmos phe re are  determ i ned : (a) from the Departme nt of E nergy hel i copter 

measurement s of the  nobl e ga ses i n  the  pl ume and; (b ) fo r i od i ne , by con­

t i nuous  sampl i ng of the U n i t  2 vent effl uent streams . The repo rt then  

est i mates doses  that wou l d be  pos s i b l e to  peopl e based on  the  rad i oact i ve 

materi al  rel eased , t he met eo rol og i ca l  condi t i ons  tran s po rt i ng a nd depos i t i ng 

these  rel eases , a nd on hypot hes i zed i nd i v i dual s '  l ocat i ons  and stay t i me s , 

chosen  to maxi mi ze  pos s i b l e  dos e .  Appe ndi x E al so  pres ents ca l cu l at i o ns  for 

offs i te ground cont ami nat i on l evel s and s hows th at ne i ther  the 1 0  C FR 

§1 40 . 84 dose cr i teri a nor ground contami nat i on cr i teri a were exceeded . Th e 

Appe ndi x F report recons i de rs the nobl e ga s doses  ba sed on act ua l  measure­

ment s wi th offs i te thermo l umi nescent dos i meters (TL D )  a l ready i n  p l ace at 

s pec i f i c  ons i te and offs i te  l ocati ons when  the  acc i dent occurred . Th i s  

repo rt al so di scu s ses  measured s urface contami nat i on l evel s a nd t he i r 

rel ati ons h i p to the va l ues i n  1 0  CFR §1 40 . 84 (b ) . 
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c. i n  

I n  Appe nd i x E ,  ca l cu l at i ons  of doses  to i nd i v i dua l s are made fo r rel eases  o f  

i od i ne 1 3 1 a nd nob l e gases  t o  the atmos phere . Cal cu l at i ons  are al so  made 

for ground contami nat i on and fo r re l eases to the aquat i c env i ronment . I n  

mak i ng e st i mates of doses  due t o  the i od i ne and nobl e gas  rel eases  t o  the 

atmos phe re , s everal hypot het i ca l  s i tuat i ons  were a s s umed . These  cal cu l a­

t i ons pl aced i nd i v i d ual s at l ocat i ons  nea r the pl a nt wh ere the dose  wou l d be  

h i ghes t and for a pe ri od of  t i me extend i ng throughout the  durat i on of  the  

rel eases . The res ul t s  of al l of  these  ca l cu l at i ons  i nd i cated dos es bel ow 

the  l evel s of 1 0  CFR 1 40 . 84 for al l hy pot het i ca l  cases . I n  several  of the  

ca l cu l at i ons  that  were made , a s sumpt i ons  were empl oyed to ens ure that the  

re s u l t s  represented u pper bound est i mate s . Thes e a s sumpt i ons  are as  fo l l ows : 

( 1 ) the u se of a source term that wa s greater than  the  best est i mate of 

rel eases  that act ual l y  occurred , ( 2 )  no cred i t tak e n  fo r any addi t i ona l  

decay of rad i onuc l i de s  over t i me after rel ease  from the  fac i l i ty ,  a nd ( 3 }  

meteo rol og i c al  mode l s based on a s s umpt i ons  that tend to unde rest i mate act u a l  

d i spe rs i o n ( de sc ri bed i n  Appendi x E ) . The cal cu l ati ons rega rd i ng  rel eases  

to the aquat i c env i ronment resu l t ed i n  ve ry smal l est i mates  of dos e , a s  

expect ed , s i nce t h e  rel eases  were wi th i n  t h e  tech n i ca l  s pec i fi cat i o n req u i re­

ment s of the Metropo l i ta n  Ed i so n  l i cense  for normal  operat i o n .  Th u s , t he 

l i q ui d rad i onuc l i de pathways res u l t ed i n  doses  wh i ch were a sma l l fract i o n 

of the l evel s stated i n  1 0  CFR 1 40 . 84 . Seve ral est i mates  of ground cont am i ­

nat i on were made for l ocati ons off the  Three M i l e  I s l a nd s i te u s i ng t he s ame 
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hypot het i ca l  a s sumpt i ons  as  u sed i n  the dose cal cuat i ons . The ground 

contam i nat i on va l ues  were al so bel ow the  l evel s of 1 0  CFR 1 40 . 84 . 

Cal cul at i o ns of doses  due to the nobl e gas  rel eases  ( pr i nc i pal l y  xenon ) fo r 

hypot het i ca l  a nd rea l i nd i v i dua l s offs i te who rece i ved t he h i ghest expo s ure  

h ave been made by several  d i fferent groups . The resu l t s  of three of  the s e  

grou ps are presented i n  Appendi x E wi th a br i ef desc ri pt i on o f  the i r met hods . 

Al l studi es c on s i st ent l y concl ude that the  max i mum offs i te dose  at the  

l i kel y l ocat i on of a rea l person  i s  l es s  than  1 00 mrem . Neve rt he l e s s , t he 

pos s i b i l i ty was exam i ned that an offs i te i nd i v i dua l  may h ave been c l os er  to  

the pl �nt tha n  was dete rm i ned i n  the anal yses ment i o ned above . A hypot het i ­

cal  s i t uat i on  was construct ed whereby a n  i nd i v i dua l  wa s as s umed t o  be 

l ocated i n  a boat a l ong t he peri meter of the i s l a nd fo r the  ent i re course  of 

the rel eases of nobl e gases . Furthermore , i n  orde r to esta b l i sh the maxi m um 

dose s uch a hypothet i ca l  i nd i v i dua l  coul d rece i ve , i t  wa s a s s umed t hat t h e  

i nd i v i dua l  moved t he boat a s  t h e  wi nd s h i fted so that i t  wa s a l ways downwi nd 

of the p l a nt i n  the rad i oact i ve pl ume . 

2 . 3 rem tot al body a nd 4 . 7  rem sk i n .  

Th i s  scenari o res u l t ed i n  a dos e of 

Bot h  of these dose  v a l ues  are wel l 

u nde r the Cr i teri on  I l evel s of 20  rem who l e  body a nd 60 rem s k i n .  

Est i mates of i nhal at i on  dose from i od i ne- 1 3 1 for the nearby popu l ated a rea 

were based on the forty-three day peri od wh i ch i ncorporated a l l of the 

i od i ne re l ease s . The cal cu l ated dose wa s 1 9  mrem to  t he t hyro i d  of a ch i l d .  

Th i s  c a l cu l at i on was for l ocati ons  offs i te where i nd i v i d u a l s wou l d be 

expect ed to  be l oc ated a nd t he dose wa s expected to  be h i ghest . To t ake  
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i nto cons i de ra t i on the pos s i b i l i ty that an i nd i v i dua l  mi ght  have been 

l ocated c l os e r  to  the p l a nt ,  cal cu l at i ons were done for severa l  hypothet i ca l  

i nd i v i dua l s . One cal c u l at i on wa s based on the a s s umpt i on th at the i nd i v i d u a l  

was l ocated at  one s pot j ust offs i te i n  the sector  where t h e  dose wou l d b e  

h i ghest for t h e  ent i re forty-three days  ( 24 hours  per day )  o f  t h e  rel ea ses . 

Th i s  was i nt ended to  appl y to a hypot het i cal i nd i v i dua l  who cou l d h ave been 

nea r Three M i l e  I s l a nd .  The cal cu l ated dose was 3 . 9  rem t o  the  thyroi d of a 

ch i l d . Anot her  ca l cu l at i on was made for an i nd i v i dua l  at one s pot on t h e  

ne arest  sho rel i ne to wh i ch the general pub l i c  h ad acce s s . The cal cul ated 

dose  was 1 . 4 rem to the thyroi d  of a ch i l d . Aga i n , i t  wa s a s s umed t hat t h e  

hypot het i ca l  i nd i v i dua l  wa s there for t h e  ent i re fo rty-three day rel ease  

peri od and was l ocated where the dose  wou l d be  expect ed t o  the  h i ghest . 

F i na l l y ,  another ca l c u l at i on ,  s i m i l a r to the nobl e  g a s  ca l cu l at i ons noted 

ab ove , was ba sed on  the  a s sumpt i on that a hy pot het i ca l  i nd i v i dua l  wa s 

l ocated j u st offs i te for the ent i re forty-three day peri od and moved a round 

i t  i n  such a way to be l ocated a l ways downwi nd of the p l a nt .  The cal c u l ated 

dose was 1 7 . 5 rem to the thyroi d of  an adul t . * U p per  bound va l ue s of the 

* These calcu lated dos es  repres ent the resu l t s  for the age c l a s s  and 
orga n wh i ch wou l d h ave rece i ved the  maxi mum dos e .  The res u l t s  of c a l cu l a­
t i ons of ot her age grou ps and organs can be found i n  Append i x E .  

The scena ri o  of an i nd i v i dual  mov i ng around to  stay i n  the pl ume i s  
somewh at more real i st i c  for nob l e gas  rel eases  because  the  durat i on of 
the nob l e gas  rel eases  wa s short (most ove r  a th ree day peri od ) and t he 
di s pers i on occurred i n  three predom i nant d i rect i ons .  Hence , i f  an 
i nd i v i dua l  wa s i n  a boat for several days  i n  the  d i rect i on where doses  
wou l d be  ex pect ed to  be h i ghest , t he esti mate deve l oped by t h i s scena r i o 
wou l d be l a rger but representat i ve of the actu a l  dose  the  i nd i v i du a l  
wou l d h ave rec e i ved . I n  the c a s e  o f  the i od i ne re l eases  wh i ch l a sted 4 3  
days , there was no predom i nant d i rect i on i n  wh i ch most  of the mater i al 
was d i spersed i n  compa ri son  to the nobl e g a s  rel eases ;  hence , fo r a 
pe rso n to rece i ve t h i s dose wou l d requ i re knowl ed ge of the pl ume l oc a t i on  
and a des i re to stay i n  i t .  I n  the j udgment of the P a nel  t h i s scena ri o 
i s  c ompl etel y unreal i st i c .  
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source te rm a nd t he meteorol og i cal d i spers i o n  parameters th at were prev i ou s l y 

ment i o ned were u s ed i n  these  hypothet i c al cal cu l at i o ns . The do se  res u l t s  of 

al l of these a pproaches were bel ow t he l evel of 1 0  CFR 1 40 . 84 .  

I n  s umma ry , dose  cal cu l at i ons  ba sed o n  gaseous rel eases and rel eases  i n  wat e r  

s u p po rt a fi nd i ng that t h e  cr i teri a fo r subst ant i a l offs i te doses o r  

s ubs tant i a l rel eases o f  rad i oact i ve materi al s were not met as  a res ul t of 

the  acc i dent on March 28 , 1 9 79 at Three Mi l e  I s l a nd Nuc l ear  Stat i on ,  Un i t  2 .  

D .  Techn i ca l  Report on Rev i ew E n v i ronmenta l  Mea s urement s 

The res u l t s  of rad i at i on doses  meas ured by TLD ' s  l ocated i n  the  v i c i n i ty of 

t he s i te i nd i cate that the h i ghest who l e  body rad i at i on dose to  a pos s i b l e 

real i nd i v i d ua l  wa s l es s  t han  0 . 1  rem to i nd i v i d ual s l ocated at  the  nea rby 

res i de nces o n  the ea st bank  of the  ri ve r .  The max i mum  who l e  body dose that  

co u l d h ave  been recei ved by  a hy pot het i ca l  i nd i v i dua l  wa s es t i mated to  be  

ap prox i matel y 1 . 4 rem  fo r an  i nd i v i dua l  l ocated on the nort h nort hwest 

co rne r of Three M i l e  I s l a nd a nd l e s s  than  1 . 2 rem fo r an i nd i v i d ua l  l ocated 

on  Koh r I s l a nd .  I n  al l t h ree cases , n o  al l owa nce has  been made fo r reduct i on s  

i n  act ual  rad i at i on doses d u e  to  act ua l  occu pa ncy t i me ( fu l l t i me occupancy 

from 4 A . M .  on March 28 , 1 9 79 to Apr i l 1 5 ,  1 9 79  wa s ass umed* ) ,  t he demonstrat ed 

overres ponse of the TLD ' s { wh i ch l ead s to mea s ured val ues between 1 . 2 a nd 

2 . 2  t i mes greater than  the  acutal  doses ) or fo r s h i e l d i ng due to  be i n g 

* Res ult s  of l onger term measurement s made by NR C ,  FDA , a nd t he l i censee 
show t hat nob l e gas  who l e  body dose  contri but i o n s  after Apr i l 6 , 1 9 79  a re 
neg l i g i b l e .  
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i ndoors . The 11 c ou l d h ave been11 hypot het i ca l  esti mates i nc l ude a l l owance 

for stat i st i ca l  measurement errors so that the probab i l ty of the  stated 

val ue be i ng exceeded i s  one chance i n  a thou sand ( 99 . 9th  pe rcent i l e ) . 

More l i kel y e s t i mates of these  hypot het i cal  doses , i ncorporat i ng t he 

energy overres ponse correct i ons ,  wou l d be l es s  th an 1 rem at bot h  l ocati ons . 

Therefore , i t  i s  l ike l y t hat the  dos e any i nd i v i dua l  coul d h ave rece i ved 

wou l d be at l e ast a factor  of 1 0  l ower than the P art 1 40 c ri ter i on of a 

20- rem who l e  body dos e .  

An i nd i v i dua l  who was on  H i l l  I s l and coul d h ave rece i ved a dose  of approx i ­

matel y 0 . 3  rem i f  he had rema i ned cont i nuou sl y at th i s  l oc at i on throughout 

the peri od from 4 : 00 A . M .  on  March 28th unt i l  March 3 1 st . Howeve r ,  act ual  

occupa ncy t i mes for th i s  man i nd i cate th at he departed befo re the  pers i stent 

wi nd s began b l owi ng i nto the NW-NNW sectors on the n i ght of March  28th , whe n  

the maj ori ty o f  the dose at th i s  l ocat i on wou l d h ave been de l i ve red . The 

act ual  dose rece i ved i s  est i mated to be l es s  than 0 . 0 5  rem ( 50 m i l l i rem ) . 

Surface cont ami nat i on l evel s were assessed by a var i ety of mea s u rement 

techn i ques , wi th  most of the res ul t s  orders of magn i tude bel ow t he 

l evel s i n  the cri teri a .  Except for one l ocat i on on Three M i l e  I s l a nd ,  

the onl y depos i ted rad i onuc l i de wh i ch wa s detected i n  concent rat i ons 

greater than those meas ured in 1 9 77 was iod i ne- 1 3 1 . The h i ghes t  radio­

i odi ne co nce ntrat i on wou l d h ave res u l ted i n  a dose rate of l es s  than 0 . 2 % 

of the cr i ter i on of 4 m i l l i rads  pe r hour ( a facto r  of 600 l es s  than  the  

cri teri on ) . 
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Ces i um- 1 37 a nd ceri um- 1 44 ( a nd natural ly  occurri ng rad i onuc l i de s )  were al so  

found i n  most  so i l s ampl es , but at  l evel s cons i stent wi th  pre-acc i dent 

l evel s as  determ i ned by 1 9 77  so i l  a nal ys i s  res ul t s .  These rad i onuc l i des , i n  

offs i te sampl es , wou l d h ave re s ul t ed i n  dose rates l e s s  than  0 . 0 2%  of the  

cr i teri o n  of 4 m i l l i rad per hour . 

One so i l  s ampl e col l ect ed on Three M i l e  I s l a nd h ad l evel s of ces i um 1 37 ,  

ces i um- 1 34 ,  a nd cobal t-60  h i gher tha n those fou nd el s ewh ere . Th i s  l ocati o n  

h ad been report ed l y  u sed for l ow act i v i ty cont ami nated wa ste; hence these  

l evel s were mos t  l i ke l y cau sed by res i dual  contami nat i on rather than  

the  acc i de nt . The  comb i ned dose  rate from ces i um- 1 37 ,  ces i um- 1 34 ,  coba l t- 6 0  

and radi o i od i ne- 1 3 1 ( found i n  a n  adj acent sampl e )  wou l d b e  1 . 4 percent of 

the 4 m i l l i rem pe r hour ( 0 . 06 mR/ h r )  cr i teri on . Howeve r ,  a s  th i s  mea s urement 

wa s on l i censee control l ed l a nd cont i guou s to the s i te ,  t he 40  m i l l i rad per 

hour  dos e rate cr i teri on  wou l d be app l i cabl e to th i s l ocati on . The est i mated 

dose rate wou l d be approxi matl y 0 . 1 5  percent of ( or a factor  of 6 00 l owe r 

than )  t he 40 m i l l i rem/hour cri ter i o n .  

I n  s ummary , env i ronmental  measurement s  su pport a fi nd i ng t hat the  cri teri a 

for su bsta nt i a l offs i te doses or substant i a l re l eases of rad i oact i ve mater i a l s 

were not met as a res u l t of th e acc i dent on March 28 , 1 9 79  at the  Three M i l e  

I s l a nd Nuc l ear Stati on , Unit 2 .  
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I X .  CR I TER I ON I I  - S UBS TANTIAL DAMAGE TO PERS ONS OF FS I TE OR PROPERTY OFFS ITE 

1 0  C FR §1 40 . 8 5  of the Commi s s i on ' s regul ati ons prov i des  that , when the  

Commi s s i on has determi ned that an  event has  sat i sfi ed Cri teri on I ,  t he  

Commi s s i on wi l l  dete rm i ne wh ether Cri ter i on I I  has  been met , i . e . , whether  

t he event has  res u l t ed or wi l l  probab l y  res u l t  i n  s ubstant i a l damages  to  

pe rsons offs i te or property offs i te as wou l d be shown by any one of three 

spec i fi ed fi nd i ng s .  As i n  the case of Cri teri on I ,  t he measures of wheth e r  

Cri t eri on I I  i s  met are prec i sel y del i neated . Sect i on 1 40 . 8 5  c l e ar l y 

spec i fi es that Cr i ter i on I I  wi l l  not be  appl i ed unt i l  after t he Commi s s i on  

has determi ned t hat an event ha s  sat i sf i ed Cri teri on I . * De s p i te the  

fi nd i ng made by t he Panel  that Cri teri on I h a s  not been sat i sf i ed , we 

bel i eve that the Commi s s i on and t he pub l i c  ( wh i ch wi l l  h ave the opport uni t y  

* The discus s i on of the ENO cri teri a i n  subs ect i on 1 40 . 8 1 ( 2 )  states t h at 
the 11 onl y  i nterrel at i on between the  va l ues sel ect ed fo r the d i sch arge 
cri teri a and t he damage cri teri a i s  that the d i sch arge v a l ues  are set up 
l ow so that i t  i s  ext remel y unl i ke l y t he damage cri ter i a coul d be 
sati sfi ed unl e s s  the  d i sch arge va l ues have been exceeded . .. As desc ri b ed 
earl i er ,  t he Panel h a s  conc l uded t h at the d i scharge va l ues  i n  Cri teri o n  
I were ne i ther  met nor exceeded and accordi ng l y  recommends that  t he 
Commi s s i on dete rm i ne that there had been no E NO .  Cont rary to  t he 
pred i ct ed i nt errel at i ons h i p between the  cri teri a ,  unde r some i nt erpret a ­
t i ons o f  the el ement s  o f  11 damage , 11 t h e  damage cri ter i on m i ght be  s at i s f i ed 
even thou gh the d i sch arge cri ter i on wa s not . Th i s  wou l d st i l l not l ead  
to a fi ndi ng of  an  ENO s i nce bot h c ri teri a must be sat i sf i ed .  
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to comment on the  Panel report before the  Commi s s i on makes  the  ENO  

determ i na t i on) s houl d h ave the  Panel ' s  thou ghts on  the  ev i de nce as to 

whet her Cr i te ri on  I I  has been sat i sfi ed .  Indi cati ve of the pub l i c  int erest 

i n  Cr i te ri on  I I  i s  the empha s i s pl aced on damages i n  the comment s res pond i ng 

to the Commi s s i on's J u l y  2 3  not i ce and i n  the heari ng hel d i n  Ha rri sburg on 

November  2 1 . 

As desc ri b ed bel ow , t he Panel  bel i eves that i t  i s  not c l ear from the ev i de nce  

ava i l ab l e  to date  whether the second cr i teri on has  been met . 

Requ i red F i nd i ngs 

" • • •  ( 1 ) The Commi s s i on fi nds  that such event ha s  res u l t ed 
i n  the  death or hos p i tal i zat i on ,  wi th i n  30  days of the  event , of 
fi ve or mo re peop l e l ocated offs i te showi ng obj ect i ve c l i ni ca l  
ev i dence of phys i ca l  i nj ury from expos ure to the rad i oact i ve ,  
tox i c , ex pl o s i ve ,  or  ot her haza rdou s  propert i es  of source , s pec i a l  
nuc l ear , or  byproduct materi al ; "  

The P a nel  i s  not awa re of the death or  hos pi tal i zat i on  of any person l ocated 

offs i te showi ng obj ect i ve c l i ni cal ev i denc e  of phys i ca l  i nj ury from expos ure  

to  the ha zardou s propert i es of  the  nuc l e ar mater i al from TM I -2 .  The P a nel  

chec ked s pec i fi c al l y  wi th the Bureau of Rad i ati on Protect i on i n  the  Pennsy l va ni a 
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Depa rtment of E nv i ronment al Resources to as sure i t sel f that the Bureau wa s 

not aware of any s uch cases that wou l d h ave otherwi se escaped pub l i c  not i ce . * 

The P a nel  recogn i zes  that there were emot i onal and p sycho l og i ca l  i mpact s of 

the  acc i dent th at cou l d h ave been mani fested i n  many ways , i nc l ud i ng phys i c al 

symptoms s i mi l a r to those that cou l d be as soci at ed wi th expos ure to rad i at i o n .  

Such effect s ,  however , unl ess  evi denc i ng phys i ca l  i nj ury  from the  hazardo u s  

prope rt i es o f  t h e  rad i oact i ve materi al , a re not cons i dered i n  the  prov i s i o ns 

of the cr i ter i on.  

* A comment rece i ved (from Three M i l e  I s l a nd Al ert ,  I nc . ) ment i ons one 
severe a l l ergi c react i o n to i od i ne and at l east two p sycho l og i ca l  
breakdowns that res u l ted i n  hos pi tal i za t i on wi th i n  one mont h of the 
acc i dent .  Al so ment i oned wa s the hos pi ta l i zati on fo r the recurrence of 
psychos i s  of anot her pat i ent . Some deat h s  and hos pi ta l i zat i on  fo r the  
res i de nt s  of  a nurs i ng home who were evacuated because of  a l ack of staff 
were al so ment i oned . Another comment ( from t he Env i ronment Coal i t i on o n  
Nuc l ear Power )  ment i ons t h e  11 experi ences o f  the many i nd i v i dua l s wi th i n  a 
2 0-m i l e  radi u s  of TM I -2 who observed symptoms of rad i at i on s i cknes s • • • 

such as sore throat , nau sea , d i arrhea , s k i n d i sorders , burn i ng eyes , 
fat i g ue , etc . . . At the heari ng hel d by the  P a nel i n  Harri s burg on Novem be r  2 1  
to rece i ve addi ti onal  comment s ,  v i ews were expres sed that these  types of 
symptoms as wel l as  ot hers were experi enced by a number of res i de nt s of t h e  
area  but becau se o f  the pres s of ot her con s i derat i ons at the  t i me fo l l owi n g  
the acc i dent , most i nd i v i dua l s experi enc i ng t hese symptom s d i d not att empt 
to rece i ve profess i ona l  med i ca l  attent i on. Fi nal l y , a v i ew wa s expres sed  
that  s uch  occurrences as st i l l b i rths  i n  t he  area surround i ng TM I and 
anywhere wh ere res i de nt s  from that area mi ght have gone and res pi ratory 
deat hs  from el de rl y res i de nt s  i n  TM I a rea shou l d al so  be con s i dered by 
the Pa nel cons i deri ng t h i s prov i s i on of Cri teri on I I .  The P a nel  does not 
bel i eve that any of these  i nstances const i t ute hos pi tal i zat i o n of pers o ns 
s howi ng obj ect i ve cl i n i ca l  ev i denc e  of phys i c al  i nj ury from expos ure to  
the hazardou s prope rt i es of  nuc l ear materi al . Further i nq u i ry wa s made 
to obt a i n s ubstant i at i on of the a l l ergi c react i on to i od i ne i nstance 
ment i oned but to date the i nfo rma l i nfo rmat i o n conveyed h a s  rema i ned 
amb i guou s . The Pennsyl va n i a Bureau of R ad i at i on Protect i on had no 
i nfo rmat i on wi th res pect to these  i nstances of pos s i b l e i nj ury .  
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Some comment ers i nd i cated t hat i t  i s  too earl y fo r canc ers o r  ot h e r  

mani fe stat i o ns of the  effect s o f  ex pos ure t o  t he haza rdous  prope rt i e s  of 

nuc l ear  mate ri a l  to be detect ed . The P a nel notes that Cri te r i o n  I I  s peaks  

of death  and  h o s p i ta l i zat i on wi t h i n t h i rty days of  the eve nt . Cl e ar l y ,  t h i s 

cr i teri on  was i ntended to be tri ggered by acute phys i ca l  i nj ur i e s  rather  

tha n  radi at i on ex pos ures wh i ch m i ght res ul t i n  fut ure cases  of c a ncer . As 

i nd i cated ear l i er i n  th i s  report , the  P a nel bel i eve s that  a rea sonab l e 

meas ure of the  d u r at i on of the TM I -2 acci dent for the  purposes  of the  ENO 

dete rm i nat i o n i s  from March  28 , 1 9 79 to  May 9 ,  1 9 79 ,  wh i ch encompas ses the 

peri od from the sta rt of the  acc i de nt to that t i me ,  after the reactor  wa s 

pl aced i n  a co nf i gurat i on for nat ural  coo l i ng ,  when  a l l d i sch arge s from t he 

re actor  were wi t h i n  the  dos e  l evel s and concent rat i ons s pec i f i ed i n  Appe nd i x 

I of 1 0  CFR P a rt 50  ( Cr i t eri on fo r " As Low a s  i s  Reasona b l y  Ach i ev a b l e " ) and 

1 0  CFR P a rt 20  ( " St anda rd s  fo r P rot ect i on Aga i n st  Rad i at i on " ) of the  Commi s-

s i on ' s regu l ations . Th i s  peri od i ncorporates a l l of the  i od i ne re l eases  and 

v i rt ua l ly  a l l of the nobl e g as  rel eases . U s i ng  t h i s defi n i t i on of the 

acc i dent ' s  d urat i on ,  the P a ne l  has not found t hat there were any d e ath s or 

hos pi t al i zat i on wi th i n  th i rty days of the acc i de nt of f i ve or  more peopl e 

l ocated offs i te showi ng  obj ect i ve c l i n i ca l  ev i denc e  of phy s i c al i nj ury from 

expos ure to the  haza rdou s prope rt i es of the rad i oact i ve mater i a l  from 

TM I -2 .  

" ( 2 )  The Commi ss i on  f i nds that  $2 , 5 00 , 0 00 o r  more of  
damage offs i te h a s  been  or wi l l  proba b l y  be  s u sta i ned by 
any one pe rso n , or  $5 m i l l i on or more of s uch d amage i n  
the  aggregate has  been or wi l l  probab l y  be s u sta i ned , a s  
t he  res ul t of s uch event; o r  
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{3) t he Commi s s i on f i nds that  $5 , 000 or more of d amage 
offs i te has been or wi l l  probab l y  be s u sta i ned by e ach of 
50 or more persons , prov i ded t hat $1 mi l l i on or more of 
such  d amage i n  the ag gregate has  been or wi l l  probab l y  be  
s u sta i ned a s  the  res ul t of such  event . "  

The P a nel i s  awa re of the l a rge number of l aws u i t s  and ot her c l a i m s  that 

h ave been fi l ed a s  a resu l t of the  TM I -2 acc i dent wi th  a l l ega t i ons of damage 

tot al l i ng h undreds of mi l l i ons  of dol l a rs . I n  l i ght of the l a rge number and 

natu re of c l a i ms ,  t he P a nel  cou l d s pecul ate t h at the  speci fi ed dol l a r l eve l  

of damage " i n  t h e  ag gregate ha s been  or wi l l  probab l y  be  s usta i ned a s  the  

res u l t of s uch eve nt . "  To  i t s knowl ed ge the s e  c l a i ms do  not  al l ege damage 

i n  the nature of a phys i ca l  abuse  to t he prope rty ( s uch as  m i ght come from 

co nt am i nat i on ) t hat can  be ea s i l y  measured . Rath er , t he damage s c l a i med 

rel ate  to  expe nses  ( s uch as  tempo rary l i v i ng expe nses ) i ncurred by members 

of the pub l i c  a s  a re su l t of the acc i de nt , or  to  a l l eged dec l i nes  i n  

the  va l ue of the  property . At t h i s poi nt , t he P a nel i s  u nab l e to  p l ace a 

monetary l evel  on such  damage . I t  may be  th at t h e  do l l a r f i g ure  for payme nt s 

of such c l a i ms  c ou l d rea sonab ly  act as  a surrogate or subst i tute  for the  

f i gure of  " offs i te damage , "  or at l east  that  the deta i l ed account i ng nece s s a ry 

to s uppo rt such c l a i m s  coul d s at i sfy t he cri teri on .  Eve n i f  th i s  we re s o  -­

and t he P a nel i s  not convi nced t hat s uch c l a i ms d o  i ndeed repres ent " offs i te 

damage " fo r ENO  purposes  - - e i ther  a fi gure  on paya b l e c l a i ms set  by the  

court s or a compi l at i on of the  fi nanc i a l  data  su pport i ve of s uch  c l a i ms wi l l  

probab l y  n ot be prod uced fo r somet i me .  The most recent fi g ure of $1 , 306 , 49 5  

represe nt i ng ( a s  of December  1 4 , 1 9 79 ) t he c l a i ms pa i d  by t h e  two n uc l e ar 
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i ns urance po o l s for evacuat i on and rel ate d ex pe nses  g i ve l i tt l e i n di c at i o n  

o f  wh at out st a nd i ng  c l a i ms m i ght b e  susta i ned by the  court s . 

One  di ffi c u l ty i n  u s i ng c l a i ms pa i d , whether vol untar i l y  by t he i n s urance  

pool s o r  u nde r  the  di rect i o n of court s , i s  that t he vari o u s  l aws u i ts  a n d  

cl a ims  may c omb i ne a number  o f  ty pes o f  i nj ur i es a n d  damage s , s ome o f  wh i ch 

mi ght not neces sar i l y  fa l l wi t h i n the  categori es of damage en ume rated i n  1 0  

CFR §1 40 . 8 5 ( b ) . I n  t h i s rega rd , the  reg ul at i on  states  that :  

" As used  i n  s ubparagraphs  ( 2 )  and  ( 3 )  of pa ragraph  (a ) 
of t h i s sect i on ,  " damage " sha l l be t h at ar i s i n g  out of 
or re s u l t i ng from the  radi oact i ve ,  tox i c ,  expl os i ve ,  or 
ot her  h a za rdo u s  propert i e s  of source , s peci a l  nuc l e ar ,  or 
byprod uct mater i a l , and  sha l l be based u po n  est i mates of 
one or more of the  fo l l owi ng .  

( 1 ) Tot al cost necessary to put affect ed prope rty 
back i nto u se , 

( 2 )  Los s  of u se  of affected prope rty , 
( 3 )  Va l ue of affected  property whe re not pract i c al  

to resto re to  u se , 
( 4) F i nanc i a l  l os s  res u l t i ng from prot ect i ve act i ons 

ap propr i at e  to reduce or avo i d  ex posure to radi at i o n or to  
rad i oact i ve mate r i a l s . "  

As st ated ab ove , t he Pa nel  i s  not awa re of any prope rty h a v i ng been removed 

from u se becau se of any phys i c al  i nj ury to that property t hrough  cont am i n at i on 

by rad i oact i ve materi al  or  other means . No decont ami nat i on of any k i nd  h ad 

to  be carr i ed out w i th  res pect to offs i te prope rty a nd no  re sto rat i o n  work 

needed to be u n de rt ake n .  The l os s  of use that i s  typ i ca l l y  c l a i med  i s  

re l a ted to s uch matt ers as  the  c l os i ng of a bu s i ne s s  due  to  ev acuat i o n by 

t he propr i etor  or empl oyees  or , i f  the  ent erpr i se rema i ned o pe n , a l os s  of 
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sa l es  or  bu s i nes s .  One  comment rece i ved i n  res ponse to  our Federa l Reg i st er  

Not i c e , for  exampl e ,  stated t hat " As a consequence of  the  rel ease of rad i o­

act i ve mater i al  a nd rad i at i on from Three M i l e  I s l a nd ,  ma ny b u s i nes ses 

expe ri en ced a reduct i on i n  sa l es of the i r  goods or  reduced demands fo r t he i r 

serv i ces . Ba sed u pon  statement s of my own perso nal  cl i ent s ,  I wou l d es t i mate 

that the damages s u st a i ned ea s i l y  meet the  m i ni mum req u i rement s for an  ENO  

fi nd i ng . "  P a rt i cu l a r  emphas i s  wa s pl aced by o ne wi tness  at the  hear i ng he l d by 

t he P a nel i n  Ha rri sburg on  November 2 1 , on  the l os s  of tour i sm i n  Pennsyl va n i a 

a nd t he Pennsyl va n i a Dutch Country i n  the TM I reg i on  a s  repres ent i ng a n  

ac ut e  l os s  o f  va l ue o f  property . 

Two of the meas ures of damage to property ( " tot a l  cost neces s a ry to  p ut 

affected prope rty back i nto u se "  a nd " va l ue of affect ed property where not 

pract i c al  to  restore to  u se" ) strong l y  i mpl y some sort of phy.s i c a l  abu se of 

the  prope rty , s uch a s  contami nat i on th at ei ther  req u i res a cost to  restore 

t he prope rty to u se ( e . g . , a cost of decont am i natjo n )  or  cau ses  a tot a l  l os s  

of the prope rty becau se i t  ca nnot be pract i ca l l y  restored t o  u se .  I n  the 

context of these  two categori es of damage , t he " l os s  of u se of affect ed 

prope rty" cou l d rea sonab l y  be read as the l os s  of use  of the property dur i n g  

t h e  pe ri od afte r the acci dent and befo re t h e  prope rty wa s restored to  u se o r  

i ts val ue rep l aced. Wi t h  such a read i ng ,  t he l os s  o f  u se o f  property where 

no p hys i ca l  abuse of t he property h as taken  pl ace cou l d be cons i de red not t o  

b e  " damage"  fo r the speci fi c purpose  of mak i ng a n  ENO dete rm i nat i on .  The 

P anel i s  not conv i nc ed , however , t hat  for al l i t s appare nt l og i c ,  s uch  a 
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read i ng of " l o s s  of u se of affected prope rty " i s  i nev i tab l e .  An  equal l y  

acceptab l e i nt e rpret at i o n  o f  t h e  phrase " l os s  o f  use o f  affected prope rty " 

wau l d i nc 1 ude property vo 1 unt ari l y removed from serv i c e  due  to a fe ar of 

pos s i b l e  cont am i nat i on eve n though the property wa s neve r actua l l y  c ontam i ­

nated nor i ndeed eve n i n  danger of be i ng cont ami nated . The phrase  m i ght  

a l so i nc l ude prope rty o r  the  va l ue of  property shun ned by ot hers becau se a 

p sycho l og i ca l  a s s oc i at i on wi th  the  TM I acc i de nt . The P a nel f i nd s  that  the re 

i s  s i mpl y n o  data  ava i l ab l e at the  present t i me q ua nt i fyi ng  t he  damage 

i ncurred unde r th i s ex pans i ve read i ng of " l os s of use of affect ed property . .. 

Spec i f i c  Amount s of Damage 

In  add i t i on  to  s pec i fic i ty a s  to the type of " offs i te damage "  t h at must  be 

met , there i s  a l so the s pec i fi c i ty of the ca l cu l a t i o n  of d amage amount s t h a t  

mu st b e  cons i de red , n amel y: 

$2 , 500 , 000 or  more of damage ha s been or probab l y  wi l l  be s u s t a i ned  

by a ny one perso n or  $5 , 000 , 000 or  more i n  the  ag gregate . 

or 

$5 , 000 or mo re of damage by each of 50  or more pe rso ns  prov i ded 

that $1 , 000 , 000 or  more of s uch d amage has  been or wi l l  proba b l y  be 

susta i ned . 
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As specu l a t i ve a s  i s  the  quest i on  of wh ether the Three M i l e  I s l a nd acci d e nt 

reach ed t he presc ri bed aggregate l evel s of damages ( i . e. ,  t he $1 m i l l i on a n d  

$5 m i l l i on fi g ures ) t hat m i ght " ha[ve] been o r  probab l y  wi l l  be" s usta i ned 

as a res ul t  of " l oss  of u se of affected property , "  i t  i s  even more specu l a t i v e  

as  t o  wh ether  s uc h  damage as  may have been or may b e  susta i ned from t h i s 

acci dent can  m eet the  very speci fi c 11 Un i t 11 c ri teri a i n  t he  regu l at i on 

( e . g . , $2 , 500 , 000 by any o ne person; $5 , 000 or  more by each  of 50  persons ) . * 

The l argest s i ng l e c l a i m  rel ated to the l os s  of use  of prope rty of wh i ch 

t he Pa nel i s  aware ( from i nformati on prov i ded by the  nuc l ear  i n s urance  

pool s )  i s  fo r a t ota l  econom i c  l os s  by  o ne compa ny o n  the order  of $685 , 0 00 . 

Ot her c l a i ms al l ege damages i n  the  ra nge from $1 50  to $1 00 , 000 , wi th  an 

average ( exc l ud i ng  the  one c l a i m  menti oned i n  the prev i ou s sent ence ) of 

about $1 4 , 000 . I t  shou l d be noted , however , that  of the 1 1 6  econom i c 

consequence  c l a i ms rece i ved by t he pool s as  of December  1 4, 1 9 79 ,  on l y 6 0  

have i nc l uded a n  actual  do l l a r amount fo r damage s .  

The fi nal  category wi th res pect to the esti mate of damage i s  the  f i nanc i a l  

l os s  res u l ti ng from protecti ve act i ons appropr i ate to reduce  or avo i d  

expos ure to rad i at i on o r  to  rad i oacti ve materi a l s .  The mos t  obv i ou s exampl e 

of prot ect i ve acti ons wou l d be evacuat i on of persons  or  l i vestock . Tens of 

* The P a nel  recognizes that  if  the  $5 mi l l i on l eve l  i n  ag gregate damage s  i s  
reach ed i t  i s  u nneces s a ry to ca l cu l a te wh eth er any of t h e  1 1 u n i t 11 c r i teri a 
were met . 
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thousa nd s  of peopl e wi th i n  the  f i ve-m i l e  rad i u s  of the TM I -2 reacto r  cove red 

by t he Governo r • s evacuat i on ad v i sory ,  as wel l as  ot hers out s i de of the 

f i ve-m i l e  rad i u s ,  evacuated t he area afte r the March 28 acc i dent . It i s  fa r 

from c l e ar at t h i s  t i me wh ethe r al l or j u st some of the evacuat i o ns  wou l d be  

cons i de red " a p propr i at e"  act i ons  to  reduce or avo i d  exposure to t he rad i at i o n  

o r  rad i oact i ve materi al  from the  TM I -2 acc i de nt .  

As desc ri bed ea rl i er ,  however ,  regard l ess  of wh i ch of the evacuat i o ns m i ght  

be  cons i de red t o  h ave l ed to  " f i nanc i a l  l os s  resu l t i ng from prot ect i ve 

act i o ns  ap propr i at e  to red uce or avo i d  ex po s u re"  to  the rad i oact i ve materi a l  

from the  TM I -2 acc i dent , t he damage s b orne by the  evacuees wou l d h ave to  

reach the l evel s ( t hat i s ,  50  or  mo re perso ns s u st a i n i ng $5 , 000 e ach ) 

presc r i bed i n  the  regul at i ons ( u n l e s s  the  ag gregate  damage s  were $ 5  m i l l i on ) . 

U s i ng t he pe r d i em rates ut i l i zed by t he nuc l ear i n s urance  po ol s to  re i m­

burse  pa rt i e s who evacuated purs uant to Governor Thornburgh • s  ad v i so ry 

( n amel y $50 pe r person per day )  each of 50  s uch pe rsons  wou l d h ave h ad t o  

rece i ve such pe r d i em for 1 00 days . Th i s  d i d  not occur . *  

* A repo rt prepa red unde r contract to  t h e  N R C  by Mounta i n West Research 
I n c .  wi th  Soci a l  Impact Research  I n c .  prov i des  anot her  pe rs pect i ve on  
t h i s que st i on .  The  prel i m i nary repo rt on  the  " Th ree M i l e  I s l a nd Tel e­
phone Survey"  ( NUREG/CR- 1 093 } September , 1 9 79 c onc l ude s th at ba sed on 
s urvey i nformat i o n prov i ded by te l ephone cont act s of a l a rge s ampl e of 
ho u seh o l d s  i n  the TM I a rea , t he tot a l  cost of the acc i dent to  househo l d s  
wi th i n  1 5  m i l e s of TM I wa s est i mated at  $1 8 m i l l i on o f  wh i ch evacuat i o n 
costs  represented some $8 . 8  m i l l i o n .  The med i an  cost of evacuat i on wa s 
g i ven  as  $1 00 per hou seho l d .  Th e med i a n  l engt h  of stay out s i de t he  a rea 
was 5 days , a nd the  ra nge wa s from 1 to  6 2  days . 
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I n  s ummary , t he P a nel  f i nd s that Cr i teri on I I  present s several  d i ffi cu l t 

prob l ems of i nt erpret at i on ,  t he reso l ut i on of wh i ch wou l d effect t he determi ­

nat i on of wh et her  the cri teri on  had been sat i sf i ed .  I n  any eve nt , t he 

ev i de nce ava i l ab l e at t h i s t i me i s  i n s uffi c i ent fo r the P a nel t o  determ i ne 

whether  Cri ter i o n  I I  h a s  been sat i sf i ed .  
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Financial Protection Requirements and 
Indemnity Agreements; Section 82:.... 
Procedures 

Pursuant to Its authority under Section 
11(j) of 'the Atomic Energy Act of 1954, 
as amended, 42 U.S.C. 2014(j), and 
according to § 140.82 of its regulations, 
10 CFR 140.82, the Commission hereby 
Initia tes the making of a de termination 
as to whether or not the recent accident 
at Three Mile Island, Unit 2, constitutes 
an extraordinary nuclear occurrence · 

("ENO"J. Although no peti tions 
requesting such a de termination have as 
yet been received, the Commission is 
aware of several factors which indicate 
that proceeding with the determination 
at this time is in the public interest. . 
First, it is clear that the events whi ch 
have taken pl ace at Three Mile Island, 
Unit 2, cons ti tu te the mos t serious 
nuclear accident to date at  a l icens ed 
U.S. facility, and thus sho uld be 
rigorously s crutinized from the 
standpoint of their effect on the public. 
Second, various lawsuits have been 
brought concerning this accident, and 
the determ.h"'lation of whether or not an 
extraordinary nuclear occurrence has 
taken place is pertinent to issues which 
may arise in those cases. The court has 
Informally asked the Commission for its 
view on the ENO ques tion, and the 
Commission would like to assist the 
court in this regard. 

The Commission invites interested 
persons to submit to the Commission. 
wi thin  thirty days of this announcement. 
any information in their possession 
relevant to this de termination. 
Submittals should, if possible, focus on 
the appli cation of the Commission's 
regula tions , 10 CFR 140.84 and 1 40.85, to 
the consequence of the Three Mile 
Island. Uni t 2, accident. This 
information, along with o ther 
Information assembled by the 
Commission from its own and other 
sources, will be considered by a panel 
composed of Commiss ion principal s taff 
a s  required by 10 CFR 140.82(b). The 
compos i tion of this panel, and the 
detailed procedures which the 

Commission proposes to follow. 
Including further provision for public 
participa tion, wlll be announced at a 
later date. Submittals should be sent to 
the Secretary of the Commission. U.S. 
Nuclear Regulatory Commission, 1717 H 
Street, NW •• Washington, D.C., 20555. 

Contact: Ira P. Dinitz, 301-492-8336. 

Dated at Washington, D.C� this 8th day of 
July 1979. 

For the Commis&lon. 
Samuel J. ChUk, 
Secretary of the Commission, 
Background Information 
Introduction 

If a nuclear incident occurs, one of the 
principal obstacles to a claimant's 
recovery for injuries or damages could 
be th e  necess ity o f  proving negligence 
on the part of the util ity or o ther 
defendants . In 1966 Congress a ttempted 
to remove this obstacle for certain 
nuclear incidents ("extraordinary 
nuclear occurrences"-ENOJ through 
contractual provisions termed "waivers 
of defenses," .resulting in an essentially 
no-fault scheme. These wa ivers were 
intended to expedite recovery for claims 
under the Price-Anderson Act in the 
event of an ENO. The following is 
intended to explain the waiver of 
defenses in greater de tail and to 
describe the criteria used by the NRC in 
making a finding as to whether or not an 
ENO has occurred. In order to better 
unders tand the waiver provision and the 
concep t of an ENO, an overview of the 
Price-Anders on Act is included. 

l Overview of the Price-Anderson Act. Under the Pri ce-Anderson Act, 
(which is a part of the Atomic Energy 
Act of 1954) there is a system of private 
funds and g overnment indemnity 
totalling $560 million to pay public 
liability claims for personal injury and 
property damage resul ting from a 
"nuclear incident." The Price-Anderson 
Act. which expires August 1 .  1987, 
requires licensees of large commercial 
nuclear power plants to provide proof to 
the NRC that they have fmancial 
protection in the form of private nuclear 
liability insurance, or in some other form 
approved by the Commiss ion, in an 
amount equal to the maximum amount 
of liability insurance available from 
private sources. That financial 
protection. $475 million at the time of the 
Three Mile Island (TMI) accident on 
March 28, 1979, co ns is ts of primary 
private nuclear liability insurance of 
$140 million provided by two insurance 
pools , American Nuclear Insurers (ANI) 
and Mutual Atomic Energy Liability 
Underwriters (MAELU) (which was 
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i n crP a sed t o  S1 60  m i l l i on on M a v  1 .  
1979--except  for TM I) a n d  a s e �o n d a ry 
la ver. In the event of a n u c l e a r i n c i d e n t  
ca. u s i n g  d�mages ex ceed ing S140 m i l l i on . 
each commercial  nucl e a r  po wer p l a n t 
l icensee would be ch arged by the 
insura nce poo ls  provi d i ng the i n s u ra n c e  
a prora ted sha re of d a m ages in e xcess 
of the  primary insurance layer up to S5 
mil l ion per reactor per inc id en t . 'Wi th 67 
large commerci al  re ac tors now 
opera t ing under this  syt; tem. the  
second a ry i n s urance l a yer to t a l s S335  
m i l l ion . Th us.  t h e  t w o  l a vers of  
insura nce a t  the t ime o f  tn e  Th11 
a cc i d e n t  to ta led $475 m i l l ion . The 
difference of $85 mi l l i on between th e 
financ ia l  protection layers of $475 
mill i on a n d  the $560 m i ll ion l i a b i l i ty 
l im i t es ta bl i shed by the Pri ce-An d erson 
Act  i6 provid ed by g overnmen t 
indemnity .  Government ind emni ty will 
gra d u a lly  be phased out as  more 
commercial reactors are l icensed and 
hcensees participate in the se cond l ayer 
of in suran ce . V\c'hen t h e  prima ry a n d  
secondary l ayers by themselves prov ide 
liability coverage of $560 m i lli o n, 
government  ind emn i ty will be 
elimin a t e d. The l i a bil i tv l im i t-now $500 
mill ion-would thereafter incre a se in 
increments of $5 mill ion for each n e w  
commercial reactor l icensed t o  operate.  

l/. ExtraordinaiJ· Nuclear 
Occurrence-General. A. Definition. 
Webs ter d e fines the t e rm 

· 

"ex tra ord inary" as "going beyo n d what  
is usual .  regu lar. or cu s t o mary . "  Viewed 
in this l igh t . the recen t events  a t  Three 
Mile Is l a n d may be termed 
extra ordinary.  since th ey would not 
occur during normal op era t ions a t  a 
nucl e a r  power p lan t . However, the term 
"extra ordinary nuclear occurrence " 
(E."VV) is prec ise ly defined by th e Price­
Anderson Act a s  fol lows: 

Th e  term "extraordinary nuclear 
occurrence" means any event caus ing a 
disch a rge or dispersal of source, special 
nuclear. or byproduct  ma.teri a l  from its 
)n rended place of confinement in a m o u n ts 
offsi le .  or ca using ra d i a t i o n  levels  offsite. 
which th  .. Commission d e termines t o  be 
subs t a n ual .  and which th e Comm i s s i on 
determines h a s  resu l ted  or probably will 
res ult  in s u b s t a n t i a l  d a mages to persons 
offs i r e  or properly offs 1 t e .  (Atomic Energy Act 
(as amendt>d). &ubsect ion llj .  42 U.S.C. 201 4j) 

The defini t ion thus pro\·ides a two­
pronged test:  (1)  Subs tant ia l  offs i t e  
re l e a s e  of ra d ioa ct ive ma terial  o r  
s u bs tan t ia l offs i te ra d i a t i on. and (2) 
substan tia l  offsi te damages.  This same 
sec t i on requires that  the Commission 
"es tabl ish criteria in wri t ing" for 
purposes of applying these te s ts to 
specific events. 

The s ignifi c a n ce of the ENO conce p t 
i s  tha t a p os i t ive d e t e rm i n a t i on th a t  a n  
ENO h a s  taken p l a ce m u s t  be  m a d e  by 
the Comm i ss ion before the "waiver  of 
d efe nse s" provis ions  o f  the Act.  
described below. can a pply to the 
a ccident .  In the even t o f  a "nucl e a r  
incident" tha t  is  d ec la red not  to be an 
E.'I\JO. Price-Anderson fun d s  are st i l l  
ava i l a b l e  and normal  defenses  
perm i t te d under  S ta t e law a re not 
wa ived . The insurance pools may 
dispense fun ds under their  pol ic ies .  
whether or not  there i s  a d e term i na ti on 
by the Comm i ss ion of an ENO. and in 
certa in si tua t ions a t  TMI have a lrea dy 
done so. 

B. Legislative History. Congre ss ional 
reports a n d  s t a tements by m e m bers of 
Congre ss in 1966. d uring the p a ssage of 
the ENO and re la ted provi s ion s, give a 
clear impression of Congress ional  
intent.  On one hand . i t  was fel t  that  if  
recovery of Pri ce-An d ers on funds were 
left en t irely to the statutes and 
p rinciples of State  tort l aw in th e event 
of a major nuclear a ccident,  many val id  
cla ims migh t be t ied up in  the courts for 
years.  Congress gave part icu lar 
a t tention to problems of va rying State 
sta tu tes of l imita tions (some States ,  for 
examp le. had not a dopte d the 
"discovery" ru le for concea l ed inj urie s-
which would run th e s ta tute of 

· 

limi t a t ions from the time the  injured 
party knew of or rea son a bly should 
have di scovered his injury). C ongres s  
was also concerned w i t h  the p oss ib il i ty 
th a t  some Sta tes migh t n o t  apply "stri ct  
lia bi l i ty" to a n u clear a ccident  s o  tha t 
inj ured parties might have to prove 
negligence.  On the other h a n d .  there 
was cons i d erable res i s tance to the total 
subs t i tu t i on of State law by crea t i on of a 
"Federal tort" for nuclear accidents .  

The result  of  th is balance of 
competing factors was  the "waiver" 
system. Under this  svstem the NRC 
cou ld require tha I  i ts licensees  agree to  
wa i ve certain State law d e fenses 
(contributory neg l igence , a s sumption of 
risk,  etc.)  as  part of the indemnity and 
insurance agreements. and thus cre a te 
"strict  l i abi l i ty" through the insurance 
pol i c ie s  and indemn i ty agreem ents. A 
s ta tu te of l imi t a t ion s would a lso  be 
incorpora te d  into these agreements ,  
wh i ch woul d come into p lay if s ta te 
sta tute of l imitations were more 
restrictive. Fina lly. a cons olida ted 
Fed era l court proceed ing would tie used 
to hand le al l  cl a ims i n  th e new sys tem . 

Ins urers feared, however, th a t  under 
s u ch a wa iver system they wo u ld be 
subjec ted to "nuisance su i ts." The 
insurance industry fel t  tha t  it should not 
be requ ired to waive the usual  defenses 
a vailable to i t  under State t ort law for 

those " n u c l e a r  inc i d e n t s "  v.c h i ch h il d  
re s u l te d i n .  a t  m o s t .  rr. i n o r  o ffs i t e  
re l e a s e s  a n d  prop er ty d a m age.  Th e  
insura n ce p oo l s  u rg e d  t h a t  s u c h  c a s es 
could be .  a nd s h o u l d  be.  d e a l t  w i t h  
w i t h i n  the  u s u a l S t a l e  tor t  l a v.c  s v s t em. 
part i cularly s ince m i nor a cc id e n.t s  
w o u l d  not  g ive r is e to the need for q u i ck. 
ma ssive recoveries.  

To meet  this concern.  Co ngre s s  
deve l op ed t h e  "ENO"' con cep t . Th e 
waiver provis ions  wou ld be a c t iv a ted 
on ly if an "extra ordinary nucle ar 
occurrence" took p l a ce .  The ENO was 
in tend ed to be an event  c a u s ing both 
subs ta n t ie l  offs i t e  re leases  of ra d i a t i on 
and substant i a l  o ffs i t e  damages  t o  
persons o r  pro perty . Th e Comm i s s i on 
was given broa d d i scre t ion  (free of  
ju d i cia l review) to  d e term ine what  
cons t i tutes  a n E � O .  but wa s  re q u ired b y  
the 1 966 amen d m en ts to p u b l i sh writ ten 
cri teria which would be a d op t ed  a fter a 
public rulemaking process . 

Congre s s i on a l  s ta t emen ts indica te 
that a p p l i ca t ion of the cri te ri a w ould be 
rela tively fl exi b l e , even thou£h precise 
numbers (such a s  a $5 m i l l i on damage 
figure) wou l d be selected i n  th e 
rulemaking. There is no in d i ca t i on that 
Congress inten ded the Commission to 
apply i t s  cri t eri a in  a rigi d fa sh i on . Still. 
i t  is equ a l ly cl ear tha t  Congres s  d i d  
desire a re a s onably specifi c  i n d e x  o f  
v.·ha t t h e  Commissi on con s i d ered 
"substant ial"  for purpose s  of a n ENO 
determina l i on. 

C. Wail·ers of Defenses. 'When the 
Commiss ion determines  tha t  a n  E.l\.10 
has occurred . then any defen d a n t  must  
waive: 

(1 ) Any issue or d efen s e a s  to th e 
conduct of the claim a n t  or fa ul t of 
persons ind emnifi e d . 

(ii) Any issue or defens e , a s  to 
chari ta ble or governme n tal  immunity.  
and 

(i i i )  Any i ssu e or defens e based on 
any s ta tu te of l im i ta t ions if sui t  is  
ins t i tu ted within three years from the 
d a t e  on which th e cl a i m a n t  first knew. 
o r  rea sona b ly could have kn own . o f  his  
injury or damage and the cause thereof 
bu t in no e \·ent m ore than twenty years 
after the da te of the nu c lea r inciden t . 

The waivers in s ubsect ion (i) rel a t ing 
to the fau l t  of all  p ersons indemnified 
re l i eve the claimant  o f  having to prove 
neg l igence by any defendant  and of 
having to disprove defenses such as  
con tributory negligence. To recover for 
da mages resul ting from a n  END, a 
cla iman t needs t o  prove tha t  h e  was 
injured or d am ag ed , the  m on e tary 
amount of the damages,  and the causal  
link between hi s  damages and the 
ra d ioact ive . toxic, explos ive or other 
hazardous prope�ties of the radioactive 
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material released. Thus. through this 
"no-fault" type of provis ion the principal 
obstacle to a claimant's recovery is  no 
longer proving negligence on the part of 
the defendant but ra ther showing that 
his injury or damage was caused by the 
ENO. 

The statute of l im i ta ti ons provision in 
aubsection (i i i )  of the waivers is no t 
intended to be more restricth·e than 
applicabl e  State  law.  Thus. if a S t a te 
had a statute of limi tations which 
provided that suits for personal injury or 
property damage resul ting from a 
nuclear incident could be brought any 
time within 30 years after the 
occurrence of  the incident . the 30-year 
sta tute would take prece dence over the 
20-year period specified in the Price­
Anderson Act 

The criteri a to be used by the 
Commi ssion will be fully discussed 
la ter. but a t  this point i t  ·should be 
reiterated that .  unless an ENO is  
d eclared bv the Gommission, the 
waivers or" defenses provi s i ons do no t 
apply. In s u ch a si tuation a claimant 
would h a ve exa ctly the s ame rights tha t  
he n o w  has  under exis ting tort law. 

The o th er major concep t in the 1966 
amendments is that  the Commission's 
a u thority to determine whether or not an 

ENO has  occurred is not revie wable by 
Hie courts .  . 

The 1 966 amendments also benefited 
injured persons in several other 
respects. The Commission was 
authorized to  make financial a s sistance 
payments to  cla imants immedia tely 
follo wing a nuclear incident, regardless 
of  whether an E.."!O determina tion h a s  
b e e n  m a de a n d  wi thout  requiring th e m  
to s i g n  a rel ease or otherwise 
compromise their claims. In the event of 
an END.  the 1 966 amendments 
a u thorized al l  cla imants to sue in the 
same Fed eral d i s trict court, genera lly 
under the same rules of pro cedure .  Any 
a ction d e aling wi th the same incident 
but pend ing in  any State court or o ther 

Federal district court could.  upon motion 
of the NRC or d efendan t, be removed to 
the s ingle specifi e d  dis trict court. 
Consol ida tion of all c la ims resul ting 
from an E.l\10 in a single Federal dis tri c t  
court would permit  al l  claimants to be 
treated equally.  Final ly . the 1966 
amen dmen ts modifie d  the Act to a s s ure 
tha t avai lable funds would be 
d istributed i n  accordance wi th a court­
appro\'ed plan m a king appropri a te 
a l lowance for l a tent inj ury claims if i t  
appeared t h a t  the total amount of all 

claim& might exoeed the limit on 
liability. 

Ill Criteria for Determining an ENO 
A. Language and Structure of the 

Criteria. For the Commission to make 
the determina tion that there has been an 
ENO both Criterion I and Criterion ll aa 
set out in the Commission's publi shed · 
regula tions (Title 10. Code of Federal 
Regulations, § § 140.84 and 140.85} must 
be mel The langu a ge of the criteria 
(especially Criterion I) is ra ther 
techni ca l  and precise and is expressed 
in terma of mea surements tha t l a ymen 
would not  be expected to m ake 
themselves.  For example, to satisfy 
Criterion I the Commission must 
determin e  th a t  there has be en a 
substantial discharge or di spers al of 
radioactive ma terial off th e  site of the 
rea ctor, or that there has been a 
substantial level of radiation offsi te . The 
Commission would d e termine that 
Cri teri on I had been met when, as a 
result of an event compris ed  of one or 
m ore related happenings. ra di o a ctive 
material is  released from i ti  intended 
pl a ce of confinement or ra di a tion levels 
occur off site and either of the following 
findings are also made.  

a .  The Conurussion finds that one o r  
more persons offsite were,  could have 
been. or might be expo sed to radiation 
or to ra dioa ctive ma teri al .  res ul ting in a 

· dose  or in a proj ected d o s e  in excess of 
one of  the levels in the fol lo\'."h'lg table:  

Crtllcaf orpon: 

'1¥1*l·-;:====== � badlt' 
Bone ...,.... ________ _ 
SUI ---· 
Ohr � cr -·-----

In mea suring or projecting doses, 
exposurei from the folloM.-ing types of 
ra di a tion shall be included: 

(1) R a diation from aources external to 
the body; 

(2) Ra di oactive material that may be 
taken into the body from air or water; 
and 

(3} R a di oactive m a terial that may be 
taken into the body from food or from 
land surfa ces. {or] 

b. The Commission finds that-
(1) As the result of a release of 

ra di o a ctive m a terial from a reactor there 
is a t  l e a s t  a total of any 100 square 
m e t ers of offsite property that has 
surface contamination.  This 
contamin a ti on must show levels of 
ra d i a tion in excess of one of the values 
l isted in column 1 or col umn 2 of the 
following table; or 

(2} As the result of a rele a s e  of 
radioa ctive ma terial in the course or 
transportation surface con t a min a ti on of 
any offsi te  property h a s  o ccurred. nus 
contaminat ion m us t  show levels of 
ra di a tion in excess of one of the values 
lis t e d  in column 2 of the following table.  

Total Surface Cont&"nination LAw. • 

Ut•ty's pr� b<oyonf 
1ne fence surTOUnOong 

the reactor I!.Mon 

Alpha """"''""'" from --.."ftC D0109M .. -�-- 3.5 nWc:rocone• per square me4er ---- 0.35 � per _.  
"""""· Alpha arnrt1IS!ion from ia:olopM o!:>er than Irani- 35 mic:rocunes per SQ.We mew 3..5 rrwcrDC>.Jries pa � uranoc - metlll'. 

Bel& or ll8fN'IA .............., ________ 40 milltrado/hou' at f eN. � � � at  1 em. llv:x•�· not mo<"e 1t1an 7 � pe1 1-.1110 """"' nol 
IIQU8f8 cen!lmatar ol total ai>&Ort«). """" "-> 7 """';)."""" per 

_...., _..._ ., IOal  
_,_,_ 

'The rnaxon>um - (aboo.oa beei<ground), o� or projected, 8 or more Inn - iAMI � 

Bas e d  on the information a va ilable to 
the NRC s taff a t  thi s tim e.  i t  appears 
th a t  n e i th er p a rt of Cri terion I is 
s a tisfied.  Both personal, exposures and 
property contamina tion are presently 
consid ered to be far bel ow the levels 

specified in the tables  s e t  o u t  above.  In 
the peri o d  March 26-April 7, the 
approximate upper lim i t  on whol e body 
dose to a person in a popul a ted a re a 
offi.ite has  been calcul a te d  to be 100 

mill irems. For th e  most part. p roperty 
contamina tion levels meas ured 
approxima t e d  "minimum detectable 
activity" level s.. 

If th e  Commission determines th a t  an 

event s a ti 11 fi e d  Cri teri on I. Criterion II 
mu s t th en be applied. U Cri terion I 
ca nno t  re a s onably be meL the 
Cor!'.missi on would concl u d e  th a t  there 
h a s  n o t  been .an F.NO. Cri teri on  U ia  
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s a ! i s f1 e d  i f  t h e  C o m m i s s i o n  makes  any 
of the  fo l lowing fi n d i ng s : 

(1 ) The event  h a s  res u l t e d  i n  t h e  d e a th 
or h o s pi t a l iza t ion .  w i t h i n  30 d a y s  o f  the 
e v e n t .  of  fi ve or more p e o p l e  l o c a t e d  
offs i t e  showing ·obj ect ive  cl in i ca l 
evidence  of phys i c a l  in j ury fro m  
exposure to the  ra d i o a c t i ve.  tox i c. 
exp lo s i v e  or other  h a za rd o u s  propert ies 
the reac tor's n u c l e a r  m a teri a l : or 

(2) $2.500.000 or m ore of d a m a ge 
offs i t e  h a s  been or wi l l  proba bl y  be 
su s ta i ned by a n y  o n e  person . o r  $5 
m i l l i on or  more  of  s u c h  damage i n  t o t a l  
h a s  been or will  pro b a b l y  be s u s ta i ned, 
as the re su l t of such event ;  or 

(3)  The Comm i s s i o n  fi n d s  th a t  55.000 
or m ore of damage o ffs i t e  h a s  been or 
will probably be s u s t a i n e d  by e a ch of  50 
o r  more persons,  pro v i d e d  t h a t S1 
m i l l ion or more of  such d a m a g e  in  t o tal 
h a s  be en or wil l  pro b a b l y  be s u s t a in ed,  
a s  the  result  of s u ch event .  

The term "damage" refe rs to  damage 
aris ing o u t  of or resul t ing fro m  the 
ra d i oact ive, toxic.  explos i ve.  or o th e r  
h a z a rdous propert ies  of  th e r e a c t or's 
nuclear ma teria l .  an d shal l  be b a s e d  
u p o n  e s t i ma tes of o n e  or  m o r e  o f  the 
foliowing: 

(1 ) Total  cost  nece s s a ry t o  put 
a ffected property b a ck i n t o  use.  

(2)  Loss of u s e  of a ffected property, 
(3) Value of  a ffe c t e d  property wh ere 

not pra ct ica l  to res tore t o  u s e, 
(4) Fi n a n c i a l  los s  re s u l t ing from 

protect ive act ions  such a s  e v a c u a t ion,  
a ppropriate t o  red u c e  or  avoid e x p o s ure 
to  ra d ia t i on or to ra d ioa c t ive m a terials.  

Based on the inform a t io n  a v a i l a b l e  to 
- the  NRC staff a t  this t ime, t h e  only 
ca t egory of  Cri ter ion I I  d a mages 
poss i bly s a t isfi e d  by the Three Mile 
Is land accident  is defi n e d  by (4) ,  namely 
fin ancia l  loss resul t ing fro m  protect ive 
act ions s uch a s  eva c u a t i on,  a ppropri a te 
to red u ce or avoid exposure to radia t ion 
or ra d i oa ctive m a t eri lt l .  A l i m i t e d  
nu mber o f  persons (preg n a n t  w o m e n  
a n d  s m a l l  ch i ldren)  w e r e  a d v i s e d  by the 
Governor of  Pennsvl v a n i a  to  leave the 5 
mile ra d i u s  of Thre

'
e M i l e  I s l a n d .  a n d  in 

ao doing incurred expenses.  The 
Insurance pools h11ve been 
compensa t ing the expen s e s  of  these 
fa mil ies .  Many o t h ers e \·a c u a t e d  the 
area a l th ough they were not ad \' i s e d  to 
do so. 

A deta i led a ssessment  of all l o s s e s  of 
this lyp'e might  reach t h e  S5 m i l l ion 
fl8ure o f  Cri terion JI ,  t h ough much would 
depend on how broudly the vurious  
dom11ge Cll lt>gorics of th is  cri te r i o n  were 
interpre t ed.  I t a pp e a rs un l i kely t h u t  
\'olun tH ry pdymcnts  by t he i n s u m ncc 
pools will rea ch this figure. The u m o u n t  
reco\•erablc in the v11rious co urt a c t ions 

is virt u a l ly  i m p o s s i b l e  t o  e s t i m a t e  at th is  
t im e . 

Th e 1 9GB a mendments  to th e Act 
requ ired the  Comm i s s ion t o  p r P p n re tmd 
publ i s h  for pu b l i c  comment  the cri ter ia  i t  
proposed to  opply  in decid ing  w h e t h e r  a 
n u c l e a r  inc ident  wa s an ENO. On M a y  
9; 1 968, the proposed ru l e  and 
a c c o m panying exp l a n a t i on appeared in 
th e  Federal Regis ter  ( 33  FR 6978 ) .  
Fol lowing a peri o d  of publ ic  c o m m ent, 
th e fin a l  rul e  w a s  p u b l i s h e d  on 
September 1 ,  1 968 with an effe c t i v e  d a t e  
of D e cember 1 .  1 968 (33 F R  1 5998). 

Th e d u a l  cri teri a  con ta in ed i n  the final 
rule w e re d e s igned t o  fol l o w  the. 
l anguage of th e 1 966 a me n d m e n t s  to the 
Act in d e fi ning an ENO: th ere m u s t  be a 
subs t a n t i a l· offs i t e  re lease  and 
substan t i a l  offs i t e  d ama ges . Th e specifi c  
v a l ues  incorpora ted  i n t o  the  cr i teria  
in ten t ional ly p l a ce a !a rge g a p  between 
a n  EN O a nd t h e  C o m m i s s i on's  
reg u l a t i o n s  governing o ffs i t e  rel e a s e  
during norm a l  opera t ions.  Th ose  values 
were in tended t o  represent  the A tomic  
Energy Commiss ion's  b e s t  judgme n t in  
d e c i d i n g  when t h e  Act 's  d e fin i t ion  o f  an 
E.\10 had b e e n  s a t i s fied.  The cri ter ia  
ha\'e  remain e d  unchanged since their 
a d op t i on in 1 968. 
(fR Doc. �::!689 f'1ird 7-�7� 845 amJ 
8R.LING CODE 7590-0 1-M 

4 3 1 3� 
-�� 





UNITED STATES 
NUCLEAR REG U LATORY COMM ISSION 

Office of Public Affairs 
Washington, D.C. 20666 

V<l.UME 5, NUMBER 26 
WEEK ENDING JULY 20 ,  1 979 

N EWS RELEASES 

No . 
Contact :  
Tel . 

7 9- 1 20 
Frank L .  Inqrlllll 301/4 92-7715 

F O R  IMMEDIATE RELEASE 
(Mai led - July 1 7 ,  1 9 7 9 )  

NRC PUBLISHES P ROPOSED RULE CHANGES I N  ANT ICI PATION OF 
US/ IAEA SAFEGUARDS AGREEMENT 

The Nuc lear Regulatory Commi s s ion . i s  repub l i s h i ng for 
pub l i c  comment proposed new requlations which would imple­
�en t the Uni ted State s / I n ternational Atomic Enerqy Agency 
( IAEA ) S a f eq uards Aqreement when it becomes e f fective . 

In 1 9 6 7 ,  the Uni ted S tates vo l unteered to have IAEA 
safequards applied to all ma j o r  U . S .  nuclear activities 
wi th the exception o f  those having direct national secur i ty 
signi f i cance . This o f fer was made to encourage the widest 
pos s i b l e  adherence to the Treaty o n  the Non- P r o l i fera tion 
of Nuclear Weapons , by demon s t r a t ing to other nations tha t 
they would not be p laced at a comme r c i a l  d i s advantage by 
app l i cation o f  s a f eguards under the trea ty� The o f fer 
also was a mani fes tation of u . s .  s upport o f  the interna tional 
saf eguards sys tem and demo n s t rat ed the U . S .  belief that 
IAEA sa feguards would not i nt e r f ere w i th peac e f u l  nuclear 
ac tivi t i e s . 

Fol low i ng formal nego t i a t ions between the U . S .  and 
t he IAEA , the IAEA Board of Governo rs approved the proposed 
US/ IAEA S a f eguards Agreeme n t  on September 1 7 ,  1 9 7 6 . The 
e.greement has been submi tted to the u . s .  Senate for i ts 
advice and consent to r a t i f ication as a treaty . 

The implemen tinq requlations are con tained in a pro­
posed new Part 7 5  o f  NRC regula tions , " S a f eguards on 
Nuclear Material-- Imp lementation of US/IAEA Agreement " 
and amendments to Parts 4 0 , S O ,  7 0 , 1 5 0  and 1 7 0 . They 
include prov i s ions to perm i t  IAEA i nspection of certa i n  
li censed i n s ta l l a tions : a requi rement for l i censees t o  
prepare a n d  submi t i n formation about the i r  i n s t a l l a tions ; 
yrovi s ions for the NRC to transfer such i n formation to the 
IAEA sub j ec t  to spec ial precautions i n  case o f  prop r i e tary 
or other sensi tive i n forma t ion � a req ui rement for subm i t ­
t i n g  reports required by t h e  Agency ; a n d  requirements for 
material accounting and control . 

The proposed regulations were f i r s t  pub l i s hed for 
p ublic comment in May of 1 9 7 8 .  The fol lowing November tqe 
Commi s s ion announced the ava i l ab i l i ty of same supplemental 
documents and ex tended the p ub l i c  comment period for 
another 30  days . 

Consideration of the comments has resulted in sub­
stant i a l  changes to the original propos a l . The Commi s s ion 
ha s decided to repub l i s h  the p roposed rule , wi th changes 
for the purpose of a f fording f urther opportuni ty for 
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l i censee parti 7 ipation in formu lating the pol icies and pro­
cedures tha t w�ll apply to their activities . 

Wri tten comments or s uqqe s t ions on the proposed rules 
should be sent by ( 4 5  days a f ter FR publication ) , to the 
Secr!tary of the Commi s s ion , Nuclear Reg u l a tory Commi s s ion , 
Wash1ng ton , D . C .  2 0 5 5 5 , Attention : Docke t i ng and Service �ranc� . The �ext o � the p roposed implementing requlations 
lS be1ng publ1 shed 1n the Federal Reg i s te r  on July 1 7 ,  1 9 7 9 . 

*** 

No . 
Tel . 

7 9 - 1 2 1  
3 0 1 / 4 9 2 - 7 7 1 5  215/337-5330  

F O R  IMMEDIATE RELEASE 
( Friday , July 2 0 , 19 7 9 )  

NRC INVITES P U B L I C  TO SUBM I T  INFORMAT ION TO AS S I ST 
IN DETERMI NATION ON THREE MILE I S LAND ACC I DENT 

The Nuc l e a r  Regulatory Commi s s i on is i n v i t i ng the pub 1 i c  
t. o  submi t i n forma t i o n  which w i l l  a s s i s t  t h e  Conuni s s i o n  i n  
de termi n i n g  whether t h e  waivers o f  d e f e n s e s  prov i s i o n s  o f  t h e  
P r i ce-Anderson Act should be app l ied i n  laws u i t &  i nvo l v i ng the 
March 28 accident a t  the Three Mile I s land Nuclear Pow e r  P lant 
in Pennsy lvania .  

The P r i c e-Anderson Act provides a sys tem o f  pr ivate funds 
and gove rnme n t  i ndemn i ty tota l i ng $ 5 6 0  m i l l i o n  to p a y  p u b l i c  
l i abi l i ty c l a ims for personal i n j ury and property dama g e  , 
res u l t i ng from a nuclear inciden t .  

I n  order t o  conc l ude that the w a i v e r s  o f  d e f e n s e s  p r o v i s ions 
o f  the P r i ce-Anderson Act apply , the Comm i s s � o n  would have to 
�ake two speci f i c  f i nd i n g s  in regard to the accident a t  Three 
M i l e  I s land . The f i r s t  i s  that there was a s ub s t a n t i a l  r e l ea s e  
o f  radioactive mate r i a l  o f f s i te .  T h i s  i nvolves e i ther r a d i a tion 
do ses rece i ved by i nd i vi d u a l s  o r  rad i a t i o n  leve l s  o n  s p ec i f i c  
� reas o f  land . T h e  s econd f i nd ing i s  tha t the re w e r e  s ub s tan­
tial o f f s i te damages . The levels o f  o f f s i te rad i a t i o n  a n d  the 
damaqe amoun ts required by the Commi s s ion ' s  ex i s t i ng r e g u l a tions 
are discus sed in the a t tachme n t  to t h i s  announceme n t . 

I f  the Commi s s i o n  were to make these f i nd i ng s , the d e f en ­
dan t s  i n  t h e  Three M i l e  I s land laws ui ts would be req u i r e d  t o  
wa ive c e r t a i n  d e f e n s e s  they o therwi se m i g h t  have . To r e cover 
damages a claimant would not need to prove negli gence . T h e  
cla imant would o n l y  n e e d  to prove i n j ury or damaqe , the mone tary 
amo unt of the damages and that the damages were caused by the 
£o c c i den t .  

The waivers e l iminate c e r t a i n  d e f en s e s  based upon t h e  con­
duc t o f  the c l a imant , s uch a s  contr i b u tory neq ligence and 
l s sumption o f  r i s k . There a l so a r e  p rov� s � ons conce r n i nq the 
sta tute of limitations and the conso l 1 da tion o f  su1 ts i n  a 
single Federal D i s t r i c t  Cour t . 

The NRC s ta f f  has advi sed the Comm i s s i o n  tha t b a s e d  a n  
t h e  i n f o rma tion avai l a b l e  a t  t h i s  t i m e  i t  d o e s  no t b e l i eve 
t.he c.r i te r i a  nec e s s a ry to a c t ivate the waivers o f  de f e n s e s  
have been me t ;  i n  pi;L r-�icular , � the radiation released. appears 
to be severa l hundred times - l e s s  than tha t required to m e e t  
the c r i terion in t h e  regula tions . Howeve r , the Commi s s i o n  
t� l i eves more i n formation should be sought f rom the p u b l i c  a nd 
other sources . 

The Commi s s i o n  s a i d  t ha t a l t hough no p e t i tions have b e e n  
received reques ting that t h e  P r i ce-Anderson f i nd i n g s  b e  made 
there are several factors wh i c h  make s uch a de termi na t i o n  a 
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ma t te r  of p � b l i c  i n te re s t . F i r s t ,  the a c c i dent a t  T h r e e  M i l e  
I s l and i s  t h e  mos t  se rious n u c l e a r  a c c ident t o  d a t e  a t  a 
licensed U . S .  fac i l i ty ,  and thus s h o u l d  be scruti n i zed r igor­
ous l y  from the s tandpo i n t  o f  i ts e f f e c t  on the pub l i c e 
Secondly , various l aws ui ts have been brought as a r e s u l t  o f  
the acciden t ,  and a determi n a t i o n  b y  the cc�mzr.i s s i o n  i s  p e r t i ­
nent t o  i s s ues which may a r i s e  i n  tho se c a s e s . T h e  F e d e r a l  
D i s tr i c t  Court i n  Harri sburg h a s  i n f o rma l l y  asked t h e  Commi s ­
s i o n  f o r  i t s  v i ew on t h i s  ma t t e r , � n d  t h e  Commi s s io n  w o u l d  l i k e  
t o  a s s i s t  t h e  Cour t .  



American Nuclear Insurers has acivisecl the NRC that i ·; has 
been p a y i nq c l aims for l i v i ng expenses o f  preqnant women �ncl 
pre- school age chi lclren who evacuatacl the f ive-mi le area i o ! l ow ­
inq the March 2 8  acciclent f o r  the periocl covarecl by Goverr.�r 
Rl.charcl Thornburqh ' a  aclvieory . Paymen ts wart al.ao macle to 
huabancla ancl o ther f ami l y  members o f  the a f fectecl i ncli viclua l a  
w h o  chose to . evacuate w i th them . T h e  deci sion t o  p a y  cl a�=• 
for expanses o f  other persona l i ving wi thin the f i ve-mi l e  area 
no t coverecl by the Governor ' s  aclvi sory to pregnant women 3�4 
pre-school age chi ldren--such as those f i lecl by persons ••i th 
spec i a l  mecli c a l  problems . who woulcl have hacl extreme d i f • i c u l ty 
evacua t i nq the area on s ho r t  notice and who therefore chose not 
to s tay--was macle on a case-by-case ba s i s . 

As of June 2 8 ,  cumu l a tive payments for evacuation nade to 
approximately 1 0 , 0 0 0 - 1 2 , 0 0 0  i nd i v idua l s  were $ 1 , 2 7 5 , 0 7 2 . To 
date , twenty leqal actions have been i n i t i a ted i n  Penns y :  •1a. n i a  
S ta te a n d  Feder a l  courts . A J. l  o f  the s e  ca s es are now pe!� · a nq 
before the Federal D i s t r i c t  C o u r t  in Harri sburq . Add i t l. c .,al 
c l a ims have been recei ved by Amer ican Nuclear I n surers f r :_ ,., 
ind i v i d ual s and bus i n e s s e s  both wi thin and o u t s ide the f i \; <! ­
mi le radius o f  the plant , c l a iml.nq damaqes for personal i n j ur� 
loss o f  u s e  and value o f  property , and business losses res u l t ­
i n g  from the acciden t .  A N I  reports i t  s t i l l  i s  reviewinq tho se 
c l a ims . 

In i ts reque s t  for p u b l i c  commen t , the Commi s s i o n  i nv i ted 
i n teres ted persons to s ubmi t ,  w i thin 30 days , any i nforma t i o n  
r e l e v a n t  to mak i n g  t h e  " extraordinary nuclear occurrence •• 
de termi nation unde r . tb& P r i ce•Anderson Act and to focus , i i  
pos s ib l e , o n  the a p p l i c a t i o n  o f  Sections 1 4 0 . 8 4 and 1 4 0 . 8 5 o f  
NRC req u l a t ions w i th r � pect to the Three M i l e  I s land accictent . 
These provi s ions , together w i th o ther i n forma tion on the s ub­ject ,  are described i n  the a t tachment to th i s  announcement; . 
I n f o rmation provided by the pub l i c , a lonq w i th i n formation 
assembled by the Commi s • io n  f rom i ts own and other sources , 
wi l l  be cons idered by a panel composed of NRC pr i ncipal s ta f f . 
The compo s i tion of thi s pane l , and the deta i l ed procedur es 
which the Commi s s i on will f o l low , i nc l udinq f urther prov i s i�n 
for pub l i c  participa tion , will be announced la ter . 

Subm i t t a l s  s h o u l d  be s e n t  to the Secre tary , u . s .  Nuc1aar 
R e g u l a tory Cc•mmi s s i o n , Was h i n q ton , D . C .  2 0 5 5 5 . Copies of 
these s ubmi tta l s  will be p l a c ed i n  the NRC P u b l i c  Document 
Room, 1 7 1 7  H S tree t ,  NW, Wash i n g ton , D . C . , a nd in the loca l 
pub l 1 c  document room i n  the Government P ub l i cations S e c t i o n , 
S tate L ibrary of Pennsylvani a ,  Commonwealth and Walnut S t reets , 
Harri sburq . 

NOTE TO E D I TORS : Membe r s  of the pub l i c  may obta i r• th i s  
i n f o z ma ti o n  package a t  ti1e ma i n  pos t  o f f i ce in Harri sburg , 
Lanc a s ter , York , Middl e tcwn , E l i zabe thtc�n and Etters , PA . 

Attachment 

BACKGROUND I N FORMAT I ON 

I NTRODUCT I ON 
I f  a n uc l ea r  � n c i d�nt occur� . one of the pri nci p a l  o b s tac l es to a c l a imant ' s  
recovery for l nJ urJ es o r  daPiil ges cou l d  be the neces s i ty of prov i ng 
neg l i gence on the part of tre u t i l i ty or o ther defenda n ts . In 1 966 
Cong res s a ttempted to remove- th i s  olls ta c l e  for certa i n  n uc l ear i nc i dents 
( " e xtra?,rdi n a ry n u c l ear occ ur-rence� · - ENO l through contractual prov i s i on s  
termed wa i Vers o f  defenses , •  resu 1 ti ng i n  an essenti a l l y no-fau l t  
scheme . These wa i vers were i n tended to expedi te recovery for c l a i m s  
under the Pri ce-Anderson Ac t i n  the e v e n t  o f  an ENO . The fol l ow i ng i s  
i n ten�ed to expl a i n  the wa i ver of defenses i n  greater deta i l  and to 
des c r 1 be the c r i ter i a  used by the NRC i n  ma k i n g  a f i nd i ng as to whet�er 
or not an ENO has occurred . I n  order to better understand the wa i ve•· 
prov � s i ?n and the concept of an ENO , an overv i ew  of the Pri ce-Anderson 
Ac t 1 s  I nc l uded . 

I .  OVERY I EW OF THE PRICE-ANDERSON ACT 
Under the P r i ce:Anderson Ac t (wh � c h  i s  a part of the Atomi c E nergy Ac t 
of 1 95� ) there � �  a

. 
sys tem of pri Va te funds and government i ndemn i ty �o� l l 1 ng $560 m1 l l 1 o n  to pay p ub l i c  l i a bi l i ty c l a i ms for persona l 

I nJ ury and property dama g e  resu l ti ng from a " n uc l ea r  i nc i dent . " The 
P r i ce-Anderson Ac t ,  w h i c h  expi res August 1 ,  1 987 ,  req u i res 1 i c ensees of 
l a rge comnerc i a l  n uc l ea r  power p l a n ts to pro v i de proof to the NRC that 
they have fi na�ci a l protec t i o n  i n  the form of  pri v a te nucl ear l i a bi l i ty 
i nsuranc e , or 1 n  some other form a p p roved by the C011111i s s i on ,  i n  a n  
am?u n t  equa l t o  the ma x i mum amo u n t  of l i a b i l i ty i n surance a va i l a b l e  from 
p r i Vate sources . That f i na nc i a l  protec t i on , $475 m i l l i on a t  the t i me o f  
t h �  Three M i l e  I s l and ( TMI ) acci dent on Ha rch 28, 1 97 9 ,  cons i sts of 
p r 1 ma ry pri v a te n uc l ea r  l i a b i l i ty i n surance o f  $ 1 40 mi l l i o n  pro v i ded by 
two i nsurance poo l s ,  Amer i can Nucl ea r I nsurers (AN I ) and Mutua l A tomi c 
Energy L i a b i l i ty Underwri ters (MAELU ) (wh i c h  wa s i ncreased to $ 1 60 
m i l l i on on t1ay 1 ,  1 979 -- except for TM I )  and a seconda ry l ayer . In the 
event o f  a n u c l ear i nc i dent ca u s i ng damages exceed i ng $ 1 40 mi l l i on ea c h  
c011111erc i a  1 .  n �c l ea r  P?wer p l a n t  1 i censee wou l d  be cha rged b y  t h e  i n�urance 
poo l s , prov 1 d 1 ng the 1 n s u rance a prora ted s h a re of damages in  excess o f 
the prima ry i n s u rance l ayer up to $5 mi l l  i o n  per rea c to r  per i n c i de n t .  
W i th 67  l a rge c011111erc i a l  rea c tors n o w  opera t i ng under t h i s system , the 
�econda ry i nsuranc� l ayer tota l s  $335 mi l l i o n . Thus , the two l ayers of 
I n surance a t  the t 1 me of the TM I acci dent tota l ed $475 mi i l i on . The 
d i ffer�nc� of $85 m i l l i on between the f i n a nc i a l  protec t i on l ayers of 
$475 m 1 l l 1 o n  and the $560 m i l l i on l i a b i l i ty l i m i t esta b l i shed by the �r i ce-�nder�on A c t  is  p rov i ded by government i ndemn i ty .  Governme n t  
1 nd emn 1 ty w1 l l  gradua l l y  be phased out as  more c011111erc i a l  rea c tors a r e  1 i c ensed and 1 i censees p a rt i c i pate i n  t h e  second l ayer of i n surance.  
When the p r i mary and secondary l ayers by themsel ves provi de 1 i a b i l i ty 

co•eragP. of $560 mi l l i o n ,  l)overmucn t i ndet•tn i ty wi l l  be e l i m i na ted • .  T11e 
l i a b i l i ty l im i t - - now $560 n�i l l i o n  - - wo u l d  therea fter i ncrease : i � 
i nc retuents of S5 mi l l i on for each new conrnerc i a l  reactor l i censed to 
opera t e .  

I I .  EXT�_(ll\D LNARY MUCLEAR OCCURRENCE - - GENERAL 

l\, Defi n i t i o n  

Webster defi nes t h e  t e rm  "extraord i nary" as " go i n g  beyond w h a t  i s  u s ua l , 
reg u l a r ,  or cus tomary . " V i ewed i n  th i s  1 i g h t ,  the rec e n t  events a t  
Three Mi l e  I s l a n d  may b e  termed extraord i na ry ,  s i n c e  they wou l d  n o t  
o c c u r  d u r i n g  norma l o pera t i on s  a t  a n u c l ear power p l a n t .  However , the 
term "ex tt·aord i na ry nuc l ear occurrence " ( ENO l is  prec i s e l :t  defi ned by 
the P r i ce -.Anderson Act as fo l l ows :  

The tenn ' 'ex traord i na ry nuc l ea r  occurrence . .  mea n s  any even t caus i ng 
a d i scharge or d i spersa l of sourc e ,  s p ec i a l  n uc l ea r ,  or by product 
ma ter i a l  from i ts i n tended p l a c e  o f  c o n f i n ement in  amo u n t s  o f fs i te ,  
o r  caus i n g  rad i a ti on l evel s o f fs i t e , wh i c h the Conrni s s i on determ i n e s  
t o  be substan t i a l , a n d  wh i c h  t h e  C ommi s s i on determi n e s  h a s  r e s u l ted 
or proba b l y  w i l l  resu l t  in  s u b s ta n t i a l  damages to p e r s o n s  offs i te 
or property offs i te .  (Atom i c  Energy Act ( a s  amended ) ,  s u b s ec t i o n  1 l j , 
42 u . s . c .  20 1 4j ) 

The d e f i n i t i on thus prov i des a two - p ronged t e s t :  ( 1 )  s u b s t a n t i a l  offs i te 
rel ease o f  ra d i oa c t i v e ma te r i a l  or s u b s ta n t i a l  o f fs i te ra a i a t i o n , a n a  ( 2 )  s u b s tan t i a l  o ffs i te damag es . Th i s  s a m e  s ec t i on req u i res t h a t t h e  
Conrni s s i on " e s ta b l i s h c r i ter i a  i n  wri t i n g "  f o r  purposes o f  a p p l y i ng 
these tes ts to spec i f i c  event s .  

T h e  s i g n i f i cance o f  t h e  E N O  concept i s  t h a t  a pos i t i v e  determ i n a t i on 
tha t an ENO h a s  taken p l ace must be made by the C oavni s s i on before the 
"wa i ver o f  defenses " prov i s i on s  o f  the Ac t ,  descri bed b e l ow ,  c a n  a p p l y  
to t h e  a c c i d e n t .  I n  the event of a " n uc l ea r  i n c i de n t "  t h a t  i s  d ec l a red 
not to be an ENO , P r i ce-Anderson funds are s t i l l  ava•i l a b l e  and norma l 
defenses permi tted under State l aw are no t  wa i ved . The i n s urance poo l s  
ma y  d i spense funds under thei r p o l i c i es ,  whether o r  n o t  there i s a 
determi n a t i on by the Conmi s s i on of an ENO , a n d  i n  certa i n  s i tua t i o n s  a t  TM I  have a 1 ready done so . 

8 .  Legi s l a t i ve H i s tory 

Congres s i ona l reports and s ta teme n t s  by members of Cong r e s s  i n  ; 96 6 ,  
d u r i n g  t h e  passage o f  t h e  ENO a n d  re l a ted prov i s i on s , g i v e a c l e a r  
i mpres s i on o f  Congres s i on a l  i n ten t .  On o n e  ha n d ,  i t  wa s f e l t t h a t  if 
recovery o f  P r i ce-Anderson f u n d s  w e r e  l eft ent i rely to th e  s ta tutes a n d  

pr i nc i p l e s of S t a te t o r t  l a w  i n  the event of a maj o r  nuc l ea r  a cc i de n t ,  
ma ny va l i d  c l a i ms m i g h t  be ti ed u p  i n  t h e  courts f o r  years . Congress 
g a v e  pa r t i c u l a r  a t ten t i on to pro b l ems of v a ry i n g  S ta te s ta tutes of  . l im i ta t i ons ( some S ta te s , for examp l e ,  had no t a d o p ted the " d i sc o v ery " 
ru l e  for c o ncea l ed i n j ur i e s -- wh i c h  wou l d  run the s t a t u t e  of l i m i ta t i ons  
from the t i me the i nj ured p a r t y  knew of o r  rea sona b l y  s ho �l d  have d i s c o v e r e d  
h i s  i nj ury ) . C o n g r e s s  w a s  a l so c o n c e r n ed wi th the pos s i b i l i ty t ha t  some 
States m i g h t  not a p p l y  " \tfi c t. l i a b i l i ty "  to a nuc l ea r  acc i d e n t  s o  tha t 
i nj ured pa r t i e s  m i g h t  have· to pr0>1e n eg l i gence.  On the o ther hand , 
there was con s i dera b l e  res i s t a n c e  to t h e  t o ta l s u b s t i tu t i on of S ta te l aw 
by crea t i on of a " Federa l tot t " for n uc l ea r  a c c i dents . 

The res u l t of t h i s ba l a nc e  of compe t i n g  factors was the " wa i v e r "  s y s tem . 
Under th i s  system the NRC cou l d  requ i re tha t i ts l i censees agree to 
wa i ve certa i n  State l aw defenses ( c o n t r i bu tory neg l i g ence , a s sump t i on o f  
ri s k ,  etc . ) a s  part of the i ndemn i ty a n d  i n s u rance a g reemen t s , a n d  t h u s  
c rea te " s tr i c t  l i a b i l i ty" thro ugh the i n s u rance po l i c i e s and i ndemn i ty 
a greements . A statute of l i mi ta t i on s  wou l d  a l so be i ncorporated i n to 
these ag reements , w h i c h  wou l d  come i n to p l ay i f  s ta te s t a t u te of l i m i ta t i o n s  
were mo r e  restr i c t i ve .  F i na l l y ,  a conso l i dated Federa l court p roceed i ng 
wou l d  be used to ha nd l e  a l l  c l a i m s  i n  the new sys tem . 

I n s urers feared , however , tha t under s u c h  a w a i ver sys tem they woul d be 
subjec ted to " n u i s a n c e  s u i ts . "  The i ns urance i ndus try fel t tha t i t  
s hou l d  not be req u i red to wa i ve the u s u a l defen s e s  ava i l a b l e  to i t  under 
State to rt l aw for those " n u c l ear i n c i d e n t s "  wh i c h  had res u l ted i n ,  at  
most,  m i n o r  offs i te rel eases and property dama g e .  The i n s urance poo l s 
urged that s u c h  c a s e s  cou l d  be , a n d  shou l d  be , dea l t  w i th w i th i n t h e  
u s u a l  S ta te tort l aw system , �a r t i c u l a r l y  s i n c e  mi n o r  a c c i dents wou l d  
not g i ve r i s e  to the n eed for q u i c k ,  ma s s i ve recover i e s .  

T o  meet t h i s concern , Congress deve l o ped the " ENO" concep t .  T h e  wa i ver 
pro v i s i on s  wo u l d  be a c t i va ted o n l y  if a n  " 'ex traord i na ry n u c l ear occurrence" 
too k p l ace . The ENO was i n tended to be a n  event c a u s i ng b o t h  s u b s ta n t i a l  
offs i te rel eases o f  rad i a t i on a n d  substan t i a l  offs i te dama ges t o  person s 
o r pro perty . The Commi s s i o n  wa s g i ven broad d i scret i on ( free of j ud i c i a l  
rev i ew )  t o  determ i ne wha t con s t i tutes a n  ENO , b u t  was req u i red b y  t h e  
1 966 amendments to pu b l i s h  wri tten cri teri a whi ch wou l d  be adopted a fter 
a publ i t  r u l emak i ng protes s .  

Congres s i on a l  s ta tements i nd i cate t h a t  a p p l i ca t i o n  o f  the c r i t e r i a wou l d 
be re l a t i ve l y  f l e x i b l e ,  even though �rec i se numbers ( s u c h  as a S5 m i l l i on 
damage f i g u re )  wou l d  be s e l ected i n  the ru l ema k i ng .  There i s  no i nd i ca t i on 
tha t Congress i n tended the Conrni s s i on to a p p l y  i ts c r i ter i a  i n  a r i g i d  
fa s h i on .  S t i l l , i t  i s  equa l l y  c l ea r  t h a t  Congress d i d  des i r e a reasona b l y  
spec i fi c  i ndex o f  what the Con111i s s i on con s i dered " s u b s ta n t i a l " for 
purposes of an ENO determi n a t i o n .  



C. Wai vers of Defenses 

When the Conml s s i on determi nes thl t an END hi s occurred , then aey, derendant 
must wa i v e :  

( 1 )  

( 1 i ) 

( i i i )  

any i s s ue o r  defense a s  to the conduct of the c l a imant or 
fa u l t  o f  per�o.n� 1ndemnj f1 ed ,  

any i s sue o r  defen s e ,  a s  to chari tab l e  o r  gov ernmenta l 
i mmun i ty ,  and 

any i s sue  or  def�nse ba sed o n  any s ta tu te of  l i m i ta t i ons  i f  
s u i t i s  i ns t i tuted w i th i n  three years from the date on 
w h i c h  the c l a imant  f i r s t  knew , or  reasona b l y  cou l d  have known , 
of h i s  i nj ury or damag e  and the cause thereof , but  i n  no event 
more than twen ty years a fter the date of th e  nucl ear i nci den t .  

The wa i vers i n  subsec t i on ( i ) rel a t i n g  to the fau l t  of a l l  persons 
i ndemn i fi ed rel i eve the c l a i ma n t  of ha v i ng  to prove n eg l i g e n c e  by a ny 
defenaan t and of h a v i ng to d i s prove defenses such  as con tr i bu to ry neg l i gence.  
To recover for damages  res u l t i ng from a n  ENO , a c l a i m a n t  needs to prove 
that he was i nj ured or  damaged , the monetary amount  of  the dama g es , and 
the causal  l i n k  between h i s  damages and the  rad ioac t i ve , tox i c , expl o s i ve 
or other hazardous properti es of the rad i oact ive  mater i a l  re l ea sed . 
Thus , through t h i s " n o - fau l t " type of p ro v i s i on the p r i nc i pa l  o b s tac l e  
t o  a c l a i fl"'an t • s  recovery i s  n o  l ong er p ro v i ng neg i i gence on  the part o f  
the de fenda n t  b u t  rather showi ng that h i s  i n j ury o r  dama g e  w a s  ca us ed by 
the ENO.  

The s ta tu te of  l i mi ta t i ons  prov i s i o n  in  s u bsec t i on { i i i )  o f  the wa i vers 
is not  i n tended to be more restr i c t i ve than app l i c a b l e S ta te l aw .  Thus , 
i f  a State had a statute of l imi ta t i o n s  wh i ch provi ded that s u i ts for 
persona l i n j ury o r  property damage resu l t i ng from a nuc l ea r  i nc i dent 
cou l d  be broug h t  any time w i t h i n  30 yea r s  a fter the occ urrence o f  the 
i nc i dent , the 30-yea r s ta tute wou l d  take precedence over the 20-yea r  
per i od speci f i e d  i n  t h e  P r i c e-Anderson A c t .  

T h e  cri ter i a  to be u s e d  by t h e  Commi s s i on wi l l  be ful l y  d i scussed l a ter , 
but at th i s  po i nt i t  s hou l d  be rei tera ted tha t ,  unl ess an ENO i s dec l a red 
by the Commi s s i on ,  the wa i vers of defenses prov i s i ons  do  not appl y .  In 
such  a s i tua t i o n  a c l a i ma n t  wou l d  have exac t l y  the same ri ghts  that he 
now has under exi s t i ng tort l aw .  

The o ther maj o r  concept  i n  th e 1 966 amendments  i s  tha t the Cor.mi s s i on ' s  
a u tho r i ty to determ i n e  whether or not a n  ENO has  occurred i s  not rev i ewa b l e  
by t h e  courts . 

The 1 966 amendments a l so benefi ted i nj ured persons i n  s evera l o ther 
respects . The Commi s s i o n  wa s author i zed to ma ke f i nanc i a l  a s s i s tance 
payments to c l a imants i nmed i a te ly fol l ow i ng a n uc l ea r  i nc i den t ,  reqa r d l e s s  
o f  whether a n  E N O  determi nat ion  has  been  made and wi thout requ i r i ng them 
to s i qn a re l ea s e  o r  o therw i s e  comprom i s e  the i r  c l a i ms .  I n  the event o f 
iln E(<IQ , th� 1 966  amendmen t s a u thori 7.cd a l l  c l a i ma n ts Lo s u n  i n  the susne 
Federa l d i s tr i c t  court ,  genera l l y unoer the s ame ru l es of p ro cedu re · . •  
Any a c t i on dea l i ng w i th  the same i n c i dent but  pend i ng i n  any S ta te ' court  
o r  o t her Federa l d i str ict  court cou l d ,  upon  mot i on of  the NRC o r  defendan t ,  
be  removed t o  t h e  s i ng l e  spec i f i ed d i s tr i c t  court . Conso l i da t i on o f  a l l  
c l a i ms res u l t i ng from a n  ENO i n a s j ng l e  Federa l d i str i c t  court wou l d  
permi t a l l  c l a i ma n ts to · be-· ·ereated equa l l y.  F i na l l y ,  the 1 966 amendmen ts 
moQ i f i ed the Act to a s sure tha t ava i l a b l e  funds wou l d  be d i s tr i bu ted i n  ac cordanc e w i t h  a court-a pprove·i p l a n  ma k i ng appropri a te a l l owance for 
l a tent  i nj ury c l a i ms if i t  appeared that the tota l amount o f  a l l  c l a i ms 
m i g h t  exceed the l i mi t on l i ab i l i ty .  

I l l .  C R I TER I A  F O R  DETERM I N I NG AN E N O  

A .  Language and S tructure o f  the Cri teri a  

For the Commi s s i on to ma ke the determi nati on tha t there has  been a n  ENO 
bo th Cri ter ion  I and Cr i ter ion  I I  a s  set  out in the Commi s s i on ' s  publ i s hed 
regu l a ti on s  ( Chapter 1 0 ,  Code of  Federa l Reg u l a t i on s , sec t i ons  1 40 . 84 
and 1 40 . 8 5 )  m u s t  be met . The l anguage o f the c r i ter i a  (espec i a l l y  
C r i te r i on I )  i s  rather techni cal  and prec i se and i s  expressed i n  terms 
o f  meas urements that l aymen wou l d  not be expected to make themse l ves . 
For examp l e ,  to sat i s fy C r i ter i o n  I the Commi s s i on must determ i n e  that 
there has  been a substanti a l  di scharge or  d i s persa l of rad i oa c t i v e  
ma teri a l  off the s i te o f  t h e  reacto r ,  or t h a t  there has  been a subs tan t i a l  
l ev e l  of rad i a t i on offs i te .  T h e  Commi s s i on wou l d  determi ne tha t Cri ter i on 
I had been met when , as a resu l t of an event compr i sed of one  o r mo re 
re l a ted ha ppen i ng s ,  rad i oa c t i v e  ma teri a l  is rel eased from i t s i n tended 
p l ace of confi n emen t  o r  rad i a t i on l evel s occur offs i te and e i ther of  the 
fo l i owing  f i nd i ngs are a l so made.  

a .  The Commi s s i on fi nds tha t one o r more persons offs i te were , 
cou l d  have been , or might  be exposed to rad i a t i on or to. rad i oac ti ve 
ma teri a l , res u l t i ng in a dose o r  i n a projected dose in excess 
o f  one of  the l evel s i n  the fol l ow i n g  tab l e :  

TOTAL PROJECTED RAD I A T I O N  DOSES 

C r i t i ca l  organ 

T hyro i d  
;.Jho l e  body 
Bone Ma rrow 
S k i n 

• 

Other organ s  or ti ssues 

Dose ( rems ) 

30 
20 
20 
60 
30 

b .  

I n  mea s u r i ng o r  proj cc ti nq doses , exposures from t h e  fo l l owi n g 
types of rad i a t i on s ha l l  be i nc l uded : 

( 1 )  Rad i a ti on from sources ex terna l to the body ; 

( 2 )  

( 3 )  

19.!:1 

Rad i oac t i v e  ma te r i a l  tha t ma,v be taken i n to the body from 
a i r  o r  water; and · 

Rad i oac t i ve ." � ti!r i � l  "tha t may be taken i n to the body from 
food o r  from l and surfaces . 

The Commi s s i on fi nds that - -

( 1 )  

( 2 )  

A s  the res u l t o f  a rel ease  o f  rad i oa c t i v e  ma teri a l  f rom a 
reac tor there i s  a t  l ea s t  a tota l of any 1 00 square  
meters  o f  offs i te property tha t has su rface c o n tam i n a t i o n .  
T h i s  c o n tam i na t i o n  m u s t  s how l ev e l s o f  rad i a t i on i n  
e x c e s s  of o n e  of  t h e  va  1 u e s  1 i s ted i n  co  1 umn 1 o r  co  1 omn 2 o f  the fol l ow i n g  ta b l e , .!l!, 
As t h e  resu l t  of a rel ease  of ra d i oa c t i ve �ate r i a l  � n  the 
co ur se o f  t r a n s porta t i o n  s u r f a c e  c o n ta m i na t i o n  o f  a n y  
o ff s i te property ha s occurred . Th i s  con tam i na t i o n r.!U S t  
s how l eve i s o f  rad i a t i o n i !"l  e x c es s o f  o n e  o f  t h e  va l u e s  
l i s ted in  co l umn 2 o f  the fo l l ow i n g ta b l e .

* '  _! 
TOTAL SURFACE COl'-lTAM I :·iAT I ON LE 'J E L �  

C o l umn 1 Col umn 2 

Type o f  
emi tter 

U t i l i ty ' s p r o p e r ty beyo n d  
t h e  fence surround i ng th e  
reactor stati on . 

J t h e r  o f f s  i te 
property 

Al pha en111i s s i on 
from transura n i c  
i sotopes 

3. 5 mi crocuri e s  per square 
meter 

0 . 3 5 m i c r oc u r i e s  
p e r  square  me ter 

A l pha enmi s s i on 
from i sotopes 

35 mi  c r oc u r i  es per s q u a r e  
meter 

3 . 5 !!". i croc u r i e s 
per s q u a r e  rr:et.er 

o ther than transura n i c 
i so topes 

Beta o r  gamma 
enmi s s i o n  

40 mi l l i r a d s / ho u r  a t  
1 em . ( mea s u red through 
n o t  more than 7 mi l l  i ­
grams per square cen t i ­
meter o f  t o  ta l absorbe r )  

4 :n i l l  i ra d s / h o u r  
a t  � em . (:r.ea s ured 
thro ug h n o t  more tha t 
7 n i 1 1  i g rams ? e r  
souare c e n t i me t e r o f  to ta i a b s o rber ) 

The ma x i mum l eveTS(above backg round ) , o b served or proj ected , 8 o r  
more h o u r s  a fter i n i ti a l  depos i t i on . 

Otl S ed on the  i n fo nna t i on a va i l a b l e to the rmc s ta f f  a t  th i s  t i 1 : 1c . i t  
a ppea rs tha t n e i t h e r  pa rt  o f  C r i  ter1  on 1 i s  s a  r. i  s f i  ed . 3 o t n  p e r s o n a  1 .  
exposures a n d  property con tami n a t i o n  are  pres e n t l y  c o n s i dered to be f a r  
be l ow t h e  l ev e l s spec i f i ed i n  t h e  ta b l es s e t  o u t  abov e .  I n  t h e  p e r i od ·· 

March 28-Apri 1 7 ,  the a p p ro x i m a t e  u p pe r 1 i mi t on who 1 e bo d y d o s e  to a 
person i n  a popu l a ted a rea offs i te has  been ca l cu l a ted to be 1 00 ;11 i l l i rems . 
For the mos t pa r t ,  property con tami n a t i on l eve l s  mea s u red appro x i ma te d  
" m i n i mum detecta b l e act i v i ty" 'l ev_!! l S .  

I f  the Comm i s s i on de term i n e s · tha t a n  event s a t i s f i ed C r i ter i on ! ,  C r i ter i o n  I I  
mus t  then b e  app l i ed .  I f  C r i ter i on I cannot  rea sona b l y  b e  r.1e t ,  the  
Commi s s i on wou l d  conc l ude that there  has  n o t  been  a n  CJIO . C r i ter i on I I  
i s  sati s f i ed i f  the Commi s s i on makes  � of the fo l l owi ng  f i n d i n g s : 

( 1 ) 

( 2 )  

( 3 ) 

The event has  resu l ted i n  the death or h o s p i ta l i za t i on , 
w i th i n  30 days of the even t ,  of f i v e  or more peo p l e 
l oca ted off s i te s howi ng objec t i v e  c l i n i c a l e v i dence o f  
phys i c a l  i nj ury from expo s u'"e t o  t h e  rad i oac t i ·1 e , :ox i c ,  
exp l o s i ve o r  o ther : hazardous proper t i e s  the r ea c to r 1 s 
n uc l ea r  ma teri a l ; 2.1: 

$2 , 500 , 000 or more of dama ge o ffs i te h a s  been or w i l l  
probab l y  oe s u s ta i ned by any o n e  person , o r  $ 5  m i  1 1  i on o r 
mo re of such  damage i n  to ta l has  been o r w i l l  proOa b l y be 
s u s ta i ned 9 a s  the res u l t of  s uc h e v en t ; 2.1: 

The Commi s s i on f i nds t h a t  5 5 , 000 or 'iiO r e  o f da:na. g e  o f f s i !. e 
h a s  b een or wi l l  � roba b l y be s u s ta i n ed by e . c h  o f  'iO o r  
more p e r s o n s ,  prov i d ed tha t $ 1  mi l l i on c r  more 'J f  s u c n  
dama ge  i n  to ta l h a s  oeen o r  w i i l p roba b l y  b e  s u s t a i ned , 
as the res u l t of such  event .  

The term " damage"  refers  to damage a r i s i ng o u t  o f  o r  res u l t i n g f r o m  the  
rad i oacti ve , to x i c ,  e x p l o s i v e ,  or  o ther hazardous  �roper t i e s  o f  the  
reacto r ' s  n uc l ea r  materi a l , and s ha l l  be based  upon  e s t i ma tes o f  o n e  or  
mo re of  t h e  fol l owi ng : 

( 1 )  Tota l cost  neces sary to p u t  a ffec ted p r o p e r ty b a c k  i n to 
u s e ,  

( 2 ) 
( 3 )  

( 4 )  

Loss  o f  u s e  o f  a ffected property , 

Va l ue of affected property where not  prac t i ca i  to res t o re 
to u s e ,  

F i na nc i a l  1 o s s  resu l t i ng frcn1 protec t i v e  a c t i o n s  s u c h  a s  
evacua t i o n ,  a ppropr i a te ;: o  red u c e o r  a vo i d  ex p o s ure to 
raa i a ti o n  o r  to ra a i oa c t i ve rr:a te r i a l s . 



Based on the i n forma t i on ava i l ab l e  to the NRC s ta ff at thi s t i me , the on ly  
ca tegory of Cri teri on I I  dama ges pos s i b l y  sa t i s f i ed by the  Three �li l �  
I s l and acci dent i s  def i ned by ( 4 ) , name l y  f i nanc i a l  l o s s  res u l t i ng from 
protecti ve actions  such as evacua t i on , appropr i a te to reduce or avd i d  
expos ure t o  rad i a t ion  o r  rad i oa ct i ve ma teri a l . A l i m i ted number of 
persons ( pregnant women and sma l l  c h i l dren ) were adv i sed by the Governor 
o f  Pennsy l van i a  to l eave  the 5 mi l e  rad i u s  o f  Three Mi l e  I s l and , and i n  
s o  do i ng i ncurred expenses·: ··  The .i nsu rance poo l s  ha v e  been compensa t i ng 
the expenses of these fami l i e s . Many others evacua ted the area a l though 
they were not a d v i sed to do so . 

A deta i l ed assessmen t of a l l  l osses  of th i s  type m i g h t  reach the SS  
m i l l i on f i g ure o f C r i ter i on I I ,  though  much wou l d  depend o n hciw broad ly  
the var ious  damage ca tegori es of th i s  c r i terion were i n terpreted . I t  
a ppears un l i ke l y tha t vol unta ry payments  by  the  i nsurance poo l s  wi l l  
reach th i s  fi gure .  The amount recoverab l e  i n the various  court actions 
is  v i rtua l ly impo s s i b l e  to esti ma te at th i s  t i me .  

T h e  1 966 amendments t o  t h e  A c t  requ i red t h e  Commi s s i on t o  prepare a n d  
publ i sh f o r  pub l i c  comment  t h e  c r i teri a i t  proposed t o  a p p l y  i n  dec i d i ng 
whether a nuc l ear  i nc i dent wa s an ENO . On May 9 ,  1 968 , the proposed 
ru l e  and ac company i ng explanati on  appea red in the Federa l Re1i s t;r ( 33 
Fed . � 6978 ) . Fo l l owi ng a period of publ i c  comment , the 1 na ru l e  
was pub l i shed o n  September 1 ,  1 968 wi th a n  effective  date of  December 1 ,  
1 968 ( 33 � � 1 5998 ) . 

The dua l cr i teri a  conta i ned i n  the fi na l  ru l e  were desi gned to fol l ow 
the l anguage of the 1 966 amenaments to the Act i n  defi n i ng an ENO : 
there must be a s u b s ta n t i a l  offs i te rel ease and substan t i a l  offs i te 
damages . ihe s pec i f i c  va l ues i ncorpora ted i n to the c r i ter i a i n tentiona l l y  
p l ace a l arge g a p  between a n  ENO a n d  the Commi ss i on ' s  reg u l a t i ons govern i ng 
offs i te rel ease d u r i n g  norma l opera t i on s .  Those 'la l ues were i ntended to 
represent the Atomi c Energy Convni s s i o n '  s best j udgment i n  dec i d i ng when 
the Act ' s  defi n i t i on of an E!IO had been sati s fi ed .  The cri teri a have 
remai ned uncha nged s i nce the i r  adopt i on in 1 968. 

�0 . 7 9 - 1 2 2  
C or. tact : F rank L .  Inqram 
r e l . 3 0 1/ 4 9 2 - 7 7 1 5  

* ** 

FOR IMMED IATE RELEASE 
(Mai led - Ju�y 1 7 ,  1 9 7 9 ) 

NRC CONS IDERING ADD ITIONAL REGULATIONS ON EMERGZNCY PLANS 

�he Nuc lear Requla tory commi s s ion is conside�inq the 
adop �ion o f  add i ti o n a l  r e q Q l a t i ons which wo uld e s �ab l i s h , a s  
a conCi t i o n  o f  powe 4 r e a c � o r  o p e r a t i o n , i n c r e a s e d  erner q eney 
r e a d i ne s s  :or p ub l i c  p r o t ec t i o n  i n  the v i c i n i ty c.: th e s e 
f a c i l i t i e s ; such r e g u l a t i o n s  would involve u � i l i �· l i c ensees 
a s  w e l l  a s  S tat:.e a nd local a uehori t i e s  and the �:l=.i.C . 

The action is one o f  many b e i nq �aken by the:. C om=.i s s i o n  
i n  respo!' s e  t o  t h e  Ma rch 2 8  a c c i d e n t  a t  the Thrae )(::. le I s lar:cl 
Nuc l e ar Power S ta ti on and also i s  respor.sive to :•co�=enCa­
" i ons from the Gener a l  Accounting O f f i ce and req� e s t s  f rom a 
���er of organ i z a t i o n s  i n c l udinq renewe� and su?� l emen t a l  
p e t i t i o n s  f o r  rul emak i ng f rom C r i t i c a l  Ma s s  a n d  ?ub l i c  
I n t e r e s t  Research Group , . ' 

The Commi s s ion is s e e k i ng p ub l i c  comment on the : c l �owi�c 
s ub j ects : 

' 

-t •  �·�ha t s hould be the b a s i c  o t j e c -:. i v e s  o : e:':'.e!"c;-er. ::�· 
:.. lanning ? Reduce p ub l i c  r a d i a t i on expo s u r e ?  P :rever. t  r; � l i c  
:aC i a t i o n  expo s ur e ? Capab i l i ty t o  evacuate � h e  � � l i e ?  T o  
what extent should th e s e  obj e c t i ve s  be quanti f i e : 7  

2 .  ;�ha t  c o n s t i t u t e s  a n  · e f fective eme rgency r e s por. s e  
? : a �  f o r  S ta t e  and l o c a l  a g en c i e s  a n d  !or N R C  l i = e � s ee s ?  
What are the e s s e n t i a l  e l ements that must b e  i n c l uded i n  
a �  e = f ec t i v e  p l a n ?  D o  e x i s ting NRC requi r ements and cuiCance 
: a c:-: a:1y of t:.he s e e s s e r. t i a l  e l emen t s ? 

· 

... . Shc u l C.  �.ZRC concurrence :.n -=.ne a s s c c i a -:.e ::. s : a � e  
.=.:"'.� :. o : a l.  er.'!.e r ; ency r e spor. s e  p l ans b e  a : e � t;. i. r err. � :: -:.  ! c :  
= = :-. � :. ::. -.;. e ::.  o p e r a t :. o n  o f  a n y  n uc l ear po\o.·er p j, .3. r:..t:. ·,.,· : :.� a :-. 
a:.:-: � .s :. .:. ;-. ;  c � e : a t J. ng :.. i c e :t s e ?  : :  so , ·..,·ne:-. s :, :: u.lci � :: i s  
� e. :-. -: = ::. :.  = e ::: ·.: .:. = e�ent = e c o::-.e e f : e c � :. ·: e "?  

.. .  s r. o u :.. c p r i o r  N RC concurrer:.c e :. ::.  :.:te a s s : · -: :. a t -$ ::  
5 :.a :. e  ar..d l o c a l  emergency r e s po n s e  p l a n s  b e  a :e:;::.:: r e::-.e:::. 
: : :  :.:-.s :. s s ·  ... ar.ce of any �ew o p e ra -e. :. n ;  : i : e :l. s e  : c =  a n ·.! e .: e a �  
po\!.·e: :;> l a n t ?  r :  s o , when s h o u ! d  thi s  g £ :! e � a l  :: e =.:;: -:.;. i r e::-.e :-. :. 
!::ie c c :-: e  e .: : e c t i v e . 

5 .  Should f i nanci a l  a s s i s tance be provided to S ta te 
and local governments for radi o logi c a l  emer g ency r e s ponse 
pl anning and prepa r edne s s ?  I f  so , to wha t extent a n d  b�· 
�·hat means ? What should be the source of the f unds ? 

-

? .  Should radiological emergency response dri l l s  be 
e.  r e q u 1. r eme n t ?  If s o , under whose a u thor i ty : Federa l ,  
3 t ate o r  : o c a l  gove rnmen t? To what extent should Federal , 
S t a t e , ar.d : o c a l  governments , and l i c e r:..s e e s  be required to 
?arti : i p a t e ?  

7 .  How and to what extent should the p ub l i c  be i n­
=o rmed , p r i o r  to any eDergency , concerning emergency 
ac � � o n s  it m i g h t  be c a l l ed �pon to take ? 

4 

8 .  Wha t:. a c t i o n s  should be t a k e n  ir. r e s �o n s e  to the · 
recor�vn.en d a t i o n s  of the j o i n t  NRC/EPA T a s k  F o i:-c e  R f p c r t  
( IIUREG - 0 3 9 6 / E?A 5 2 0 / l - 7 8 - 0 1 6 ) ?  

9 .  Under wha :.  c i r c um s t a n c e s  and u s i n g  wi", a t  = r i te r i  a 
should a l i c e n s e e  ncti !y S ta t e , l o c a l , and F e C e : a l  a a e nc i e s  
o f  i n c i d e n t s , i n c l ud i ng eme r g en c i e s ? When ; how , to �h a t  
exten t , and by whom s hou l d  t h e  p ub l i c  be no ti ! i ed o f  t h e s e  
i n c idents ? 

The comme n t s  r e c e i v e d  w i l l  be c o l l e c t e d  and eva l u a t ,ed 
by the �RC s t a f f , which w i l l ,  in turn , s u bm i t  r ee omme nda ·­
tions on propo s ed r u l e s  to the Commi s s i on .  B a s e d  o n  the 
commen t s  it receives f ro m  the p ub l i c  and the ana l y s i s  of 
the prob l em �re s ented by the NRC S t a f f , the C o�� i s s io n  � - i l l  
determine whe � h e r  to p r o c eed w i th a propo s e d : u : e  f o r  
r1 o t i c e  a n d  comment ar.d/or whether to ma k e  s u c h  r u l e  immed . i ­
� t e l y  e f f e c t i v e . � h e  Comm� s s ion a n t i c i p a t e s  co�p l e t � c n  c J f  
th i s  exped i ted rul emai:. i :1 g  i n  a p p r o x i m� t e l y  s i >: :::o n th s . 

The NRC s t a f f  is p r e s e n t l y  conduc t i ng a comprehen s i · •1e 
rev iew o f  all aspects o f  the NRC emergency p l a n n i ng and ;pre­
�ar edne s s  program . T h e r e f o r e , the C ommi s s i on is a l so i r.. · ter­
&s t ed � r.. rec e i v i ng commen t s  o n  a l l other a s p e c ":. s  of emer g e n c y  
? l a n n i nq , i n c l uding i s s ue s  r a i s e d  i n  the C r i ti : a l  � a s s / P  I R G  
pe t i t i o n  for rulema k i ng a nd que s t i o n s  such a s  t h e  f o l low i ng :  

1 0 . How a n d  c o  w h a t  e x t e n t  s ho u l d  the c o n c erns o f  
S t a t e  a:'ld l o c a l  g o v e r nmen t s  b e  i nc o r p o r a t e d  :. � �o F ed e r a l  
ra d io l og i ca l  ern.e rger.cy r e s p o n s e  p l an n i n g ? 

.1. � . F.o�,· s � o u l d  F ede r a l ag e nc i e s i :: -:. e: :: a c e  ·,.,,. i tr. S t a  t e  
and l o c a .:.. q o v e r :t.-nent.s and th e l i c en s e e  during -er..e : g e nc i e  s ?  

l � . S ho � : c  -c.he ! i c e r. s e e s  Z e  : e q u i reC �c 
loq i c a l  emer gency r e s p o n s e  t r a i n i ng f o r  S t a te 
gover��en t personne l ?  I f  s o , to what e x :. e n t ?  
F edera l government provide s u c h  t r a i n i n q ?  I f  
extent: 

-:: ro\· i d e  r a .d i o ­a::d l o c a l  
S hould t b e  

sc , �o whz � t  

1 3 . To wha t extent should r e l i ance be p �ced o n  
licensees f o r  t h e  a s s e s sment o f  the a c t u a l  o r  �'o t e n t i a l  
con sequences o f  an a c c i d e n t  w i th regard to i n i �; i a t i on o f  
< rotective action? T o  wha t extent should this r e s po n s ibi L i ty 
be borne by F 84e ra l , S ta t e  or l o c a l  governments; ? 

1 4 . Would p ub l i c  p a r t i c i p a t i o n  i n  radio l c • g i c a l  emer­
c;er:..cy r e s p o n s e  d r i l l s , i n c l udinq evacuation , se:1rve a u s e f u l  
p u r p o s e ?  I f  s o , w h a t  should be the extent o f  the p ub l i c  
p a r t i c i p a t i o n ?  

Comments s h o u l d  be addr e s s e d  to the S e c re�:ary o f  the 
Commi s s i on ,  �uc l e a r  Req u l a t ory Commi s s ion , Wa s t�ing t o n , D . C . 
2 0 5 5 5 , Attenti o n :  Docke t i ng and S e r v i c e  !lranct.·. w i th i n  
4 5  d a y s  o f  pub l i c a t i o n  i n  the F ed e r a l  Req i s te r  on J u l y  1 7 . 

No . 7 9 - 1 2 3  
Contac t : F rank L .  �� 
'I e l . 3 0 1 / 4 9 2 - 7 7 1 5  

NOTE TO EDITORS : 

*** 

F O R  IMME D I ATE RELEASE 
(Ma i led - July 1 8 , 1 9 7 9 )  

O n  June 1 5 ,  the Nuc l e a r  Reg u l a to r y  Commi s s io n  announced 
that it wa s chang i n g  i t s  r e g u l a t i o n s  to p rovide f o r  the pro­
tection o f  spent nuclear fuel i n  trans i t  f rom one f a c i l i ty to 
&nethe r .  

Amonq the s h i pments to w h i c h  these new req u l a t �o n s  a p p l y  
a r e  tho s e  involvinq used n u c l e a r  rue l  �mported f rom European 
research reactors for r e p ro c es s i ng i n  D e p a r tment o f  Energy 
faci l i ties a t  Savannah R i v e r , South Caro l i na . 

At the present time , t h e s e  s h i pments ( about 6 0  i n  c a lendar 
y e a r  1 9 7 9 ) a r e  transported b y  s h i p  to Portsmouth , V i rg i n i a , 
whe r e  they a r e  o f f - loaded a nd t r a n s h i pped by truck to Savannah 
River . 

As par t o f  i t s  e f f o r t  to i m p l ement the new r e g u l a t i o n s , 
the NRC s t a f f  has surveyed o th e r  deep-water p o r t s  b e tween 
Por tsmouth and Savannah R i v e r  to see i f  they have the techn i ­
c a l  capab i l i ty t o  hand l e  s uc h  s h i pmen t s : the s e  p o r t s  i n c lude 
C h a r l e s ton and North Char l e s ton , S a vannah , Mo rehead C i ty ,  and 
Wi lmington . 

T h i s  has led to news med i a  s pe c u l a t i o n  tha t the s ta f f  
w i l l  req u i r e  thes e  shipments t o  e nter the U n i ted S t a t e s  through 
a port closer to Savannah River than Port smouth and/or that 
one o f  the s e  ports will b e c ome a r epos i tory for nuc l ear w a s t e . 

In order to put this matter i nto perspec t i v e , i t  should 
be made c l ear tha t :  

l .  The N RC does not have a pend i ng a pp l i c a t i o n  f o r  
a p p roval t o  impor t  s uc h  s h i pments throug h a n y  p o r t  e x c e p t  
Portsmouth . 

2 .  I f such an a pp l i c a t i o n  w e r e  r e c e i ved , amonq the 
requi rements it would have to m e e t  would b e  tho s e  governing 
the s a fegua r cl i ng of s h i pm e n t s  of s pent f u e l  at t h e  p o r t  a n d  i n  
tran s i t  to the Savannah R iver P la n t . 
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Since the Regulatory Guide Series 
was instituted in 1872. priDtias .and 
distribution coats have sr-t!F 
increased. In order to reduce the � 
on the taxpayer, the Nuclear a.plaloly 
Commission (NRC) has made 
arrangements with the U.S. Government 
Printing Office (GPO) to become a 
consigned salel ..-nt flar cataiD NRC 
publications. Effective October 1, 1979, 
Nfll}atory guides an ·betas included 1ft 
this sale. progrem aad may be 
purchased on a subscription or 
individual copy buis. 'Ibis pro.sram wW 
ensure the cOiltinued 111111 of rasulator.v 
guides in an emcient and cost-effective 
manner. 

Draft guides wiD continae to be 
furaished at no coet to 4hoae Clll llle 
current distribution Uet far the 
appropriate diNion. NRC liCIKI888 will 
receive, also at DO COlt. .a eingle copy of 
pertiaent draft aDd 8Cti•e f88111atory 
guides as they are issued. Otherwin, 
active regulatCII'J guides itlllued after 
September 30. 11?9. will be 1I8Dt only to 
those who have made arrangements lar 
a paid subscriptioa. Both draft ud. 
active guides will be avatlahle in the 
NRC Public Domment .Room at 1717 H 
Street NW .. Washmgtoa. D.C., lor 
inspection aod copying fm a fee. 

Ia the past. die policy of miahpizi• 
the ClOflt to the taxpayer aaa prevented 
NRC from � maJtiple mpies. 
either on a aut.cription bail or ia 
resporuae to requellts forpdes .akeady 
issued. With the new sales &rraQBement. 
subscribers may pun:baae as many 
subscriptions for the future guidea as 
they need. Requests for multiple copies 
of gaidea already inued will be filled at 
the current Goftmlllelrt PrintiDS omce 
price. 

IDformation 011 the eablmiption 
service and cU1'1'8Dl GPO pricea may be 
obtained by writing the U.S. Nuclear 
Re�tory CDIIIIIDilaion. WaaW.acm. 
D.C. 20555, AUutlaru� S.U.. 
Manager. 

(5 U.S.C. 552(a)J 
Dated at Rockville, Y!QJlaad thia .2Ith � 

of Avant 19'19. 

Federal Jleslstar {44 FR ft1Z8] a notice 
that pumwrt to thlt Atomic Emrrg A'Cl 
of 1951, u amended, ttm Co�Oli. 
was illitlatfnJ the lll8lduR of a 
determination aa'to wheam ar not  1he 
m:ent accident at 11ne Mile Wand. 
Unit 2. {TMI-ZJ 1:01181flutw an 
extraot'dinary m�clear oa:amrm:e, The 
notice indicated tbe'ltlbnitttab of public 
comments. aloq wlfh .ok� aaftD!billi by daeC · • flaa filii 
oWn and ot:ber 80UJal will be 
• 'deftld by · ..-l�d.of 
Qami .... prku:l,.A ..... 

This ...-In• new bes fonaeli wJdl 
the Executiw o-... elOpemtiens .aa 
Chain:HD. ,. ..... of ... paM1 111ill lle 
the Directors of tbe Offioeol Neale• 
Reactor Replatioa. NwUear Wata!W S., and Safepe-..H.deer 
Regulatory Research. Inspection arul 
Enforcement. and Standuda . 
Developmeat. and the ExecntiveJ.epl 
Director. ID. additioll, 1M �t defut7 
of each member .of the paael will serve 
as IUl alternate In ordet llaat fhe panel 
may conUnue ita WGI'k durJaa the 
temporary absence of � or JDQl'8 
members. The Dfredor of 'the Office iJl 
.Nuclear Material Safef;J and Safepards 
wm serve as Depat7 CvoiliPan of the 
paneL The � of the pauel w:ill 
draw upon the personnal �UGUrCU of 
their ataff to aulat � tAa.rxJmiletlva of 
their work. 

The panel lntands to complete its work and report to !he CommiUion:as 
soon as posalble after the ,panel has lWI 
an opportunity to review lilY 
Information relevenl to ita nrriew 
prnented in the report or tU 
PJ'eaidential CommlHion lnvelfl.8al1Qa 
the 'l'MI-2 accident. .& the Ume n 
reports to the CoJDDiiuloa ft Intends to 
publiah ita report In the l"ederal......., 
for pubUc commut. The . .,... mtanda 
to .review thoroQgbly an 4ata prov.ideti 
by the pubUc in the commeat period t1lat 
ended August 23. 1\ also intends te 
review information provided by aey 
other partiu and to review ami update 
as neceuary the .data.and41J18JJ•• 
provided by the numerous Mwtias on 
offaite releases that it haa lc1aatiled • 
haviq been completed or mderw.,-. · 

Dated at Be...._ ,.,...... ....... ., 
-of AIJ8Ust 19P8. 

For the Nuclear Regulatory Commieelon. 
Wllllaa J. Dla:b. 
Dllflt:WtJ{ Nuclear MDiarial Stlfety and SG1egutu:r18. 
(PR Dac. � Piled  _,. 1:41 .. 1 
...-ca cooe � 

[Prapon� I..ICe.- No. 01101-02451 
Croaepolnt trMtstment Corp.; Application tar • License To Operate 
a • Smell Bualnea lnvwtment Co. 

.Notice ill hU.by givea of the filins of 
aa application with the Small BusiDe88 
Ailminiatratioa pursuant to Section 
ia7.102 of the Resulati01111 governing 
BJDa1l bu.aineaa Investment companies 
{CPR 107.102(1979)). by Croaspomt 
lnvea'tmeat Corporation. 1015 Corporation Way, Palo Alto, California 
91303, for a license to opera1e as a amaD 
buainess investment company {SBIC) 
under the provisions of the Small 
Business Investment Act of N58. as 
ameDded {AirtJ, {15 U.S.C. 1et et nq). 
Qf/it»n. DilectiJzw and SbDrebolders 
Joe D .. Gi8h, Qllirmaa of the BDan:l ol 

Dilldoa. ZIIIIS La Lama, LGa A1t.oa 
Hills. Califomia IMG22. 

Max S. Simpaon. President and Chief 
Bllecllliw OIIiaer, 1t77 C.llforaia 
.U.U.. Su ,...._, Callfornla MI& 
& percent 

F. Allan Anderson, Director 839 Marina 
Boalevard: San Pram:lso. C.Ufomia 94108. 5 �. 

kenneth A. Eldred. Direetur, WI w..tridae. 
Portola Valley, c.iifonUa tNOZS. S 
percent 

John B. Mumford. Secretary, Chief Financial 
OMcer and Dlrectar, 101� Comt. 
Loa Gatos. California 95090. 

Crosspoint FiDucial � 1015 
�rporation Way; P.lO AlaQ, CalifGIIIia. 
85 percenL 

The Applicant will start operations 
willa ....-o iaiJlal ,n-te .-pit&L 
Crosspoint Financial Corporation hu 
arranged to purchase the Applicant's 
ah._ in 1taee ttea.GIII iftelements ewer 
the 18-month period from July 1, 1979, to 
December 31. 1980. Messra. Joe n Glulie 
and·]Ghn B. Mumford. 50 perGeQt and-40 
percent OWJlert. respectively, of 
Cmaapoint Financial Corporation. will 
agree to assume the eubscription to 
purchase the balance of the .sharea 
subscribed to in the event Crosspoint Fina.Jlcat Carporation is elttter unwillina 
or unable to pardtaee such t1tock on a 
demand basis or within UHion.tha. 
Messrs. Mtlx S. Simpson. F. AIIBD 
Anderson and Kenneth A.· Eldl-ed have 
agreed that upon 30-day written notice 
by the Applicant. or if .no demand ia made then on September 30. 1980, they shall honor their subscription to 
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The rdief consists oi exemption from 
:: :c requirements for measJl!ing certain 
oarameters in the Pump and. Valve · 
T�stins Program and from performing 
certain pressure veuel weld inspections 
::1 the Inservice Inspection Testing 

r : ��sram. 
The request for reUef compUea with 

: ::;:  standards and requirements of the 
. · .. � omic EnersY Act of l954, u amended 
1 .:.e Act), and tba CommiPioD'a rules 
;;::d replatiODL 1'he Commiuian bu 
�3de appropriate fiDdlnp aa required 
b)" the Act and the Commiaaian'a rules 
and replatiana in 10 CFR Chapter I. 
which are aet forth in the letter srantlqa 
relief. Prior pubUc notice af thia action 
waa not required Iince the srantlng af 
t.'US relief from ASME Code 
requirements doea nat involve a 
sipificant hazarda c:onaideratian. · 

The Commission baa determiued that 
the srantiDs of thia relief will nat remit 
in any aigniDcant anvironmental lmpact 
and that pursuant to 10 CFR l 51.5(d)(4) 
an environmental impact atatement or 
negative d8claratian and environmental 
impact appraisal need not be prepared 
in connection with thia action. 

For further detaila with respect to thia 
action. see (1) the request for relief 
dated February 28, 1979, (2) the 
Commission's letter to the Ucenaee 
dated October 25, 1979. 

The 11111111 are availableJor pubUc . 
inspection at the Commission's PubUc 
Document Roam. 1717 H Street. N.W., 
Washington, D.C. and at the UnivenilJ 
of Wisc:onain, Stevena Point IJbrary, 
Stevena Point, Wisconsin 54481. A copJ 
of item (2) may be obtained upon 
request addressed to the U.S. Nuclear 
Regulatory Commiui� Washington. 
D.C. 20555. Attention: Director, Diviaian 
of Operating Reacton. 

Dated at Bethnda. Marylaad. thfa zsih DaJ 
or October. 19711. · 

For the Nac:lear Reaulatorr Coaunl...._ 
A. Sch----. .. · 
C!tief, �IIIIot:tDn Brrznt;b Na. .t 
Divi•i011 of " /I.-:IDI& 

fW SJool4a .. ... 
IILU«L-CCX. .,...... 

- Draft Regulatory Guide; 1....-a Mel Availability 
The Nuclear Regulatory Commisaian 

ha s issued for pubUc comment a draft of 
11 new guide planned for ita Regulatory 
Cuide Series together with a draft of the 
associated value/impact statemenL 'I'hia 
aeries hu been developed to describe 
and make available to the pubUc 
znethada acceptable to the NRC sta1f of 
i!'!'!plementing apec:ific parts of the 
Commission's regulations and. in some 
cues. Jo delineate tecbniquea ued by 

t�e staff in evaluating spec' • i c problema 
or postulated accidents and !o provide 
guidance to applicants concerning 
certain or the information needed by the 
staff In its review or applications for 
permits and UcenaeL 

acco:r.:�;oaated. Regulatory guides are 
not copyrighted, and Commission 
approval is not required to· reproduce 
them. 
(5 U.S.C. 55Z(a)) 

Dated at RockviUe. Mel., thfa ZSJth day of 
October 1918. 

For the Nadeer ReplalorJ Comiaiufon. 
Kad R. Goller • 

DirectDr. Din.iDII of SlUng. H«<lth 111111 
� Slllndordl. Office ofStandara /JtweloptiJIIIII. 

The draft guide, temporarily identified 
by its task number. SG 901-4. is entitled 
."Reporting of Safeguards Events" and Is 
intended for Division 5. "Materials and 
PJant Protection." The Commission 
recently pubUahed propaaed 
amendments to Its regulations in I 73.11 
of 10 CPR P8rt 73. ''Physical Protection tn o.. � PW tS-Na 1111 ... 
of Plants and Materials," that would. if --..uNG--CODII"""'::::.,..L.c::;."_t::e ______ _ adopted, require Uc:enaees to report to � 
appropriate omcea within the Nuclear To ReCeive Testimony on �e�atary Commission eventa that ether the Uarcll 21. 1179, Accident 
sJgndfcaBtly threaten or lessen the At the Three MUe l-..ct Unit 2 Reactcr 
effectiveness of their aefeguarda Should Be Considered an ayatema u eatabUshed by safeguarda Extraordinary Nuclear Occurrence resulatians or by an approved . (ENO) 
safeguards plan or by both. This guide is 
beins developed to provtde.-aaapproacb On July Z3. 1979. the Nuclear 

acceptable to the NRG staff for Regulatory Commiaaion published in the 
determining whether an event should be Federal Resfater (41 FR 43128) a notice 
reported and the format that could be that pursuant to the Atomic Energy Act 
used for.reportinJ the evenL . of 195t. as amended, the Commission 

Thia draft guid8 and the associated was initiating the making of a 

value/impact statement are being issued determination as to whether or nat the 

to involve the pubUc in the early •tapa March 28. 1979 accident at the Three 
of the development of a regulatory Mile �land Unit Z reactor (TMI-2) 

position in this area. They have not .constitutes an extraordinary nuclear 
received complete staff review and do accummce (ENO) as defined in the 

not represent an omc:ial NRC staff Commission's regulatiana. 10 CFR Part 
position. 140, I I  140.&1 and 140.85. On August 11, 

PubUc commenta are being aaUc:ited 1979 the Commisaian directed that a 

an both drafta, the guide (including any panel composed of mambera of the 
Implementation schedule) and the draft principal staff be farmed to evaluate 

value/Impact statemenL Commenta an pubUc cammenta received in connecti011 
tba draft value/Impact statement should with our July 23 notice and other 
be accompanied by supporting data. technical information assembled by the 
Comments on bath drafts should be sent CoJDJDission from its awn and other 
to the Secretary of the Commission, U.S. I01I1'C8&. The panel ia presently 
Nudear Regulatory Commiaaian. reviewing the comments provided by the 
WashfDaton. D.C. 20555, Attention: pubUc in response to the July 23 notice 
Dac:btting and Service Branch. by and reviewina and updating as 
December 31, tn. necessary the data and analyses 

Althaush a time limit ia given for provided by the DUIIlei01IS studies an 
comments an these drafts. cammenta oft'aite releaaea that it bu identified as 
and auggeatiana in connection with (1) havinl been completed or underway. 
itema for incluaian in guide• currently In die interest of compibng as 
being developed or (Z) Improvements in complete a record as possible for 
aD publiahed guides are encouraged at makina the ENO determination. � 
any time. CoiiiDiiasian baa decided to srant • Replatary guides are available for request for a pubUc heariJJa filed by Mr. 
inapectlan at the Commission's PubUc David Berser an Auguat 29. 1979. A one-
Document Roam. 1717 H Street NW., day informal hearing wiD be held iD 
Washington. D.C. Requeata for single Harrisburs, Pennsylvania to provide 
copies of draft gaidea (which may be interested memben of the public the 
reproduced) or for placement an an opportunity to present onl statementa 
automatic distribution Jist for single to selected panel mambera and 
copiu of future draft guides in specific supporting NRC staff. The panel will be 
divisions should be made in writinl to chaired by Robert Minogue, Director. 
the U.S. Nudear Regulatory Omce of Standards DevelopmenL 'l1le 
Commiuion. Washington. D.C. 20555, hearina will begin at 9:00 a.m. an 
Attention: Director. Division of Wednesday. November 21. 1979 at the 
Technical Information and Document Ran Herman Lehrman Arts Center 
ControL Telephone requests cannot be Auditorium of the Hurisburs Area 
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Coc:;:nmity College. 330D Camero::t 
Street Road. Harriablq. Pnosylvania. 
The statements should address either or 
both of the followins two aubjects: 

(1) Whether the TMI accident meets 
the criteria contained in I I 140.M and 
140.85 of Part 140 of. the Coauniasion'a 
replatioas. aad · 

(2) Whether uncertainties iD radiation 
measurements lakeD durlq the acciclant 
an nfllc:iat to warrant a ftDdins that 
Crlteda I in I 140.M wu aatlsflecl. 

Ia Order to allow maximaaa 
participation. in the event that there an 
a large DUIIlber of requeata to preaeut 
oral statements. the panel may have to 
impoae a five minute time limit on the 
leDstb or oral atatements. The panel wiD 
accept oral nmmariea of loager 
stetemeats to be submitted iD writfni. 
Those penona wiahiDa to present oral 
statemats should caD NRCs Antitrust 
and lademnity Gmap coUect on ar 
before November 19. 11179 at 301-IIJZ-
8337 to have their aamea placad on a list 
of inteDded apeabn. Writtea 
statements may be submitted to the 
panel at the time of the hellliDI or they 
may be mailed to the Qief. Antitrut 
and Indemnity Group, U.S..Nnclear 
Regulatory Commission. W"aahingtoa, 
D.C. 20555. Both oral and written 
statements and the trauc:ript of the 
heariJII, whic:b wiU be made publlc:,_ wiD 
be made a part of the omcial record of 
this proc:eediq. 
Separatll View. of Coiluniaionen 
Aheame and Bradford 

Tbe laaue of whether 'l'MI meeta the . 
current ENO criteria Ia not mucb of an 
Issue. Unleaa the releaaea·an much 
greater thaD aU of the eatimatn made 
by various sovemment agencies so far. 
TMI wiU not meet the criteria. 
Consequently, if there Ia to be a pubUc 
heariDg, Commisifonftl Ahearne and 
Bradford would have bioadeDed the -
dlacuuion to include conaideration of 
whether the ENO criteria should be 
chqed in Usht of oar experience with 
TMI. It Ia likely the pubUc wiD be more 
interested in cli8c:uaatns this isaue and 
have more to aq about it than whether 
TMI meeta the cmnmt criteria. 
However, the other Commiaeionftl did 
not asree with this additioa to the �cape 
of the helll'fq. 

Notwithatandfas the separate viewt 
expressed aboft. the Commission has 
conCluded that the aubfects that should 
be covered in atatemeata preaented iD 
the November 21 hearing should be 
addressed to the two apeciffed fD the 
main body of this notiCL 

' Dated at ......._ MuJiaDd thia t.t d8)" 
of Naftlllber 11'11L 

For lha �uc!::ar Rqula&ory Commi•aion. 
t. V. Goasick. 
EJCIICUlive DirecltJr forOperrzliDD& 
lftO.. ,... ... U+rll .. ... 
IUMG COK �  

[Docket No. 50-311) 
Sacnmento Municipal Utllty District 
(Rancho Seco Nuclur Generation 
Station); cancenatlon of Pnharfng 
Conferwlce 

Novemblr z. 1111. 
Michael L Glaser, Chairman, Dr. 

Richard F. Cole. Member, Frederick J. 
Shoa, Member. 

Please take notice that, due to the 
sudden illneaa of the Board Chairman. 
the preheariq conference scheduled iJl 
tbla proc:eediJls for November '1, 1919 is 
cancelled UJltil further notice. 

· · 

Dated at Beth8ld&. Marrlud. thia ZDcl daJ 
of November, 11'11L 

Por The Atomic SafeiJ ADd IJe:eDiillt · 
Board. 
Rldaard F. Cale.-
Memb& 
lftO..,......n.iiU+rll ..... 
IIILIJNII CGDE .,.......... 

SECURmES AND EXCHANGE 
COMMISSION 
[File No. 11-413) 
Alanthua Corp.; Notice of Application 
and Opportunity for Hearing 
October 30, 1lmL . 

Notice is hereby given that Alantlnul 
Corporation ("AppliC8Dt, has med an 
application pursuant to Section 12(h) of 
the Securities Exchange Act of 1934. u 
amended (the '"1934 Acf1 for an order 
srantins Applicant an exemption from 
the provisions of Sectiona 13 and 1S(d) 
of the 19M Act. 

The Applicant states. in part: 
1. On Auguat 1f. 19'18. Applicant 

became whoUr-owned by U.T.G.. Inc. 
ad Olyu\pus Aasociatea. As a result of 
the 11181'881'· AppliCBJlt no lcmser has any 
pubUcly owned CGJJlllion stock. and 
there is JlO lqer a trading market iD 
applicant's equity securities. 

2. Applicant has three lama of 
debenturas outatandiJla whicb aie 
traded iJl the over-the-comlter market, 
and all of these iaauea are held by Ina 
than 300 holders. Tbe a debtintuns 
have no more than 249 hold81'1. the 1B 
have 128 holders. and the 9%5 have 180 
holdftl. 

3. ne AppliCBJlt is subject to the 
reportinz pi'OYisiona of Sections 13 and 
15(d) of the 1934 Act. 

In the absence of an exemption. 
AppliCBJlt is required to file.reporta 
pursuant to Sectfons 13 and 15(d) of the 
1934 Act and the ruin and resulationa 
thereunder for the fiscal year ended 
December 31. 19'18 and for the r11cal 
year ending December 31. 11179. 
Applicant believes that ita request for an 
order exemptiJlg It from the reportiJia 
provisions of Sections 13 and 15(d) of 
the the 1934 Act is appropriate because 
the Applicant believes that the timer­
effort and expense involved iJl the 
preparatioa of additional periodic 
reporta wiD be disproportionate to any . 
benefit to the public. · 

For a more detailed statement of the 
Information presented. aU persons are 
re!erred to the applicaton which ia on 
file at the omcea of the Commission at 
1100 L Street, N.W .. Washington. D.C. 
20549. 
. Notice is further given that 8DJ' 
interested person not later than 
November 28. 1919 mar aubmit to the 
Commission iJl writiJlg his views or any 
aubataJltiaJ facts beariiiJ on this 
application or the desirilbility of a 
hearing thereon. Any sucb 
communication or request should be 
addressed: Secretary, Securities and 
Exchqe Commiuicm. 500 North 
Capitol Street, N.W .. Washfnston. D.C. 
2D549. and should state briefly the 
nature of the interest of the person 
submitting sucb information or 
requesting the hearing. the reason for 
the request, and the issues of fact and 
law raised by the appUcation which 
sucb person desires to controvert. At 
any time. after this date, an order 
srantins the application mar be issued 
upon request or upon the Commission'• 
own motion. 

For the Commission. by the Division 
oC Corporation F'UWlce, pursuant to 
delegated authority. 
Gearp A. .................. 
Sllcrellzl'y. 
lft O.. �I PIW 11+ftl .. ... 
-.ulll COOlE ..,...,.. 

[ReL No. 10121; (111•1553)) 
Astron Fund, Inc.; FUing of AppUcatlon 
Pursuant to Section 8(f) of the Act for 
Order Declaring That AppDcant has 
Ceased To Be an Investment 
Company. 
October 30. 1971L 

Notice is hereby giveD that the Astron 
Fund. Inc. ("Applicant, 1100 One 
Washington Plaza. Tacoma. Washington 
98402. registered Ullder the Investment 
Company Act of 1940 ('"Act") as a 
dosed-end. non-diversified. 
managemeDt investment company, Bled 
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UNITED STATES 
NUCLEAR REGU.LATORY COMMISSION 

Office of Public Affairs 
Washington, D.C. 20666 

No . 
C o n t a c t : 

7 9 - 1 9 6  
C l a r e  Mi l e s  
3 0 1/ 4 9 2 - 7 7 1 5  

F O R  I MME D IATE RE LEA S E  
( Ma i l ed - Novemb e r  6 ,  1 9 7 9 )  

T e l . 

NRC TO H O LD INF ORMAL HEAR ING NOVEMB E R  2 1  I N  HARR I S B U RG 
CONC E RN I NG DE T E RM I NAT I ON ON T H RE E  M I LE I S LAND ACC I D ENT 

The Nuc l e a r  R e gu l a tory C ommi s s i o n  s ta f f  w i l l  c o nduc t a 
one- day i n f o rmal h e a r i ng on Novemb e r  2 1  i n  H a r r i s b urg , P e nn­
sylvani a ,  to hear pub l i c  s ta t eme n t s  on whe the r t h e  C ommi s s i o n  
should de termi ne tha t the wa i ve r s  o f  d e f e n s e s  p r o v i s i o n s  o f  
the P r i c e  Ande r s o n  Ac t s ho u l d  b e  appl i e d  i n  c l a i ms i nvo lv i ng 
the Mar ch 2 8  a c c i d e n t  a t  the T h r e e  Mi l e  I s l a n d  Nuc l e a r  P ow e r  
P l a n t  i n  P e nn s y lva n i a . The s e  provi s i o n s  o f  t h e  P r i c e  Ande r s o n  
Ac t wo u l d  come i n to e f f e c t  i f  the C omm i s s i on d e t e rmi n e s  tha t 
the a c c i de n t  wa s a n  " ex trao r d i nary nuc l e ar o c c ur r e n c e . "  

The h e a r i ng w i l l  be g i n  a t  9 : 0 0 a . m .  o n  Wedne s da y , 
Novembe r  2 1 , i n  the Ro s e  He rma n Lehrman Ar t s  C e n t e r  Aud i to r i um 
o f  the H a r r i s burg Ar e a  Commun i ty C o l l eg e , 3 3 0 0  C ame r o n  S t r e e t 
Road , H a r r i s b urg . I t  wi l l  b e  conduc ted by an NRC s t a f f  p an e l  
cha i r ed b y  Ro b e r t  M i nogue , D i r e c to r  o f  the O f f i c e o f  S t a n d a r d s  
Deve lopment . O ther pane l memb e r s  a r e  Howa rd S h a p a r , E x e c u t i v e  
L eg a l D i r e c to r ; J e rome S a l t zman , C h i e f , An t i t ru s t  & I nd emn i ty 
G roup ; F r a nk C o ng e l , L e ader , Ra d i o l o g i c a l  Impa c t  S e c t i o n ; H a r o l d  
P e t e r s o n , J r . ,  S e n i o r  Envi ronme n t a l H e a l th P hy s i c i s t . A 
pub l i c  hear i ng on thi s ma tte r wa s r eque s t ed by Mr . D a v i d  B e r g e r  
a n d  r e f l e c t s  t h e  C ommi s s ion ' s  i n te r e s t in hav i ng a comp l e te 
record o n  whi c h  to b a s e  i t s  d e t e rm i na t i on . 

F o r  a d e t e rmi n a t i o n  tha t the a c c i de n t  wa s a n  " ex t r a o r d i na r y  
nuc l e a r  oc c ur r e n c e , "  ( ENO ) .  t h e r e  mu s t  have b e e n  a s ub s t a n t i a l  
r e l e a s e  o f  r a d i o a c t i v e  ma ter i a l  o f f s i t e - - e i th e r  r a d i a t i o n  d o s e s  
re c e i ve d  by i nd i v i d ua l s  o r  r a d i a t i o n  l eve l s  o n  s pe c i f i c  a r e a s  
o f  l a nd , a nd the r e  mus t have b e e n  s ub s t a n t i a l  o f f s i t e d amage s .  
Th e C ommi s s i o n ' s  regul a ti o n s  s p e c i f y c r i te r i a  t h a t  mu s t  be me t 
i n  order tha t thi s d e termi na t i o n  c a n  b e  made . 

The s ta teme n t s  to be p r e s e n t e d  a t  the h e a r i ng s ho u l d  
add r e s s  e i ther o r  bo th o f  the f o l l ow i ng : ( l )  whethe r t h e  TMI 
a c c i de n t  me e t s  the c r i te r i a  in the r e g u l a t i o n s  and ( 2 )  whe t h e r  
unc e r ta i n t i e s  in r ad i a t i o n  me a s ureme n t s  t a k e n  dur i ng t h e  a c c i d e n t  
a r e  s u f f i c i e n t  t o  warrant a n  a f f i rma t i ve f i n d i n g  tha t the 
c r i te r i o n  on radi a t i o n  r e l e a s e  h a s  been met . 
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A s  p a r t  o f  the Commi s s i o n ' s  d e t e rm i na t i on to ho l d  a 
he a r i ng and t he s ub j e c t s  i t  w i s hed the p ub l i c  to comme n t  o n , 
s e p a r a t e  v i ew s  we r e  exp r e s s ed by C ommi s s i o ne r s  John Ah e a rne 
and P e te r  B r a d f o rd . They s a i d  the i s s ue o f  whe th e r  TM I m e e t s  
th e c ur r e n t  ENO c r i ter i a  i s  n o t  m u c h  o f  an i s s ue . T h e y  f ur t h e r  
s ta ted tha t un l e s s  t h e  r e l e a s e s  a r e  muc h g r e a t e r  t h a n  a l l  o f  
the e s tima t e s  made by va r i o u s  G o v e r nme nt ag e nc i e s  s o  f a r , TM I 
w i l l  no t me e t  the c r i te r i a . C o n s e q u e n t l y , they wo u l d  have 
b r o a d e n e d  t h e  d i s c u s s i o n  at a n y  h e a r i ng to i nc l ude c o n s i d e r a t i o n  
o f  whe th e r  t h e  E N O  c r i te r i a  s ho u l d  be c hang ed i n  l i g h t  o f  the 
e xp e r i e n c e w i th TM I . Th ey b e l i e ved i t  i s l i k e l y  the p ub l i c 
wi l l  b e  mo r e i n t e r e s ted i n  d i s c u s s i ng thi s i s s ue and h a v e  mo r e  
t o  s ay abo u t  i t than wh e th e r  TM I me e t s  the c u r r e n t  c r i t e r i a . 
Howev e r , th e  o th e r  C ommi s s i o ne r s d i d  no t a g r e e  wi th thi s  · 

add i t i o n  to the s cope o f  the h e ar i ng . 

To a l l ow f o r  max imum p a r t i c i p a t i o n  i n  the h e ar i ng , i f  
th e r e  a r e  a l a r g e  numb e r  o f  r e q u e s t s to make o r a l  s ta temen t s , 
the P a ne l may have to impo s e  a f i ve m i nute t i me l i m i t . T h e 
P a n e l  w i l l  a c c e p t  o ra l  s umma r i e s  o f  l o n g e r  w r i t te n  s ta t eme n t s . 
T ho s e  w i s h i ng t o  p r e s e n t  o r a l  s ta teme n t s  s ho u l d  c a l l  NRC ' s  
A n t i t r u s t and I nd emn i ty G roup c o l l e c t  o n  o r  b e f o r e  N o v e mb e r  1 9  
a t  3 0 1/ 4 9 2 - 8 3 3 7  to h a v e  t he i r  n ame s p l a c e d  o n  a l i s t  o f  i n t e n d e d  
s p e a k e r s . Wr i t t e n  s t a t eme n t s  o f  a ny l e ngth m a y  b e  s ubm i t t e d  
t o  the P a n e l  a t  t h e  t i me o f  t h e  h e a r i ng o r  t h e y  may b e  ma i l ed 
to t h e  C h i e f , An t i t r u s t a n d  I n d emn i ty G roup , Nuc l e a r  RE! g u l a to ry 
C ommi s s i o n , Wa s h i ng t o n , D . C .  2 0 5 5 5 . 

# 



MEETING REP ORT 
COMMITTEE OF AG ENCY REPRESENTATIVES TO DETER}fiNE 

THE NEED FOR FURTHER ASSESSNENT OF POPULATI ON DOS E S  
(THREE MILE ISLAND ACCIDENT) 

Novemb er 2 8 , 1979  

PURP O S E  

To con s i d e r  t h e  need f o r  a reas s e s sment o f  t h e  popu l a t ion 
dos e (co l l e c t ive and ind ividual ) resu l t ing from the a c c id en t  at 
the Thre e  }ti l e  I s land Nu c l ea r  S t a t i on . 

CONCLU S I ON 

Popul a t i on d o s e  e s t ima t e s  prepared by s everal groups are 
reas onabl y  cons i s t en t . No new body of d a t a  has b e en i d en t i f i ed 
whi ch wou l d  s ignif i can t ly a l t e r  tho s e  e s t ima t e s . The Commi t t e e 
d id n o t  i d en t ify any add i t ional a s s es smen t that i t  could p e r f orm 
whi ch wou ld sub s tant i a l ly a l t er the p r evious e s t ima t e s . 

D I S CU S S I ON 

The Comm i t tee rev i ewed the ava i lab l e  d a t a  wi th p ar t i cu l a r  
empha s i s  on any new d a t a  wh i ch we re n o t  included in the p r evious 
dose e s t ima t e s . We con c lud ed that there i s  no new body of d a t a  
now av : d  1 '=' b l e  wh i ch :::::.:! :! ::tp p r e c iat !i �::.. � e r  the .; v s e  e s t ima t e s . 
The Commi t t ee a lso reviewed and comp ared the pub l i s h e d  d o s e  e s t ima t e s . 
The pub l i s he d  c o l l e c t ive and ind ivi dual d o s e  es t ima t e s b a s ed on 
d o s im e t ry and environmen t a l  measuremen t s  ware re as onab ly cons i s t e n t . 
The p r in c i p a l  mod e  of exposure to the o f f -s i t e  popu l a t i on was f rom 
ext ernal exp o s ure to nob l e  g a s e s . Do s e  contribu t i on s t o  in t e rna l 
o rgans f rom inh a l e d  or ing e s t ed rad ionu c l i d e s  a r e  a small f r a c t ion 
of the who l e  body d o s e . 

The d o cumen t s  rev i ewe d were : 

1 .  Popu l a t i on D o s e  and Hea lth Imp a c t  o f  the Ac c id en t  a t  
t h e  Thr e e  M i l e  I s land Nu c l e a r  S t a t ion , May 10 ,  19 7 9 . *  
Thi s  rep o r t  by the Ad Hoc P op ul a t i on Do s e  As s e s smen t 
Group in cluded f o u r  col l e c t iv e  d o s e  e s t ima t e s  d e r iv e d  
f rom TL D  d a t a . The es t ima t e s  were 1 6 0 0 , 2 8 0 0 , 3 2 00 
and 5 300 p e r s on-rem wi th a mean of 3 3 00 p e r s on-rem . 
An add i t ional es t ima t e  o f  2 6 0 0  p e r s on-rem ( through 
Ma rch 31 , 19 7 9 )  was d e r ived f rom TLD d a t a  a n d  a 
me t e o r o l o g i c a l  d i s p ers ion mod e l . The repor t a l s o  
included an indep en d en t  DOE e s t ima t e  o f  2 0 0 0  p e r son­
r em us ing aerial mon i t oring and me t eoro l o g i ca l  d a t a . 
The maximum who l e  body do s e  t o  an o f f - s i t e  ind ividual 
wa s e s t ima t ed to b e  l e s s  th a n  1 00 mrem . 

* Thi s  r ep o r t  i s  ava ilable f rom the S u p e r in t end en t  of D o c umen t s  a s  
GPO 0 1 7 -001-004 0 8-1 o r  f rom the Nu c l ear Regu l a t ory Comm i s s ion 
a s  NUREG-0 5 5 8 . 
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2 .  As s es s ement o f  Off- S i t e  Ra d ia t ion Dos e s  From the Three 
Mi le I s l and Uni t  2 Ac c i d ent (TDR-�ii-1 1 6 ) , July 3 1 , 1 9 7 9 .  
This repor t , p rep ared by P i ckard , Lowe and Garr ick , Inc . 
for the Me tropo l i t an Ed i s on Comp any e s t ima t es the who l e  
body coll e c t ive d o s e  to b e  3 5 0 0  p e rson-rem us ing TLD d a t a , 
an es t ima t e d  source t e rm d e r ived from in-p lant area 
mon i t ors , and me t e o r o l o g i cal d a t a . Th e max imum who l e  b ody 
d os e  to an o f f-s i t e  ind iv idual wa s es t ima t e d  to be 76 mrem . 

3 .  Rep ort o f  the Task Group on Hea l t h  Phy s i c s  and - Do s ime t ry t o  
Pres iden t ' s  Commi s s ion o n  the Ac c i d en t  a t  Thre e  Mi l e  
I s land , (O c t ob er 31 , 1979 ) . The mos t probab l e  co l l ec t iv e  
whole b o d y  d o s e  es t ima t e  p r e s en t ed in the r e p o r t  i s  2 8 0 0  
pers on-rem ( 2 000 pers on-rem when corr e c t ed f o r  sh i e l d in g  
and oc cupancy ) .  A l ower es t imat e  o f  5 0 0  p er s on-r em wa s 
p r e s en t ed from a tmospheri c d i s p er s ion mod e l s  us ing an 
e s t ima t e d  source term f rom s t ack and area mon i t or d a t a . 
The maximum who l e  b o dy d o s e  t o  an o f f -s i t e individual wa s 
e s t ima t e d  to b e  b e tween 2 0  and 7 0  mrem . 

Wi th in the range o f d o s e  e s t ima t e s  in cluded in the s e  d o cumen t s , 
the proj e c t ed numb er of heal th e f f e c t s  wi l l  no t chang e s i gn i f i c an t ly .  

Re s u l t s  o f  c a l cu l a t ions b a s ed s o l ely on es t ima t e s  o f  r e l ea s e s  
of rad io a c t ive mat e r i a l  a r e  con s i d erab ly l ower than e s t ima t e s  d e r iv e d  
f rom env i r onmen t al mea s u r emen t s . A large un c e r t a in t y  s t i l l  ex i s t s  
wi th r esp e c t  t o  the input p arame t e r s  n e c e s s ary f o r  the mo d e l ing 
effor t s , par t i cu l arly in th e e s t ima t e s  o f  r e l ea s e s  o f  rad i o a c t ive 
ma t er i a l . Fur ther e f f o r t s  t o  improve pred i c t ive capab i l i t i e s  of 
thi s mo d e l ing may prove u s e fu l . 
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APP END I X  C 

PUBL I C  COMMENTS 

I .  I nd i v i dua l s and  Groups Commenti ng  on  ENO  Determi nati on  and  Comment 
Synopses  

1 .  Wi l l i am B .  Schultz - Submi ts a peti t i on for ru l ema ki ng  to mod i fy 

ENO procedures . Ava i l ab l e da ta i s  i nconc l us i ve and i n  v i ew o f  the 

meas urement gaps  the Commi s s i on s ho u l d wei gh  the hea l th re l a ted 

data i n  favor of the safety of the pub l i c  and  fi nd that TM I wa s an  

ENO . More respons i ve cr i ter i a are needed . Cr i ter i a were met i f  

Congres s i ona l i ntent con s i dered . 

2 .  Gene McCrae  Albri ght  - Comments on  the i nadequacy o f  the ENO cri ter i a .  

The mon i tori ng was i nadequate . 

3 .  Robert Head - Quest i ons  the methods o f  ca l cu l ati on for determi n i ng 

i f  Cri teri on I wa s met . Add i t i ona l i nformati on i s  needed . 

4. Mrs . Lawrence Mi l l er- References the sta tements of Al bert G i bson  and  

others on da ta mea surements . 

5 .  Cyn th i a  B i r i se  - Comments that cr i ter i a for ma ki ng a n  ENO fi nd i ng  

are unrea l i s t i c .  Mea s urements were fa u l ty .  
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6 .  Jameson  and  M i l span , a ttorneys - Whi l e  i na ccurate da ta ma kes  i t  

i mpo ss i b l e  to ma ke an  ENO determ i nat i on  for Cr i ter i o n  I , C r i ter i on  

I I  h a s  been met . Al l evacuat i on  expenses  s hou l d be i nc l uded . NRC 

shou l d not ma ke a determ i nat i on unt i l a fter a l l of  the tec h n i c a l  

s tud i es  a re comp l eted . 

7 .  Mi chae l  Hers hey - I ncomp l ete data mon i tor i ng  ma kes i t  i mpos s i b l e to 

determ i ne  wh�ther ENO has  occurred but  bel i eves an ENO occurred . 

Dama ges  c a n • t  be a s s es sed beca use  of  l on g  l a tency peri od . 

8 .  Sara h  Wh i te - Nuc l ear power genera t i on  i s  too dangerou s  a techno l ogy 

to purs u e . Favors a n  ENO determi nat i o n . 

9 .  Anna  F u l g i n i ti - I t  i s  too soon to ma ke a n  ENO determi n a t i o n  

1 0 .  Anne Hurs t - I t i s  too s oon  to ma ke a n  ENO determi nat i on 

1 1 . J a c k  E .  W i nzenr i ed - Cri teri a were not  met a nd therefore the�e was 

no ENO . 

1 2 .  D .  E .  Vandenburgh , Yan kee Atom i c El ectri c Compa ny - N e i ther  e l emen t  

o f  Cr i ter i on I ,  i . e . , rad i at i on  expos ure t o  offs i te perso n s  o r  

property h a s  been s a t i s f i ed .  I f  Cr i ter i on I i s  not  s a t i s f i ed , 
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therefore , i t  i s  i mproba b l e that Cri ter i on I I  cou l d be s a t i sf i ed 

e i ther . 

1 3 .  Wi l l i am A .  Hess  - I t  i s  too soon to determi ne whether the TM I 

acc i dent cou l d be c l as s i fi ed a s  an  ENO . The ENO defi n i t i o n  i s  un­

accepta b l e .  

1 4 .  Lew Church  - The acc i dent was a n  ENO beca u s e  the reactor parti a l l y  

me l ted and  pregnant  women and  c h i l dren were evacua ted . 

1 5 . Freder i c k  Brenn - Agreed tha·t the acc i dent was not  an  ENO . 

1 6 .  Aubrey V .  Godwi n , Al abama Dept of Pub l i c  Hea l th - Cri ter i o n  I has  

not  been  met . Vo l unta ry act i on costs  i ncurred by i nd i v i dua l s 

shou l d not be cons i dered part of the damage  costs  for Cri ter i on  I I  

but  certa i n  added s tate and  l oca l operat i n g  costs s hou l d  b e  i nc l uded . 

1 7 . Cha uncey Kepford , Env i ronmenta l  Coa l i t i on on  Nuc l ear Power - .I t i s  

prema ture to ma ke an  ENO fi n d i ng  i n  v i ew o f  the fact that  a dd i ti on a l  

em i s s i on s  mi ght  b e  rel ea sed from the p l ant . Cri teri on  I i s  un­

necessary beca use  a ny acc i dent tha t meets  Cri ter i on  I I  w i l l  a l s o 

meet Cr i ter i on I .  The ENO cr i ter i a need to be rev i sed . Mon i tor i ng  
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da ta s hou l d b e  i ndependent l y  eva l ua ted by the sc i ent i fi c commu n i ty .  

Ca l c u l ated doses  u s i ng  des i gn  bas i s  acci dents wou l d  be h i gher  than 

Cr i ter i on I l eve l s .  

1 8 .  Pau l  Ma kan - I f  Three M i l e  I s l and  i s  not to be con s i dered a n  ENO , 

then the cr i ter i a  need to be l owered . 

1 9 .  R .  W .  M i l l er , J r .  I f  the TM I acc i dent i s  not  con s i dered a n  ENO , 

then the economi c va l ue of Mr . M i l l er ' s res i dence  ( l oca ted i n  South  

Ca ro l i na )  wou l d  be reduced . 

20 . Ho l l y Lou Ann Ho l y k  - The ENO cri ter i a  mus t  be u pda ted to refl ec t 

the effects ( ma ny of  wh i ch wi l l  on l y  a ppea r  over the  l on g  term ) of 

l ow l evel  rad i a t i on . Al so , there wa s i naccura te rad i a t i on  mon i tor i n g . 

2 1 . Mrs . Bruce Smi th - Rad i a t i on mon i tori ng  was i naccura te .  Her persona l 

menta l hea l th  was a ffected and  the l ong- term effec ts of  rad i a t i on  

a re un known . 

22 . Na t i ona l As s emb l y  o f  Women Rel i g i ous  - Beca use  i naccurate  a n d  

i ncomp l ete rad i a t i on mon i tor i ng  made i t  i mpos s i b l e  t o  mon i tor 

rad i at i on  expos u re , the acc i dent s hou l d be dec l a red a n  ENO . Pub l i c  

wa s i nadequa tel y i nformed of r i s k .  
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23 . Don a l d E .  Ho s s l er - Ba sed on the i naccurate mon i tor i ng  and  s ta tements  

by Mr . A .  G i bson o f  the NRC , the  acc i dent s hou l d be dec l a red an  

ENO . Cr i ter i a s hou l d i nc l ude psycho l og i ca l s tres s . 

24 . Lee B .  Mus s e l man , Three M i l e  I s l and  A l ert , I nc . , - Bas ed o n  s ta temen t s  

by Thoma s Ger u s ky o f  t h e  Pennsy l van i a  Burea u o f  Rad i at i on Protect i on 

and  Al bert G i bson of  the NRC , I od i ne  - 1 3 1 escaped i n  a n  u n known 

quanti ty and  there cou l d be one  or more persons  who rec e i ved the 

dose  neces s a ry to tri gger an  ENO . U nder Cr i teri on I I , there was 

one  react i on  to i od i n e  and  two psycho l og i ca l  brea Kdowns tha t 

res u l ted i n  hos p i ta l i za t i on  wi th i n  one  mon th o f  the acc i den t .  

There have  a l so been s evere economi c cons equences  a r i s i ng o u t  of  

the  acc i dent . I t  i s  too earl y , however , to determi ne  defi n i te l y  

whether the req u i remen ts o f  Cri ter i on  I I  have  be�en met . U nt i l the 
, 

acci dent i s  over , the acci dent cannot be c l a s s i fi ed a s  a n  ENO . 

2 5 .  Ho l l y  S .  Kec k , ANGRY - ENO cr i teri a are  too restr i cti v e .  I na dequate  

mon i tor i ng  made  prec i se  mea s urements of  rad i oacti v i ty rel ea s ed 

i mposs i b l e to determi ne .  Rad i at i on  l eve l s estab l i s hed i n  c r i ter i a  

a re too h i g h . I t  i s  prema ture i n  v i ew of  the decontam i nati o n  work  

necessary a t  TM I to  dec l a re on  ENO . 

26 . James Wh i te , J r .  - Bo th ENO cr i ter i a  have  been met .  Th i s  be l i ef 

i s  ba s ed i n  part on  A l bert Gi bson • s s ta tements . 
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27 . Robert H urst , Ph . D . - Ba s ed on  A l bert G i bsons • s  s ta tements  i t  i s  

pos s i b l e  to con c l �de tha t Cr i ter i on  I has  been met . Cri teri on  I I  

has  a l so b een met .  

28 . Mrs . C .  Ke l l y Zeager - The TM I acc i dent  s hou l d b e  dec l a red  a n · ENO 

beca u s e  o f  the s u fferi n g  a nd damages  borne by the res i dents  .of  the  

area . 

29 . James B .  Hurst - Based on  Al bert G i bson • s  s ta tements , the  TM I 

acc i dent  s hou l d be  con s i dered an  ENO . F urther , there wa s i na dequ a te 

mon i tor i ng  underta ken . C l ean u p  may i nvo l ve  s i gn i f i ca n t  i ncrea ses  

of rad i a ti on rel ea s ed to  the  a tmosphere . Both cri ter i a were met . 

30 . T imothy Bomberger - Peop l e i n  the TM I area suffered men ta l l y  a s  a 

res u l t of the acc i den t .  Evacua t i on expenses  caused f i n a n ci a l  

damage . 

3 1 . Karen Goodman - The  mon i tori ng  a fter the acc i dent wa s i ncomp l ete , 

and thus  cri teri a have  been met .  

32 . J i m  Morgan - Ba s ed on  Al bert G i bson • s  s ta tements , the  popu l a t i on  

cou l d have  been exposed  to  h i g her l evel s of  rad i a ti o n  than  mea s u red . 

There were n umerou s  costs ar i s i n g ou t  of  the acc i dent  i nc l ud i ng 

costs borne by l oca l a nd s ta te governments and  bus i ne s s e s . Thus , 

Cri ter i on  I I  wa s met . 
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3 3 . Thomas J .  Hal l i gan  - Tne rad i a ti on mon i tori ng  after the  a c c i dent 

was i naccura te . Numerou s  economi c consequence l os s es were s uffered . 

Thus , both cr i ter i a were met .  

34 . Jud i th John s rud , Env i ronmenta l Coa l i ti on on Nuc l ea r  Power - Unti l 

decontami n a t i on work  i s  compl eted , the acc i dent i s  not  over . There 

were c l i n i ca l l y observed i nj ur i es and dea ths ar i s i ng o u t  of the 

rad i at i on  rel eas es . 

3 5 .  Angel i na Howard - The acc i dent wa s not a n  ENO . 

36 . Dav i d Beri c k , Env i ronmenta l  Po l i cy I nst i tute - Rad i a ti on  mon i tor i n g  

data was i ncons i s tent .  On l y  2 0  dos i meters were i n  p l ace  a round  the 

s i te .  Wh i l e  Cri teri on I may not have been sat i s fi ed , da ta mon i tori ng  

was  nei ther adequate or  accura te . A future BE I R  i nterpreta t i on may 

cau se  Cri ter i on I to be met .  �r i ter i on I I  wa s met . 

37 .  Rosa l i e  Bertel l �  Ph . D - The ENO cri ter i a a re unrea sona b l e .  

38 . Al i ce Broudy - The ENO cri teri a a re eutmoded . 

39 . Marc L .
_
Bernste i n - Beca use  the rad i a t i on mon i tor i ng  wa s i nadequa te 

and i naccurate , the acc i den t s hou l d be con s i dered an ENO . 
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40 . Warren P re l e s n 1 k - Because  da ta mon i tor i ng  a fter the a cc i dent  wa s 

i nadeq ua te a nd i naccurate , Cr i teri on  I wa s met . I ncrea s ed cancers 

may wel l res u l t from the l ow l evel  rad i a ti on exposure .  

Acc i dent i s  con t i n u i ng .  

4 1 . Shaw , P i ttma n , Potts and Trowbri dge , Attorneys - Submi s s i on o f  a 

report prepared by Met Ed i son  on offs i te rad i a ti on doses a ri s i ng 

out  of  the TM I acc i den t .  

42 . E l l i e  Lohen - Rad i it i on  mon i tori ng  wa s i naccura te . Long- term cost  

effec ts un known . 

43 . J ames Sta p l eton , Env i ronmenta l  Management  Coun c i l , U l s ter County , 

N . Y .  -The  TM I acc i dent s ho u l d be c l a s s i f i ed a s  a n  ENO . 

44 . K .  Mas s i e - The  acc i dent s hou l d be c l a s s i fi ed a s  a n  ENO . 

45 . Jess i ca M .  Van  U l l en - The TM I acc i dent s hou l d be c l a s s i fi ed a s  a n  

ENO . 

46 . Robert Dorman - Thos e res pon s i b l e for the acc i dent s ho u l d a s s ume 

the l i a b i l i ty .  
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47 . Lou i se  Hardi son - No comment on  whether an  ENO occurred . Al l eges 

persona l  damages . 

48 . Dayton Mob i l i zat i on  for Surv i va l - The acc i dent s hou l d be con s i dered 

an ENO . 

49 . Dav i d Berger , Attorney - Requests a heari ng  i n  the Harr i sburg a rea 

to determi ne whether TM I a cc i dent was an  ENO . 

50 , 54 , & 56 . Jeane J .  Cruml ey - Because  the popu l at i on  around TM I 

s uffered menta l s tre.s s a s  we l l a s  fi nanc i a l  hards h i p s  a s  a res u l t 

of the acc i dent , the acc i dent s hou l d be dec l ared a n  ENO . Beca use  

the  rad i at i on mon i tori ng dur i ng  the  acci dent wa s i nadequate no  one  

knows the  amount  of  rad i oacti v i ty rel eas ed . 

inadequate . 

The ENO cri teri a are 
• 

5 1 . Nati ona l Assoc i a ti on of  Atomi c Veterans - Because  mea s urements 

ta ken duri ng the TM I acc i dent were i naccurate , there i � no way to 

ascerta i n  the expos ure of the peop l e l i v i ng near TM I .  Even l ow­

l eve l  rad i at i on expos ure cou l d  produce cancers i n  the future . The 

TM I acci dent s ho u l d be dec l a red an  ENO whether or not i t  meets the 

cri teri a .  

52 . Same as  49 . 
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5 3 .  La rry E .  Arno l d ,  Para s c i ence I nternat i ona l - Based on  i n terv i ews 

w i th res i dents  a round the TM I reactor , n umerous  hea l th  effects 

res u l t i n g  from l arge rad i at i on doses can  be  documented whi c h  wou l d 

wa rrant  a determi nat i on of an  ENO . 

5 5 . Joann  Topo l s k i - Presents mon i tori n g  data done by Mr . Harry Ha l l .  

57 . W i l l i am A l bert a nd Al i ce Hos sfi e l d Hes s - The TM I acc i dent  s hou l d 

be c l a s s i fi ed a s  a n  ENO beca use  no one  knows the amoun t of rad i a t i on  

re l ea s ed , where the  rad i a ti on went  and  t he  i mpact on the  popu l a t i on 

a round  TM I .  A l s o ,  the ENO cri ter i a a re· unrea l i s ti c by not accoun t i n g  

for pos s i b l e  l a tent cancers . 

58 . Statemen t of  Congres sman Robert S .  Wa l ker - Requests t hat the  

Comm i s s i on i n  ma k i n g  i ts ENO  determi nat i on  con s i der not  on l y  

dama ges  i n  terms o f  p hys i ca l  i nj ury o r  destructi on , b ut  a l s o  damages  

i n  terms of  p syc ho l og i ca l and  economi c i mpac t .  

I I .  Commen ts on  ENO Determi nat i on L i s ted By Category 

I .  I t  i s  p rema ture bas ed on  l i m i ted i nforma t i on  ava i l a b l e to ma ke  

a n  ENO  determi nat i on . 

No . of  comments rece i v ed - 7 

Comment numbers - 6 ,  9 ,  1 0  

1 7 '  2 4 '  2 5 '  34 
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I I .  The ENO cri teri a are i nadequate and/or unrea sonab l e 

No . of  comments recei ved - 1 2  

Comments n umbers - 1 ,  2 ,  5 ,  1 3 ,  1 7 ,  

1 8 ,  20 ,  2 5 ,  37 ,  38 ,  40 , 57 

I I I .  The da ta mon i tori ng was i ncomp l ete and i naccura te . 

No . of Comments recei ved - 24  

Comments numbers - 1 ,  3 ,  4 ,  5 ,  6 ,  7 ,  

20 , 2 1 , 22 , 23 , 24 , 2 5 ,  29 , 31 , 

32 ,  33 , 36 , 39 , 40 , 42 , 50 , 51 , 54 , 57  

I V . The a c c i dent s hou l d not  be c l a s s i fi ed a s  an  ENO . 

No . of  comments rece i ved - 5 

Comment n umbers - 1 1 ,  1 2 ,  1 5 , 1 6 , 3 5  

V .  E i ther based o n  s ta tements_ by NRC off i c i a l s and  o thers  o r  for 

other rea sons  not rel ated to_ tec hn i ca l  con s i dera t i on s , the  

acc i dent s hou l d be con s i dered a n  ENO . 

No . of  comments rece i ved - 1 7  

Comment n umbers - 1 4 , 1 7 ,  2 2 , 2 3 , 

24 , 26 , 2 7 , 28 , 29 , 30 , 32 , 39 , 43 , 44 , 45 ,  48 , 58 
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No . of  comments rece i ved - 4 

Comment numbers - 8 ,  1 9 ,  46 , 47 

V I I .  Spec i fi c  d a ta s u bm i tted as to whether the a cc i dent s hou l d be 

con s i dered an  ENO . 

No . of comments recei ved - 2 

Comments n umbers - 41 , 5 5  

I I I .  Pa ne l  Res pon ses  to Pub l i c  Comments 
on ENO Determi nat i on 

I .  I t  i s  premature to ma ke a n  ENO determi nati on  s i nc e  da ta rel a ti n g  to 

the fu l l i mpact  to da te of the a cc i dent wi l l  not  be accumu l a ted for 

many yea rs and  i n  fact ,  the acc i dent i s  s t i l l  go i ng on . 

Respons e  

The ENO Pa n e l  has con s i dered the ques ti on  of  recommend i ng t o  the  

Commi s s i on tha t the Commi s s i on pos tpone determ i n i ng whether the TM I 

acci dent s hou l d be con s i dered a n  ENO but ha s dec i ded a ga i n s t  s u c h  a 

pos tponement . 
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A number of commenters s uggested tha t becau s e  of  the pos s i b i l i ty of  

add i ti on a l  rel eases of rad i oacti ve  mater i a l s duri ng  the  decon tami nati on 

of  the rea c to r , the Commi s s i on not ma ke an  ENO determi nati on a t  

l east  unt i l after the reactor  i s  decon tami nated . Some have a l so  

s u gges ted tha t a number of years ( perhaps  20 years or  more  because  

of  the l atent peri od of  cancer ) must  e l apse  before the  Commi s s i on 

can be con s i dered to have recei ved a l l the pert i nent da ta u pon 

wh i ch to ma ke th i s  determi nati on . As s tated i n  the Pane l  • s  report , 

these observati ons have been con s i dered but  the Panel  bel i eves tha t 

i t  s hou l d not recommend that the Commi s s i on pos tpone i ts ENO determ i na t i on 

for a number of  rea son s .  F i rs t ,  the Federa l D i s tr i c t  Court for the 

Mi ddl e D i s tr i ct  of  Pennsyl van i a  wh i c h  i s  con s i der i ng the var i ous  

l aws u i ts brought  a s  a res u l t of the  acc i dent has requested i n forma l l y  

tha t the Comm i s s i on ma ke a n  ENO determi nat i on . Unti l s u ch a determ i nat i on 

i s  made , the court wou l d be unab l e to a s certa i n  whether the wa i vers 

of  defenses woul d be app l i cab l e .  Wh i l e  the court cou l d p roceed i f  

the Commi s s i on pos tponed i ts ENO determi nat i on , a l l th i n g s bei n g  

equa l , i f  the Commi s s i on i s  a b l e to ma ke a determi nati on  i n  th i s 

a rea , the needs of the court a nd the parti es before the courts 

s hou l d be g i ven cons i derab l e  wei g h t .  I n  th i s rega rd , t h e  Commi s s i on 

has  rec e i ved a reques t for determi nati �n  of a n  ENO , wh i c h  i f  the 

Commi s s i on had not a l ready i n i ti a ted i ts procedure , .  wou l d have been 

a pet i t i on for a n  ENO determi nat i on  prov i ded for i n  the NRC regu l a t i o n s . 
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Second ,  the  re l eases  of  radi oacti ve  ma teri a l s from the TM I acc i dent  

are e st ima ted  to  have been  wi th i n  l eve l s typ i ca l  of  norma l o perat i o n s  

s i nce  mi d-May 1 979 . Add i ti ona l  rel ea ses  s i nce  May 9 , 1 979  have  

con tri buted l es s  than  1 %  of  the  tota l rel ea ses . The NRC  i n tends  

tha t doses  to  the genera l popu l a t i o n  from c l ean - u p  and  recovery 

opera t i on s  b e  ma i n ta i n ed wel l wi thi n NRC des i gn ba s i s  g u i de l i nes  

for norma l operat i on  ( Append i x  I to 1 0  CFR  Part  �0 ) and  EPA  s tandards  

for norma l operat i on  ( 40 C FR Part  1 90 ) . For these rea s on s , the  

Pane l  does  not  v i ew the  acc i dent a s  cont i n u i ng  beyond the  May date . 

Were there to be a s ub stant i a l  rel ea s e  of  rad i oact i v e  mater i a l s a s  

a res u l t o f  a cc i dents i n  the c l ean- u p  o r  recovery operat i on s , o r  a s  

a res u l t o f  a tra n s portat i on  acc i dent  i nvo l v i ng the rad i oa c t i v e  

wa s tes  removed from t h e  TM I s i te ,  t h e  Panel  bel i eves  tha t these  

wou l d be new i nc i dents from the  po i n t of  v i ew of  a n  ENO  determi n­

a t i on , a nd  not d i rect ly  attr i butab l e  to  the  or i g i na l  a c c i dent . 

Wh i l e  from one  po i nt of  v i ew thi s conc l u s i on wo u l d a ppea r  to be  

adverse  to  the  i nteres ts of c l a i mants wi th respect  to the  Marc h 28 

ac c i dent s i nce  i t  wou l d remove  the pos s i b i l i ty of  the TM I a c c i dent 

a s  i t  ha s occurred to  date from ever be i n g  con s i dered a n  ENO , i t  

a l s o  has the oppo s i te effect of prov i d i ng a new l eve l  of funds for 

the second acci dent  i f  i t  were to occur . 
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The Panel  w i s hes to emphas i ze that i n  cons i der i ng  the acc i dent to 

encompa s s  the peri od s ta ted above , the Panel  i s  ma ki ng th i s conc l u s i on 

for ENO purpo s e s  on l y .  I t  recogni zes  that i n  o ther contexts , one 

coul d conc l ude , as d i d the Pres i dent • s  Commi s s i on on  the Three Mi l e  

I s l and a�c i dent , tha t the acci dent i s contin u i ng . 

I I .  The ENO cr i ter i a are i na dequate andior unrea sonab l e .  

Respon se  

As  a res u l t of  t he  enactment  by the  Congress  of  t he  wa i ver of  

defenses  prov i s i on s , the Commi s s i on wa s requ i red to  devel o p  c r i ter i a 

for the ma k i n g  of  a n  ENO determi nati on . The c r i ter i a were e s tab l i s hed  

in  1 967  and  1 968 con s i s tent  wi th then  - c urrent  s tandards conta i ned 

i n  Federa l Rad i a t i on Counc i l protect i ve  acti on g u i des . The c r i ter i a  

were e s ta b l i s hed i n  the course o f  pub l i c  ru l e ma ki ng  whereby members  

of the pub l i c  a nd  other i n teres te.d parti es  had the opportun i ty to 

comment . The adequacy or  reasonab l enes s of  the c r i ter i a had  never 

been quest i oned after enactment of the ru l es  i n  pa rt becau s e  there 

had never been , before TM I , a n  occa s i on to i mp l ement  the cr i teri a .  

The Commi s s i on has  rece i ved a peti ti on  for ru l ema k i ng  to amend i ts 

ENO cr i ter i a  wh i c h  wa s pub l i s hed i n  the  Federa l Reg i s ter o n  August  28 , 
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1 979 ( 44 FR  431 28 ) . A few of those  commenti ng  on  the acc i den t �ave  

a l so  s ta ted o p i n i on s  tha t Cr i ter i on I i s  unneces sary s i nce i t  i s  

d i ffi c u l t to pos tu l a te a n  a cc i dent i n  wh i ch Cri ter i on I I  wou l d be  

met  w i thout C r i ter i on I a l so hav i n g been  met .  A thorough  rev i ew o f  

the reas ona b l e n e s s  a nd adequacy of mod i fy i ng  the cr i ter i a  based o n  

comments rece i ved s uch  a s  those d i scus sed a bove  a s  wel l a s  other 

i nforma t i o n  a va i l a b l e wi l l  be underta ken . However , w i th res pect to 

the TM I acc i den t ,  the Panel  wa s d i rec ted by the Comm i s s i on to ma ke 

expl i c i t  f i n d i n g s  on  whether the Commi s s i on ' s  s pec i fi c  ENO cr i ter i a 

i n  the reg u l a t i ons  had been met .  

I I I . Beca use  t h e  da ta mon i tor i ng wa s i ncomp l ete and  i naccura te the  

amount  of  n uc l ea r ma teri a l  wh i ch escaped dur i n g  the acc i dent i s  

un known . Certa i n  i nd i v i dua l s were a l l eg ed to have  exper i enced 

phys i o l og i ca l  effects wh i c h cou l d on l y  be expec ted from s ubta n t i a l  

offs i te rad i a t i on  re l ea s es . 

Respon se  

Al though  effl uent  mon i tors ( tha t i s ,  t he  mon i tors  a t  t he  s ta c k s ·  

where the rel ea ses  occurred ) were 1 1 0ff- sca l e 1 1  d ur i ng  t h e  i n i ti a l 

per i od o f  the a cc i den t ,  e st i ma tes  of the amounts of  rad i oact i v e  
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materi a l s were made u s i ng i nforma t i on on the meteoro l og i c a l  d i s pers i on 

cond i t i ons  and  the doses measured by dos imeters a l ready i n  p l ace  a t  

the ti me o f  the a cc i dent both on and off the reactor  s i te .  These 

est ima tes made  by con s u l tants  to the l i censee and  by the NRC s ta ff 

have been pub l i s hed i n  the NRC Off i ce of I ns pecti on and Enforcement 

i nvesti gati on  report NUREG- 0600 . More recentl y ,  i n  the report of  

the  Pres i denti a l  I nvesti gat i on  Commi s s i on ,  tha t Commi s s i on s ta ted 

that i t  was a b l e to rel a te the read i ng s  on an a rea mon i tor to the 

nobl e gas  effl uent mon i tors (when they were 1 1 0n - s ca l e 1 1 ) .  U s i n g  the 

area mon i tor  rea d i ngs  i t  was pos s i bl e  to est ima te the rea d i n g s  tha t 

woul d have been recorded by the nob l e gas  effl uent  mon i tors  had 

they rema i ned 1 1 0n- s ca l e . 1 1  These est imates a re somewhat l ower than  

the  earl i er a pproxi mate e st imates . Some 762 i nd i v i dua l s i nc l ud i ng 

some to whom a l l eg ed expos ure to s ubstanti a l  rad i oacti v e  i od i ne 

l evel s have been a ttri buted , were g i ven who l e body counts . No 

acti v i ty was detected i n  any of  these i nd i v i dua l s wh i ch cou l d have  

been assoc i a ted w i th the TM I acc i den t .  ( See memorandum Pasc i a k/ Co ngel  

dated December 1 7 , 1 97 9 ,  and  memorandum Gotchy/ F i l es dated December 1 9 ,  

1 9 79 i n  attached Annex . ) 

The i n i t i a l e s t i ma tes  of both doses  rece i ved by i nd i v i dua l s a nd  the  

to ta l rad i a t i on  expos ure of  the  popu l ati on  wi th i n 50  mi l es of  the 

Three M i l e  I s l and  s i te were bas ed upon rad i a ti on dos i meters ( thermo­

l umi n escent dos i meters or  TLD 1 s ) tha t were i n  p l ace  a t  20  l ocat i on s 
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throughout  the  enti re acci dent per i od .  These dos i meters were part 

of the rout i n e  env i ronmenta l mon i tori ng  program cond ucted by the 

Metropo l i ta n  Edi son Company and requ i red by the NRC . These dev i ces 

i n tegrate ( s um- up ) the tota l dose recei ved at  the i r l ocati ons  and , 

therefore , prov i de a record of the tota l dose  throughout  the course  

of the  a cc i den t , i ndependent from the  effl uent mon i tors . Add i ti ona l 

dos i meters p l a ced by the Sta te of Penn syl van i a  a nd  by a contractor 

to the Nuc l ear  Reg u l atory Commi s s i on were a l so  i n- p l ace  throughout  

the  i n i t i a l  a c c i dent  per i od .  On March 3 1 , 1 979 , the NRC p l aced 

addi ti on a l  TLD ' s at 37 l ocati ons . 

A l though  the 2 0  dos i meters tha t were i n  p l ace thro ughout  the a cc i dent 

d i d not  prov i de tota l covera ge of a l l adj acent a rea s , they were 

s i tua ted i n  a manner  to prov i de broad coverage  a round  the p l a n t . 

The Ad Hoc I n tera gency Group  i n  i ts report i n  May , 1 979* too k the 

ava i l ab l e da ta a nd made proj ec ti ons  from the exi s ti n g  data i nto 

a rea s where da ta wa s unava i l ab l e to e st ima te the tota l popu l a t i on  

dose . Subsequent  refi nements of these  ca l cu l a ti on s  u s i n g  computer 

model s of rad i oact i ve  c l oud d i spers i on have  produced popu l a t i on  

dose est ima tes c l o se  to  the Ad  Hoc  Group  est ima tes . Genera l l y , 

* Ad Hoc I n teragency Dose  Assessment Gro u p  report , 1 1 Popu l at i on  Dos e s  
a nd Hea l th Impact of  the Acc i dent  a t  t h e  Three Mi l e  I s l and  Nuc l ea r 
Stat i on , 1 1  U . S .  N . R . C .  Report NUREG- 05 58 , May , 1 979 . 
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these  more ref i ned est i mates a re l ower . The a greement  between the 

i nd i v i dua l doses  and the popu l a-t i on doses est ima ted by a var i ety of 

techn i ques prov i des  another i nd i cat i on tha t the doses from the 

acc i dent have been fa i r l y  w�l l es timated . 

Al though  the thermo l umi nescent dos i meters (TLD ' s ) were g enera l l y  

i n sens i ti ve for the detecti on o f  the beta dose from nobl e gases , 

the Ad Hoc I n teragency Tas k  Group esti mated the poss i b l e  beta doses  

to  the l ungs , o ther i n tern a l  organ s ,  and to  the s ki n . *  The  i ntern a l  

doses  were on l y  sma l l fract i ons  o f  the who l e body dose . The tota l 

s k i n dose from gamma and  beta rad i a ti on wou l d be expec ted , ba sed on 

est ima tes in  the tec hn i ca l  l i tera ture to be 2- 6 t i mes  the gamma 

whol e- body dose i f  i t  i s  a s s umed that a person i s  tota l l y  immersed 

i n  the rad i oacti ve  gas p l ume wi thout  c l oth i ng or s hel ter for the 

enti re peri od of  the acc i den t .  Even under s uch  c i rcumsta nces , u s i ng 

th i s  method of  e st imat i ng  s k i n  dos e  the beta expos ure of  the 

enti re popul at i on  wi th i n  50-mi l es wou l d  not have  a p prec i a b l y a l tered 

the hea l th impact  es t ima tes  that the r i s k  from s k i n  cancer i s  

extremel y l ow . 

Beta- emi tti ng parti c u l ates i n  a i r were mon i tored by a i r  s�mp l ers  i n  

p l ace throughout the course of  the a cc i dent a s  part  of the routi n e  

* A d  Hoc I n teragency Do se  As sessment Group  report , Chap ter  5 .  
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envi ronme n ta l  s urve i l l ance program conducted by the Metropo l i tan 

Ed i son Company . These sampl ers were s uppl emented by a dd i t i ona l  a i r  

samp l ers p l a c ed by the l i censee , by NRC , by the State o f  Penn syl van i a , 

and by the  EPA a s  we l l a s  a i rborne samp l es i n  the DOE he l i copters . 

Wi th the excepti on of rad i o i od i ne (wh i ch  i s  a l so a gamma - emi tter ) 

no s i gn i f i ca n t  l evel s of beta or a l pha emi tti ng rad i on u c l i des  other 

than the nob l e gases  and rad i at i on caused by the decay of  natura l l y  

occurr i ng radon were detected . 

Ana l ys i s  o f  m i l k  i nd i ca ted tha t rad i o i od i ne ,  ces i um- 1 37 ,  a nd s tron t i um­

go were pres ent .  The  ces i um- 1 37 and s tron t i um- 90 l eve l s were not 

above the l evel s reported i n  pre- acc i dent samp l es or  i n  samp l es  

col l ected at  l ocati ons  remote from the TM I s i te a s  pa rt of  EPA 1 s 

Nati ona l Env i ronmenta l Rad i ati on Amb i ent  Mon i tor i ng  Sys tem . Therefore , 

i t  i s  l i ke l y  tha t the ces i um- 1 37 and s tron ti um- 90 come from res i dua l 

fa l l out  from atmos pheri c nuc l ear tes ti ng  rather than the  TM I acc i dent .  

The h i ghes t rad i o i od i ne l evel s found i n  mi l k  wou l d hav e  produced a 

thyro i d  dose  to a young c h i l d  of 5 mi l l i rems . Th i s do s e  i s  bel ow 

the annua l des i gn bas i s  thyro i d dose for norma l opera t i on  ( 1 5  

mi l l i rems per yea r ,  see Append i x  I to Part 50 of  the NRC regu l a t i on s ) 

and bel ow the EPA s tanda rds  for norma l operat i on ( 75 m i l l i rems per 

year , see EPA regu l at i ons  i n  40 CFR Part 1 90 ) . 
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The NRC staff , 1  est imated that 1 3  mi l l i on cur i es  of rad i oacti ve 

ma ter i a l  was rel ea sed i n  the Three Mi l e I s l and Un i t  2 acc i dent ( see 

memorandum Barrett/Di s tr i but i on da ted Apri l 1 2 , 1 979 i n  a ttac hed 

Annex ) . One commenter u s i ng ca l cu l ated doses  from a des i gn ba s i s  

acci dent w i t h  88 , 000 cur i es  of Xe- 1 33 rel eased a s  presented , for 

exampl e ,  i n  Chapter 1 5  of  the TM I - 2  F i na l  Safety Ana l ys i s Report 

( FSAR ) , ha s determi ned by extrapo l at i on that wi th average meteoro l og i ca l  

cond i t i ons  the offs i te doses  for 1 3  mi l l i on cur i es o f  Xe- 1 33 re l ea sed 

wou l d  be muc h h i g her than the meas ured offs i te doses at TMI . I n  

fac t ,  h e  ca l cu l ated doses  <� 3 0  rem two mi l es from the p l ant ) above 

the 1 0  CFR 1 40 . 84 cri teri on . Partl y because  of th i s ,  and because  

of a mi s unders tand i ng of the  s taff ' s methodo l ogy , he ques t i ons  the 

s taff ' s method of u s i ng  dos i meter read i ngs  to determi ne the rel ease  

from TM I - 2 . Spec i fi ca l l y  he s tates tha t the appropr i ate �rocedure 

wou l d  not be to average va l ues  l i s ted i n  Tab l e 2 of the Apri l 1 2 ,  

1 979 Ba rrett memo but to add them .  

Duri ng the November 2 1 , 1 979  publ i c  hea r i ng hel d i n  Harr i sburg , 

Pennsyl van i a  an  NRC s taff member on the hear i ng  panel  d i s c u s sed 

wi th thi s commenter the s taff ' s proced ure for determi n i ng  the 

acc i dent rel ea se from the mea s ured doses . The transcri pt  s ugges ts 

that thi s ma tter rema i ned unreso l ved a fter the exc hange . The 

commenter s tated tha t the rel ea se  va l ues  of Tab l e 2 of the  Apr i l 1 2 ,  
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1 979 Barrett memo s hou l d  be added for determi n i ng the tota l a c ti v i ty 

rel ea sed ra ther  than u s i ng  the average . The avera g i ng  procedure 

wa s i n  fac t ,  correctl y used s i nce the x/Q va l ues  i n  Tab l e 2 were 

ti me average va l ues for the enti re per i od and the dose va l ues i n  

the tabl e were the cumu l ati ve dos es for the enti re per i od .  The 

t i me average  tota l rel ea se  for the per i od wa s obta i ned ba s ed on the 

t ime averaged x/Q and cumu l a ti ve dose by d i v i d i ng the cumu l at i ve 

dose at  a spec i f i c  l ocat i on by the product of the ti me avera ged x/Q 

at the l ocat i on t imes  the dose factor t imes  the durat i on of  the 

rel ea se  per i od .  To determi ne  the best esti mate of the tota l act i v i ty 

rel ea sed the ca l cu l ated t ime avera ge tota l rel ea ses  based on  the 

data at  each  s pec i fi c  l oca ti on were then averaged . I n  th i s proced ure 

the average of  the s ums ( tota l  acti v i ty rel ea sed ) wa s ta ken , b ut  

the  procedure the  commenter descri bed empl oyed ta k i ng the  s um of  

the  averages ( a ct i v i ty rel ea sed i n to a sector ) ,  wh i c h i s  ba s i ca l l y  

the same th i ng and wi l l  work  equa l l y  wel l i f  the da ta l end thems e l ves  

to i t .  However , the commenter apparentl y d i d not recogn i ze tha t 

the va l ues i n  Tab l e 2 were not average rel ea ses  i nto a sector , but  

were t ime average  � of  rel ea ses  for the  enti re per i od ;  hence , 

the procedure tha t wa s u sed , average of  the s ums , was the appropr i a te 

one , and the one the commenter suggested was not a ppropr i a te for 

these da ta . 
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The proce s s  by wh i ch dos es  are ca l cu l a ted for the des i gn bas i s  

acci dent con s equences presented i n  the FSARs i s  u sua l l y  a con servat i v e  

method , i f  t h e  appl i cant  has  u sed t h e  s ta ff ' s recommended procedures 

parti a l l y  descri bed i n  Regu l a tory Gu i de 1 . 3 and  1 . 4 .  The hypotheti ca l  

acc i dent of  the FSAR a s s umes the  exi s tence of poor meteoro l og i ca l  

d i s pers i on condi ti ons . Ana l ys i s  o f  the meteoro l og i ca l data tha t 

were obta i ned duri ng the acc i dent i nd i cates that average d i spers i on 

cond i t i ons  exi s ted . Other parameters that mus t  be a s s umed for the 

hypothes i zed acc i den t ,  and wh i ch a re often a s s umed conservat i ve l y ,  

were actua l l y  meas ured a t  TM I .  Therefore , the i nd i v i dua l dose 

eva l uati on tha t i s  conta i ned i n  Append i x  E to the ENO report , as  

wel l a s  those  presented ear l i er i n  NUREG-0558 (May 1 979 ) , a re much 

more accura te than the FSAR ca l cu l at i ons . 

I V . The acci dent s hou l d not be c l a s s i fi ed a s  an  ENO . 

Respon se  

These comments genera l l y  s upport the  Panel ' s  conc l us i on that becau s e  

Cri ter i on I wa s n o t  met , t h e  TM I acci dent cannot be cons i dered a n  

ENO . 
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V .  E i ther based on s tatements by NRC offi c i a l s and others , o r  for 

other  rea sons  not rel ated to tec hn i ca l  con s i dera t i ons , the acc i dent 

s hou l d  be cons i dered an  ENO . 

Respons e  

A n umber of  comments have been rece i v ed tha t s ta te tha t ba sed on 

the ac knowl edged seri ousness  of th i s  acc i dent a nd i ts i mpac t  on the 

area and the coun try i n  genera l i t  wou l d be abs urd to say tha t the 

acc i dent was not extraord i nary .  These commenters bel i eve that i f  

the TM I acc i dent was not 1 1 extraord i nary 1 1 then one wou l d l og i ca l l y  

have to argue tha t i t  wa s 1 1 0 rd i na ry . 1 1  D i cti ona r i es defi ne  the 

term 1 1 extraord i nary1 1  as 1 1 go i ng beyond what i s  u s ua l , regu l ar ,  or  

cus tomary . . . V i ewed in  thi s l i g h t ,  the recent events  a t  Three M i l e  

I s l and  are obv i ous l y  extraord i nary ,  s i nce they wou l d  not  occ ur  

duri ng  norma l operat i ons  at  a nuc l ear power pl a n t .  However , the 

term 1 1 extraord i nary nuc l ear occurrence . .  i s  a term tha t i s  prec i s e l y  

defi ned by the Pr i ce-Anderson Act as  fo l l ows : 

The term 1 1 extraord i nary nuc l ear occurrence .. means  a ny event 

caus i ng a d i scharge or d i s persa l of  source , s pec i a l  n uc l ea r ,  

o r  byprod uct ma teri a l  from i ts i n tended p l ace  o f  confi n emen t  
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i n  amo unts offs i te ,  or caus i ng rad i at i on  l evel s o ffs i te ,  wh i ch 

the Commi s s i on determi nes to be s ubstant i a l , and wh i ch the 

Comm i s s i on determi nes has resu l ted or  probab ly  wi l l  res u l t i n  

s ubs tant i a l  damages to persons  offs i te or property offs i te .  

( Atomi c Energy Act ( a s  amended ) , subsecti on l l j ,  42 U . S . C .  

20 1 4j )  

The defi n i t i on thus  prov i des a two- pronged tes t :  ( 1 ) s ub stanti a l  

offs i te rel ea se  o r  s ubstanti a l  offs i te rad i a ti on , and ( 2 )  s ubstant i a l  

offs i te dama ges . Th i s same sect i on req u i res that the Commi s s i on 

1 1 e s tab l i s h cri teri a i n  wri ti n g 1 1 that estab l i s hes the ba s i s upon 

wh i ch the determ i nati on s ha l l be made .  

Other commenters have rel i ed on s tatements made by Al bert G i bson of  , 
the NRC and others wh i ch re l ate the probl ems of da ta mea s urement to 

the poss i b i l i ty of not knowi ng  wi th certa i nty the rad i a t i on  re l ea ses  

from TM I . I t  i s  not neces sary to determi ne  the exact  re l ea ses  i n  

order to app l y the ENO cri ter i a  beca use  o ther sources o f  i nforma t i on  

can prov i de da ta for  character i z i ng doses and  contam i nat i on l evel s 

offs i te .  The da ta mea s urements tha t G i bson and others rel i ed on i n  

bri efi ng the Commi s s i on on rad i oacti ve rel ea ses  from TM I - 2 are 

d i scus sed and eva l ua ted in  the tec hn i cal a ppend i ces . In  pa rti c u l a r  

the Pane l  wi s hes  to addres s Mr . G i bson • s  s ta tements made  a t  Comm i s s i on 

Append i x  C 



- 26-

bri efi ngs  on J u n e  2 1 , and August  2 ,  1 979  wh i ch have been the  s ubject 

of a n umber of comments . On June 2 1 , 1 979 , Mr . G i bson sta ted that 

he was uncerta i n  about the amount of rad i oacti ve  materi a l  that was 

re l eas ed to the  atmosphere when the ma i n  s team a tmospher i c d ump 

va l ves were o pened for var i ous  t ime per i ods on March 28 , 1 979 . 

Mr . G i bson a l so s tated tha t he reca l l ed tha t an  i n s pector a t  the 

ground under the s team c l oud saw l evel s of  from 5 to 20 mi l l i rems 

per hour when the dump va l ves  were opened . At the August  2 ,  1 979 

bri efi ng , however , the fo l l owi ng  exchange ta kes p l ace wh i ch mod i fi es 

Mr . G i bson • s  earl i er s tatements ( pp 1 1 1  to 1 1 4 ) :  

COMM I SS I ONER AHEARNE : 

But  then are  you sayi ng that even i f  they had i denti f i ed what 
had been the cause of the l ea k ,  as  you now say , the ca l cu l at i ons  
s how they were outs i de of tec h specs . Even  i f  they had  i denti fi ed 
tha t and fi xed i t  and put  i t  ba ck  wi th i n tec h s pecs , you s ti l l  
expected that the l ea ka ge wou l d  have occurred ? 

M R .  G I BSON : 

That • s  true . To d i scuss  bri efly mon i tori ng  of  a i rborne effl uents , 
a i rborne rad i oacti v i ty mon i tors are i n s ta l l ed i n  vent i l a t i on 
exha u s t  sys tems and i n  the s tat i on ven t .  Thes e were off 
sca l e ,  a s  we d i scus sed i n  J un e ,  beca use  of  the h i gh  rad i a t i on 
l evel s i n  the v i c i n i ty of the detectors . The res pons e  of  
these  mon i tors prov i ded l i ttl e u seful  i nformat i on dur i n g  the 
per i od of  th i s i nvesti gati on . However ,  the samp l ers a s soc i a ted 
wi th  these mon i tors were used to col l ec t  i od i ne and parti c u l a te 
sampl es , wh i ch were then ana l yzed i n  l abora tor i es for a before 
and after assessment of what had been rel eas ed from the  fac i l i ty .  
Regard i n g  quanti fi ca ti on of what wa s rel eased from the fac i l i ty ,  
the l i censee d i d  not quanti fy nobl e gas  rel eases  unti l a fter 
the peri od of our  i nvesti gati on . However , beca use  of the  h i g h  
degree of i n terest  i n  th i s  s ubj ec t ,  w e  d i d p u t  i nformat i on 
i n  the report regard i ng  the l i censee • s a s ses sment of a 
quant i ty of rad i oacti v i ty rel ea s e . 
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We d i d  not i ndependentl y ca l cu l a te the quanti ty of  rad i oact i v i ty 
rel eased , but  we d i d  rev i ew the methodo l ogy u s ed by the l i censee  
and  found i t  to be  sound . And we d i d  compare the nobl e g a s  
rel ea ses  to a prel i mi nary as sessment wh i ch h a d  been made by 
the NRC s ta ff wi th that , to be cons i s tent . 

COMM I SS I ONER AHEARNE :  

And therefore a l so  cons i s tent wi th that a d  hoc ta s k  force tha t 
l oo ked a t  the mea surements ? 

MR . G I BSON : 

Tha t i s  correc t .  I th i n k I s hou l d say more on  tha t poi n t . We 
too k  the nob l e gas  source term i denti fi ed by the l i censee , 
p l ugged i t  i nto a formul a i n  1 0  CFR 20 to determ i n e  compl i ance  
w i th  1 0  C FR 20 , and found tha t the  1 0  CFR  20 rel ea s e  concentra t i on , 
annua l  average  concentrati on l i mi t ,  was exceeded by a fac tor 
o f  1 1 . 

Now thi s wou l d norma l l y  imp ly  the MPC i n  part 20 i s  genera l l y  
regarded a s  a concentrat i on i f  someone  were present  i n  tha t 
concentrat i on cont i n uo u s l y  for seven days a wee k ,  24 hours  a 
day , i t  wou l d  produce 500 mi l l i rems per year . 

Now when we came up w i th a factor of  1 1 ,  I th i n k a reasonab l e 
quest i on i s ,  does tha t mean  a person wou l d  have rece i ved 1 1  
t i mes 500 m i l l i rems a yea r .  The an swer to that ques ti on i s ,  
no , i t  does not mean tha t .  I t  doesn ' t  mean that because  o f  
con servat i sm i n  the dose  model s u sed to der i v e  1 0  CFR 20  MPC 
va l ues and  because  of con servat i sm i n  the a tmospher i c  d i s pers i on 
factor wh i ch we used to determi ne  compl i ance w i th Part 20  and  
because  no  one l i ves  at  the  s i te boundary 24 hours  a day , 
s even days a wee k ,  wi thout  the protecti on of  any s h i e l d i n g .  

And when correcti ons  are made for those conserva t i sms to 
obta i n  a more rea l i s t i c dose , our  n umber seems  cons i s tent  w i th  
what  the  ad  hoc  commi ttee produced . And a l so  I wou l d add  tha t 
the ad hoc commi ttee ' s  est imate i s  ba sed on  actua l doses  
mea s ured by TLDs and  does not  ta ke i nto account i n  i ts d e ter­
m i nati on of doses to i nd i v i dua l s a ca l cu l a t i on u s i ng a n  a tmo s p h er i c 
d i s pers i on factor .  

Now , our  ca l cu l at i on i s  based on ta k i ng  the  TLD  res u l t ,  a pp l y i n g  
an  atmo spher i c d i spers i on factor to get a source term , a n d  
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then app ly i ng another atmospher i c d i s pers i on factor to proj ect 
out  to an  i nd i v i dua l . The comb i nati on of the two a tmos pher i c  
d i s pers i on factors i ntrod uces some add i t i ona l uncerta i nty . So 
the bo ttom l i ne  i s ,  we feel tha t the rel ea sed quanti ty of 
nob l e gases  i s  cons i s tent wi th the ad hoc commi ttee • s  recommenda t i on . 

The ful l transcri pts of  Mr . G i bson • s  remarks  before the Commi s s i on 

on June  2 1  and August  2 , 1 979 a re i n  the Publ i c  Doc ument Room . 

V I . No s pec i f i c  comment  on an ENO determ i nat i on . 

Response  

These  commen ts genera l ly  cri t i c i ze the  uti l i zat i on of  nuc l ea r power 

or  descr i be i mpacts of the acc i dent i n  terms other than the ENO 

cr i ter i a . These comments d i d not prov i de any substant i ve da ta 

whi c h  co u l d be tec hn i ca l ly  rev i ewed . 

V I I .  Spec i fi c  data submi tted as  to whether the acc i dent shou l d be con s i dered 

an  ENO . 

Response  

The  data suppl i ed i n  th i s comment by attorneys for Metropo l i tan  

Ed i son has  been con s i dered i n  the revi ews that res u l ted i n  the 

techn i ca l  append i ces . Da ta s ubmi tted by a commenter a t  the pub l i c  

hear i ng i n  Harr i sburg on November 2 1  i s  a na l yzed i n  the fo l l owi n g  

a nnex . 

Append i x  C 



Summary 

Annex to Appendix C 

ANA LYS I S  OF  RAD IATION MON ITORI NG RESU LTS 

MADE BY MR . HARRY W.  HA LL  

AN D  SUBMITTED BY MRS . JOANNE TOPO LSKI 

Rad i at i o n  s u rvey i nstrume nt  readi ngs we re take n  at several l ocati ons  5 - 7  

mi l e s we s t  (WSW-WNW) o f  t h e  Three Mi l e  I s l and s i te duri ng the  pe r i od March 28 , 

1 979 to Ap ri l 1 7 ,  1 979 by Harry W .  Hal l .  Ana l ys i s  of  the occ u rre nce o f  h i gh 

count rates and concurrent wi nd d i recti o n s  i ndi cates that the s e  readi ngs are 

genera l l y  cons i stent wi th wi nds b l owi ng  from the Three Mi l e  I s l and  s i te toward 

the meas ureme nt l ocati o n s  and are , there fore , i nd i cati ve of rad i o acti ve 

materi a l s re l eased as a re s u l t o f  the acc i dent  on  March 28 , 1 979 . 

The reported re s u l ts are exp re s s ed i n  terms o f  counts per m i n u te
_
and cannot 

be converted to  an exact expos ure ( do s e )  rate wi thout perform i ng  a cal i b rat i o n  

o f  t h e  spec i fi c  i nstrume nt u s ed for t h e  measureme nts . Howeve r , a n  app rox i mate 

convers i on can be de ri ved from th ese  data . Typ i cal  count per  m i n ute to dose  

rate factor fo r GM  s u rvey mete rs wou l d s ugge st a bac kground  dose  rate of  

app roxi mate l y  0 . 007 mR/hour o r  7 . 0 � R/hr ; equ i va l ent to an a n n u a l  expo s ure of  

about 60 mR wh i ch i s  not  atyp i ca l  o f  bac kgro u nd dose  rates . U s i n g  thi s v e ry 

app rox i mate convers i on facto r , the h i ghest reported count rates ( 300- 530 cpm ) 

wo u l d be equ i va l ent to 0 . 2 - 0 . 35 mR/ h r .  T h e s e  d o s e  rates wou l d  b e  s i gn i f i c a n t l y  

above norma l bac kground read i ngs b u t  not h i gh eno ugh t o  c o n s t i tute heal th  c o n c e rn 

un l e s s  they pers i sted for l ong peri ods ( a  rate o f  0 . 35 mR/hr pers i s ti ng for o n e  

year wo u l d g i ve an annual  do se  o f  approx i mate l y  3 , 000 m R  o r  3 R ,  whereas t he s e  

read i ngs l asted l ess  than a few hours . ) T h i s s uggests tota l expo s ures we re a 
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few ( 1 - 1 0 ) mR  wh i ch wo u l d  be cons i stent wi th the app roxi mate DO E e s t i mate s f o r  

these l ocati o n s  f o r  t h e  per i od March 2 8  - Ap r i l 3rd of  1 - 5 mR  and  A d  Hoc 

I nterage ncy Tas k Group do ses  e sti mated for the peri od Marc h 28 - Apr i l 6th  f o r  

l ocati o n s  5 m i l e s WNW , 5 mi l es W ,  and 5 m i l e s WSW wh i ch we re 4 . 2 mR , 3 . 4 mR , 

and 2 . 6 mR . A l though the cou nt-per-mi n ute to exp o s u re rate ( mR/h r )  conver s i o n 

i s  o n l y  a ro ugh  e sti mate , i t  cannot be great l y  i n  e rror or  e l s e  the no rma l 

counti ng rate wo u l d  i ndi cate abnormal l y  h i gh bac kground rad i at i o n  do se  rate s .  

No s uch  ab n o rma l areas we re i ndi cated by ae ri a l  radi ati o n  mea s ureme nts made 

i n  1976 . 

Loca t i o n · of :'Mea s-urement  

Red Land H i gh Schoo l i s  l ocated near  I nte rstate 83 I nte rc hange No . 1 6  app rox­

i mate l y  6-7  m i l e s WNW o f  the  Three  Mi l e  I s l and s i te .  

Newberrytown i s  l ocated approx i mate l y  4� m i l es we st- s o uth-we s t  o f  the T h r e e  

Mi l e  I s l and s i te .  

I nstrumen t  

Al though the i nstrument was i denti fi ed as a 1 1 R .  C .  I .  Sca l a r  Ratemeter Mode l 2 306 , 1 1 

the type o f  i nstrume nt used was not spec i f i ed .  From the fact t hat the re s u l t s 

are exp re s s ed i n  c o u nts per m i n ute i t  was l i ke l y  to be a Ge i ger-Mue l l e r ( G M )  

s urvey i ns trument . 
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Cal i b rati on 

Res u l ts are e xpressed  as c o unts per m i nute . Wi thout  cal i b rati o n  of  the 

spec i f i c  i ns trument  used , an  exact convers i o n from counts per m i nute ( cpm)  

to  mi l l i roentge n s  (mR)  per hour cannot be made . An  app roxi mate esti mate o f  

the dose  ( expos u re ) rate can b e  deduced from typ i cal  cpm t o  mR convers i o n 

factors for GM meters of 1 500- 3000 cpm = 1 mR/ h r .  The l owe r val ue wou l d  g i ve 

a convers i on factor that 1 . 5  cpm = 0 . 0 0 1  mR/hr (= 1 � R/h r ) . Res u l ts o n  Marc h 3 0 , 

1 979  i ndi cate that count rates o f  9 . 2 and 9 . 5 cpm are " be l ow bac kgrou nds o f  s ame 

area over l as t  1 3  years , "  whereas count rates o f  1 0 . 5 ,  1 0 .  1 ,  1 0 . 6  are not 

i ndi cated as b e i ng atyp i ca l  for " bac kground" . Therefore one  may deduce that 

a " typ i ca l  bac kground  count i ng rate" was  around  1 0  counts p e r  m i nute . U s i ng 

the 1 . 5  cpm = 0 . 0 0 1  mR/hr co nvers i on facto r wou l d  i nd i cate that typ i ca l  bac k­

ground  dose ( expo s u re ) rates wou l d  be around 7 � R/hr or app rox i mate l y  0 . 0 1  mR/hr  

wh i c h i s  not u n reaso nab l e for  a bac kground  dos e  rate ( approx i mate l y  60  mR/y e a r ) . 

Th i s  val ue i s  a l so  extreme l y  c l ose  to the do se  rate s repo rted for the s e  areas  

from 1 976 ae r i a l  s u rveys o f  app roxi mate l y  7 . 7 � R/hr  as s hown i n  F i gure 1 .  

A l though the above cpm to do se  ( expo s ure ) rate re l ati ons h i p  i s  not exact , t h e  

above ana l ys i s  i nd i cates that i t  i s  n o t  u n reasonab l e .  A c o n s i de rab l y  h i g h e r  

convers i on factor from c o u n t  rate to dos e  wo u l d  res u l t i n  ab n o rmal l y  h i gh 

" bac kground"  do se  rates for thi s a rea . 

Stat i s ti cal  Vari ati o n  

Meas ureme nts o f  rad i ati o n  d o s e  l eve l s ,  e v e n  a t  constant dose  rates , a r e  s ub j e c t  

t o  stati sti cal  fl uctuati o n s  i n  t h e  mea s u reme nt re s u l ts .  The  degree o f  v ar i ab i l i ty 

o f  s uch  re s u l ts i s  pred i ctab l e and fo l l ows a parti c u l ar s tati s t i cal  d i s tr i b u t i o n  

3 
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* M E C H A N I C SB U R G  N A V A L  S U P P L Y  D E P O T  
** C O N T R O L L E D  A R E A N O T  F L O W N  

Fi gu re 1 .  Ra d i a t i o n  Do s e  Ra tes i n  th e Vi c i n i ty o f  t h e  Three M i l e  I s l a n d  
s i te es t i ma te d  from Ae ri a l  ra d i a t i o n mea s u reme n t s  ma de i n  
A u g u s t  1 9 7 6 . From A .  E .  F r i t z s che , "An Ae r i al Ra d i o l o g i ca l  
Su rvey o f  th e Th ree Mi l e  I s l a n d  S t a t i o n  Nucl ea r Powe r Pl a n t "  
( Go l ds b o ro ,  Pe n n syl va n i a ) . E G &G Repo rt EGG- 1 1 83- 1 71 0 ,  Ma rc h 1 9 7 7  
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( the Po i s s o n  d i s t r i buti o n )  such  that the e s t i mated s tandard dev i at i on*  o f  

the meas u reme n t  i s  defi ned by the sq uare root o f  the o b s e rved v a l ue ( the 

square root of a gi v e n  n umber i s  another n umbe r  wh i c h mu l t i p l i ed by i ts e l f 

gi ves  the g i v e n  n umbe r ,  fo r examp l e ,  J4 = 2 as 2 x 2 = 4 and J2 = 1 . 4 1 4  . . .  

as 1 . 4 1 4  x 1 . 4 1 4  i s  app rox i mate l y  2 ) . For  a 1 0  m i nute mea s u rement at an ave rage 

count  rate of 1 0  c o u nts per mi nute , 1 00 counts  wo u l d  be expected to be 

observed . The  expected standard dev i at i o n  wo u l d  be  ( 1 00 )
� 

= 1 0  cou nts ( o r  

1 0  counts d i v i ded by 1 0  ten mi nutes = 1 count  p e r  m i nute ) . I f  1 00 repet i t i v e  

1 0-mi nute meas u reme nts we re made a t  a c o n s tant c o u n t  rate of  1 0  c o u n t s  p e r  

m i n ute , app rox i mate l y  95 meas ureme nts wo u l d  be  expected to fa l l wi th i n an  

i nterval from 8 1  c o tints to 1 22 cou nts (or  8 . 1 - 1 2 . 2 counts  per  m i nute ) . 

Va l ue s  outs i de of  thi s range wo u l d be expected to occur  approx i mate l y  i n  

5 cases  o ut  o f  1 00 .  I f  the expected count rate we re 1 2  cpm ( 1 20 c ounts i n  

1 0  mi nutes ) ,  the expected ( 95th percenti l e ) range wo u l d be  app rox i mate l y  

1 00 - 1 44 counts  ( 1 0 . 0 - 1 4 . 4 counts  per  m i nute ) . There fore , there i s  n o th i n g  

u n u s ua l  about record i ng 85 , 92 o r  1 1 0 c o u nts  ( 8 . 5 ,  9 . 2 o r  1 1 . 0  c o u n t s  per 

mi n ute ) when 1 00 c o u nts ( 1 0  cpm) were expected . T h i s i s  a normal c o n s eque nc e  

of  the ra ndom f l uctuati ons  o f  rad i at i o n  mea s u reme nt proce s s e s  a n d  does not 

req u i re u n u s ua l  p hys i cal  phe nome na ( s uch  as  an  1 1 i o n f i e l d b l o c k i ng me s o n s 1 1 ) 

to be pre s e nt . 

I n  addi t i o n  to the s e  random f l uctuati.ons , the do s e  rate from natural  rad i at i o n 

a l s o  vari e s  wi th t i me due to c hanges i n  the rad i ati o n  l ev e l s .  The s e  c ha n g e s  

*The s tandard dev i at i o n  i s  a meas u re o f  the  prec1 s 1 on o f  a set o f  meas u reme n t s . 
A sma l l standard dev i ati on  i ndi cates that the  i ndi v i dual  mea s u rements we r e  
c l ose l y  gro uped together .  A l arge s tandard dev i at i o n  i nd i cates t hat the 
measured  val ues  were more  di spe r s e d .  
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re s u l t from s uc h  d i verse processes  as s o l ar s u n  spot act i v i ty (wh i ch affects 

cosmi c rad i at i o n  i nten s i t i es )  and rai nfa l l and barometr i c pres s u re ( affects 

re l eases of rad i oacti ve radon gas from the so i l ) . 

6 
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Date 

3/28/79 

3/29/79 

3/29/79 

3/30/79 

ANA LYS I S  OF MEASUREMENTS MADE  AT RED LAND HIGH  SCHOO L 

LOCAT ION I S  APPRO X I MATE LY 6� MI LES WESTNORTHWEST O F  THREE M I LE  I S LAND (TM I ) S I TE 

T i me Peri o d  

3 : 00 pm 

7 : 45 am 
8 : 45 am 
9 : 50 am 
1 0 : 50 am 
1 1 : 50 am 

2 : 00 pm 

7 : 45 am - 1 2 : 20 pm 

Reported Range 
( C o unts per Mi n ute ) 

1 0 . 5 

527 
3 1 7 . 4 
1 64 . 2 
70 . 7  
36 . 8  

1 4 . 0 

1 4 . 3 - 1 5 . 5 

Remarks 

Wi nd to NNE - p robab l e normal bac kgro und readi ng 

Wi nd from TMI to wes t  0700- 0800 to WNW 0900 , to SW 
1 000 , to South 1 1 00 and to NNW at 1 200 
H i gher val ues  are i nd i cati ve o f  re l eases  from TMI 
s i te as they are cons i derab l y  e l evated rated above 
appare nt bac kground l ev e l s .  

Wi nd at 1 400 to North - No i ndi cati o n  o f  TM I i nf l uence . 

W i nd dur i ng peri od to NNE  at 0700 , to South at 0800 , 
to South- Southeast at 0900 , to East- Southeast at 1 000 , 
to Wes t  at 1 1 00 ,  to Northeast at 1 200 , to No rthwest  
at  1 300 - Readi ngs appear to be  co n s i stent wi th 
1 1 bac kgro und1 1  
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Date 

8/30/79 

3/3 1 /79 

4/ 1 /79 

4/ 1 /79 

4/2/79 

ANA LYS I S  OF MEASUREMENTS MAD E  AT N EWB E RRYTOWN 

( MOST MEASUREMENTS WE RE P E RFORMED AT THE N EWB E RRYTOWN F I RE HA L L )  

LOCAT I ON I S  APPROX I MATE LY � M I LES WEST-WESTSOUTHWEST O F  TH E T H R E E  M I LE I S LAND ( TM I ) S ITE 

T i me Peri od 

3 : 00 - 3 : 42 pm 

4 : 20 ,  4 J 43 pm 

5 : 05 - 1 2  m i d n i ght 

1 : 00 am - 1 0 om 

1 2 : 30 am - 4 : 4V pm 

5 : 31 pm , 5 : 46 pm 
6 : 00 pm , 6 : 1 0 pm 
6 : 50 pm - 8 : 30! pm 

9 : 45 pm 
1 0 : 05 - 1 1 : 35 pm 

6 : 45 am - 5 : 30 pm 
6 : 54 - 7 : 1 8 pm 

7 : 33  - 1 1 : 1 0 pm 

7 : 33  

Reported Range 
( Co u nts pe r Mi nute ) 

1 3 . 4  - 23 . 8  

98 . 5 ,  3 1 9 . 8 

9 . 2 ... 1 3 . 9  

7 . 8 - '1 4 . 1 
• 

7 . 8 - 1 5 . 9 

48 . 7 ,  57 . 3 
1 5 . 1 ,  1 1 . 5  
76 . 0 - 342 . 7 

1 1 . 7  
20 . 1 - 23 . 6 

8 .  9 - 1 1 . 5  
32 . 3  - 42 . 5 

1 4 . 6 - 96 . 2 

( 96 . 2 )  

Remarks 

Wi nd from TMI to WNW area ; pos s i b l e radi ati on  from 
p l ume . 
Wi nd from TMI toward we st ; c l ear i nd i cat i on  of  
contri but i o n  from TMI re l eases . 
Wi th i n  range o f  bac kgro und f l uctuati o n s . 

Wi thi n range o f  bac kground f l uctuat i o n s  . 

Ge nera l l y  wi th i n expected bac kgro u nd fl uctuati o n s ; 
po s s i b l e s l i ght e l evat i o n  i n  dos e  l eve l s at 4 : 27-
4 : 36 pm ; wi nd vari ab l e to SSE  at 1 600 to WSW at 1 700 ; 
p o s s i b l e  i nd i cati o n  o f  p l ume . 

Wi nd to WSW at 1 700 to SW at 1 800 ; i ndi cati o n  o f  p l ume . 
Wi thi n expected bac kgro und var i at i on .  
Wi nd to S E  at 1800 , to wes t  at 1900 ; 
e v i de nce o f  do s e  contri buti o n  from TMI re l eas e s . 
Wi thi n bac kgro und . f l uctuat i o n .  
P o s s i b l e  s l i ght do s e  contri buti o n ; wi nd 
vari ab l e WNW at 2100 , 2400 ; NW at 2200 , 2300 . 

Wi thi n expected bac kground vari ati o n . 
Wi nd to West- Southwest at 1 800- 1 900 ; pos s i b l e dose 
contri buti o n  from TMI . 
Wi nd to WSW 1 800- 1 900 , to South 2000- 2 1 00 ,  to SSW 
at 2200 , to WSW at 2300 ; most  val ues  e l evated above 
expected bac kgro und dos e  rate ; h i ghest  val ue con­
s i stent wi th  wi nd d i rect i o n  from TMI s i te .  
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Date 

4/3/79 

4/4-4/8/79 

4/8/79 

4/9/79 

4/ 1 1 /79 

ANA LYS I S  OF MEASUREMENTS MADE  AT NEWB E RRYTOWN ( CONT I NU E D )  

Ti me Per i od 
Repo rted Range 

( Counts per Mi n ute ) Remar ks 

Meas u reme nts Made at Pri vate Home i n  Newberrytown 

1 2 : 35 am - 9 : 30 pm 
1 : 30 am 

1 2 : 45 am - 4 : 20 pm 

6 : 58 pm 

4 : 1 2 pm - 8 : 25 pm 

4 : 1 0 pm 

7 . 0 - 24 . 5 
( 24 .  5 )  . 

5 . 8 - 1 2 . 0  

23 . 5 

1 0 . 7 - 1 1 . 1  

1 08 . 8 

Mo s t  val ues  wi thi n expected bac kgro und ·  vari at i o n 
except at 1 : 30 am ( 24 . 5 cpm ) wh i c h i s  e l evated 
s l i ghtl y above bac kground ; wi nd at 0 1 00- 0200 i s  
to south at 0 1 00 and to SSW at 0200 . 

Most  val ues wi th i n expected bac kground  vari ati o n ; 

Wi nd from TMI toward We st ; val ue  e l evated 
s l i ght l y  above expected bac kground ; po s s i b l e  contri ­
but i o n  from p l ume 

Wi th i n expected bac kground  var i at i o n  

Wi nd from TMI toward we st ; ev i dence o f  TM I re l eases . 
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_ . . .  --; t. D SI A T E S  

: , U C L E t-. r.  � . :: G U L AT O R Y  cor.;; �-! I SS r m-: 
• - ASH I NGTON, D. C. 20555 

ore 1 7 a?S 

MEMORANDUM FOR : Frank  J .  Congel , Leader 
Radi o l o g i cal  Impact Secti on 
Radi o l o g i ca l  Assessment  Branch , DSE 

FROM : Wal t Pasci ak , Radi o l og i c a l  Impact Sect i on 
R ad i o l og i cal  Asses smen t  Branch , DSE 

SUBJECT : TMI ACC IDENT--OFFS ITE I ND I V I DUALS CLAIM  TO HAV I NG 
EXPER I ENCED SY1"1PTOMS OF I OD I NE EXPOSURE SYNDROME 

As a resu l t  of the  acc i dent at Three Mi l e  I s l and  Nucl ear Stat i on ,  s everal 
offs ite res i dents c l a i med to h ave exp�r i enced symptoms th at are character­
i st i c  of exposure  to a i rborne concentrati on s  of i od i ne greater than 1 mg/m3 • 
These  symptoms i nc l ude corros i ve act i on on the sk i n ,  conj unct i v i t i s , 

· 

rh i n1 t i s ,  headache , cou gh , to name a few . I n  th i s  memorandum , c a l cu l at i on s  
are made wh i ch s uggest  that i t  i s  extremely i mprobab l e  that res i dents near 
Three Mi l e  I s l an d  Nuc l ear Stat i on dur i ng the acci dent cou l d  h av e  exper i en ced 
these symptoms as a res u l t  of the i od i ne  re l eased from the p l an t .  The 
cal cu l at i on s  made here are based on the known thresho l d concentrat i on  for 
these symptoms , the meteoro l og i cal  d i spers i on cond i t i on s  dur i n g  the acci dent 
and the meas u red i od i ne re l ease  rate . The c a l cu l at i on that �o l l ows s u ggests  
that . the re l ea s e  rates  wou l d  h ave had to be much  greater than those measured 
i n  order for an offs i te i nd i v i dua l  to have exper i enced  these symptoms as a 
resu l t  of p l ant i od i ne rel eases . 

The rate of rel ease  of i od i ne from the p l ant that wou l d  be  requ i re d  for an 
i nd i v i du a l  to have  exper i enced these symptom s  can be ca l cu l ated as  fo l l ows : 

M = td/ ( X/Q ) where : M = rel ease  rate of rad i onu c l i de .  

td = thresho l d  l i m i t for these  symptoms ( 1 mg/m3 ) . 1 

X/Q = meteoro·l o g i c a l  d i s pers i on factor ( sec/m 3 ) 
at the i nd i v i du a l ' s  l oc at i on .  
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-I od i n e was re l e a s ed d u r i n g  the f i rst . 4 3 d ays of the  acc i dent . 2 Du r i n g  th i s  
per i od , the l ar g e s t  meteoro l o g i cal  d i spers i oi factors that oc cu rred were at 
l ocat i on s  c l o s e  to t h e  p l ant and  were a l l sma l l er th an 10- 3 s e c/m 3 •  U s i n g 
a va l ue of 10- 3 s e c/m3 for X/Q and the td  va l u e  from refere n ce 1 ,  the m i n i mum 
re l ease rate of i od i ne i s  estimated to be 86 , 400 g /day .  

To compare th i s  v a l ue  t o  measured re l ease rates , i t  mu s t  b e  con v erted to an 
act i v i ty re l e a s e  rate ( C i /day )  s i nce the  actu a l  rates were meas u red i n  th i s  
manner . Th i s  i s  don e by mu l t i p ly ing  M by the  decay con s tan t A ,  and u s i n g the 
appropr i ate convers i on factors as fo l l ows : 

Q = act i v i ty rel ease rate { C i /day )  

where : 

M = m i n i mum rate necessary for detect i on ( 86 , 400 g/day )  

A = dec ay constant  for nucl i de { sec- 1 )  

MWt = mol ecu l ar we·i ght of n u c l i de ( 1 26 g/gram-atom ) 

6 x 102 3 = Avogadro ' s  n umber ( n umber  of  atoms i n  a g ram- atom } 

3 . 7  X 10 1 0  = n umber of d i s i ntegrat i ons per s econd per curi e .  

The resu l ts o f  th i s  equ at i on for i od i ne 129 , 1 3 1 , 133 and � 3 5  are s ummar i z ed 
i n  the tab l e  be l ow .  

Nuc l i de Q (cur i e sjd a� } Core I n ventor� ( C i } 

I - 129 14 . 0 . 1993 

I -1 3 1  1 . 1  X 10+ 1 0  6 . 578 X 10 7  

I - 133 1 . 0 X 10+ 1 1  1 . 49 7  X 108  

I - 135 3 . 2  X 10+ 1 1  1 . 40 1  X 108  

The re l ease  rates wou l d  have to b e  l arger than the v a l u e s  i n  th i s tab l e  for 
an i nd i v i dua l to have experi enced the symptoms . Al so i n  the tab l e  are the  
est imated core i nventori e s  at the outset of  the  acc i d en t  b a s ed on the 
OR IGEN  code c a l cu l at i on s . 

The pri n c i p a l  i od i ne re l eases  were i od i ne-131  and i od i ne-i33 . 3 • 4 Over the 
ent i re 4 3  day rel ease per i od about 14 cur i es of I - 13 1 were rel eased  and 
about 2 to 3 curi es  o f  I -133 were rel eased . These va l ues  are mu ch sma l l er 
than thos e  i n  the tab l e .  The s ame can be s a i d for I - 1 3 5  as the va l u e  i n  
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the tab l e for i t  i s  enormo u s  compared to the k n own re l ease  rates of the 
pri n c i pal  n u c l i de s  that were re l eased . If  sma l l amounts  of I -129  were re­
l eased and  not d etected , the i r  va l ues � wou td have been much sma l l er than the 
I - 129 val ue i n  the tab l e  as the dai ly  rel ease rates pf the pri n ci pal n uc l i des  
re l eased were smal l er than the  I -129 va l ue i n  the  tab l e .  Further , the  ri ght 
hand col umn of the above tab l e  shows that for a l l these  n u c l i de s  the total 
core i nventory was much l ess  th an the da i ly rel ease rate . Hence , i t  i s  
h i gh l y  u n l i k e ly th at i od i ne re i eased from the Three M i l e  I s l and p l ant cou l d  
have l ead to the symptoms of the i od i ne exposure syndrome . 

cc : J .  S a l tzman 
H .  Peterson 

""RffiRENCES: 

L l'LL- (_{-
Wal t Pasci ak 
Rad i o l og i cal  Impact Secti on , RAB 
D i v i s i on of S i te Safety and  

Env i ronmental  Analys i s  

1 .  P l unkett , E . R . , 11 Handbook of Industri a l  Tox i co l ogy ,  .. 1976 , Chem i c a l  
Pub l i shers C o . ,  I nc . ,  New York , N . Y .  

2 .  Memorandum from R . C .  DeYoung , NRC , to W . E .  Kreger , NRC , .. C a l cu l ated 
Offs i te I o d i ne-131  Ai r Concentrat i on s  from Three Mi l e  I s l and , " October 3 ,  
1979 . 

3 .  Ad Hoc I n teragency Dos e  As ses sment Grou p ,  11 Popu l at i on Dose  and  the  
Heal th Impact of the Acc i dent  at Three Mi l e  I s l and  Nuc l ear Stat i on , "  
May, 1979 , R eport NUREG -0558 , U . S .  Nuc l ear Regu l atory Commi s s i on .  

4 .  Woodward , Ke i th ,  "As ses sment of Offs i te Rad i at i on Doses  from the Three 
Mi l e  I s l and  Un i t  2 Acc i dent , . .  Ju l y  31 , 1979 , Report TDR -TM I - 1 1 6 ,  
P i ck ard , Lowe and Garr i ck ,  Con s u l tants . 
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S UBJECT : 
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. - c, --' l ti/ G TO N ,  0. C. 2 0555  

Decemb er 19 , 1979  

T h r e e  Mi l e  I s l an d  P l an t  F i l e  

Reg i n a l d L .  Gotchy , RAB , DSE , NRR 

F I NAL R E S U LTS OF THE WHOLE BnDY COUNT I NG PROGRAM 
FOLLOW I NG THE TMI -2 ACC I DENT 

The tot a l  n umber of who l e body counts was 762 wh i ch i n c l u ded s evera l r e c o u n ts 
of peop l e w i th  u n u s u a l ly h i gh l ev e l s o f  n a t u ra l ly occurr i n g  rad i o act i v i ty ,  
and o n e  co u n t  d o n e  o n  the R a d i at i on Mea s u rement Corporat i on Who l e  body 
c o u n ter l ocated at the TMI tra i l e r  p a rk . A l l other counts  were d o n e  by 
He l g e s on Nu c l ear C o rporat i on ( V an #4 ) l ocated i n  M i d d l etown except for a 
few peop l e  who were counted on the He l g e s on sys tem l o cated at t h e  i s l an d . 

There was n o  r ad i o a ct i v i ty i den t i f i ed i n  any member of t h e  p u b l i c  wh i ch 
cou l d  h a v e  o r i g i n ated i n  re l e a s e s  of r a d i oact i ve mater i a l s from t h e  TM I -2 
acc i dent . The re s u l t s  w i l l  be d e s cr i bed i n  more d e ta i l i n  for t h c om i n g  
NUR EG -0636 . 

D I STR I BUT ION 
Docket F i l e  50 -320 
NRR R e ad i n g  
RAB R e ad i n g  
R .  Gotchy 

TMI  PDR 
NRC PDR 

R� Gotchy 
R ad i o l o g i ca l  I mpact S e c t i on 
Rad i o l o g i ca l  As s e s sment B r an c h  
D i v i s i on of S i te S afety a n d  

E n v i ronme n t a l  An a l ys i s 
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A n n ex to A pp e nd i x C 

APR 1 2 ·g; 

MEMORANDUM FOR:· Di stribution 

FROr� : 

SUBJECT: 

Lake H .  Barrett , Section Leader , Environmental Eval uation 
Branch , Di yi s ion of O perati ng Reactors , ONRR 

PREI.. U1I NARY ESTIMATES OF RAD IOACTIV ITY RELEAS ES FROM 
THREE MILE ISLAND 

. 

Attached 1 s  a summary of ava i l abl e i nformation f n  Bethes da regardi ng est imates 
of radioactivity rel eases from Three m le Isl and .  We have es timated a to tal 
Xe-1 33 rel eas e  of approximately 1 3  mil l i on curi es and an I-1 31 rel ease of ap­
proximately 1 A curi es from March 28 through Apri l 5.  Th i s  estimate was made by 
back cal cul at i ng radioacti vi ty rel ea ses us i ng measured offsi te TLD dQse data , 
radi o iodi ne a f r  concentrations and concurrent meteorol ogi cal cond "i ti on s .  As 
mre 1 nfonnatfon . and time become avai l ab l e ,  nore refi ned cal cul ati ons ca n be 
made . 

As of mi dday April 9 ,  1 979 ,  the popul ation dose due to nobl e gases fs  esti mated 
to be 2400 man -rems wi th the maximum indi vidual exposure at l t;Ss than 1 00  mrem 
(83 mrem) . 

Encl osure : 
As stated 

Lake H .  Barrett , Section Leader 
En v i ronmental Eval uation Dranch 
D i v i sion of Operati ng Reactors 
O ffice of Nucl ear Reactor Regul ation 
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S UMMARY O F  P R E L I M I NARY RAD I OACT I V I TY 
RELEASES F ROM T H R E E  M I L E  I SLAND 

As O F  A P R I L  7 ,  1 97 9  

P re l i m i na ry ro u g h  e s t i ma te s  o f  Xe - 1 3 3  a nd I - 1 31 rel e a ses from Three Mi l e  

I s l a n d  ( TM I ) ha ve been ma de · ba s e d  on  repo rted en v i ron mental  me a s u remen ts ma d e  

wi th o ff- s i te TL Ds a n d  ra d i o i o d i ne a i r  samp l e rs u s i n g me t e o rol og i ca l  d a ta c o n ­

c u rrent wi th t h e  e n v i ro nme n t a l  mea s u rement t i mes . Th i s  a p p roa c h  ha s been u s ed 

to o b t a i n  a ro u g h  e s t i ma t e  o f  re l e a s e s  beca us e  a c c u ra te i n - p l a n t  e ffl uent mo n i ­

t o r  i n fo rma t i on i s  n o t  a va i l a bl e a t  t h i s t i me .  The ven t i l a t i o n  exha u s t  mon i to rs 

d i d  n o t  p ro v i de ! ':' C �· �·a t e  re� d i !'lgs  o f  a bso  1 ute q u a n t i t i e s o f  ra d i oa ct i v i ty re ­

l ea s e s  d u r i n g  t h e  a c c i d e n t  beca use o f  h i g h  a 1 rbo rne ra d i oa ct i v i ty concentra ­

t i on s  a n d � d i rec t ra d i a t i on from a ux i l i a ry bu i l d i n g  c ompo n e n ts re s u l ted i n  i n -

a c c u ra t e  read i n g s , e . g . , off sc a l e .  

The mo s t  fea s i bl e  me t h o d  fo r rou g h  prel i m i n a ry e s t i ma tes o f  the amount of 

nobl e ga s e s  re l ea se d  d u-r i n g  the a cc i dent i s  to bac k - ca l cul a te a cur i e  rel e a s e  

b a s e d  on ra d i a t i o n me a s u reme n ts ta k e n  i n  t h e  env i ron s , t h e  i s otop i c  s pectrum 

o f  the e ffl u e n t s  a n d  a c t ua l me teo ro l o g i c a l  c o n d i t i on s . E n v i ro nmenta l  TLDs 
ha ve been u s e d  to p ro v i de the be s t  e s t i ma te of the i n tegra ted rad i a t i on d o s e  

a t  a s pec i fi c  l o ca t i o n . G ro un d  s u rvey me a s u reme n t s  wi th p o r ta bl e  i n s trume n ta ­

t i o n h a ve n o t  been u s e d  bec a use the a ct u a l mea s u reme n t  reported  wa s fo r a s pe ­

c i fi c  s ho rt t i me p e r i o d  ( - l o  s e c o n d s  when t h e  mea s u rement wa s ta ken ) . wh i c h  

i s  n o t  a l on g  e n o u g h  t i me pe r i o d t o  pe rmi t t h e  ca l c u l a t i on o f  meteo ro l o g i c a l 

d i s pe rs i o n c o n d i t i o n s . 

T h e  i s oto p i c d i s t r i b u t i on h a s  been a s s u�e d to be e s s e n t i a l l y  X e - 1 3 3  ba sed u p o n  

ARt·:s d a ta . A RMs a i rc ra ft s pe c t rum mea s u reme n ts i n d i c a ted mos t l y  a Xe - 1 33 s pe : ­

t r u::: . I n t h e  fi rs t d ay s , some Xe- 1 35 wa s detected b u t  l e ve l s  we re a n  o rd e r cf 
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ma gn i t ude be l ow Xe - 1 33 a n d  q u i c kl y  decayed (9 hour ha l f- l i fe ) to undetecta b l e 

l ev.el s .  Conseq uen tl y ,  we have a s s umed a s i n gl e Xe- 1 33 s pectrllti fo r the se c a l ­

cul a t i ons . 

r�e teo ro l og i ca l  d i s pe rs i o n  facto rs ( )(' Q }  we re c a l c ui a t e d  fo r t h e  s p ec i f i c  t i me  
pe r i od s  a n d  l o ca t i o n s  o f  the expo s e d  TLDs . The wea th e r  cond i t i on s fo r thes e  

ca l c u l a t i ons were o r i g i na l l y  based o n  i n fo rma t i on frorr: the Nat i ona l Wea t her 

"S e rv i c e . Ac tua l me teorol o g i ca l  da ta from t he TM: we a t he r  to-..; e r  ha s recentl y 

been obta i ned by HMB a nd h a s  been u s ed wi th the wea t h e r  serv i c e  data i n  
determi n i n g the d i s pe rs i on fa c t o rs fo r the TLD l oca t i on s . 

The e q ua t i o n s  a n d  a s s umpt i ons u s ed fo r the c a l c_u l a t i on o f  the rel e a s e s  i s  p ro­

v i ded i n  Ta bl e 1 0 . 

Tabl e 1 i s  a s urruna ry o f  the Xe- 1 33 re l e a s e  from TM I a s  a functi-on o f  the t i me 

the TlDs were expo sed . Ta bl es 2 t hro u g h  8 a re the TlD a n d  rr.�teoro l o g i c a l  d a ta 

u s ed to ma ke t he e s t i ma ted rel ea s e  fo r eac h - t i me p e r i o d .  The es t i ma ted re­

l ea s e  fo r each t i me pe r i o d  i s  the a ve ra ge o f  the  r e l ea se c a l c u l a te d  for ea c h  

o f  the TLD l o c a t i on s . Cons i de ri n g th e  a s s umpt i o n s  n e c e s s a ry to p e rm i t ha n d  

c a l c u l at i on � the rel ea s e  e s t i mates ba s e d  o n  ea c h  o f  t h e  T l D  re a d i n g s  are fa i rl y  

cons i s ten t .  - The  tot a l  rel ea s e  o f  Xe - 1 33 t h rough  Apri l 5 u s i n g t h i s metho d o f  

e s t i ma t i on i s  13  mi l l i on c u r i e s . 

lawre n ce l i ve rmore l a bo ra to ry ( L ll ) has a l so prov i d e d  a " ve ry ro u g h  e s t i ma t e " 

o f  t h e  rel e a s e s  on Ap r i l  4 ba s e d  o n  ARMs i n fo rma t i o n ,  wh i c h i s  i n d e p e n d e n t� 
t he T L D  me t h o d  u s e d  herei n .  l l l  e s t i ma t e d  the  �' s t �p rot a bl e re 1 ea s i ra te a s  
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2 0  t o  5 0  C i / s ec o f  Xe- 1 33 .  Th i s  co rres po n d s  to 1 4  mi l l i o n  to 34 mi l l i on 

c u r i e s  o f  Xe - 1 3 3  t h roug h A p r i l 5 wh i ch i s  c o n s i s te nt wi t h  t he NRC e s t i ma te 

o f 1 3  mi l l i on .  

T h e  i o d i n e 1 31 rel ea s es ha ve a l s o been e s t i ma te d  u s i n g a s i m i l a r  me thod but 

wi th  mea s ure d I - 1 31 concen t r a t i o n s  i n s te a d  of TLD d a ta . E i g h t  o ffs i te i o d i ne 

s ampl e r  l oca t i on s  h a ve been repo rted . The e s t i ma t e d  I - 1 31  re l e a s e  thro u g h  

A� r i l  3 i s  1 . 4 c u r i e s . The o ffs i te ra d i o i o d i n e c o n c e n t ra t i o n s ,  s ampl er l oc a ­

t-i o n s , a r.·d meteo ro l o g i ca l  co n d i t i o n s  a re p r o v i d e d i n  Ta bl e 9 .  

T� da te we ha ve n o t  rece i v ed a ny u s e fu l  i n fo rma t i o n  f rom t he ra d i o i o d i n e i n ­

p l a n t  mon i to rs . The ra d i o i od i ne  s amp l e rs s ho u l d ha ve bee n cont i n uo us l y s a mp­

l i n g  the e ffl uents  from the s ta t i o n  vent except fo r the pe r i od from 0 1 00 to 

0330 on Ma rch 30 when the a ux i l i a �y bu i l d i n g fan s  were s e c ured in an  a ttempt 

to red u ce the rel ease ra te . When the fa n s  we re s e c ure d  s ome u nsampl ed b u i l d ­

i n g  exfi l tra t i o n  took p l a c e ; howeve r ,  th i s  wa s o n l y  fo r a s ho rt p e ri od . The 

i od i ne sampl e r con ta i n s a c ha rcoa l ca rtri d ge wh i c h can be remo ved and a na l yzed 

fo r ra d i o i od i ne s  i n  a l a bo ra to ry .  Da ta from the i np l a nt  r a d i a t i on dete cto r 

wh i c h n o rma l l y  mon i to rs t h e  c h a rcoa l c a r t r i dge h a s  not been re l i a b l e b e ca us e  

nobl e g a ses al s o  a cc umu l a te o n  the c h a rco a l  ca rtr i d ge re s u l t i n g  i n  abn o rma l l y  

h i gh rea d i n g s . Th e s e  c h a rcoa l c a rt ri d ges c a n  be c o u n te d  i n  a l a bo ra to ry w i t h fn 

a few \'lee ks a n d  a c c u ra t e l y p re d i ct what the  a ctua l I - 1 3 1 re l e a s e ha d b e e n . 

Nc h i stori c a l  i n fo nr.at i o n  c a n  be e s ta b l  B he d  from t h e  e ffi u e n t  i n s t r :m:e n ta t i o n 

fo r n obl e g as e s  w h e n  t h e  mo n i to rs a re off s c a l e .  I n fo rrr� t i o n s u e r.  a s  
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a rea ra d i a t i on mon i to r  rea d i n gs co ul d be usefu l  i n  the fut u re for est i mat i n g  

a i rbo rne conce n tra t i on s , howeve r,  d i rec t  ra d i a t i on from c omponents wi l l  ma ke 

t h i s a pp ro a c h  d i ff i cul t, i f  not i mpos s i bl e .  

The n o b l e g a s  re l ea se h i s to ry i n  Ta bl e 1 i s  genera l l y  con s i stent wi t h  va ri o u s  

a c t i v i t i es t ha t " o c c u rred d u ri n g  . the p o st- a c c i den t pe r i od . T h e  h i gher re l ea s e  

1·a te o f  the 2 8 t h  a n d  29th p robably corres pond to the  pump i n g  o f  the contar.1i n a ­

ted wa te r f rom t h e  conta i nment s ump to th e  Aux i l i a ry Bu i l d i ng tan ks wh i ch over­
fl owed o n to the  Aux i l i a ry B u i l d i ng fl o o r .  The nobl e ga s e s  then evol ved fror. 
t he wa ter a s  i t  wa s expos ed to the bu i l d i n g a i r  a n d  was t h e n  e xha u s ted by t h e  

a ux i l i a ry lb u i l d i n g ven t i l a t i on sys tem . On a bout 3 / 2 9  muc h of the wa ter th a t  

h a d  s p i l l ed on t h e  fl oor ha d been p umped i n to ta n ks wh i c h red uced t he e vol ut i on 

of g a s e s  to t he a i r .  The rel ease ra te a ft e r  3/29 a n d  be fo re 3/31 wa s reduce d 

pos s i bl y  bec a u s e  the l etdown fl ow �a t h  o f  p r i ma ry coo l a n t  wa s to the Reacto r 

Cool a nt Bl eed Hol d u p  ta n k s  and  wa s te gas  sys tem . The i nc re a s e  i n  re l ea se o n  

3 / 3 1  c o u l d c o rrespond t o  t h e  e s ta b l i s hmen t o f  the no rma l l etdown pa t h  t h ro u £ h  

t h e  Ma k e u p  Ta n k .  E s ta bl i s hment o f  n o rma l l e tdown res u l ted i n  severa l ga seo us 

re l ea s e s  as p ro b l ems were e nco unte red wi t h  l ea ka g e  of d i s s o l ve d  g a s e s  e vo l v i n �  

from t h e  ma k e up ta n k  vent . Al so , d ur i n g  th i s  pe r i o d  the b u bbl e i n  the rea cto r 

ves s e l  wa s t h e  ma i n  con c e rn a n d  effo rts were d i rec ted towa rd d e ga s i fi c a t i o n  of 

the p r i ma ry sys tem .  The me thod of dega s i fi ca t i on wa s thro u g h  the ma keup ta n k  

to t h e  ve n t  g a s  sys tem a n d  wa ste g a s  d e c ay t a n ks  a s  we l l  a s  vent i n g  t he ·pre s -

s u ri z e r  t o  conta i nme n t . Du r i ng t h i s  mo de o f  o p e ra t i o n t h e re we �e a p p a re � t  

l e a k s i n  t h e  v e n t  g a s  sys tem between t he ma k e u p  t a n k  a nd \'Ja s t e  ga s d e c a y  ta r: ks .  

hl t h o u g h  l i tt l e ver i fi ed i n fo rma t i on c o n c e rn i n g wa s t e  ga s d e c ay ta n k  p re s s u �e :  
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ex i s t a t  t h i s  t i me , i t  a ppea rs t ha t  the wa s t e  g a s  decay ta n k  p re s s ure s d i d  not  

i nc rea s e  a s  muc h  as  wa s expe c t e d , a l s o  i n d i ca t i n g  ven t ga s sys tem l ea ka ge . 
The dega s i fi cat i on o f  the p r i ma ry system t h rough the ma keup ta n k co ul d wel l ha ve 

remo ved much mo re tha n 1 0% of  t h e  n o b l e g a s es f rom the  p r i wa !'"y sys tem . 
i ti  a i c o re i nv e n to ry o f  xenon a t  01!-00 en 3/28 wa s 1 40 r.: i  1 1  i or. c ur i e s . 

The i n ­

I t  i s  

p os s i b l e  whe n  co n s i de ri n g the a mo u n t  o f  Xe - 1 33 a va i l a bl e  to be rel e a s e d  to t he 

· p ri ma ry coo l a n t , t h e  s e v e re co re o verhea t i n g , the me thod o f  p r i ma ry sys tem d e­

g a s i fi ca t i o n  a n d  t h e  l ea ks i n  the ven t ga s ·system be tweer. t he ma ke up ta n k  a n d  

· wa s te ga s de�ay ta n ks t h a t  th� re l ea s e  of 1 3  mi l l i on c u r i e s  of Xe-1 33 i s  

fe a s i bl e .  

I t  i s  a ga i n  s t a te d  t h a t  t h e s e  quant i ta t i ve est i ma tes h a v e  been ba s ed on d a ta 

repo rt ed from the TMI s i te .  Muc h of the i n fo rma t i o n  wa s p rov i ded verba l l y  

from the s i te a n d  cannot be veri fi e d  a t  th i s  t i me .  As mo re i n forma t i on becomes 

a va i l a bl e , mo re a c c u ra te e s t i ma tes can be ma de . 

Annex to Append i x C 





TAB L E  1 
Prel i mi nary E s t i mate of  Nobl e Ga s Rel ea ses  ( Xe- 1 33 )  

T i me Per i od 

3/28 - 3/ 29  
3/ 29  - 3/ 3 1  
3/ 3 1  - 4 / 1  
41 1 - 4/ 2 
4/ 2  - 4 / 3  
4/ 3 - 4/4  

4/4  - 4/ 5 
Tot a l  

0� 00 2/ 2fl Core I n ventory Xe - 1 33  

Nob l e Ga s Re l ea se 
( Cu r i e s  )' e - 1 33 ) 

4 . 2  x 1 o6 

2 . 2  x 1 06 ( 2  days ) 

2 . 1 X 1 06 

0 . 4 X 1 06 

1 . 1  X 1 0
6 

0 . 07 X 1 0 6 

0 . 2 X 1 06 
� 1 3 . 0 X 1 0  6 

1 40 x 1 o6 cur i e s  
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T i mr. Pe r i od 

T L D  
Loca t i on 

( M i l es ) ( D i rec t i on )  

0 . 4 NW 
0 . 7  NE 

1 5  S E  

9 SE  
2 . 3  SE 
0 . 5 ENE  
l . lJ l�SW 
2 . 6  N 

1 3  s 

* Background co rrec ted . 

TABLE 2 

Nobl e Ga s Rel ea se Est i ma tes 

3/ 28 - 3/29 ( 1 500 hours ) 

TLD ,-
Dose* 
( mrem ) 

y/Q 
( sec/m3 ) 

82 5 X 1 0-6 

31  1 X 1 0-5 

4 . 2  1 x l o- 7 

2 1 x 1 o� 7 

3 ( 2  X 1 0:.. 7 ) 

5 1 X 1 0- 6 

4 2 X 1 0 - fi  

7 1 x 1 o-6  

:l , :l  5 X 1 0 -0  

AVERAGE 

( 35 hr per i od )  

Ca l c u l a ted 
Re l ea s e 

( C i  Xe- 1 33 )  
3 . 5 X 1 06 

6 . 6  X 1 05 

9 . 0 X 1 06 

4 . 3  X 1 06 

3 .  2 x 1 o6 

1 . 1 x 1 o6 
r. 4 . 3  )( 1 0 · 1  

1 . 5 X l OG 
l . fl X 1 0 7 

----- ·-. ..... .  __ . _ _  

4 . 2  X 1 06 
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Ti me Pe r i o d  

TLD 
Locat i on 

( M i l es )  ( D i rect i on )  

2 . 3 
1 3  
1 5  
1 5  

2 . 6 . 

9 

1 0  

SSE · 
s 

NW 

SE 

N 

SE 

ENE 

TABLE 3 
N obl e Gas Rel ease Est i ma tes  

3/29 ( 1 500 h rs ) - ' 3/ 31 ( 1 000 h rs )  

TLD 
Dose x/9 (mrem ) ( s/m ) 
9 . 3 2 x 1 o-6 

1 . 7  2 x 1 0-7 
2 . 1 8 X 1 0-8 

1 . 7 1 x 1 o-7 
2 . 9  1 x 1 o-6 
1 . 2 2 x l o-7 

1 . 3 2 x 1 o- 7  
Avg .  

( 4 3  hr  per i o d )  

Ca l cul ated 
· Rel ease 

(C 1  Xe-1 33 ) 
1 , 0 X 1 06 

1 . 8 X 1 cP  
5 , 6 X l ofi  

I 

3 . 6 X l o6  

6 . 2 X 1 05 
1 ,  3 X 1 06 

1 .  4 X 1 06 
2 . 2 x 1o6 
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T i me Pe r i o d  

TLD 
Loc a t i on 

(M i l es )  ( D i rect i on )  

0 . 5 ENE  

0 . 8 NE  

1 3 . 8  NW 
9 . 6 NW 

1 . 5  w 

7 . 0 SE  

4 . 2 SE 

?. . �  w 

7 I 1 w 

5 . 3  w 
2 . 5 s 

6 . 2  s 
3 . 4  NE 
7 . 6  N E  

TABLE 4 
Nobl e Gas Rel ease  Es t 1 ma tes 

3/ 3 1 - 4/ l 

TLD 
Dose 
( mrem)  
25  

7 

4 . 6 

5 . 5  
3 

2 . 5 
3 . 0  
1 . 1 

1 . 2 

1 . 0 

1 . 6 

1 . 0 
1 . 6 

2 . 1 

xtg ( s/m ) 
1 x 1 o-6 

6 x 1 o- 7 

1 x 1 o· 7 

2 x 1 o- 7 

2 x 1 o·6 

4 x 1 o- 7 

9 x 1 o·
7 

1 x 1 o · 6  
) ·  - 7  5 X 1 0 

1 x 1 o · 6  
2 x 1 o - 6  
7 X 1 0- 7  
3 X 1 0•6 
1 X 1 0 - G  

( 2 2  h r .  per i od ) 

Cal cu l ated 
Rel ease  

( Cf  Xe- 1 33 )  

5 .4 X 1 06 
2 . 5 X 1 06 

9 . 8 X 1 06 
I 

5 . 8 X 1 06 

3 . 2 X 1 05 
1 . 3  X 1 06 

7 . 1 X 1 05 

2 . 4  X. 1 0  
5 

5 � 1 X 1 05 

2 . 2  X 1 05 
1 .  7 X 1 05 
1 .  1 X 1 05 
4 .  5 X 1 0 5 

4 . 5  X 1 0
5 

Avg . 2 . 1  X 1 06 
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TABLE 5 

Nobl e Gas Rel ease E st imates 

Ti me Per i od 4/ 1 - · 4/2 

TLD TLD 
Loca t i on Dose*  

(M i l e s )  ( D i rect i on )  ( mrem ) 

2 . 6 3030 1 . � 
1 . 3 263° 1 . 0 

7 . 0 2 9 7° 0 . 6 

1 .  8 20QO 0 . 6 

9 . 3 2 2 3° 0 . 3 

*Co rrec ted fo r Ba c kg ro un d  ( 0 . 1 9  mrem)day ) 

, 

x/� ( s/m ) 
1 x l o-6 
1 .  x l o-6  
4 . o x l o-7 
6 . 0  x l o- 7  
6 . 0 X 1 0-

B 

( 24 hr .  peri od ) 

Ca l cu l ated 
Re l ease  

( C i  Xe- 1 3 3 )  

3 . 2 X 1 05 

2 . 1  X 1 05 

3 . 2  X 1 0 5 

2 . 1 X 1 05 

1 . 1 X 1 0 6 
Av g .  4.3 X 1 05 
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T i me Per iod 

TLD  
Loca t i on 

{ M i l es )  · { D i rec t i on ° ) 

7 . 8  297  
1 . 3 263 
1 . 8 200 

5 . 1 272  
2 . 4  203 
2 . 5  1 69 
6 . 2  1 78 

8 1 81 
7 2 2 5  

9 . 3  2 2 5 

1 ?  Hltl 

1 . 9 1 6 2 

1 . 0 1 5 1 

TABLE 6 

Nobl e Ga s Re l ea s e  E s t i ma te s  

4 / 2  - 4/3 

TLD 
Dos e* 
(mrem ) 

0 . 4  

1 . 2 

. 1 . 0  

0 . 5 

1 . 1 

2 . 0  

1 . 3 

1 . 3 
0 . 6 

0 . 6 

1 . 2 
4 . 2  

8 . 9  

x/9 
( slm ) 

2 X 1 0- 8 

3 X 1 0- 7 

1 X 1 0- 6 

5 X 1 0-7  

5 X 1 0- 7 
2 X 1 0- 6 

2 X 1 0- 7  

3 X 1 0- 7 

1 X 1 0- 7 

6 x 1 o-8 

1 X 1 0- 7 

2 X 1 0 - 6  

5 X 1 0-6 

Ca l c u l a ted 
Re l ea se 

( C i  Xe- 1 33 )  
4 . 3  X 1 06 

8 . 6 X 1 05 

2 . 1  X 1 05 

1 . 1 X 1 06 

4 . 7 X 1 05 

2 . 1  X 1 05 

1 . 4 X 1 06 

9 . 3 X 1 05 

1 .  3 X 1 06 

2 . 1  X 1 06 

2 . 6  X 1 06 

4 . 5  X 1 05 

3 . 8  X 1 05 
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TABLE 6 ( Cont i nued ) 

Nob l e Ga s Rel e a s e  E s t i ma te s  

T i me Pe r i od 4/2 - 4/ 3 

TLD TLD Ca l cul a ted 
loca t i on Dose* x/9 Re l ea s e  

( Mi l es )  ( D i re c t i o n ° ) ( mrem ) ( s/m } ( C i  Xe- 1 33 ) 

5 . 3  310 0 . 4  6 . X 1 0- 8 1 . 4 X 1 06 

2 . 6  303 1 . 1  2 .  X 1 0- 7 1 . 2 X 1 06 

1 . 3 252 0 . 8 2 .  X 1 0- 6 8 . 6 X 1 04 

2 . 9  270 0 . 6  1 .  X 1 0-6 1 . 2 X 1 05 

7 . 1 262 0 . 7 7 X 1 0-] 1 .  5 X 1 05 

Avg . 1 . 1 X 1 06 

* Co rrected fo r Ba c k g ro un d  ( 0 . 1 9  mrem/day ) 
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TABL E  7 

Nobl e Gas Re l ease  E s t imates 

T i me Per i od 4/ 3-4/4 

TLD TLD Ca l c u l a ted 
Locat i on Dose* 

( sfm9 ) 
Rel ea s e  

{ M i l es ) ( D i rec t i o n ° ) ( mrem ) ( C i  Xe- 1 33 ) 

1 . 0 1 5 1 0 . 24 4 X 1 0-6 l. 28 X 1 0  4 

1 . 9 1 6 2 0 . 68 3 X 1 0- G 4 . 85 X 1 04 

2 . 5 1 6 9 0 . 9 1 2 X 1 0 - 6 
9 . 7 3 X 1 0

4 

6 . 2  1 78 0 . 3 3 2 X 1 0- 6 3 . 5 3 X 1 0
4 

8 . 0 1 8 1 0 . 28 1 X 1 0- 6 5 . 99 X 1 04 

1 2 . 0  1 84 0 . 1 4  1 X 1 0"'
6 3 . 00 X 1 04 

1 . 8 2 00 0 .  9 1 4 X 1 0- 6 
4 . 87 X 1 04 

2 . 4  203 0 . 1 8  2 X 1 0-
6 1 .  9 3  x 1 o4 

7 . 0  2 2 5  0 . 4 6 1 X 1 0
- 6  

9 .  fl 'l  X ·1 0
4 

9 . 3 27.5  0 . 4 3  1 x 1 o- 6 
9 . 2 0 X 1 0

4 

1 . 3 2 6 3  1 .  5 1  2 X 1 0 -
6 1 .  62 X 1 05 

1 . 3 2 5 2  0 . 4 3  4 X 1 0 - 6 2 . 30 X 1 0
4 

2 . 9 2 70 0 .  9 1  2 X 1 0 - 6 1 .  30 X 1 0
5 

� .  1 ?7?  0 . ? 3  1 . 0 X 1 0- G  4 . 9?. X 1 0  4 
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T i me Per i o d  

TLD 
Loca t i on 

( M i l e s )  { D i rec t i o n° ) 

7 .  1 2 6 2 

2 . 6  303 
5 . 3  3 1 0 

7 . 8  29 7  

TABLE 7 ( Con t i nued ) 

Nob l e Ga s Rel ea se Est i mates 

4/ 3 -4/ 4 

TLD 
Dos e* x/Q 
(mrem ) ( s/m3 ) 

0 . 46 1 .  o x 1 o- 6 

0 . 1 1  2 X 1 0- 6 

0 . 2 1 1 X 1 0-6 

0 . 2 1 4 X 1 0-
7 

*Correc ted fo r Ba c kg rou n d  ( 0 . 1 9  mrem/ day ) 

Ca l cu l a ted 
Rel ea se 

{ C i  Xe-1 3 3 ) 

9 . 84 X 1 04 

1 . 1 8  X 1 04 

4 . 49 X 1 0
4 

1 . 1 2  X 1 05 

Avg . 6 . 5 X 1 04 
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TABLE 8 

Nobl e Gas Rel ea·se E s t i mates 

T hnc Pe r i od 4/4 to 4/ 5 

TLD TLD Ca l c ul a ted 
loca t i on Do se* )/Q Rel ea se  

( M i l e s  ( D i rect i on° ) ( mrem ) ( s/m3
) ( C i  Xe- 1 33 )  

1 . 0 1 5 1 0 . 7 3 6 X 1 0- 7 2 . 60 X 1 05 

1 . 9 1 62 0 . 1 9  4 X 1 0- 7 1 . 02 X 1 05 
2 . 5  1 69 0 . 1 8  1 X 1 0- 7 3 . 85 X 1 05 

6 . 2  1 78 0 . 1 3  7 X 1 0-8 3 . 97 X 1 05 

8 . 0  1 8 1 0 . 2 1 6 X 1 0-8 7 . 49 X 1 05 

1 2 . 0  1 84 0 . 26 5 X 1 0..:.8 1 . 1 1  X 1 06 

1 . 8  200 0 . 1 8  1 x 1 o- 6 3 . 85 X 1 04 

2 . 4  203 0 . 1 1  6 X 1 0- 7 3 . 92 X 1 04 

7 . 0  2 2 5 0 . 2 6 3 X 1 0- 7  1 . 85 X l 05 

9 . 3 2 2 5 0 . 2 6 3 )I 1 0- 7 1 . 8 5 X 1 0 5 

1 . :1  2 G 3  1 . 1 1  II X 1 0 - 6  5 .  9 11  X 1 04 

1 . 3 2 5 2  0 . 53 2 X 1 0-6  5 . 67 X 1 04 

2 . 9  270  0 . 23 3 X 1 0- 6 1 . 64 X 1 04 

5 .  1 2 7 2  0 . 26 2 X 1 0-6 2 . 78 X 1 04 
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i i me Pe r i o d  

TLD 
loca t i on 

( M i l es )  ( D i rec t i on° ) 

7 . 1 

2 . 6 

s . .  3 

7 . 8  

262 

303 

31 0 

297  

TABLE 8 ( Cont i nued ) 

Nob1 e Gas Re1 ea se E s t i mates· 

TLD 
Dose* 
( mrem ) 

0 . 4 1 

0 . 1 9  

0 . 1 4  

0 . 1 9  

4/4 to ·4/ 5 

x/Q 
( s/m3 ) 

2 X 1 0-6 

1 . 0 X 1 0-(j 

9 . 0  X 1 0-7 

2 . 0  X 1 0-7 

* Co rrec ted fo r Ba c k g round ( 0 . 1 9  mrem/day ) 

Ca l c.ul a ted · 

Rel ea se 
( C i  Xe - 1 33 ) 

5 . 85 X 1 04 

4 . 07 X 1 04 

3 .  33 ·x 1 04 

2 . 03 X 1 05 

Avg . 2 . 2  x 1 05 
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TABLE 9 

Ra d i o i od i ne Re l ea s e  E s t i ma t e s  

Updated 4/ 1 0/ 7 9  
li me P e r i od 3/ 28- 3/29  

loca t i on A i r Concen�rat i on iQ 3 f� i 1 es D i rect i on 1 pC i /m s ec/m 

0 . 4  N 0 . 4 7 2 X 1 0-S 

2 . 3 SSI -:0 . 2  4 X 1 0- 7 

0 . 4  E < 0 . 02 6 X 1 0- 7 

1 5 NW < 0 . 03 1 X 1 0- 7 

9 S E  < 0 . 04 1 X 1 0- ] 

2 . 6 N 0 . 08 4 X 1 0 - 7 

1 . 6 · �ISW < 0 . 3 2 X 1 0-6 

l J  s <0 . 0?. <� X 1 0  -8 

T i mr. Prr i ncl 3/ ?.9- 3/ 3 1 

0 . � N 22 . 6 2 X 1 0- 5 

2 . 3 SSE  2 2 . 1  2 X 1 0- 6 

0 . 4 E 20 . 3 1 • X  1 0  - 5 

1 5 NW 1 . 8 8 X 1 0-B 

9 SE  0 . 2 7  2 X 1 0- ]  

1\vg . 

Ca l c u 1  a ted 
Re l ea se 

C i  

2 X 1 0- 3 

. - 2  � 4 . 3  X 1 0  

< 2 . 9 X 1 0- 3 

< 2 . 6 X 1 0 

< 3 . 5  X 1 0  

- 2 

- 2 

1 . 7 X 1 0- 2 

< 1 . 3  X 1 0- 2 

< � . 3  X 1 0 - 2  
--··- ----:."2" < 2 . 3 X 1 0  

0 . 2 0 

1 .  9 1  

0 . 3 5 

3 . 9 

0 . 2 3 
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TABLE  9 ( Cont i .nued ) 
Rad i o i od i ne Rel ease  Es t imates 

2 . 6 N 1 2 . 7  Z X 1 0- 6 

1 . 6 WSW 23 . 9  3 X 1 0-6 

1 3 s 0 . 1 4 2 X 1 0-7  

T i me Pe r i o d  3/ 3 1 -4/ 3 

0 . 4  N 0 . 1 1  2 X 1 0- 5 

2 • .  3 SSE  1 . 39 2 X 1 0
- 6 

0 . 4  E 0 . 2 7  2 X 1 0- S  

9 S E  0 . 1 6  3 X 1 0
- 7 

2 . 6  N 0 . 05 1  5 X 1 0 - 7 

1 . 6 WSW 0 . 07 2 x 1 0
- G 

1 J  s 0 . 36 1 X 1 0 - 7 

. 1 5 NW 0 . 024 X 1 0 - 7 

T i me Per i od 3/28-4/ 3 Cumu l a t i ve Avg . 

Avg . 

1\vg . 

1 . 1 

1 .  38 
0 . 1 2  
1 . 2 

1 . 4 X 1 0- 3  

0 . 1 8  

3 . 5 X 1 0- 3  

0 . 1 4 
2 . 6  X 1 0 -2 

9 . 1 X. 1 0- J  
0 . 9 3 

6 . 2 X 1 0
- 2 

- · -- ·-·- - -·- -

o .  1 7 

.. 1 . 4 C i  
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ElJUa t i on fo r Back C a l cul a t i ng Xe- 1 33 Re l eases  

1 N ( C i  Xe - 1 33 )  = 0 . 2 1 4  ( TLD  Dose  mrem ) ( X/Q 
sec/m

3 )  

where C = [ F i n i te Pl ume Co rrect ion]- l  = 2 

Reg . Gu i de 1 . 1 09 dose convers i on o f  2 . 94 x 1 0-7 
3 

[re'!l-m ] 
pC 1 -yr  

E q ua t i o n  for Back Ca l cu l a t i ng I - 1 31 Rel ea ses 

N < <= �  1 - n n � - K [  w o r 1 t r. 

N ( c i 1 - 1 . 1 1 )  ·· : t . fi  x w - ') r w •1 r 1  [ t  hr!i ] c 

J w i H ' I "P c '·' 1 - U 1 c n n c r n  t ril t i on pc i /m 

t = T i me pe ri od ( h rs ) 

k = 3 . 6  x 1 0- 9  ( sec/ hr ) ( C i / pC 1 ) 
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SUMMARY 

1 0  CFR Part 1 40 ,  Subpart E ,  sets forth the p rocedu re s  the Commi s s i on w i l l  

fol l ow and  the cri teri a the Commi s s i on wi l l  app ly  i n  mak i ng a determi nati on 

a s  to whether  there has been an extraordi na ry nucl ear  occu rrence as a resu l t 

of  un i ntenti onal  rel eases  of rad i oacti ve materi a l s to the envi ronment from 

a nucl ear  fac i l i ty .  Th i s  appendi x p rovi des ca l cu l at i on s re l ated to th i s  

determi nati on for the re l eases  that  were made a s  a resu l t  of the Three 

M i l e  I s l a n d  acc i de nt .  

I n  Appendi x E ca l c u l ati ons  of  doses  to i ndi v i dual s a re ma de for re l ea ses 

of  i odi ne 1 31 and nobl e ga ses  to the atmosphere . Ca l c u l at i ons  a re a l so made 

for grou nd  contami nati on and  for re l eases  to the aquati c e nv i ronment .  I n  

mak i ng e s ti ma te s  of doses  due  to  the  i odi ne a n d  nobl e gas  re l eases  to  the 

a tmosphere , severa l  hypotheti ca l  s i tu ati ons  were a ssume d .  These ca l c u l ati on s · 

p l aced i ndi vi du a l s at  l ocati ons  nea r the p l ant  where the dose wou l d be h i ghest 

and  for a peri od of  t ime extendi ng  throu ghou t the du rati on of the re l eases . 

The  resu l ts of a l l of these  ca l c u l ati on s were be l ow the l evel s of 1 0  CFR 1 40 . 8 4  

for a l l hypotheti ca l  cases . I n  s eve ra l  of  the  ca l c u l at i ons  that were made , 

a s s ump ti on s were emp l oyed to e n s u re that the res u l ts rep resented u pper 

bou nd e s ti ma tes . These a s sump ti ons  are a s  fol l ows : ( 1 ) the  u se of a 
. 

sou rce term that was severa l  t i me s  l a rger tha n  the be s t  est imate of re l eases  

that actual ly  occ u rre d ,  ( 2 )  no  credi t tak en for a ny addi  t i ·onal  decay 

of  radi onuc l i de s  ove r t i me after re l ease  from the faci l i ty , and 

( 3 ) meteorol ogi ca l  mode l s based on a s sump ti ons  that  tend  to 

u nderest imate actu a l  d i spers i on ( descri bed i n  text ) . The  ca l cu l ati on s 
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rega rd i ng rel eases  to the  aquat i c  env i ronme nt res u l t ed i n  ve ry sma l l est i ­

mates of dos e ,  a s  expect ed , s i nce t he  rel eases  we re wi t h i n tech n i ca l  

s peci f i cat i on req u i reme nt s .  Thu s ,  t he l i q u i d rad i onuc l i de p athway s 

res u l t ed i n  dos es wh i ch were a sma l l fract i o n of the l eve l s stated 

i n  1 0  CFR 1 40 . 84 .  Several  est i mates  of grou n d  cont ami nat i on we re made 

for l ocat i ons off the Three M i l e  I s l a nd s i t e  u s i ng t he s ame hy pot het i ca l  

a s s umpt i ons as  u sed i n  t he  dos e  ca l cu l at i ons . The ground  cont ami nat i on 

va l ues  were al s o  be l ow t he l eve l s of 1 0  CFR 1 40 . 84 . 

C a l cu l at i ons  of dos es due to  t he  nobl e ga s rel eases  for hypot h et i cal  

a nd real  i ndi v i dua l s offs i te who rece i ved t he h i ghest expos ure h ave been 

made by s eve ral  grou ps .  The  res u l t s  of three of these grou ps  are 

pres e nt ed i n  the  attach ed a ppe nd i x w i t h  a br i ef desc ri pt i on of the i r methods . 

All stud i es cons i stent l y  concl u de t hat the  maxi mum offs i te dos e at the  

l i k e l y  l ocat i on of a rea l  i nd i v i dua l  i s  l e s s  than  1 00 mrem . Neve rt he l e s s , 

t he pos s i b i l i ty wa s exami ned t h at a n  offs i te i ndi v i dua l  may h ave been 

c l os e r  to  t he p l a nt than was  the  pers o n  whose  dos e  was determi ned i n  

t he ana l yses  me nt i oned above . A hypot h et i ca l  s i tuat i on was  c onstruct ed 

whe reby a n  i nd i v i dua l  was  a s sumed  t o  be l ocated i n  a boat a l ong t he 

pe ri meter of the i s l a nd for the  ent i re cou rs e  of the re l eases  of n ob l e 

ga ses . Furt hermore , i n  orde r t o  estab l i s h the  maxi mum dos e such  a 

hy pot het i ca l  i ndivi dua l  cou l d rece i ve ,  i t  wa s a s sumed t h at the  i ndi v i du a l  

moved t he boat a s  the w i nd s h i ft ed so  t h at i t  wa s al ways downwi nd of 

t he p l a nt i n  the  radi oact i ve p l u me .  T h i s scenar i o res u l t ed i n  a dos e  of 

2 . 3  rem tot al body a nd 4 . 7  rem s k i n .  Bot h of these  dos e va l ue s  are 

wel l u nde r the  l evel  of 1 0  CFR  1 40 . 84 .  

3 



Est i mates of i nh a l at i on dos e from I -1 31 for t h e  nearby pop u l ated a rea wa s 

based on  t h e  43  days of rel eases  wh i ch occurred dur i ng t he acci de nt .  

T h e  cal cu l a t ed dos e wa s 1 9  mrem t o  the  thyroi d of a ch i l d . Th i s  

ca l cu l at i on was  fo r l ocat i ons offs i te where i ndi v i dua l s wou l d be 

expect ed to be 1 ocated a nd t he dos e was expect ed to be h i ghest .  To  

t ake i nto  cons i de rat i on the  pos s i b i l i ty t hat a n  i nd i v i du a l  mi ght have 

been l ocated c l os er  to the  p l a nt ,  ca l cu l at i ons we re done for seve ral 

hy pot het i ca l  i nd i v i dua l s .  One cal cu l at i on wa s based on  the a s sumpt ion 

t hat the i nd i v i dua l  wa s l ocated on the exc l u s i on bou nda ry i n  the sector  

where the  dos e wou l d be  h i ghest fo r the  ent i re 4 3  day s  ( 24 h ou rs per 

day } of the rel ea ses . Anot her ca l cu l at i on was  fo r the nea rest shorel i nes  

to  wh i ch the  p ub l i c  h as acce s s .  I t  wa s a s s umed t hat t he  hy pot het i ca l  

i nd i vi dua l  was  there fo r the ent i re 43  day rel e a s e  per i od a nd wa s l ocated 

where the dos e wou l d be expect ed t o  be h i ghest . F i na l ly , a not her 

ca l cu l at i on wa s ba sed on the  a s s umpt i on that a hy pot h et i ca l  i ndi v i du a l  wa s 

l ocated on the  exc l u s i on bou nda ry fo r the  ent i re 43  d ay pe ri od a nd moved 

a rou nd i t  i n  s uch a way to be l ocated a l ways downwi nd of the pl a nt s i mi l a r 

to  the  nobl e ga s ca l cu l at i ons not ed above . U ppe r bou nd  e st i mates of the sou rce 

t erm a nd t he meteorol ogi ca l  di spers i on p arameters t hat we re prev i ou sl y  me nt i oned 

were u sed i n  t hese  hy pot het i ca l  ca l cu l at i ons . The  dos e  resu l t s  of al l of these  

ap proach es were bel ow the  l eve l of  1 0  CFR 1 40 . 8 4 .  
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A.  I NTRODUCT ION  

Th i s  report rel ates  to  Cri teri on I { 1 0  CFR  1 40 . 84 )  for  determi nat i on of an  

extraord i nary nu c l e ar occu rrence purs u a nt to 1 0  CFR 1 40 Subp a rt E .  Bri efl y ,  

t he cr i teri o n  req u i res that the  Commi s s i on determi ne t h at there h a s  been 

a s ubstant i al di sch arge or di s pe rs al of rad i oact i ve materi al offs i t e ,  or 

t h at there h ave been substant i al l eve l s of rad i at i on offs i t e ,  wh en , as a 

res u l t  of an  eve nt c ompr i sed of one  or more rel ated h appen i ngs , radi oact i ve 

materi al  i s  rel ea sed from i t s i ntended p l ace of c onf i nement or radi at i on l eve l s 

occu r offs i te a nd one of the  fo l l owi ng f i nd i ng s are a l s o  made : { 1 ) One  or mo re 

persons  offs i te were , cou l d h ave been , or mi ght be expos ed t o  rad i at i on or to  

rad i oact i ve materi a l s res u l t i ng i n  a d os e  or  i n  a proj ect ed dos e i n  exce s s  

of l e vel s i n  the  fo l l owi ng t ab l e :  

Tab l e 1 

Tota l  Proj ected Rad i at i on Doses  

Cri t i c a l  · orga·n 

Thyroi d 
Who l e  Body 
Bone Ma rrow 
Sk i n 
Ot her Orga ns  and T i s sues  

Dose  { rems ) 

30  
20  
20 
6 0  
3 0  

{ 2 )  S urface cont ami nat i on of a t  l e ast  a tot al of a ny 1 00 s qua re met ers 

of offs i te prope rty h as occu rred a nd s uch c ont ami nat i on i s  ch aract eri zed 

by l e vel s of radi at i on i n  exce s s  of o ne of the  va l ues  l i sted i n  co l umn s  1 

o r  2 of Tab l e  2 .  
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Tabl e 2 

Tot a l . S urface Contami nat i on Above Background 

Type of emi tter 

d- emi s s i on from 
trans ura n i c i sotopes  

ol emi s s i on from 
ot her  i sotopes 

(3 o r )' emi tters 

Offs i te property cont i guou s* t o  
s i te ( of persons  wi t h  whom a n  
i ndemn i ty agreement i s  executed ) 

3 .  5 r.C i  /m2 

3 5 .  � i /m2 

· 40 .  mrad/hr  @ 1 em . ** 

Other  offs i te 
Property 

o .  3 5  }'\.c i 1m2 

3 .  5 /1-c i /m2 

4 .  mrad/hr  @ 1 

*Th i s  co l umn appl i es to  areas  o n  Three M i l e  I s l a nd out s i de the  fence.  
For al l ot her plgpe rty , exc l u s i ve of Three M i l e  I s l a nd ,  t he ri gh t 
col umn appl i es .  

**Not more than  7 mg/cm2 of abs orber between cont ami nated p l a ne a nd po i nt 
of meas ureme nt . 

em . ** 

Th i s  report i s  orga n i zed i n  the  fo l l owi ng ma nner.  The  f i rst sect i on ( B .  GASEOUS 

· R ELEASES ) desc ri bes  rel eases  made to  t he atmos phere a nd ca l cu l at i ons of the 

res u l t i ng dos e s .  I t  i s  subdi v i ded i nto  s ect i o ns o n  nob l e ga s rel eases  and 
, 

i od i ne . rel eases . O n l y  these  two ty pes of rad i oact i ve materi a l  a re de a l t wi th  

for  ga seou s rel eases  becau se they repres ent es sent i a l ly  a l l of  the  act i v i ty 

rel eased . 1 ' 3 Addi t i on of ot her  i sotopes wou l d h ave on ly  a mi n i scu l e  effect 

i n  compa ri son to t hese  fo r determi nat i on of bot h  dos e  a nd grou nd cont ami nat i on .  

The second sect i on ( C . AQUAT IC  RELEASES ) of th i s  repo rt desc ri bes  ca l cu l at i ons 

of the dos e  due to  t he aq uat i c  rel eases . Aq uat i c  di sch a rge s we re wi t h i n cu rrent 

. st anda rds fo r norma l ope rat i on20  a nd contr i bute ve ry l i tt l e dos e  to persons 

offs i te .  The act u a l  ca l cu l at i ons  from t he aquat i c  rel e a s es a re not made 

here but are based on  a prev i ou s  ana lys i s .  1 0  The f i na l  s ect i on of th i s  

report d i scu s ses the  res u l t s  of the  ca l cu l at i ons i n  t he  context of C ri teri a- ! .  
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A word about the  ap proach i n  mak i ng ca l cu l at i ons  i s  approp r i ate here .  

Two ty pe s of est i mates  are cal cu l ated . T h e  f i rst ty pe i nv o l ve s a s s umpt i ons 

wh i ch are de s i gn ed t o  def i ne a best est i mate  of the act ua l  maxi mum dos es  

t h at may h ave occu rred . The resu l t s  of  these  cal cu l at i ons  ge neral l y  c onf i rm 

ca l cu l at i ons made i n  previ ou s studi es , or i n  some ca ses , previ ou s studi es 

a re c i ted as best est i mates  and ca l cu l at i ons are not made here .  The  s econd 

type of ca l cu l at i on em�l cys pa ramet ers and a s s umpt i ons  of huma n  beh av i or 

sce nari os wh i ch are p urpos e ly  chos e n  to  estab l i sh u ppe r  bou n ds o n  the best 

e st i mate cal cu l at i ons . 

B .  GASEOUS RE LEASES  

I .  Nobl e Ga ses  

a )  I ntroduct i on 

There are three ana l yses  of offs i t e  dos es  due  to  the  rel ea ses  of nobl e 

gases  u po n  wh i ch dos e  ca l cu l at i ons  made here are based . The  f i rst 

was done by t h e  Departme nt of E nergy · ( DOE ) a nd i s  c ont a i ned i n  t he  
. 

1 Ad Hoc I nterage ncy Dos e A s ses sme nt Grou p  R epo rt , t he s econd i s  a 

draft pape r prepared by t he NRC  Rad i o l ogi ca l  As ses sme nt B ranch 

( RAB )  s t aff fo r pub l i c at i on i n  the  ope n  sc i ent i f i c  l i terature
2

, 

a nd t he t h i rd i s  an  a s se s sme nt done  by D r .  Ke i t h  Wooda rd of 

P i ck a rd ,  L owe , a nd G a rri ck , cons u l t ant s  to Metropo l i t an  E d i son  

C ompany . 3 The  three report s  repres ent the  maj o r  work done  i n  

t h i s  area , except for t h e  work t h at wa s done fo r the  Pres i dent ' s  

( Kemeny ) C ommi s s i on on t h e  acc i de nt at TM I . The  res u l t s  of the  
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. Kemeny Commi s s i on report are cons i s tent w i th ·the th ree rep orts u sed 

here . The th ree approaches are p resented here i n  order  to demon­

s tra te the l eve l of  certa i n ty to wh i ch th e ca l c u l ati on ma de here 

are ba sed . 

The maj ori ty of the nobl e gas re l eases  were ma de du ri ng the 

f i rst few day s of the acc i dent , and contri buti on s beyond the 

f i rs t week ( o r even the f i rs t few day � ) do not re su l t i n  s i gn i ­

f i cant  do s e . 1 ;2 , 3 The th ree reports that a re d i scu s sed 

here a na l yze data col l ected ove r  di ffere n t  p e ri ods , hence , 

some di fferences  a re exp�cted , but th ey a l l i nc l u de data 

from the peri od when the re l eases  were h i ghe s t .  Howeve r , the  

di fferences  i n  res u l ts shou l d be i ns i gn i f i c a n t  a s  far a s  the 

1 0  C FR 1 40 . 84 c ri teri on i s  concerne d .  The  t i me peri od 

ove r wh i ch th e DOE hel i copter f l i gh ts were made ( p resented 

i n  Re fere nce 1 )  was March 28 throu gh Apri l 1 0 .  The t i me peri od 

ove r w h i ch  the RAB Staff ana l y s i s ( p re s ented i n  Refere nce 2 )  

appl i es for was Marc h  28 t h �ough March  31 . F i nal l y , the t i me 

peri od ove r wh i ch the P i ckard , Lowe , and  Ga rri ck report ( p res ented 

i n  Re ference 3 )  a p p l i es for was March 28 through  Apri l 6 .  

The l a tter a n a l y s i s cove rs th e enti re peri od  o f  rel eases . 

To e s t i mate the dose  a n  i n di vi dua l  off s i te cou l d h ave been  exposed 

to i nvol ves esti mati ng  the do se di s tri buti on a round  the s i te and 

dev i s i ng scenari os wh i ch c h a racteri ze i nd i v i du a l  l oca t i on behav i or 

8 



over the  rel ease  peri od . The ap proach that i s  u sed h e re i s  two­

fol d .  The f i rst  i s  one where best  est i mates are made and t he 

second i s  one  where a scenari o i s  hypot hes i zed wh i ch i s  se l ect ed 

t o  cal cu l ate  the dos e  a hy pot het i ca l  i nd i v i dua l  wou l d  h ave rece i ved 

who mi ght have ma naged to  stay ve ry c l os e to the p l a nt dur i ng t he 

rel eases  where the  dos e wou l d  be expect ed t o  be h i ghes t .  The  

s pat i al  dos e d i str i but i on t h at i s  u sed h e re i s  se l ect ed on  

cons ervat i ve grounds . 

b )  Spat i a l  Dose D i stri but i on 

1 .  
. 1 I nteragency Report 

Seve ral di ffere nt methods were u sed i n  t h i s report 

t9 cal cu l ate  the  dose  to t he popu l at i on due to t he 

Xe-1 33 rel eases . Howeve r ,  onl y one method was u sed 

for cal cu l at i ng t he s pat i al l y  depende nt dos e  d i stri but i on .  

T h e  met hod i s  de scri bed i n  det a i l i n  Appe nd i x A of the  

i nt erage ncy report . 1 The  method t hat was  u sed wa s 

devel oped by t h e  Depa rtme nt of E nergy ( D OE )  a nd wa s b a sed 

pri nci pa l ly  on  the  average measureme nt s  of the rad i at i on 

expos ure rates  i n  the  p l ume made dur i ng ove r 200 h el i c opter  

f l i ghts , wh i ch bega n earl y on  March 28 a nd cont i nued  t hrou gh 

Apri l 1 0 ,  s u pp l eme nt ed by meteorol og i ca l  i nformat i on co l l ect ed 

at  the  p l a nt .  Ge i ge r-Muel l e r s urvey i nstrume nt s  wi th  probes 

hav i ng ope n ,  l ow de ns i ty wi ndows , to  enab l e  measureme nt s  

of the ? rad i at i on expos u re , a nd h i gh energy f-' expos ure we re 

u sed .  The  hel i c opter  was  maneu ve red t o  f i nd t he max i mum 

rad i at i on expos ure rat e .  
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Fi gu re 1 was taken  from Appendi x A of the I ntera gency Report . 

The fi gu re s hows the accumu l a ted exposu re p rofi l e  i n  u n i ts of mR 

for the 0- 2 mi l e  radi u s  ( note that for Y or 13 radi ati on a dose  

of lR  i s  equ i va l ent  to a do se of  1 rem ( 1 0  CFR 20 . 4 ) ) .  I t  i s  

i n  th i s  regi on the maxi mum exposed i ndi vi dual  i s  expected to be 

fou nd .  The f i gure i ndi cates that there a re th ree l obes where 

the cumu l ati ve radi ati on l evel s were h i ghes t .  These a re toward 

the NNW , SSE a nd E N E  di recti ons . The expos u re p rofi l e s were 

generated from di rec t  readi ngs  off Gei ge r-Muel l e r s u rvey i n­

s trume nts wh i ch were cal i bra ted wi th the 660 keV peak of C s-1 37 . 

Si nce the Xe-1 33 peak i s  abou t 81 keV , the readi ngs  mu s t  be 

corrected for th i s  l ower energy .  The cal i bra t i on c u rve s for 

these i ns truments i ndi cate an over re spon se  to the Xe-1 33 

peak by abo u t  a factor of 3 ,  hence , these p rofi l e s shou l d be 

decreased by abou t that mu ch . 

2 .  Radi ol og i c al As sessmen t  Branch  Staff Anal ys i s 2 

I n  the a s s e s sment done by the N RC Radi ol ogi cal  A s ses sme nt 

Branch s taff , 2 the dos e  d i s tri buti on was ca l c u l ated b a s ed on  

meteorol og i ca l  p redi cti ons  ( s u ppl i ed by the N RC Hydrol ogy­

Meteorol ogy B ranc h ) based  on  a Gau s s i an s tra i ght- l i ne di spers i on 

mode l a s  de scri bed i n  N RC Regu l atory Gu i de 1 . 1 1 1 4 , a n d  on  

mea sureme nts of accumu l ated do se  on thermol umi ne sce nt 

dos i meters ( TLD ) a rou nd  the s i te .  The re su l ts of th i s  a s s e s sme nt  

a re presented here a n d  i n  the i nte ragency report . 1 The  

a s sessme nt handl e s  the  ra d i ati on exposure for  two t i me 

peri ods separate ly , the f i rs t one be i ng Marc h  28 , 4 a . m .  

1 0 
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to March  29 , 8 a . m . , and the second one be i ng  M a rch  29 , 

8 a . m .  to M a rch  3 1 , 4 a . m .  T h e  method th at w a s  u sed i s  

descri bed i n  detai l i n  Re fere nce 2 , and br i ef ly  i s  as  

fol l ows . 

The on s i te meteorol ogi cal  measu rements were u sed i n  

conj u ncti on wi th the me teorol ogi ca l  mo del s descri bed i n  

N RC Regu l atory Gu i de 1 . 1 1 1 4 to e s ti mate the meteorol og i cal  

di spers i on factor , X/ Q, at each f i el d TLD l ocati on . I n  theory 

the dose  accumu l ated on  each  TLD ( backgrou nd  s u btrac ted o u t ) 

d i v i de d  by the X/ Q v a l ue  a t  the l ocati on s h ou l d be the s ame 

for each l ocati on for a g i ve n ti me peri o d .  The  ave rage wi nd­

frequency wei ghted val ue  of th i s  quotent was determi ned  for 

a l l the dos i meters , and the re s u l ts of the di s tri buti on  wa s 

u sed to characteri ze the do se  at  al l l ocati on s .  M u l t i p l i cati on 

of th i s  wei ghted  average va l ue  by the X/ Q v a l u e  at  any l ocati on 

resu l ts i n  a n  e s ti mate of th e � do se at  th at l ocati on . 

The accumu l ated do se  for each  peri od appears i n  Tabl e 4 o f  

Re fere nce 2 .  The fol l owi n g  tabl e ( Tabl e 3 )  was  b a s e d  on  the 

data of Tabl e 4 o f  Reference 2 , and  p re s ents the esti ma te of 

dose  for the s um o f  the two peri ods for a reas  c l o s e  to the 

p l ant . 

3 .  As s e s smen t  by P i c k a rd , Lowe , and  Garri c k3 

The approach u sed  by P i ckard , Lowe , and  Ga rri c k , Reference  3 ,  

to e s ti mate the spati al  do s e  di s tri buti on i s  s i mi l a r i n  s ome 

1 2  



Tabl e 3 

Cal cu l a ted Doses ( mR )  

Doses ( mR )  
Sector/Di s tance ( mi l es )  0 . 5  1 . 0 2 . 0 

N 307 . 9 0 . 2 9 . 
N N E  1 54 .  44 . 1 4 . 
N E  51 . 1 5 . 5 .  
E N E  41 . 1 2 . 4 .  
E 30 . 8 .  3 .  
E SE 36 . 1 0 . 4 .  
SE  46 . 1 4 . 5 .  
SSE  8 6 . 2 6 . 9 .  
s 1 02 .  3 1 . 1 o .  
ssw 1 31 .  40 . 1 3 . 
sw 1 1 4 . 3 4 .  1 1  0 

WSW 402 . 1 21 .  40 . 
w 460 . 1 42 .  48 . 
WN W 5 1 7 .  1 57 0 5 2 .  
N W  3 7 6 . 1 1 5 .  3 7 . 
NNW  360 . 1 1 0 .  36 . 
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re spects to th at u sed by the Ra di ol ogi cal  A s se s sme nt B ranch  

Staff . The P i ckard , Lowe , and  Ga rri ck  method i s  de scri bed 

i n  detai l i n  thei r report3 , and i s  bri efl y a s  fol l ows . 

They u sed the a rea radi ati on mon i tors acti v i ty recordi ngs  as  a 

re l ati ve mea s u re of the rate of re l ease  of acti v i ty .  Th i s  re l at i ve 

mea s u re of ac ti v i ty re l eased  ove r t i me was conve rted i nto a n  

absol ute t i me vary i ng  rel ease  ra te by a n  i terati ve p rocedu re 

emp l oy i ng the fol l owi ng  s tep s :  ( 1 ) Determi ne re l a ti ve q u a nti ti es  

of each i sotope wi th re spect to  the  p redomi nent  i sotop e , Xe-1 33 

u s i ng  the O R I G EN comp u ter  code . 6 ( 2 ) By u ti l i z i ng th e do se  

equ i va l ent re l ati on s h i p ,  determi ne the  re l at i ve re l ea s e  rate 

of each i sotope . ( 3 ) E s tabl i s h a set of tri al  re l eases  for 

each i sotope p roporti onal  to the Xe-1 33 re l ea s e  rate , a l o n g  

w i th the meteorol o g i ca l  d i spers i on mode l de scri bed i n  

N RC Regu l atory G u i de 1 . 1 1 1 4 , and  c a l c u l ate do ses  at each 

TLD mon i tori n g  s tati on based  on  mode l s i n  N RC Regu l atory 

Gu i de 1 . 1 095 • ( 4 ) The re s u l ts of the comp u ted do se  

at  each  TLD  mon i tor a re comp ared  to  those recorded on  

the  mon i tors , and  the  abso l u te val ue  of the sou rce term 

i s  adj u sted to g i ve the be s t  pos s i b l e  f i t .  ( 5 ) Once the 

be s t  t ime va ry i ng  s ou rce term i s  de f i ned , i t  i s  u sed i n  

mode l s de scri bed i n  N RC Regu l atory Gu i des  1 . 1 09 a nd 

1 . 1 1 1  to e s t i mate th e do se  p rof i l e  a round the p l ant . 

F i gu re 2 was taken  from the P i c k a rd ,  Lowe , and  Ga rri c k  

report a n d  di s p l ay s  t h e  c umu l a t i ve spati al  do se  d i s tri b u ti on 

for the ti me peri od  over wh i ch mos t  of act i vi ty was 

rel ea s ed .  
. 1 4 
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Dose i s  the tota l dose from a l l acti v i ty d u e  to the acc i dent wh i c h wa s 
re l eased thorugh  Apri l 6 .  Th i s i s  more than 99% of a l l s uch  acti v i ty 
re l eased through  Apr i l  30 . 
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c) Dose E st i mates  

1 .  Best  Est i mates  

Each of  these  report s  c ont a i n e i ther est i mates  of  wh at 

the  maxi mum offs i te dos e wa s or data  by wh i ch s uch  est i mate 

can  be made . I n  the  i nterage ncy report the  max i mum exposed 

i nd i v i dua l  wa s est i mated t o  h ave rece i ved 3 7  t o  93  mrem , 

a nd wa s l ocated on H i l l I s l a nd .  H i gher expos ure rates  wou l d 

h ave occu rred on Koh r I s l a nd ,  a s  that i s l a nd i s  c l os er to  the  

pl a nt ,  but  i t  i s  k n own t h at Koh r I s l a nd wa s un i nh abi ted . 1 

Ot her c l os e p l aces  t hat rece i ved t he h i ghest  d os e s ,  a ccordi ng 

to Reference 1 ,  were i n  the  ENE  sect o r  {83 mrem) a nd t he SSE  

sector  ( l e s s  t han  41 mrem) . The  dos es  c a l cu l ated fo r t hese  

p l aces  are ba sed on  t he  a s s umpt i on of a hypot het i ca l  i nd i v i dua l  

be i ng outdoors for the  ent i re rel ea se  pe ri od , a nd thus  d oes  

not repres ent a best est i mate  of expos ure . F i gure  3 wa s t ake n 

from Reference 1 a nd dep i ct s  these  l ocat i ons . The  va l ue s  

gi ve n for H i l l I s l a nd a b ove represent a tru e  best  

est i mate becau se  the  act u a l  t i me t hat the  i nd i v i d ua l  wa s 

outdoors wa s fact o red i n . *  

F rom the  Dep a rtme nt of E nergy expos ure prof i l e s ,  

F i gure 1 , t h e  maxi mum expo s ed i nd i v i d ua l  wou l d h ave 

been expect ed to h ave been on H i l l I s l a nd ( l es s  t h a n  

* I t  was  c onf i rmed .  t h at on ly  one  i nd i v i d ua l  wa s o n  the  i s l a nd .  H e  stated t hat 
he  was  the onl y pe rson  on the i s l a nd after the acci de nt and wa s present fo r 
9 -l /2 hours (from 1 1 : 00 a · f · t o  4 : 30 p . m . on  Ma rch 28 a nd from 1 1 : 00 a . m . 
to  3 : 00 p . m . on  March 29) . 
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1 00 mrem ) , or a l ong  the east  bank of the S u squehanna 

R i ver ( l ess  than  1 00 mrem e xcept for one spot wh i ch 

i s  i n  the 200 mrem i sop l eth ) . These val ues  are i n  

genera l  agreement wi th those  of the Ad Hoc  Assess­

ment Group1 when  i ns trument cal i brati on i s  taken 

i nto con s i de rati on . 

I n specti on of the re su l ts of the RAB staff ana l y s i s 

appeari ng i n  Tabl e 3 su gge s ts that the max i mum do ses  

occu rred a l ong  the east  bank of the  ri ver , or on H i l l  

I s l a n d .  The val ues  are on l y  s l i ghtly l a rge r th an  those 

above , wi th a max i mum of  arou n d  1 60 mrem for a hypotheti ca l  

i ndi v i dua l  that rema i ned ou tdoors conti nuou sl y .  To 

ach i eve a be s t  e s t i mate th i s  number has  to be reduced 

to a l l ow for s h i el di ng  from b u i l d i n gs . A better e s t i mate 

based on th i s  ana l y si s wou l d be to re duce i t  by a 

factor of 0 . 7* re su l t i ng i n  1 1 2  mrem . 

The P i ckard , Lowe , and Ga rri ck  Rep ort3 , p resents res u l ts of 

ca l c u l ati on s due to Y nobl e gas  exposure at  ma ny off s i te 

l ocati ons . Th ree of i ntere s t  are a l o n g  the ea s t  bank  of 

the ri ver ( 43 mrem E N E ) , nea r Gol dsboro on the wes t bank of the 

ri ver ( 2 1 mrem , W ) , and a t  M i ddl etown ( 30 mrem ) . I n specti on of 

the enti re do se  di s tri buti on ( F i gure 2 ) i ndi cates th at th ei r 

maxi mum dose due to nobl e ga s emi s s i on s  i s  about  7 5  mrem i n  

*NRC Regu l atory Gu i de ! - 1 09 l i sts the s h i e l di ng  fac tor for the max i mum exposed  
i ndi v i du a l  to be  0 . 7 .  

1 8  



severa l  s ectors ; n amel y ,  t he WNW , NNW , a nd N N E  d i rect i on s . 

These  est i mates are conservat i ve i n  t hat t hey do  not t ake 

i nto cons i derat i o n s h i el d i ng fo r bu i l d i ng s , h e nce , t he va l ues 

shou l d be somewh at l ower . The res u l t s  here are i n  ge neral  

agreement wi th  those  of the prev i o u s  anal yses . 

Tab l e 4 s ummari zes the  best est i mates from fou r  sepa rate 

ana l ys es for the maxi mum expos ed i nd i v i d ua l . There are 

severa l  co nservat i sms wh i ch cannot be abso l ut el y  qua nt i f i ed 

but can  on l y be approx i mate as  n ot ed i n  the  footnotes , 

nonethel e s s , the i r effect shou l d be con s i de red . When  

they a re , t he res u l t s  of  al l of  these  an a l ys e s  are i n  

excel l ent agreement , a nd t he best  est i mate of maxi mum 

ex pos ure i s  probab l y  l e s s  than  70 or  80 mrem . 

Tab l e 4 

Summary of Best E st i mates of �1axi mum Exposed I nd i v i d u a l  

Dos e (mrem ) 

H i  1 1  NE SE  
I s l a nd Quadrant Qu a d rant 

DOE  
Hel i c opter < 1 00* �'t <200* * < 1  0 0* :1: 

I nt eragency 
Report 43-93 83 *  4 1  � 

RAB St aff 
An a l ys i s  < 1 1 2  50 86 

P i c kard , Lowe & 
Garri ck Report 7 5 :f:+ 7 5  '4 25 -:t-

*These values may be ove rest i mated by a s  much a s  a factor  of 3 becau se 
of i nstrument ca l i b rat i on .  

� These va l ues shou l d be red uced 30� to  t ake i nto  con s i de rat i o n  
s h i el d i ng from b u i l d i ng s , i . e . , l i m i ted outdoor expos u re . 

� These va l ues shou l d be red uced to  t ake  i nto cons i derat i on t h e  J i m i ted t i me 

1 9 



2 .  Upper B o u nd E st i mate for 1 0 CFR 1 40 .  84 Cr i'teri  on 

Wh i l e  the  previ ou s · sect i on present s  the  best est i mate of 

dos e due  to the nob l e ga s  rel eases , t h i s sect i on present s  

an  anal ys i s  ba sed on a hypothet i cal  h uma n  be h avi or sc enari o 

wh i ch a s s ume s that an  i ndi vi dua l  wa s near  t h e  p l a nt du r i ng 

the  e nt i re rel ease pe ri od , a nd i n  the  p l u me i n  the  downwi nd 

sect o r  where the dos e  wou l d be expect ed to be h i gh est .  T h i s  

scenari o i s  chos e n  not to be real i st i c  but to estab l i sh a n  

u ppe r bou nd to t h e  best est i mate f o r  the  1 0 C F R  1 40 . 84 .  

determi nat i on .  

T h e  huma n  behavi or scenari o that i s  a s s umed  i s  that a person 

i n  a boat i s  l ocated on the  peri meter of T hree M i l e  I sl a nd 

for the  ent i re cou rse of the rel eases , a nd t h at the i nd i v i dual  

wi l l  move the boat to k e ep it  unde r or i n  the  pl ume i n  the  

downwi nd s ect or at  al l t i mes . T h i s  wi l l  res u l t  i n  s i gn i f i c a nt l y 

mo re dose  to the  hypot het i cal  i nd i v i dua l  t han  cou l d h ave 

occu rred to an act ual  pe rs o n  near t h e  p l a nt l ocated at a f i xed 

l ocat i on or movi ng abou t  i n  a ra ndom fa s h i on .  Th i s  i s  

becau se t h e  dos e at a f i xed po i nt i n  s pace i s  accu mu l ated at 

t h at poi nt only wh en the  p l ume i s  l ocated i n , or  near t h e  

d i rect i o n of t h e  poi nt i n  q ue st i on .  I f  a n  i nd i v i du a l  ma naged 

t o  stay i n  the p l ume by mo v i ng a rou nd  wi t h  i t  as  i t  c h a nged 

di rect i on , t h e  i nd i v i dual  wou l d rece i ve cons i de rab ly mo re 

dos e  t h a n  wou l d be est i mated by s i mp l y  t ak i ng a va l ue at 

a f i xed l ocat i on .  
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To ca l c u l ate the do se  the i ndi v i dual  i n  the boat wou l d 

recei ve i t  i s  neces s a ry to a dd u p  the do se  i n  each s ector at  

the i s l and  peri mete r .  The DOE exp o s u re p rof i l es wi l l  be 

u sed for th i s  cal c u l at i on .  I t  s houl d be noted that the D OE 

p rofi l es i ndi cate doses  l a rge r than those  of the other 

two ana ly ses p re sented above , but i f  the DOE  va l ues  are 

decreased by a factor of 3 becau se of  i ns trument ove r  re spon s e , 

the DOE  resu l ts are very s i mi l a r to those  i n  reference s 2 

and 3 .  Ta bl e 5 l i s ts the va l ues  taken  f rom F i g u re 1 ( before 

adj u s tment  for i n s trument  cal i brati on)  for th i s  ca l c u l at i on .  

The s um of  the val ues of Tabl e 5 rep re s ent the  upper p os s i bl e  

l i mi t ,  and  i s  equal  to 4 . 7  rem total body .  To take i nto con s i d­

e rati on i ns trument ca l i bra ti on , a l l the numbers  of Tabl e 5 ,  

exc ep t  the 1 va l ue  i n  the tabl e from reference  3 ,  shou l d 

be reduced by about  a factor of 3 .  T h i s l eads  to a n  

esti ma te of 2 . 3  rem . 
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Sector Approx . 

N 

N N E  

N E  

ENE  

E 

ESE 

SE 

SSE 

s 

s sw 

sw 

WSW 

w 

WN W 

N W  

NNW  

Tabl e 5* 

D ; stance ( m; l es )  

0 . 50  

0 . 50 

0 . 34 

0 . 28 

0 . 24 

0 . 26  

0 . 30 

0 . 50 

1 . 30 

0 . 28 

0 . 1 8  

0 . 1 0 

0 . 08 

0 . 1 0  

0 . 1 1 

o .  1 9  

Approx . Dose ( mrem ) 

300 

1 50 

200 

260 

270 

2 20 

1 80 

80 

1 5  

1 00 

240 

300 

440 

400 

500 

1 050** 

* Data ; n  th h tabl e taken  from F ; gu re 1 ( DOE he l ; copter G -M
3

tube read; ngs ) . 
**Th ; s  va l ue tak en from report by P ; ckard , Lowe , and  Ga rr; ck  and  

rep re sents dos e  accumu l a ted on  TLD at  th ; s  l ocat; on . 
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I I .  I od i ne  

a ) I nt roduct i on 

Th i s  sect i on prov i de s  est i mates of dos es  due to  i nh al a t i on  

of  I - 1 31 due to  a p l ume pa s s i ng ove r pop u l ated a re a s . I t  

al s o  prov i de s  est i mates of the  amount of the i odi ne  t h at 

cou l d  s ettl e onto t he  ground  s u rface , thereby prov i d i ng 

cont ami nat i on est i mates , a s  wel l a s  dos e est i mates  due  t o  

di rect s h i ne from t he grou nd p l a ne .  I n  t he  s ect i on wh i ch 

de al s w i t h  i nh al at i on  dos e est i mates , bot h  real i st i c  1 1 b e st  

est i mates . .  a re made for  a hy pot het i ca l  i nd i v i dua l , a s  we l l 

a s  est i mates wh i ch are de s i gned to  prov i de u ppe r bounds  fo r 

the  best est i mates . I n  t he sect i ons where depos i t i on 

cont ami nat i on a nd ground s h i ne dose est i mates  are made , 

onl y uppe r  bou nd e st i mates are made . The  sect i ons  o n  dos e 

a nd grou nd cont ami nat i on are preceded by two s ect i ons , one 

wh i ch de al s wi th  sou rce term e st i mates a nd t he ot her  wh i ch 

dea l s w i t h  the  meteorol og i ca l  mode l s that are u sed . 

There are two a reas  rel at i ng t o  I -1 31 rel ea ses  wh i ch are not 

cove red i n  t h i s report . They a re :  ( 1 ) t he i od i ne  d os es due  to  

cons umpt i on of  mi l k  a nd ( 2 )  grou nd cont ami nat i on out s i de the  

permanent fence but on  Three M i l e  Is l a nd . The  m i l k  pathway 

i s  not t reated h ere becau se ma ny mi l k  s ampl e s  we re t ake n dur i ng 

the rel ea ses , a nd after t hem , wh i ch wel l docume nt t h at the  

23 



doses were bel ow the 30 rem thy roi d l evel set by 1 0  CFR 1 40 . 84 .
·1 ' 3 

G round contami nati on cal c u l ati on s on Three M i l e  I s l and outs i de 

the peri meter fence were not made here but  a re i nc l u ded a s  a 

separate a na l y s i s as  they are based on  actu a l  f i el d s amp l es  

rather tha n  cal cu l ati onal  methods . 

b )  Source Term Estima tes  

E s ti mates of the  i odi ne-1 31 source term re su l t i ng  from the 

March 28 acci dent at TM I - 2 have bee n wel l documented3 ' 8 ' 9 

s i nce di rect  estimati on of the p l a n t  i odi ne rel eases  was 

fea s i bl e .  These esti mates were made by conti nuou s l y  samp l i ng 

the U n i t 2 vent effl uent streams , Radi ati on n umbe r  ( HP R- 21 9 ) , *  

by drawi ng a sma l l s i de stream through a c h a rcoal  c a rtri dge 

wh i ch trap s i odi ne and  subsequently ana l yz i n g  the c a rtri dges 

i n  the l aboratory to determi ne i odi ne l oadi ng on the 

ca rtri dge . The charcoa l ca rtri dge s were c h a n ged at frequent 

i nterva l s fol l owi ng  the acc i dent . From th i s  i nformati on 

i odi ne concentrati ons  i n  the venti l ati on a i r l eavi ng the 

p l ant  were determi ned . E s t i ma tes of the i odi ne-1 31 re l eases 

have been ma de by both the N RC and  Metropol i ta n  Edi son 

who have i ndependentl y  anal yzed the charcoal c a rtri dges 

removed from Th ree M i l e  I s l and . 

I odi ne-1 31 re l ease  estimates made by th e th ree rep orts refere nced 

·.;..._ _____ a�b;;_;o;_;;v....;;;e_a gree wel l . The maxi mum e s ti ma te of  the total I -1 31 

*As di scu s sed i n  the TM I - 2 F i na l Sa fety Anal y s i s Report2 1 , HPR- 21 9 ,  l ocated  i n  the 
p l ant  vent s tack , wa s des i gned to mea sure p a rti cu l ate ,  i odi ne and  nobl e gas  rel ea s e s  
from the reactor bu i l di ng ,  fuel  handl i ng bu i l di ng and  auxi l i a ry bu i l di ng venti l a­
t i on sy stems and  from the wa s te ga s and condenser  a i r ej ector exhau sts . 

· 
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rel ea sed among these 3 refere nces  was that of Refere nce 9 

( 1 5 c u ri es ) . Refere nce 9 p re sents the t i me depende n t  rel ea s e s  

of i odi ne-1 31 fol l owi ng  the acci de nt b a s e d  on actual  measu rements  

from the  charcoa l ca rtri dge a t  H P R- 21 9 .  For a few s h ort p eri ods  

when conti nuou s samp l es  were not ava i l abl e ,  l i near  i nterpol a t i on  

was u sed from the  su rrou n d.i n g  t i me peri ods that wou l d maxi mi ze  

the  rel ease for that peri od . I n  th i s  ma n ner , rel ea s e  esti ma te s  

a re made conti nuou sl y  th rou gh  May 6 ,  1 979 . Further rel eases  

after  th i s  ti me contri bu ted negl i g i bl y  to  the total c u ri es  

rel ea sed as  a res u l t of the  u se of the  suppl eme n ta ry fi l trati on  

sy stem on  May 1 ,  the  capp i n g  of  the  p l a nt vent  on  M ay 1 9 ,  a n d  

t h e  conti nu i ng radi oacti ve decay of the acti v i ty i n  t h e  p l a n t  

res u l ts i n  negl i g i bl e  rel e a s e s  after M ay 6 .  

I n  Reference 9 ,  quanti ti es  of radi oacti ve i odi ne  a re g i ven  for 

1 1 2  t i me peri ods begi n n i ng  at  4 : 00 a .m .  hours  on  M a rc h  28  c o n s ecuti ve ly  

progres s i ng  throu gh May 8 ,  1 2 : 00 p . m .  Du ri ng  th i s  enti re peri o d  the 

h i ghest rel ease rate occu rre d  du ri n g  the peri od be g i n n i n g  a t  7 : 0 0  p .m .  

hou rs o n  March  2 8  through 1 0 : 00 p . m .  hou rs o n  M a rc h  30 . The  average 

rel ease  rate for th i s  .peri od  was  0 . 081 C i / h r .  I n  t h e  upper l i m i t 

cal c u l ati ons  of do se a n d  grou n d  contami nati on wh i ch fol l ow i t  i s  

assumed that th i s  rel ease  rate occu rred over the e n t i re peri od  

covered  by the ca l c u l ati on .  I f  th i s  rel ease  rate h a d  occu rre d  

for the enti re 4 3  day peri od  the total acti v i ty rel ea sed wou l d 

have been about  84 c u ri es . S i nce the actual total acti v i ty 

rel eased was about  1 5 c u ri es
9

, th i s  approach i s  conservati ve 

by abou t a factor of 5 .  7 .  
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c )  Meteorol ogi cal  Model and  Resul ts 

The meteor9l ogi cal  data col l ected ons i te at TM I • s  

meteorol ogi cal  tower duri ng  the course of  the acc i de nt 

p rovi ded the bases for the estimated j o i nt frequency 

di s tri bu ti on of wi nd speed and  wi nd di recti on by atmo s -

p heri c stabi l i ty cl ass . These di stri buti on s were u sed 

to eval uate the avera ge re l a ti ve concentrati on  ( X/ Q ) a nd 

rel ati ve depos i t i on ( D/ Q )  d i s tri buti ons  wi th d i s ta nce i n  

each of 1 6 ,  2 2 . 5  degree sectors su rrou n d i ng  the s i te .  

Eva l u at i on s were ma de for the t i me peri o d :  4 : 00 a . m .  March 28  

th rou gh 4 : 00 a .m .  May 9 ,  1 979 . Hourly  meteoro l ogi ca l  data 

a l so  a l l owed the ca l c u l ati on  of re l ati ve conce ntrati ons  and  

rel at i ve depos i ti on for  u se i n  the  do s e  cal c u l ati o n s  for 

spec i f i c p oi nts su rroundi ng  the s i te .  

Th e di ffu s i on cal c u l at i ons  u sed Gau s s i an p l ume a n d  depos i ti on 

mo de l s descri bed i n  Re �u l atory Gu i de s  1 . 1 45 1 8  a n d  1 . 1 1 1 . 4 The  

a s sump ti ons  that  were u sed app ly  to  both  the  ce nterl i ne 

( R . G . 1 . 1 45 )  a nd sector spread model eval uati o n s  ( R . G .  1 . 1 1 1 ) 

a nd a re a s  fo l l ows : 

1 .  Al l ra di oacti ve ga seou s re l ea ses occu rred at  grou nd l evel , 

and  thu s were subj ect  to l i ghter wi nds  and  the exi s tence 

of more s tabl e verti cal  d i spers i on condi t i on s  tha n  

e l evated rel eases . Therefore , th i s  a s sump ti on  mi ni mi ze s  
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p l ume di ffu s i on rates and  maxi mi zes grou nd  l eve l  concen­

trati on estimates . Th i s  a s s ump ti on  can  re su l t i n  over­

e s ti mates  of grou n d  l evel  concentrati on and  

dep os i ti on by as  mu ch a s  a factor of 1 0 .  

2. . E ffl u ent p l ume s are tra n s p orted i n  a s trai g h t  l i ne di rec t i on  

as  i ndi cated by the ons i te wi nd  di recti on . D u e  to the 

s hort di s tances i nvol ved i n  the eval uati on , th i s  a s sump t i on  

p rov i des rea sonabl e a s s a ra nce th at wi nd  di recti o n s  reported 

from the on s i te i ns trume n tati on i ndi cated th e true effl u e n t  

tra n sport di recti on . 

3 .  Al l hourly peri ods of mi s s i ng  data were omi tted from the c a l ­

c u l ati ons . The data rev i ew i ndi cated some p eri ods , total i n g 

51  h ou rs i n  M ay ,  wi th s u spected  i ncorrect da ta e i ther i n  a tmo s p heri c 

s tabi l i ty or wi n d  mea su rements  exi s ted and  n o  attemp t was  made 

to e s t i mate appropri ate va l u es  for these peri ods . 

Thu s ,  the peri ods were i gnored i n  the ca l c u l a t i o n s . 

The i mp act of i gnori ng  these  mi s s i n g  peri ods  i n  the 

comp u tati ons  i s  expected to be i n s i gn i f i ca n t  ( i . e . , l e s s  

than � 20- 30% ) . 

4 .  I n  order  to account for the  pos s i b l e  e ffec t s  of  a i r f l ow 

rec i rcu l ati on of effl uents , a fac tor of fou r h a s  been 

app l i ed to the � a l u e s  of re l ati ve concentra t i o n  a n d  

depos i ti on .  These  adj u s te d  e s ti mates are n o t  expected 

to be a s  great as  two t i me s  the val u e  that actual l y  

occu rred for the poi nt  o f  i ntere s t .  
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5 .  The effects of prec i p i tati on were not i nc l u ded  i n  the c a l ­

c u l ati on s . Any prec i p i tati on that occu rred du ri ng the 

rel ease  cou l d cau se some of the effl uent , p a rti c u l arly  

i odi nes , to be washed out at the  poi nts of i ntere s t .  

P rec i p i tati on i n  the TMI v i c i n i ty w a s  observed i n  the form 

of l i gh t  ra i n  a nd dri zzl e begi nn i ng  a t  ·mi dn i gh t  on Marc h  2 9  

a n d  conti nu i ng u nti l 3 : 20 a .m .  that day , wh i ch accounts  for 

the only ra i nfal l du ri ng the t ime of greate s t  I - 1 31 re l e a s e . 

Th i s  ra i nfal l ,  as wel l a s  that wh i ch occu rre d  du ri ng  Apri l 1 - 3 ,  · 

wou l d be expected to dep l ete the a i rborne radi oi odi ne 

concentrati on and i ncrea se  the dep os i t i on at the poi nts o f  

i ntere s t .  Howeve r ,  due t o  the short di s tances  t o  t h e  poi nts 

of i ntere s t ,  the sma l l fracti on of  rel ease  t i me du ri ng ra i n­

fal l peri ods , and the l ow ra i nfal l rates , th i s  ra i nfal l 

i mpact on X/ Q and D/ Q e s t i mates shou l d be sma l l wi th i n  a 

factor of  a few , and was not i nc l u de d .  

Rel ati ve concentrati on ( X/ Q )  a nd depos i ti on ( D/ Q )  e s ti ma tes  were 

ma de u s i ng j o i nt frequency rep resentati ons  of wi nd  speed , di recti on 

and s tabi l i ty .  V a l ues were e s ti mated based upon hourly 

meteorol ogi cal  data i n  a conservati ve ma nner by u s i ng ave ra ge 

rel ati ve concentrati on and  depos i ti on va l ues  i n  a p a rti c u l a r  

di recti on du ri ng the enti re 4 3  days  o f  re l ease . 
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I n  establ i s h i ng  the fi na l  concentrati on and  depo s i ti on e s ti ma te s , 

the hou rly  cal c u l ati ons  of X/ Q and  D/Q  u s i ng  the sector sp read  

( R . G . 1 . 1 1 1 ) 4 a n d  centerl i ne methods ( R . G .  1 . 1 45 ) 1 8  were 

comp a re d  and  the maxi mum v a l u e s  were sel ected for u se i n  the  

dep os i ti on ca l c u l ati ons . Th i s  sel ecti o.n method p rovi des addi ­

t i onal  a s s u ra nce that the X/ Q a n d  D / Q  v a l u e s  a re conservat i ve .  

B a sed on  our  assessment  of  the a s sump ti ons  c i ted a bove , the 

a tmosp heri c concentrati on a n d  depos i ti on e s t i ma tes are expected 

to be conservati ve by a factor rangi ng  from two to ten dependi n g  

on  the p a rti cu l ar  l ocati on con s i de re d .  

d )  Dose and  Depo s i ti on E s timate s  

1 .  I nhal ati on 

i .  Be st  Estimate 

To obtai n a bes t e s t i ma te of the I - 1 31 a i r i nh a l ati on 

do se  the t i me v a ry in g  sou rce  term of  Reference 1 0  wa s  

coup l e d  wi th the t i me v a ry i n g  e s t i mates of meteoro l o g i c a l  

di spers i on ,  as descri bed i n  Secti on B . I I . c ,  t o  obtai n 

concentrati on val u e s  o f  I - 1 31 i n  space a n d  ti me .  F rom 

these concentrati on v a l u e s , ti me averaged va l ues  were 

comp u ted for s everal l ocati ons  near T h ree M i l e  I s l a n d .  

Ta bl e 6 l i s ts these  l ocati on s al o n g  wi th the ti me-a v e raged  

concentrati on expected to have  occu rre d  a t  them for t h e  

peri od of  March 28 th rou gh  Apri l 30 . The  va l ues  i n  th i s  

tabl e were ba sed  o n  da ta taken  from Re fere nce 1 1 . 
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Sec tor 

sw 

N N E  

N E  

SE  

Age 
G roup  

I n fant  
C h i l d  
Teen 
Adu l t 

1 0  CFR 
1 40 . 84 
Leve l 

Tabl e 6 

Ti me -averaged I - 1 31 Ai r Conce n trati on 

Di s tance ( mi • ) Concen tra ti o n  (�Ci /m3 ) 

Thy roi d 

. 0 1 7 

. 0 1 9 

. 0 1 7 

. 0 1 4 

30 . 

2 . 6 

2 . 2  

2 . 5  

1 . 5 

I .  
2 . 40 X 1 0- 6 

2 . 6 o  x 1 o-6 

2 . 48 X 1 0-6 

4 . 1 3 X 1 0- 6 

To ca l cu l ate the be s t  est imate of exposu re , the val u e  

for conce ntrati on that i s  u sed i s  1 0-� C i /m3 • Th i s  

val u e  was chosen  for con servati sm f rom the va l ues  i n  

Tabl e 6 a n d  i s  l a rge r than  a ny of the va l ues  i n  i t . 

The dose  factor and  i nh a l ati on rates of N RC Regul atory 

G u i de 1 . 1 09 were u sed resu l ti ng  i n  Tabl e 7 .  I n  

addi ti on to the max i mum expected exp os u re s  the 

tabl e l i s ts the 1 0  C FR 1 40 . 84 l evel s .  Comp ari son  of 

th e cal c u l ated va l u es  to the l eve l s i ndi cates that 

th ese  be s t  e s ti mate s  exp o s u res were wel l bel ow the 

l evel s .  

Tab l e 7 

Be st  Estimate of  Maxi mum Expos u re 

I od i ne Do ses  ( rem ) 

Whol e 
Body Bone  S k i n L i ver K i dney L u n g  G I - L L I  

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

2 0 . 2 0 . 6 0 .  30 . 3 0 . 30 . 30 . 

30 



. The re su l ts of these  ca l c u l ati ons  a re i n  agreeme nt 

wi th those p resented i n  the i nteragency report . 1 

I n  that report e s t i ma tes  of the thy roi d do s e  a c h i l d  

cou l d have rece i ved ( th i s age group recei ve s  the maxi mum 

do se ) from i nhal ati on of I - 1 31 at  the observati on center 

( 0 . 5 m i . SSE ) for the peri od  o f  March 2 9  th rough Apri l 3 

was about  2 mrem . I f  a s i mi l a r approach i s  u sed a s  was 

done for Tabl e 7 to ca l c u l a te the peri od of  March  2 9  t h rou gh 

Apri l 3 at the observa ti on  center , the c h i l d  thy roi d do se  

come s out to be  about  2 to  3 mrem , i n  c l o s e  agreeme nt  

w i th the  i ntera gency report e s ti mate . 

The re su l ts of the grou nd  concentrati on ca l c u l ati o n s  a re 

a l so  i n  good agreeme nt  wi th those  of P i ck ard , Lowe , a n d  

G arri ck . 3 Thei r ca l c u l a t i on s i ndi cated  t h e  

maxi mum t i me avera ge concentrati on t o  be abo u t  

6 . 6 X 1 o-61'"-ci 1m3 f o r  t h e  peri od of  Marc h  28 th rou gh 

Apri l 30 , wh i ch i s  c l o s e  to the val u e s  of  Tabl e 6 .  

i i .  Upper  Bound  Esti mate for 1 0  CFR  1 40 .84 Cri ter i on  

Comp u tati on of do ses  vi a the  i od1 ne a i r i nh a l ati on 

p athway for a n  upper  bound for the be s t  e s t i ma te 

i s  ma de here i n  two way s .  The f i rs t a s s umes that a n  

i ndi v i du a l  w a s  l ocated  j u s t off s i te f o r  a conti nuou s 

4 3  day peri od  s tarti ng  at the onset of  the acci den t  th rou gh 

the enti re rel ease  peri od . The second i s  for c l o s e-by 

popu l a ted  l and  ma s se s . I n  th i s  l atter c a l c u l ati on i t  i s  
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a l so assumed that the i ndi v i dual  i s  exposed conti nuou sl y  

ove r the enti re rel ease peri od  ( approx . 4 3  day s ) . The 

f i rst  approach i s  i ntended to app ly  to a hypotheti cal  

i n, H vi dual  who  cou l d h ave been  nea r Th ree M H e I s l and .  

However ,  it  i s  ve ry un l i ke ly  that a nyone was  on the  i sl and  

for  the  enti re ti me peri od . The seco n d  approach i s  i ntended 

to app ly  to res i dents l ocated near the s hore l i ne i nvol ved i n  

recreati onal  a nd other acti v i ti es . 

The i nhal ati on do ses ca l c u l a ted here a re based on  

the �axi mum rel ease  rate that occu rred duri ng  the enti re 

43 day rel ea se peri od , rather than u s i ng  the average 

actual  rel ease rate . Th i s  i ntroduces  a factor of  con-

servati sm of about  5 . 7  i nto the cal c u l ati ons . *  I n  

addi ti on to th i s  conservati sm , meteoro l ogi ca l  di spers i on 

parameters are u sed wh i ch i ncorporate con servati ve 

rec i rcu l ati on factors . Tabl e 8 g i ves the va l ues  of 

X/ Q at  the exc l u s i on bou nda ry di s tances  for each sector 

for the 43 day t i me peri o d .  

*The actual  acti vi ty rel ea sed du ri ng  the fi rs t 43  day s  was approxi mate l y  
1 4 . 8  c u ri es ,  wherea s based on  t h e  maxi mum rel ease  rate t h e  amount  th at i s  
i np u t  to th i s  cal cu l ati on i s  84 c u ri e s . The  ra ti o of the i np u t  val ue  to 
the actual val ue  i s  a mea s u re of the con serva ti sm i ntroduced  i nto the 
cal c u l ati on and i s  abou t 5 . 7 .  
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Tabl e 8 

Meteorol ogi cal  Di s2ers i on Parameters 

Sec tor Di s tance ( mi . ) X/g ( sec /m3 ) *  

N . 2 4 9 . 2 X 1 0� 5 

NNE  . 3 2  5 . 4 X 1 0- 5 

N E  . 2 5  4 . 5  X 1 0- 5 

ENE  . 2 1  8 . 3  X 1 0- 5 

E . 2 0  8 . 2  X 1 0- 5 

ESE . 2 1  7 . 6 x 1 o- 5 

SE . 2 3  7 . 5 X 1 0- 5 

SSE . 3 2  4 . 1  X 1 0- 5 

s . 3 2  8 . 7  X 1 0- 7 

ssw . 20 6 . 3  X 1 0- 7 

sw • 1 3  7 . 4 X 1 0- 7 

WSW • 1 1  1 . 2 X 1 0- 6 

w • 1 1  1 . 9 X 1 0- 6 

WN W • 1 1  1 . 6 X 1 0- 6 

NW  . 1 2  1 . 6 X 1 0- 6 

NNW . 1 3  1 . 3  x 1 o- 6 

*Val ues a re t i me averages ove r f i rst 43 day s  of rel eases . 

The cal c u l ati on of the do ses  wh i c h  fol l ow a re based  
on  t h e  X/ Q i n  the sector where i t  h a s  a maxi mum val ue  

( N  sector ) ,  and  on  the  dos e  factors conta i ned i n  N RC Regu l a tory 

G u i de 1 . 1 09 .  Tabl e 9 l i s ts these  resu l ts  a l o n g  w i th the 

l evel set i n  1 0  CFR 1 40 . 8 4 . 



Tabl e 9 

U��er B o u nd of D o s e  for 1 0  CFR 1 40 .84 C r i te r i o n  

I od i ne D o s e s  ( rem ) 

Age Who l e 
G ro u p Thy ro i d Body Bone Sk i n L i v e r  K i d n ey L u n g  G I - LL I  

I nf a nt* 
C h i l d  3 . 9  . 006 . 0 1 1 . 0 1 0 . 0 1 9 0 
Tee n  3 . 5  . 008 . 0 08 . 0 1 1 . 0 20 0 
Ad u l t 2 . 9  . 006 . 006 . 0 08 . 0 1 5 0 
1 0  C FR 
1 40 . 84 
L e v e l  30 . 20 . 20 . 60 . 30 . 30 . 30 . 30 . 

* C a l c u l a t i o n s  are not made for i nf a nt bec a u se i t  i s  i n conc e i v a b l e t h a t  a n  i nf a nt wa s 
a nywh e re n e a r  t h e  exc l u s i o n bounda ry ,  howe v e r , · c a l c u l at i o n s  fo r a l l a g e  c l a s se s  
are m a d e  bel ow for t h e  n e a re s t  po p u l ated a rea s . 

Tab l e 9 i nd i c a t e s  th at t h e  dos e s  a re a l l wel l bel ow t he 

1 0  C FR 1 40 . 84 l e vel , e s pe c i a l l y  i n  c o n s i de rat i o n  t h at t h e s e  

val u e s  are c o n s e rv a t i ve by at l e a s t  a fact o r  of 5 . 7  b e c a u se 

of the l a rge r t h a n  e s t i mated act u a l  rel e a s e  ra t e  t h a t  wa s u s e d . 

I n  t he sect i o n on nobl e g a s  ex po s ure t h e  u pper bo u n d  d o s e  e s t i m a t e  

w a s  m a d e  b y  a s sumi ng t h a t  a n  i nd i v i d u a l  mo ved a s  t h e  w i nd s h i fted 

and s t ayed downwi nd of t h e  p l a nt i n  the p l ume . I f  t h e  ad u l t  

t hyroi d dose i s  c a l c u l a t d  b a s e d  o n  t h i s  k i nd of s c e n a r i o t he 

re s u l t i s  a b olJt a fact o r  of 6 l a rge r  ( l e s s  t h a n  1 8  r em )  t h a n  t h at 

of Tab l e 9 .  Th e ba s i s of t h i s c a l c u l a t i o n was t h at t h e  i nd i v i d ua l  

was j u st offs i t e fo r t h e  ent i re 4 3  d ay pe ri od a l way s s t ayi ng i n  

the d ownwi nd s e ct o r .  Th i s  number i s  pres e n t ed o n l y f o r  c o n s i de ra ­

t i o n  a n d  i s  n ot u se d  be l ow a s  i s  i s  b a se d  o n  a n  u n re a l i st i c 

s c e na ri o  of huma n act i v i ty . *  

*The scena ri o of a n  i nd i v i d u a l  mov i ng a ro u n d  t o  s t ay i n  t h e· p l ume i s  mo re real i st i c 
for t h e  nobl e g a s  rel e a s e s  beca u se t h e  d u r at i o n  of the  n o b l e g a s  rel e a s e s  wa s 
s h o rt ( mo s t  ove r a three day peri od ) a nd t h e d i s pe r s i o n occ u r red i n  t h ree predom i n e nt 
d i rect i o n s .  He nc e , i f  a n  i nd i v i d u a l  wa s i n  a boat  for s e v e ra l  days i n  t h e  d i rect i o n 
whe re doses wou l d be ex pect ed t o  be h i g h e s t , t he e s t i mate d e v e l oped by t h i s s c e n a r i o 
wou l d be l a rg e r  but rep re s e nt at i ve of t h e  act u a l  d o s e  t h e  i nd i v i d u a l  wou l d h a ve re­
ce i ved . I n  the c a se of the i od i ne re l e a s e s  wh i c h l a sted 43 days , t h e re wa s n o  p r e d om i ­
n en t  d i rect i o n i n  wh i c h mo s t  of t h e  materi a l  wa s d i s pe rs ed i n  c ompa r i s o n  t o  t h e  n ob l e 

_ g a s  rel e a s e s , h e nce , for a pe r s o n  t o  rece i ve t h i s  d o s e  wou l d req u i re k n owl ed ge of t h e  
p l ume l ocat i o n  a n d  a d e s i re t o  s t ay i n  i t .  I n  t h e  j ud gment of the  a u t h o rs t h i s 
sce na ri o  i s  u n re a l i st i c .  
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The i nha l ati on do se  i s  ca l c u l ated for  a n  i nd i v i dual  a l ong  the  

nea rby s hore l.i nes where the gene ra 1 pub  1 i c has  acces s  on the  

bas i s  that an  i ndi v i dual  i s  exposed  duri n g  the  enti re 43  day 

rel ea s e  peri od a s  was done i n  the cal c u l a t i on  above . *  The 

rel ea se rate that i s  u sed was the s ame as  for the p revi ou s 

ca l c u l ati on a n d  i ntroduces  the s ame factor of con s erva ti sm of  

5 . 7 .  As  i n  the  p recedi ng secti on , there were a l s o  ve ry con­

servati ve approaches taken i n  deve l opme n t  of the meteorol ogi cal  

p arame ters ( overe s ti mates of  rec i rcu l ati on ) . Tabl e 1 0  l i s ts 

the t i me ave raged ( 43 day ) val ues  of X/ Q a t  several  neare s t  publ i c  

acce s s  s hore l i ne l ocati on s that a re u sed  i n  these  ca l c u l at i ons . 

Tabl e 1 0  

Meteorol og i ca l  Di spers i on Parameters  

Di s tance ( mi . )  Descri pti on X/Q ( sec /m3 ) *  

1 . 2 0  Ea s t  s hore l i ne 1 . 2 1  X 1 0- 5 

0 . 80 East s hore l i ne 2 . 3 2  X 1 0- 5 

0 . 50 E a st s horel i ne 2 . 3 1 X 1 0- 5 

0 . 50 Ea s t -s hore l i ne 3 . 2 4 X 1 0- 5 

1 . 30 Gol ds boro s hore l i ne 1 . 2 6  x 1 o- 5 

1 . 20  Gol dsboro s h ore l i ne 1 . 1 1  x 1 o- 5 

1 . 20  H i l l  I s l and  s horel i ne l . l O x l 0- 5 

1 . 20  H i l l  I s l and  s hore l i ne 8 . 0 2  x 1 o- 6 

*Val ues  are ti me ave ra ges ove r the 43 day re l e a s e  peri o d .  

*The i odi ne rel eases  were ma de du ri ng the  f i rs t 43  day s  after the  acci den t .  
Negl i gi b l e  re l ea ses  occu rred after  th i s  peri od  a s  noted i n  Secti on B . I I . b .  
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Age 
G roup 

I nfant  

C h i l d  

Teen 

Adu l t 

1 0  CPR 
1 40 . 84 
Leve l 

u��er Bou n d  

The  ca l c u l ati o·n o f  the do se  i s  b a s e d  on  t h e  X/ Q at  t h e  

l ocati on of Ta b l e 1 0  where i t  h a s  the maxi mum v a l u e  

( E sector ) . .  The  do se  factors were tak e n  from N RC 

Regu l atory Gu i de 1 . 1 09 .  Tabl e 1 1  l i s ts the res u l ts 

of the cal c u l at i on for each age grou p and  orga n . Al s o  

i n  the tabl e a re l i s ted do se  l evel s of 1 0  C FR 1 40 . 84 . 

Tab l e 1 1  

Es ti ma te s  of  Do se  for 1 0  CFR 1 40 . 84 eri terion 
Iodi ne Do ses  ( rem ) 

W hol e 
Thy roi d B o dy Bone S k i n L i ver  K i dney L u n g  G I - L L I  

1 . 3 

1 . 4 

1 . 3 

1 . 0 

30 . 

. 002 . 003 . 004 . 004 0 

. 002  . 004 . 004 . 007 0 

. 002  . 003 . 004 . 007 0 

. 002  . 002  . 003  . 005 0 

20 . 20 . 6 0 .  3 0 .  30 . 30 . 3 0 . 

The  tabl e i nd i cates th at the doses  are a l l wel l be l ow 

the 1 0  CFR 1 40 . 8 4  l eve l . 

2 .  De�o s i ti on  

Th i s  appendi x does  not p resent  a be s t  e s t i ma te of  p os s i b l e  

grou n d  contami nati on , but  on l y  pre s ents a n  u pper bound  

e s ti ma te . A b e s t  est i mate i s  not ca l c u l ated h e re bec a u se 

the re s u l ts  of  the upper  bou n d  e s t i mate a re very sma l l .  

Th i s  cal c u l ati on i s  conservati ve for two rea son s ( 1 ) over 

con servati ve e s t i ma tes of the meteorol ogi ca l  depos i ti on 
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parameter , D /Q , are cal cu l ated a·s desc ri bed i n  Sect i on B . I I . c , 

a nd ( 2 )  t he max i mum i nstant aneou s rel ease  rate wa s u sed for 

the ent i re peri od . The res ul t s  of  the D/Q cal cu l at i ons  are 

presented i n  Tab l e 1 2  bel ow ,  a nd repres e nt t he t i me ave raged 

depos i t i on pa rameter for the  43 day rel e a s e  per i od . The  

l ocat i ons  i n  the  t ab l e represent ones  wh i ch a re a l ong 

adj acent shorel i nes where depos i t i on i s  expect ed to be 

greatest . 

Tabl e 1 2  

D/Q for Several Locat i ons  

D i stance {mi . }  Descri �t i on D/Q {m-2 } *  

1 . 20  East  s ho rel i ne 1 . 49 X 1 0- 8 

0 . 80 East shorel i ne 3 . 8 7  X 1 0- 8 

0 . 50  E a st  shorel i ne 2 . 92 X 1 0- 8 

0 . 50  E ast shorel i ne 5 . 0 3 X 1 0  - 8 

1 . 30  Go l dsboro s ho rel i ne 1 .  7 0  X 1 0- 8 

1 . 20  Go l dsboro s ho rel i ne 2 . 48 X 1 0- 8 

1 . 2 0  H i l l  I s l a nd s horel i ne 1 . 89  X 1 0- 8 

1 . 20  H i l l I s l a nd s ho rel i ne 1 . 6 1  X 1 0- 8· 

*T i me averaged va l ues  for 43  day rel ease peri od . 

To cal cu l ate  the  ground  concent rat i on , c ,  a t  a ny 

t i me , t , after the ons et of the  acci de nt , t he fo l l owi ng 

eq uat i on i s  u sed : 
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Sect or 

N 
NNE  
NE 
E 
w 
WNW 
NW 
N NW 

wh ere , 

. ,.;, I = decay coeffi c i ent fo r I - 1 3 1 

� m = maxi mum rel e a s e  rat e ove r peri od* 

The s o l ut i on of E quat i o n ( 1 ) i s  

c ::: (12.) �(t - e - �J.t ) a ;\ �  
( 2 )  

E quat i on ( 2 )  get s  mo n i to ni c al l y  l a rge r wi t h  t i me ,  h ence , t he 

l a rge s t  grou nd concent rat i o n t h at c ou l d  occu r ,  i s  wh en 

e-�t 
= 0 a nd , a nd h as the v a l u e , 

c oo (�) �; 

C a l cu l a t i �g t he concent rat i on from E q uat i o n ( 3 ) 

D/Q  v a l u e s  of Tab l e  1 2  res u l t s  i n  est i ma t e s  of grou nd 

cont ami nat i on ( T ab l e 1 3 ) .  T h e  va l ue of Qm t hat wa s u sed 

i s  0 . 081  C i / h r  a nd t he val ue  of )
._

fo r I - 1 3 1 i s  

3 . 6 1 X 1 0- 3 h r- 1 • 

Tab l e 1 3 

Upper Bound E st i mates  of I - 1 3 1 Grou nd  Contami n at i on 

( 3 ) 

D i sta nce {mi . )  Descri pt i on Concent rat i on 1'C i /m2 ) 

1 . 2 0  E a s t  s h o rel i ne 0 . 3 3  
. 80 E a s t  s ho rel i ne 0 . 8 6 
. 50 E a st s ho rel i ne 0 . 6 5  
. 5 0 E a st s h o rel i ne 1 . 1 1  

1 . 3 0 G o l ds b oro s ho rel i ne 0 . 3 7 
1 . 2 0  G o l dsb oro s ho rel i ne 0 . 5 5 
1 . 2 0  H i l l  I s l a nd s ho rel i ne 0 . 42 
1 . 2 0  H i l l I s l a nd s ho rel i ne 0 . 3 5 

*The max i mum rel e a s e  rat e res u l t s  i n  t he i nt rodu ct i on of s i gn i f i ca nt c o n s erva t i sm 
i n  res u l t s .  Th i s  i s  ap proxi matel y a fact o r  of 5 . 7 . 
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Becau se I -1 31  de cay s  i nto Xe-1 31  m ,  a nd t he Xe-1 31  m t he n  

dacay s  wi th  i t s  own rad i oact i ve emi s s i on ,  i t  i s  neces s a ry  

to cal cu l ate t h e  grou nd cont ami nat i o!l of Xe-131  m a s wel l .  

A conservat i ve est i mate of the Xe- 1 31  m c oncent rat i on 

ca n be obt a i ned a s  wa s done fo r t h e  i odi n e .  The  eq uat i on 

t h at i s  o bt a i ned i s  as  fo l l ows : 

c "' o. 1 4-� ( i) -).-�-�-,-}1.-
wh e re , 

�� = decay c oeffi c i ent fo r Xe-1 3 3  m 

( 4 )  

Tab l e  1 4  l i st s  t h e  maxi mum c oncent rat i on s  fo r Xe- 1 31  m c a l ­

cu l ated by E quat i on ( 4 ) . The  v a l ue  of �� t h at wa s u s ed wa s 

2 . 44 X 1 0- 3  h r- 1 • 

Tabl e 1 4  

Upper Bou nd E st i mates  of Xe-1 31 m Grou nd Contami n at i on 

D i stance ( mi . )  

1 . 2 0  
. 80 
. 5 0 
. 5 0 

1 . 3 0  
1 . 2 0  
1 . 2 0  
1 . 2 0 

Desc r i pt i o n 

E a st shorel i ne 
E a st s h o rel i ne 
E a st s h o rel i ne 
E a st s h o rel i ne 
G o l dsboro s ho rel i ne 
G o l dsb oro s ho rel i ne 
H i l l I s l a nd s ho rel i ne 
H i l l  I s l a nd s ho rel i ne 
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• 1 5  
. 38 
• 29  
. 49 
• 1 7  
. 24 
• 1 8  
• 1 6  



Ca l cu l ati on of the do se  rate , H ,  due to de pos i ti on on the  

grou nd p l a ne for th e 1 0  CFR 1 40 . 84  cri teri on was  ma de as  

fol l ows : 

H = c (  OF ) 

OF  i s  the dose  factor for absorp ti on of ti s s u e  mea s u re d  

( 5 )  

th rou gh  not more th an  7 mg/cm2 of  absorber ( 1 0  CFR 1 40 . 8 3 ) , and  

c i s  the acti vi ty per u n i t area . The do s e  factors for  I - 1 31 

decay are 1 X 1 06 mrem cm2/y r-�C i  for Y emi s s i on ,  and  

3 X 1 07 mrem cm2/y r-,...c i  for /-' emi s s i on , a n d  the  dose  fac tors 

for 
·
xe-1 31 m decay are 2 . 2 X 1 05 mrem cm2 /y r-�C i  for � emi s s i on , 

and  4 X 1 07 mrem cm2/y r-J-C i  for f.:> emi s s i on . 1 7  The va l ue of  c 

that was u sed for I - 1 31 was the maxi mum v a l ue  of Ta bl e 1 3  

( l . l l �C i /m2 ) a nd the va l u e  of c that was u sed for X e- 1 31 m 

was the max i mum va l u e  of  Ta b l e 1 4  ( 0 .49 flC i /m2 ) .  Th i s  re s u l ts  

i n  a comb i ned 1 dose  rate of  0 . 0 27  mrem/ h r  a n d  a comb i ned � 
do se rate of  0 . 6 mrem/ h r . ** Both of the s e  n umbers a re wel l 

bel ow the 1 0  CFR 1 40 . 84 l evel  o f  4 mrad/h r . *  

* For ')' a n d  ,/b emi tters ra ds are equ i va l ent  to rems . ( 1 0  C FR 20 . 1 ) 
**For I - 1 31 the 'Y dose  ra te was . 01 3 m rem/ h r  a n d  the f.' dos e  rate was 

0 . 38 mrem/ h r .  For Xe-1 31 m the Y dos e  ra te was . 001 mrem/h r  and the /-> do se 
rate was 0 . 22 mrem/h r .  
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3 .  Ground Sh i ne 

The dose that a pers o n  rece i ves  from standi ng o n  grou nd 

cont ami nated wi th  I -1 31  or Xe-1 31 m i s  c a l cu l ated h ere by 

methods de sc ri bed i n  Regu l atory Gu i de 1 . 1 09 .  For  I -1 31  

t he tot al body ext ernal  dos e factor  i s  2 . 8  x 1 0- 9  mrem-m2 / 

h r-pC i a nd t he s k i n ext ernal dose fact o r  i s  3 . 4  x 1 0- 9  mrem-m2 / 

hr-pC i . For  Xe-1 31 m t he external  dos e fact o r  for tot al  body 

i s  approxi matel y 6 . 2  x l o- 1 0 mrem-m2/hr-pC i a nd for  s k i n i s  

approxi matel y 1 . 4 x 1 0- 9  mrem-m2/hr-pC i . 

To cal cu l ate  the  dos e rece i ved by a n  i nd i v i du a l  t he max i mum 

val ues  for grou nd cont ami nat i on l i sted i n  Tab l e s 1 3  a nd 1 4  

a re u sed .  Further , i t  i s  a s sumed t h at these  con-

cent rat i on l eve l s rema i n constant throu ghout  the  ent i re 4 3  day 

rel ease  peri od , wh i ch res u l t s  i n  a s i gn i f i c a nt ove res t i mate 

of dos e .  Th i s  i s  becau se the grou n d  concent rat i ons  early on 

were much l ower as  they s l owly i ncreased to the i r maxi mum 

va l ues , a nd l ate  i n  the  rel ease peri od , as the  rel ea se  rates 

decreased , a nd t he ground  cont ami nat i on decayed away . Th i s  

ca l cu l at i ona l  a p proach l e ad s to res u l t s  l i sted i n  Tab l e  1 5  a nd 

a re conservat i ve for t he s ame reasons  the  grou nd concentrat i on 

est i mates are conservat i ve i n  addi t i on to  t he conserva t i sm 

d i scu s sed above • 

• 
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I - 1 31 

Tab l e 1 5  

Upper Bound Est imates of  Do ses  Due to Ground  Sh i ne  

Doses  ( Rem ) 

Total Body Sk i n  Do s e  

3 . 2  X 1 0- 3 3 . 9  X 1 o- 3 

X e- 1 31 m 3 . 1  X 1 0- 4 0 . 7  X 1 0-3 

Total  3 . 5  X 1 0- 3 4 . 6  X 1 0- 3 

These  va l ues  are wel l bel ow the 1 0  CFR 1 40 . 8 4  dose  l evel s 

of 20 rem whol e body and 60  rem s k i n .  

C .  AQUAT I C  RELEASES 

An a na l y s i s of  the re l ea ses  and dose  consequences  of  ra di o n u c l i des  i nto 

the S u squeh a n na R i ve r from the p l ant  duri ng  the acci den t  was ma de by 

the N RC Radi ol ogi ca l  A s ses sment B ranch S taff . 1 0  The a s se s sme nt p re s e n t s  

deta i l ed i nformati on of the rel eases  made duri n g  t h e  peri od  of  March 28 , 

1 979 , th rou gh May 1 1 , 1 979 . I t  al s o  eva l u ates the hea l th a n d  e nvi ron­

me ntal  con sequences  of those  re l ea ses . I t  p re sents methods  u sed to 

determi ne the ma x i mum doses  that an i nd i v i dual  wou l d rece i ve as a res u l t  

of i nges ti on of water and  f i s h  fl e s h . The  res u l ts of  these  ca l c u l ati o n s  

were wel l bel ow the l evel s s e t  i n  1 0  C F R  1 40 . 8 4 .  

• 
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The general  approach that wa s u sed i n  t h i s report wa s as  fo l l ows . 

Metropo l i tan  Edi son Compa ny a nd t he i r cons u l t ant s  prov i ded t he res u l t s  

of a nal yses  wh i ch were performed on  the  vari ou s fl ow di sch arge pat h s  

dur i ng t he acci de nt . Da i l y  fl ow rates cou pl ed wi t h  c oncent rat i on 

measureme nt s al l owed ca l cul at i on of da i l y  act i v i ty rel ea se  rates . The  

concent rat i on of rad i onu c l i des i n  the  d i sch arge wa s d i l uted wi th  1 01 of  

the  average da i l y  r i ve r fl ow . (The fu l l ri ve r fl ow wa s n ot u sed t o  

a s sure conservat i sm . ) B ased o n  th i s  a s sumpt i on the  dos e eq u i va l e nt a n  

adu l t  i nd i v i dua l  wou l d be expect ed t o  rece i ve by cons umi ng o n e  l i te r  of 

t h i s water per day for a s i xty day peri od amounted t o  abou t  1 . 3 X 1 0- 6 rem .  

A s i mi l a r cal cu l at i on for f i sh cons umpt i on wa s done , a nd was ba sed on  

f i shes  eq u i l i brat i ng i n  t h i s water , a nd a consumpt i on rate of  . 2 5k g of 

f i s h  pe r f i sh  d i nner .  It  wa s a s sumed t h at 2 f i s h  d i nners c ou l d be  eaten 

pe r day . For a s i xty day pe ri od t he res u l t i ng dos e i s  6 . 2  X 1 0- 4 rem .  

These cal cu l ated dos es  are s o  f a r  be l ow t he 1 0  CFR 1 40 . 84 l evel s t h at 

they a re not i nc l u ded i n  the  d i scu s s i on bel ow . 

D .  D I SCUSS I ON OF RESULTS 

I n  t h i s sect i on t he  ca l cu l at i ons made i n  prev i ou s  sect i ons a re s umma ri zed 

for  the purpose  of the 1 0  CFR 1 40 . 84 f i nd i ng . The dose ca l c u l a t i o n s  

wh i ch are presented i n  t h is sect i on are not t h e  b e s t  est i mates  t h at we re 

cal cu l ated above , but are the  u ppe r bou nd e st i mates . Tab l e  1 6  s umma ri zes  

the res u l t s  of  the dos e cal cu l at i ons , a nd Tab l e 1 7  s umma ri zes  the  res u l t s  
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of the ground cont ami nat i on ca l cu l at i ons . I n  the  l a st row of each tab l e  

the 1 0  CFR  1 40 . 84 l eve l s are l i sted for compa rat i ve p urpo s e s .  

I t  shou l d  b e  not ed t h at ,  a l t hou gh the va l u e s  appe a ri ng  i n  t h e  " tot al " 

row of Tab l e  1 6  a re a s um of a l l t he dos es i n  the  above rows , for a 

hy pothet i c a l  person  to get that much d os e ,  i t  wou l d be neces s a ry fo r 

the  pe rs o n  to be i n  two p l aces  at once . Hence , t he v a l u e s  i n  the  

tot al row a re u n real i st i c  from t h i s standpo i nt a s  we l l a s  c ons ervat i ve 

for the  reasons  a l ready n ot ed . Compari son  of the  tot al  rows i n  each 

tab l e  to  t h e  rows wh ere the 1 0  CFR 1 40 . 84 l evel s are l i sted i nd i cates 

that the  rel eases  we re wel l bel ow t hese l evel s .  
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N uc l i de/ 
Pathway 

"N ob l e Gas  
E xtern a l  exposure 

I - 1 31 
I nh a l ati on 

I - 1 31 
I nha l ati on 

I - 1 31 
Grou nd  S h i ne 

Xe-1 31 m 
Grou nd S h i ne 

Total 

1 0  CFR 1 40 . 84  
Level s 

Tab l e 1 6  

Upper Bound Esti mates o f  Do se 

Loc a ti on 

Peri meter 
of TMI 

SW Sector 
Excl u s i on 
Boundary 

E a s t  s hore 
of S u sque-
hanna R i ver 

East s h ore 
of S u sque-
hanna R i ver 

East s hore 
of Susque-
hanna R i ver 

Peri od 

I n i ti al 
3 days  

I n i ti al  
43 days  

I n i ti al 
43 days  

I n i ti al  
43 days  

I n i ti al 
43 days  

Dose ( rem ) ** 

Total Body 

2 . 3  

. 008 

. 002  

. 003  

0 

2 . 3 2 

20 . 

Thyroi d 

2 . 3  

3 . 9  + 

1 . 4 

.003  

0 

7 .6 

30 . 

Sk i n  

4 . 7* 

.008 

. 004 

. 004 

. 005 

2 . 4 2  

6 0 .  

* Th i s  val ue  was cal cu l ated by mu l ti p l y i ng the rati o of the r-- s k i n do se  f actor by 
the -y tot a 1 body dose  factor for Xe-1 33  , by the tota 1 body dose  and  a ddi n g  the 

� total body dose  to i t . 
**The cal c u l a ted dose due to rel eases i nto the aquati c e nv i ronmen t  are n o t  i nc l u ded  

i n  th i s  tab l e a s  the comb i ned dose  due  to  f i s h  consump ti on a n d  dri n k i ng water  i s  
negl i gi bl e  ( . 001 rem ) . 

+On page 34· a thyroi d dose  was p resented wh i ch was based on  a n  unreal i sti c 
scenari o for h uman behavi or wh i ch assumed that  an i ndi v i dual  s tayed i n  the 
downwi nd sec tor for the conti nuous  43  day peri od duri ng  wh i ch the rel e a s e s  were 
ma de . Wh i l e  th i s  val u e  i s  l a rge r than  the thyroi d dose  val ues  i n  the tabl e ,  i t  
i s  not u sed  here as  a ba s i s for the 1 40 . 83 determi nati on  a s  the h uman  behavi or 
scenari o i s  too unreali sti � i n  the j u dgme nt of the authors  • 
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Tabl e 1 7  

Upper Bound  Est imates  of  Ground Contam i nati o n  

Dose  Rate ( mrem/ h r }  

Nucl i de Loc a ti on Peri od Gamma Beta 

I - 1 31 E a s t  s hore 
at S u squehanna 
R i ve r  4 3  day s  . 0 1 3 . 38 

Xe- 1 31 m E a s t  s hore 
at  S u squehanna  
R i ve r  4 3  day s  . 001 . 2 2  

Total E a s t  s hore 
at S u sq ueh anna  
R i ver 43 day s  . 0 1 4 . 6 0  

1 0  CFR 1 40 . 84  
Leve l 4 . 0  4 . 0 

As noted i n  p revi ou s secti ons , ca l c u l ati ons  a re not ma de i n  th i s  

report for do ses  du e to the I - 1 31 mi l k  pathway bec a u s e  ma ny mi l k  

samp l e s were tak en duri ng  and  a fter the rel eases , wh i ch wel l 

doc ume nt th at the do ses  were very sma l l comp ared to th e 1 0  CFR  1 40 . 84 

l eve l . 1 ' 3 The  one other a rea i n  whi ch  ca l c u l ati on s a re not  ma de i n  

th i s  report i s  for ground  contami nati on on Th ree M i l e  I s l a nd o u ts i de 

the peri meter fence . These l ocati on s are too c l o s e  to the sou rce for 

e ffecti ve meteorol o g i c a l  model i ng ,  hence , the s e  esti ma tes mu s t  be 

based on  actu a l  f i e l d s amp l e s .  These esti mates a re di s c u s sed i n  a 

separate appendi x .  
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SUMMARY O F  RAD I AT I ON DO S E  A N D  
S U R FAC E C O NTAM I NAT I ON M EAS U R EM ENTS 

T h e  r e s u l t s  of ra d i a t i o n  do s e s  mea s u re d  by T L D 1 s  l o c a ted i n  t h e  v i c i n i ty o f  
t h e  s i t e  i n d i c a t e  t h a t t h e  h i g h e s t w h o l e bo dy ra d i a t i o n do s e  t o  a po s s i bl e  
rea l i n d i v i d u a l  wa s l e s s  t h a n  0 . 1  r em to i n d i v i d u a l s l o c a t ed a t  t h e  n ea r by 
res i d e n c e s  o n  t h e  Ea s t  ba n k  o f  t h e  r i v e r .  T h e  ma x i m um w h o l e b o dy d o s e t h a t  
co u l d h a v e  b e e n  r ec e i v e d  by a hypo t h e t i c a l  i n d i v i d u a l wa s e s t i ma t e d  to b e  
a p p ro x i ma t e l y 1 . 4 rem fo r a n  i n d i v i d u a l  l o c a te d  o n  th e n o r t h  n o rthwe s t  
c o r n e r  o f  T h r e e  M i l e  I s l a n d  a n d  l e s s  t h a n  1 . 2 r em fo r a n  i n d i v i d ua l  l o c a t e d  
o n  Ko h r  I s l a n d . I n  a l l t h ree ca s e s , n o  a l l owa n c e  h a s  b e e n  ma d e  fo r r e d u c t i o n s  
i n  a c t u a l  ra d i a t i o n do s e s d u e  to a c t u a l  o c c u pa n cy ti me ( fu l l t i me o c c u pa n cy 
from 3/ 28/ 7 9  0400 to A p r i l 1 5 , 1 9 7 9 *  wa s a s s um e d ) , t h e demo n s tra t e d  o v e r ­
res pon s e  o f  t h e  T L D 1 s  ( wh i c h  l ea d s  t o  mea s u r e d  v a l u e s  b e tw e e n  1 . 2 a n d  2 . 2  
t i m e s  g r e a t e r  t h e  a c t ua l  do s e s ) o r  fo r s h i e l d i n g d u e  to be i n g i n doo r s . T h e  
1 1 c o u l  d h a v e  b e e n 1 1  hypo t h e t i c a l  e s t i ma t e s  i n c l u d e  a l l owa n c e  fo r s t a t i s t i c a l  
mea s u reme n t  e r ro rs s o  t h a t t h e  pro ba b i l i ty o f  t h e  s ta t e d  v a l u e  b e i n g  exc e e d e d  
i s  o n e  c h a n c e  i n  o n e  th o u s a n d  ( 9 9 . 9 t h  p e rc e n t i l e ) . More l i k e l y e s t i ma te s  o f  
t h e s e do s e s , i n c o r p o ra t i n g  t h e  e n e r gy o v e r r e s po n s e c o r re c t i o n s , wo u l d i n d i c a t e  
t h a t  d o s e s we r e  l e s s  t h a n  1 rem a t  bo t h  l o c a t i o n s . T h ere fo re , a c t ua l mea s u r e ­
me n t s  i n d i c a t e  t h a t  t h e  do s e  a ny i n d i v i d u a l  c o u l d h a v e  re c e i v ed wo u l d b e  a t  
l ea s t  a fa c to r  o f  1 0  l ower t h a n  t h e  Pa r t  1 4 0 c r i t e r i o n  o f  a 2 0 - r em w h o l e b o dy 
do s e . · Howev e r , n o  o n e  wa s a t  t h e  1 o c a t i  o n  o n  Ko h r  I s l a n d o r  t h e  1 o c a t i  o n  o n  
T h r e e  M i l e  I s l a n d  a t  t h e  t i me o f  t h e  a c c i d e n t . 

An i n d i v i d u a l  l o c a t e d  o n  H i l l  I s l a n d  c o u l d h a v e  rec e i v e d  a do s e  o f  a p pro x i m a t e l y 
0 . 3 r em i f  h e  ha d rema i n e d c o n t i n uo u s l y  a t  t h i s l o c a t i o n  t h ro u g h o u t  t h e  p e r i o d  
from 4 : 00 A . M .  o n  Ma rc h 2 8 t h  u n t i l Ma r c h 31 s t . Howev e r , a c t u a l  o c c u pa n cy t i m e s  
fo r t h i s i n d i v i d u a l  i n d i c a t e  t h a t  he  d e p a r t e d  be fo re t h e  p e r s i s t e n t  w i n d s  b e ga n  
b l o w i n g  i n to t h e  N W - N N W  s e c to r s  o n  t h e  n i g h t  o f  Ma rc h 2 8 t h  w h e n  t h e  ma j o r i t y  o f  
t h e  do s e  a t  t h i s l oc a t i o n  wo u l d h a v e  b e e n  d e l i v e r ed . T h e  a c t u a l  do s e  r ec e i v e d  
i s  e s t i ma t e d  t o  be  l e s s  t h a n 0 . 0 5 rem ( 5 0  m i l l i rem ) . 

S u r fa c e  c o n t a m i n a t i o n  l e v e l s were a s s e s s ed by a v a r i ety o f  me a s u reme n t  t ec h n i q u es , 
mo s t  o f  wh i c h were o r d e r s  o f  ma g n i t u d e  mo r e  s e n s i t i v e t h a n  t h e  mea s u r em e n t s  
c a l l e d fo r i n  1 0  C FR Pa rt 1 4 0 ,  S ec t i o n  1 4 0 . 84 ( b ) . E x c e p t  fo r o n e  l o c a t i o n  o n  
T h r e e  M i l e  I s l a n d , t h e  o n l y d e p o s i te d  ra d i o n u c l i d e w h i c h  wa s d e t e c t e d  i n  c o n ­
c e n t ra t i o n s  grea t e r  t h a n  t h o s e  mea s u re d  i n  1 9 7 7  wa s i o d i n e - 1 31 . C e s i um 1 3 7 
a n d  c e r i um 1 44 were a l s o  d e t e c t e d  i n  mea s u ra bl e amo u n t s ; howe v e r , t h e  l e v e l s o f  

*Res u l t s  o f  l o n g e r  t e rm mea s u reme n t s  ma d e  by N R C , FDA , a n d  t h e  l i c e n s e e  s h ow 
t h a t  no b l e ga s w h o l e bo dy do s e  con t r i bu t i o n s a ft e r  A pr i l  6 ,  1 9 7 9  a re n e gl i g i bl e .  



- 2 -

t h e s e  ra d i o n uc l i des  are c o n s i s te n t  wi t h  1 9 77  mea s u reme n t s  a n d  a re pre s uma bl y  
d u e  to res i d u a l  fa l l o ut from a tmo s p he r i c n uc l ear t e s t s . The  h i g h e s t  ra d i o ­
i o d i n e  c o n c e n t ra t i o n  wo u l d h a v e  res u l ted i n  a do s e  ra te o f  l es s  tha n 0 . 2 %  o f  
t h e  1 0  C FR Part 1 40 c r i te r i o n  o f  4 m i l l i ra d s  per ho u r  ( a  fa c to r  o f  6 0 0  l e s s  
tha n t h e  c r i teri o n } . Ce s i um 1 37 a n d  c e r i um 1 44 ( a nd na t u ra l l y  occ u rr i n g  
ra d i o n u c l i de s } were a 1 s o  fo u nd i n  mo s t  s o i l s ampl e s , b u t  a t  l evel s co n s i s te n t  
wi t h  pre - a c c i dent  l evel s a s  determ i n e d  by 1 9 7 7  s o i l a n a l ys i s res u l ts . T h e s e 
ra d i o n u c l i de s , i n  o ffs i te s ampl es , wou l d have  re s u l ted  i n  do s e  ra tes  l e s s  t h a n  
0 . 02%  o f  t h e  Pa rt 1 40 c r i teri o n  o f  4 m i l l i ra d  per  ho u r . 

O n e  s o i l s ampl e col l ected o n  Th ree M i l e  I s l a n d  had  l evel s o f  c e s i um- 1 3 7 , 
c es i um 1 34 ,  a nd cobal t 60  tha t were h i ghe r t h a n  t ho s e  � u n d  el s ewhere . T h i s  
l o c a t i o n  h a d  been reporte dl y u s ed fo r l ow a c t i v i ty c o n tam i n a t e d  wa s te s o  t h a t  
t h e s e  l e v e l s a re mo s t  l i ke l y from res i d u a l  co ntami na t i o n  r a t h e r  t h a n  t h e  
a c c i dent . T h e  combi ned  do s e  ra t e  from c e s i um 1 37 ,  c e s i um 1 34 ,  c o b a l t 6 0 , a n d  
ra d i o i o d i n e  1 31 ( fo u n d  i n  a n  a dj a c en t  sampl e } wo u l d b e  1 . 5 p e rc e n t  o f  t h e  
4 m f l l i rem per ho u r  ( 0 . 06 mR/ h r } c r i teri o n . However , a s  t h i s mea s u reme n t  wa s 
o n  l i c e n s ee  c o n t ro l l e d l a n d . c o n t i g uo u s  to t h e  s i te ,  the  4 0  m i l l i ra d  p e r  ho u r  
dos e ra t e  c r i te r i on wo ul d b e  a p pl i ca bl e to t h i s l o ca t i on . Th e e s t i ma t e d  do s e · 
ra te wo u l d be a p prox i matel y 0 . 1 5 perc e n t  o f  (o r  a fa c to r  o f  600 l owe r t h a n } 
t h e 40  mi 1 1 i rem/ ho u r  c r i t e r i o n . 

I n  s umma ry , e n v i ro nmenta l mea s u reme n t s  do n o t  s u pport a fi n d i n g  t h a t  t h e  
c r i teri a fo r s u b s t a n t i a l  o ffs i te do s e s o r  s u b s ta n t i a l  rel ea s es o f  ra d i o a c t i v e  
ma teri a l s were o r  c o u l d h a v e  been  m e t  a s  . a  res u l t o f  ·t h e  a c c i d e n t  o n  M a rc h 28 , 
1 9 7 9  a t  t h e  T h ree M i l e  I s l a n d  N uc l ea r S ta t i on , U n i t 2 .  
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A .  RAn iAT ION  DOSE �EASUR E�ENTS US I NG THEP�OLU� I N ES CENT nOS I�ETERS 

1 .  De sc r i p t i o n  

T h e  pr ima ry type of i ns trume nta t i on t h a t  wa s rel i ed uoon fo r 

mea su r i ng radi a t i on doses  from t he  Three  r� i l e  I s l a n d  Acc i dent  we re 

thermo l um i nesc ent  dos imeters ( TLD ' s ) . These  dev i ces  emp l oy 

s ub sta nces  c a l l ed phosp hors that  h ave the  property of trap p i ng o r  

s tori ng  energy . T h e  amount  o f  energy t h a t  i s  trapped i s  propo r­

t i on al to the  amou nt  of rad i a t i on that  i s  abso rbed hy the  d ev i c e .  A 

s i ng l e  t hermol um i nescent  dos imeter usu a l l y  h a s  several  i nd i v i d u a l  

p hospho rs .  

Afte r exposu re i n  the envi ronment fo r a • kn own pe r i od of t ime t h e  TLD 

i s  t a ken  ba ck  to a l a bora to ry where i t  i s  heated u nder con trol l ed 

c ondi t i ons i n  a dev i c e cal l ed a " reade r . " The trapped ener9y i n  the 

TL D  i s  r e l ea s ed in  the  fo rm of vi s i b l e  l i ght  by the  hea t i ng proc es s . 

The  amo u n t  of l i g h t  em i tted i s  proport i on a l  to the  i n i t i a l rad i a t i on 

dose . The l i ght  i s  converted to a n  e l e c tr i c al s i gn a l  by a p h o to­

mu l t i pl i er tu he a nd i s  recorded . 

I n  order to con vert the  e l ec tron i c  s i g na l  i nto an  es t i ma te o f  

rad i a t i on dose , i t  i s  neces s a ry t o  kn ow wh a t  t h e  el ectron i c  s i g na l  

i s  for a kn own do se  of radi a t i on . Th i s  i s  a ccomp l i s h ed by expos i ng 

the  TL D ' s  to a s o u rce of rad i a t i on whose  dose  rate  i s  known . Ry 

kn owi ng  the  s tren gth of the  ra d i a t i on sou rc e ,  the chara cter i s t i cs o f  

the  rad i a t i ons em i tted from t h e  source , the  d i s tance  from the  s o u rce  

to  t he  TLD ,  and  the  l e n gth of t i me that  t h e  TL n i s  expos ed , it  i s  

pos s i b l e  to ca l cu l a te the dose  that  the  TLn  s hou l d  record . Th i s  can  

then be  r e l a t ed to the mag n i tu de of the  e l ectron i c  s i g na l  to  
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determi ne the  rel at i ons h i p  be twee n  the el ectronic s i gna l  from the  

TL D reader and  the radi at i on dose to t he  TL D.  Th i s  process  i s  

c a l l ed cal i bra t i on .  On ce th i s  rel a t i ons h i p  has  bee n  e stab l i s hed for 

a pa rt i c u l a r  type of  TL D and a pa rt i cu l a r  type o f  TL D reade r ,  i t  c a n  

b e  u s ed t o  dete rm i ne t h e  dos e  as soc i ated wi th  t h e  l i g h t  outpu t from 

TL D ' s  that were expos ed to u n kn own dos e s . 

The rmol umi nesc ent dos imeters have been  u s ed for several  yea rs to 

mea su re radi a t i on dose s .  Under i deal  con d i t i o n s , i t  i s  pos s i b l e  to 

detect ve ry l ow doses  of rad i a t i on (down to 1 m i l l i rad ) and to 

mea su re doses of the order of 1 0  m i l l i rad wi th cons i dera b l e  pre­

c i s i on ( ±  1 0% )  • •  The i r ab i l i ty to mea su re su ch  l ow doses  comb i ned 

wi th  the i r smal l s i ze and ab'sence of a ny need for serv i c i ng wh i l e i n  

u s e  (except fo r pe r i od i c col l ect i on and repl a cement ) a re favorab l e 

for the i r  a p p l i ca t i on for env i ro nmental mon i tor i ng a pp l i c a t i o n s . 

Ot her favorab l e  prope rt i es are a rel a t i ve l y l ow fad i ng rate 

( typ i c al l y ,  a few per cent of the abso rbed ene rgy l os t  per month ) 
and  a l i nea r res ponse  to dos e  ove r a wi de dos e  range ( a few mi l l i rad 

to thousan ds of m i l l i rads ) . 

The Nu c l ear  Peg u l a tory Commi s s i on has  i s su ed Peg u l a tory Gu i des  tha t  

def i ne mi n imum acceptab l e  pe rfo rmance  cr i teri a fo r TL Ds us ed fo r 

env i ronmental  rad i a t i on mea su rements  ( 1 )  and  requ i rements fo r 

a s su r i ng the Qu a l i ty of env i ro nmenta l  and  effl uent  mea su rements ( 2 ) . 

OJu . s .  Nu c l ear  Peg u l a tory Commi s s i on ,  Reg u l a tory Gu i d e  4 . 1 3 , Rev i s i on 1 "Per­
fo rmance , Tes t i ng ,  a nd  Proc edu ra l  Spec i fi ca t i ons  fo r The rmol umi nescense  
Dos imetry :  En v i ronmental  Appl i cat i ons , "  J u l y  1 9 7 7 .  

( 2 > u . s .  Nu c l ea r Regu l a to ry Commi s s i on ,  Regu l ato ry Gu i de 4 . 1 5 , "Qu a l i ty As surance  
fo r Rad i ol og i ca l  �on i tori ng Prog rams ( Norma l  Ope rat i ons ) - Effl uent  Streams and  
the  En vi ro nmen t ,  1 1  Dec embe r 197 7 .  
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A study of  methods for thermo l umi n i scent dos i meter mon i to r i ng o f  

nuc l ear power fac i l i t i e s a l s o  has been pub l i s hed by the NRC ( 3 ) . 

The speci f i c  type s  of  T LDs  that were i n  the v i c i n i ty of  the Three  

M i l e  I s l and s i te have been  descr i bed i n  the  repo rt o f  an Ad  Hoc  

I nteragency Group ( 4 )  and wi l l  not  be descr i bed here . 

2 .  D i fference Between TLD Meas urements of  Dose  and S u rvey I nstrume n t  

Meas u rements o f  Dose  Rate 

I t  i s  i mportant to di st i  ngui  sh 1 1·dose 1 1 from 1 1 do s e  rate . 1 1 D ose  rate 

i s  an  i ns tantaneo us va l ue of  the rate of energy absorot i on . Dose  i �  

the total amount  o f  energy absorbed , i . e . , the i ntegral ( s um )  o f  the 

dose  rate over t i me .  I t  i s  pos s i b l e  to have h i gh  dose  rate s , t h at 

l ast  for on ly  s hort per i ods of  t i me , res u l t i n  l ower tota l do se s 

than much l ower dos e  rates wh i c h rema i n constant for  l onger p e r i ods 

o f  t i me .  The T LD 1 s meas u re dos e , not dose rate . I f  the dose 

recorded by a T LD i s  d i v i ded  by the l ength of  t i me the TLD was 

exposed  ( l eft out  i n  the f i e l d) , i t  i s  pos s i b l e to get an 1 1 ave rage 

dose  rate 1 1  over that per i od .  

( J )
G .  de P l anque , 1 1 Eval uat i on  o f  Methods for the Determ i nat i o n  o f  X - a n d  
Gamma- Ray Exposure Attr i b utab l e t o  a Nuc l ear Fac i l i ty U s i ng E n v i ronmental  
TLD Meas urements , 1 1 U . S .  N uc l ear Reg u l atory Commi s s i on c ontractor repo rt 
NUREG/CR- 0711 , U . S .  DO E  Env i ronmental  Meas urements Labo ratory Report 

) EML-355 ( J une 1979 ) . . <4  EPA- HEW- NRC Ad Hoc I nteragency Dose  As ses sment Group 1 1 P op u l at i o n  Do s e  and  
Hea l th Impact of  the  Acc i dent at the Three M i l e  I s l an d  Nuc l ear Stat i o n­
Pre l i mi nary Esti mates for  the Per i od March 28 , 1979 through  Apr i l 7 , 1979 1 1  
U . S .  N . R . C .  Report NUREG 0558 ( May 1979 ) . 
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Rad i a ti on su rvey i ns t rume nts mea su re dose rate , not dose . *  I t  wou l d  

be pos s i b l e  for a su rvey i ns trument  mea su rement to s h ow an  i ns ta n -

taneous d o s e  rate t h a t  i s  cons iderab l y h i gher  t h a n  t h e  average d o s e  

ra te c a l c u l ated from a TL D at  t h e  s ame l ocat i on , i f  th i s  h i gh d o s e  

rate l a s ted onl y fo r a s hort po rt i on o f  the tota l  pe ri od that  t h e  

TL D was ex pos ed . A l thou g� "dos e "  ve rsus  "dose ra te " i s  the  mos t 

s i g n i fi cant  d i ffe rence be tween TLO a n d  rad i a t i on su rvey meter 

mea su rements , there a re other facto rs such  a s  gamma ene rgy res po n s e  

a n d  sens i t i v i ty to be ta rad i a t i on that  a ffect t h e  comparah i i i ty o f  

these  two types o f  mea su rement s .  

3 .  Loca t i ons o f  Thermol um i nesc ent Oos imeters 

Th e TL D ' s  that were i n i t i a l l y  emp l oyed were pa rt of the env i ro nme n t a l  

su rve i l l a nce prog ram fo r rout i ne ope ra t i on . Comp l i a nce  wi th  

Ap pen d i x I ( to 10  C FR Pa rt 50 ) techn i c al s pec i f i ca t i o ns and  NR C dos e 

l im i ts  ( 1 0  C FR Pa rt 20 ) i s  ba s ed upon  mea su red effl u en t  rel e a s e s  

together  wi th  d o s e  c omputa t i ona l  mod el s a s  s pec i fi ed i n  NRC  

*An  ana l ogy to the  rel a t i ons h i p  be tween dos e  rate  and  dos e  wou l d  be the  rel a t i on­
s h i p  be tween the  s peed of an  a u t omob i l e  ( a n a l ogous to  dose  ra te ) a nd  t h e  d i s ­
tance  t he  ca r trave l ed ( a na l ogou s  to dose ) .  I n  order to mea su re the d i s ta nce  
travel ed (dos e ) from the i ns ta n taneous read i ngs of the  s peed gau g e  ( a n a l ogo us  
to  a su rvey meter ) ,  it  wa u l  d be neces s a ry to know prec i s ely fo r how 1 on9  t ime 
the car travel ed at  ea ch  s peed . The s peed wou l d va ry cons i de ra b l y  t h ro u g ho u t  
a jou rney ( fo r  exampl e ,  s topped at  a traff i c  l i g h t  compa red t o  pa s s i n9 a n o ther  
veh i c l e ) · j us t a s  the dose  ra te a t  a pa rt i cu l a r l ocat i on can  va ry wi th t i me . 
Ne i ther the su rvey meter  nor  the automo b i l e  s peed 9a uge orov i de  a penna n e n t  
reco rd o f  the i r i nsta ntaneo us read i n gs .  However ,  t h e  tota l  d i s ta nce  trav e l ed 
may be read from the odome ter and  the  total dos e can  be dete rm i ned from a TLn . 
I n  both ca s e s , a. n avera9e va l ue  fo r the  average s pe ed o r  the  average dose  rate 
can he cal c u l a ted by d i v i d i ng the d i s tance ( o r  dos e )  by the  du ra t i on o r  l e ngth  
of t i me pas s ed .  Howeve r ,  th i s  average val ue  i s  not  c ompa ra b l e  to  a ny s i nQ l e  
i ns ta ntaneous read i ng of the  s pe ed ga u qe or of a dose- ra te su rvey mete r .  I n  
the  case  ·of radi a t i on ex po su re , the  total  dose  de l i vered ( a n a l ogo us t o  d i s tance ) 
i s  mo re impo rtant than  the  va l u e . of a ny i ns ta ntaneous do s e  ra te read i ng .  
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Regu l atory Gu i des 1 . 109 , 1 . 111 and 1 . 113 ( or equ i va l ent mode l s 

acceptab l e  to the NRC staff ) . The l i m i ted number  o f  thermo l um i -

necent dos i meters that we re i n  p l ace pri or  to the acc i dent were  

i ntended to  confi rm these  ca l c u l ated doses  rather than  prov i d i n g  

pr i mary meas urements for comp l i ance purposes . 

Expected max i mum annua l  dos e s  from nob l e gases  from norma l ope rat i o n  

a r e  l e s s  than 1 m i l l i rem . * These  max i mum doses  wou l d be  expected to 

occu r  at a l ocati on  i n  the i mmed i ate v i c i nty of  the s i te ,  there fore , 

mo st  of  the thermo l umi nescent dos i meters  we re l ocated wi th i n 2 m i l e s 

of  the s i te ,  except for 5 1 1 bac kground 1 1  stat i ons  1 ocated beyond t h i s 

d i stance . The n umber o f  T LD stati ons  was i n  confo rmance wi th  

l i cense  techn i ca l  spec i f i cat i on s  for Three M i l e  I s l and U n i t No . 1 .  

and U n i t No . 2 .  

F i gure A- 1 s hows the l ocati o n s  o f  the c l ose- i n  TLD mon i to r i ng s i tes  

that were part of  the routi ne env i ronme ntal rad i at i o n  s u rve i l l ance  

p rogram conducted by the  Metropo l i tan  Edi son  Company and req u i re d  by 

NRC . Tab l e A- 1 s h ows the l ocat i ons  of a l l 20 Metropo l i tan  Edi s o n  

TLD mon i tori ng s i te s . The  pr i mary env i ronmenta l mon i to r i ng T LD • s 

and  re l ated serv i ces  were furn i s hed u nder co ntract to Metropo l i tan  

Edi son  by Te l edyne- I s otope s , I nc .  

*The pre- operati onal  est i mates of the annua l  who l e body dose  to max i ma l l y  expos e d  
i nd i v i dual  d u e  t o  nob l e g a s  re l ease s  from routi ne operat i o n  o f  Three M i l e  
I s l and Un i t No . 2 was 0 . 3 m i l l i rem . F i na l  Supp l ement to the F i na l  Env i r o nme ntal  
Stateme nt re l ated to  the  operat i on  o f  Three M i l e  I s l and Nuc l ear Stat i o n , U n i t 2 .  
U . S .  NRC Report NUREG- 0112 ( Do c ket No . 50- 320 ) , December 1976 . Tab l e 5 - 4 .  
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ON I S LAN D ( GE S E R I ES } S URVE Y P O I NTS 

AN D N EAR- F I E L D  TLD LOCAT I ON S  

• TL D L o ca t i o n  

• Gro u nd  S u rv e  
Lo c a t i o n  

Fi gure A- 1 Loca t i o n  o f  T h e rmo l umi n es c e n t  Do s i me t e r s  ( T L D ) i n  
the V i c i n i ty o f  T h re e  M i l e  I s l a n d 
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At 1 0  of the 20  l oc a t i ons , a second  set of thennol umi nescent 

dos i meters , fu rn i s h ed by  the  Rad i a t i o n  �an agemen t  Corporat i o n  

( RMC ) , were al so  i n  p l ace . These  dos imeters prov i ded a c h ec k  

( qu a l i ty as su rance )  on  t h e  pr i ma ry (Tel edyn e- I sotope s ) TL D ' s .  

The R�C dos imeters were of a d i fferent des i g n  than the  

Tel edyne- I sotope s TLD ' s  and  used a d i fferent  phosphor  ma tr i x  

( s ee reference 4 fo r a desc r i pt i on ) .  I n  addi t i on to the  

qu a l i ty a s su rance  TLD ' s  ( wh i ch are denoted by a "Q " fol l owi ng 

the  s i te des i gnat i on or a " +0 "  i n  Tal:ll e A- 1 ) , there were a l s o  

repl i cate  Tel edyne- I sotope s TLD. ' s  i n  p l ace a t  s everal s i te s . 

These  rep l i ca tes a re denoted by " +R " i n  Tab l e A- 1 .  

Exc ept for the three s i tes on the nea rby i s l an d s , al l of t h e s e 

TLO ' s  had been i n  p l ace  s ta rt i ng from Decembe r 2 7 ,  1 !l78 . Th e 

three s i tes on Ko h r  I s l a nd and  S h el l ey I s l and  ( 1 6A 1 , 1 4 S l , a n d  

1 0B 1 ) a re general l y  n o t  acces s i b l e  i n  the wi nter  mont h s . The 

TLD ' s  at these t hree s i tes  were i n i t i al l y p l aced on Septembe r 

2 7 ,  1 9 78 and  we re not  rep l aced i n  December 19 78.  Al l of t h e s e  

TLD ' s  were i n  p l ac e  pr i or t o  and  dur i ng t h e  i n i t i al p ha ses  o f  

t h e  acc i dent . They we re repl a ced o n  �a rch 29 , 1 9 79, t h e  day 

fol l owi ng the s ta rt of the acc i den t ,  and at three day i n te r v a l s 

thereafter throughout  the  month  of Apr i l . 

I n  ad di t i on to t h e  Tel edyn e- I sotopes and  RMC TLD ' s , th e 

Metropol i tan  Ed i son  Company a l so  depl oyed Hars haw pe rs o n n el 

dos i meters (TLO ' s  worn by p l ant  wo rkers ) a t  1 1  s i tes  a rou n d  the  

fencel i ne of  the  p l a n t .  These  dos i�eters we re of  a d i ffe rent  

type than  e i ther of the other  two types of  TLO ' s . Th e 
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TABlE A- 1 THERMOlUMINESCENT DOS IMETERS PlACED BY METROPOl i TAN E D I SON I N  THE 
VICINI TY OF THE THREE Mi lE I S lAND SITE ( Dos i meters were i n  p l ace s tart i ng on 12/27/78) 

( except for * wh i ch rema i ned i n  p l ace starti ng from 9/27/78 ) 

SECTOR 0-2 Mi lES 2-5 MI LES 5- 10 Mi lES GREATER THAN 10 Mi lES TOTAl NUMBER  OF TLD ' s  
STAT ION DI STANCE STATION DI STANCE STATION D I STANCE STATION D I STANCE NUMBER MON . ( a )  R E P l .  ( b )  QA( c ) (Mi l e s )  (Mi l es ) (M i l es ) (M i l es ) Of S I TES TOTAl 

1 .  N 1S2 . (+Q ) 0 . 4 1Cl 2 . 6 2 2 0 1 3 

2 . NNE 2S2 0 . 7 1 1 0 0 1 

3 . NE 0 0 0 0 0 

4 .  ENE  4S2  (+Q) 0 . 3 
4A1 0 . 5 4G1 ( +Q) 10 3 3 0 2 5 

5 .  E 5S2 ( +Q) 0 . 2 
2( d ) 5Al (+Q , 2R )  0 . 4 2 2 2 6 

6 .  ESE 0 0 0 0 0 

7 . SE 7Fl (+Q ) 9 7Gl 15 2 2 0 1 3 

8 .  SSE 8Cl (+Q ) 2 . 3 1 1 0 1 2 

00 9 . s 9S2 0 . 4 9G1 13  2 2 0 0 2 

10 . ssw 10B1*{ +R )  1 . 1 1 1 l( e} 
0 2( e}  

11 .  sw 11S1(+Q ) 0 . 1 1 1 0 1 2 

12 .  WSW 12B1 1 . 6 1 1 0 0 1 

13 . w 0 0 0 0 0 

14 . WNW 14S1*(+R ) 0 . 4  1 1 1(e }  0 2(eJ  

15 . NW 15G1(+Q) 15  1 1 0 1 2 

16 . NNW l 6S l  ( +Q) 0 . 2 
• 1 ( e ) 16A1 ( +R )  0 . 4 2 2 1 4 

Sub-Tota l S i tes 13 ( e ) 2 2 3 20 20 5 10 35 
TlD ' s 24 3 4 4 

Footnote s :  
(a) Primary env i ronmental mon i tor i ng TLDS (Te l edyne- I sotopes ) 
(b ) Rep l i cate Te l edyne- Isotopes TlD ' s  (R )  
(c )  Qua l i ty Assurance badges (+Q)  ( Rad i ati on Management Corporati on) 
{d) Rep l i cate Te ledyne badges in p l ace 3/29/79-3/31/79 only 
(e) Rep l i cate Te l edyne badges in p l ace 9/27/78-3/29/79 



TAB LE A- 2 THERMOLUMI NESCENT DOS IMETERS PLACED BY THE NUCLEAR REGU LATORY 
COMMI SSION STAFF IN THE V I C I NITY OF THE THREE MI LE  .I S LAND 

SITE  ( Dos i meters were i n  p l ace starti ng on 3/31/79 ) 

SECTOR 0-2 MI LES 2- 5 MI LES 5- 10 MI LES GREATER THAN 10 MI LES TOTAL 
STAT ION DISTANCE STATION D I STANCE STATION D I STANCE STAT ION DI STANCE NUMBER 

(Mi l es )  (Mi l es )  (M i l es )  (Mi l es )  O F  S I TE S  

1 .  N N- 1  2 . 6 N-2  5 . 1 N-5 12 . 6  5 
N- 3 7 . 4  
N-4 9 . 3 

2 .  NNE NE- 1 0 . 8 NE- 3 3 . 1  3 
NE-2  1 . 8 

3 .  NE NE-4 6 . 7 1 

4 .  ENE E - 1  0 . 5 1 

5 .  E E - 5( E- 1a ) 0 . 4 E- 3 3 . 9 E-4 7 . 0 3 

6 .  ESE  E-2  2 . 7  1 

7 .  S E  SE-4 4 . 6 SE-5  7 . 0  2 

1.0 8 .  SSE S E - 1  1 . 0 SE- 3 2 . 3 3 

9 .  s S-1  3 . 2 S-2 5 . 3 S- 4  12 4 
S- 3 9 . 0 

1 0 .  ssw SW- 1 2 . 2 2 

1 1 .  SW SW- 3 8 . 3 SW- 4 10 . 4  2 

12 . WSW W- 2 1 . 3 1 

13 . w W-1 1 . 3 W- 3 2 . 9 W-4 5 . 9 4 
W- 5 7 . 4  

14 . WNW NW- 1 2 . 6 NW- 3 7 . 4 2 

15 . NW NW-2 5 . 9 NW- 5 13 . 8  3 
NW-4 9 . 6 

1 6 .  NNW 0 

Tota l s  
Number o f  T LDS 8 11 14 4 37 
Number o f  

Sec tors 6 10 9 4 15 



Pe nnsyl van i a  nepa rtme nt of Env i ronme ntal Resources  ( B u reau  o f  

Rad i a t i on  Protect i on )  dep l oyed two sets of dos i mete rs a t  4 o f  

the  ��etropo l i tan  Ed i son  Company mon itori ng s i tes  ( I C 1 , 5 A 1 , 

8C 1 ,  and  1 28 1 ) to pro v i de an  i ndependent ver i f i cat i on of t h e  

mon i tori ng resu l ts .  These  fou r  s i tes  had o n e  TLn prov i ded to 

the State by the Rad i a t i o n  �a n agemen t  Co rpora t i on  and  a s ec o n d  

TLD fu rn i s hed by t h e  Depa rtment  of  Energy • s  Rad i ol og i ca l  a n d  

En vi ro nmental  Sc i ence s La borato ry i n  I da ho u nder con tra ct t o  

t h e  Nuc l ea r Reg u l a tory Commi s s i on .  These  TLn • s  we re a l s o  i n  

p l ace pr i o r  to the s ta rt of the acc i de n t .  

On �a rch 3 1 , 1 9 79 ,  th ree days a fter  t h e  s ta rt of t h e  acc i d e n t , 

t h e  Nu c l ea r  Regu l a to ry C�mi s s i on s taff p l a ced TL n add i t i on a l  

dos imeters a t  3 7  l ocat i ons (Tab l e  A- 2 ) .  These  dos imeters we re 

a l so fu rn i s h ed by the  Radi a t i o n  �an agemen t  Co rpora t i o n  ( RMC ) ,  
bu t we re d i fferent type s than  the  Pr1C TLD badge s  u s ecf fo·r 

qu a l i ty a s su rance of the  pr i ma ry env i ro nmenta l  mon i to r i ng  

(Tel edyn e- I s o tope s ) TLD • s .  A few of these dos imeters (Type 

U D-80 1 ) h ave a n  " open wi n d ow" ( no  f i l trat i o n ) to mi n im i ze  

a ttenua t i on of be ta rad i a t i on . These  TLPs  cou l d de tect be ta 

rad i a t i on .  The othe r R�C o r  Tel edyn e- I sotope s  TL D • s  h ave  

f i l ters ove r  the  phos phors that  wou l d .  b l o c k  mos t  beta rad i a t i on 

and  wou l d not  detect  beta rad i a t i on .  Th e NR C  do s i mete rs we re 

c ol l ected and readout  da i l y . On Apr i l  1 , 1 9 7� the  N RC s taff 

p l aced two ad d i t i on a l  TLDs a t  each  of these l oca t i on s . Th i s  

second set  of TLD 1 s  wa s l e ft i n  p l ace  u nt i l r1ay 1 , 1 9 79 . Th i rd 

set of NRC ( RMC ) dos i meters wa s p l a ced at 10 schoo l s on Apr i l  

5 , 1 9 79 and  we re rep l aced da i l y . The l oca t i ons  of these  NRC 
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T LD 1 s are descri bed i n  the report of  the Ad Hoc I nteragency 

D o s e  Asses sment Group (4) . 

· 4 .  Factors  Affecti ng Uncertai nti es  i n  Doses  Measured by 

Thermo l umi nescent Dos i meters 

a .  Spati al D i stri buti on  

O ne of the pr i nc i pa l  sources of  uncertai nty i n  the est i mates o f  

pop u l at i on  dos e  i s  the fact that T LD measurements were made at 

o n l y  20 l ocat i ons . Three of the 16 compass  d i rect i ons  ( north­

east , east- southeast , and  west)  d i d not  have any T LDs  and  i n  

two addi t i onal  sectors ( northwest  and s o utheast)  the  TLDs  that 

were c l osest  to  the  s i te were at 15 m i l e s ( NW)  and 9 m i l es 

( SE ) . Because  of  the smal l n umber of  TLD mon i to r i ng l ocati o n s , 

a n  hour- by- hour  ana lys i s  was made o f  the wi nd d i recti on  and T LD 

l ocat i ons  ( Annex 1) . The res u l ts  o f  th i s ana l ys i s  are s umma r i zed  

i n  Tab l e A- 3 .  

A s  noted i n  the precedi ng secti o n , the thermo l um i nescent 

dos i meters that were dep l oyed as part of the l i censee • s 

env i ronmental s urve i l l ance program were p r i mari l y  l ocated near 

the Three M i l e  I s l and s i te .  Th i s i s  ref l ected i n  Tab l e A- 3 

whi ch  s hows that the area wi th i n 2 mi l e s was mon i tored wi th a 

greater frequency then outl yi ng  areas . Even at the c l oser  

d i stance there were s ectors u nmo n i tored by T LD 1 s for a s i gn i f i ­

cant porti o n  of  the t i me betwee n  the i n i t i at i o n  o f  the acc i de n t  

( approxi mate l y  4 : 00 a . m .  o n  March 28th)  a n d  Apr i l 1st . For 1 3  

hours  of  the 37 u nmo n i tored h o u r s  i n  t h e  i n i t i a l peri od , the 

wi nd b l ew i n  a d i rect i o n  where there were no known i nhab i ta n t s  
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TABLE A-3 APPROXIMATE ESTIMATES OF GEOGRAPHI C  GOVERAGE BY THERMOLUM I NESCENT 
DOS I METERS DEPLOYED IN  THE VICINITY OF THE THREE MI LE I S LAND NUC LEAR STAT ION 

0400 MARCH 28 ; 1979 THRU 2400 MARCH 3 1 , 1979 0400 MARCH 28 , 1979 THRU 1800 APR I L  6 ,  1979 

PER IOD D I STANCE 0- 2 2- 5 5-10 > 10 ANY 0 - 2 2 - 5  5- 10 > 10 ANY 
Mi l es Mi l e s  Mi l es M i l es D I STANCE M i l es M i l e s M i l e s Mi l e s D I STANCE 

Hours wi nd b l ew i nto sector 
with T[D ' s wi thi n i ndi cated 
di stances 

Metropo l i tan Edi son TLD ' s  56 10 11 12 73 136 28 25 28 183 

Added hours from NRC TLD ' s  0 2 5 4 4 23 86 78 22 27 

Tota l Hours i n  mon i tored areas 56 12 16 12 77 159 114 103 50 210 

Tota l Hours i n  unmoni tored a reas 37 81 77 81 16 67 112 123 123 16 

Tota l Hours i n Pe r i od 93 93 93 93 93 226 226 226 226 226 

Percentage o f  tota l t i me 

Area was moni tored by TLD ' s  60 14 17 13 83 70 50 46 22 93 

Areas unmoni tored by TLO ' s 40 87 83 87 17 30 50 54 78 7 
...... 
I'\) Note that e x ten s i ve numbers  of TLDs we re a l s o  p l aced by the 

Bureau o f  Rad i o l og i c a l  Hea l th , FDA on Marc h 3 1 s t .  The s e  T LDs 
are not re f l ected in  t h i s tab l e  and wou l d  reduce the unmon i tored 
t i mes  con s i dera b l y  beyond Ma rc h 31st .  



wi th i n 2 m i l es ( NW sector for 8 hours ) o r  where reasonab l e 

extrapo l at i ons  o f  doses  can be made from T LD 1 s j u s t  beyond th i s 

d i s tance ( SSE  sector at 2 . 3 mi l es ) .  Therefore , the pr i nc i pa l  

t i me per i od o f  i nterest can be cons i dered to b e  24 hours . 

I f  the T LD s  haq been the o n l y  form of  offs i te mon i to r i ng t h i s 

wou l d  have been a s ubstant i a l  t i me per i od for  the s e  offs i te 

areas to have been unmo n i tored . However , the TLD 1 s were not 

the o n l y  form of  mon i tor i ng be i ng undertake n .  Tab l e  A-4 pro­

v i de s  an abb rev i ated chrono l ogy of  s i gn i f i cant mo n i to r i ng 

acti v i t i e s . The comb i nati o n  of  on  s i te ,  o ffs i te ,  and aer i a l  

s urveys s upp l ements the TLDs and p rov i de s  reaso nab l e  as s u ra n c e  

that s i gn i f i cant re l eases  di d n o t  g o  unmo n i tore d .  T h e  h i ghe s t  

measured dose  rates are a l so  s ummar i zed i n  t h i s tab l e ,  but 

these  readi ngs are not representat i ve at a l l o f  the dose  rate 

measurements made . The NRC report referenced i n  t h i s tab l e 

p rov i de s  a mo re comp l ete s ummary of  thes e  meas u reme nts . 

b .  Bac kground  Rad i at i o n  

I n  add i t i on  t o  reg i ster i ng the d o s e  from certai n rad i oact i v e  

mater i a l s re l eased from a nuc l ear fac i l i ty ,  TLD 1 s a l s o  abs o rb 

radi ati o n  from natura l l y  occurr i ng rad i oact i ve mater i a l s s u c h  

a s  traces  o f  u ran i um ,  thori um and the i r daughter p roducts 

( e . g . , radi um and radon )  and potas s i um-40 i n  s o i l and roc ks , 

from cosm i c radi at i o n  bombardi ng the earth , and from other 

sources  s uc h  as res i dual  contam i nat i o n  from atmospher i c n uc l e a r  

test i ng . Radi ati o n  from these sources  const i tute s a 1 1 bac k­

gro und 1 1  dos e  l eve l  wh i ch must be e s t i mated i n  o rder to eva l uate 

the dos e  contr i buti o n  from the nuc l ear fac i l i ty .  
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Tab l e A-4-Abbrev i ated Chrono l ogy of  Rad i at i o n  Mon i tor i ng Acti v i t i e s  and 
S i gn i f i cant Radi at i o n Meas u rements 

( Based upon N RC O ff i ce of  I nspect ion  and Enforcement Report NUREG- 0600 , 
1 1 l nvest i gati o n  i nto  t h e  March 28 , 1979 Three Mi l e  I s l and Acc i de nt by the 
Offi ce  o f  I nspect i on and Enforcement , 1 1 I nvesti gat i ve Report No . 50- 320/79- 10 , 
Append i x I I -A  and Sect i o n  3 . 3 . 3 . 1 . ) 

March 28 , 1979 

0730 

0730 

0830 

0900 

0922 

1010 

1020 

1100- 1130 

1415 

1548 

1930 

2130 

Met ropo l i tan Ed i son  s urvey team d i spatched to wes t  s i de of 
i s l and  beg i n s  mo n i tor i ng at 0748 f i ndi ng expo s u re rate · to be 
l e s s  than 1 mR/hour .  

Metropo l i tan Ed i son  s urvey team d i spatched to  Go l dsboro begi n s  
mo n i tori ng at 0832 and found  no detectab l e  i nc rease  ( above 
bac kground)  i n  rad i at i o n  l eve l s ( l e s s  than 1 mR/h r ) . 

A s e cond  metropo l i tan Ed i son  s u rvey team was d i spatched to 
Go l dsboro . 

An  a i r samp l e taken i n  Go l dsboro s howed no_ radi o i o d i ne  ( l e s s  
than the m i n i mum detectab l e  l eve l s o f  5x10 9 l&C i /cc ) ' 

A i r s �mp l e i n  Go l dsboro i nd i cates rad i o i od i ne  concentrat i o n  to  
be  10 8 uti /cc approx i mate l y  100  t i me s  h i gher  than  10 C F R  
Part 20 l i m i ts ( 10 1 0  p Cj/cc ) for cont i nuous  a n n u a l  expos u re .  
Samp l e at 0950 i s  1 . 2x10 8 u C i /c c .  However ,  l aboratory 
ana lys i s  ( Pennsy l van i a  Bureau of  Rad i g l ogi ca l  Hea l th )  s hows a i r 
concentrati ons  to be l e s s  than 1 . 5x10 1 1  u C i /cc o r  0 . 15 of 
10 CFR Part 20 l i m i ts . The  h i gh read i ngs were due  to nob l e 
gas e s  not radi o i od i ne .  

NRC i nspecto rs from Regi o n  I ( Ki ng o f  Prus s i a) arri ve  o n  s i te .  

Ons i te ( and o ffs i te )  rad i ati on  l eve l s beg i n to i nc reas e .  

NRC i nspector$ begi n mon i to r i ng rad i at i o n  l eve l s ons i te and i n  
the env i ronment . 

Department o f  Energy Ser i a l  Mon i tor i ng  Sys tem A i rcraft arri ves 
and begi ns  aeri a l  rad i at i on  s urveys . 

50  mR/hr  expos ure rate mea s u red a l ong  Route 441 o n  East ban k .  

NRC Reg i on  I Mob i l e  Laboratory arr i ves  from Connect i cut .  

1 1 0pen  wi ndow1 1 readi ng of 300 mR/hr  meas ured near  no rth 
warehouse . 
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2325  

f.'arch  29 , 1 9 79 

0600 

14 10  

Ma rch 3 0 , 1 9 7� 

0 756-0801 

"Ope n wi n dow" rad i a t ion  exposu re l evel  of 365 mR/ h r  ( 50  m R/ h r  
c l os ed wi ndow )  i s  detected at  t h e  northwest  corner o f  Three 
M i l e  I s l a nd (mon i tori ng s i te GE- 1 0 ) . Th i s  is the h i g he s t  
re po rted ons i te ( ground  l eve l ) d o s e  mea su rement  made outs i de of 
t h e  reactor bu i l d i ngs . 

30  mR/ h r  ( open wi n dow ) exposu re rate mea su red at  Gol ds bo ro .  

He l i c opter mea su res 3 R/h r ( 3 , 000  mR/hr ) "Open-wi ndow "  (400 mR/ h r  " c l o s ed-wi ndow" ) exposu re rate 1 5  feet above s tac k .  

Rad i a t i on l evel s mea su red 1 3 0  feet above Un i t  2 aux i l l i a ry 
bu i l d i ng a re 1 , 000  - 1 , 200  mR/h r ( " open wi ndow " ) .  
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T h i s 1 1 bac kground 1 1  dos e  var i e s  wi th l ocat i on  as  a res u l t o f  

d i fferences i n  l ocal  m i neral compo s i t i on a n d  w i th  t i me d u e  t o  

c hanges  i n  s o l ar acti v i ty a n d  weather condi t i o n s  ( a i r pre s s u re , 

rai n fa l l and s now cover) . Thes e  var i at i ons  i ntroduce s ome 

uncertai nty i nto est i mates of the dos e  from nuc l ear reactor 

em i s s i ons  as the 1 1 bac kground 1 1  do s e  contri but i o n  must be  

i nfe rred from e i ther TLD 1 s remote from the nuc l ear  fac i l i ty o r  

from pre- operat i onal  data for a g i ven  l ocat i o n . F o r  the 

p u rp o s e  o f  eval uati ng th� dos e  contr i but i on  from the  acc i de n t , 

T LD 1 s read i ngs from comparab l e  peri ods i n  1 978 we re u s e d .  

A l though  thes e  read i ngs may have contr i but i ons  from t h e  ro ut i ne 

operat i on  of  TMI U n i t 1 ,  the s e  contri buti ons  are sma l l ( i f  not 

neg l i g i b l e )  compared to both the acc i dent dos e  contr i b uti o n  a n d  

the natural bac kground dose  for the peri od preced i ng  the  

acc i dent ( e i ther  December 27 , 1 978 or  September  27 , 1 978 

thro ugh March 27 , 1 979) . As the weather and other  cond i t i o n s  

are not exact l y  comparab l e  fo r the per i od o f  t h i s 1 1 bac kgrou nd 1 1  

dose  measurement i n  1 978 and  the peri ods o f  i ntere s t  i n  1 979 , 

some degree o f  uncerta i nty i s  i ntroduced i n  determ i n i ng the  

appropr i ate 1 1 bac kground 1 1  do s e  for s ubtract i ng from the total  

dose  recorded by the T L D 1 s .  T h i s uncertai nty i s  more  i mportan t  

for the l ower doses  measured away from the reactor fac i l i ty 

than for the T LD l ocati o n s  adj acent to the s i te as  the 1 1 bac k­

ground 1 1  do s e  ( and , therefore , any uncertai nty i n  i t )  i s  a 

greater fracti o n  o f  the tota l recorded dos e  at the  more d i s ta n t  

l ocati o n s . 
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I n  add i t i on to the 1 1 bac kground 1 1  do se  contri but i o n  recorded at 

the TLD l ocat i o n , there i s  a l s o  another type of 1 1 bac kground 1 1  

dos e , the  1 1 trans i t  dos e . 1 1  Th i s  1 1 trans i t  dos e 1 1 i s  the add i -

t i o na l  dose  recorded by the TL0 1 s from the t i me that they are 

re- ze roed ( annea l ed)  unt i l they are p l aced out i n  the f i e l d at 

the i r meas u r i ng l ocat i o n  and from the t i me they are co l l ected 

unt i 1 they are 1 1  read- out 1 1  i n  the 1 abo ratory .  Genera l l y ,  th i s 

1 1 trans i t  dos e 1 1  contri b ut i o n  i s  accounted for by carry i ng TLD ' s 

d u r i ng the per i od o f  set  out  and p i c k  up that are read out  

after thes e  operati ons  are  comp l eted . Th i s  1 1 trans i t  dose 1 1 

dete rmi nati on  was not performed p rope r l y  fo r the  N RC TLD 1 s 

p l aced on  March 3 1 , 1 979 and the s e  TL0 1 s were s to red for 

s everal  hours at the NRC trai l er wi th i n a ha l f-m i l e  o f  TMI . *  

The trans i t  dos e  contri b ut i ons  are a l so  s i gn i f i cant  fo r the N RC 

TLD 1 s p l aced after March 3 1 st  as they were co l l ected dai l y .  

Howeve r ,  co rrect i on s  we re app l i ed t o  the l ate r res u l ts .  P ro b l ems  

wi th the  dai l y  NRC Ti.0 1 s  were noted i n  the Ad  Hoc I nterage ncy 

G ro up report and i n  the draft report o f  The Tas k G ro up o n  Hea l t h  

P hys i cs and Dos i metry o f  The P re s i dent • s  Comm i s s i o n o n  the acc i -

dent at Three M i l e  I s l and .  NRC  TL0 1 s  p l aced o n  Ap r i l 1 ,  1 979  

and  c o l l ected on  May 1 ,  1 979 are  b e l i eved to  re f l ect  more acc u­

rate l y  the dos e s  for t h i s per i od than wou l d  a s ummat i on  o f  t h e  

dai l y  TLD read i ngs fo r the same peri od . 

*The P re s i denti a l  Commi s s i on • s Tas k Group on  Hea l th Phys i cs and  D o s i metry 
rejected the res u l ts o f  the March 3 1 s t  NRC TLD 1 s  for th i s reas o n . 

· 
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c .  E n e rgy Dependence 

The mate r i a l s that are used i n  the T LD phosphors  ab s o rb energy 

to  a d i ffe rent · exte nt at d i fferent gamma ray energi e s . They 

abs o rb more energy from l ow energy gamma rad i at i on  than from 

h i gher ene rgy gamma rad i at i o n .  T h i s ,  i n  turn , l eads to h i gher  

dos e s  be i ng reg i s tered at l ow energ i e s  than  actual l y  exi s t  i n  

t i s s ue o r  a i r .  The TLD badges co nta i n th i n  metal l i c  p l ates 

( f i l ters ) wh i ch absorb s ome of  the l owe r energy gamma rad i at i o n . 

Thes e  f i l ters  res u l t i n  a more u n i form respon s e  of  the  T LD 1 s to  

d i fferent gamma rad i ati o n  energi e s  and therefore , make the  dos e s  

recorded by the TLD 1 s more equ i va l ent t o  dos e s  i n  t i s s ue o r  i n  

a i r .  

Xenon- 1 33 ,  o n e  of  the pr i nc i pa l  products of  u ran i um f i s s i o n , i s  

a rad i oact i ve gas wh i c h  has a re l at i ve l y  l ow ene rgy gamma 

rad i at i o n  energy (8 1  ki l oe l ectron vo l ts , kev ) . I t  a l s o  em i ts a 

37 kev x: ray . * Xenon- 1 33 was i dent i f i ed as  one  o f  the  pr i n­

c i pa l  rad i onuc l i de s  re l eased to the env i ronment as a res u l t of 

the Three M i l e  I s l and acc i dent .  Becaus e  o f  th i s  l ow ene rgy 

gamma emi s s i on , the ene rgy dependence o f  the T LD 1 s was exami ned 

by the Ad Hoc I nteragency Dos e  A s s e s sment Group and by the  Tas k 

Gro up o n  Hea l th P hys i cs and Dos i metry o f  the P re s i dent • s  

Comm i s s i o n o n  the A cc i dent at Three  M i l e  I s l and . 

*The  pri ncipal di fference between  gamma rad i at i o n  and X- rays  i s  that gamma 
rad i ati on  i s  emi tted from the n uc l e u s  o f  an atom wh i l e  X- rays  o r i g i nate from 
the e l ectrons  s u rrou nd i ng the n uc l e u s . 
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The Ad Hoc Tas k Group requested that N RC ' s Offi c e  o f  I nspecti o n  

and Enforcement ( I E )  obta i n samp l es  of  the TLD ' s u s ed for 

env i ronmental mon i to r i ng and determ i ne the i r response  to a 

known quant i ty o f  xenon- 1 33 .  The Nati ona l  Bureau of  Standards 

s ubsequent ly  performed thi s cal i brati on  under an exi st i ng 

agreement wi th NRC ( I E ) . The TLD ' s  were exposed  to both the 

gamma radi at i o n  from an external  ca l i brated s o u rce of  xenon- 1 33 

and  to the comb i ned beta and gamma radi ati on  from s ubmers i on i n  

a known vo l ume of  xenon- 1 33 .  The dos e  from the external  

expos u re was measured wi th i on i z i ng chambers and  t h i s meas u red 

dos e  ( 1 07 mR)  s hows good agreement wi th the cal c u l ated expos ure 

( 1 04 mR) . The res u l ts of  th i s exper i ment are s hown i n  Tab l e A- � 

The doses  rece i ved by the TLD � s  i n  the s ubmers i on expe r i ment 

c o u l d not be determ i ned due  to xenon- 1 33 l eakage t hrough the  

p l ast i c weather-proof pac kag i ng . The xenon gas rema i ned i n  

u n known amounts i n  the pac kage when the expos u re c hambe r  was 

evacuated and conti nued to i rrad i ate the TLD ' s past  the ti me o f  

i ntended expos u re .  

The Tas k Group on  Heal th P hys i cs and Dos i metry o f  the 

Pres i dent i a l  i nvesti gati o n  performed a more thorough  ana lys i s  o f  

the Te l edyne- I sotopes  TLD energy response . They found  that t he 

response  to xenon- 1 33 gamma radi ati o n  was hi gh l y  dependent upo n  

the angl e between the i nc i dent radi at i o n  and the  T LD as s hown i n  

Tab l e A- 6. 

1 9  



TAB LE A- 5 RESPONSE O F  THE THERMO LUMI NESCENT DOS I METERS 
TO X ENON- 1 33 RAD I ATION  FROM AN EXTERNA L SOURCE 

Ca l c u l ated Expos ure 

Meas ured Dose  ( i on i zati on  
chamber meas u rements ) 

Dos i meter t.x:Ee 

Rad i at i on  Management CorE .  

Type UD-80 1 :  ( beta) ( NRC ) 

Type UD-804 ( e n v i ronmenta l ) 

Type UD- 200S ( g l as s )  

( NRC ) 

( used  by Metropo l i tan Edi son  
for qual i ty contro l ) 

Te l ed.x:ne- I sotoEes 
( used  by Metropo l i tan Ed i so n  
f o r  env i ronmenta l rad i at i on  
s urve i 1 1  ance ) 

1 04 mR 

1 07 mR±l 5% 

Reported Respon s e  
Read i ng ( as s umi ng  true Po s s i b l e Range 

mR val ue i s  1 07 mR)  ( 9 1 - 1 28 mR)  

86 - 20% - 3 0% to - 5 . 5% 

80 - 25% - 3 5% to - 1 2% 

1 37 +28% + 1 1 % to +50% 

84 - 2 1 %  - 32 t o  - 7 . 7% 
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TAB LE A- 6 ANGU LAR RESPONSE OF 
TE LEDYNE- I SOTOPES , I N C .  TLD TO X ENON- 1 33 

Determi ned by the Tas k  Gro up on  Hea l th P hys i cs 
and  Dos i metry o f  the Pres i dent • s Comm i s s i o n 

on  the Acc i dent at Three M i l e  I s l and 

Re l at i ve Response  
I nc i dence  to Meas ured Dose  Rat� 

( strai ght- o n )  0 . 9 1  

0 . 83 

0 . 88 

1 . 50 

( from s i de )  3 . 62 

These  res u l ts i nd i cate that , a l though the response  to xeno n- 1 33 was l i ke l y  to 
underest i mate ( by 1 0- 20%) the dose  at l ow ang l es  o f  i nc i dence  ( s i m i l ar to t h e  
ang l e s  of  i nc i dence  �s ed i n  t h e  NBS exper i ment) , t h e  TLD respo n s e  t o  a 
c l oud  of  xenon- 1 33 wh i c h i rrad i ates from a l l d i rect i ons  ( s i m i l ar to the act u a l  
fi el d  exp o s u re cond i t i o n s  dur i ng the acc i dent)  i s  l i ke l y  t o  overe s ti mate dos e s . 
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The NBS cal i b rat i on  res u l ts wou l d  i nd i cate that t h e  Te l edyne 

T LD ' s  s hou l d read l es s  than the Rad i ati on Manageme nt Corp .  

T LD ' s  by a rat i o o f  0 . 84/ 1 . 37 = 0 . 63 . However , i n  Tab l e A-7 

the  rati o of  the  actual acc i dent TLD read i ngs con s i s tent ly  

s h owed that the  Te l edyne TLD ' s read h i gher do s e s  than  the RMC 

badge s i nd i cati ng  an overrespons e .  

The Te l edyne TLD read i ngs were u s ed by The A d  Hoc Tas k Group 

for  est i mat i ng i nd i v i dual  and .  popu l ati on  dos e s . The  Ad Hoc 

re s u l ts wou l d ,  there fore , have overest i mated these doses  as  

they were not corrected for the energy respon s e  o f  the T LD ' s .  

T h i s energy response  co rrect i on  was taken to be 1 . 2  for 

1 2/27/78 - 3/29/79 and 1 . 5  fo r s ubsequent per i ods  by the 

P re s i dental Tas k G roup . The energy dependence c o r rect i o n s  are 

the pr i mary reason  for the l ower popu l at i on do s e  e s t i mate made 

by The Pres i de nt i a l  Tas k G ro up ( 2800 person- rem compared to t h e  

A d  H o c  Tas k G ro up ' s  mean e st i mate o f  3300 pe rson- rem) . T h e  

overresponse  correct i ons  are predi cated upon the  RMC TLD 

read i ngs · be i ng energy i ndependent . If  the RMC T LD ' s over­

respond by a facto r of 1 . 34 ( as i nd i cated by the NBS  

exper i ment) , the  Te l edyne T LD ' s  wou l d  overrespond  by  factors  

between  ( 1 . 6  - 2 . 0 ) . Meas u rements performed at the  U n i vers i ty 

o f  M i c h i gan u s i ng  X- rays s uggest  that the  Tel edyne TLD 

overresponse  to xenon- 1 33 rad i at i on  ( 80 kev )  i s  somewhat 

greate r than a factor o f  2 .  Th i s means that the actual  dos e s  

m i ght b e  hal f o f  t h e  doses  reported by the A d  H o c  Tas k Group . 
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Peri od 

Ra t i o  ( ±S . E . ) 
n umber of  TL Ds 

Tab l e A-7 

MEAS UR ED RATIO  OF READ I NGS OF TEL EDYNE TL D/RMC TL D 
( WH ERE  BOTH MEASUREMENTS ARE AT L EAST 5 mR AND 

MOR E  THAN TWO STAN DA RD DEV IATI ONS ABOVE BACKGROUND ) 

1 2/2 7/78-
3/29/79 

1 . 1 9±0 . 05 
5 

3/29/79-
3/31 /79 

1 . 44±0 . 0 5  
8 

2 3 

3/31 /79-
4/3/79 

1 . 3 2±0 . 1 5  
5 

4/3/ 79-
4/6/79 

1 . 5 6±0 . 1 2  
3 



d .  Prec i s i on o f  Measurements 

The  prec i s i on of  a set  of  measurements i s  an i nd i cat i o n  of the  

sp read between the  i nd i v i dua l  va l ues . *  As there were severa l  

l ocati ons  that had more than o n e  TLD , t h e  agreement between  

rep l i cate meas urements can  be anal yzed . F i gure A-2  s hows a 

p l ot  of  the readi ngs o f  pai red Te l edyne- I s otopes  T LD ' s .  Mos t  

of  these  val ues  are from pai rs o f  TLD ' s that were l ocated on  

i s l ands adj acent to  Three  M i l e  I s l and fo r the  per i od 9/27/78 

through 3/29/79 . There i s  good agreement between  dup l i cate 

read i ngs except for the two TLD ' s l ocated on  Koh r  I s l and . O n e  

o f  the s e  TLD ' s  had a " net" ( bac kground  and tran s i t  do s e s  

s ubtracted ) of  902 m R  and t h e  second TLD read 447 mR . The  

reason  for th i s d i s c repancy has not been dete rm i ned , desp i te 

i nvest i gat i ons  by NRC ( Regi on  I )  and the Tas k Group o n  Hea l t h  

Phys i c s and Dos i metry o f  t h e  P re s i denti a l  i nvest i gat i o n .  One  

pos s i b l e exp l anat i on  fo r the  di s c repancy i s  that one  T LD ( the  

h i gher  read i ng) happened to be l ocated i n  front of  the  other  

( the  l ower read i ng) , parti a l l y  s h i e l d i ng i t . Th i s d i s c repancy 

i s  u n u s ua l  i n  that pai red TLD hav i ng much l owe r ·do s e  read i ngs  

s howed better agreement ( the  s tati s t i cal  d i ffe rences  s ho u l d 

i ncrease  at l ower dos e s ) .  

F i gure A- 3 i s  a p l ot  o f  the read i ngs of  the Te l edyne  T LD ' s 

vers u s  the read i ngs o f  the RMC qua l i ty as s u rance TLD  read i ngs  

at  the  same s i te .  As  can  be  seen  from the  p l ot ,  the  agreemen t  

�Prec i s i on i s di ffe rent from accuracy . Acc uracy refers to how c l o s e  the  
mea s u red va l ue i s  to  the  true val ue . 
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Fi g ure A- 2 Lo g- l o g pl o t  o f  r e p l i c a te Te l e dyne - I so to pe s  
The rmo l umi n e s cent  Do s i meter rea d i n gs . T h e  po i n t l a b e l e d  1 6A 1 *  
( Ko h r  I s l a n d ) wa s o m i tted fro m t h e  re g re s s i o n a n a l ys i s . The 
l o g- l o g  re gre s s i o n  fi t wa s Y = 1 . 06 1  x l . 0 1 6 . 
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9
9§v i n g  both  rea di ngs  grea ter  

t ha n  5 mR  i s  Y ( Te l edyne ) = 1 . 42 8  X ( RMC ) · . . 
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i s  as expected , better  at h i gher dose l ev e l s than at the v e ry 

l ow dos e s . The s tati sti cal  f l uctuati o n  at l ow do s e s  i s  greater 

and i s  a dete rm i nant of the l ower l i m i t of  detecti o n  wh i ch i s  

stated to be 0 . 5 mR for the Te l edyne- I sotopes T LD ' s and RMC 

T LD ' s used  for qual i ty as s urance . A corre l ati o n  o f  the 

readi ngs of  pai red RMC and Te l edyne- I sotopes T LD ' s showed that 

the average rat i o of Te l edyne- I s otopes to RMC read i ngs whe n  

both sets o f  T LD ' s had net doses  above 5 m R  was 1 . 43 ,  furthe r 

confi rms that the Te l edyne- I sotopes T LD 1 1 overresponded , 1 1 o r  

read h i gher than the actual  dos e .  

5 .  Re s u l ts 

The res u l ts o f  the T LD readi ngs for the c l o s e- i n  T LD l ocati o n s  

(where the h i ghest doses from external  gamma radi ati o n  wou l d be  

expected)  f o r  the  f i rst wee k fo l l owi ng the acc i dent  are  s hown i n  

Tab l e A- 8 .  The pri nc i pa l  dos e  co ntri buti o n s  can be  s e e n  t o  occ u r  i n  

the peri od p r i o r  to Ap ri l 3rd.  T h i s i s  confi rmed by the  grou n d  

s u rveys and a l so  by t h e  re s u l ts of  l onger- term mea s ureme nts b y  N RC 

T LD ' s  (Tab l e A- 9 )  by T LD ' s p l aced by the Food and Drug Admi n i s­

trati o n ' s  B u reau of  Radi o l ogi cal  Heal th s taff . The h i g h e s t  

readi ngs duri ng t h e  peri od from app rox i mate l y  Ap ri l 1 through May 1 1  

s how that the meas u red dose  contri buti o n  at any l ocat i o n  i s  aro u n d  

1 5  m R  for th i s  peri o d .  

T h e  h i ghe s t  do ses  reco rded by thermo l umi nescent dos i meters we r e  a t  

l ocati o n s  i n  t h e  n o rth- northwe s t  s ector a t  l ocat i o n s  1 65 1  and 1 6A l  

( Ko hr  I s l and) . Taki ng the h i gher readi ng at Ko h r  I s l and for t h e  
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SECTOR STATION  

1 .  N 1 S2 
1 S2Q* 

2 .  NNE 2S2 

3 .  NE  

4 .  ENE 4S2 
4S2Q* 
4A 1 

5 .  E 5S2 
5S2Q* 
5A 1 
5A 1 Q* 

6 .  ESE 

7 .  SE  

8 .  SSE  8C 1 
8C 1 Q* 

9 .  s 9S2 

1 0 . ssw 1 08 1  

1 1 .  sw 1 1  S 1  
1 1 S 1 Q* 

1 2 . WSW 1 28 1  

1 3 . w 

1 4 . WNW 1 4S 1  

TAB LE A- 8 THERMO LUMI NESCENT DOS I METER READ I NGS  
FOR  1 1 C LOSE- I N 1 1  STATIONS FOR THE F I RST 

WEEK  FO LLOWI NG THE ACC I D ENT 

3/28 ( a ) _ 3/29 

83 . 8± 1 . 94 
78 . 4±5 . 1 0  

3 1 . 4±4 . 42 

2 1 . 0±4 . 3 
1 6 . 5±2 . 1 
6 .  28± 1 .  43 

1 7 . 5± 1 .  36 
1 4 . 6±4 . 05 
4 .  68± 1 . 1 2  
2 .  27± 1 .  39  

2 . 4 1 (8 , 76 
- 1 . 2  ± 1 . 9 1 

1 0 . 87±3 . 0 

34 . 7±3 . 6 
30 . 6± 1 .  4 

200 . 6±24 . 1 
1 52 . 3± 1 5 . 6 

5 . 50±0 . 92 

1 25±20 . 6 
1 42±9 . 7 

N ET EXPOSURE (mR)  ± 1 STANDARD D EV I ATION  

3/29- 3/3 1 3/3 1 -4/3 4/3- 4/6 

1 9 . 7±3 . 4  - 0 . 56 ( b )±O . 1 0  0 .  1 4±0 . 1 0  
1 4 . 9±3 . 2  0 . 74±0 . 1 0  0 . 24±0 . 1 0  

3 2 . 2±5 . 6 3 . 00±0 . 60  0 . 50±0 . 20 

1 24±32 . 7 27 . 5±9 . 1 7 . 43±2 . 3 
7 1 . 0±1 3 .  0 20 . 8±6 . 6 4 . 22±0 . 40 
34 . 0±8 . 6 4 1 . 0±8 . 5 1 .  75±0 . 40 

49 . 0±1 1 . 2 26 . 3±5 . 3 1 5 . 1 ±5 . 0 
36 . 3±0 . 8 20 . 7±3 . 1 1 1 .  1 ±2 .  4 
8 . 00±2 . 8 7 . 25±2 . 5 2 .  55± 1 . 2 
5 .  1 0± 1 . 0 4 . 75±0 . 9 1 .  55±0 . 60  

1 0 . 5±  1 .  6 1 .  35± 1 .  1 0 . 95±0 . 40 
8 .  1 2± 1 . 0 2 .  1 5±0 . 2 0 .  65±0 . 1 0  

25 . 0±2 . 6 4 . 1 4± 1 . 0  1 .  34±0 . 3 

1 4 . 77±0 . 9 0 . 20±0 . 30 0 . 90±0 . 20 

1 06 . 8± 1 2 . 7 44 . 5± 1 5 . 2 2 1 . 3±7 . 3 
75 . 3± 1 2 . 7 34 . 7±3 . 3 1 3 . 7± 1 . 1 

9 .  1 6± 1 . 6 - 0 .  1 5 ( b )±0 . 30 0 . 85±0 . 20 

48 . 7±8 . 6 9 . 28±4 . 3 1 .  28±0 . 40 
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TOTA L 
3/28- 4/6 

1 03 ±3 . 9 
94 . 3±6 . 0 

6 7 . 1 ±7 . 2 

1 80±34 . 3 
1 1 3± 1 4 .  7 
8 7 . 1 ± 1 2 . 2  

1 07 . 9± 1 3 . 4 
8 2 . 8±5 . 7 
2 2 . 5±4 . 1 
3 0 . 4±2 . 0  

1 5 .  2±2 . 1 
9 .  7±2 . 2 

4 1 . 4±4 . 1 

5 0 . 6±3 . 7 
46 . 5± 1 . 7 

3 7 3±32 . 0  
2 76±20 . 4  

1 7 .  2± 1 . 9 

1 83 . 8±2 2 . 7  
20 1 ± 1 3 . 7  



TAB LE A- ·a  CONT I NUED  

NET EXPOSURE (mR)  ± 1 STANDARD D EV I AT I ON 

SECTO R  STATION  3/28( a ) _ 3/29 3/29- 3/3 1 3/3 1 - 4/3 4/3-4/6 

1 5 . NW 

. 1 6 .  NNW 1 6S l  1 025±128 83 . 3± 1 7 . 5 6 . 37±0 . 70 0 . 87±0 . 30 
1 6S l Q* 9 1 2 . 5±90 . 5 6 1 . 3±1 2 .  2 5 . 2 1 ± 1 . 0  0 . 9 1 ± 0 . 50 
1 6A l  9 02±49 . 4  45 . 0±2 . 1 1 .  50±1 . 1 0 . 70±0 . 1 0  

447±1 2 . 2 

*The 1 1 Q 1 1  denotes qua l i ty as s u rance TLD 1 s furn i s hed by the Rad i ati o n  Management 
Corporati on . 

( a )The dos i meters we re actual l y  i n  p l ace from 1 2/27/79 except for stat i ons  1 08 1 , 
1 4S l , and 1 6A l  wh i ch - we re i n  p l ace from 9/28/78 . 

TOTAL 
3/28- 4/6 

1 1 1 5± 1 29 
978±9 1 . 4 

. 949±49 . 4 
494± 1 2 . 4 

( b )The negat i ve read i ngs  res u l t from the s ubtracti on  o f  trans i t  dos e s  and e st i mate 
bac kground  doses  and  res u l t from stati st i cal  var i at i ons  i n  thes e  data . 
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TAB LE A- g RESU LTS OF  NRC DOS IMETERS EXPOSED 
APR I L 1 ,  1 979 THROUGH MAY 1 ,  1 979 

AND A PR I L 5 ,  1 979 THROUGH MAY 3 ,  1 979 ( * )  

Gro s s  Read i ng ( a )  

Secto r Stati on  No . D i s tance D i recti on  mR Locati o n  

N N- 1 a* 2 . 4 m i  356° 5 . 2±0 . 5*  
N- 1 2 . 6 m i  358° m i s s i ng M i dd l etown 
N- l c* 3 . 0 m i  oo mi s s i ng* 
N- l e* 3 . 5 m i  349° 5 . 0±0 . 3*  
N- l f* 4 . 0 m i  3 5 1 ° 5 . 0±0 . 3* 
N-2  5 .  1 m i  oo 5 . 2±0 . 3 C l i fton 
N-3  7 . 4 m i  60  5 . 5±0 . 3  H umme l stown 
N-4 9 . 3 mi  oo  5 . 6±0 . 2 U n i on Depos i t  
N -5  1 2 . 6 m i  3 0  5 . 6±0 . 2 

NNE  · NE- 1 0 . 8 m i  25° 4 . 9±0 . 5 No rth Gate 
NE-2  l. 8 m i  1 9° 4 . 9±0 . 5 Geye rs C h . 
NE-3  3 .  1 m i  1 70 5 . 7±0 . 3 Town s h i p  Schoo l  

N E  NE- 3a* 3 . 6 m i  44° 4 . 9±0 . 4* 
NE-4 6 . 7 mi  47°  5 . 5±0 . 3 

ENE  E- 1 0 . 5 m i  _6 1 °  8 . 2±0 . 9 

E- 5 ( E- 1 a) 0 . 4 m i  goo 7 .  9± 1 .  1 
E -3  3 . 9 m i  94° 6 . 7±0 . 4  N ewv i 1 1  e 
E-4 7 . 0 mi  94° 5 . 9±0 . 5 E l i zabethtown 

ESE  E-2  2 . 7 m i  1 1 0° 5 . 3±0 . 5 

S E  SE-4 4 . 6 m i  1 37° 7.  7± 1 . 2 H i ghway 44 1 
SE-4a* 5 . 0 m i  1 46° 5 . 0±0 . 4* 
S[- 5  7 . 0 m i  1 35° 5 . 7±0 . 5  Ba i nbr i dge 

SSE  S E- 1 1 .  0 m i  1 5 1 °  1 5 . 7±2 . 5 
SE-2  1 .  9 m i  1 62°  8 .  9± 1 . 0 Fa l mouth 
S E- 3  2 . 3 m i  1 60°  7 .  6±1 . 3 Fa l mouth 

s S- 1 3 . 2 m i  1 69°  7 . 3±0 . 7  Yor k  Haven 
S- l a* 3 . 35 m i  1 73° 5 . 0±0 . 4* 
S-2  5 . 3 m i  1 78° 5 . 9±0 . 5  Conewago He i ghts  
S-3  9 . 0 m i  1 8 1 °  7 . 6±0 . 3  Emi g s v i l l e  
S-4  1 2 . 0 m i  1 84° 6 . 3±0 . 4 Woo d l and V i ew 

ssw SW- 1 2 . 2 m i  200° 6 .  1 ±0 . 6 Bas hore I s l and  
SW- 2 2 . 6 m i  203° 7 . 8±0 . 6 P l easant G rove 

sw SW- 3 8 . 3 m i  225° 5 . 9±0 . 4  Z i o n s  V i ew 
SW-4 1 0 . 4 m i  225° 6 . 5±0 . 5  Eastmont 
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TAB LE A- 9 CONTI NUED 

Gro s s  Readi ng ( a )  

Sector Stati o n  No . D i stance D i recti on  mR  Locati o n  

WSW W- 2 1 .  3 m i  252° 5 . 7±0 . 5 Go l dsboro 
W- 3a* 4 . 4 m i  247° 5 . 0±0 . 4* 

w W- 1 1 .  3 m i  263° 7 . 3±0 . 9 G o l dsboro 
W- 3 2 . 9 m i  270° 6 . 5±0 . 5 
W-4 5 . 9 m i  272° 7 . 9±0 . 6 Lewi s berry 
W- 5 7 . 4  m i  262° 5 . 8±0 . 5 Lew i s berry 

WNW NW- 1 2 .- 6  m i  303° 7 . 2±0 . 7  Harri sburg-Yo r k  
A i rpo rt 

NW- 3 7 . 4 m i  297° 6 . 2±0 . 2 New C umbe r l and  

NW NW- 2 5 . 9 mi  3 1 0° 5 . 3±0 . 5  H i ghsp i re 
NW-4 9 . 6 m i  306° 4 .  1 ±0 . 2 Harr i sburg 
NW- 5 1 3 . 8  m i  3 1 2° 5 . 3±0 . 2 Harr i s b u rg 

NNW N- l b* 2 . 75  m i  346° 4 . 9±0 . 4* 
N- l d* 3 . 5 m i  333° 5 . 0±0 . 3* 

*dos i meters p l aced at schoo l s 4/5/79- 5/3/79 
(a ) 1 1 G ro s s 1 1 no trans i t  dose  or bac kgrou nd dose  correct i ons  made 
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per i od  March 28th to March 29th , the TLD read i ngs  wou l d  i nd i cate 

that the h i ghest  dos e  that cou l d  have been rece i ved  wo u l d be betwe e n  

1 . 2 - 1 . 4 rem (Tab l e A - 10 ) . Th i s wou l d b e  app rox i mate l y  a factor  o f  

1 4  b e l ow the 20 rem who l e body dose cr i ter i on  i n  Sect i o n  1 40 . 84 ( a )  

of  1 0  CFR  Part 1 40 .  Ca l c u l at i ons  ( by the Ad Hoc I nteragency Dose  

As s e s sment Gro up and  conf i rmed by the  Pres i dent i a l  Tas k G ro up on  

Heal th  Phys i cs and  Dos i metry)  i nd i cated that the  comb i ned beta and  

gamma rad i at i o n  dos e  to the s ki n  wou l d  be approx i mate l y  5 t i me s  

( range 3- 6 . 5 )  h i gher  than the who l e  body dose s o  the  max i mum 

pos s i b l e  s ki n  dose wou l d  be  around 9 rem . Th i s i s  a factor o f  

6 . 6 t i mes  l ower than t h e  60 rem s ki n  dose  cr i ter i o n  i n  1 0  C F R  

Part 1 40 .  

A l l o f  the p rev i ou s  dos e  val ues  repre sent hypothet i ca l  1 1 cou l d have 

been • •  s i tuat i ons  when , i n  fact , there were no known i nd i v i dua l s at 

the s e  l ocat i ons  thro ughout the i n i t i a l peri od o f  the acc i dent at 

Three  M i l e  I s l and . E st i mates o f  the doses  at l ocat i o n s  whe re peop l e 

actua l l y  were are much  l ower ,  be l ow 0 . 1 rem ( 100  m i l l i rem)  wi thou t  

res i denti a l  s h i e l d i ng o r  occupancy correct i ons  and  be l ow 0 . 07  rem 

( 70 m i l l i rem)  when a l l owances for occupancy t i me and s tructura l 

s h i e l d i ng are made . A compar i s o n  o f  i nd i v i dual  dos e  e s t i mates made 

by vari ous  groups i s  p re s ented i n  Tab l e A-1 1 . E s t i mates o f  the 

c o l l ecti ve (popu l at i o n )  dose  are shown i n  Tab l e A-12 . I n  both 

case s , the e st i mates are c l ose  to the e st i mates de r i ved  by the  Ad 

Hoc I nteragency Dose A s s e s sment G ro up . 

• 
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TABL E A- 10 ESTIMATED OOSES THAT COULD HAVE BEEN  
RECE I VFD BY A HY POTHET ICAL I Nf H VI D UAL 

LOCATED AT TH E LOCAT ION OF H I �H EST MEASUR ED 
nOSE ON S I TE { 1 6S l  I N  N N\� S ECTO R }  OR ON KOHR I S LAND ( 1 6A l } 

CU�ULATIVE  DOSE  (mR ) 

TLD 1 2/27/78- 8/29/78- 3/3 1 /78- 4/3/ 79- 4/6/79-
Condi t i ons of Es t ima te S i te 3L29L78 3L2 1 L78 4L3L79 4L6L79 4!9L79 

Ac tu al n e t  TLD Dos e Read i ngs  1 6 Sl 1 02 5  1 1 08 1 1 1 5 1 1 1 6 1 1 1 6 
1 6Al  902* 947 948 949 950 

Corrected fo r Ene rgy l 6Sl 861 9 1 7  921  92 1  92 1  
Depe ndence  of TLD Res ponse  1 6Al 758* 788 789 790 790 

Al l owance  for 99 . 9  percent i l e 1 6Sl 1 �92 1 392 1 399 1 400 1 400 
u ppe r bo und  s tat i s t i ca l  1 6Al 1 1 43* 1 1 86 1 1 88 1 1 89 1 1 89 
error and  1 5% sys t ema t i c  
e rror ( n o  energy correct i on )  

4/9/79-
4Ll 2L79 

1 1 1 6 
950  

921  
790  

1 400 
1 1 89 

*Note : A second TLD o n  Ko h r  I s l and  read a net dose  of 447 mR . The h i gher  va l ue ) h a s  been taken . 

4/ 1 2/79 -
4/ 1 5/79 

1 1 1 6 
950  

92 1  
790 

1 400  
1 1 89 
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TAB LE A- ll SUMMARY OF  ESTIMATED O F FS ITE I ND I V I DUAL DOSES FROM AI RBORNE 
NOB LE GAS ES RELEASED FROM THE THREE MI LE I S LAND ACC I D ENT 

Esti mated 
Locat i o n  Sector D i stance Dose Peri od used Correct i on for Source of  Esti mate 

Ene rgy 
(mi l e s )  mR for E s t i mate Occu�anc� S h i e l d i ng Re�o nse  

East Bank  ENE 0 . 5 83 3/28/79-4/6/79 No No No Ad Hoc Tas k Group 
ENE 0 . 5 43 3/28/79-4/ 1 5/79 No No Yes Pres i dent i a l  Comm i s s i on T . G .  
ENE 0 . 5 43 3/28/79-4/28/79 No No No P i c kard , Low� . and Garri c k  
N N E  0 . 5 76 3/28/79- 4/28/79 No No No P i c kard , Lowe , and Garri c k  
NNE 0 .  4- 1 . 0  54 3/28/79-4/ 1 5/79 No No Yes Pres i denti a l  Comm i s s i on T . G .  

general 20-70 3/28/79-4/ 1 5/79 No Ye s Yes Pres i denti a l  Commi s s i on T . G .  
E 0 . 5 200 3/28/79-4/3/79 No No No DOE contracto r personne l *** 

H i l l  I s l and NNW 1 . 1  1 68( l ow) 3/28/79- 3/3 1 /79 No No No Ad Hoc Tas k Group 
NNW 1 . 1  256 ( ave . ) 3/28/79- 3/3 1 /79 No No No Ad Hoc Tas k G ro up 
NNW 1 . 1  344 ( h i gh )  3/28/79- 3/3 1 /79 No No No Ad Hoc Tas k  Group 
NNW 1 . 1  3 7 ( l ow)**  3/28/79- 3/3 1 /79 Yes No No Ad Hoc Tas k Group 

93 ( ave . ) 3/28/79- 3/3 1 /79 Yes No No Ad Hoc Tas k Gro up 
1 80 ( h i gh )  3/28/79- 3/3 1 /79 Yes No No Ad Hoc Tas k Group 

NNW 1 . 1  200±50 3/28/79-4/3/79 No No No DOE contractor personne l *** 
NNW 1 . 1  23 3/28/79- 3/29/79 Yes No No P i c kard , Lowe , and Garri c k  
NNW 1 . 1  48 3/28/79- 3/3 1 /79 Yes No Ye s Pres i denti a l  Commi s s i on T . G .  

Southeast Bank SE  0 .  4- 1 . 0  1 00- 300* 3/28/79-4/1 5/79 No No Yes Pres i dent i al  Commi s s i on T . G .  

*Poss i b l e  spuri ous  v� l ve as i t  i s  based upon extrapo l at i o n  from a TLD read i ng 9 m i l es from s i te .  
**Be st  esti mate - re s u l ts for l ow ,  h i gh med average ( ave . ) depend upon whether the h i gh TLD readi ng ( 902 mR) , 1 ow TLD . 

read i ng (447 mR) , o r  average o f  the two TLD read i ngs (674 mR) are used for the TLD 1 s on Kohr  I s l and ( fo r  9/27/78-
3/29/79) . 

***Res u l ts i n  Append i x  A of Ad Hoc I nteragency Dose  A s s e s sment Gro up Repo rt (4)  
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Source o f  E st i mate 

TAB LE A- 12. SUMMARY OF POPULATION  DOSE ESTIMATES 
FOR THE THREE MI LE I S LAND ACC I DENT 

Method · of As ses sment Per i od  
Co l l ect i ve  ( Popu l at i o n )  Dose  

Eerson- rem 
Covered by Lower bound Central Opper  Bound 

Est i mate Est i mate Est i mate E st i mate 

Ad Hoc I nteragency Dose  Thermo l umi nescent dos i meters  3/28-4/7 1 600 3300 5300 
A s s e s sment Group and extrapo l ati on  functi on  

Pres i dent i a l  Comm i s s i on Thermo l umi nescent  dos i meters  3/28- 5/ 1 
Tas k Group o n  Heal th and extrapo l at i on  funct i on  
P hy s i cs and  Dos i metry ( no correcti on  for s h i e l d i ng )  1 020 2785 66 10 

( corrected for s h i e l d i ng )  600 2050 6480 

Ad Hoc I nteragency Dose  Thermo l umi nescent dos i meters 3/28- 3/3 1 2600 
A s s e s sment G ro up and meteoro l og i cal  d i spers i on 

mode l 

Pres i de nti a l  Comm i s s i on E st i mated Source term and 3/28-4/7 280 390 970 
Tas k Group o n  Heal th var i o u s  meteoro l ogi ca l  
P hys i cs and Dos i metry d i spers i on mode l s 

DOE contracto r personne l  Aer i a l  s u rvey data and  3/28- 4/3 1 000 2000 2500 
atmospher i c  d i spers i on mode l s 

P i c kard , Lowe , and Garri c k ,  Thermo l umi nescent dos i meters , 3/28-4/30 2 1 00 3500 6840 
I nc .  ( co n s u l tants to area mon i to r  read i ngs and 
Metropo l i tan Edi s o n  Company )  atmospher i c d i spers i on mode l s 

NRC staff recalc u l ati on Thermo l umi nescent dos i meters  3/28- 3/31 3360 
of  res u l t ( a )  and meteoro l og i cal  

d i spers i on mode l 



B .  SURFAC E D E POSITION MEASUREMENTS 

1 .  Desc r i pt i on  

Rad i oact i ve materi a l s  re l eased as a re s u l t o f  acc i de nts may depo s i t  

o n  the ground i f  they are part i c u l ates o r  gas e s  that can b e  ab s o rbed 

by s o i l o r  vegetati o n � * Thes e  depos i ted radi oact i v e  materi a l s may 

res u l t i n  rad i at i o n  doses  to peop l e by s evera l  mec han i sms : 

a .  i nhal ati on  o f  depos i ted materi al  that has become a i rbo rne  aga i n 

( re s u spended mate ri al ) ,  

b .  i nge sti ons  o f  food products contam i nated by d i rect depo s i t i o n 

o r  through i nge sti o n  o f  c o ntami nated food products ( m i l k , meat ) 

from an i ma l s that cons umed contami nated fo rage ( d i rect fo l i a r 

depos i t i o n ) , 

c .  i nges ti o n  o f  food products grown o n  l and that was contam i nated 

or  food products from an i ma l s that grazed on  contami nated l and 

( s o i l - p l ant tra n s fe r ) , 

d .  exp o s u re to beta and gamma rad i ati o n  from ra� i oact i ve mate r i a l s 

depo s i ted o n  the ground (external  i rradi at i o n  from depo s i te d  

mate r i a l s ) . 

*Nob l e  gases , s u c h  as xenon o r  krypto n ,  a re not ab s o rbed to an  apprec i ab l e 
extent and there fo re do not depo s i t  out o n  the gro u n d .  Certa i n gas e s , s uc h  
a s  rad i oacti ve i od i ne o r  tri ti ated wate r vapo r , c a n  be abso rbed a n d  re s u l t 
i n  s u rface depo s i t i o n .  
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One a s pect  of determ i n i ng wh ether a su b s tan t i a l  rel e a s e  of 

radi oact i ve materi al occu rred from a nu c l ea r  fac i l i ty wou l d  be to 

measu re rad i onuc l i de depo s i t i on onto so i l  o r  vegeta t i on .  The s e  

mea su r ements  wou l d  prov i de a bas i s  for a s s es s i ng the  pos s i b l e  

ma9 n i tu de of rad i a t i on exposu res due  to the  fou r  pa t hways l i s ted 

a bove . These  mea su rements wou l d  a l so prov i de i n d i ca t i on of t h e  

po s s i b l e damages due to l a nd  use res tri c t i ons  or  prope rty l o s s  

from rad i oact i ve contami nat i on . 

2 .  Cr i ter i a  

Sect i on 1 40 . 84 o f  1 0  C FR Pa rt 1 4 0 defi nes  su rface  contam i nat i on  

l evel s t hat  wou l d  be  i n d i ca t i ons  of substa n t i al  re l eases  of rad i o ­

act i v e  ma teri a l s from l i cens ed fac i l i t i es .  These  c r i ter i a a re g i v e n  

sepa ra te ly  for offs i te property cont i g i ous  t o  the  s i te that  i s  own ed  

o r  l ea s ed by the  pe rson wi th  wh om an i ndemn i ty ag reemen t  i s  execu ted  

( l and adjacent to the s i te wh i ch i s  own ed or  l ea s ed by the  l i ce n s e e ) 
and  fo r other  offs i te prope rty a s  s hown i n  Tab l e B- 1 . Ev i dence  of  a 

substa n t i al  re l ea s e  of rad i oact i ve mater i a l s wou l d  be s h own i f  

su rface contam i nat i on of at  l ea s t  a total of 1 0 0 s qu a re meters of 

offs i te property occu rred in  excess  of a ny of the  l ev el s s h own i n  

Tab l e  fl- 1 . 

3 .  �ea su rements  

Measu rements  of  depos i ted act i v i ty were not pe rfo rmed under  cond i ­

t i ons i dent i c a l  to those s pec i fi ed i n  1 0  C FR Part 1 40 ,  Sect i on 1 4 0 . 84 
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T ab l e  B- 1 .  To tal Su rfa c e  C o n t am i n a t i on L e v e l s 
( Ma x i mum l ev e l s above ba c k � r o u n d  ob s e rved o r  proj ected , R o r  mo re h o u rs a fter i n i t i a l  �epos i t i o n )  

Ty pe of Emi tter 

A l p h a  em i s s i o n from 
t ra n su ra n i c  i so t o pe s  

Al p h a  em i s s i on from 
i so t opes o t h e r  t h a n  
t r a n s u ra n i c  i s o topes 

w B e ta o r  aamma r e lmi s s i on 
00 

Col umn 1 
Offs i te proper ty , cont i g i ous  
to s i te ,  own ed o r  l e a s ed by 
pe rson wi t h  wh om a n  
i n demn i ty ag reem e n t  i s  exe c u ted 

3 . 5  m i c rocu r i e s  pe r s qu a re me ter 

3 5  m i c rocu r i e s  p e r  saua re me t e r  

40 m i l l i ra d s / h o u r  a t  one c e n t imeter 
( mea su red t h rou ah n o t  mo re t h a n  
7 m i l l i g ram s pe r s ou a re c e n t imeter 
of total  a b s o rbe r )  

Col umn 2 
Other offs i te property 

0 . 3 5  m i c rocu r i e s  pe r s au a re 
me te r 

3 . 5  m i c ro cu r i e s  pe r s ou a re 
me t e r  

4 m i l l i ra d / h o u r a t  o n e  
c e n t i me t e r  (mea su r ed t h rou � h  
n o t  mo re t h a n  7 m i l l i a ram s 
per s au a re c e n t i me t e r - of tot a l  
a h s o rbe r )  



u n t i l Septembe r 1 4 ,  1 9 79 .  Pr i or to th i s  date , measu rements  of beta/ 

gamma dose  rates were made wi th su rvey i ns truments  at  a p prox imate l y 

"wa i s t- hei g h t "  rather than 1 cent imeter above t h e  ground  su rface . 

The i ns truments  general ly u sed a l so h ad u ns h i el ded ( " beta s h i el d "  

open ) wi ndow t h i cknesses of 30  m i l l i g rams  pe r squ a re cent imeter 

i ns te ad of the  7 m i l l i grams per square cent i meter as requ i red by 

Sect i on 1 40 . 84 .  The use  of these su rvey i ns trument  read i ngs  a s  

i n d i ca t i o ns of grou nd contami nat i on i s  fu rther c omp l i cated by the i r 

be i ng i nfl uenced by any be ta and  gamma dose  contr i bu t i on s  from the 

radi o a ct i ve ga s p l ume pas s i ng nea rby. Beca use of these c ompl i c a­

t i ons , the be ta/gamma su rvey read i n�s  made du r i ng  the  a c c i dent  a re 

judged not to be su i ta b l e for dete rmi n i ng su rface contami nat i o n  

l eve l s fo r t h e  pu rpose  o f  compa r i son  wi th  t h e  su rfac e  contam i nat i on  

cr i ter i a  i n  Sect i on 1 40 . 84 of 1 0  CFR  Pa rt 1 40 .  

a .  Th i n-Wi ndow Su rvey Mea su rements 

Th i n-wi ndow beta/gamma read i ngs  were made i n  September 1 9 79 

s pec i f i ca l l y  to determi ne  wh ether there wa s a ny l o ng- l i ved 

radi oact i ve contami nat i on of l and  adjacent to t h e  Three M i l e  

I s l and  s i te .  These  mea su rewents  we re made a t  1 2 o ffs i te 

l ocati ons  choosen to re fl ect a reas of max imum poten t i a l  

contam i nat i on ( F i g u re B- 1 ) . Mea su rements  were mad e one 

cent imeter a bove the grou nd su rface us i ng an  E be rl i n e 

E 1 20/HP 2 1 0  probe . Th i s  probe has  a "wi ndow "  ( a b s o rber  

th i c knes s ) of 2 mi l l i grams per s quare cen t i me te r ,  cons i dera� l y 
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l e s s  than the max imum 7 mg/cm2 th i ckness  s pec i fi ed i n  

sect i on 140 . 84 ( b )  of 1 0  C FR Pa rt 140 . 

Al though  these  mea su rements were made under cond i t i ons  

cons i s tent  wi th those i n  sect i on  1 40 . 84 ( b ) ,  t hey were made 

a p pr ox i ma te ly  s i x  months  after the  pr i nc i pa l  rad i onuc l i de 

re l eases  from the  Three Mi l e  I s l and acc i dent .  Re l a t i vel y 

s ho rt- l i ved rad i onuc l i des , su ch  a s  the 8-day rad i o i od i ne- 1 3 1 , 

wou l d  h ave unde rgone cons i dera b l e  dec ay i n  th i s  i nterva l . I n  

o rde r t o  de term i ne wh ether there wa s any s i � n i fi c ant  su rface 

contami nat i on due to s hort- l i v ed radi onu c l i de s , t h re e  

ad di t i onal  types o f  mea su rements  we re rev i ewed : ·  

( 1 ) a n a l yses of radi oact i ve ma ter i a l s  i n  so i l , 

{ 2 )  external  measu rements of su rface contam i n a t i on , and  

( 3 ) mea su rements  of rad i oact i ve materi al s depos i ted onto 

vegeta t i on .  

These  mea su rements  we re made  du r i ng and  immed i atel y after the  

peri od of majo r  re l eases  of radi oact i ve mater i a l s from the  

acc i dent  and  cont i nued through  Au gus t 1 9 79 . They wou l d  prov i d e  

ev i dence o f  su rface contami nat i on  by s hort- J i v ed rad i onu c l i de s  

a s  wel l a s  mo re pe rs i s tent contam i na t i on by l onge r l i ved  rad i o­

n u c l i de s .  

4 1  



b .  So i l  Samp l e  Ana l ys i s  

D i rec t  mea su rements  of so i l  contam i nat i on we re mad e  by the N RC 

I n s pect i on a n d  Enforc ement Staff. So i l  s amp l es  were c ol l ected 

�Y the  �RC  s taff ove r  a rea s of approx ima tel y 1 sou a re foot , - and  

ap pro x i mate ly  1 i nch  ( 2 . 54 em ) i n  dept h .  These  s am p l es were 

we i g h ed and  then ana l yzed in  the Peg i on I mob i l e  l a bo ratory by 

gamma s pectromet ry. A l i th i um-dr i fted ge rman i um s em i - conducto r  

(Ge ( L i ) ) detector wa s u s ed fo r th i s  ana l ys i s .  A tota l  of 

65 s amp l es was ta ken by NRC  in the per i od froM Ma rc h 29 , 1 9 79 

to  Au gus t 1 4 ,  1 9 79 . Add i t i onal  so i l  sampl e s  we re a l so  col ­

l ect ed and  a n a l yzed by two contracto rs to tne ��etro po l  i tan  

Ed i so n Compa ny and  by t he  Envi ronmental  Protect i on Agency .  

An ad d i t i on a l  1 3  so i l  s amp l es were c ol l ected o n  Sept embe r  1 4 , 

1 � 79 a t  the  s i tes  of the th i n-wi ndow be ta/gamma mea s u rements . 

These  s amp l es were sent  to the  Depa rtment  of Ene r�y I da h o  

Na t i ona l  Eng i neeri ng Labo ratory fo r gamMa s pect rome tr i c 

a n a l ys e s . These  a n a l yses  were pe rfo rmed us i ng a l i th i um­

d r i fted ge rma n i um detector and  compu ter i zed s pectrum a n a l ys i s .  

An a l yses· were requested for the fol l owi ng rad i onu c l  i de s : 

Te- 1 29m , Cs- 1 3 7 ,  Cs- 1 34 ,  Ru - 1 03 ,  Ru - 1 06 ,  Zr- 95 , Nb- 95 ,  I - 1 3 1 , 

S b- 1 2 4 ,  S b- 1 2 5 ,  L a- 140 ,  Ag- 1 1 0m ,  Ce- 1 4 1 ,  a n d  Ce- 1 44 . The s e  

rad i onuc l i des  we re i d ent i fi ed i n  a s ampl e of the  rea ctor  

coo l ant  ta ken o n  Aug u s t  28 , 1 9 79 and , therefore , re presented 

the  mos t  l i ke l y  rad i onuc l i de s  to be present . I n  ad d i t i on , the  

s amp l es  were a n al yzed for gros s a l pha  and  gros s bet a  

act iv i t i es .  
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Th e gamma s pectrometri c  analys i s  wou l d  detect the  presence of 

i od i n e- 1 31 and ces i um- 1 3 7 ,  wh i ch are g amma emi t t i ng rad i o­

nuc l i des , bu t wou l d  not detect rad i onu c l i des em i t t i ng on l y  

a l p ha  pa rt i c l es or  o nly beta pa rt i c l es .  Ai r s am p l e  a nd  a i r  

f i l ter anal ys es repo rted by the Depa rtmen t  of En e rgy do not  

i n d i c a te the presence of a i rborne al pha-emi tti ng  rad i on u c l i des  

other  than  natu ral ly  occu rr i ng  radon dau g h ters . The gros s 

a l p h a  a na lys i s  re su l ts on so i l  a re cons i s tent wi t h  the  reported 

l eve l s of natu ral l y  occu rri ng thori um or rad i um dau g h ter  

rad i onu c l i des i dent i fi ed by gamma s pectrometry .  Beta emi tt i ng 

rad i o i os topes su ch  a s  s tront i um- 89 and  stront i um-90 wou l d  be 

detected by gamma s pectrometry ( by the i r  brems s tra h l u n g  

rad i at i on ) onl y i f  present  i n  l a rge qu a nt i t i es . For th i s  

rea son , the s amp l es c ol l ected o n  September 1 4 ,  1 9 79 h av i ng th e 

h i g h e s t  gros s be ta read i ngs  were anal yzed rad i o c h em i ca l l y  fo r 

s tront i um .  Low energy beta- emi tti ng rad i o i sotope s  ( such  a s  

tr i t i um o r  ca rbo n- 1 4 ) wou l d  not be detected by e i ther  the  

rad i ochemi c al or  gamma s pectrometr i c  a n a l yse s .  H owever ,  thes e 

two rad i onucl i de s  wou l d  not be detectabl e by su rvey i ns truments  

wi t h  7 mg/cm2 wi n d ows and  therefore wou l d  not  be i n c l u ded i n  

the  1 0  C F P  Pa rt 1 4 0  cr i teri a .  The detect i on sens i t i v i ty fo r 

the i od i n e- 1 31 a n d  ces i um- 1 3 7  vari ed wi th the s amp l e  s i ze bu t 

wa s typ i cal l y  l es s  than  2 . 69xl o- 3  mi c rocur i es pe r sau a re met e r  

( 0 . 2 5  nanocu ri es  per s quare foot ) . 

I n  order to rel a te these  mea su rements  to the c r i ter i a i n  

Sect i on 1 40 . 84 o f  1 0 C FP Pa rt 1 40 ,  i t  wa s nece s s a ry to  
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c a l c u l a te the  be ta and  gamma dose rates that  wou l d  be produced 

by a u n i t su rface depos i t i on of the rad i onu c l i des  detected i n  

t hese  s amp l es • . These  ca l c u l a t i ons we re re rfonned by the  s ta ff 

of t h e  Oak  R idqe  Na t i ona l  La borato ry and  a re s h own i n  Tab l e  B - 2 . 
B a s ed upon  these  cal c u l a t i ons , the  dose  ra tes fo r t he  

Sect i on 1 40 . �4 mea su rement  cond i t i ons that  

c orre s pond  to the mi n imum de tectab l e concentra t i ons  wou l d  be : 

ces i um- 1 3 7 1 . 1 2  x 1 0-3 mrem/hou r 

i od i ne- 1 3 1 

( exc l u d i ng xenon- 1 3 1 m  

daughte r )  

0 . 95 . x 1 0- 3  mrem/hou r 

These dos e  ra tes ( approx i ma tel y 1 mi c rorem pe r hou r )  a re a bo u t  

one-tenth o f  the na tu ra l  ba c kground dose rate  ( 0 . 01 mrem/hou r )  

a nd wou l d  be fa r more sens i t i v e  i nd i ca tors of su rface  con-

t ami nat i on than  wou l d  the  extern a l  beta/gamma dose  rate  

measu rements  ca l l ed fo r i n  Sect i on 1 40 . 84* of 1 0  C FP Pa rt 1 40 .  

c .  Other  Su rface Contami nat i on  Mea su rements 

The Env i ronmental  Mea su rements  Laboratory ( EML ) of  the  

Depa rtment  of Ene rgy made d i rect mea su rements  of rad i onu c l i d e  

depos i t i on us i ng h i g h- pressu re i on i za t i on ch ambe rs ( HP I C ) a n d  

*Secti on  1 4o . 84 does not s pec i fy the  med i um i n  wh i ch the  dose  rate cr i teri a 
a pp ly .  For t h i s rea son , a t i s sue  dose  equ i v a l en t  ( ke rma ) rate was u s ed i n  
u n i ts of mi l l i rem/hou r rather  than  mi l l i rad/hou r .  
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Tab l e  B-2 Rad i a t i on Dos e  { Equ i va l ent } Rate Factors for Depos i ted Rad i onuc l i des  

Stront i um-89 

Stront i um- 90 
Yttri um- 90 

I od i ne- 1 3 1 
Xenon - 1 3 1 m 

Ces i um- 1 3 7  
Bar i um-:. 1 3 7m 

Total ( 1 3 1cs } 

Coba l t- 60  

Ces i um-134  

Ceri um- 144 
. Pr- 144 

Pr- 1 44m 

Total 

m i l l i rem/yea r per m i crocu r i e/cm2 ( a }  

P hoton El ectron Tota l 

6 . 6 X 1 01 

6 1 . 0 X 1 05 2 . 2 X 1 0  

1 . 2 2  X 1 06 

6 5 . 78 X 1 0  

3 . 9 7 X 1 06 

4 7 . 5 5 X 1 04 6 . 99 X 1 05 1 . 7 5 X 1 0  

3 . 204 X 1 05 

3 . 7  X 1 07 

7 3 . 2 X 1 07 3 . 7  X 1 0  

7 3 . 0  X 1 07 4 . 0 X 1 0  

7 3 . l x l 06 3 .  9 X 1 0  

3 . 49 X 1 07 

2 . 03 X 1 07 

2 . 3 2  X 1 07 

7 1 . 87 X 1 0
7 3 . 7 1 X 1 0  

5 . 58 X 1 07 

3 . 7  X 1 07 

7 3 . 2 X 1 07 3 . 7 X 1 0  

7 3 . 1  X 1 07 4 . 0 2  X 1 0  

7 . 1 2  x 1 o7 

7 3 . l x l 0
6 5 .  5 X 1 0  
7 3 . 6 5 X 1 0  

2 . 6 1 X 1 07 

2 .  72  X 1 07 

7 1 . 88 X 1 07 3 . 7 2 X 1 0  
0 . 0 1 7 5  X 1 07 

5 . 6 1 X 1 07 

Footnotes : see next page 

Su rface depo s i � i on 
m i l l i rem per hou 2 ( b ) (m i crocu ri es/m } equ i vf�'nt  

per  mi crocu r i e  pe r m to 4 m i l l i rem per hour  

0 . 422  

0 . 365  
0 . 422  

0 . 788 

0 . 3 54 
0 . 4 59 

0 . 8 1 3  

0 . 3 54 
0 . 063 

0 . 4 1 7  

0 . 298 

0 . 3 1 0  

0 . 2 1 4  
0 . 42 5  
0 . 002 

0 . 641  

9 . 4 7 

{ 1 0 . 9 5 ) ( d )  

5 . 08 

( 1 1 . 3 } ( d } 

4 . 92 

9 . 60 

1 3 . 4 

1 2 . 9  

{ 1 8 . 6 ) ( d }  

6 . 24 



Tab l e  B-2 Rad i at i on Dose  ( Equ i va l ent ) Ra te From Depos i ted Rad i onuc l i des  ( cont i nued ) 

Foo tnotes : 

( a ) Ti s su e  Kerma i n  a i r  cal c u l a ted for an  a i r  th i c kness  equ i v a l ent  to an  absorbe r of 7 m i l l i grams per sau a re cent imeter 
a real  dens i ty. C a l c u l a t i ons · perfo rmed by D. c .  Kocher , Oak R i dge  Nat i ona l  La borator i es by a mod i fi cat i on of t he  
techn i qu e  desc r i bed i n  D .  C .  Kocher., 1 1[lo se- Rate Convers i on Factors for External  Exposu re to  Photon and E l ectron 
Radi at i on from Rad i onu c l i de s  Occu rri ng i n  Rout i ne Re l eases  from Nu c l ea r  Fu el  Cyc l e Fac i l i t i e s .. , Nu c l ea r  Reg u l atory 
Commi s s i on contractor repo rt Nli R EG/CR-0494 , Apr i l  1 979 . 

( b )  Mi l l i rem/year per m i c rocu ri e/s quare cent imeter d i v i ded by 8 . 7 6 x 1 03 hou rs/year  and 1 04 s quare cent imete rs per 
s qu a re meter 

( c )  4 mi l l i rem pe r hour d i v i ded by total ( p a rent pl u s  dau9 hte r )  mi l l i rem pe r hour  pe r mi c rocu r i e  pe r sau a re meter 

( d ) Va l ue for pa rent rad i onu c l i de on l y 



p o rtab l e gamma s pectrometers . These  mea su remen t s  we re made 

du r i ng the peri od from Apr i l  2 to  Apr i l 2 5 , 1 979 and the 

resu l ts have been pu b l i s hed . *  

Mea su rements o f  depos i t i on were made i n  va ri ous  d i rect i o n s  

wi th i n  1 0  k m  ( 6 . 2 mi l e s ) ba sed u p o n  est imates o f  pos s i bl e  

max imum depos i t i on .  Mea su rement l oc a t i o ns were s e l ected to  

g i ve representat ive  mea su rements  of  depos i t i on on  rel a t ive l y 

l a rge , open , f l at  a reas  su ch a s  l awn s ,  pas tu re s , and  fi el ds . 

The  h ig h- pres su re i on i za t i on cham be rs have wa l l s  cons i dera b l y 

th i c ke r  than  the 7 m i l l i grams per s qu a re cen t i meter  max imum 

a b s o rber  dens i ty requ i red by Sect i on 1 40 . 84 ( b )  of 1 0  CFR  

Pa rt 1 40 and  therefore a re not  a p p l i ca b l e .  Wi th  the  excep t i o n  

of  mea su rements  wh ere there wa s d i rect ev i dence  of  t h e  pre s e n c e  

of the  n ob l e  gas c l ou d , these  mea su rements  were genera l l y l es s  

than  typ i ca l  bac kground dos e  rates ( 1 0  m i c rorads / h ou r ) . 

d .  Vegeta t i o n  Sampl i ng 

Sel ected vegetat i on s amp l e s  we re col l ected and  a na l yzed by the  

NPC Regi o n  I I ns pect i on a n d  Enforc eme nt  s ta f f .  Ap prox ima tel y 

1 2 5 s amp l e s  of �ra s s  and  other  vege ta t i on ( exc l u d i nq  food c rop s 

wh i ch were s epara tel y catego r i zed ) were c ol l ected and  a n a l y z ed 

*k. Mi ll e r ,  C .  Gogol a k , �� . Boyl e ,  and  J . r,u b i n ,  "Rad i a t i on �ea su rements Fol l owi ng 
the  Three Mi l e  I s l an d  Reacto r Acc i den t " ,  En v i ro nmenta l  �ea su remen t s  L a bora t o ry 
repo rt EML- 3 5 7 ,  �ay 1 979 . 
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by gamma s pectrometry .  Sampl es  general l y  cons i s ted of  the 

v egeta t i on over 1 s quare meter of a rea . Typ i c al mi n imum 

detectab l e  act i v i t i e s  fo r these s amp l e s  were 0 . 1 0  nanocu r i es 

per s quare mete r ( 0 . 0001 m i crocu ri es per s qua re mete r )  fo r 

i od i n e- 1 3 1 and ces i um- 1 3 7 .  Vegetat i on s amp l es we re a l s o  

c ol l ected a n d  ana l yzed by �etropo l i ta n  Ed i son  contra cto rs . 

The vege tat i on s amp l e  resu l ts cannot be u sed d i rect l y to 

es t i ma te total  depos i t i on a s  t hey do not i nc l u de a ny ma teri a l  

t h at  mi 9 h t  have depo s i ted di rect ly  onto s o i l . Approx i ma te 

va l ue s  for the  fract i on  of ma ter i a l  reta i n ed on the  v egeta t i o n  

of 0 . 2 5  a n d  0 . 1 we re us ed* t o  prov i de es t imates of po s s i b l e  

tot a l  depos i ti on . 

4 .  Re su l t s 

a .  So i l  Contam i nat i on  Mea su rements  

A l l measu rements taken  on  Septembe r  14 ,  1 9 79 wi th  a th i n-wi ndow 

detecto r ( 2 mg/cm2 ) were wi th i n  ba c kground l eve l s ( 20 cou nts  

per  mi nute ) .  

*Th i s  fract i on ranqes be tween 0 . 006 and  0 . 85 .  ( See H .  T .  Peterson , J r .  and  
J. M .  Smi t h , "Gu i des  fo r Pred i ct i ng Thyro i d  Dose  from Env i ro nmenta l  l"'ea su reme n t s  
Fol l owi ng Rad i o i od i ne Rel eases " ,  Chapter 23  i n  Env i ronmenta l  S u rve i l l a nce  i n  
the  V i c i n i ty o f  Nu c l ea r  Fac i l i t i es (W . C .  Re i n i g ,  ed . ) C .  c .  Th oma s ( 1 970 ) .  
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b .  So i l  Sampl e Ana lys i s  

S even  of the  6 5  so i l  s ampl es  taken befo re September  1 ,  1 9 79 ,  

h ad mea su rab l e  l evel s of ces i um- 1 3 7 . Wi th the except i ons o f  

n a tu ra l ly  occurri ng po tas s i um-40 and  daugh ters of . rad i um and 

t h or i um ,  other gamma- emi tt i ng rad i onu c l i des  were detected i n  

o n l y two s amp l es .  These  samp l e s  we re from an  ons i te a rea wh ere 

l ow- l ev el contami nated materi al h ad been tempora r i l y  s tored . 

On e of  these s ampl es  s howed mea su rab l e  l eve l s of c e s i um- 1 34 and  

c o b a l t-60  in  ad di t i on to  ces i um- 1 3 7 . The  other  s am p l e had  

mea su rab l e  l eve l s of i od i ne- 1 3 1 , bu t the  other  rad i o n u c l i des  

were be l ow detecta b l e  l imi ts . The  re su l ts of t he  p os i t i ve 

a n a l ys es a re s hown i n  Tab l e R-3 toge ther  wi th  the e s t ima ted 

dose  rate s . 

The  resu l ts of the ad d i t i onal  so i l  s amp l e s  col l ected  on  

September  1 4 ,  1 9 79 ,  a re s h own i n  Ta b l e B-4.  A l t h ou gh  there a r e  

i nd i c a t i ons o f  po s s i b l� traces o f  several  rad i o n u c l i de s , t h e  

o n l y  mea su ra b l e  rad i onu c l i de s  { i n  ad d i t i on t o  na tu ra l l y  

occu rri ng rad i onuc l i d es  that wou l d  be expected t o  be present ) 
were ces i um-1 3 7  and cer i um- 144 .  Ces i um- 1 3 7  wa s pre sent  i n  mos t 

s amp l es  t"lu t mea su rab l e l evel s of cer i um- 1 44. were  de tected on l y  

a t  two l oca t i ons . The es t i mated dose  rates fr� the  mea su ra b l e 

act i v i t i es a re shown i n  Ta b l e B-5 . 

The re ported re su l ts of other  o rgan i za t i ons  tha t pe r fo rmed 

a na l yses  on so i l  a re s h own i n  Tab l e  B - 6 . Th ese  res u l ts cannot  
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U1 
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Tab l e  B- 3 .  NRC Soi l Samp l es Showi ng Rad i o nuc l i de Concentrati on s  Above M i n i mum Detectabl e  Leve l s and Re l ati ons h i p  to 1 0  CFR Part 1 40 C r i teri a 

Date of loca t i on D i s tance D i recti on Radi onuc l l9' Col l ection {S�le #} Mi l e s  o{H=Oo2 De tected 
4/20/79 E- 1 0  (862 ) 0 . 85 1 27 Cs- 1 37 
5/16/79 TMI Land f i l l * 0 . 65 1 70 C s - 1 37 ( 1 480) C s- 1 34 

Co- 60 

5/1 6/79 TMI Landfi l l *  0 . 65 1 70 I - 1 3 1  

( 1 48 1 ) 

5/20/79 Farm Pasture Cs- 1 37 
( 1 581 ) 

5/20/79 E- 1 4  ( 1 882) 2 . 5 1 60 C s- 1 37 

'i/22119 E-2 ( 1 798) 2 . 35 354 Cs- 1 37 
S/22/79 E- 1 1  ( 1 732 ) 1 . 1 5 1 53 Cs- 1 37 

6/5/79 Boat C l ub Cs- 1 37 
( 1 859 ) 

Meas ured �c ti v i ty 
J:!C i /g Soi l 
0 . 46+0 . 09 
1 0 . 4+0 . 2 
5 . 99"+0 . 1 8  
0 . 97"+0 . 1 0  
0 . 90+0 . 05 

0 . 88+0 . 07 

0 . 73+0 . 07 

0 . 48+0 . 06. 

0 .  1 6+0 . 05 

0 . 5 1 +0 . 09 

nCi /ft2 ( bJ 

0 .  1 4+0 . 03 
6 . 45+0 . 1 4  
3 .  73"+0 . 1 1  
0 . 60"+0 . 06 

0 . 59+0 . 04 

0 . 48+0 . 04 

0 . 47+0 . 05 

0 . 32+0 . 04 

0 . 09+0 . 03 

0 . 35+0 . 06 

!!C i /m2 {c} 
1 . 50(+0 . 32 ) x l 0- 3 

6 . 94 (�0 .  1 5 ) x 1 Q�2 
4 . 0 1 ( +0 .  1 2x l 0  
6 . 46(!0 . 64 ) x l 0- 3 

6 . 35(:!:0 . 43 ) x l 0- 3 

Total 
5. 1 7 ( +0 . 43 ) x l 0-3 

- I 

5 . 06(:!:0 . 54 )x 1 0- 3 

3 . 44(:!:0 . 43)xl o- 3 

9 . 69(:!:3 . 23) x l o-4 

3 . 77(:!:0 . 64 ) x l o- 3 

Estimated Dos e  Fraction  of  
Rate ( mi l l i rem/houF) Part 1 40 Cri ter i on 

{d )  {=4 mi l l i rem/hour)  
6 .  3(:!: 1 .  35 ) x l 0-4 1 . 57(:!:0 . 34 ) x l 0-4 

2 . 90(:!:0 . 06 )x 1 o:� 7 . 25(+0 .  1 6 ) x l Q33* 
1 . 24 (:!:0 . 04 )xl0_ 3 3 . 1(:!:� - 0l) xl0_4* 
1 .  92(:!:0 .  19)xl0 4 . 8(:!:0 . 05 )xlO * 

1 . 79(:!:0 . 1 8 )xl o- 2 4 . 48(:!:0 . 04 ) x l 0- 3* 

6 . 12(:!:0 . 19 )x10-Z 1 . 53(:!:0 . 05)xl0-z* 
2. 1 5 (:!:0 . 1 8 ) x 1 o-.3 5 . 39(:!:0 . 04 ) x l o-4 

2 .  1 1 (:!:0 . 22)x l 0- 3 5 . 27(:!:0 . 56 ) x l 0-4 

1 . 44(:!:0 . l B)x l 0- 3 3 . 59(:!:Q . 45)xl 0-4 

4 . 04(:!:1 . 35 ) x l o-4 1 . 0 1 (:!:0 . 34 ) x l 0-4 

1 . 57(:!:0 . 27)x l o- 3 3 . 93(:!:0 . 67 ) x 1 0-4 

�Thi s sample I s  from an area that had been used to bury l ow- l eve l waste .  Thi s was not perm i tted under the l i cense cond i t i ons and thi s waste wa s r�t r i eved and s h i pped to an authori zed bur· i a l  ground and the area was decontami nated . The app l i cab l e  cri ter i on wou l d  be 40 m i l l i rad/hou r .  
(a)  F i s s i on or  act i vation product acti v i ty .  Th i s  exc l udes t h e  natura l ly occurri ng potass i um-40 (wh i ch  was measured i n  a l l  samp l e s )  a n d  rad i um and 

thori um  daughter products . Nei ther of these other type s  of rad i onuc l i des wou l d  be p resent i n  the reactor i n  apprec i ab l e  quanti t i es . 
(b)  The error term represents one s tandard dev i at i on based upon counti ng stat i s t i cs . 

( c )  Res u l ts reported as nanoc�r i e s  per square foot t i mes  1 0· 3 microcu r i e s  per nanocuri e and d i v i ded by 0 . 0929 square meters per square foot .  
(d)  Depo s i ted act i v i ty ( i n  fJCi/m2) t i mes the dose factor g i ven i n  Tab l e  B- 2 .  



Tab l e  8 - 4 .  Resu l ts o f  Spec i a l  So i l  Ana lyses for long- l f ved Gamma - emi tti ng Rad i onuc l f des 

F f s s f on and Act i vat i on Product Rad i onuc l f des( a ) 

D i stance D i rect i on Pos s i b l e  traces f nd i cated( b ) Measurab l e  Leve l s ( c ) Lev e l  for{ d ) 
Samp l e  fl (Mi l e s }  (0"-=H} Locat.f on Nuc l i de pC f /g :t: l . S . D .  Nuc l i de pC t /g :t 1. S . D .  Acceptance 

1 1 . 2  64° Sunset Park Sb- 124 0 . 0798 :t: 0 . 036 0 . 119 
- --- ·-

2a 0 . 5 95° Observati on Center Cs- 137 0 . 155 :t: 0 . 023 Cs- 137 0 . 155 :t: 0 . 023 0 . 076 

2b 0 . 5 95° Observati on Cente r C s - 137 0. 195 :t: 0 . 04 Cs- 137 0 . 195 :t: 0 . 04 0 . 132 

3 1 . 7 145° South end TMI Cs- 137 0 . 468 :t: 0 . 031 C s - 137 0 . 468 :t: 0 . 031 0 . 102 
La- 140 0 . 055 :t 0 . 017 0 . 056 

4 0 . 4 81° Sandy Beach I s l and Cs- 137 0 . 124 :t: 0 . 032 Cs- 137 0 . 124 :t 0 . 032 0 . 105 
Ru- 103 0 . 031 :t 0 . 017 o. o56 
Ce- 141 0 . 06 :t: 0 . 03 0 . 099 

5 0 . 4  79° Kohr I s l and Cs- 134 0 . 018 :t: 0 . 0079 0 . 026 
Cs- 137 0 . 178 :t 0 . 022 Cs- 137 0 . 178 :t 0 . 022 0 . 072 
Sb- 125 0 . 084 :t: 0 . 04 0 . 132 
Ce- 144 0 . 14 :t: 0 . 054 0 . 178 

6 0. 4 270° She l l ey I s l and N .  Cs- 137 0 . 285 :t 0. 026 Cs- 137 0 . 285 :t 0 . 026 0 . 086 
Te-129111 2 . 89 :t: 1 . 6 5 . 27 
Ce- 144 0 . 119 :t 0 . 056 0 . 184 

(J'1 
...... 7 1 . 4 215° Shel l ey I s l and S .  C s - 137 0 . 366 :t 0 . 034 cs- 137 0 . 366 :t 0 . 034 0 . 112 

Zr-95 0 . 05 :t: 0 . 028 0 . 090 
La- 140 0 . 045 :t: 0 . 026 0 . 086 
Ce- 144 0 . 24 :t 0 . 069 Ce- 144 0 . 24 :t 0. 069 0 . 227 
Co-60 0 . 033 · :t: 0 . 019 0 . 063 

8 1 . 4 270° Gol dsboro C s - 137 0 . 668 :t: 0 . 035 Cs- 137 0 . 668 :t 0 . 035 0 . 115 
Ru-1Qf:i 0 . 59 :t 0 . 19 0 . 626 
la- 140 0 . 065 :t 0 . 033 0 . 110 

9 1 . 1 298° Hi 1 1  I s l and la- 140 0 . 045 :t 0 . 014 0 . 046 



Tab l e  B-4 .  Res u l ts of Spec i a l Soi l Ana l yses for long- l i ved Gamma-emi tt i ng Radi onuc l i des  (Conti nued ) 
F i s s i on and Act i va t i o n  Product Radi onuc l i des ( a )  

D i stance D i rect i on Pos s i b l e  traces i ndi cated( b )  Measurab l e  leve l s ( c )  leve l for( d )  
Samp l e  I (Mi l e s )  (0°=N) loca t i o n  AucH de pCl7g ± I. � . It  Flucl i de pCllg ± I. s. D .  Acceptance 

10 0 . 5 167° R i verbank  East o f  TMI Cs- 134 0 . 023 ± 0 . 010 0 . 033 
Cs- 137 0 . 741 ± 0 . 043 Cs- 137 0 . 741 ± 0 . 043 0 . 145 
Zr- 95 0 . 053 ± 0 . 022 0 . 074 
la- 140 0 . 42 ± 0 . 018 0 . 061 

11 0 . 4  180° Mi dd l e  of TMI Cs- 137 0 . 315 ± 0 . 028 Cs- 137 0 . 315 ± 0 . 028 0 . 095 
Sb-125 0 . 132 ± 0 . 057 0 . 193 
Ru- 106 0 . 464 ± 0 . 19 0 . 642 
Ce- 144 0 . 893 ± 0 . 14 Ce- 144 0 . 893 ± 0 . 14 0 . 513 

12 0 . 2 264° West Part of TMI C s - 137 0 . 308 ± 0 . 026 C s - 137 0 . 308 ± 0 . 026 0 . 095 
Ce- 144 0 . 21 ± 0 . 097 0 . 355 

Footnote s 
( a )  In add i t i on to these radi onuc l i des , the fo l l owi ng radi onuc l i des of natural ori g i n we re detected i n  these samp l e s :  potas s i um-40 , l ead- 214 , 

b i smuth- 214 , and occas s i onal ly  protocat i n i um- 234m daughters of radi um ;  l ead- 212 , b i smuth- 212 , tha l l i um- 208 , and act i n i um- 228 daughters of  
t.ho r i um - 232 ;  and cosm i c- ray p roduced bery l l i um - 7 ( i n  5 samp l es ) .  (b)  A radi onuc t i de i s  cons i dered to b e  absent i f the reported res u l t  i s  negat i ve ,  o r  i f  the res u l t  o f  subtract i ng 1 . 6475 t i mes . the standard 
dev i at i on s from the reported res u l t f s  zero or negati ve ( 0> x - 1 . 6475s ) .  ( Note : the analyt i ca l  l aboratory that performed these analyses  
report s resul t s  as  " not detE>cted" when 2 standa rd dev i at i ons-from the reported resu l t wou l d  i nc l ude zero ( x - 2 s  < 0 ) . ) A rad i onuc l i de 

� f �  Cons i dered to be poss i b l y preSPnt i n  trace quan t i t i es but at l eve l s  tOO l OW to perm i t  accurate quant i f i cat i on When 
� � - 2(1  6475 )s  < 0 < x - 1 . 64 75 s .  (c)  A radionuc l i de i s  cons i dered t o  b e  present i n  measurab l e  quant i t i es when 0 < x - 2 ( 1 . 6475 ) s . { 1! )  Th i s  i�  2( 1 . 6475)s  = 3 . 295 x t h e  standard dev i at i on reported and represents-the va l ue wh i c h  wou l d  have to be exceeded in  order to cons i der 

1.''" l f> VP l � to  bl' IIIE'as urab l e .  



(J'1 
w 

Tab l e  B- 5 .  Esti mated Beta/Gamma Dose Rates from Meas ured leve l s  o f  Rad i oac t i ve Materi a l s i n  Soi l 

Samp l e  II locati on 
1 Sunset Park 

2a Obs e rvat i on Center 

2b Obse rvati on Center 
3 Sout h end TMI 
4 Sandy Beach I s l and 

5 Koht· I s  l and 

6 Shel l ey I s l a nd N .  

7 She l l ey I s l and S .  

fl Go l dsboro 
. · - - · --· � - ·  

9 H i l l I s  l and 
10 R i verbank East  o f  TMI 

11 M i dd l P.  o f  TMI 

12 Wes t  Part of TMI 

Footnotes 

Samp l E' 

We i ght{ g)  

105 

108 

110 

94. 4 
105 
121 

105 

112 

83 . 0  

116 

95 . 0  

81. 0 

104 

Tota l ( b )  Depos i t i on
( c ) 

Area(m2 ) ( a ) Nuc l i de Acti v i ty(pC i ) (�C i /m2 ) 
0 . 0929 No Measurab l e acti v i ty 
0 . 0929 C s- 137 16 . 7  ± 2 . 4 1 . 8 ( ±  0 . 26 ) 10-4 

1 C s- 137 21 . 4 ± 4 . 4 2 . 14( ±  o . 44) x 10-s 

0 . 0929 Cs- 137 44 . 2 ± 2 . 9 4 .  75(±  0 . 31)  X 10-4 

0 . 0929 Cs- 137 13 . 0  ± 3 . 4  1 . 40{± 0 . 36)  X 10-4 

0 . 0929 Cs- 137 21 . 5 ± 2 . 7 2 . 30{±  0 . 29)  X 10-4 

0 . 0929 Cs- 137 29 . 9 ± 2 . 7 3 . 22(±  0 . 29)  X 10-4 

0 . 0929 Cs- 137 41 . 0 ± 2 . 9 4 . 41(± 0 . 31)  X 10:: 
Ce- 144 26 . 9  ± 1 . 1 2 . 89{±  0 . 83 )  X 10 
Tota l 

0 . 0929 Cs.- 137 5 5 . 4 ± 2 . 9 5 . 97 ( ±  0 . 31) X 10-4 

0 . 0929 No Mea s urab l e  Act i v i ty 
0 . 0929 C s- 137 70 . 4  ± 4 . 1 7 . 58( ±  0 . 44 ) X 10-4 

0 . 0929 Cs- 137 25 . 5 ± 2 . 3 2 . 75(±  0 . 24 )  X 1Q�4 
Ce- 144 7 2 . 3 ±11 . 3 7 . 79(± 1 . 2 )  X 10 
Toia l  

0 . 0929 Cs- 137 32 . 0 ± 2 . 7 3 . 45( ± 0 . 29)x  10- 4  

Fracti on o f  

D o s e  rate
( d ) 10 CFR Part 140 

4 mi l l i rem/hour 
( mrem/hr ) c r i te r i on ( e ) 

7 . 5 ( ±  1 . 1)  X 10-S 1 . 87(± o . 27>  x 10-s 

8 .  92(±  1 .  83 ) X 10 ::fi 2 . 23(±  0 . 46 )  X 10�6 

1 . 98(±  0 . 13 ) X 10-4 4 . 95(±  o . 32>  x 1o-5c f> 

5 . 83(± 1 . 5 )  x 10-s 1 . 46 ( ±  o . 38) x 1o-5c f >  
9 . 64( ±  1 . 2 ) X 10-!j 2 . 41{± o . 3o> x 10- s 

1 . 34{± 0 . 12) X 10-4 3 . 35{± o . 31)  x to-5c f >  

1 . 84(±  0 . 13)  x to:! 
1 . 85( ±  0 . 5 3 )  X 10_4 X 10- 5 3 . 7 (± 0 . 55)  X 10 9 . 24(± 1 . 4 )  

2 . 49(± 0 . 13)  X 10-4 6 . 22( ±  0 . 33)  X 10-S 

3 . 16( ±  0 . 18) X 10-4 7 . 9(±  0 . 46) X 10-!j 

1 . 14( ±  0 . 10 ) X 10:: 
4 . 99(± 0 . 78) X 10_4 X 10- 4( f )  6 . 13(± 0 . 79) X 10 1 . 53 ( ±0 . 20 ) 

1 . 44( ±  0 . 12 ) X 10-4 3 . 60( ±0 . 30) X 10-S( f )  

( a )  At·ea of samp l e .  A l l s amp l es were taken ove r 1 square foot ( 0 . 0929 m2 ) t o  a depth of  1 i nc h  except samp l e  #2b whi c h  was taken ove r 
an area o f  1 square meter wi th a s tandarct cori ng too l . 

( b )  Act i v i ty i n  pC i /gram ( from_lab l e  B-4) t i me s  the s amp l e  we i ght i n  grams .  
( c )  Tota l acti v i ty f n  pC 1 x 10 �Ci /pC f and d i v i ded by samp l e  area i n  m2 • 
( d )  Depo s i t i on ( �� f /m2 ) t i mes the app ropr i a te do se fac tor from Tab l e B-2 i n  mrem/hr per �C i /m2 . 
( e )  Predi cted dos e  rate di v i ded by 4 m i l l i rem p e r  hour.  
( f) These are on- s i te samp l es for wh i ch the 40 mi l l i rad per hour cri ter i on wou l d  be app l i cabl e . The val ues presented are compared to 

the 4 m i l l i rad per hour off- s i te c r i te r i o n .  



Tabl e R- 6 .  Other Soi l  Analyt i ca l  Resu l ts ( from Attachment 2 ,  p.  1 9 3  o f  the draft Pepo rt of the Ta s k  Group o n  Hea l th Phys i c s  a n d  Oos imetry 
of the Pres ident ' s  Commi s s ion on the Acc i dent a t  Three �i l e  I s land 

Sampl i ng Numl'ter of 
Organ i za t i on Oa tes Samples  Anal yzed ffumber Rad1 onuc1 1de 

Iod f ne- 1 3 1  RMC 4/5 3 0 

Tel edyne 4/5 3 0 

EPA 4 /2-4/1 3 53 0 

Ces i um- 1 3 7  Pf4C 4/2 3 3 

Tel ed.vne 4/5 3 3 

EPA 4/2-4 /13  53 1 1  

RMC - Rad i a t i on Ma naqement Corporat i on ( for  the Metropo l i tan Ed i son Compa ny )  

TP-l edyne - Tel edyne - I sotopes ,  Inc . ( for the Metropol i ta n  Edi son Compa ny )  

EPA- -fnvf r�ntal Protec t i on Agency 

*MDl - �i nfmum Petectab l e  level 

**" . A .  - Mot ava i l ab l e  

Pos i t i ve Resu l t s  (�C f�q d ry)  
f.\ean  i n  mum 

0 . 8±0 . 2  

0 . 4±0 . 3  

0. 6±0 . 3  

0 . 58 

0 . 46  

0 . 22 

PAaximum 

1 . 0 

1 . 38 

1 . 1  

p.!OL* ( pC i /q dry ) 

n . o 7  

0. 27 

N . A . ** 

N . A. ** 

N . A . ** 

N . A . ** 



be compa red to the Sect i on 1 40-84 { b ) cri teri a becaus e  the a rea 

s amp l ed i s  not g i ven . However ,  only ces i um- 1 3 7  was detectedJ a t  

l evel s that are general l y  cons i s tent wi th the offs i te NRC 

re su l t s  { i n  pC i /g )  s h own i n  Tab l e  B-3 .  

Pre-acci dent ces i um- 1 3 7  l evel s i n  so i l , measu red by the 

l i censee ' s  envi ro nmental  su rve i l l ance program in  1 977  in  the 

v i c i n i ty of the Three Mi l e  I s l and  s i te average 0 . 6  + 0 . 8  p i ca­

c u r i es  per gram* { pC i /g ) , ra ng i ng be tween 0 . 1 7  and 1 . 5 pC i /g 

{ Ta b l e B- 7 ) . *  Wi th  the except i on of the  one s amp l e on Three 

M i l e  I s l and , the mea su red ces i um- 1 3 7 concentra t i ons i n  so i l  are  

wi th i n  th i s  range of pre-acci dent  ces i um- 1 3 7 l evel s . 

Es t i mated offs i te dose ra tes a re general l y  l es s  than 0 . 1 %  o f  

t he 1 0  C FR Pa rt 1 4 0  cri teri a fo r su rface contami nat i on .  The  

one  l ocat i on on  Three Mi l e  I s l an d  where l evel s _ of  radi oact i vi ty 

greater than expected from pre-ex i s t i ng fa l l out  were found  

wou l d  a l so be on ly  a smal l fract i on { 1 . 5% ) of  the  Pa rt 1 40 dos e 

rate cr i teri on of 4 mi l l i rad pe r hou r .  Howeve r ,  t he  4 0  mi l l i rad 

per hour cr i ter i on wou l d  be app l i c a b l e  to th i s  l oc a t i on as i t  

i s  o� l i cens ee-control l ed l a n d  adjacent  to the s i te .  Th i s  

s amp l e  wou l d  therefore be l es s  than 0 . 2%  of the a p p l i c a b l e 

c r i ter i on . 

*Radi ol ogi cal Envi ronmental  Mon i tori ng Repo rt - Three Mi l e  I s l and  Nu c l ea r  Sta t i on 
- 1 97 7  Ann u a l  Re port .  Prepa red for the  Metropo l i ta n  Edi son  Compa ny by Tel edyne 
l s o types , Wes twood t New Jersey .  {Th i s  repo rt i s  fo r Three Mi l e  I s l a n d  Un i t  No . 1 ,  
Doc ke t  No . 50-289 . ) Tab l e  R- 1 8  p .  58 .  So i l  a na lyses  were not  repo rt ed i n  t h e  
1 978  Annual  Pepo rt . 
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Tab l e B- 7 Ave rage Rad i onuc l i de Leve l s i n  S o i l Samp l es  Co l l ected i n  the 
V i c i n i ty of  Three M i l e  I s l and i n  1977 . 

Rad i o n uc l i de 

Sr-90  

K-40* 

Z r- 95 

Nb-95 

Sb-125 

C s - 137 

Ce- 141 

Ce- 144 

Ra- 226* 

Th- 228* 

Average l eve l  
pC i /g ± 1 .  S . D .  

0 . 17 ± 0 . 05 

10 ± 3 

0 . 08 ± 0 . 05 

0 . 07 ± 0 . 02 

0 . 2 ± 0 . 4 

0 . 6  ± 0 . 4 

0 . 05 

0 . 3 

0 . 9 ± 0 . 35 

0 . 7  ± 0 . 15 

Range ( pC i /g )  

<0 . 05 - 0 . 22 

4 . 1 - 16 

<MD L - 0 . 09  

<MD L - 0 . 11 

< MD L - 0 . 6 

0 . 2 - 1 . 5 

<MD L  - 0 . 0 5  

<MD L - 0 . 3 

0 . 3 - 1 . 2 

0 . 3 - 1 . 0 

Tab l e B-18 p 58 o f  the Metropo l i tan Ed i son  Company Rad i o l og i ca l  E n v i ronmental  
Mon i tor i ng Report for the Three M i l e  I s l and N u c l ear Stati o n , 1977 Annual  Report  
P repared by Te l edyne I sotopes , Westwood , N . J .  

*Natura l l y  occurri ng rad i o n uc l i de s . 

56  



Tal'l l e  B-R .  Gros s Al pha , Gros s �eta , a nd S t ron t i um Pesu l ts fo r Spec i a l  So i l  Samp l e s  

Samp l P.  I r. ros s Al rha r.ro s s  �eta Patf i och em f cal r.ro s s  fl a c k g round Net Count Pesu l t  

pC i /q pC i /g I sotop i c  Cou nt Cou nt { 2 0  m f n ) pf i /!1 
t.l s . o .  ± 1 . s . o .  Anal ys i s  ( 20 m i n l (20  m i n ) ± 1 . s . o .  ± 1  s . o .  

1 .  1 1 . 3±0. 7 4 1 . ± 7. To tal 5 t ron t i um 83 711 5 . ± 1 3  
Stront i um- 90 !'1 1  81 1 0 . ± 1 3  0 . 1 ±0.  1 

S t ron t f um-89 h.v di fference 0 . 0±0 . 1  

2 .  9 . 2 ±0 . 6  3 2 . ±R.  To t a l  Stront i um 77  78 - 1 ± 1 3  
S t ron t i um- 90 74 Ill - 7 ± 1 3 - O . l :t0 . 2  
Stron t i um-fiQ hy di fference fl . !l±0 . 1 

2 11 .  R. 4±0 . 5 20. ± 5 .  NA 

3 .  1 1 . 7±0 . 7  9 . ±4 . f'IA 

4 .  5 . 8±0 . 5 9 . ±5 .  NA 

5 .  7 . 6±0. 5 6 . ±4 .  NA 

6 .  8 . 9 ±0 . 6  2 5 . ±6 .  NA 

tJ'1 7. 9 . 5 ±0 . 6  2 3 . ±6 .  NA 
....... 

8.  1 0 . 0±0 . 6  2 7 . ± 6 .  NA --
9. R . 5 ±0 . 5  1 7 . ±6.  NA 

1 0 .  8. 3 ±0 . 5  22 . ±6 .  NA 

1 1 .  8 . 9 ±0 . 6  2 3 . ± 5 .  NA 

1 2 .  9 . 2±0 . 6  3 2 . ±8.  NA 

NA - No a n a l ys i s  made 



The  re su l ts of rad i ochem i ca l  ana l yses fo r s tront i um-89 and  

s tro nt i um- 90 a re s h own i n  Ta b l e  B-8 .  These  re su l ts i n d i cate  

that  these rad i onuc l fdes , if  present , a re l e s s  than  the  l im i ts  

of detecti on . The reported l eve l s of 0 . 1 ± 0 . 1 pC i /g a re 

c ons i s tent wi th  pre-acc ident  s tront i um-90 l eve l s repo rted �Y 
the  l i ce nsee i n  1 9 77  of  0 . 1 7  ± 0 . 0 5  (Ta b l e  B- 7 } . 

Conc l u s i on :  Mea su red so i l  act i v i t i e s  a re ge nera l l y  be l ow the 

c r i ter i a for s i gn i f i cant  offs i te contami na t i on by at l ea s t  a 

factor  of 200 . The pr i nc i pa l fi s s i on-product  rad i onuc l i de s  

detected i n  so i l  offs i te were ces i um- 1 3 7  a nd . cer i um- 144 .  Thes e 

l eve l s may he due to res i d u a l  fa l l out  from pa s t  nuc l e a r  tes t i ng 

ra ther  than  a re su l t  of the acc i den t .  

c .  F i el d Gamma Spect rometry 

The DOE  Env i ronmental  �ea su rements  Labo ratory made mea su remen t s  

of ·de pos i t i on at  3 7  l oca t i o ns ra ng i ng be tween 0 . 6  k m  ( 0. 4 m i ) 
a nd 24 . 9 km ( 1 5 . 5  m i ) from the Three �i l e  I s l a n d  s i te .  

Ces i um- 1 3 7 was detected a t  l eve l s up to 1 00 n C i /m2 ( 0 . 1 m i c ro ­

c u ri es;m2 ) a n d  wa s a ttri bu ted t o  b e  from wo rl dwi d e  res i d u a l  

fal l out  from a tmos pher i c  n u c l ea r  tes ts . I od i n e- 1 3 1 wa s 

de tected a t  7 s i tes a s  s h own i n  Tab l e  B- 9 .  Al l mea su rements  

i n d i ca te that  rad i o i od i ne  depos i t i on wa s l es s  than  2 n C i /m2 

( 0 . 002 m i c rocu r i es/m2 ) . Us i ng the factor g i ven  i n  Tab l e  R-2 
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Tab l e  B- 9 Rad i o i od i ne Depos i ti on Measurements above Detectab l e  L i m i ts Reported by the Department of Energy Envi ronmenta l 

Locati on fl D i stance D i recti o n  
(mi l e s )  (d�grees )  sector 

EML 8 1 . 2  5 N 
1 2 1 . 8  1 62 SSE 

1 3  1 .  9 309 NW 

1 8 6 . 3 323 NW 

25 0 . 5 1 09 ESE 

29 1 . 9  . 1 39 SE 

34 2 . 5 1 86 s 

( a )  Us i ng the factors from Tab l e  8-2  

Date 

4/3/79 

4/4/79 

4/5/79 

4/7/79 

4/9/79 

4/1 0/79 

4/ 1 1 /79 

Rad f o�odi ne Dep2s i ti on 
nC i /m !JC i /m 

0 . 4+0 . 3 4(:�3 ) x l 0 -4 

0 . 6.:!:0 . 3  6(.:!:3 )x l o
-4 

0 . 2_:!:0 . 2  2(.:!:2 ) x l 0
-4 

0 . 4.:!:0 . 4  4 (.:!:4 ) x l o
-4 

1 . 9.:!:0 . 2  1 .  9(.:!:0 . 2 ) x l 0  
- 3 

· 

0 . 4.:!:0 . 3 4(.:!:3 ) x l 0
-4 

0 . 3.:!:0 . 3  3(.:!:3 ) x l o
-4 

E s t i mated Beta/Gammfa )  Dose Rate (mrem/hr) 

1. 4(:�1 . l )x l O  -4 

2 . l (.:!:l . l )x l 0
-4 

7 .  1 (.:!:7 . l ) x l O  
- 5 

1 . 4(.:!:1 . 4 ) x l 0-4 

6 . 7(.:!:0 . 7 l ) x l 0  
-4 

1 .  4(.:!:1 . l )x l O  - 4  

1 .  1 (.:!:1 . l )x l O  
-4 

Measurements Laboratory"' 

Fracti on of 
1 40 . 84 4 mrem/hr 
c r i te r i on 

3 . 5(!2 . 8 ) x l 0- 5 

5 . 2(.:!:2 . 8 ) x 1 0  
- 5 

1 . 8(.:!:1 . 8) x l o
- 5 

3 . 5(.:!:3 . 5 ) x l o
- 5 

1 7(.:!:1 . 8) x l 0
- 5 

3 . 5(.:!:2 . 8 ) x l o
- 5 

2 . 8(.:!:2 . 8 ) x 1 0  
- 5 

"'K.  Mi l l er , c .  Gogo l a k ,  M. Boyl e ,  and J .  Gub i n ,  " Rad i at i o n  Measurements F o l l owi ng the Three Mi l e  I s l and Reactor Acc i dent , "  DOE Envi ronmental 
Meas urements Laboratory Report EML- 357 , May 1 979.  



fo r ca l cu l a t i ng dose  rate from rad i o i od i n e  depos i t i on ,  the  

equ i va l ent  max imum dose  rate wou l d  be  ap prox ima t el y  0 . 7 m i c ro­

rem pe r hour  ( 0 . 7x l o- 3  mrem/h r )  o r  l es s  than 0 . 02% o f  the  

1 0  C FR Pa rt 1 40 cr i ter i on of 4 mra d/hou r .  

Conc l u s i on :  F i el d gamma s pectrometry da ta s h ows t hat  sma l l 

qua nt i t i es of rad i o i o d i ne  were depos i ted a t  s eve ral l oca t i on s , 

bu t a t  l evel s equ i v a l ent  to l e s s  than 0 . 02% of  t h e  su rface  

contami nat i on cr i teri on  g i ven i n  10  C FR Pa rt 140 . 

d .  Vegeta t i on Ana l ys i s  

Detectab l e  l evel s of i od i ne- 1 3 1  were found  by NRC  o n  ten . 

s amp l es dur i ng the  peri od from m id  to l ate  Apr i l  1 979 . Th i s  

pe r i od corres ponds  to the  t ime that  the i od i ne f i l ter  a s s em­

b l i es were be i ng rep l ac ed .  N i ne of the ten s amp l es wi t h  

detectab l e  act i v i ty we re wi th i n  0 . 5 t o  1 . 0 m i l e s of t h e  Th ree 

M i l e  Is l and  s i te*.  The re su l ts of the s amp l es wi th  detecta b l e 

a ct i v i ty and es t ima ted dose  ra tes fo r a ssumed p l a n t/total  

retenti on facto rs of  0 . 2 5  a nd  0 . 1 0  are s h own i n  Ta b l e B- 1 0 .  

The max i mum total dose  rate due t o  i od i ne- 1 3 1  fo r a ny s am pl e  i s  

0 . 0028  m i l l i rem/hou r us i ng the l ower retent i on factor  ( 0 . 1 0 ) . 

Th i s  i s  l e�s than  0 . 1 pe r cent ( 0 . 0 7% )  of  the 1 0  C FR Pa rt 1 40 

cr i ter ion  of  4 m i l l i rem per hou r .  

*The l oca t i on of the tenth  s amp l e  i s  not  kn own . 
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Tab l e  B- 1 0 .  NRC Vegetat i on Samp l es Hav i ng Detectab l e  leve l s  o f  Rad i oac t i v e  Mater i a l s  

locati on D i stance D i rec t i o n  Meas ured Acti v i ty 
Es timated ·Dose(§,te 

(mrem/hour)  
Date ( samp l e  I#) (mi l es )  " ( O"=N) Radi onuc l i de 

( 0 . 00 1 11C i /m2 ) 
Vegetati on/ Vegetat i on/ 
Tota l =0 . 25 Tota l =0 . 25 

4/1 6/79 E- 9 (1#670 ) 0 . 45 1 30 I - 1 3 1 0 . 55+0 . 03 ( b )  7 . 84 ( +0 . 2 1 ) x 1 0-4 1 . 96(!0 . 05)xl 0- 3 
4/1 6/79 E- 9 ( 1#673 )  0 . 45 1 30 I - 1 3 1 0 . 79+0 . 04 1 .  1 2(�0 . 06 ) x 1 0- 3  2 . 8o(:o .  1 4 ) x 1 o- 3  

4/1 6/79 E- 9 (#674 ) 0 . 45 1 30 I - 1 3 1 0 . 60+0 . 04 8 . SO(:O . S7 )xl 0
-4 2 .  1 2 (!0 . 1 4 )xl 0- 3 

4/ 1 7/79 E-9  (#675 ) 0 . 45 1 30 I - 1 3 1 0 . 54+0 . 04 7 . 65(!0 . 57 ) x 1 0-4 1 . 9 1 (!0 . 1 4) x 1 0- 3 

4/1 8/79 E-60 (#709) 0 . 8 1 75 I - 1 3 1  0 . 69+0 . 05 9 . 77(!0 . 7 1 ) x 1 0- 4  2 . 44(!0 . 1 8 ) x 1 o- 3 

4/1 7/79 not gi ven (#804 ) - I - 1 3 1 0 . 57+0 . 05 8 . 07(!0 . 7 1 )x 1 0- 4  2 . 02(!0 . 1 8) x 1 0- 3  

4/20/79 E- 1 0  (#822)  0 . 85 1 27 I - 1 3. 1  0 . 398+0 . 06 5 . 64(!0 . 08 ) x 1 0-4 1 . 40(!0 . 2 1 )x 1 o- 3 
-· 

4/29/79 E-9  ( # 1 096 ) 0 . 45 1 30 I - 1 3 1  0 . 220+0 . 029 3.  1 2(!0 . 4 1 ) x l o-4 7 . 79(!1 . 0 3 ) x 1 0-4 

4/29/79 E- 9 (# 1 098 ) 0 . 45 1 30 I - 1 3 1  0 . 305+0 . 032 4 . 32(!0 . 45)xl 0-4 1 . 08(!0 . 1 1 )x l 0- 3 

4/30/79 E - 9  (# 1 1 20 )  0 . 45 1 30 I - 1 3 1 0 . 040+0 . 0 1 2  5 . 66(!1 . 70)x 10- 5 1 . 42 (!0 . 42 ) x l o-4 
"' 
-

( .� ) l ls i n!J the dos e  factors for i od i ne- 1 3 1  from Tab l e  B-2 and the vegetat i on to tota l depos i t i on factors s hown . I f  the xenon- 1 3 1 m  daughte r 
o f  i ntfi n� i �  i r1c l uded the sP.  va l ue s  wou l d  be a fac tor of 2 . 3 h i ghe r .  

( b ) l n  Mnocuri es/m2 . Thi s val ue i s  0 . 55 x 1 0- 3 mi crocuri es/m2 . 



Tabl e  B- 1 1 .  Other Vegeta t i on (�ra s s ) Mea su rement Resu l ts ( from Attachment 1 ,  p. 1 9 1 of the dra ft Repo rt of the Ta s k  r.roup 
and Hea l th Phys i cs and Dos i me t rv of the rres iden t ' s  CIJ!1IIIf s s i on on the Acc ident at Three Mf l e  I s l a n d )  

Sampl i ng Number of 
Rad i onucl ide Orga n i z a t i on Oa tPS Sftmpl e s  Anal yzed 

lodf ne- 1 3 1  P.MC 4/5 3 0 

Tel edyne 4/5 3 2 

Ces ium- 1 3 7  RMC 4/5 2 2 

MOL - �in fmum detectabl e  act i vi ty 

P.MC - Radi a t i on Management Corpo ra t i on ( fo r  the Met ropo l i ta n  Ed i s on Compa ny ) 

Tel edyne - Tel edyne - I sotope s ,  Inc . ( for the Metropol i ta n  Edi son Compa ny ) 

0 . 05±0.02  0 . 03 3  0 . 063 

0 . 2 5 ±0 . 1  0 . 1 8  0 . 32 

. MDL 
pC f /g 

0 . 1 5  

0 . 01  

N . A .  



The resu l ts wou l d  be i ncreased by a facto r of 2 . 3  {0 . 81 3/0 . 3 54 ) 
i f 1 0 0 %  retenti on of the xenon - 1 3 1m ga seous  dau ghter of 

i od i n e- 1 3 1  we re a s sumed and wou l d  be l es s  than 0 . 2  percent of 

the 4 m i l l i rad per hou r cr i teri on . 

Concl us i on :  Es t ima ted be ta/gamma dose rates de r ived from 

vegetat i on a n a l yses over a factor of 600 l ower than  the 1 0  C F R  

Pa rt 1 40 cr i teri a fo r offs i te contam i nati on , a s sum i ng  t h a t  the  

mea su red vegeta t i on l evel s a re on ly  one-tenth of the  tot a l  

depo s i t i on a n d  i nc l u di ng t h e  dos e  contri bu t i on from the 

xenon - 13 1m dau ghter of i od i ne-13 1 .  

5 . Con c l us i o ns 

�ea su rements  of po tent i al su rface depo s i t i on of rad i oact i v e  

materi a l s were made a t  n umero us l oca t i o ns around  the  Three �i l e  

I s l a nd  s i te us i ng a va r i e ty of techn i qu es . Beta/gamma su rvey 

mea su rements  us i ng a th i n  wi ndow detecto r ( 2 mg /cm2 ) were made a t  

1 3  s i tes o n  and su rround i ng Three Mi l e  I s l a n d .  Thes e mea su remen t s  

were cons i s tent  wi t h  ba c kground  rad i a t i on l evel s .  An a l ys i s  o f  thes e  

so i l  s amp l e s by gamma s pectrome t ry and  rad i ochem i ca l  ana l ys i s  

i n d i cated the presence of ces i um-1 3 7 ,  cer i um-14 4 ,  and  s tron t i um- 90 

bu t at l evel s cons i s tent wi th  pre-acc ident  fal l ou t  l eve l s .  

These  s pec i al so i l  mea su r ements  wou l d  h ave reve a l ed a ny l ong- l i ved 

gamma-em i tti ng rad i onuc l i de s , bu t ,  �e cau s e  they we re taken s i x  

months  afte r the acc i den t ,  th ey wou l d  not  h ave reve a l ed the  presence  
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of s ho rt- l i ved  rad i onu c l i des . Fo r th i s  rea son , s o i l  a n a l yses , 

vegeta t i on a n a l yse s ,  and  grou nd depos i t i on mea su rements  t h a t  were 

made  d u r i ng  the pe r i od of maj o r  rad i onuc l i de rel ea se s  we re  a l s o  

exami n ed .  These  mea su rements were made us i ng tec hn i qu e s  t hat  were 

mo re s e ns i t ive  than  the be ta/gamma su rveys s pec i fi ed in  1 0  C FR 

Pa rt 140  an d  wou l d  h ave detected a ny s ho r t- l i ved gamma emi t t i ng 

rad i onuc l i de s . These  ana l ys es  s howed the presence · of c e s i um- 1 3 7  and  

i od i n e- 1 3 1  i n  offs i te s amp l e s . The ces i um- 1 3 7 l eve l s wi th i n  t h e  

ranqe o f  pre-a cc i dent  l eve l s and  a re a ttr i bu tab l e to res i d ua l  

contami n a t i on from a tmos pher i c  nu c l ea r  tes t i nq .  Bec a use of i ts 

s hort ha l f- l i fe ( 8  days ) ,  the  rad i o i od i n e- 1 3 1  l eve l s c a nnot  be 

attr i buted to pre�exi s t i ng fal l o ut and  can  be a sc r i bed t o  i od i ne- 13 1 

rel e a s ed from the acc ident . The l eve l s of rad i o i od i n e  depo s i t i on 

were l es s  than  0 . 3  pe r cent  of the 1 0  CFR  Pa rt 1 40  4 m i l l i rad pe r 

hour  su rfa ce contam i nat i on cr i teri on . 

One so i l  s amp l e  c ol l ected o n  Three Mi l e  I s l a nd i n d i cated c e s i um- 1 3 7  

present  a t  l eve l s above typ i ca l  l evel s attr i bu tah l  e t o  a tmo s pheri c 

fal l out  from nu c l ea r  tes t i ng .  Th i s  s amp l e  a l so  h ad pos i t i ve l eve l s 

of ces i um- 1 34 and  coba l t- 6 0 .  Th i s  s amp l e  wa s col l ected from a s i te 

that  wa s kn own to h ave been us ed to s to re l ow- l ev el cont ami nated 

ma ter i a l s .  The trace l eve l s of rad i oact i v e  ma ter i a l s mo s t  l i ke l y  

re present  res i dua l  contami n a t i o n  from the  l ow- l ev el rad i o a c t i ve 

wa s te* ra ther  than  from rad i oact ive  ma ter i a l s a r i s i ng from the 

*These  wa s tes had been removed , pac kaged and  s h i pped to  a n  a uthor ized  hu r i a l  
s i te pr i or t o  t h e  acc i den t .  
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a cc i de nt o n  Ma rch 28 , 1 9 79 . The e st ima ted total beta/gamma dos e 

rate fr om the ces i um-1 3 7 ,  ces i um-1 3 4 ,  c ob a l t-6 0 ,  and  rad i o i od i ne-1 3 1  

( found  i n  a n  adja cent samp l e ) wou l d  be approx ima tel y 1 . 5% o f  the 

4 m i l l i rad per hou r cr i ter i on . However ,  the 40  m i l l i rad per hou r 

c r i ter i o n  cou l d he app l i ca b l e to th i s  l o ca t i on a s  i t  i s  o n  l i cens ee­

own ed l an d  cont iguo us to t h e  Three Mi l e  I s l and  s i te .  The es t i mated  

dos e  rate  i s  approxima tel y 0 . 1 5% of  the 40 m i l l i rad pe r hou r 

c r i ter i on . 

Al l  mea su reme nts  i nd i cate that  su rface contam i nat i on  l ev e l s a re 

fa cto rs of 600 to 1 0 , 000 t i mes  l ower than  the su rface  contami n a t i o n  

l eve l s t h a t  wou l d  be requ i red t o  produce  be ta/gamma dos e rates of 

the l ev el s s pec i fi ed in sect i on 140 . 84 of  1 0  CFR Pa rt 1 4 0 .  The s e  

ve ry sens i t ive  mea su rements  d o  n o t  su p po rt a fi ndi ng tha t  " s u b s tan­

t i al offs i te dose  l ev el s "  re su l ted or  tha t " s ubsta n t i a l  qua n t i t i e s  

o f  rad i oact ive  ma te ri a l s "  we re rel ea sed du r i nq the acc i d e n t  a s  

defi n ed by the cr i teri a i n  th e N R C  regu l a t i o n s . 
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ANNEX 1 TO APPEND I X  F 

ANALYS I S  OF  THE GEOGRAPH I C  COVERAGE P ROV I DED  

BY THE THERMO LUMINESCENT DOS I METERS 

A .  Ana l ys i s  o f  Wi nd D i recti on and Pers i stence 

The  adequacy o f  the  geograp h i cal  cove rage prov i ded by the  thermo­

l um i ne scent  dos i meters  (TLD 1 s ) that were i n  p l ace throughout  the i n i t i a l 

per i od ( f i r s t  wee k) of  the acc i dent i s  an i mportant factor i n  as s es s i ng 

the  dos i metry . The pos s i b i l i ty that s i gn i f i cant re l eas e s  o f  rad i oact i v e  

mater i a l s occurred at a t i me when the wi nd d i�ect i on was toward an area  

where no T LD 1 s were l ocated was eval uated by compar i ng the  T LD l ocati o n s  

t o  the hour l y  wi nd  di rect i on  data from ons i te meteoro l og i ca l  i n s trumen­

tati on . These  i n strume nts are l ocated on  a 1 50- foot tower l ocated at t h e  

north end  o f  Three  M i l e  I s l and . A descr i pt i on  o f  the mete o ro l og i ca l  

i ns trumentat i on and  the  hour ly  records of  wi nd speed , d i recti on , . and  

atmosp heri c s tab i l i ty are  g i ven  i n  Append i x  A - Three M i l e  I s l and 

Meteoro l ogi ca l  Program and Summary of  Post  Acc i dent  Data to  the  rep o r t  

prepared by P i c kard , Lowe , a n d  Garri c k ,  I n c . , c o n s u l tants to the  

Metropo l i tan Edi s o n  Co . * 

The data for the  hou r l y  wi nd d i rect i on  taken from the records  p rov i de d  i n  

t h i s report are s ummar i zed i n  Tab l e 1 .  Th i s tab l e s hows the  d i recti o n  

P i c kard , Lowe , and Garr i c k ,  I nc . ; 1 1 A s ses sment o f  Offs i te Rad i at i o n  Dos e s  from 
the Three M i l e  I s l and U n i t 2 Acc i dent , • • Document TDR-TMI - 1 1 6 ,  Rev i s i on 0 ,  
J u l y  3 1 , 1 979 . 



Tab l e  1 .  

HOURLY WIND  D I RECTION FOR THE I N ITIAL  ACC I D ENT PERIOD  

F I RST WEE K  

HOU R LY WI ND D I RECTION 

( d i recti o n  w i nd b l ows from - d i rect i o n  reco rded on  meteo rol ogi ca l  i nstrume11ts } .  

Hour  March 28 March 29 March 30  March 3 1  Ap ri  1 1 Apr i l 2 Apr i l 3 

0 1 00 s N E  ssw ssw E S E  N 
0200 SE NNW WSW ESE E S E  NNW 
0300 SE  NW WSW NE  SE N 
0400 N ESE  NNE  sw WNW ES E NW 
0500 NE ESE E sw NNW ESE  NW 
0600 E ESE sw ssw N E S E  N 
0700 E E s sw sw sw ES E NNW 
0800 ENE E .. N WSW w E S E  
0900 SSE ESE NNW sw NW ESE NW 
1 000  WSW NE  WNW sw NE ESE NW 
1 1 00 w N E sw N ES E NNW 
1 200 s SSE sw sw NNW ESE  NW 
1 300 s SSE  S E  WSW NNW E S E  NW 
1 400 ssw s ssw WSW NNW S E  N 
1 500 ssw NNW ESE  ssw NNW E S E  WNW 
1 600 ssw ENE E NW NNW E SSE  
1 700 ssw NNE SE NW ENE ES E NW 
1 800 SSE NNE ESE  w NE EN E NNW 
1 900 SSE  N S E  WSW E ENE  N 
2000 SSE NNW SSE  ssw NE N NNW 
2 1 00 SSE  NNW S E  sw ESE N NNW 
2200 SSE N S E  sw SE  NNE  NNE 
2300 SSE E S E  ssw SE  ENE  N E  
2400 SSE  s ssw NW ESE N N 
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that the wi n d  b l ows from wh i ch i s  the d i recti o n  i nd i cated o n  the 

meteoro l ogi cal  records . Thus  a Southwest  wi nd b l ows from the  Southwe s t , 

towards the  Northeast .  I n  order t o  compare the wi nd d i rect i o n  and the  

T LD l ocat i o ns , it  i s  nece s sary to  determi ne the s ector that the wi nd  

b l ows i nto , i . e . , where the  wi nd i s  go i ng rather than where i t  i s  from . 

The d i recti o n  that the wi nd b l ows toward i s  the oppo s i te d i recti on  from 

where the w i nd or i g i nate s . Thus  a Southwestern ( SW) w i n d  b l ows toward 

the Northeast  ( N E ) , a So uthern ( S )  wi nd b l ows toward the  North ( N ) , etc . 

The d i rect i on  the wi nd  b l ows towards i s  ca l l ed the i nv e rted  w i nd 

d i recti o n .  Tab l e 2 s hows the i nverted wi nd di recti o n  for  t h e  f i rst  wee k  

of  the acc i dent .  

Tab l es  1 and  2 are  based  upon  hour ly  meteoro l og i cal  data . These  data are 

based on  readi ngs taken every 1 0  s econds and averaged ove r a f i fteen  

m i nute per i od .  The h o u r l y  data repres e nts the per i od from  7� mi nute s  

before the hour  to 7� m i n ute s afte r the hou r .  T h e  h o u r l y  data therefore  

repres ents o n l y  1 5  m i n utes out of  each hou r .  I n  order to  determ i ne  

whether s ummar i es of  wi nd  d i recti on  based upo n  hour l y read i ngs  were 

representat i ve of  the total hour t i me peri od , these  v a l u e s  were comp a red  

wi th data s ummari zed i n  the P i c kard , Lowe , and  Garri c k ,  I nc . , repo rt for  a ·  

fou r  quarter hour  per i ods . *  Tab l e 3 s hows that the  hour l y  wi nd d i rect i on  

pers i stence val ues  are  general l y  cons i stent wi th the  q uarter- hour  tota l s ,  

a l though there are s ome m i nor d i ffere nces  due  to wi n d  s h i fts betwee n  the  

hour l y readi ngs . 

Tab l e 4- 3 .  Note that the c o l umn head i ng 1 1 Hours  o f  Wi nd i n  T h i s D i rect i o n 1 1  
s hou l d read 1 1 Q uarter- Hours  o f  Wi nd i n  thi s Otrectitm 1 1  a s  may be veri.fted by 
s ummati on  of  the val ues presented i n  Tab l es  4- 1 and 4- 2 .  
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Tab l e 2 .  

I NVERTED WIND D I RECTION 

F I RST WEEK 

I NVERTED HOURLY WI ND D I RECT I ON 

( d i rect i on wi nd b l ows towards o r  sector wi nd b l ows i nto ) 

Hou r  March 28 March 29 March 30  March 3 1  Apr i l 1 Apr i l 2 Apr i l 3 

0 1 00 N sw NNE NNE WNN s 
0200 NW SSE ENE WNW WNW S S E  
0300 NW S E  ENE sw NW s 
0400 s WNW ssw NE ESE WNW S E  
0500 sw WNW w NE SSE  WNW S E  
0600 w WNW NE NNE s WNW s 
0700 w w NNE NE N E  WNW S S E  
0800 WSW w s ENE E w NW 
0900 NNW WNW SSE NE S E  WNW SE  
1 000  ENE sw ESE NE sw WNW S E  
1 1 00 E s w NE s WNW S S E  

. 1 200  N NNW NE N E  SSE WNW S E  
1 300  N NNW NW ENE SSE WNW S E  
1 400 NNE N NNE ENE SSE NW s 
1 500  NNE SSE WNW NNE SSE WNW ESE 
1 600  NNE WSW w S E  S S E  w NNW 
1 700  NNE ssw NW S E  WSW WNW S E  
1 800  NNW ssw WNW E sw WSW S S E  
1 900  NNW s NW ENE w WSW s 
2000 NNW SSE NNW NNE sw . s S S E  
2 1 00 NNW S S E  NW N E  WNW s S S E  
2200 NNW s NW NE NW ssw ssw 
2300 NNW w NW NNE NW WSW sw 
2400 NNW N NNE SE WNW s s 
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** 

Based upon the wi nd d i rect i on  (pers i stence ) data i n  Tab l e 3 and the 

l ocati ons  o f  the  dos i meters  g i ven  i n  Tab l es  A- 1 and A- 2 , i t  i s  

p o s s i b l e  to determi ne the number  of  hours  that the wi nd b l ew i n  to a 

s ector where there were no TLD ' s .  By as s umi ng that the wi nd di rect i on  

measured at the s i te d i d not  c hange wi th di stance ( t i me ) *  ( i nvar i ant w ind  

d i rect i o n  i nto a s ector ) , i t  i s  p o s s i b l e  to  est i mate the  amount o f  t i me 

that the w i nd b l ew i nto areas that d i d not have a TLD o r  i nto areas that 

T LD ' s were p l aced i n  o n l y  after the major i ty o f  the rad i oact i ve re l eas e s  

had occurre d .  Tab l e 4 s hows t h e  res u l ts of  th i s ana l ys i s for  t h e  f i r s t  

three days  fo l l owi ng t h e  acc i dent (March 28 - March 3 1 ) and , Tab l e 5 

p resents s i m i l ar va l ues  for the per i od , March 28 to Apr i l 6 ,  1 979 , wh i c h  

corresponds t o  the per i od cons i dered by the A d  Hoc I nterage ncy D o s e · 

As ses sment G ro up report .  

Tab l e 4 shows that 5 sectors ( NE , SE , SSE , W ,  and NW** ) had n o  T LD ' s 

l ocated wi th i n 2 mi l e s of  the s i te and that the wi nd b l ew i nto the s e  

s ectors approx i mate l y  40% o f  t h e  t i me ( 37 h o u r s  o ut of  93 hours ) .  There 

was a TLD l ocated i n  the SSE  sector at 2 . 3 m i l es ( stat i o n  SC I ) .  Th i s i s  

s uffi c i ent ly  c l ose  to the s i te to perm i t extrapo l at i o n  o f  dos e s  at 

l ocati ons  c l o ser  to the s i te .  The wi nd b l ew towards the SSE  for 

Th i s i s  a gro s s  overs i mp l i f i cati o n  as  the d i rect i on  does c hange beyond  t h e  
s i te .  However , th i s effect i s  l es s  i mportant for  stat i o n s  c l o s e  ( 0 - 2  m i l e s )  
to the s i te where most  of  the TLD ' s were l ocated .  

Based  o n  USGS topograp h i c maps there are  no permanent res i dences  w i th i n 
2 m i l es of  the s i te i n  th i s sector .  There are s ummer homes o n  adj acent _ 

i s l ands . .  Except for one  i nd i v i dua l  who was l ocated o n  H i l l  I s l and ( i n  
the NNW s ecto r ) , no  other occupants o f  these  s ummer homes have been 
i dent i f i  ed �  
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Tab l e  3 .  Compar i son o f  Wi nd D i rec t i o n  Data from Hourl y  and Quarter- hourly Data 

Wi nd i nto 
Sector Hours of  Wi nd D i rec t i o n  Based Upon Hourly Data Based upon 1 5-mi nute* 

data for period 
3/28 3/29 3/30 3/3 1 4/ 1 4/2 4/3 4/4 4/5 4/6 
0700 1 300 TOTAL 3/28-0700 4/6- 1 300 

1 N 2 3 3 1 9 1 0  
2 NNE 4 3 5 3 3 1 9  1 6 . 25 
3 NE 2 9 1 1 1 4  
4 ENE 6 4 1 2  1 0  
5 E 1 1 5 5 1 3  1 0 . 25 
6 ESE 1 1 1 6 3 1 2  
7 SE 1 3 1 7 1 1 3  1 0 . 75 8 SSE 3 2 6 6 2 1 9  22 9 s 3 1 2 3 6 1 1 6  1 5 . 25 
1 0  ssw 2 1 1 1 2 7 7 . 75 
1 1  sw 1 1 4 1 , 1  8 7 . 0 
1 2  WSW 1 1 3 4 1 0  1 1 . 25 
1 3  w 3 3 1 2 6 1 6  
1 4  WNW 4 2 3 1 3  5 27 27 
1 5  NW 2 6 2 2 2 1 5  1 2 . 5 
1 6  NNW 8 2 1 1 3  1 3 . 5 

Tota l 1 8  24 24 24 24 24 24 24 24 1 3  223 1 73 . 5/223 

* 
Tabul ated by P i ckard , lowe , and Garr i c k ,  I nc . (consul tants to Metropo l i tan Ed i son  Co . ) 



tlbte 4. Cleographtcal A .... Cower ... lly TtMt.-1-fttescent DatfMten Durfng l n t t h 1  Period Of Acctdent: 040D Harch m .  1t7t � 
240D Nlrch 3 1 ,  Jt79 

Total Hours Hours llonf tored lty flltropo 1 1 tan Ackt t t l ana1 Hours Prowfdtd By Total Hours Monitored ly Tote1 Hours Wind Vat fn SKtor 
Soc: tor of vtnd Edt ton TLD' 1 Located at NRC TLD' I Loeatlld at E f ther (or loth) tyPP.t of TLD ' t  Without TLD' 1 at 

Into 111'0' . ..,. . ..,. . ..,. 
...... o-r •• r-s •• 5- 10 •• > 10 •• dtstence .,..., .. !-5 •• S-10 •f > 10 •• dflt..nce o-r •• 2�5 •• 5- 10 •• > 10 •• d l l tancf! 0-2 •• r-5 •• 5-10 •• > 10 •• dis tance 

I " 5 5 5 5 5 0 0 5 I 0 
2 NNE It It  II 12 1 2 0 1 2  1 2 12 0 
J NE " 4 " " ' " ' 
4 (Ill! 1 1 0 7 0 1 0 
5 ( 2 J 0 1 1 2 0 • ESE 1 0 I I I 1 I 
1 5( • • • J 0 0 , 
8 SSE 5 5 5 0 5 5 0 
' 5 5 s• 5 .. 5 5 5 0 
" 5511 , J 3 0 3 3 3 0 
" 511 I 3 3 0 3 3 3 0 It - z z z 0 2 2 2 0 
1 3  v • 0 • • 8 • 8 
,. - • .. 6 •• • o• • • 6 0 
1 5 Nil • . • • •• • • 0 0 
16 - " I I •  " 1 1� " o• " " " 0 

Total Holll't ,, 5I 10 " I t  7 3  56 12 " 12 79 37 II 71 81 II 
...... J7 IJ 12 II ZD 3t 01 71 11  " 
U...O..ttorecl 

•n.. ... IN no peiWIMnt 1'Hfdtnces t n  thft setter ,....,.,. 

T8 1e I. Geographical A"" Cowerage by fht .... t .. tntscent Dotf•tert Dwfna TM Period 0400 tttrch n, 1179 -

1100 llprl l I, 1979 

......, ...... """ Moni tored by tt.t.,.o 1 f tan Add l t t onal Houri Prov f cr.d  By Total Hourt Monitored By Total Hourt Vhtd Was tn S.ctor 
SI!Ctor or Wfnd Edi son n.D ' t  Loeated at IIRC TLO ' t  Located •t E f t.Mr (or loth) Tw-• of TLD ' t  Without TLD ' t  a t  

Into . ..,. . ..,. . ..,. . ..,. 
IKtor G·2 •I 2-5 •' 5- 1 0  •• > 10 •• distance 11-2 ., 1-5 •• 5-10 •• ) 10 al distance o-a •• 2-5 ., 5·10 •• > 10 •• di stance 0-2 ., 2-5 •• 5- 10 •• ) 10 •• d l st1nce 

I • ' ' ' ' ' 0 0 5 5 0 

2 NNE " " " " " 0 12 " " 0 
3 HE 14 7 7 1 4 14 7 1 4  7 
4 ENE " " 12 1 2

' " 1 2  12 0 12 0 " 0 

5 E 1 3  1 3  l J  1 2 " 1 3  1 2  1 2  I S  0 I I 1 3  • 
• ESE " " I I  " " " I 1 2 1 2  I 
1 SE 13 1 3  13  1 3  1 0  1 0  1 3  1 3  u 1 3  J 0 0 0 
• SSE " " " 14 1 4  1 9  " 5 0 " " 0 
9 s 1 7  1 7• 1 1  . " 12 1 2  1 7• 12 1 2  1 2  " o• 5 5 5 0 
10 5511 7 7 7 4 1 • 7 0 I ' 7 • 
I I  5V ' ' ' ' ' 0 ' • J 0 

12 - 1 0 10 10 10 10 0 1 0  1 0  10 0 

1 3  w 17 ' ' ' I ' ' ' 8 8 • " I 
14 - 21 21: 27 . " 21 21 21 " 27 o• • • 27 0 

1 5 Nil I S 15 1 5 7 . ' 1 5  15 1 5• 1 5  8 • • 
16 - lJ 1 3  1 3  u l J  0 l J  1 3  1 3  0 

Tot.at 226 I H  211 n 211 113 u 86 78 22 27 1 st 1 1 4  103 50 210 &1 1 12 123 1 76 

ttcHirt u..ont tored to 198 281 1 98  43 It 1 1 2 . . .  



approxi mate l y  5 hours , s o  that the ti me that the pr i nc i pa l  areas c l o se  

to  the s i te were wi thout nearby TLD 1 s can  be  reduced to  32 hours . 

The neares t  T LD 1 s to the s i te i n  the SE  and NW s ectors were l ocated at 

9 mi l e s and 1 5  m i l es ,  respecti ve l y .  A l though these dos e s  can  be 

extrapo l ated i nward , the di stances i nvo l ved make s uch  extrapo l at i o n s  l e s s  

re l i ab l e  than  fo r s h o rter d i stances . Based o n  exam i nat i o n  o f  topograph i c  

maps , no  permanent res i dences were i ndi cated wi th i n 2 m i l es o f  the s i te 

i n  the NW secto r .  The wi nd b l ew i n  th i s  d i recti on  f o r  approxi mate l y  

8 hours . A l l owi ng for the l ac k  of  res i de nts i n  the c l o s e- i n  porti on  o f  

the NW s ector wi l l  reduce the t i me that c l o s e- i n  occup i ed areas we re 

unmon i tored to 24 hours . The pri nc i pa l  c l o s e- i n  occup i ed areas where 

there was n o  c l o s e- i n  TLD and the wi nd pers i s tence i n  these s ectors  are : 

NE 

ESE 

SE  

w 

Tota l 

1 1  hours  

1 hour  

4 hours  

8 hours  

24  hours  

Tab l e 4 s hows that the  few TLD 1 s l ocated beyond 2 m i l e s res u l t i n  these 

areas l ac k i ng  TLD cove rage fo r most  (80%) o f  the i n i t i a l 3- day per i od .  

Th i s  l ac k  o f  more d i stant T LD coverage i s  more i mportant as a s o u rce o f  

uncerta i nty i n  t h e  popu l ati on  co l l ecti v� do s e  e s t i mates t h a n  i t  i s  fo r 

the ENO determi nati on  as the h i gher doses  are expected to occur  c l o ser  t o  

the s i te .  
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Tab l e 5 s hows that the p l acement o f  the NRC TLD 1 s on  Marc h 3 1 s t , 

p r i mari l y  res u l ted i n  i mp roved coverage beyond  2 m i l e s .  However , the N RC 
TLD 1 s d i d  not s i gn i fi cant l y  i mp rove the geograp h i c coverage c l o s e  to the 

s i te nor  s i gn i f i cant l y  i mp roved the TLD area co�e rage for the f i rst three 

days . 
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